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General Introduction



8. Introduction
Colorectal cancer ranks third in incidence and second in 

cause of cancer related death for both men and women in 

the western world. In the Netherlands in 2006 colorectal 

cancer was diagnosed in 11,500 patients. In that year 4,700 

patients died because of the disease [1]. These figures are 

increasing (Figure 1.1) and in 2015 13,800 patients are 

expected to be diagnosed with colorectal cancer if no other 

measures are taken [2].

At present 40 to 45% of the patients die of the disease 

within 5 years after diagnosis [3]. The high mortality rate is 

due to the fact that the disease is often diagnosed in a late 

stage. Early detection may reduce the high mortality rate.

Colorectal cancer can be identified in a pre-symptomatic 

phase since most of the tumors are considered to arise 

from well detectable but asymptomatic benign colonic 

polyps (Figure 1.2). The vast majority of the cancers arise 

in benign (adenomatous) polyps that develop slowly. The 

time span of this so called adenoma-carcinoma sequence is 

approximately 10 to 15 years [4].

Even though 20 to 30% of the population aged fifty 

years or older have these benign colonic polyps [5], only 

a small fraction of these polyps will actually develop into 

colorectal cancer [6]. Size is an important predictor for 

this development since the chance of an adenoma being 

malignant increases with its size [7-10]. Currently, polyps 

of 10 mm or larger are considered clinically relevant 

since approximately ten percent of these adenomas are 

malignant [7;11]. A debate is still going about polyps 

smaller than 10 mm; according to some investigators these 

polyps have little to no clinical relevance in intermediate 

and long-term follow-up [7;12], however others advocate 

removal of all polyps regardless of size [13].

Detection and removal of these benign precursors of 

colorectal cancer will decrease the incidence of colorectal 

cancer and its mortality [14]. Moreover, the detection 

of colorectal cancer in an early and localized stage also 

decreases the disease related mortality since the treatment 

for early stages of the disease is more effective [15-17]. 

Most newly diagnosed patients do not have a genetic 

predisposition for colorectal cancer [18] and are therefore 

not at increased risk for colorectal cancer. Evidence-based 
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F I G U R E  1 . 2
Normal colon mucosa in the transverse colon (left), adenomatous 
polyp of 10 mm just about to be removed (middle) and a colorectal 
tumor (right).

guidelines have recommended screening for a population 

aged fifty years or older that bear an average risk for 

developing colorectal cancer [19]. In the Netherlands a 

screening program is not routinely offered to the public 

yet, although research on this topic is done. For screening 

a range of options is available. These options can be 

divided in two general categories; stool tests that basically 

detect colorectal cancer and structural exams that detect 

both colorectal cancer and clinically relevant polyps. The 

stool tests include for occult blood (FOBT) or fecal DNA, 

the structural colonic exams include for sigmoidoscopy, 

colonoscopy, double-contrast barium enema (DCBE) or 

computed tomography (CT) colonography.

Surveillance guidelines advise patients with a personal or 

familial history of colorectal polyps or cancer a regular 

surveillance by colonoscopy [20-22]. In the Netherlands, 

increased-risk patients are in general under surveillance 

by a gastroenterologist. These patients undergo an optical 

colonoscopy once in 2 to 6 years for the detection and 

removal of adenomatous polyps and early carcinoma [23]. 

Colonoscopy is considered the reference standard since 

it has a very high accuracy for the detection of colorectal 

cancer and its precursors. Furthermore, colorectal polyps 

and early cancers can be removed during the procedure 

and a histopathological biopsy can be taken of larger, 

unresectable lesions.

An important disadvantage of the technique is that the 

colon needs to be cleansed before the colonic mucosa can 

be investigated. Therefore patients have to undergo an 

extensive bowel preparation. Patients consider this as the 

most burdensome aspect of the investigation [24] and it 

most likely reduces patient compliance [25-27]. Secondly, 

sedation is often needed to reduce pain, so patients 

have to be monitored for a while after the investigation. 

Thirdly, this invasive test has a small but not negligible risk 

of causing bleeding and perforation of the bowel. Low 

patient compliance may result in a low participation rate for 

surveillance and screening programs. 

Currently, colonoscopy is the primary technique in 

symptomatic patients and it is the only recommended 

examination for patients under surveillance due to an 

increased risk for colorectal cancer.

In contrast to colonoscopy, the above mentioned stool 

tests and structural colonic exams are less burdensome. 

However, these tests have a low(er) detection rate 

for colorectal cancer and clinical relevant polyps. A 

good alternative for early polyp detection may be 

CT colonography.

CT colonography is a radiological technique to visualize 

the colon. After a bowel preparation, a rectal catheter is 

introduced and after administration of a muscle relaxant 

the colon is insufflated with 2-4 liter CO2. The patient 

is scanned in both prone and supine position, in order to 

obtain maximal bowel distension for the complete colon. 

Based on acquired cross sectional CT images the colon 



10. can be assessed. During the procedure the patient is not 

sedated, so the patient does not need to stay in the hospital 

after completion of the examination.

The technique has shown comparable results to 

colonoscopy for the detection of colorectal cancer and 

clinically relevant polyps [28-30] i.e. polyps 10 mm or 

larger. Moreover, CT colonography goes with a relative 

limited patient burden[31;32]. Therefore, CT colonography 

could be an alternative for colonoscopy in polyp detection.

The disadvantage of the technique is the exposure to 

ionizing radiation (effective dose of 5-10mSv) [33] that has 

a potential carcinogenic effect. However, because the dose 

is low the carcinogenic effect is limited. Still, the predicted 

mortality of cancer induced by CT may be less than the 

mortality that is related to complications of colonoscopy 

[34].

Recently, CT colonography has officially been introduced 

as one of the screening test for average risk patients in the 

United States [35]. In the Netherlands, CT colonography 

is not officially recommended as a test for screening or 

surveillance. Currently, the role of CT colonography in the 

Netherlands is as a diagnostic or adjuvant diagnostic test 

for patients with incomplete or inconclusive colonoscopy 

[36].

This thesis
Although a considerable body of evidence is present for 

CT colonography as a diagnostic test, a number of issues 

still need further research.

In a diagnostic test for the detection of colorectal cancer 

and clinically relevant lesions it is important to have a 

high yield of lesions to keep the number of false negative 

findings minimal. This can be done by choosing a test 

with a high sensitivity and a high participation rate. In this 

thesis we have focused on a number of subjects that aim 

to eventually increase the yield of CT colonography. We 

have focused (1) on reducing the patient burden of the 

test and (2) on increasing observer performance. Reducing 

the patient burden can be done by reducing bowel 

preparation, and increasing observer performance can be 

done by electronic cleansing (i.e. virtual removing fecal 

material from the CT data) and computer aided detection 

(i.e. computer support by reading CT colonography).

Furthermore, we have focused on the effect of limited 

bowel preparation on the required radiation dose, matching 

of scans performed in prone and supine position and polyp 

measurement. The chapters of this thesis will be discussed 

briefly.

Bowel preparation
When CT colonography was introduced in 1994, the bowel 

preparation was similar to the extensive bowel preparation 

of colonoscopy. This is often described by patients as 

the most burdensome aspect of both colonoscopy and 

CT colonography [37-39]. This aspect may diminish 

the patients’ willingness to undergo the examination 

[26;40;41]. In the last couple of years, efforts have been 

made to reduce the patient burden of CT colonography by 

reducing the bowel preparation in combination with fecal 

tagging (labeling of fecal material with a contrast agent) 

[42-46]. In literature various limited bowel preparation 

regimens have been described, although an optimal bowel 

preparation has still not been not found yet [47-49]. 

Our objective in Chapter 2 was to determine the optimal 

dosage of laxatives with regard to diagnostic quality and 

patient acceptance in a limited bowel preparation regimen. 

Therefore, we compared diagnostic quality and patient 

acceptance between four regimens of limited bowel 

preparation.

 

Limited bowel preparation and review 
technique
Reading CT colonography studies can be done primary 

two-dimensionally (based on the original CT images) and 

primary three-dimensionally (based on a three-dimensional 

reconstruction of colonic surface using the original CT 

images). Until now, all CT colonography studies of patients 

that underwent a limited bowel preparation, have been 
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read using primary two-dimensional (2D) display methods 

[50-52]. The rationale for this approach is that the colon 

wall is always visible in a 2D display, even if it is submerged 

or covered by fecal material. This is not the case using 

primary 3D images.

Previous studies in patients undergoing an extensive 

bowel preparation (in which only a limited amount of 

fecal remains are present) have indicated that primary 3D 

reading may result in less missed findings compared to a 

primary 2D reading [53;54]. If a similar empty colon could 

be achieved in patients who have undergone limited bowel 

preparation, primary 3D reading could be the method of 

choice.

In a feasibility study in Chapter 3 the effect of an electronic 

cleansing algorithm on lesion conspicuity, review time, 

assessment effort and observer confidence was evaluated.

In Chapter 4 we assessed whether electronic cleansing 

actually increased the accuracy of CT colonography in 

patients that had undergone a limited bowel preparation. 

Therefore, we compared primary electronically cleansed 

3D with the technique that is routinely used after a limited 

bowel preparation i.e. primary uncleansed 2D. Both 

techniques were evaluated in a consecutive group of fecal 

occult blood test positive patients.

Radiation dose
Computed tomography is an imaging technique that goes 

with exposure to ionizing radiation. The amount of ionizing 

radiation determines the amount of image noise. The less 

radiation, the more noise is present in the CT images. 

Image noise impairs the image quality. Because the contrast 

between the colon wall and air is very large, the dose can 

be very low with preservation of diagnostic quality [55].

However, if patients have undergone a limited bowel 

preparation, the contrast between the colon wall and the 

lumen is reduced by the presence of fecal remains, even 

if oral iodine contrast material has been added to the 

bowel preparation. This has consequences for the minimal 

radiation dose required for an adequate image quality.

In Chapter 5 we performed a study to determine the effect 

of oral contrast material (i.e. reduced contrast) on the 

minimal radiation dose required for a qualitatively acceptable 

CT colonography examination. For this study we used a 

synthetic anthropomorphic phantom.

Computer aided detection
In the past years, efforts have been made to in order to 

increase CT colonography accuracy e.g. fecal tagging 

(as discussed above), automatic insufflation, training 

of CT colonography observers and improvement of 

workstations. Despite these efforts, detectable lesions are 

still missed, even by well-trained radiologists. Computer 

aided detection (CAD) is a promising technique [56-59] that 

could be helpful in detecting these missed colorectal lesions 

[60;61].

However, true positive CAD lesions initially missed by the 

observer could be discarded based on wrong considerations 

of the observer [62;63], in other words; true positive CAD 

suggestions could be wrongfully labeled as non-polyps. 

This stresses the complex interaction between CAD and the 

human observer.

In Chapter 6 we determined whether CAD in a second read 

paradigm (CAD as backup reader of the human observer) 

could improve the performance of an observer in a practical 

setting. This was done in a prospective comparative study of 

CT colonography and colonoscopy in a consecutive series of 

170 patients at increased risk for colorectal cancer. 

Prone supine matching
State of art CT colonography is performed with the patient 

in both supine and prone position. Combining information of 

both scans will assist the reviewer in differentiating colorectal 

polyps from fecal material or folds. Verification of findings 

on supine and prone positions may be a time-consuming 

activity since reference-points (e.g. hepatic flexure) are 

often not fixed. Using an automated supine-prone matching 

algorithm may facilitate this process, and may lead to a more 

efficient interpretation of CT colonography.



12. In Chapter 7 we have assessed the feasibility of automated 

matching of supine and prone CT colonography 

examinations. 

Polyp measurement
Once a lesion is found with CT colonography, an 

assessment of the chance of malignancy by performing 

a biopsy for histology is not possible. As a surrogate for 

histopathology, polyp size is used for patient management 

strategies [35], therefore size is crucial for decision making 

in CT colonography.

As stated earlier in this chapter, the chance of a colorectal 

polyp being malignant increases with its size. Whereas 

polyps of 10mm or larger have a ten percent chance of 

being malignant [7;64], this chance is only 0.1percent for 

polyps smaller than 6mm [65]. Therefore, size thresholds 

are used for referral strategies for colonoscopy. Using 

these thresholds, variability of measurements within 

CT colonography and colonoscopy techniques and mean 

differences between these techniques should be minimal to 

avoid over-treatment or under-treatment.

In Chapter 8 we evaluated the variability of measurements 

within CT colonography and colonoscopy techniques and 

the mean differences between these techniques on identical 

colorectal polyps.

Chapter 9 is a summary, general discussion and conclusions

Chapter 10 is a summary, general discussion and 

conclusions provided in Dutch.
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18. Abstract
Objective
The purpose of our study was to prospectively evaluate 

image quality and patient acceptance of CT colonography 

(CTC) with fecal tagging using different levels of catharsis.

Material and methods
Forty consecutive increased-risk patients were randomized. 

Group 1 received orally 20 mg of bisacodyl, group 2 

received 30 mg of bisacodyl, group 3 received 20 mg of 

bisacodyl and 8.2 g of magnesium citrate, and group 4 

received 30 mg of bisacodyl and 16.4 g of magnesium 

citrate. All patients used a 2-day low-fiber diet and received 

diatrizoate meglumine and barium for fecal tagging. One 

reviewer blindly scored subjective image quality (fecal 

tagging, amount of residual feces [liquid or solid], luminal 

distention, and image readability) on a 5- to 6-point 

scale using a 2D review technique. The mean and SD 

of attenuation of tagging were measured as well as the 

relative SD as a measure of homogeneity. Furthermore, 

patient acceptance (burden related to diarrhea, abdominal 

pain, flatulence, and overall burden) was evaluated. 

Ordinal regression, generalized estimating equations, and 

parametric and nonparametric tests were used for analysis.

Results
Image readability was evaluated as good or excellent in all 

examinations except one in group 2 (non-diagnostic) and 

two in group 3 (moderate). Group 2 contained more feces 

than group 4 (p = 0.04). With regard to mean attenuation 

and homogeneity of tagging, no significant differences 

were observed between groups. Group 4 experienced more 

severe diarrhea than groups 1 and 2 and higher overall 

burden than groups 1 and 3 (p < 0.042).

Conclusion
The mildest preparation with 20 mg of bisacodyl provided 

good image quality of CTC images. Increasing the amount 

of laxatives did not improve image quality or tagging 

characteristics but was associated with a lower patient 

acceptance.
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Introduction
CT colonography (CTC) is being investigated as a possible 

screening technique for the detection of colorectal polyps 

and cancer [1–5]. However, the requisite cathartic bowel 

preparation, which is often described by patients as the 

most burdensome aspect of colonic examinations [6–8], 

might diminish patients’ willingness to participate in a 

screening program [9–11]. Labeling of fecal material with 

a contrast agent (fecal tagging) has enabled the use of 

limited bowel preparation regimens containing no or only 

limited amounts of laxatives [12]. So far, feasibility studies 

investigating CTC with reduced catharsis have shown 

promising results with regard to image quality and patient 

acceptance [13–17]. In addition, one large accuracy study 

that used no cathartics has been published that reported 

excellent results with regard to polyp detection [18]. 

For labeling fecal material, three types of tagging agents 

are available: barium and nonionic and ionic iodinated 

contrast agents. Barium is traditionally used for solid fecal 

matter tagging and iodinated contrast agents are used to 

tag residual fluid. Furthermore, a variety of mild laxatives, 

for example, bisacodyl sodium or magnesium citrate [13, 

14], can be added to reduce the amount of fecal matter 

in the colon. At present, no consensus exists about which 

contrast agent should be used and whether mild cathartics 

should be added to the tagging regimen, and if so, in what 

dose [19].

We hypothesized that a higher level of catharsis would 

improve image quality but reduce patient acceptance. Our 

objective was to determine the optimal dosage of laxatives 

for CTC with limited bowel preparation with regard to 

both image quality and patient acceptance. Therefore, we 

compared image quality and patient acceptance between 

four regimens with increasing levels of mild catharsis, 

using bisacodyl and magnesium citrate as laxative agents. 

Although some studies have compared image quality of 

CTC with and without laxatives [20, 21], to our knowledge, 

our study is the first that has investigated the effect of 

different amounts of mild laxatives in CTC.

Materials and Methods
Study population
Forty consecutive adult patients with an increased risk 

for colorectal cancer (i.e., a personal or family history of 

colorectal polyps or cancer) were included in this study 

between October 2004 and January 2005. All patients were 

scheduled to undergo a conventional colonoscopy for polyp 

detection at the endoscopic departments of the Academic 

Medical Center or the Onze Lieve Vrouwe Gasthuis. 

Exclusion criteria were a personal history of inflammatory 

bowel disease or familial adenomatous polyposis, prior 

allergic reaction to an iodine-containing contrast agent, 

colorectal polyps or cancer at prior endoscopy that were 

not removed, or participation in a research project that 

involved ionizing radiation within 12 months preceding the 

CTC examination. On the day of the CTC examination, 

patients were asked to indicate whether they had 

symptoms of colorectal disease (i.e., abdominal pain, 

hematochezia, or altered bowel habits) and if so, which 

symptoms were present. No formal power calculation was 

performed in this feasibility study and, for practical reasons, 

40 patients were studied. The institutional review board of 

both hospitals gave approval for this feasibility study of 40 

patients. All patients gave written informed consent.

Bowel Preparation
A low-fiber diet was prescribed for all patients for 2 days 

before the CTC examination. No specific meal kit was used. 

Through a customized computer program, patients were 

randomized into one of four groups using a randomization 

block design (Table 2.1). 

Preparations contained solely orally administered bisacodyl 

or bisacodyl in combination with magnesium citrate 

(LoSo Prep, E-Z-EM) as laxative agents, and the extent 

of catharsis gradually increased from group 1 to group 4. 

We did not include a laxative-free regimen because such 

regimens have been shown to result in insufficient image 

quality [20, 21]. The most extensive preparation (group 4) 

contained a combination of bisacodyl and magnesium 
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TA B L E  2 . 1    Bowel preparation schemes for CT colonography (CTC)

Group Barium Sulphatea 

(mL) (40% w/v)

Diatrizoate 

Meglumineb (mL) 

(200 mgI/mL)

Bisacodylc 

(mg)

Magnesium 

Citrated (g)

I 80 110 20 -

II 80 110 30 -

III 80 110 20 8.2

IV 80 110 30 16.4

citrate in a dosage that is commercially available as a 

preparation kit for CT colonography (LoSo Prep) and is 

considered a mild preparation [13, 14]. Tagging consisted 

of barium sulfate, 40% weight per volume (Tagitol 

V, E-Z-EM) and diatrizoate meglumine with an iodine 

concentration of 200 mg/mL. Patients were not informed 

of the content of the other regimens.

CT Colonography
The CTC examination was performed in the supine and 

prone positions on an Mx8000 4-MDCT scanner (Philips 

Medical Systems) with the following parameters:120 

kV; collimation, 4 × 2.5 mm; rotation time, 0.75 second; 

pitch, 1.25; slice thickness, 3.2 mm; and reconstruction 

interval, 1.6 mm. Patients with a circumference < 103 

cm were scanned with 50 mAs (n = 15); patients with a 

circumference > 103 cm, with 70 mAs (n = 25). A total 

of 20 mg of butyl scopolamine bromide (Buscopan, 

Boehringer Ingelheim) (n = 22) or, if contraindicated, 1 mg 

of glucagon hydrochloride (GlucaGen, Novo Nordisk) 

(n = 17) was administered IV immediately before scanning. 

In one patient neither was administered because of 

contraindications. On average, 4 L of carbon dioxide (CO2) 

was insufflated via an automatic insufflator (PROTOCO2L, 

E-Z-EM) to achieve adequate distention. The time that 

patients spent in the CT room was recorded with a 

stopwatch. 

Conventional Colonoscopy
Colonoscopy was performed 4–30 days (mean, 17 days) 

after CTC. Bowel preparation for colonoscopy consisted 

of 3 (n = 2), 4 (n = 36), or 6 L (n = 2) of polyethylene 

glycol–electrolyte solution (Klean-Prep, Helsinn Birex 

Pharmaceuticals) administered the day before the 

examination. Patients received midazolam (n = 28), 

fentanyl (n = 20), or alfentanil (Rapifen, AstraZeneca) 

(n = 6) on request. Buscopan was administered IV to all 

patients. The colonoscopy was performed either by an 

experienced gastroenterologist or surgeon or by a resident 

under the direct supervision of a staff member. During the 

examination, a research nurse involved in our study was 

present.

Outcome Parameters
SUBJECTIVE IMAGE QUALITY – The CTC data were 

evaluated by a research fellow in CTC who was blinded 

to all clinical data, including the bowel preparation used. 

The reviewer had a prior experience of 150 non-tagged 

cathartic-prepared CTC examinations with colonoscopic 

verification. A primary 2D evaluation technique (axial 

views) was applied using multiplanar reformatted (MPR) 

images and 3D endoluminal views for problem solving 

(ViewForum 5.1, Philips Medical Systems). No electronic 

cleansing software was applied. 

a   Dosage: 2 days before CTC, 20 mL at 
dinner and 1 day before CTC, 20 mL at 
breakfast, lunch, and dinner.

b   Dosage: 1 day before CTC, 10 mL at 
breakfast and 20 mL at lunch and dinner; 
on the day of CTC, 60 mL atbreakfast.

c   Dosage: 16 hours before CTC, 10 mg of 
orally administered bisacodyl for groups 1 
and 3 and 20 mg for groups 2 and 4; 
on the day of CTC, all groups received 
10 mg of bisacodyl orally at breakfast.

d   Dosage: 18 hours before CTC, groups 3 
and 4 received magnesium citrate in the 
displayed dose.
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A   In 50-year-old man with abdominal pain and family history of 

colorectal cancer, reviewer evaluated fecal tagging as excellent.
 

B   In 51-year-old woman with history of colorectal polyps,

reviewer evaluated fecal tagging as good.

 

C    In 61-year-old man with history of colorectal cancer,

reviewer evaluated fecal tagging as moderate.
 D   In 72-year-old man with history of colorectal cancer,

reviewer evaluated fecal tagging as poor.

The reviewer filled out a standardized questionnaire for 

every examination with regard to image quality. Table 

2.2 displays the scoring system used by the reviewer. The 

image quality parameters of fecal tagging (Figure 2.1), 

luminal distention, amount of fecal residue (combined

estimation for liquid and solid feces), and image readability 

were scored by the reviewer for the complete (supine 

and prone together) examination. This evaluation was 

considered the subjective image quality assessment on a 

per-patient basis.

The same image quality parameters were again evaluated 

on a per-segment basis. To this end, the colon was 

divided in six segments: cecum; ascending, transverse, 

descending,and sigmoid colon; and rectum. Fecal tagging 

F I G U R E  2 . 1
Axial multiplanar reformatted coronal and endoluminal 3D images 
show subjective evaluation in four different patients with various 
grades of fecal tagging.

F I G U R E  2 . 2
Axial multiplanar reformatted coronal and endoluminal 3D image 
shows mean attenuation and SD of fecal material in 63-year-old 
man with family history of colorectal cancer. Inset histogram shows 
attenuation values in Hounsfield units of tagged material (x-axis) 
and frequencies of measurement (y-axis). Observer placed region of 
interest with surface area of at least 60 mm2 in largest fluid level on 
randomized computer-picked slice, and CT colonography software 
subsequently provided mean attenuation and SD.



22. and the amount of fecal material were evaluated only with 

the patient in the supine position because we presumed these 

parameters would not be influenced by a position change. 

However, because alteration of the position of the patient 

might substantially influence distention of different colonic 

segments [22, 23], luminal distention and segmental image 

readability were again evaluated with the patient in the prone 

position. Furthermore, to examine the effect of increasing 

catharsis on the consistency of fecal material, the reviewer 

scored the ratio between feces with a solid consistency and 

feces with a liquid consistency. This was performed on a 

persegment basis with the patient in the supine position. 

A 5-point scale was applied: 1, 0–20% solid; 2,21–40% 

solid; 3, 41–60% solid; 4, 61–80% solid; and 5, 81–100% 

solid. If no stool was present in a segment, no evaluation of 

consistency was performed for that particular segment.

NUMERIC EVALUATION OF DEGREE AND 

HOMOGENEITY OF TAGGING  – To evaluate the quality 

of fecal tagging, the mean and SD of attenuation of tagged 

material (in Hounsfield units) were measured on seven 

separate slices that were randomly selected by a computer 

program (Windows Excel 2002, Microsoft) for every patient. 

To this end, a resident in the fourth year of training, who 

was blinded as to the preparation used, placed a region of 

interest (ROI) of at least 60 mm2 in the area. that contained 

the most fecal material on the randomly picked axial slices. 

The resident recorded whether the ROI was placed in liquid 

stool, stool adherent to the colon wall, or solid stool. The 

mean and SD of attenuation values within the ROIs were 

then calculated by our CTC software (ViewForum 5.1) (Figure 

2.2). If not enough fecal material was present to draw an 

ROI, the randomization program provided another slice for 

evaluation. The SD of attenuation values of tagged material 

is a measure of homogeneity. However, because the mean 

attenuation of tagging can vary considerably among patients, 

we considered the relative SD (SD / mean) to be a better 

measure of homogeneity. After all, by adapting the window 

width when viewing images, tagging with a larger mean 

attenuation value and a large SD may have a similar visual 

appearance to tagging with a smaller attenuation value and a 

proportionally smaller SD. Furthermore, separate assessments 

were performed for solid, adherent, and liquid feces. 

INTERPRETATION TIME  – The time needed to interpret a 

complete examination for polyp detection, excluding report 

time and image quality evaluation, was recorded with a 

stopwatch by the reviewer. Because of the limited number 

of patients and the expected low prevalence of polyps in 

our cohort, performance characteristics were not part of our 

study design and are not discussed in this article.

PATIENT ExPERIENCE - Patients were asked to fill out a 

questionnaire on the day of the CTC examination with regard 

to the burden and side effects of the CTC preparation – that 

is, flatulence, abdominal pain, and diarrhea – as well as the 

discomfort caused by the intake of contrast material and 

laxative agents on a 5-point scale (Table 2.2). To understand 

if the everyday bowel habits of patients were of influence on 

image quality parameters, patients were asked to fill out their 

normal frequency of defecation: 1, more than one defecation 

per day; 2, once per day; 3, once per 2 days; 4, once in 3 

days; 5, less than one defecation per 3 days; and 6, less than 

one defecation per 5 days. On the day of the colonoscopy, 

patients filled out a questionnaire with regard to the burden 

associated with the bowel preparation for colonoscopy 

(Table 2.2).

PATIENT PREFERENCE – Five weeks after colonoscopy, 

patients were sent a questionnaire in which they were asked 

which preparation had been most burdensome (CTC or 

conventional colonoscopy) and which examination (CTC or 

conventional colonoscopy) they would prefer in the future, 

and they were asked to indicate the most burdensome event 

of both examinations (Table 2.2). The patient preference and 

experience questionnaires were designed by the department 

of social medicine and had previously been used in two 

studies that were performed in our institution [7, 24].
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TA B L E  2 . 2     Scales Used by Observer to Rate Image Quality and by Patients to Rate Burden and Preference

Observer Scale

Fecal tagginga a = Poor, not interpretable
b = Moderate, diagnostic with untagged feces < 10 mm
c = Good, diagnostic with untagged feces < 6 mm
d = Very good, diagnostic without limitations

Presence of fecesa a = Large amount of feces, segment fully filled
b = Moderate amount of feces, ≈ 50% of lumen filled
c = Small amount of feces
d = Only layer on wall
e = No feces at all

Luminal distentiona,b a = Collapsed
b = Poorly distended
c = Only moderately distended, but segment is distended over its full length
d = Good
e = Very good

Image readabilitya,b a = Poor, not diagnostic
b = Moderate, diagnostic for lesions ≥ 10 mm
c = Good, diagnostic for lesions ≥ 6 mm
d = Excellent, no limitations

Patients Scale

Burden caused by intake of bisacodyl, magnesium 
citrate, barium sulfate,diatrizoate meglumine

a = None
b = Mild
c = Moderate
d = Severe
e = Extreme

Side effects: diarrhea, flatulence, abdominal pain, 
overall burden

a = None
b = Mild
c = Moderate
d = Severe
e = Extreme

Most burdensome preparation CT colonography (CTC) or conventional colonoscopy

Most burdensome examination CT colonography (CTC) or conventional colonoscopy

Most burdensome event Bowel preparation prior to conventional colonoscopy
Limited bowel preparation prior to CTC
CTC examination
Conventional colonoscopy examination

Preference for CTC or conventional colonoscopy 
examination in the future

Definitely CTC
Probably CTC
Possibly CTC
Indifferent
Possibly conventional colonoscopy
Probably conventional colonoscopy
Definitely conventional colonoscopy

a Subjective image quality parameters were scored per patient and per segment in the supine position.

b Luminal distention and image readability were again evaluated on a per-segment basis in the prone position.

 



24. Statistical Analysis
SUBJECTIVE IMAGE QUALITY – With regard to the 

per-patient analysis, possible differences in image quality 

parameters between the four preparations were assessed 

using ordinal regression analysis. In this analysis, first the 

preparation with the highest regression coefficient was 

determined; this was subsequently used as the reference 

group.

With regard to the per-segment analysis, ordinal regression 

analysis was applied using generalized estimating equations 

(GEE) to revise the data clustering and dependency [25]. 

This was done because more than one segment was 

obtained from each patient. The link function was set at 

log link, and an independent working correction matrix was 

used. Furthermore, associations between normal defecation 

frequency and subjective image quality parameters were 

tested with the chi-square test. If significant associations 

were present, additional ordinal regression analyses using 

GEE for revising the patient’s normal defecation frequency 

were performed. Associations between the subjective image 

quality parameters (e.g., association between fecal tagging 

and the amount of residual feces) within each group were 

assessed using the chi-square test.

NUMERIC EVALUATION OF DEGREE AND 

HOMOGENEITY OF TAGGING – Because more than one 

measurement of Hounsfield units and SD was obtained 

from each patient, linear regression analysis was applied 

using GEE to revise the data clustering and dependency. 

Furthermore, ROIs were placed at random and were not 

evenly distributed among segments. This might have 

resulted in differences in measured homogeneity because 

of the physiologic variation of mean tagging attenuation 

within a given patient due to the normal dehydrating action 

of the colon. Therefore, the GEE analysis was adjusted 

to correct for this segmental distribution. Furthermore, 

because liquid material tends to be more homogeneously 

tagged than solid material, the GEE analysis was adjusted 

to correct for stool consistency (solid, adherent, or 

liquid feces). For each group, estimates of means with 

corresponding standard errors could be calculated from the 

results (intercept and slopes) obtained by the analysis.

PATIENT ExPERIENCE AND PREFERENCE – Differences 

in patient experience (burden) were analyzed using ordinal 

regression analysis and the preparation with the lowest 

regression coefficient (most burdensome) as the reference 

group. The chi-square test was used to test for significant 

differences in patients’ indications of the most burdensome 

preparation and examination (CTC or conventional 

colonoscopy) between groups. Patient preference for either 

CTC or colonoscopy was tested using the chi-square test 

after the data were first dichotomized as preference for 

CTC versus preference for colonoscopy.

INTERPRETATION TIME – Differences in interpretation 

times for the different preparations were tested for 

significance using the independent samples Student’s t 

test. Statistical analyses were performed with SPSS version 

12.0.2 for Windows (SPSS) and SAS version 8.02 for 

Windows (SAS Institute). The Proc Genmod command was 

used to apply the generalized estimating equations. 

A p-value of < 0.05 was considered to indicate a statistically 

significant difference.

Results
All patients included in this study accepted randomization. 

Eleven patients were randomized into group 1, 10 patients 

into group 2, 10 patients into group 3, and nine patients 

into group 4. Twenty-seven patients were men (67.5%) 

and 13 patients were women (32.5%), with an average 

age of 62 years (age range, 40–83 years). Fourteen (35%) 

patients had symptoms (abdominal pain, 6; hematochezia, 

4; and altered bowel habits, 4), and 26 (65%) patients 

were asymptomatic. Thirty-three (83%) patients had a 

personal history of colorectal polyps (n = 21), cancer 
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(n = 6), or both (n = 6). A total of 11 patients had 

undergone surgery for a colorectal cancer: right-sided 

hemicolectomy (n = 1), transverse colectomy (n = 2), low 

anterior resection (n = 7), total mesorectal excision (n = 

1). Thirty of 38 patients who filled out the questionnaire 

with regard to bowel frequency had a defecation frequency 

of one defecation or more per day, five patients had a 

defecation frequency of once in 2 days, two patients (groups 

2 and 3) had a frequency of once in 3 days, and one patient 

had a bowel frequency of once in 3–5 days (group 2). 

Because one patient had undergone a hemicolectomy, a 

total of 476 bowel segments were available for analysis (per 

position: group 1, 66 segments; group 2, 58; group 3, 60; 

and group 4, 54 segments). The average room examination 

time for CTC was 15 minutes.

image quality results
SUBJECTIVE IMAGE QUALITY – On a per-patient basis 

(n = 40), no significant differences were found between 

groups with regard to image quality. All examinations 

were evaluated as good (diagnostic for lesions ≥ 6 mm) or 

excellent (diagnostic with no limitations) image readability. 

Only one examination (group 2) was of nondiagnostic 

value (because of poor distention) and two examinations 

(group 3) were of moderate image readability (because of 

moderate fecal tagging) (Table 2.3). Within each group, a 

higher degree of homogeneity was significantly associated 

with better image readability (p < 0.006). For group 2, 

poorer distention was associated with decreased image 

readability (p = 0.002).

On a per-segment basis, significantly more residual feces 

was present in group 2 in comparison with group 4 (p = 

0.04). No other significant differences in image quality 

were found between groups (Figure 2.3). Fecal material 

was significantly more liquid in group 4 in comparison 

with groups 1, 2, and 3 (p = 0.004, p = 0.002, and p < 

0.001) (Figure 2.4). A significant association was observed 

between daily bowel habits and the amount of residual 

feces in the colon for groups 2 and 3 (p < 0.0001). In other 

words, a lower defecation frequency in normal life was 

associated with a higher amount of residual feces in our 

study. Subsequently, when the normal defecation frequency 

of patients was included in the GEE analysis, the finding 

that group 2 contained more residual feces than group 4 

was no longer significant (p = 0.160).

TA B L E  2 . 3     Overall Image Readability of 40 Complete (Supine and Prone)
CT Colonography Examinations

Group Excellent;

No Limitations

Good; 

Diagnostic for 

Lesions ≥ 6mm

Moderate;

Diagnostic for 

Lesions ≥ 10mm

Poor; 

Not Diagnostic

1 (n=11) 5 6 0 0

2 (n=10) 3 6 0 1

3 (n=10) 4 4 2 0

4 (n=9) 5 4 0 0

 Data are number of examinations that were subjectively evaluated by the reviewer.
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F I G U R E  2 . 3
Graphs show subjective image quality scores on per-segment basis (A-D). Fecal tagging (A) and amount of feces (B) were scored on 
supine images (for group 1, 66 segments; group 2, 58 segments; group 3, 60 segments; and group 4, 54 segments). Distention (C) 
and diagnostic readability (D) were scored on supine and prone images (132, 120, 210, and 108 segments, respectively). Group 2 
performed significantly poorer with regard to amount of residual feces in comparison with group 4 (p = 0.04).
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F I G U R E  2 . 4
Graph shows proportion of solid feces in colon on per-segment 
basis (if feces was not solid it was considered liquid). Most 
segments contained only little feces with solid consistency (0–20%) 
in every preparation. However, group 4 contained significantly less 
solid feces compared with groups 1, 2, and 3 (p = 0.004, 
p = 0.002, p < 0.001).

100

75

50

25

Group
1

 %
 S

ol
id

 F
ec

es

0

61−80% solid 81−100% solid

41−60% solid0−20% solid 21−40% solid

Group
2

Group
3

Group
4



27.

Image Quality and Patient Acceptance of Four Regimens with Different Amounts of Mild Laxatives for CT Colonography

NUMERIC EVALUATION OF DEGREE AND 

HOMOGENEITY OF TAGGING – The degree of tagging, 

expressed as the mean attenuation of tagged material, 

decreased when more laxatives were used (Table 2.4); 

however, this decrease was not statistically significant (all 

p ≥ 0.253). A gradual decrease in mean SD of pixel values 

was also found from group 1 to group 4. 

This decline, however, was not significant between groups 

(all p ≥ 0.067). Furthermore, the relative SD (SD / mean) 

did not differ significantly among groups (all p ≥ 0.157), 

indicating no difference in homogeneity of tagging among 

groups. Regardless of the preparation, the relative SD was 

significantly higher for solid feces (0.22) versus adherent 

(0.16) or liquid (0.14) feces, showing that tagging was less 

homogeneous for solid feces than for adherent stool 

(p = 0.008) or liquid feces (p = 0.001) (Table 2.5). 

TA B L E  2 . 5    Tagging Characteristics for Stool 
Consistency Regardless of the Preparation

Mean 

(HU)

SD Relative SD

(SD/mean)

Solid consistency 

(n=32)

737 143a 0.22b

Adherent consistency 

(n=50)

688 97 0.16

Liquid consistency 

(n=191)

631 79 0.16

Data in parentheses are number of measurements.

a   SD was significantly higher for solid than for adherent (p = 0.041) or liquid 

(p = 0.005) feces.

b   Relative SD was significantly higher for solid than for adherent (p = 0.008) 

or liquid (p = 0.001) feces.

Numbers in parentheses are the number of 

measurements. Percentages in parentheses 

refer to the percentage of measurements in 

the indicated form of fecal material.

NA = not applicable.

a   Significantly higher mean value for solid 

consistency in comparison with liquid 

(p = 0.003) or adherent (p=0.046) 

consistency within preparation group 1.

b   Significantly higher SD value for solid 

consistency in comparison with liquid 

(p = 0.025) or adherent 

(p =.008) consistency within preparation 

group 1.

c   Significantly higher relative SD value for 

solid consistency in comparison with liquid 

consistency within preparation group 2 

(p = 0.006) and within preparation group 3 

(p = 0.011).

TA B L E  2 . 4    Estimates of Mean Attenuation and Mean SD of Fecal Material

Mean attenuation 

(HU)

SD Relative SD

(SD / mean)

Preparation 1

fecal material  (n=77) 720 106 0.15

liquid consistency (71%) 683 98 0.14

adherent consistency (19%) 803 115 0.16

solid consistency (10%) 1030a 215b 0.18

Preparation 2

fecal material  (n=66) 686 97 0.14

liquid consistency  (60%) 710 74 0.12

adherent consistency (14%) 636 89 0.15

solid consistency  (26%) 634 140 0.21c

Preparation 3

fecal material (n=70) 654 80 0.14

liquid consistency (60%) 684 73 0.11

adherent consistency  (29%) 677 103 0.18

solid consistency (11%) 485 74 0.23c

Preparation 4

fecal material (n=60) 557 62 0.16

liquid consistency (90%) 509 56 0.19

adherent consistency (10%) 685 94 0.11

solid consistency (0%) n/a n/a n/a



28. INTERPRETATION TIME – The mean interpretation time 

for group 1 was 16 minutes, for group 2 was 24 minutes, 

for group 3 was 26 minutes, and for group 4 was 21 

minutes (all p ≥ 0.107).

Patient Experience
All patients experienced diarrhea except for three patients 

in group 2. The burden of diarrhea was evaluated as none 

or mild by six patients (55%) in group 1, six patients (60%) 

in group 2, four patients (40%) in group 3, and one patient 

(11%) in group 4. Diarrhea was considered significantly 

more burdensome in group 4 than in groups 1 (p = 0.042) 

and 2 (p = 0.031) but not compared with group 3 (p = 

0.179). With regard to abdominal pain and flatulence, no 

significant differences were found among groups. With 

regard to abdominal pain (n = 37), one patient in group 

4 had severe abdominal pain, and two patients (groups 

2 and 4) had moderate abdominal pain. The remaining 

patients had little (n = 6) or no (n = 28) pain. With regard 

to flatulence (n = 37), one patient in group 4 experienced 

a severe burden, one patient in group 2 had a moderate 

burden, and the other patients experienced little (n = 5) or 

no (n = 30) burden.

The total burden of the bowel preparation was rated 

as none or mild by all patients (100%) in group 1, nine 

(90%) in group 2, eight (80%) in group 3, and five 

(55%) in group 4 – a significantly higher total burden in 

group 4 than in groups 1 (p = 0.002) and 3 (p = 0.02). 

No significant difference (p = 0.082) was found between 

groups 2 and 4, most likely because one patient in group 2 

rated the CTC bowel preparation as extremely burdensome. 

This patient stated, before the CTC preparation, an explicit 

preference for the colonoscopy preparation because in his 

opinion that preparation was simpler and shorter. Excluding 

this patient, a significantly lower overall burden (p = 0.04) 

was found for group 2 in comparison with group 4. Most 

patients experienced no or only a mild burden with regard 

to the intake of barium (32/34), diatrizoate meglumine 

(36/40), bisacodyl (34/37), or magnesium citrate (9/15), 

with no significant differences between the groups.

Patient Preferences
Except four patients (one in group 2 and three in group 

3), all patients found colonoscopy a more burdensome 

examination than CTC. If patients were asked what 

examination they would prefer in the future, most patients 

(30/40) indicated a preference for CTC, two patients were 

indifferent, and eight patients preferred conventional 

colonoscopy (Figure 2.5). The reasons patients preferred 

colonoscopy were: direct polypectomy (n = 4), shorter 

preparation time (n = 2), false-positive CTC (n = 1), and 

no particular reason (n = 1). No significant differences in 

preference were observed among the groups. 

All (100%) patients in group 1, nine (90%) patients 

in group 2, eight (80%) in group 3, and seven (78%) 

patients in group 4 preferred CTC bowel preparation over 

the polyethylene glycol preparation, with no significant 

differences among groups (p = 0.054). In all groups, most 

patients evaluated the bowel preparation for colonoscopy 

(n = 30) or colonoscopy itself (n = 5) as the most 
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burdensome event, with no significant differences among 

the groups (Table 2.6).

Discussion
In this feasibility study regarding image quality and patient 

acceptance, we investigated four different dosages of 

mild laxatives, consisting of bisacodyl (a bowel stimulant) 

and magnesium citrate (a hyperosmotic saline laxative), 

to prepare patients for CTC. Our results showed good to 

excellent image readability of CTC examinations (37/40) 

regardless of the preparation used. Increasing the amounts 

of laxatives did not lead to a higher attenuation of tagging 

or to more homogeneous tagging, and subjective image 

quality did not show significant improvement. A higher 

dosage of laxatives was significantly associated with a 

higher burden of diarrhea and a higher overall burden 

of the bowel preparation. Nevertheless, irrespective of 

the amount of laxatives for CTC, the majority of patients 

(35/40) preferred the bowel preparation for CTC over the 

cleansing laxative bowel preparation (polyethylene glycol) 

for colonoscopy. 

In two previous studies, the same or a higher dose of 

magnesium citrate (without bisacodyl) as used in our 

group 4, was used; both reported significantly better 

image quality of CTC images compared with images 

made without the use of laxatives [20, 21]. Magnesium 

citrate liquefies residual feces and decreases the amount of 

remaining feces. This is associated with better readability 

[21] and can be expected to lead to increased homogeneity 

of tagged material. In concordance with these studies, we 

expected that image quality would gradually improve in our 

study and be best with group 4. 

In our study, however, a higher level of catharsis resulted in 

neither better image quality nor improvement of tagging 

characteristics (subjective or numeric). Our data showed 

that residual feces in group 4 was more liquefied compared 

with the other groups (all p ≤ 0.004), but the relative SD 

(SD / mean) did not decrease, indicating that homogeneity 

did not improve. A decline, although not significant (p ≥ 

0.253), of the mean attenuation of the tagged material 

from group 1 to group 4 was observed that we did 

not anticipate. The lower attenuation values in groups 

with more catharsis might be explained because lower 

concentrations of contrast agent were present as a result of 

dilution caused by the hyperosmotic effect of magnesium 

citrate.

Regardless of the preparation, solid feces was less 

homogeneously tagged than liquid stool. However, we 

TA B L E  2 . 6    Most Burdensome Event for 40 Patients

Group CTC Bowel 

Preparation

CTC Examination Conventional 

Colonoscopy Bowel 

Preparation

Conventional Colonoscopy 

Examination

1 0 0 8 3

2 1 1 8 0

3 1 1 8 0

4 1 0 6 2

Appraisal by patients 5 weeks after CT colonography (CTC) and conventional colonoscopy. 

Most patients (n = 30) indicated the bowel preparation for colonoscopy as the most burdensome 

event regardless of the bowel preparation used for CTC.



30. believe that homogeneity of solid feces was still satisfactory 

in all groups. Attenuation of solid feces was high (group 

1, 1,030 H; group 2, 634 H; and group 3, 485 H) with 

relatively small SDs (215, 140, and 74, respectively) 

and nearly constant relative SDs (0.18, 0.21, and 0.23, 

respectively). As a result, the lowest attenuation value of 

tagged solid material was still well above soft-tissue density 

in all groups.

Most segments (88%) contained no or only small amounts 

of feces. Furthermore, no decrease in the amount of fecal 

material was observed using a higher dose of laxatives. This 

is in contrast with the results of Dachman et al. [21], who 

found no feces in only 65% of segments using magnesium 

citrate. That we used a combination of barium and 

diatrizoate meglumine for tagging purposes instead of only 

barium might explain this difference. Probably the laxative 

side effect of diatrizoate meglumine combined with (small 

amounts of) laxatives caused relatively clean colons with 

good homogeneity of tagged feces. 

Increasing the amounts of laxatives did not improve 

subjective image quality but did increase the burden 

perceived by patients. In our study, most patients 

experienced diarrhea, regardless of the preparation 

used. These observations are not in line with the 

previously discussed study by Zalis et al. [20]. In that 

study, only one of 22 patients reported mild transient 

diarrhea after preparation with magnesium citrate. Two 

important differences between the studies may explain 

this discrepancy. First, we used ionic iodinated contrast 

material, which is known to have a strong osmotic effect, 

instead of a nonionic contrast agent. Second, in our study, 

all patients received bisacodyl, whereas in the Zalis et 

al. study, no bisacodyl was administered at all. It is likely 

that a combination of both factors led to some degree of 

diarrhea. Although diarrhea was present in all preparations, 

the burden of diarrhea and the overall burden of the 

preparation significantly increased with higher doses of 

laxatives. In fact, one could argue whether laxatives should 

be added at all to the preparation if ionic contrast agents 

are used in high concentrations. At the time of the writing 

of this article, we no longer add any form of laxatives to 

the preparation, and we believe this has not impaired the 

image quality of CTC.

An interval of 5 weeks was applied after colonoscopy to 

ask patients about their preference because the memory of 

adverse reactions may decrease over time [7, 8, 24]. The 

majority of patients (75%) preferred CTC as a colorectal 

examination and considered the polyethylene glycol–

electrolyte solution for colonoscopy the most unpleasant 

factor (75%). In our institution, this bowel preparation is 

used by the gastroenterologists for all patients because it 

is safe to use and rigorously cleans the colon. Other bowel 

preparations for colonoscopy, such as an osmotic laxative 

([sodium phosphates solution] Phospho-soda, Fleet), are 

considered more patient-friendly [26, 27]. Had these 

been used in our study, they might have caused a shift in 

patient preference toward colonoscopy. A disadvantage of 

Phospho-soda is that it can cause electrolyte imbalance and 

is contraindicated in patients with congestive heart failure 

or renal failure [28, 29].

Several limitations of our study must be considered. 

A limited cohort of 40 patients, randomized into four 

groups, participated in this study. Despite the relatively low 

numbers of patients per group, we did find a significantly 

higher patient burden with increasing laxative dosage. 

With regard to image quality, no trend of improvement 

in quality was observed with more catharsis. However, 

in group 2, segments contained significantly more feces 

compared with group 4. This was mainly attributed to 

the fact that two of the three patients in our study with 

a relatively low defecation frequency in normal life were 

placed in group 2. Despite more feces present in the colon, 

image readability of the examinations was not significantly 

affected. Although our data are limited, this might suggest 

that with adequate tagging, patients with bowel habits of 

one defecation in 3–5 days can be prepared with minimal 
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amounts of laxatives without affecting image quality. 

Furthermore, all patients without diarrhea (n = 3) were 

in group 2. Patients were not asked about compliance 

with the preparation. Because non-compliance could have 

contributed to more residual feces in group 2 but could 

also provide a possible explanation for the moderate image 

quality in two patients in group 3, we considered that a 

limitation of our study.

Furthermore, only one observer subjectively evaluated all 

data on image quality. It is possible that another observer 

would rate the data differently. Another possible qualifier 

is that we did not include a full catharsis regimen as a 

reference standard to which the studied preparations 

were compared. However, we believe that for this study 

a clinically relevant scoring system was constructed 

with regard to image quality of the examinations: using 

classifications as not diagnostic, diagnostic for all lesions, 

diagnostic for lesions ≥ 6 mm, or only diagnostic for 

lesions ≥ 10 mm. The experience of the reviewer before 

our study consisted of 150 cathartic CTC examinations, 

and consequently image quality of these examinations 

served as a reference standard for the reviewer. With 

regard to patient experience, the bowel preparation used 

for colonoscopy in our study was a full cathartic bowel 

preparation using a polyethylene glycol–electrolyte solution 

that can also be used for CTC. Most patients in all groups 

indicated the colonoscopy preparation as more burdensome 

when compared with the CTC bowel preparation.

We used an iodine-based contrast medium for fecal tagging 

in addition to barium. Some investigators prefer using only 

barium because of the side effects and possible adverse 

reactions to iodine-based contrast agents [10]. However, 

we believe that a combination of both contrast agents 

resulted in adequate tagging of both solid and liquid feces 

as stated in other studies [2, 29]. Although the laxative 

side effect of an iodine-based contrast agent will probably 

increase the patient burden in some way, an advantage 

is that CTC images are easier to interpret and a possible 

cleansing algorithm might be more effective [20, 30].

Finally, in our study we focused on image quality. Polyp 

conspicuity was not investigated. So far, one larger study 

without catharsis has reported an excellent sensitivity of 

90% and specificity of 92% for patients with polyps of any 

size [18]. Although further research is warranted, these 

results underscore our findings that good image quality can 

be obtained with small amounts of laxatives. 

We conclude that CTC with limited bowel preparation, 

using barium and ionic iodinated contrast agents for fecal 

tagging, requires only minimal doses of laxatives – in our 

study only 20 mg of bisacodyl – to obtain good image 

quality and minimize patient burden. This is important 

because a mild bowel preparation will undoubtedly increase 

patient willingness to participate in a screening program.
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36. Abstract
Objective
The purpose of this article is to report the effect on lesion 

conspicuity and the practical efficiency of electronic 

cleansing for CT colonography (CT colonography). 

Material and methods
Patients were included from the Walter Reed Army Medical 

Center public database. All patients had undergone 

extensive bowel preparation with fecal tagging. A 

primary 3D display method was used. For study I, the 

data consisted of all patients with polyps ≥ 6 mm. Two 

experienced CT colonography observers (observer 1 and 

observer 2) scored the lesion conspicuity considering supine 

and prone positions separately. 

For study II, data consisted of 19 randomly chosen patients 

from the database. The same observers evaluated the data 

before and after electronic cleansing. Evaluation time, 

assessment effort, and observer confidence were recorded.

Results
In study I, there were 59 lesions partly or completely 

covered by tagged material (to be uncovered by electronic 

cleansing) and 70 lesions surrounded by air (no electronic 

cleansing required). The conspicuity did not differ 

significantly between lesions that were uncovered by 

electronic cleansing and lesions surrounded by air (observer 

1, p < 0.5; observer 2, p < 0.6). 

In study II, the median evaluation time per patient after 

electronic cleansing was significantly shorter than for 

original data (observer 1, 20 reduced to 12 minutes; 

observer 2, 17 reduced to 12 minutes). Assessment effort 

was significantly smaller for both observers 

(p < 0.0000001), and observer confidence was significantly 

larger (observer 1, p <0.007; observer 2, p < 0.0002) after 

electronic cleansing.

Conclusion
Lesions uncovered by electronic cleansing have comparable 

conspicuity with lesions surrounded by air. CT colonography 

with electronic cleansing sustains a shorter evaluation time, 

lower assessment effort, and larger observer confidence 

than without electronic cleansing.
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Introduction
CT colonography is a minimally invasive procedure that is 

advocated for polyp screening [1]. Residual fecal material 

and fluid are well known to hinder CT colonography 

evaluation, especially in a 3D display mode. Fecal material 

may cover lesions (preventing detection) or, conversely, 

mimic polyps (necessitating superfluous 2D verification and 

possibly reducing specificity). Fecal tagging was introduced 

to discriminate between tissue and fecal material [2, 3]. It 

permits a limited bowel preparation, which may contribute 

to better patient compliance. 

Electronic cleansing aims at replacing tagged material (i.e., 

fecal remains and fluid) with air. This is needed for primary 

3D evaluation of data in which there is a large amount of 

fecal material. Moreover, it may aid 3D problem solving in a 

primary 2D reading under these conditions. 

Several electronic cleansing algorithms based on the 

increased attenuation of tagged material have been 

described previously [4–6]. Incomplete processing is still 

reported to leave artifacts [7]. A specifically noticeable 

problem is posed by the distracting “ridges” emanating 

from locations in which air, soft tissue, and tagged material 

meet [7]. An electronic cleansing algorithm was devised 

to improve the accuracy at these three-material junctions 

[8, 9]. The method adapts to patientspecific conditions, 

such as the local density of the tagged material, and is 

automated. 

The purpose of this study was to assess the electronic 

cleansing algorithm’s effect on lesion conspicuity as well 

as its practical efficiency. We hypothesize that the studied 

electronic cleansing method does not affect the conspicuity 

of lesions and facilitates efficient evaluation gegarding time, 

assessment effort, and observer confidence. 

Materials and Methods
Patient Population
Patients were included from the Walter Reed Army Medical 

Center (WRAMC) public database, made available by 

the National Cancer Institute [10, 11]. Study I explored 

the effect of electronic cleansing on lesion conspicuity. 

All patients were included whose results contained 

polyps ≥ 6 mm in the largest diameter (measured during 

colonoscopy), irrespective of shape or location (patient 

group 1).

Study II investigated the effect of electronic cleansing on 

efficiency. Ten randomly selected patients were taken from 

patient group 1 and nine patients were randomly selected 

from the public database who did not have polyps (patient 

group 2) (Table 3.1). No patients were excluded a priori 

(apart from those already excluded by WRAMC). 

CT Colonography
Patients had undergone standard 24-hour colonic 

preparation with the oral administration of 90 mL of 

sodium phosphate (Fleet 1, Fleet Pharmaceuticals) and 

10 mg of bisacodyl. Patients consumed 500 mL of barium 

(2.1% by weight) (Scan C, Lafayette Pharmaceuticals) and 

120 mL of diatrizoate meglumine and diatrizoate sodium 

solution (Gastrografin, Bracco Diagnostics). Distention was 

achieved through patient-controlled insufflation of room 

air.

Colonoscopy
CT colonography findings were disclosed during 

colonoscopy using segmental unblinding (at WRAMC). 

The colonoscopy findings were available via a report that 

included photographs, size measurement, morphology 

(pedunculated, sessile, and flat), and location (cecum, 

ascending colon, hepatic flexure, transverse colon, splenic 

flexure, descending colon, sigmoid, and rectum).



38. TA B L E  3 . 1     Walter Reed Army Medical Center Cases Used to Measure Evaluation Efficiency With and 
Without Electronic Cleansing

Patient No. Colonoscopically Proven Polyps Location

Supine Prone

8 6 mm, sessile, rectum A A

9 None

11 7 mm, pedunculated, hepatic flexure A A

19 10 mm, pedunculated, distal ascending colon P A

7 mm, pedunculated, sigmoid A F

20 6 mm, pedunculated, sigmoid P A

32 None

35 7 mm, pedunculated, sigmoid P P

38 10 mm, round, sigmoid P A

56 8 mm, pedunculated, proximal ascending colon F A

60 None

64 None

81 None

138 None

193 8 mm, pedunculated, hepatic flexure A P

7 mm, sessile, sigmoid A P

180 None

393 None

408 12 mm, pedunculated, proximal ascending colon A A

416 None

437 6 mm, sessile, rectum A A

A research fellow indicated whether a polyp resided in air (A), partly resided in fecal matter (P), or fully resided in fecal matter (F). 

Electronic Cleansing
The electronic cleansing method assumes that the 

measured density in a voxel arises because of a 

combination of three materials: soft tissue, air, and tagged 

material. Initially, the percentage of materials in each 

voxel is determined. Subsequently, the partial volume of 

tagged material is replaced by air and the new density 

is calculated. Finally, a 3D method visualizes the colon 

from an endoluminal perspective as if there were no fecal 

remains. Appendix 1 contains an intuitive description of 

the algorithm; an exact (mathematic) explanation has been 

previously published [8, 9].
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Observers
An abdominal radiologist (observer 1) and a research 

fellow (observer 2) were involved in reading all data for 

both studies. Observer 1 had previous experience of 

approximately 1,200 colonoscopy-verified CT colonography 

examinations at the start of the study. Observer 2 had 

previous experience of 350 such examinations. The interval 

between the two studies was 4 months, during which both 

observers evaluated approximately 100 additional patients 

using CT colonography. This setup was chosen to avoid 

observer bias (the positive patients from study II are also 

in study I). Both observers were familiar with pitfalls using 

primary 3D evaluation with stool tagging and electronic 

cleansing as described previously [7].

Study I: Image Review
The conspicuity study focused on all polyps from patient 

group 1 (study I). The prone and supine positions were 

considered as separate findings. Each finding was assessed 

by a researcher who had a background in designing 

electronic cleansing algorithms. This researcher determined 

whether the finding completely resided in air, was partly 

covered with tagged material, or was fully covered with 

tagged material. 

Each polyp was marked and presented to the observers 

on a 3D display. An enhanced 3D display (unfolded cube 

display; ViewForum, Philips Healthcare) was chosen to 

measure the conspicuity of a polyp without having to turn 

the camera [12]. The polyps partly or fully covered by fecal 

material were presented in 3D only after processing by 

electronic cleansing. The polyps residing in air (not requiring 

electronic cleansing) were presented directly as such. The 

cases were presented in random order. The observers were 

not informed whether the polyp had been uncovered by 

electronic cleansing or not. 

The viewing position along the colon’s centreline was 

controlled by the observer. Two-dimensional reformatted 

views of the original CT data were initialized by clicking 

on a position in the 3D endoluminal images. The window 

width and level default of the reformats was width, 

1,250 HU; level, −50 HU; however, this could be freely 

adapted by the observers. 

Study I: Assessments
Initially, the observers indicated on a 5-point Likert scale 

for each case whether it was suspected that the polyp 

completely resided in air or was uncovered by electronic 

cleansing. On this scale, 1 corresponded with a polyp 

definitely considered not uncovered by electronic cleansing 

and 5 with a polyp strongly suspected to be uncovered. 

The observers performed this rating based on the 

3D display only.

Subsequently, each polyp was scored with respect 

to conspicuity on a 5-point Likert scale: 1 indicated 

inadequate, the lesion is not visible and will not prompt 

a 2D inspection; 2 indicated moderate to questionable, 

the lesion is hardly visible and the location might lead to a 

2D inspection; 3 indicated average, lesion is expected to be 

detected and the location will prompt a 2D inspection; 

4 indicated good, the lesion is well visible and the location 

should lead to a 2D inspection; and 5 indicated excellent, 

the lesion is very well visible and the location will certainly 

lead to a 2D inspection. 

The observers performed the conspicuity rating based on 

the 3D display only. After having provided the conspicuity 

ratings, each observer had to indicate for the cases scored 

as “inadequate” or “moderate” whether the electronic 

cleansing algorithm caused the difficulty or if there was 

another cause: inappropriate electronic cleansing or 

some other reason (e.g., CT artifact or a flat lesion). The 

observers were aware that electronic cleansing algorithms 

may leave artifacts, specifically clouds of debris and lines 

of ridges at junctions. The first item was selected if such an 

electronic cleansing artifact was particularly disturbing, for 

example, a smoothened polyp surface because of image 

processing or visible ridges emanating from junctions. In the 

latter case, the observer was asked o indicate the reason for 

the difficulty. Both the enhanced 3D display with electronic 
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to assess the cause of low conspicuity.

Study I: Outcome Parameters and 
Statistical Analysis
UNCOVERED BY ELECTRONIC CLEANSING 

ASSESSMENT  - The polyps residing in air were compared 

with those partly or completely covered by tagged material. 

The difference in the consideration whether a polyp was 

“uncovered” was tested by means of the Mann-Whitney 

test (Wilcoxon’s rank sum test). A p value ≤ 0.05 was 

considered to indicate a statistically significant difference. 

CONSPICUITY  - Differences in conspicuity between 

polyps were also statistically tested by means of the Mann-

Whitney test. The outcomes were stratified by observer, 

polyp size, and polyp environment (i.e., residing in air or 

partly or fully covered by tagged material). Two-sided tests 

were used. Again, a p value ≤ 0.05 corresponded to

a significant difference.

Study II: Image Review
The data not processed by electronic cleansing from patient 

group 2 (study II) were reviewed as follows. In part 1, 3D 

cine loops (using the unfolded cube display, ViewForum) 

were examined in the prone and supine positions [12]. 

The two positions were electronically linked. After clicking 

in one unfolded cube image, the corresponding unfolded 

cube image of the other position was displayed [13]. 

The frame rate was controlled by the observers. Two-

dimensional reformatted views of the original CT data 

became accessible by clicking on a position in the 3D 

endoluminal images. Lesion size was measured by means of 

electronic calipers on the 3D view. In part 2, after reviewing 

the unfolded cube images, the original axial CT slices were 

inspected to verify whether surface parts were obscured 

by tagged material. The window width and level setting 

of the reformats and axial CT slices was by default width, 

1,250 HU; level, −50 HU; however, this could be freely 

adapted by the observers. The data processed by electronic 

cleansing were reviewed similarly.

For part 1, the electronically cleansed data were reviewed 

using the same approach as the data that were not 

processed by electronic cleansing. However, the 2D 

reformatted views (obtained after clicking in a 3D image) 

were based on the original data previously proposed [7] to 

avoid pitfalls caused by electronic cleansing in both 3D and 

2D. In part 2, after reviewing the 3D images, the original 

axial CT slices were inspected as previously described 

[7]. Both the evaluation of the original data and the data 

processed by electronic cleansing include a 2D review 

of the original axial CT slices (i.e., data not processed by 

electronic cleansing). Figure 3.1 illustrates the interface 

used to read the data.

A  B

C  D

F I G U R E  3 . 1

Interface for CT colonography evaluation in 57-year-old man 

(WRAMC 393). A and B, Supine (A) and prone (B) enhanced 3D 

display images from part 1, in which 3D cine loops (using unfolded 

cube display; ViewForum, Philips Healthcare) were examined. Note 

that views are linked. C and D, Axial CT images from part 2, in 

which original axial slices were examined to verify whether surface 

parts were obscured by tagged material while tracking colon’s 

centerline.
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Study II: Assessments.
Observer 1 and observer 2 independently evaluated the 

original data and the electronically cleansed data from 

patient group 2. To maintain objectivity, both were blinded 

to findings during colonoscopy, findings by themselves for 

the same patient (without and with electronic cleansing), 

and each other’s findings. In addition, they were unaware 

of the prevalence of polyps. The evaluation is using 

the original data preceded those with the electronically 

cleansed data. The interval period between evaluating 

original and electronically cleansed data of the same patient 

was at least 4 weeks to avoid biased results. The cases 

were presented in random order. Each surmised polyp was 

scored with respect to size, morphology, location (colon 

segment), and lesion confidence. The lesion confidence was 

qualified on a 5-point Likert scale: zero, not a lesion; and 4, 

absolute confidence of a lesion. The zero score was used to 

annotate a potential polyp initially detected through the 3D 

display but subsequently discarded as “not a lesion” after 

consulting the 2D reformats or axial CT slices. 

The observers were aware that in a clinical setting a 

confidence of 2 or more would indicate a relevant lesion. 

The observers rated the assessment effort per colon 

segment on a 4-point Likert scale: 1, extremely easy; 

2, good; 3, difficult; 4, extremely difficult. In addition, 

they rated their confidence in the reading per patient on a 

3-point Likert scale: 1, confident; 2, in doubt; 3, extremely 

doubtful. The assessment effort and confidence in the 

reading were recorded after complete evaluation of a 

patient.

Study II: Reference Standard
Lesions detected during CT colonography evaluation were 

matched with the findings in the colonoscopy report (as 

previously discussed). This was done by a research nurse 

(with experience of > 500 such matchings) under the 

supervision of a research fellow (with experience of > 350 

CT colonography examinations). Neither was involved in 

reading the CT colonography studies.

A lesion detected during CT colonography in this study 

was considered true-positive if it matched a colonoscopy 

finding with regard to size, morphology, and location 

(i.e., same or adjacent segment). A deviation in size by at 

most 5 mm was accepted to accommodate the inherent 

inaccuracy of colonoscopic size measurement. It should 

be noted that in this study the matching strategy from a 

previous study 14] is dopted, which differs slightly from 

some others [10, 11]. A false-negative finding was defined 

as a polyp detected during colonoscopy that did not match 

any CT colonography finding. A CT colonography finding 

with a lesion confidence of at least 2, a diameter ≥ 6 mm, 

and not matching a polyp detected with colonoscopy 

was considered to be false- positive. All detections with a 

diameter < 6 mm or scored with an observer confidence 

lower than 2 were not considered relevant and discarded.

Study II: Outcome Parameters and 
Statistical Analysis
PROCESSED VOLUME FRACTION AND PROCESSED 

SURFACE FRACTION - In this study, the terms “processed 

volume fraction” and “processed surface fraction” 

are introduced to assess the extent to which electronic 

cleansing had an effect. The colon volume not processed 

by electronic cleansing was identified by thresholding the 

original data (before electronic cleansing) at −650 HU. 

All voxels with a density below −650 HU after electronic 

cleansing (notice that electronic cleansing replaced tagged 

material with air) approximate the colon volume after 

processing. The “processed volume” is constituted by 

all those voxels that are part of the colon volume after 

electronic cleansing and not part of the colon volume 

before electronic cleansing. The mean processed volume 

fraction is defined as the average processed volume divided 

by the average colon volume after electronic cleansing. 

It is taken to represent the fraction of additionally exposed 

volume.

The colon surface voxels after electronic cleansing are those 

voxels that are immediately adjacent to the colonic volume 
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voxels that are directly proximate to the colon volume after 

electronic cleansing and not proximate to the colon volume 

before processing. Effectively, the latter condition aims to 

select voxels at the softtissue–tagged-material transition 

and exclude the voxels at the soft-tissue–air transition. The 

mean processed surface fraction is defined as the average 

number of processed surface voxels divided by the average 

number of colonic surface voxels after electronic cleansing. 

It is considered to reflect the fraction of colon surface 

added by the electronic cleansing algorithm.

EVALUATION TIME - For both observers, the evaluation 

time per patient - including the supine and prone 

acquisitions - was measured for the original and the 

electronically cleansed data. The time for evaluating 

the 3D cine loop (part 1) and the axial slices (part 2) 

was recorded separately. The measured times included 

annotation of the lesions - size measurement and 

indications of location, morphology, and lesion confidence. 

All evaluation times for the original data were compared 

with the corresponding times for the electronically cleansed 

data using the Wilcoxon’s matched pairs signed rank test. 

Differences were considered significant at p ≤ 0.05. The 

initialization time (e.g., loading the data) was disregarded in 

the analysis.

ASSESSMENT EFFORT AND OBSERVER CONFIDENCE - 

Differences in assessment effort and observer confidence 

between the original data and the electronically cleansed 

data were statistically tested per segment by means of the 

Wilcoxon’s matched pairs signed rank test. Two-tailed p 

values were used and p ≤ 0.05 was considered statistically 

significant. 

SENSITIVITY AND SPECIFICITY - We do not consider a 

statistical comparison of sensitivity and specificity between 

the two methods on the basis of the set of 19 patients 

possible. Consequently, the measures of sensitivity and 

specificity by themselves merely serve as descriptive 

statistics for polyps ≥ 6 mm. The sensitivity of both display 

methods was determined on a per-polyp basis. The 

specificity of both display methods was determined by the 

false-positive rate.

Results
Study I
Four patients from the WRAMC database (WRAMC 26, 98, 

220, and 256) were excluded because of incomplete data. 

In the remaining data, there were 36 polyps between 6 and 

10 mm in largest diameter in 32 patients and 29 polyps 

equal to or larger than 10 mm in 24 patients, mounting 

to 65 polyps in total. There were 129 polyp findings 

(regarding supine and prone as separate cases); one polyp 

remained retrospectively invisible in one position (WRAMC 

213p). Eighteen of 129 findings (14%) concerned polyps 

completely covered and 41 of 129 findings (32%) related 

to polyps partly covered by tagged material (all uncovered 

by electronic cleansing); 70 of 129 findings (54%) referred 

to polyps completely surrounded by air (no electronic 

cleansing action needed). The median age of the patients 

was 57 years (age range, 48–76 years); 36 were men, and 

15 were women.

UNCOVERED BY ELECTRONIC CLEANSING 

ASSESSMENT - Both observers rated polyps residing in 

air significantly lower on the scale reflecting whether they 

suspected that a polyp partly or fully resided in tagged 

material (p < 0.05). The readers reported a slight noise 

suppression by electronic cleansing that was apparent by a 

slightly smoothened surface (Figure 3.2).

CONSPICUITY - Both observers rated the conspicuity of 

all polyps residing in air as not significantly different from 

all those partly or fully residing in tagged material (p = 

0.5 for observer 1 and p = 0.6 for observer 2). None of 

the substratifications yielded a significant difference. The 

numeric data, that is, the distribution of the ratings on 
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conspicuity, are shown in the graphs in Figures 3.3 and 3.4 

These figures contain the normalized histograms of the 

conspicuity stratified by polyp size and polyp environment, 

respectively. Figure 3.5 shows examples of 3D views. 

Observer 1 scored four supine lesions, one prone 

lesion, and one supine and prone lesion (WRAMC 35s, 

159s, 177p, 213s, 185s, and 311sp) as “inadequate” 

or “moderate to questionable” conspicuity. Observer 

2 scored two supine lesions and one supine and prone 

lesion (WRAMC 35s, 185s, 311sp) as “inadequate” or 

“moderate to questionable” conspicuity. All these cases 

were attributed to the complex shape of the polyps (i.e., 

“other” and not “inappropriate electronic cleansing”). The 

polyp findings in two patients (WRAMC 35s, 177p) were 

at a fold. Polyps of two other patients (WRAMC 159, 213) 

were flat lesions. The other polyps were at the ileocecal 

valve. The polyp findings involving electronic cleansing 

were of two supine and one prone patient (WRAMC 159s, 

177p, 213s). Images of all polyps after electronic cleansing 

are accessible via the Internet [15].

Study II
One patient (WRAMC 32) was excluded from the study 

because of inadequate diagnostic quality: both observers 

considered the colonic distention in the prone and supine 

positions insufficient for evaluation. In the remaining data, 

there were nine polyps between 6 and 10 mm in diameter 

in seven of 19 patients and three polyps equal to or greater 

than 10 mm in three of 19 patients, amounting to12 polyps 

in total. The median age of the patients was 55 years (age 

range, 50–78 years); 13 were men, and six were women.

PROCESSED SURFACE FRACTION AND PROCESSED 

VOLUME FRACTION  – The mean processed surface 

fraction was 269,640 of 975,378 voxels = 0.27 (range, 

0.16–0.46) and the mean processed volume fraction 

was 0.36 of 1.84 L = 0.20 (range, 0.13–0.45). Figure 3.6 

illustrates the effect of electronic cleansing for the cases 

with the largest and smallest processed volume fractions, 

respectively. 

F I G U R E  3 . 2
Walter Reed patient with fluid surface bordering on soft tissue. A, Image shows 3D display rendered without electronic cleansing. B, Image 
shows result as electronic cleansing is applied only to “pure” materials and two material transitions. C, Image shows result after applying 
electronic cleansing to three-material voxels as well (indicated by shaded band (arrow) in image B).

A B C
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EVALUATION TIME -  The median total evaluation time 

per patient using the original data (observer 1,20 minutes 

45 seconds; observer 2, 17 minutes 14 seconds) was 

significantly larger than that using the electronically 

cleansed data (observer 1, 12 minutes 25 seconds; observer 

2, 11 minutes 8 seconds) for both observers (observer 1, 

F I G U R E  3 . 3
Histograms of polyp conspicuity for both observers stratified by polyp size. Light gray indicates air and dark gray indicates tagged material. 
A–F, Histograms for observer 1, all data (A); observer 2, all data (B); observer 1, size < 10 mm (C); observer 2, size < 10 mm (D); observer 1,
size ≥ 10 mm (E); and observer 2, size ≥ 10 mm (F).
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p < 0.001; observer 2, p < 0.004). The median evaluation 

time per patient for inspecting the 3D images (with the 

added surface by electronic cleansing) without including 

the 2D time (i.e., part 1) differed significantly between 

the original data and the electronically cleansed data for 

observer 1 (p = 0.037) and not for observer 2 (p = 0.396) 
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(Table 3.2). The median time per patient for reviewing 

the axial 2D slices (i.e., part 2 after the 3D inspection) 

was significantly larger for the original data than for the 

electronically cleansed data for both observers (p < 0.001). 

The measured evaluation times take into account both the 

supine and prone positions (hence, time per patient). 

ASSESSMENT EFFORT AND OBSERVER CONFIDENCE 

Both observers rated the assessment effort for inspecting 

the original data significantly larger than for the 

electronically cleansed data in each segment. The sum of 

the signed ranks for observer 1 was 4,095 and for observer 

2 was 2,045.5 (for both p < 0.0000001) (Figure 3.7). The 
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F I G U R E  3 . 4
Histograms of polyp conspicuity for both observers stratified by polyp environment (completely surrounded by air [grey], fully submerged 
[black], or partly submerged [orange]). A and B, Histograms for observer 1, all data (A) and observer 2, all data (B).

observer confidence over all patients was rated significantly 

smaller for the original data than for the electronically 

cleansed data. The sum of the signed ranks in this respect 

for observer 1 was 91 (p < 0.007) and for observer 2 was 

120 (p < 0.0002) (Figure. 3.7). Both reviewers reported a 

“cloud of debris” artifact in one location emanating from 

acquisition artifacts. It was not considered to preclude polyp 

detection. No distracting lines or ridges at junctions were 

encountered.

SENSITIVITY AND SPECIFICITY - The sensitivity per 

polyp was identical for the original and the electronically 

cleansed data for both observers: 10 of 12 polyps = 0.83. 

TA B L E  3 . 2    Median Evaluation Time per Patient Using Original and Electronically Cleansed Data

Evaluation Part Original Data Electronically Cleansed Data (min:s) Paired Difference (min:s)

Observer 1 Observer 2 Observer 1 Observer 2 Observer 1 Observer 2

Unfolded cubes (part 1) 14:46 (6:44) 11:47 (4:38) 11:29 (5:12) 10:41 (5:30) 2:54 (6:29) 1:16 (8:24)

Axial CT slices (part 2) 5:6 (2:22) 4:17 (1:46) 0:43 (0:34) 0:0 (0:00) 4:9 (2:4) 3:53 (1:34)

Total 20:45 (6:48) 17:14 (5:49) 12:25 (5:42) 11:8 (5:34) 7:51 (7:52) 5:58 (7:49)

Data are stratified by the primary 3D part (unfolded cubes [part 1]) and the 2D part (axial CT slices [part 2]) of the evaluation.

Data in parentheses are interquartile range.
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The same polyp was missed by both observers, in addition 

to a different polyp for each observer in the original data. 

The observers missed the same polyps in the data after 

electronic cleansing. The polyps were missed because of 

perceptive errors.

Observer 1 had, in total, five false-positive detections in 

the original data and four falsepositive detections in the 

electronically cleansed data. Observer 2 had, in total, two 

false-positive detections in the original data and four in the 

electronically cleansed data. 

Discussion
In study I, no significant difference was found in the 

conspicuity of polyps that were uncovered by electronic 

cleansing and polyps surrounded by air. Study II showed 

that electronic cleansing enabled comprehensive visibility 

(mean processed surface fraction, 27%) and time-efficient 

inspection (approximately 12 minutes per patient, saving 

40% in inspection time). Moreover, the observers indicated 

a low assessment effort and a high confidence while 

reading the electronically cleansed data. For polyps ≥ 6 mm, 

the sensitivity was high (10/12) and the false-positive rate 

was low: four false-positive findings, in total, in 18 patients. 

Several previous articles have described technical 

innovations regarding electronic cleansing [4-7]. Zalis et al. 

[4] indicated that it is essential to ascertain how artifacts 

still present in successfully tagged electronically cleansed 

data affect observer performance. Pickhardt and Choi [7] 

identified a reading pitfall caused by an artifact at junctions, 

that is, locations where air–fluid levels interface with the 

colon wall. The proposed electronic cleansing method aims 

at improving the accuracy at such locations. We found that 

41 of 129 findings related to polyps partly covered by fecal 

material, signifying the importance of accurate electronic 

cleansing in these circumstances. We hypothesize that 

the insignificant difference of polyp conspicuity (study I), 

short average 3D evaluation time, high confidence, low 

assessment effort, and high specificity (study II) indicate 

that electronic cleansing did not result in artifacts that 

complicated the reading. The reviewers encountered one 

artifact in study II, but that was not caused by electronic 

cleansing. 

In study I, it was found that the reviewers could identify 

whether a lesion was uncovered by electronic cleansing 

through a slight smoothing of the colon surface. Although 

smoothing could lead to missing subtle (flat) lesions, we 

did not experience this in the study. The conspicuity of 

uncovered polyps did not differ significantly from polyps 

completely surrounded by air.

It is a complex problem to measure the performance of 

an electronic cleansing algorithm. Effectively, one should 

F I G U R E  3 . 5
Examples of polyps (arrows) with varying conspicuity before (first 
two columns and last column) and after (third column) electronic 
cleansing from 52-year-old man with rating of excellent conspicuity 
(top row), 58-year-old man with rating of good conspicuity (second 
row), 53-year-old woman with rating of average conspicuity 
(third row), 53-year-old woman with rating of questionable 
conspicuity (fourth row), 54-year-old woman with rating of 
inadequate conspicuity (bottom row). Rating of conspicuity was 
given by both observers to electronically cleansed data. Circles 
indicate approximate polyp location. Asterisks and calipers indicate 
orientation of volume.
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determine the extent to which the algorithm modifies 

the polyp shape so that it is no longer detected. Study 

I compared the conspicuity of electronically cleansed 

polyps and those surrounded by air (not affected by the 

algorithm). If the electronic cleansing algorithm would 

change the polyp shape in a destructive manner, this might 

lead to different distributions of conspicuity rating. In other 

words, electronically cleansed polyps could become less 

‘conspicuous’. We did not find an indication of such an 

effect.

We did not find previous results on the effectiveness of 

electronic cleansing regarding processed surface fraction or 

processed volume fraction, as in study II. A related finding 

on surface visibility is that, on average, 99.5% of the colon 

F I G U R E  3 . 6
Visualization of the segmented colonic volume before and after electronic cleansing. A and B, Images from patient with highest processed 
volume fraction in both scans (WRAMC 9) show segmented colonic volume before (A) and after (B) electronic cleansing (processed volume 
fraction: supine, 0.44 L / 0.98 L = 0.45; prone, 0.44 L / 1.33 L = 0.33). C and D, Images from patient with lowest processed volume fraction in 
both scans (WRAMC 408) show segmented colonic volume before (C) and after (D) electronic cleansing (processed volume fraction: supine,
0.31 L / 2.33 L = 0.13; prone, 0.30 L / 2.33 L = 0.13).

A B

C D

Supine Prone Supine Prone

Supine ProneSupine Prone
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surface becomes visible using the unfolded cube imaging 

sequences and 95% using forward- and backward-looking 

imaging sequences [12]. The average processed surface 

fraction (0.27) by far exceeds the missed parts in those 

mentioned display modes. Both the display mode and 

electronic cleansing increase surface visibility such that 

electronic cleansing should be used with an enhanced 3D 

display to best benefit from the added surface by electronic 

cleansing. 

The measured reading time per patient (12 minutes) 

in study II slightly improves on previous work [14]. In 

that study, a reading time of approximately 14 minutes 

was measured, with an enhanced 3D display technique. 

However, fecal tagging was not applied, with the result 

that additional reading of axial 2D slices for verification of 

obscured parts was not possible. Previous articles 

applying 3D displays report evaluation times of 12 [16]

and 16 minutes [17].

A limitation of the entire study is that results may 

not be extrapolated to patients undergoing a limited 

bowel preparation. It might be expected that a rigorous 

preparation simplifies electronic cleansing somewhat 

because there may be less tagged material than in a 

limited purgation scheme. Moreover, such remains may 

have a more homogeneous appearance. Still, the complex 

nature of the problem prompted us to initially study the 

algorithm’s performance regarding extensively prepared 

patients. It should be noted that we found a considerable 

processed volume fraction (0.20) despite the extensive 

preparation. The processed volume and surface fractions 

might depend on the nature of the preparation (wet or 

dry). Probably any electronic cleansing algorithm will 
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F I G U R E  3 . 7
Histograms of observer effort and confidence level. Original data = light gray, electronically cleansed data = dark gray. A and B, Histograms of 
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perform optimally with homogeneously tagged stool [18]. 

Accordingly, we expect the algorithm to be better suited 

for removing pools of fluid compared with fecal residue 

because the former will present a more homogeneous 

density.

 A limitation of study II is the small study population. The 

sample size of the patient population was calculated to be 

sufficiently large to meet the primary aim of comparing 

the original data reading versus electronically cleansed 

data reading regarding time efficiency, surface visibility, 

assessment effort, and observer confidence. The reported 

sensitivity is in the same range as reported in another 

study [14] in which a similar display method was used. As 

indicated, the findings on sensitivity and specificity should 

merely be regarded as descriptive statistics because of the 

small study population. 

We conclude that lesions uncovered by electronic cleansing 

had similar conspicuity in the 3D display as lesions already 

exposed to air in extensively prepared patients. In such 

a population, the electronic cleansing algorithm led to 

a shorter evaluation time, lower assessment effort, and 

greater observer confidence than CT colonography without 

electronic cleansing. The algorithm may contribute to a 

practical evaluation strategy involving either a primary 3D 

display or 3D problem solving in a primary 2D display.
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Appendix
An Intuitive Description of the Electronic 
Cleansing Algorithm 

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 

modeled: 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 

data set leads to the 3D view of Figure 3.2B. The well-

visualized artifact emanates from the band-shaped area 

where three materials meet (also described in the study by 

Pickhardt and Choi [7]).

Separate models were created for potential junctions, such 

as a thin layer of tagged material and tagged material 

attached to the colon wall at varying 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. Figure 3.2C shows the same rendering 

after also processing the three-material transitions. Notice 

that the ridges at the junction that were visible in Figure 

3.2B (in the shaded band) are now properly handled by 

the electronic cleansing algorithm.The algorithm takes into 

account that the image values of the materials may vary 

(this specifically goes for tagged material).

We implemented the electronic cleansing method on 

a proprietary, experimental version of the ViewForum 

workstation (Philips Healthcare).
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54. Abstract 
Objective
The purpose of this study was to compare a primary 

uncleansed 2D and a primary electronically cleansed 3D 

reading strategy in CTC in limited prepped patients.

Material and methods
Seventytwo patients received a low-fibre diet with oral 

iodine before CTcolonography. Six novices and two 

experienced observers reviewed both cleansed and 

uncleansed examinations in randomized order. Mean per-

polyp sensitivity was compared between the methods 

by using generalized estimating equations. Mean per-

patient sensitivity, and specificity were compared using 

the McNemar test. Results were stratified for experience 

(experienced observers versus novice observers).

Results
Mean per-polyp sensitivity for polyps 6 mm or larger was 

significantly higher for 30 novices using cleansed 3D 

(65%; 95% CI 57–73%) compared with uncleansed 2D 

(51%; 95%CI 44–59%). For experienced observers there 

was no significant difference. Mean per-patient sensitivity 

for polyps 6 mm or larger was significantly higher for 

novices as well: respectively 75% (95%CI 70–80%) versus 

64% (95%CI 59–70%).

Conclusion
For experienced observers there was no statistically 

significant difference. Specificity for both novices and 

experienced observers was not significantly different. For 

novices primary electronically cleansed 3D is better for 

polyp detection than primary uncleansed 2D.
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Introduction
CT-colonography (CTC) has consistently been shown 

to have a high accuracy for the detection of colorectal 

neoplasia, and has recently been included in the official 

guidelines for colorectal cancer screening [1]. An important 

disadvantage of the technique is that many patients find 

the bowel preparation burdensome [2]. Therefore efforts 

have been made to prepare patients for CTC with a less 

extensive bowel preparation [3–7]. Minimizing bowel 

preparation may increase patient compliance [8–10], but 

will result in larger amounts of residual faeces in the colon. 

A prerequisite is that faecal material is labelled with oral 

contrast (i.e. faecal tagging) in order to differentiate faecal 

material from colonic structures.

To our knowledge, all limited prepared CTC studies have 

been performed using primary two-dimensional (2D) 

display methods [3–5]. The rationale for this approach is 

that submerged segments can be better assessed in 2D.

Previous studies in patients with extensive bowel 

preparation have indicated that primary three-dimensional 

(3D) reading may result in less false negative findings 

compared with primary 2D reading [11, 12]. If a similar 

empty endoluminal view could be achieved by electronic 

removal of tagged material (“electronic cleansing”) in 

patients who have undergone limited bowel preparation, 

primary 3D could be a method of choice.

However, specific artefacts of electronic cleansing 

were described that potentially reduced the accuracy 

of CTC [13]. This may be the reason for the paucity of 

papers on the use of electronic cleansing. A specifically 

noticeable problem is posed by the distracting ‘ridges’ or 

‘pseudopolyps’ emanating from locations where air, soft 

tissue and tagged material meet.

We hypothesized that especially for inexperienced 

observers a primary electronically cleansed 3D (PEC3D) 

method may have advantages for evaluation of the colon: 

polyps are visible for longer than in a 2D method and 

PEC3D provides a more intuitive reproduction of reality. In 

this study we used a cleansing algorithm that was devised 

to improve 3D image quality at the junctions of air, soft 

tissue and tagged material.

Therefore the purpose of this study was to assess whether 

there was any difference in accuracy between two different 

reading strategies for the detection of colorectal polyps in 

a patient population that had undergone a reduced bowel 

preparation. The results of primary uncleansed 2D (PU2D) 

and primary electronically cleansed 3D (PEC3D) were 

stratified for reader experience.

Materials and methods
Study population
The institutional review board of our hospital approved the 

study. All patients gave written informed consent.

The CT datasets used in this study were a consecutive series 

of FOBT (faecal occult blood test) positive patients that 

were included in the framework of a previous comparative 

study of two different faecal occult blood tests [14].

Bowel preparation
Bowel preparation started 2 days before CTC and consisted 

of seven 50-ml aliquots of meglumine ioxithalamate 

(Telebrix Gastro 300 mg I/ml; Guerbet, Cedex, France) 

administered orally (undiluted) with each meal (breakfast, 

lunch and dinner). The use of oral contrast was combined 

with a low-fibre diet. The evening and morning before 

the CTC examination no solid foods were allowed. Explicit 

instructions about fluid intake were not given. No laxatives 

were used in order to minimize patient discomfort. 

Scan parameters 
CTC was executed according to state-of-the-art 

techniques. Patients were examined in prone and 

supine position after the intravenous administration 

of bowel relaxants (Buscopan; Boehringer Ingelheim, 

Germany or, if contraindicated, Glucagon; Novo 

ordisk, Bagsvaerd, Denmark). CO2 was automatically 

insufflated (PROTOCO2L, EZ-E-M). Patients were not 
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given intravenous contrast medium. Examinations were 

performed on a 64-slice multidetector CT system (Brilliance, 

Philips Medical Systems, Best, the Netherlands) with a 

reference mA s value of 40 mA s (z-axis tube modulation 

and automatic current selection was used). Collimation was 

64×0.625 mm, pitch 1.2, slice thickness 0.9 mm, rotation 

time 0.4 s and tube voltage 120 kV. 

Reading methods 
The examinations were read in random order i.e. the PU2D 

and PEC3D datasets were interspersed. The observers were 

blinded to the results of the reference standard. To avoid 

recall bias, we aimed to maximize the interval between 

the PU2D and PEC3D reading of the same patient. This 

period varied per observer (mean 33 days, range 7–66) 

(Table 4.1). All detected lesions were recorded in a digital 

database. The method of detection (PU2D or PEC3D), 

colon segment and size of the lesion (as measured in the 

primary review method) of all findings were documented. 

PRIMARY UNCLEANSED 2D (PU2D) – The PU2D 

interface is illustrated in Figure 4.1 (ViewForum 6.1, 

PhilipsMedical Systems), using axial CT images (W, 250, 

L 50). Observers were free to adjust the window setting 

when appropriate. To further elucidate suspected findings 

on 2D, an uncleansed 3D display and a 3D colon overview 

could be viewed for problem solving. The dual-screen 

interface simultaneously displayed both supine and prone 

scan positions. 

PRIMARY ELECTRONICALLY CLEANSED 3D (PEC3D) –

The PEC3D interface is illustrated in Figure 4.2. The 

unfolded 56 cube review method (ViewForum, Philips 

Medical Systems) was developed to maximize the area of 

TA B L E  4 . 1    Individual Observer Performance in PU2D and PEC3D

Observer Experience Number of primary 

2D CTC’s verified by 

colonoscopy

Number of primary 

3D CTC’s verified by 

colonoscopy

Review times (s) Mean interval (days) 

between both review 

methods (SD)

2D 3D

Observer 2 Experienced 
observer 

500 100 574 593 32 (15)

Observer 6 Experienced 
observer

300 50 432 579 66 (38)

Mean

experienced observer
503* 586*

Observer 1 Novice 40 10 765 870 11 (4)

Observer 3 Novice 40 10 756 964 36 (19)

Observer 4 Novice 40 10 404 376 7 (3)

Observer 5 Novice 40 10 259 419 60 (38)

Observer 7 Novice 40 10 634 795 30 (23)

Observer 8 Novice 40 10 403 447 20 (9)

Mean 

 novice observers
537* 645*

SD standard deviation

* Denotes statistically significant difference between the review methods of both groups.
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visible colon surface and was previously validated [15]. 

The unfolded cube display method was simultaneously 

displayed with corresponding original – uncleansed 

– 2D multiplanar reformatted images and a 3D colon 

overview for problem solving. The dual-screen interface 

simultaneously displayed both supine and prone examinations.

At the time of study the cleansing algorithm (View-Forum, 

Philips Medical Systems, Best, the Netherlands) [16] was 

not yet commercially available. In short, the algorithm 

assumes that the measured density in a voxel arises due to a 

F I G U R E  4 . 1
Interface of the PU2D method. Uncleansed 3D images were used for problem solving. In the 
correspondingscan positionsa large stalked polyp can be seen in the descending colon

F I G U R E  4 . 2
Interface of the PEC3D method. Uncleansed 2D images were used for problem solving. In the corresponding scan positions the same
large stalked polyp can be seen as in Figure 4.1. This submerged polyp has become visible in 3D after electronic cleansing
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material. Initially, the percentage of materials in each voxel 

is determined. Subsequently, the partial volume of tagged 

material is replaced by air and the new density is calculated. 

Finally, a 3D method visualizes the colon from an 

endoluminal perspective as if there were no faecal remains.

During the study the algorithm was not yet integrated 

into the system and was therefore processed on a separate 

computer (Precision 690, Dell, Round Rock, USA). After- 

wards, the cleansed data were reloaded on the workstation. 

Observers 
Eight physicians participated in this study: two experienced 

observers (two research physicians working full time on 

CTC) and six novice observers (five radiologists, one 

recently qualified physician).

The two experienced observers had seen over 350 CTC 

examinations verified by colonoscopy (among these the 

75 patients included in this study). All novice observers, 

without any notable prior experience with CTC, had 

undergone the same learning curve. The learning curve 

consisted of 50 selected CTC examinations from a publicly 

available database [17]. Forty examinations were read 

using a primary 2D method and 0 using a primary 3D 

method. The ratio for this distribution was the assumption 

that detecting lesions in 2D is more difficult than in 3D, 

although the assessment of a suspected lesion is similar in 

both review methods. Personal feedback on false negative 

and false positive findings for polyps 6 mm or larger was 

provided by a radiology research fellow (more than 500 

CTC examinations verified by colonoscopy).

The observers were aware of the fact that the actual study 

was done on FOBT positive patients. 

Reference standard
The reference standard was based on the findings of 

the initial CTC reading, which was double read by two 

experienced observers (more than 200 CTC) and verified by 

colonoscopy with segmental unblinding. Colonoscopy was 

performed within 2 weeks after CTC.

A polyp seen during CTC was considered true positive if (1) 

its appearance resembled the corresponding adenomatous 

or nonadenomatous polyp at colonoscopy, (2) its segment 

or adjacent segment corresponded with the segment of the 

reference standard and (3) the polyp size as estimated by the 

endoscopist corresponded with the CTC size, considering a 

margin of error of 50%. Since the colonoscopy measurement 

is subject to inaccuracy [18, 19] this criterion could be 

overruled by the first two criteria. All other annotations were 

considered false positives. 

The relation of polyps to faecal material
To illustrate the influence of faecal material on the visibility 

of polyps, a research fellow determined whether each polyp 

was completely covered by faecal material (i.e. completely 

submerged in both positions), partially covered by faecal 

material (i.e. not covered in both scan positions but at least 

partially covered in at least one position) or not covered by 

faecal material at all. 

Power analysis 
A power calculation was performed based on an assumed 

15% difference between the methods in sensitivity for 

polyps 6 mm or larger (i.e. 70% versus 85%). The number 

of visible polyps required to detect a statistically significant 

difference by using the McNemar test was 75 (p=0.05). 

As we expected some of the patients to be excluded due 

to insufficient diagnostic quality, we included a total of 75 

examinations of FOBT positive patients that had 84 visible 

polyps. 

Performance 

PER POLYP – To investigate differences between PU2D and 

PEC3D, we calculated the mean per-polyp sensitivity for 

both experienced and novice readers. Statistical differences 

between the review methods were assessed by using 

generalized estimating equations (GEE) (SPSS, 5.0, Statistics, 

Chicago, USA) to revise for data clustering and dependency. 
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In this GEE method, regression analyses were performed to 

compare the mean sensitivity values of the two methods 

[20]. Since the per-polyp specificity cannot be calculated 

because it is a nonexisting entity, we confined the per-polyp 

results to the number of false positive findings. 

PER PATIENT – Other main outcome per-patient parameters 

were per-patient sensitivity and specificity. Statistical 

differences in mean per-patient sensitivity and mean 

specificity measures were assessed with the McNemar test.

Both mean per-polyp and per-patient outcome measures 

were analysed according to cutoff values of 6 and 10 mm. 

P values < 0.05 were considered statistically significant.

Review time
The review time, defined as the time measured with a 

stopwatch to review a complete examination, was compared 

for both methods. The review time did not include the 

time required for processing the images. These procedures 

are highly dependent on calculation power, are performed 

semiautomatically and require no reviewer interaction. 

Differences in mean review time of experienced and novice 

observers were assessed with a paired Student’s t test. 

P values<0.05 were considered statistically significant.

Image quality
The image quality of the examinations was rated (after 

reading) on a four-point Likert scale: diagnostic without 

artefacts; diagnostic with a small number of artefacts, polyps 

6 mm or larger cannot be missed; diagnostic with many 

artefacts, polyps 6-9 mm can be missed; not diagnostic, 

polyps 10 mm or larger can be missed.

Firstly, if at least four observers rated the examination as 

“not diagnostic” the patient was excluded.

Secondly, we determined the percentage of PU2D and 

PEC3D examinations in the various rating categories. 

The percentage represented the mean rating of all eight 

observers.

Thirdly, we assessed per-observer differences in quality 

between PU2D and PEC3D using ordinal regression 

analysis with PU2D as reference standard. A lower relative 

diagnostic odds ratio (RDOR) implies inferior image quality 

of the PEC3D compared with the PU2D. Confidence 

intervals not reaching indicate significant inferiority.

Fourthly, each observer determined the presence of 

artefacts per examination. The impact of each artefact 

on the “readability” of the examination was assessed 

on a four-point Likert scale: not disturbing; disturbing, 

but cannot hinder detection of polyps 6 mm or larger; 

disturbing, can cover polyps 6–9 mm; and disturbing, can 

cover polyps 10 mm or larger. We report the number of 

patients with artefacts observed by at least four observers 

and the number of patients with artefacts classified by 

at least four observers as “disturbing, can cover polyps”. 

These were analysed according to cutoff values of 6 and 

10 mm.

Results 
All 75 patients were scanned between October 2006 and 

January 2007 and underwent colonoscopy within 9.4 

days (SD 6.6 days). We excluded three of the 75 patients 

because more than four observers rated the diagnostic 

quality of three PEC3D examinations “not diagnostic”. 

In 2D these examinations were rated by one to three 

observers as “not diagnostic”. The remaining 72 patients 

consisted of 38 men and 34 women (mean age 59.5 years, 

SD 6.4 years, range 50–73). Bleeding during polypectomy 

was reported for three patients, none of whom required 

reintervention. No adverse events were reported to occur in 

any of the CT examinations.

A total of 90 polyps 6 mm or larger were detected: 

17 polyps were 20 mm or larger (median size 25 mm, 

range 20–40 mm), 36 polyps were 10–9 mm (median 

size mm, range 10–7 mm) and 37 polyps were 6–9 mm 

(median size 7 mm, range 6–9 mm). The histology revealed 

82 adenomatous polyps, 4 nonadenomatous polyps and 

4 colorectal carcinomas.
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Polyps 6 mm or larger were found in 50 out of 72 patients 

(69%) and polyps 10 mm or larger were found in 34 out of 

72 patients (47%). As shown by Table 4.2 a substantial part 

of most polyps was covered by faecal material. 

Performance 
PER POLYP – Mean per-polyp sensitivity for novices and 

experienced observers for both review methods are listed in 

Table 4.3 Novice observers had a significantly higher mean 

sensitivity when using PEC3D for polyps 6 mm or larger 

(+14%, p<0.001), 6–9 mm (+19%, p<0.001) and 10 mm 

or larger (+9%, p<0.001). Within the group of novice 

observers there was a considerable difference in sensitivity 

for both review methods (Tables 4.3 and 4.4), despite the 

fact that all observers had undergone a similar training 

protocol. For experienced observers there was no significant 

difference in mean sensitivity between both methods for 

polyps 6 mm or larger (p=0.755), 6–9 mm (p=0.70) and 

10 mm or larger (p=0.207).

PER PATIENT – The per-patient performance characteristics 

for PU2D and PEC3D are shown in Table 4.4. Novice 

observers had a significantly higher mean sensitivity when 

using PEC3D for polyps 6 mm or larger (+11%, p<0.001) 

and 10 mm or larger (+6%, p=0.033) compared with 

PU2D. For experienced observers there was no significant 

difference in mean sensitivity between both methods for 

polyps 6 mm or larger (p=0.549) and 10 mm or larger 

(p=0.125).

Specificity for novice observers when using PEC3D was 

not significantly lower for polyps 6 mm or larger (p=0.057) 

and 10 mm or larger (p=0. 36) compared with PU2D. For 

experienced observers there was no significant difference 

for polyps 6 mm or larger (p=0.5) and 10 mm or larger 

(p=.0) as well. Thus, specificity did not significantly differ 

between both methods in any size category for both 

experienced and novice observers.

Review time 
For novice observers mean review time for PU2D was 

8.9min (range 4.3−12.8min) compared with 10.8min 

(range 6.3–6.1 min) for PEC3D (p<0.00). For experienced 

observers the review times were respectively 8.4 min (range 

7.2–9.6 min) and 9.8 min (range 9.6–9.9 min) (p<0.00). 

TA B L E  4 . 2    The Relation of Polyps to Faecal Material.

6-9 mm

frequency (%)

≥ 10mm frequency n (%)

n= % n= %

Polyps completely covered by faecal material in both scan positions 1 3 2 4

Polyps partially covered by faecal material in one or both scan positions or 
completely covered in one position

13 35 28 53

Polyps not covered by faecal material at all in both scan positions 18 49 22 42

In retrospect not visible in both scan positions 5 14 1 2

Total number of polyps 37 100 53 100

Table shows the number and percentage of visible polyps either completely covered by faecal material, partially covered by faecal material or not covered by faecal 

material at all in two scan positions. Polyps that are not visible at all are reported as well.
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For most observers PU2D was faster. One observer 

evaluated the examinations faster in primary cleansed 3D 

method (Table 4.1). 

Diagnostic quality 
The mean rating of the diagnostic quality is displayed in 

Table 4.5. Figure 4.3 shows that all observers rated the 

image quality of PEC3D significantly lower than PU2D, 

as the confidence intervals did not reach 1.

 Floating debris (Figure 4.4) and holes in the colon wall 

(Figure 4.5) were important causes of artefacts in PEC3D 

(Table 4.6). According to the observers, floating debris in 

particular may hinder the diagnostic accuracy by covering 

polyps 6 mm or larger. In PU2D virtually no disturbing 

artefacts were reported.

TA B L E  4 . 3   Per-polyp sensitivity and false positives rate of experienced observers and novices

Observer Experience Per polyp sensitivity Number of 

false positives 

≥ 6mm

Number of 

false positives 

≥ 10mm

2D 3D 2D 3D 2D 3D

≥6 mm

(95% CI)

6-9mm

(95% CI)

≥10mm

(95% CI)

≥6mm

(95% CI)

6-9mm

(95% CI)

≥10mm

(95% CI)

Observer 2 Experienced 
observer 

80%
(70-87)

65% 
(47-79)

91% 
(79-96)

82%
(74-88)

76% 
(61-86)

87% 
(77-93) 11 7 2 0

Observer 6 Experienced 
observer

78%
(69-85)

57% 
(43-70)

92% 
(79-98)

78%
(67-86)

65% 
(48-79)

87%
 (73-94) 9 12 1 2

Mean

experienced observers

79% 

(70-86)

61%

(46-74)

92%

(79-97)

80%

(72-86)

70%

(57-81)

87%

(75-93) 10 10 2 1

Observer 1 Novice 63%
(53-71)

42% 
(27-58)

  77% 
(66-85)

77%
(67-85)

67% 
(49-81)

85% 
(74-91) 2 4 1 1

Observer 3 Novice 59%
(50-67)

38%
(24-54)

74%
 (59-84)

63%
(54-72)

46% 
(31-62)

75% 
(61-86) 7 8 1 3

Observer 4 Novice 56%
(45-66)

27% 
(14-45)

75%
 (59-87)

66%
(55-75)

41% 
(23-61)

83%
 (68-92) 8 10 3 4

Observer 5 Novice 53%
(44-62)

 24% 
(12-42)

74%
 (61-83)

68%
(58-76)

46% 
(29-64)

83%
 (74-90) 2 9 1 3

Observer 7 Novice 29%
(21-39)

8% 
(3-23)

45% 
(31-57)

53%
(43-64)

32% 
(19-50)

68% 
(49-82) 4 13 4 7

Observer 8 Novice 49%
(35-64)

22% 
(9-43)

70% 
(54-82)

64%
(52-75)

49% 
(32-65)

76%
 (61-86) 14 18 7 2

Mean 

 novice observers

51%*

(44-59)

27%*

(17-39)

69%*

(59-77)

65%*

(57-73)

46%*

(33-60)

78%*

(68-86) 6 10 3 3

Table displays individual per-polyp sensitivity stratified for polyp size (95% confidence interval between brackets). The mean sensitivity values are given for experienced 

readers and novices. Mean sensitivities marked with * have a statistically significant difference between the review methods. In addition, the number of false positive 

findings is shown.
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Discussion
This study shows that novice observers (compared with 

experienced observers) have a higher sensitivity in limited 

prepared patients when using PEC3D compared with 

PU2D. The higher sensitivity comes without a statistically 

significant lower specificity. On average more review time 

was needed for PEC3D. Paradoxically, despite its superior 

performance in polyp detection, the image quality of 

PEC3D was rated significantly less than for PU2D.

Recently, two comparative studies of primary 2D and 

primary 3D review methods have addressed the merit of 

both techniques [11,12]. As in this study, more polyps 

of 6 mm or larger were detected using primary 3D, 

although in only one study the difference was statistically 

significant. The reason for this superior sensitivity may be 

that abnormalities are visible to the observer for longer. 

Secondly, polyps that may have a similar appearance to 

folds on 2D are easier to distinguish from folds in 3D. 

However, the fact that primary 3D is often not used in CTC 

is probably based on practical grounds such as long review 

time and high computer requirements associated with this 

review technique in the past.

TA B L E  4 . 4    Per-patient sensitivity and specificity of experienced observers and novices

Observer Experience Per patient sensitivity Specificity

2D 3D 2D 3D

≥6mm 

(95% CI)

≥10mm 

(95% CI)

≥6mm 

(95% CI)

≥10mm 

(95% CI)

≥6mm 

(95% CI)

≥10mm 

(95% CI)

≥6mm

(95% CI)

≥10mm

 (95% CI)

Observer 2 Experienced 
observer 

88% 
(79-97)

97% 
(91-100)

86%
 (76-96)

91%
 (81-100)

95% 
(87-100)

97% 
(92-100)

91%
 (79-100)

100% 
(100-100)

Observer 6 Experienced 
observer

84% 
(74-94)

97%
 (91-100)

80%
(69-91)

91%
 (82-100)

95% 
(87-100)

100% 
(100-100 )

91%
 (79-100)

95% 
(88-100)

Mean values 

experienced observers

86% 

(79-93)

97%

(93-100)

83%

(76-90)

91%

(84-98)

95%

(89-100)

99%

(96-100)

91%

(82-99)

97%

(94-100)

Observer 1 Novice observer 71% 
(58-84)

82% 
(69-95)

85% 
(75-95)

91%
 (81-100)

100% (100-
100)

97% 
(92-100)

91%
 (79-100)

97%
 (92-100)

Observer 3 Novice observer 74% 
(62-86)

85% 
(73-97)

72% 
(60-84)

79%
 (66-93)

91% 
(79-100)

100%
 (100-100)

95%
 (87-100)

95%
 (88-100)

Observer 4 Novice observer 68% 
(55-81)

85% 
(73-97)

74% 
(62-86)

91% 
(82-100)

95% 
(87-100)

95% 
(88-100)

100% 
(100-100)

95%
 (88-100)

Observer 5 Novice observer 70% 
(57-83)

88% 
(77-99)

78%
 (67-89)

91%
 (82-100)

100% (100-
100)

97% 
(92-100)

91%
 (79-100)

97%
 (92-100)

Observer 7 Novice observer 42% 
(28-56)

59%
 (42-75)

72% 
(60-84)

85%
 (73-97)

100% (100-
100)

97%
(92-100)

91%
 (79-100)

95% 
(88-100)

Observer 8 Novice observer 62% 
(48-76)

81% 
(67-95)

68% 
(55-81)

81%
 (67-95)

95%
 (87-100)

95% 
(88-100)

77% 
(60-95)

95% 
(88-100)

Mean values

novice observers

64%

(59-70)

80%

(74-86)

75%*

(70-80)

86%*

(82-91)

97%

(94-100)

97%

(95-99)

91%

(86—96)

96%

(93-98)

Table displays individual per-patient sensitivity and specificity stratified for polyp size (95% confidence interval between brackets). The mean sensitivity and specificity 

values are given for experienced readers and novices. Mean values marked with * have a statistically significant difference between the review methods.
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F I G U R E  4 . 3 
Image quality assessment showing regression coefficients of primary 
electronically cleansed 3D (PEC3D). It estimates the change in 
the log transformed diagnostic odds ratio (DOR) compared with 
primary uncleansed 2D (PU2D). A lower relative diagnostic odds 
ratio (RDOR) implies inferior image quality. Confidence intervals 
not reaching 1 indicate significant inferiority. Thus, this figure shows 
that all observers rated the image quality of PEC3D significantly less 
qualitative than PU2D

Observer 1

Relative odds ratio

Quality

Observer 2

Observer 3

Observer 4

Observer 5

Observer 6

Observer 7

Observer 8

0 1 2

TA B L E  4 . 5   Mean Rating of Diagnostic Quality.

Image quality of the examinations
2D 3D 

% of the examinations % of the examinations

Not diagnostic, polyps ≥ 10mm can be missed. 1% 4%

Diagnostic with many artefacts, polyps 6-9mm 
can be missed

 4% 18%

Diagnostic with a small number of artefacts, 
polyps ≥ 6mm cannot be missed

20% 53%

Diagnostic without artefacts 69% 19%

Unknown 5% 5%

Table displays the percentage of PU2D and PEC3D examinations in the various rating categories.

The percentage represented the mean rating of all eight observers in 72 patients.

F I G U R E  4 . 4
Floating debris (black arrow) as a result of incomplete electronic 
cleansing of inhomogeneously tagged faecal material (grey arrow 
on 2D image)
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Compared with the abovementioned previous studies, in 

this study patients underwent a limited bowel preparation. 

There is a risk that the reported superiority of 3D in polyp 

detection would be neutralized by the reduction of visible 

colonic surface. In this study we report a large number 

of at least partially submerged polyps. This increases the 

risk of overlooking polyps [21, 22]. This is the reason why 

electronic cleansing was used in the 3D examinations.

Electronic cleansing has been subject to study for several 

years now [16, 23–27]. Recently two comparative studies 

of electronic cleansing were published. In both studies 

electronic cleansing had an additional value in terms of 

sensitivity for some observers [23, 24]. In this study we 

assumed it had an additional value as well: nearly half of 

the polyps were in at least one position at least partially 

covered by faecal material (Table 4.2).

Specific artefacts of electronic cleansing are described in 

the literature [13] e.g. ridges, pseudopolyps due to partial 

volume effect and floating debris due to untagged faecal 

material. These may be the reason that electronic cleansing 

for primary CTC evaluation has not often been used. The 

electronic cleansing algorithm we used in this study was 

specially designed to overcome artefacts of distracting 

‘ridges’ emanating from locations where air, soft tissue and 

tagged material meet [16]. These ridges were in fact noted 

by none of the observers in this study.

TA B L E  4 . 6   Number of Patients with Artefacts.

Primary electronically cleansed 3D

Artefacts Number of patients Number of patients having artefacts 

classified as “disturbing, can cover 

polyps of ≥ 6mm”

Number of patients having artefacts 

classified as “disturbing, can cover 

polyps of ≥ 10mm”

Floating debris 55 (76%) 18 (25%) 1 (1%)

Holes in the colon wall 39 (54%) 2 (3%) 0 (0%)

Windmill artefacts 1 (1%) 0 (0%) 0 (0%)

Ridges 0 (0%) 0 (0%) 0 (0%)

Primary uncleansed 2D

Windmill artefacts 2 (3%) 0 (0%) 0 (0%)

Insufficient faecal tagging 2 (3%) 1 (1%) 0 (0%)

Table displays the number of patients with artefacts observed by at least 4 observers, the number of patients having artefacts classified by at least 4 observers as 

“disturbing, can cover polyps of ≥ 6mm” and the number of patients having artefacts classified by at least 4 observers as “disturbing, can cover polyps of ≥ 10mm”.

F I G U R E  4 . 5
Hole in the wall on the 3D image (black arrow). The white arrow 
indicates the corresponding colon wall in 2D. After electronic 
cleansing, the colon wall has become so thin that virtual holes 
appear between two air-containing structures
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Floating debris, though, was detected in the majority of 

patients examined in PEC3D (Table 4.6). An important 

causeof debris is noise due to heterogeneously or 

insufficiently tagged stool. The three patients were 

excluded because of these artefacts. These artefacts stress 

the fact that more than just a good cleansing algorithm 

is important in order to achieve good 3D image quality 

i.e. a good tagging regimen, good patient compliance 

and good CT parameters. However, the three excluded 

patients were rated in PU2D by one to three observers “not 

diagnostic” as well. This stresses the fact that although 3D 

is more susceptible to tagging artefacts, 2D suffers from 

heterogeneous or insufficient tagging as well.

Artefacts were seen in the majority of patients reviewed 

in PEC3D. To be able to easily distinguish artefacts from 

polyps, it is important to be able to correlate electronically 

cleansed 3D images with complementary original 

uncleansed 2D images. This combination has limited the 

number of false positive findings when using PEC3D (Table 

4.3). Using PEC3D did not statistically decrease specificity 

for any observer group at any size per-patient threshold i.e. 

true negative patients were not erroneously classified using 

PEC3D.

We have not studied a primary 3D reading method without 

electronic cleansing or primary 2D with electronic cleansing. 

Although interesting from a methodological point of view, 

we think that these approaches are not meaningful; the 

former is not since a large number of (partially) submerged 

polyps are prevented from being detected because they are 

otherwise covered by faecal material; the second approach 

is not since there is no need to electronically remove faecal 

material that can already be distinguished from colonic 

structures. However, one study [23] demonstrated an 

additional value in terms of polyp detection of cleansing in 

a 2D approach. An important difference compared with our 

study is the nature of the preparation: barium instead of 

iodine and no low-fibre diet. This results in more adherent 

and solid stool that is “mentally” more difficult to read 

than the quiet homogeneous fluid levels seen in our patient 

population. Therefore, electronic cleansing may prevent 

reader fatigue in this patient population.

The mean difference between PU2D and PEC3D was in 

accordance with the expected difference between both 

techniques. However, the expected baseline sensitivity for 

polyps 6 mm or larger was higher (70%) than the actual 

measured sensitivity (51%). This had consequences for the 

statistical power of the comparison; however, statistical 

significance was still reached for the group of inexperienced 

readers.

The higher per-polyp sensitivity of PEC3D mainly concerned 

polyps 6–9 mm (Table 4.3). The prevalence of adenomas 

with advanced features (i.e. villous components or high-

grade dysplasia) in this size category tends to be low [28]. 

The joint guideline of the American Cancer Society, the 

US Multi-Society Task Force on Colorectal Cancer and the 

American College of Radiology recommends colonoscopy 

and polypectomy for polyps 6 mm or larger [1]. Thus, 

polyps in this size category may not be neglected.

The novice observers were trained according to the 

recommendations of the American College of Radiology 

and the European Society of Gastrointestinal and 

Abdominal Radiology [29, 30]; 50 CTC studies with 20–

50% prevalence with personal feedback on all false positive 

and negative findings for polyps 6 mm or larger [29]. The 

response to training, though, is unpredictable and compe- 

tence cannot be assumed after 50 cases [31]. In this 

study the two experienced observers (350 CTCs or more) 

outperformed the six novice observers. Thus, it is likely that 

the optimum number of training cases is more than 50, as 

suggested earlier [32]. However, the difference between 

these levels of experience in PEC3D is less than PU2D. So, 

in the phase of familiarization with CTC primary cleansed 

3D is advantageous.

The group of experienced readers consisted of two 

observers compared with the group of inexperience readers 

that consisted of six observers. In general, experienced 

observers show less difference in polyp detection between 

review methods [33] and will perform better when 
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expected the differences between both review methods to 

be insignificant in a very experienced observer group. This 

was confirmed by the two experienced reviewers in this 

study who performed very well using both methods. Thus, 

we think that although interesting from a methodological 

point of view adding four extra reviewers would not 

change the conclusion of this study.

A computer-aided detection algorithm has not been used 

in this study. Its effect will be twofold when applied to 

electronically cleansed data: the number of detectable 

polyps will increase as well as the number of detected 

artefacts. Since these effects are not yet balanced, this will 

be subject to further research.

This study has limitations. First the prevalence of polyps 

in this FOBT positive population was fairly high compared 

with an asymptomatic screening population. This may limit 

the generalization to an average risk screening population.

Secondly, in this patient population we used a low-dose 

scan protocol combined with sub-millimetre slices. Noise in 

the images may have limited the quality of the cleansing 

since faecal material appeared less homogeneous. Still, 

the quality of the images was rated diagnostic in the vast 

majority of the cases i.e. only three cases were excluded.

Thirdly, all patients had been prepared with oral iodine 

tagging resulting in a fairly homogeneously tagged colon 

content. Probably any electronic cleansing algorithm will 

perform optimal with homogeneously tagged stool [27]. 

Accordingly, we expect the algorithm to be better suited for 

removing pools of (iodine) fluid compared with adherent 

heterogeneous faecal residue encountered in barium 

tagging.

Fourthly, before this study the experienced observers had 

evaluated all patients in the framework of a comparative 

study of colonoscopy and CTC (data published elsewhere). 

These patients were evaluated atleast 1 year before this 

study with a primary 2D review method. In the period in 

between both studies atleast 100 other CTC examinations 

were read. So, it is not likely that this has influenced the 

performance characteristics of the experienced observers. 

Fifthly, in this study we have used an enhanced 3D display 

i.e. the unfolded cube display. The advantage of this 

technique is that it covers nearly all colonic mucosa without 

image distortion in a single fly-through [15], compared 

with the conventional ‘endoscopic’ view that needs a 

bidirectional fly-through to cover nearly all colonic mucosa. 

Therefore, our approach is a more time efficient method 

than a conventional 3D technique [15]. This may limit the 

generalizability of difference in review time, however not in 

accuracy.

In summary, we conclude that novice observers have a 

significantly higher sensitivity for the detection of clinically 

relevant polyps when using primary electronically cleansed 

3D compared with primary 2D. For experienced observers, 

who performed better overall, there is no difference 

between both methods. Specificity is not affected when 

using primary electronically cleansed 3D. Therefore 

we recommend primary electronically cleansed 3D for 

novice observers in evaluating CTC in patients that have 

undergone limited bowel preparation. 
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70. Abstract
Objective
The purpose of this study was to determine the influence 

of tagged material on the minimal radiation dose needed to 

detect colorectal polyps at CT.

Materials and methods
The study was conducted in two phases. In the first,three 

experienced observers determined the visibility of sessile 

polyps (6 mm) at five contrast levels (300, 480, 790, and 

1,040 HU and air) and five tube charge levels (10, 14, 20, 

28, and 40 mAs) in an anthropomorphic phantom. Each 

polyp was present in one of eight possiblelocations. The 

mean tube charge threshold for 90% correct responses 

was determined for each contrast level. Blinded observers 

performed independent 2D readings. In the second phase 

of the study, three 150-cm virtual colons were evaluated 

at two contrast levels (300 and 480 HU) and at five tube 

charge levels between 20 and 80 mAs. The three colons 

contained 18 randomly located polyps. The mean tube 

charge threshold for 90% sensitivity was determined for 

each contrast level.

Results
In the first phase of the study, the estimated tube charge 

thresholds for 300, 480, and 790 HU were 24.0, 16.3, and 

6.2 mAs. At 1,040 HU and in air, all polyps were detected 

atthe lowest tube charge setting (10 mAs). In the second 

phase, the tube charge thresholds for 90% sensitivity at 

300 and 480 HU were 70 and 35 mAs, respectively.

Conclusion
If polyps are covered by fecal material, a considerably 

higher tube charge setting is needed for adequate 

visualization than is needed for polyps in a completely 

cleansed colon, especially when the density of the tagged 

residue is low.



71.

Influence of Tagged Fecal Material on Detectabilit of Colorectal Polyps at CT: Phantom Study

Introduction
CT colonography (CTC) is a promising technique of 

screening for colorectal cancer and colonic polyps. An 

important disadvantage of the technique is that many 

patients consider the bowel preparation burdensome [1]. 

Labeling fecal material with an oral contrast agent (fecal 

tagging) enables patients to prepare for CTC with less 

extensive bowel preparation [2–4]. Minimizing bowel 

preparation, however, may increase patient compliance 

[5–7] but results in a higher amount of residual feces in the 

colon [8].

Because of reduced contrast (i.e., reduced difference in 

attenuation) between the polyp and the luminal contents, 

polyps covered by fecal material are less conspicuous than 

polyps surrounded by air, even if oral contrast material has 

been administered. Figure 5.1 shows that the submerged 

polyp is less visible than the haustral fold in air at 40 mAs. 

Another factor that influences polyp conspicuity is radiation 

dose. Especially in low- dose scan protocols, the noise of 

CT images is prominent. In Figure 5.1, this phenomenon 

is illustrated by the submerged polyp visible at 40 mAs but 

hardly visible at 5 mAs.

With regard to using CTC for screening, the goal should 

be the lowest possible patient burden and radiation dose. 

To our knowledge, the influence of the use of oral contrast 

material on the minimal radiation dose for qualitatively 

acceptable CTC has not been determined. We performed a 

phantom study to determine the magnitude of this effect.

Materials and Methods
Study Design
This phantom study consisted of two parts. The aim of the 

first phase was to determine the detectability of clinically 

relevant polyps (≥ 6 mm) in tagged material of various 

densities or in air as a function of the tube charge - that is, 

the product of tube current and exposure time divided by 

the pitch - in an idealized setup. We performed the second 

phase to translate the results of the first phase into clinically 

applicable performance values, such as sensitivity and 

number of falsepositive findings.

Phantom
A cylindric water-filled polyethylene drum with a diameter 

of 34 cm was used to mimic the abdomen of a fairly 

obese patient (Figure 5.2). We devised a synthetic colonic 

segment by placing a cylindric polymethyl methacrylate 

(PMMA) tube in the center of this drum.

F I G U R E  5 . 1
Influence of tagged material on visibility. A, 75-year-old man with colonic polyp. CT scan (40 mAs; window width, 1,250 HU; level, –50 HU) 
shows colonic wall and polyp (white arrow). Gray arrow indicates haustral fold in transverse colon surrounded by air. B–D, Simulated CT scans 
at tube charges lower than in A: 20 mAs (B), 10 mAs (C), and 5 mAs (D). White arrow indicates 6-mm polyp submerged in fecal material in 
descending colon proven at colonoscopy. Polyp is highly visible in A but hardly visible in D. In comparison, haustral fold in transverse colon 
surrounded by air (gray arrow) remains highly visible in D.

A

(40mAs)

B

(20mAs)a

C

(10mAs)

D

(5mAs)
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F I G U R E  5 . 2
Phantom (width, 1,250 HU; level, –50 HU). CT scan shows 
water-filled drum (1) with centrally placed polymethyl methacrylate 
cylinder (2), representing colon. Cylinder is filled with contrast 
material (3). Contrast between lumen and border is 480 HU. 
Filling defect represents 6-mm polyp.

We positioned this phantom with the long axis of the tube 

parallel to the long axis of the drum. The tube contained 

eight PMMA rings with a thickness of 11 mm and an 

inner diameter of 50 mm in the order of the diameter of a 

distended colon segment. Each ring could contain a PMMA 

hemisphere with a diameter of 6 mm, mimicking a 6-mm 

sessile polyp. We chose 6 mm because it often is considered 

the smallest clinically relevant size for polyps [9]. All rings 

were separated by a thin PMMA ring (inner diameter, 

40 mm; thickness, 2 mm), representing an artificial haustral 

fold.

We use the terms ‘contrast’ and ‘contrast level’ to indicate 

the difference in attenuation between polyps and contrast 

material or air in the lumen. The attenuation of PMMA 

is approximately 120 HU. We used PMMA because it is 

readily available and its attenuation is reasonably close 

to that of soft tissue. The tube was completely filled with 

either contrast material or air for each scan. The contrast 

material was a mixture of iodine (sodium amidotrizoate, 

300 mg I/mL, hospital pharmacy) and water. We chose this 

concentration of contrast material so that the differences 

in attenuation between the polyp and the lumen would 

be approximately 300, 500, 800, and 1,000 HU. These 

attenuation values encompassed the range of contrast 

measured in tagged CTC examinations performed at our 

hospital with a regimen of 4 L of polyethylene glycol and 

200 mL of 300 mg I/mL of meglumine ioxithalamate 

(Telebrix, Guerbet). Other regimens with similar attenuation 

have been described [10, 11].

CT Data and Preprocessing 
We obtained scans of this phantom with a 64-MDCT 

scanner (Brilliance 64, Philips Healthcare) with the following 

parameters: 120 kV; collimation, 64; pitch, 1.2. Effective 

tube charge settings were used in steps of the square root 

of two from the lowest tube charge value available: 10, 

14, 20, 28, 40, 56, and 80 mAs. In this way, the noise 

in the images decreased by a constant factor between 

successive values. For the first phase of the study, scans of 

the phantom filled with the four iodine mixtures and air 

were obtained with tube charge values increasing from 10 

mAs until the value was reached at which all polyps were 

visible for all observers. Because we expected that the task 

for the observers would be more difficult for the second 

phase of the study, higher tube charge values (20–80 mAs) 

were used in this phase. In the second phase, only the two 

lowest concentrations were used. For each contrast level, 

a scan at 300 mAs was made for reference purposes. All 

images were reconstructed at a slice thickness of 0.9 mm 

and an increment of 0.45 mm with reconstruction filter C 

(sharper standard filter). The pixel size was 0.6 mm. 

Measurement of Contrast and Noise 
Because it is difficult to exactly obtain the intended contrast 

levels, for each intended contrast level we measured the 

actual contrast level, that is, the difference in attenuation 
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between the wall of the colonic phantom and its content. 

We also measured the SD as a measure of noise in the 

images at the location of the polyps. This measurement of 

noise also was performed at the same position in a cross 

section of the drum that contained water only. This approach 

made it possible to determine the influence of the tagged 

material on noise. The measuring procedure is described in 

the Appendix .

Observer Studies 
Scans of the phantom were used to construct virtual colons 

for the observer studies. These colons consisted of a large 

number of rings separated by thin PMMA rings mimicking 

haustral folds. Before images of the virtual colons were 

presented to the observers, a research fellow assessed the 

visibility of the polyps for all contrast levels at the lowest 

tube charge setting (10 mAs). If the polyps could absolutely 

not be missed, the particular contrast level was not further 

evaluated by the observers. This measure was taken because 

a visibility threshold cannot be determined if all polyps are 

highly visible. For all other contrast levels, the visibility of 

polyps was determined in the first phase of the study.

Three observers, an experienced abdominal radiologist, 

a resident in radiology, and a research fellow reviewed 

all images. All observers had read more than 250 

colonoscopically verified CTC examinations before this 

study. The observers reviewed the images using a 2D review 

method (ViewForum, Philips Healthcare) and indicated the 

location of the polyp with a cursor. All annotations were 

digitally stored. Because window and level settings can 

influence the conspicuity of submerged polyps [12], the 

window width and level were preset by two researchers at 

a setting deemed optimal for polyp detection at the given 

contrast level. These settings varied from 1,000/200 HU for 

contrast of 300 HU to 2,400/550 HU for contrast of 1,000 

HU. The observers, however, were free to adjust the window 

setting to their preference. This procedure is in accordance 

with that used in the clinical evaluation of CTC scans.

First Phase of Study 
In the first phase of the study, we determined the visibility 

of the polyps in an eight-alternative forced-choice 

paradigm. In this paradigm a polyp always was present in 

each ring at one of eight possible locations (Figure 5.3), 

and the observers had to choose one of the eight locations. 

With this paradigm we could determine the visibility of 

polyps in a time-efficient way.

For every contrast level, a virtual colon was composed of 80 

rings. Each virtual colon contained rings from scans made 

at five tube charge levels (10, 14, 20, 28, and 40 mAs), so 

each observer had to locate 16 polyps at each combination 

of tube charge and contrast. Each ring was rotated so that 

the polyp was present in one of eight possible clock-face 

positions on the phantom wall. The choice of location was 

made at random (Figure 5.3).

F I G U R E  5 . 3
Colonic phantom in first phase of study. CT scans (300 mAs; 300 
HU; width, 1,000 HU; level, 200 HU) show polyp in one of eight 
possible locations.

A   Half past one-o’clock position.

B   Twelve-o’clock position.

C   Half past ten-o’clock position.

D   Nine-o’clockw position.

E   Half past seven-o’clock position.

F   Six-o’clock position.

G   Half past four-o’clock position.

H   Three-o’clock position.

A B C D

E F G H
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involved in reading the data assessed the correctness of 

the annotations. On the basis of these annotations, the 

number and average percentages of correct responses were 

determined for every combination of tube charge level and 

contrast level. Psychometric curves with constant steepness 

were fitted to this average percentage of correct responses 

as a function of tube charge [13]. For the fitting we applied 

a maximum likelihood procedure [14] for every contrast 

level. At each contrast level we determined the tube charge 

for 90% correct responses and the SD of this estimate [15].

We also determined whether the number of correctly 

detected polyps increased significantly with the density of 

the contrast material. We counted the correctly detected 

polyps for each virtual colon for each observer and for the 

three observers combined. A chi-square test (SPSS 15.0, 

SPSS) was used for the comparison of proportions in two 

independent groups.

Contrast-to-Noise Ratio 
The conspicuity of a polyp of a certain size depends both 

on the contrast of the polyp to its surroundings and on 

the noise in the image, quantified by the contrast-to-noise 

ratio (CNR) [16, 17]. For different contrast levels, the 

conspicuity at the tube charge for 90% correct responses 

is by definition the same. The CNRs at these tube charge 

levels should therefore also be equal. We checked whether 

this was indeed the case to cross-validate our results.

The SD of the attenuation is used as a measure of noise. 

The CNR at 90% correct responses was determined by 

dividing each contrast value by the SD for that contrast 

value at the tube charge for 90% correct responses. The 

SD can be considered inversely proportional to the square 

root of the tube charge [18]. Therefore, the SD at the tube 

charge for 90% correct responses can be derived from the 

SD in the 300 mAs reference scan as follows: 

SDmAs@90% = SD300mAs
 

300
mAs@90%

where mAs@90% is the tube charge value for 90% correct 

responses. 

Second Phase of Study 
Although in an eight-alternative forced-choice design, 

the tube charge value for 90% correct responses can be 

determined efficiently, no clinically applicable measures 

such as sensitivity and number of false-positive findings 

can be determined. In the second phase of the study, these 

performance values were measured, and the threshold 

tube charge value for a sensitivity of at least 90% was 

determined.

The second phase was performed at the two lowest 

contrast levels, 300 and 480 HU, and scans were obtained 

at five tube charge levels between 20 and 80 mAs. For 

each contrast and tube charge level, three virtual colons 

were composed, each consisting of 120 rings (Figure 5.4). 

Five percent (18 of 360) of these rings contained a polyp. 

Rings containing polyps were randomly distributed among 

the three colons. All rings were randomly rotated. Thus the 

virtual colons in the second phase of the study differed in 

three important aspects from those of the first phase: The 

prevalence of polyps was only 5%; in each ring the polyps 

were situated at any angle along the phantom wall; and 

colons were composed of rings scanned at the same tube 

charge levels.

The same three observers as in the first phase evaluated the 

virtual colons starting at the level nearest the tube charge 

value for 90% correct responses determined in the first 

phase. The tube charge was increased until the level was 

reached at which the average per-polyp sensitivity of the 

observers was greater than 90%.

The observers knew that the polyps, if present, were of 

the same size and shape as in the first phase and were in 

random locations. The observers did not, however, know 

the polyp prevalence. After the reading, a researcher 

not involved in interpretation of the data assessed the 

correctness of the scores by comparing the true polyp 

locations with the annotations of the observers. For each 
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contrast level, per-polyp sensitivity and the number of 

falsepositive findings were determined for every tube 

charge value used. The tube charge value for 90% 

sensitivity was determined by linear interpolation.

Also in the second phase, we determined whether the 

number of correctly detected polyps significantly increased 

with the density of the tagging material (300 and 480 HU). 

In this case, we compared the total numbers of correctly 

detected polyps at 28 and 40 mAs for which data were 

available for both densities. This procedure was performed 

for each observer and for the three observers combined. 

The statistical procedure was the same as that used in the 

first phase of the study. 

Ratio of Thresholds of the First and Second 
Phases of the Study 
The eight-alternative forced-choice task of the first phase 

of the study was relatively easy. The second phase of 

the study was performed to obtain results closer to the 

reality of clinical practice, but the task in this phase was 

more difficult for the observers. The ratio of the tube 

charge value for 90% sensitivity (second phase) to the 

tube charge value for 90% correct responses (first phase) 

was determined as an indicator of the relative difficulty of 

detection of polyps in the second versus the first phase of 

the study. This ratio can be used to translate the thresholds 

to extrapolate the results of the first phase of the study 

to those of the more clinically orientated second phase. 

The significance of this ratio is elucidated in the Discussion 

section. 

Results 
Measurement of Contrast and Noise 
The actual contrast values were close to the intended 

values. The actual values of contrast and SD are listed in 

Table 5.1. Table 5.1 shows that the SD, which is a measure 

of the noise at the location of the polyps, increases as 

he contrast level increases. For the highest contrast level 

(1,040 HU), the noise is approximately twice as high as for 

a phantom filled with air (SD, 70 and 33 HU, respectively).

TA B L E  5 . 1    Contrast Values and the Standard 
Deviation (SD) at the Location of the Polyps

Nominal contrast 

[HU]

Actual contrast 

[HU]

SD [HU] at site 

polyps at 

300 mAs

–1120* –970 33

  300   300 51

  500   480 58

  800   790 62

1000 1040 70

*1,000 HU (air) – 120 HU (polymethyl methacrylate).

Contrast is difference between attenuation of material in colonic lumen 

and that of polyps. Actual contrast of 480 HU, for example, corresponds to 

differences of approximately 600 HU (lumen) and 120 HU (polyp) in the 

phantom. The contrast and SD at the location of the polyps were measured 

as explained in the Appendix. In the drum filled with water only, the SD at 

the same location as the polyps was 40 HU. 

Observer Study
The polyps in the air-filled colon were clearly visible at 10 

mAs (Figure.5.5). Consequently, this contrast level was not 

further evaluated 

F I G U R E  5 . 4
Coronal section of part of virtual colon (24 of 120 rings) composed 
of scans at 80 mAs (width, 1,000 HU; level, 200 HU) for second 
phase of study. Contrast between colon and its contents is 300 HU. 
Arrow indicates 6-mm sessile polyp.
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F I G U R E  5 . 5
Polymethyl methacrylate colon phantom in center of 34-cm-
diameter water-filled drum. CT scan (10 mAs; width, 2,000 HU; 
level, 0 HU) shows 6-mm polyp (arrow) surrounded by air. Polyp 
was considered visible beyond doubt.

First Phase of Study
With increasing tube charge levels, the number of errors 

decreased. At contrast levels of 300, 480, and 790 HU, 

the observers correctly located all polyps at, respectively, 

40, 28, and 20 mAs. The tube charges for 90% correct 

responses for the three observers combined were 

24.0, 16.3, and 6.2 mAs for these three contrast levels 

(Figure.5.6). At 790 HU, nearly all polyps were located 

correctly. The fitting procedure remained valid under these 

circumstances [14, 15], although the precision of the 

estimate was impaired. This phenomenon was evidenced 

by the much higher SD of the estimated threshold (Table 

5.2). At 1,040 HU, all polyps were correctly located at all 

tube charge levels. Therefore, the tube charge value for 

90% correct responses could not be determined for this 

contrast level.

For the 300, 480, and 790 HU contrast levels, the numbers 

of correctly detected polyps in each virtual colon (i.e., for 

the five tube charge levels combined) are listed in Table 

5.3. Nearly all differences between contrast levels were 

significant.

The CNRs at the tube charge value for 90% correct 

responses varied between 1.7 and 1.9, with an average of 

1.8 (Table 5.2). 
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TA B L E  5 . 2    Tube Charges for 90% Correct Responses Determined in First Phase of Study

Contrast (HU) Tube Charge in mAs for 90% Correct Responses

(SD of Tube Charge in %)

Contrast-to-Noise Ratio at Tube Charge for 

90% Correct Responses

300 24.0 (5%) 1.7

480 16.3 (6%) 1.9

790 6.2 (27%) 1.8

Average 1.8

The tube charge for 90% correct responses and corresponding contrast-to-noise ratio for polyps at the highest contrast level (1,040 HU) and for 
polyps in air could not be determined because all polyps were visible at the lowest available tube charge (10 mAs).

F I G U R E  5 . 6
Graph shows percentages of correct responses for each tube 
charge level for three lowest contrast levels. Data points are mean 
values for three observers. Ranges from lowest to highest scores 
are indicated. Curves are psychometric curves fitted to these data 
points. Dashed line indicates score of 90% correct.
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Second Phase of Study 
Sensitivities and numbers of false-positive findings by the 

three observers combined at contrast levels of 300 and 480 

HU are shown in Figure 5.7. Sensitivity increased with tube 

charge level and with the density of the contrast material. 

The sensitivity at a contrast of 300 HU exceeded 90% at 

80 mAs and at a contrast of 480 HU exceeded 90% at 40 

mAs. Using linear interpolation, we obtained tube charges 

for 90% sensitivity of 70 mAs and 35 mAs for 300 HU and 

480 HU, respectively. At these tube charge levels, each 

observer had a maximum of one false-positive finding. For 

300 and 480 HU, the total numbers of correctly detected 

polyps per observer at 28 and 40 mAs are listed in Table 

5.4. All observers detected more polyps in the colon filled 

with the densest contrast material. This difference was 

statistically significant for two of the three observers and 

for all observers combined.
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TA B L E  5 . 3    Number of Polyps Correctly Detected in First Phase of Study

Contrast (HU)
Observer 

 1(n = 80)

Observer 2 

(n = 80)

Observer 3 

(n = 80)

All Observers

 (n = 240)

300 HU 49 73 53 175

480 HU 67 77 65 209

790 HU 80 80 79 239

1040 HU 80 80 80 240

300-480 HU p<0.001 n.s. p=0.031 p<0.001

480-790 HU p<0.001 n.s. p<0.001 p<0.001

300-790 HU p<0.001 p=0.014 p<0.001 p<0.001

Significance of differences between the three lowest contrast levels and 1,040 HU were not determined because at 790 HU all but one polyp were detected. 

NS = not significant.

Data at 28 and 40 mAs were chosen because at the other tube 
charge, only one contrast level was evaluated. NS = not significant.

TA B L E  5 . 4     Total Number of Correctly Detected Polyps at 28 and 40 mAs Combined in Second Phase of Study

Attenuation (HU) Observer 1 (n = 36) Observer 2 (n = 36) Observer 3 (n = 36) All Observers (n = 108)

300 16 25 25 66

480 23 33 35 91

300-480 NS p=0.017 p=0.002 p<0.001

F I G U R E  5 . 7
Graph shows sensitivity and number of false-positive findings at 
contrast levels of 300 HU (28–80 mAs) and 480 HU (20–40 mAs). 
Data points are average values for three observers. Sensitivity 
ranges from lowest to highest value are indicated. Horizontal 
dashed line represents 90% sensitivity.
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The ratios of the tube charge for 90% sensitivity (second 

phase of the study) and the tube charge for 90% correct 

responses (first phase of the study) were 2.9 for 300 HU 

and 2.2 for 480 HU, with an average value of 2.5. 

Discussion
The results of this CTC study show that the minimal 

radiation dose needed to visualize a 6-mm polyp increases 

considerably if the contrast between the polyp and its 

surroundings is reduced. Although all polyps in air were 

well visible at 10 mAs, approximately 70 mAs was needed 

to achieve 90% sensitivity at a contrast level of 300 HU.

We determined the minimal tube charge level to visualize 

a clinically relevant polyp in two study phases. The first 

phase was performed to obtain the threshold visibility in 

a simple and time-efficient way. It showed that if contrast 

was increased from 300 to 790 HU, the tube charge for 

90% correct responses decreased from 24 to 6.2 mAs. The 

CNRs at these tube charge levels were nearly constant. 

This finding can be expected because the detectability of 

structures with relatively low contrast, such as polyps, is 

primarily limited by noise on the images [18]. With a 1.8 

mean CNR at the tube charge for 90% correct responses, 

the tube charge level for 90% correct responses at the 

highest contrast (1,040 HU) and for air can be estimated to 

be 4 and 1 mAs, respectively. 

We realized that extrapolation to a clinical setting is a 

problem with phantom studies. Therefore, we performed 

the second phase of the study to obtain results closer 

to the reality of clinical practice. Important points of the 

setup of the second phase are that only a few polyps 

were present, at uncertain locations, and that measures 

of practical clinical relevance could be determined. We 

expected that in this setup, the task for the observers in the 

second phase of the study would be more difficult than in 

the first phase. Our expectation turned out to be correct. 

In the second phase of the study, a sensitivity of 90% at 

300 and 480 HU was obtained at, respectively, 70 and 35 

mAs, with less than one false-positive finding per observer 

per tube charge level. Thus, this sensitivity was obtained at 

tube charge levels approximately 2.5 times higher than the 

corresponding levels in the first phase of the study.

This ratio depends on factors such as the number of 

locations in which a polyp can be present (only eight for the 

first phase of the study and at a large number of locations 

in the second phase), the certainty or lack of certainty that 

a polyp is present, and the possibility of choice (forced in 

the first phase of the study, free in the second phase). Thus 

this ratio reflects the relative difficulty of the tasks in the 

two phases, and the ratios can therefore be expected to be 

similar for each contrast level.

The independence of contrast level was also found by 

Burgess and Ghandeharian [19], who compared the 

percentage of correct responses in a two-alternative forced-

choice study with those of alternative forced-choice studies 

with up to 1,800 possible locations. Therefore, we could 

have estimated this ratio using only one of the contrast 

levels in the second phase of the study. For cross check and 

to improve accuracy and precision, we decided to use two 

contrast levels. We could have performed the second phase 

of the study with a third contrast level (790 HU). However, 

we did not do so since nearly all polyps were visible at 

this contrast level in the first phase of the study. As a 

consequence, the precision of the threshold for the first 

phase was rather poor (Table 5.3). Using the ratio of 2.5, 

we can estimate that for the second phase of the study, the 

tube charges for 90% sensitivity should be on the order of 

15, 10, and 3 mAs for contrast of 790 and 1,040 HU and 

for air.

Our results are for data from all three observers combined. 

Both observer studies showed interobserver variability. This 

finding is evident from the error bars in Figures 5.6 and 

5.7. The results in Tables 5.3 and 5.4 show that systematic 

differences were present between observers. Yet the 

general trend is confirmed by the results for the individual 
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observers, which consistently showed an increase in polyp 

detectability with an increase in the density of the tagging 

material. In most cases this increase was significant. We 

conclude that although individual thresholds may vary, the 

influence of tagged material on visibility is important.

A number of phantom studies and simulation studies have 

been conducted to determine optimal scan parameters for 

CTC [20– 27]. In all of those studies, the visibility of polyps 

was investigated in air only. Because of differences in study 

design and scan parameters, a comparison of these studies is 

difficult. The main finding is that all polyps 6 mm in diameter 

or larger are detected, even at the lowest tube charge levels 

(5 or 10 mAs). These studies are thus in line with our findings 

on polyps in air.

For this study we used the range of contrast levels 

measured in tagged CTC examinations at our hospital. 

Polyp detectability increases with the density of the tagging 

material. Aiming at even higher densities than used in this 

study may seem advantageous. It appears, however, that as 

contrast level increases, image noise increases as well (Table 

5.1). This phenomenon is a consequence of the increased 

attenuation of x-rays in dense material. The increase in noise, 

also noted by Zalis et al. [28], counteracts the improved 

visibility owing to the higher contrast and may eventually lead 

to streak artifacts in the directions of the highest attenuation 

of the x-rays. For these reasons, striving for higher densities 

of tagging material than the ones used in this study may be 

of limited value. 

Many factors contribute to the quality of CT images. In this 

study we varied the density of the contrast agent and the 

tube charge level. Other image-quality factors such as tube 

voltage, pitch, and slice thickness were left constant and 

were not subject to study. The conspicuity of polyps is also 

considerably influenced by the size of the patient. In this 

study we used a water-filled drum with a diameter of 34 

cm, mimicking a rather corpulent patient. If we had used a 

smaller human phantom, the noise would have been lower, 

and therefore the same visibility of the polyps would have 

been obtained with lower tube charge values. In state-of-

the-art scanners, dose modulation can be used in which the 

tube current can be automatically adapted to the size of a 

patient. The results of this study can be used to determine the 

reference setting for dose modulation. 

With regard to ability to generalize our results to other CT 

scanners, it is important to realize that CT scanners differ in 

effective dose and image quality when scans are obtained 

with identical parameter settings. These differences have to 

be taken into account in translation of our threshold values to 

other scanners. The conclusion of our study, however, applies 

to any CT scanner.

The main factor in visibility of a polyp is its size. The size 

of a polyp correlates with its malignant potential [29–31]. 

Polyps measuring 6–9 mm in diameter, especially polyps 10 

mm in diameter and larger, are associated with increased 

risk of abnormal histologic findings. Polyps smaller than 6 

mm can be disregarded because of minimal risk. This policy 

is endorsed by a CTC consensus proposal by Zalis et al. [9], 

which defines a normal colon as a colon without polyps 

larger than 5 mm, and a European Society of Gastrointestinal 

and Abdominal Radiology consensus statement [32] that a 

reasonable minimum size for reported polyps is 5 or 6 mm, 

depending on local preference.

We found that the visibility of polyps is substantially 

reduced when the polyp is submerged in tagged material 

with relatively low density. In practice, however, the overall 

per-polyp sensitivity would be affected less because not all 

segments are completely filled with tagged material, even if a 

regimen of reduced bowel preparation is undertaken. Owing 

to acquisition of prone and supine images, a polyp may not 

be surrounded by tagged material in both scan positions. 

We believe, however, that one should aim to visualize all 

relevant polyps and thus choose the scan parameters to reach 

this goal. Doing so means that the dose of the scan has to 

be increased in comparison with that of a scan in which the 

colon is completely cleansed. The higher dose level also may 

influence the visibility of extracolonic findings. 
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phase was chosen to more closely resemble a clinical 

situation than did the first phase, it still is an idealization of 

real life. Polyp detection in patients can be more difficult 

than it was in the second phase of the study. Thus tube 

charge values needed in practice to adequately visualize 

6-mm polyps may be somewhat higher than in the study. 

A second limitation was that the colon phantom was 

made of PMMA. This material has an attenuation of 

approximately 120 HU, slightly higher than the 40-HU 

attenuation of colonic wall and polyps in vivo [33]. We 

reported polyp conspicuity as a function of the contrast, 

that is, the difference between the attenuation of polyps 

and that of the luminal content. Our results therefore also 

apply to these contrast levels in vivo in that each contrast 

level corresponds to slightly lower attenuation of the 

tagging material. Because the noise at the location of the 

polyp depends on the attenuation of the tagging material 

(Table 5.1), the noise would also be somewhat lower. One 

can calculate from the data in Table 5.1 that this difference 

is slight (≈ 4%) and that the main outcome of our study 

remains unaffected. 

A third limitation was that we considered detection of 

polyps only in a colon completely filled with contrast 

material. The increase in noise due to increased attenuation 

in the tagged material would be lower in a smaller lumen or 

a lumen only partly filled with tagged material. Therefore, 

in these situations, the visibility of the polyps for the same 

tube charge level would be somewhat better. 

We used a homogeneous iodine solution to mimic colonic 

content because it completely covered the inner surface 

of the phantom. It is known, however, that different types 

of preparation produce tagging with varying degrees of 

heterogeneity [11]. Therefore, a fourth limitation was 

that the influence of heterogeneity of fecal material was 

not evaluated. Heterogeneity may have a negative effect 

on the visibility of colonic lesions. With inhomogeneous 

tagging, it can be expected that the tube charge values 

needed to adequately visualize a 6-mm polyp will have to 

be somewhat increased.

This phantom study is, to our knowledge, the first to show 

the negative influence of tagging on the detectability 

of polyps covered by tagged material. For adequate 

visualization of these polyps, a considerably higher tube 

charge level is needed than for polyps in a cleansed colon, 

especially when the density of the tagging material is low.
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Appendix
Procedure for Measuring Contrast 
Level and Noise
For each filling of the phantom, contrast between the 

polyp and its surroundings and the SD was measured, 

both at the location of the polyps. Because the polyps 

were located at a high-contrast interface that prohibits 

straightforward measurements, the following procedure 

was used. The attenuation of the iodine contrast agent, air, 

and polymethyl methacrylate (PMMA) and the SD of the 

attenuation appeared to vary systematically between the 

center and the periphery of the phantom. Therefore, both 

the average and the SD of attenuation were determined 

in regions of interest consisting of contiguous concentric 

rings around the center of the phantom. The rings were 

2 mm wide and had diameters of 30–46 mm within the 

lumen and 54–60 mm within the PMMA border. Linear or 

quadratic curves were fitted to these values. Contrast was 

taken as the difference between the attenuation of the 

material within the lumen (iodine contrast agent or air) and 

that of PMMA, both extrapolated to a ring with a diameter 

of 47 mm. At the same position, the SD was obtained by 

interpolation with the fitted values at 30–46 and 54–60 

mm (Figure 5.8).

F I G U R E  5 . 8
Measuring contrast level and noise. A and B, Graphs show mean (A) and SD (B) of attenuation in regions of interest with shape of concentric rings 
within lumen of phantom and within polymethyl methacrylate border. Circles indicate measured values; lines, fitted values. Value of contrast and 
SD at site of polyp was taken as difference between fitted values of contrast and SD for ring with diameter of 47 mm (indicated by dashed vertical 
line), on which each polyp is centered. SDs for regions of interest at 48 and 52 mm are high because these regions of interest contain pixels of 
both lumen and border. SD at 50 mm is higher than 100 HU and therefore not shown. 
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86. Abstract 
Objective
We prospectively determined whether computer-

aided detection (CAD) could improve the performance 

characteristics of computed tomography colonography 

(CTC) in a population of increased risk for colorectal cancer.

Materials and methods
We included 170 consecutive patients that underwent both 

CTC and colonoscopy. All findings ≥ 6 mm were evaluated 

at colonoscopy by segmental unblinding. We determined 

perpatient sensitivity and specificity for polyps ≥ 6 mm 

and ≥ 10 mm without and with computer-aided detection 

(CAD). The McNemar test was used for comparison the 

results without and with CAD. 

Results
 Unblinded colonoscopy detected 50 patients with lesions 

≥ 6 mm and 25 patients with lesions ≥ 10 mm. Sensitivity 

of CTC without CAD for these size categories was 80% 

(40/50, 95% CI: 69–81%) and 64% (16/25, 95% CI: 45–

83%), respectively. CTC with CAD detected one additional 

patient with a lesion ≥ 6 mm and two with a lesion ≥ 10 

mm, resulting in a sensitivity of 82% (41/50, 95% CI: 

71–93%) (p=0.50) and 72% (18/25, 95% CI: 54–90%) 

(p=1.0), respectively. Specificity without CAD for polyps ≥ 6 

mm and ≥ 10 mm was 84% (101/120, 95% CI: 78–91%) 

and 94% (136/145, 95% CI: 90–98%), respectively. With 

CAD, the specificity remained (nearly) unchanged: 83% 

(99/120, 95% CI: 76– 89%) and 94% (136/145, 95% CI: 

90– 98%), respectively.

Conclusion
Although CTC with CAD detected a few more patients 

than CTC without CAD, it had no statistically significant 

positive influence on CTC performance. 
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Introduction
Computed tomography colonography (CTC) has 

consistently shown to have a high accuracy for colorectal 

neoplasia, and has recently been included in the official 

guidelines for colorectal cancer screening [1].

In the past years, efforts have been made to in order to 

increase its accuracy, e.g., labeling fecal material with a 

contrast agent (fecal tagging), automatic insufflation and 

improvement of workstations. Despite these efforts, visible 

lesions are still missed, even by well-trained radiologists. 

Computer-aided detection (CAD) is a promising technique 

[2–5] that could be helpful in reducing these falsenegative 

findings [6, 7]. However, even if the CAD performance 

would be excellent, it does not automatically translate into 

equivalent reader performance [8, 9], i.e., CAD hits can 

be disregarded by the observer. This stresses the complex 

interaction between CAD and the observers. 

Recent studies concluded that in a selected population 

CAD significantly improved per-polyp sensitivity for less 

experienced observers [10–13]. Though experienced 

observers benefited proportionally less from CAD [14, 15]. 

Therefore, the potential increase by CAD in accuracy for 

experienced observers is still controversial. 

The additional value of CAD was tested in a selected and 

polyp-enriched population only. This may have a positive 

effect on the observer performance since observers may 

be more easily triggered to detect polyps. Secondly, the a 

priori chance that a finding is indeed a polyp has increased. 

Therefore, the additional value of CAD (that will have a 

similar detection pattern irrespective of the population) may 

be larger.

To our knowledge, the effect of CAD on the performance 

of observers has not been prospectively evaluated in 

an unselected patient population of increased risk for 

colorectal cancer. Therefore, the purpose of this study was 

to determine whether CAD in a second read paradigm 

could improve the performance characteristics in a practical 

setting. Based on indirect comparison of two experienced 

observers and CAD [16], we hypothesized that CAD could 

still improve experienced observer performance.

Materials and methods
The institutional review board of both hospitals approved 

the study. All patients gave written informed consent.

Study population
Consecutive patients with a personal or family history 

of colorectal polyps or cancer were invited to participate 

from February 2006 until July 2007. All patients were 

scheduled to undergo a routine colonoscopy at one or 

other of the two participating hospitals. Exclusion criteria 

were: age under 18 years, pregnancy, personal history 

of inflammatory bowel disease, familial adenomatous 

polyposis, Peutz- Jeghers syndrome, hereditary non-

polyposis colorectal cancer, prior allergic reaction to iodine 

contrast, untreated hyperthyroidism, known colorectal 

polyps that were not removed at an earlier endoscopy. 

Patients ingested 4 l polyethylene glycol electrolyte solution 

(KleanPrep; Helsinn Birex Pharmaceuticals, Dublin, Ireland) 

on the day before and the day of the examinations. If 

contraindicated, other regimes were used. Patients ingested 

50 ml oral iodine contrast (ioxithalamate, 300 mg ml−1) 

(Telebrix, Guerbet, Roissy, France) with each liter of 

polyethylene glycol electrolyte solution. 

All CT-examinations were performed on two different CT 

systems. The CT parameters for the four-slice CT were 120 

kV, 50 mAs (abdominal circumference ≤ 103 cm) or 70 mAs 

(>103 cm), effective slice thickness 3.2 mm, pitch1.25 and 

reconstruction interval 1.6 mm. The CTparameters for the 

64-slice CT were 120 kV, 58 mAs (abdominal circumference 

≤ 103 cm) or 82 mAs (>103 cm), effective slice thickness 

0.9 mm, pitch 0.984 and reconstruction interval 0.7 mm. 

Procedural details and baseline characteristics are listed in 

Table 6.1.



88. Observers
The CTC examinations were evaluated by one observer of 

a group of five observers; one board certified abdominal 

radiologist, two radiology residents (2nd and 4th year) and 

two radiology research fellows. The observers read the 

CTC examinations in a quiet environment not pressured 

to provide rapid reports, although they knew that the 

colonoscopy would be performed within 3 h. They were 

blinded to clinical data.

Although their experience varied, all had seen at least 100 

CTC examinations verified by colonoscopy, often combined 

with additional examinations without direct feedback 

(Table 6.2).

Just prior to the study, all had passed a test of 25 selected 

CTC examinations [17] by scoring above a predefined 

perpolyp sensitivity threshold of 90%. In 12 of these 25 

patients, 19 polyps ≥ 6 mm (one flat lesion) and 10 polyps 

larger than 10 mm could be detected. 

CTC image analysis
The observers were blinded to the CAD results during 

the initial reading. All patients were evaluated with 

a primary three-dimensional (3D) method (Endo 3D 

Unfolded, ViewForum, Philips Medical Systems, Best, 

The Netherlands). This validated method [18] was used 

to increase surface visibility and reduce reading time. 

Additional two-dimensional (2D) displays with instant 

on-screen correlation were used for problem solving. 

Stool subtraction software was not used. The observers 

digitally recorded size (mm), morphology (pedunculated, 

sessile, flat) and colon segment (cecum, ascending colon, 

transverse colon, descending colon, sigmoid colon or 

rectum).

After their unassisted reading they were able to access 

the CAD results. Readers were permitted to discard 

unassisted findings after CAD application. The incorporated 

commercially available CAD algorithm (ColonCAD, Philips 

Medical Systems, Best, The Netherlands) had a fixed 

sensitivity threshold that was not changed during the study. 

TA B L E  6 . 1    Baseline Patient Characteristics and 
Procedural Details of CTC (n=170)

Male/Female 98/72

Age in years: mean ± SD 57 ± 12

Symptomatic (according to referring 
physician)

  45

Abdominal pain    12

Weight loss     2

Changed bowel habits   25

Rectal bleeding  16

Hospital

(blinded for review) 137

(blinded for review)   33

History of colonoscopy or sigmoidoscopy 10 years prior to CTC

Yes 107

No   53

Unknown 10

Patients

Without polyps ≥ 6mm 120

With polyps ≥ 6mm   50

With a polyp ≥ 10mm 25

Bowel preparation

PEG 169

Sodium phosphate     1

CT-system used

4-slicea     7

64-sliceb 163

Spasmolytics

20 mg Butyl scopolamine bromidec 136

1 mg Glucagond   28

No spasmolytics 6

Abdominal circumference

< 103cm   82

≥ 103cm   88

Mean volume of insufflated CO2
e 4.5 l (range: 2.2-7.6)

Mean scanner room examination time 21 minutes (range 12-35)

Number of complications     0

a  Mx 8000, Philips Medical Systems, Best, The Netherlands
b  Brilliance 64, Philips Medical Systems, Best, The Netherlands
c  Boehringer Ingelheim, Ingelheim, Germany
d  Glucagon; Novo Nordisk A/S, Bagsvaerd, Denmark
e  ProtoCO2l, E-Z-EM, Lake Success, N.Y., USA
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The CAD algorithm was trained on annotated polyp data 

from 13 patients from a comparative study of 249 patients 

[19]. These datasets had been verified by colonoscopy and 

contained a total of 80 polyps ≥ 5 mm. In this study, by 

mouse-clicking a listed candidate, corresponding 3D, 2D 

axial and 2D MPR views were shown with a mark on the 

polyp candidate (Figure 6.1).

If the observers identified CAD lesions that were not 

detected in the unassisted evaluation, these could be added 

to the initial list of findings. 

Interpretation time and image quality
Interpretation times for the unassisted read and for the 

evaluation of CAD candidates were recorded with a 

stopwatch for both the prone and supine positions.

When the reading was completed, the observer assessed 

the degree of colonic distension and quality of the fecal 

tagging on a four-point Likert-scale (good, sufficient, 

moderate, poor). The overall quality of the examination 

was assessed as ‘diagnostic’ or ‘non-diagnostic’. If the 

quality was assessed as ‘non-diagnostic’ by the examining 

physician, the patient was excluded. 

TA B L E  6 . 2      Number of Read CTC Cases per Observer and Observer Experience with and without 
Colonoscopic Verification

Number of read cases Nr. of endoscopic examinations with 

colonoscopic verfication 

Nr. of endoscopic examinations 

without colonoscopic verficationb

Observer 1 31/170 500 CTC 225 CTC

Observer 2 36/170 300 CTC and 300 MRC 225 CTC

Observer 3 29/170 300 CTC 75 CTC

Observer 4 36/170 230 CTC and 30 MRCa 100 CTC & 240 MRC

Observer 5 51/170 100 CTC

a  Including: Matching polyps in 200 CTC studies of patients of increased risk.

b  Including: 25 test patients

F I G U R E  6 . 1
Screenshot of both monitors of the workstation displaying the patient in the supine (left) and prone positions (right). 
The white arrows mark a 16 mm sessile polyp that was detected by both CAD and the observer



90. Colonoscopy
All patients underwent colonoscopy within 3 h after CTC. 

A gastroenterologist (>200 colonoscopies), or fellow or 

nurse under direct supervision of a staff member performed 

the colonoscopy with a standard colonoscope (CF-140L; 

Olympus, Tokyo, Japan). Chromoendoscopy or narrowband 

imaging to improve flat polyp detection was not performed. 

Patients received on request midazolam (Dormicum, Roche, 

Basel, Switzerland) and fentanyl (Hameln Pharmaceuticals, 

Hameln, Germany) or propofol (Fresenius Kabi, Uppsala, 

Sweden) and fentanyl. The examination was digitally 

recorded.

Polyp characteristics (size, morphology and segmental 

location) were documented on a case record form by an 

attending research nurse. Polyp size was measured with 

open biopsy forceps (8 mm). The determination of the 

morphology of polyps was done by the gastroenterologist 

based on the endoscopic classification of superficial 

neoplastic lesions [20]. In this classification, flat polyps 

were defined as lesions with a maximum height of 2.5 mm 

(closed cups of biopsy forceps). Segmental unblinding was 

performed for CT lesions 6 mm or larger. Histology was 

obtained at colonoscopy, except in those cases in which 

polyp removal was technically impossible or when material 

was lost during the procedure.

Determination of lesion status
Observers were instructed that only hyperplastic, 

adenomatous (advanced and not-advanced) and potentially 

malignant lesions were considered true-positive lesions. 

This qualification was based on the histology report or – if 

histology was not acquired – based on the endoscopic 

report.

For CTC, a polyp was considered true-positive, if: (1) 

its appearance resembled the corresponding polyp 

at colonoscopy, (2) its segment or adjacent segment 

corresponded with the reference standard segment 

and (3) the polyp size as estimated by the endoscopist 

corresponded with size as measured on CTC, considering 

a margin of error of 50%. Since the colonoscopy 

measurement is subject to inaccuracy [21, 22] this criterion 

could be overruled by the first two criteria.

Polyps ≥ 6 mm at colonoscopy that were not identified 

by the observer without or with CAD, were re-evaluated 

with knowledge of the colonoscopic findings by a research 

fellow with experience of more than 300 CTC examinations 

verified by colonoscopy. In this re-evaluation the nature 

of all detection errors ≥ 6 mm (false-negative findings) 

was assessed and differentiated between perception errors 

(visible in retrospect) and non-perception errors (lesions not 

visible in retrospect).

Lesions not confirmed by colonoscopy ≥ 6 mm (false 

positives) were assessed by consensus by two experienced 

research fellows (300 colonoscopy verified CTC). The 

consensus panel determined whether the finding was 

related to bowel preparation. 

Power calculation
Based on a prior feasibility study [16], we expected a 15% 

increase in sensitivity. In order to determine a statistically 

significant increase of 15% for polyps ≥ 6 mm, at least 39 

lesions were required. For this approach, a McNemar test 

with continuity correction and a p value of 0.05 to indicate 

statistical significance was used. Based on prior studies in 

this patient population, we assumed that the prevalence 

of patients with polyps ≥ 6 mm would be 25% [23]. We 

therefore required a minimal number of 39/0.25= 156 

patients. The total number of patients determined was 170. 

Outcome parameters per patient
Sensitivity, specificity, positive- and negative-predictive 

values of CTC without and with CAD were calculated. 

Sensitivity and number of false-positive findings were 

calculated for CAD without interaction of the observers 

(stand alone). Furthermore, sensitivity was calculated for 

unblinded colonoscopy. The outcome parameters were 

determined for polyps ≥ 6 mm and ≥ 10 mm.

A patient was considered true-positive if CTC detected 
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at least one polyp seen at colonoscopy, based on the 

matching criteria described previously. A patient was 

categorized as false negative if CTC detected no polyps 

(although present at the reference standard) or only those 

of a lower size category in comparison to the reference 

standard.

We used the McNemar test to compare per-patient 

sensitivity and specificity values between CTC without 

and with CAD.

Outcome parameters per polyp
We calculated the per-polyp sensitivity for CTC without 

and with CAD, CAD (stand alone) and blinded colonoscopy 

for lesions 6–9 mm and ≥ 10 mm. In this study, more 

than one polyp was detected in some patients. Therefore, 

generalized estimating equations (GEE) (SPSS, 15.0, 

Statistics, Chicago, USA) was used to revise the data 

clustering and dependency. In the GEE, the adjusted 

confidence intervals with regard to per-polyp sensitivity for 

CTC and blinded colonoscopy (i.e., before unblinding of 

CTC results) were assessed for CTC without and with CAD. 

In this same GEE method, regression analyses were done to 

compare the sensitivity values. 

Outcome time parameters
The median interpretation time of the CTC reading without 

CAD and the median time to evaluate all CAD results were 

calculated.

Prevalence of flat polyps stratified for 
endoscopic colon examination
Because a relatively high number of flat polyps were 

detected in this population we retrospectively determined 

whether a colon examination 10 years or less prior to the 

CTC in the patient’s history could effect the prevalence 

of these polyps. The rationale for this retrospective study 

was an article published by MacCarty et al. [24] that 

suggested a higher prevalence of polyps in patients who 

had undergone a previous endoscopic colon examination. 

We did not specify the type of colon examination in 

colonoscopy, sigmoidoscopy or proctoscopy because it was 

not always clear which part of the colon was examined. 

The arbitrary period of 10 years was chosen since we 

assumed this would be the period from a polyp to grow 

into a tumor and a colon examination executed earlier may 

have effect the prevalence of flat lesions at CTC.

The prevalence of polyps in the group that had undergone 

a colon examination and the group that had not were 

compared with the McNemar test and stratified for size. 

Results
Of 448 eligible patients that were scheduled to undergo 

optical colonoscopy during the inclusion period, 170 

‘diagnostic’ examinations were included in this study 

(Figure 6.2). The baseline characteristics and procedural 

details are listed in Table 6.1.

The degree of bowel distention was assessed as ‘good’ 

or ‘average’ in 161 patients (95%), ‘moderate’ in eight 

patients (5%) and ‘poor’ in one patient (1%).

Fecal tagging was assessed as ‘good’ or ‘average’ in 

144 patients (85%), ‘moderate’ in 24 (14%) and ‘poor’ 

in two patients (1%). 

Reference standard
Unblinded colonoscopy revealed that 50 out of 170 

patients (29%) harbored one or more polyps ≥ 6 mm 

and 25 of 170 patients (15%) one or more polyps ≥ 10 

mm. Table 6.3 displays the histological and morphological 

characteristics. One colorectal carcinoma (50 mm) was 

found.

Per-patient analysis
The per-patient sensitivity and specificity is displayed 

in Table 6.4. CAD did not significantly alter per-patient 

sensitivity and specificity for lesions ≥ 6 mm and ≥ 10 mm. 

Assisted by CAD, the observers detected one additional 

patient with a lesion ≥ 6 mm and two additional patients 

with a lesions ≥ 10 mm, resulting in a sensitivity of 82% 
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(p=1.0) and 72% (p=0.5), respectively.

Two patients were erroneously classified as having a lesion 

≥ 6 mm after accepting a CAD hit and no patients without 

a lesion ≥ 10 mm were wrongly added to the list.

CAD on a stand-alone basis detected 74% (37/50) and 

64% (16/25) of the patients with lesions ≥ 6 mm and

≥ 10 mm. There was no statistically significant difference 

between the observers and CAD in the respective size 

categories (p=0.375 and p=1.0).

CAD had a median number of nine hits per-patient (25–

75% quartiles: 5–15). Blinded colonoscopy detected 96% 

(48/50) and 100% (25/25) of the patients in the respective 

size categories. As displayed in Table 6.4, both the positive- 

and negativepredictive values of the observers with and 

without CAD were nearly unchanged. 

448
eligible patients scheduled 

for colonoscopy 

378 requested 

210 participants 

70 patients not requested. 
Reasons: 

Unreachable
Logistical problems 

168 patients refused 

194 scanned patients 

16 patients did not participate later on 
Reasons: 

Declined before CTC n=15 
Unable to understand informed consent

170 patients for analysis 

24 patients excluded for analysis 
Reasons: 

CTC of insufficient quality
CAD did not function
Incomplete colonoscopy
Segmental unblinding not performed
CTC was technical not feasible

CTC 

n = 61 
n = 9 

n = 15
n = 1

n = 11
n = 7
n = 3
n = 2
n = 1

F I G U R E  6 . 2
The flowchart of this study

TA B L E  6 . 3    The Histology and Morphology of 

Polyps Seen and Removed During Colonoscopy.

6-9mm

(n=58)

≥ 10mm

(n=30)

Non-adenomatous lesions 24   4

Adenomatous lesions 

classified as ‘advanced’

  4 20

Adenomatous lesions 

classified as ‘not advanced’

23   0

Unknown histology   7   4

CRC   0   1

Sessile 40   7

Pedunculated   5   9

Flat 13 13

Tumor   0   1
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Per-polyp analysis 
Per-polyp sensitivity for polyps of 6–9 mm and ≥ 10 mm 

are displayed in Table 6.4. CAD detected one lesion 6–9 

mm and three polyps ≥ 10 mm initially missed by the 

observer, but it did not significantly increase sensitivity 

of the observer for the respective size categories (p=0.31 

and p=0.08). No true-positive CAD hits were erroneously 

dismissed by observers. Per-polyp sensitivity was better for 

polyps 6–9 mm than for polyps ≥ 10 mm, without CAD as 

well as with CAD. To a large extent this can be explained 

by the difficulty of the observers and CAD in detecting 

the relative prevalent number of undetected flat lesions 

≥ 10 mm; 23% (3/13) of the flat lesions ≥ 10 mm were 

detected without CAD and 31% (4/13) with CAD (Figure 

6.3). Figure 6.4 shows that the largest part (6/10) of the 

missed flat large lesions (either without or with CAD) were 

not visible in retrospect (non-perception errors). Since these 

polyps cannot be detected, it is difficult to assess exactly 

why these non-perception errors were missed. 

The three polypoid perception errors 6–9 mm (Figure 6.4) 

were missed because they were situated on a fold (n=1), 

were clearly smaller than 6 mm when measured on CT 

(n= 1) or could be defined as flat on CT (n=1). The two 

polypoid perception errors ≥ 10 mm were missed because 

they were situated on a fold (n=1) or because of unclear 

reasons (n=1).

Of the 53 false positive lesions detected by the reader 

without CAD, 23 (43%) findings were according to 

consensus related to bowel preparation. None of the four 

false-positive findings suggested by CAD and incorporated 

in the final list by the observer were related to bowel 

preparation. 
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F I G U R E  6 . 3
The left histograms show the sensitivity of polypoid lesions of 6–9 mm (n=45) and ≥ 10 mm (n=17), the right histograms show the sensitivity of 
lesions lesions of 6–9 mm (n=13) and ≥ 10 mm (n=13 )with a flat morphology. The difference in sensitivity between polypoid and flat lesions is 
more striking at lesions ≥ 10 mm
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TA B L E  6 . 4     Results of CAD Without and With CAD on a Per-patient and Per-poly Basis (%)

(95% CI in parentheses)

P
E

R
 

P
A

T
I

E
N

T

CTC without CAD CTC with CAD

Sensitivity ≥ 6mm 80% (69-91)

40/50

82% (71-93)

41/50

64% (45-83)

16/25

72% (54-90)

18/25

Specificity ≥ 6mm 84% (78-91)

101/120

83% (76-89)

99/120

≥ 10mm 94% (90-98)

136/145

94% (90-98)

136/145

Positive predictive value ≥ 6mm 68% (56-80)

40/59

66% (54-78)

41/62

≥ 10mm 64% (45-83)

16/25

67% (48-84)

18/27

Negative predictive value ≥ 6mm 91% (86-96)

101/111

92% (86-97)

99/108

≥ 10mm 94% (90-98)

136/145

95% (92-98)

136/143

P
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R
 

P
O

L
Y

P

Sensitivity 6-9mm 83% (72-90)

48/58

84% (73-92)

49/58

≥ 10mm 60% (43-75)

18/30

70% (51-84)

21/30

Total number of false positive lesions 6-9mm 42 45

≥ 10mm 11 12

number of missed CT lesions without CAD
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F I G U R E  6 . 4
The number of false-negative findings and distribution of 
perceptive and non-perceptive errors among flat and non-flat 
lesions
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Although CAD did not significantly increase sensitivity, it 

did not significantly alter specificity either: three extra false-

positive lesions 6–9 mm and one extra lesion ≥ 10 mm in 

170 patients were added to the list of the observer (Table 

6.4).

CAD on a stand-alone basis detected 72% (42/58) of the 

polyps 6–9 mm and 60% (18/30) of the polyps ≥ 10 mm. 

Blinded colonoscopy detected 95% (55/58) of the polyps 

6–9 mm and 100% (30/30) of the polyps ≥ 10 mm.

Interpretation time
The observers had an a median interpretation time of 16 

min 00 s (25–75% quartiles: 11 min 35 s-23 min 6 s) to 

complete the examination and a median time of 1 min 26 

s (25–75% quartiles: 28 s-2 min 46 s) to evaluate all CAD 

results after the initial reading.

Prevalence of flat polyps stratified for 
endoscopic colon examination
Sixty-three percent (107/170) of the patients had 

undergone an endoscopic colon examination prior to CTC, 

31% (53/170) had not. For ten patients, the history could 

not be retrieved. Of the polyps 6–9 mm, in patients with 

a history of endoscopy 27% (12/44) were flat, in contrast 

to 8% (1/12) of the polyps in patients without a history of 

endoscopy (p=0.259). Of the polyps ≥ 10 mm, in patients 

with a history of endoscopy 60% (9/15) were flat, in 

contrast to 33% (4/12) of polyps in patients without a 

history of endoscopy (p=0.168). Thus, the prevalence of 

flat polyps in both size categories was higher in the group 

that had undergone colon examination, though statistical 

significance was not reached.

Discussion
Although CAD in a second-read paradigm detected one 

additional patient with a lesion ≥ 6 mm and two patients 

with a lesion ≥ 10 mm, it did not significantly improve per-

patient sensitivity in this increased risk patient population. 

Several CTC studies in which the additional value of CAD 

was evaluated (after the interaction with the observer) have 

reported good results in terms of polyp detection [12, 25–

27]. All concluded that the observers detected statistically 

more polyps with CAD.

In contrast to these studies, we did not find a significant 

additional value for CAD. The study design of these studies 

differs from our study in a number of aspects: patient 

selection, inclusion and exclusion criteria and reference 

standard. However, we think that the most important 

difference between the aforementioned studies and our 

study is the fact that the observers in our study were more 

experienced, i.e., more than 100 CTC cases verified by 

colonoscopy. Since there is good evidence that experience 

in CTC results in less false-negative findings [28, 29], it is 

logical that it is more difficult to substantially increase the 

sensitivity of the observer with CAD. In studies that report 

data about the additional value of CAD on experienced 

observers [30, 31], experienced observers benefited 

proportionately less from CAD when compared with the 

inexperienced readers. This finding is supported by the 

results of this study.

Although a CAD algorithm has the potential to decrease 

the number of perceptual errors by exposing the observer 

to candidate lesions, it cannot account for interpretative 

errors. In the above-mentioned papers, a significant 

increase of false positives have been reported. Though the 

specificity in this study was not significantly increased, there 

were only two patients erroneously classified as having a 

lesion. Both false-positive lesions measured 6– 9 mm, none 

was larger than 10 mm.

Even though the sensitivity of the observers was low (i.e., 

72% for lesions ≥ 10 mm), CAD was not able to increase 

their performance. In our opinion, the reported sensitivity 

requires looking for causes in the population itself. All 

nine polyps ≥ 10 mm missed by the observer with CAD 

had a flat morphology (Figure 6.4). These flat polyps are 

an important cause of false-negative findings [32, 33]. In 

this population, 13 of the 30 lesions ≥ 10 mm were flat 

and therefore an important explanation of the moderate 
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The unexpectedly high number of flat lesions may be 

related to the history of patients; MacCarty et al. [34] 

reported in a prospective study of 75 consecutive patients 

that more than 50% of the false negatives missed by 

experienced readers were not even visible in retrospect 

in a population that had been screened by colonoscopy 

5 years prior to CTC. Nearly all these polyps were flat. 

In this study population, the prevalence of flat lesions 

was higher (although not statistically significant) in the 

group of patients that had undergone a colonoscopy or 

sigmoidoscopy prior to CTC as well (Table 6.1).

We concur with MacCarty and coworkers that previous 

screening could aversively affect CTC sensitivity in two 

ways: first, it is likely that many easy-to-see polyps 

would be detected and removed at the initial screening, 

and fewer hard-to-see polyps would be detected and 

removed; second, endoscopic polypectomy may have been 

incomplete. Remnants of polyps are flatter than the original 

intact lesions, and would, therefore, be more difficult to 

detect. So we think that the selection of patients has an 

important influence on the test characteristics.

The type of bowel preparation, i.e., extensive or reduced, 

with or without oral contrast (iodine and/or barium) may 

influence the performance in terms of polyp detection and 

number of false-positive findings of CAD; polyps can be 

covered by fecal material or fecal remains may simulate 

polyps. In this study, we used PEG as an extensive bowel 

preparation for colonoscopy, combined with Telebrix 

that has a laxative effect as well. Although we have not 

evaluated the nature of all CAD candidates, the additional 

value of CAD did not seem to be impaired by this type 

of bowel preparation used in this study, since none of 

the false-positive lesions incorporated in the final list 

of the observers were prep-related and only two of 22 

falsenegative findings were covered by fecal material 

(although we think this is not the reason why they were 

missed).

This study has limitations; due to the small time-frame 

between the CTC and colonoscopy, the patients could be 

read by only one observer out of a group of five different 

observers. Each observer had a different level of experience. 

Therefore, although no statistically significant difference in 

sensitivity was measured between the observers, and none of 

the observers had a significant improvement in performance 

after CAD (data not shown), the bestperforming observers 

could have leveled out the sensitivity of the least performing 

observers. Still, the situation as described in this paper 

is similar to the practical setting of many hospitals; each 

examination will not be read by five different radiologists but 

by only one of a pool of experts.

Secondly, the level of experience of the group of five readers 

was relatively high. It is likely that the additional value of 

CAD would be larger if the data were read by a relatively 

inexperienced reader group [35, 36]. Therefore, our 

conclusionmay not apply to relatively untrained readers.

Thirdly, we evaluated CAD using a primary 3D reading 

paradigm. Although the discussion as to whether to read 

the data in 2D or 3D is still not settled, a (slight) superiority 

in terms of polyp detection with 3D is reported by some 

studies [37, 38]. Since the reported sensitivities of a primary 

2D paradigm tend to be lower, CAD may have a larger 

additional value when used in a 2D reading protocol.

Fourthly, the relatively large number of flat polyps may limit 

the generalization of the results of this study. However, if 

we leave out all 26 flat polyps, and we only consider the 

remaining 62 polypoid lesions, we still cannot demonstrate 

a significant contribution of CAD to the sensitivity of the 

observer. This number was still more than the 39 polyps that 

were needed to demonstrate a 15% sensitivity difference 

according to our power analysis. 

In conclusion, although CTC with CAD in a second read 

paradigm detected a few more lesions than CTC without 

CAD, CAD has no statistically significant positive influence 

on CTC performance in an increased-risk population when 

used by a relative experienced group of observers.
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102. Abstract. 
Objective
Matching of prone and supine positions in 

CT colonography may improve accuracy of polyp detection. 

The purpose of this study was to investigate the feasibility 

of automatic prone-supine matching in CT colonography 

using proven polyps as fixed points of reference. 

Material and Methods
The method is based on similarities in the direction of 

centre-lines and allows for compression and extraction of 

the centre-lines in both positions. To illustrate the impact of 

the match error of the new method in practice, the visibility 

of the matched polyps in a primary three-dimensional 

unfolded cube setting was determined as well. The method 

was compared with a method that relies on the normalized 

distance along the centre-line (NDAC method).

Results
The median absolute match error was 14 mm (range 

0–59 mm, average 20 mm) either proximal or distal from 

the actual polyp in prone position. In the observer study, 

70% (26/37) of the polyps were directly visible in prone 

view. The overall difference in median absolute match 

error between both methods was small (2 mm), although 

half way along the centre-line there were polyps with 

substantial differences in match error (larger with NDAC). 

Conclusion
We concluded that automated prone-supine matching of 

CT colonography studies is feasible and has a low match 

error. The difference with the NDAC method was small 

and not significant, although half way along the centre-line 

some differences were seen.
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Feasibility of Automated Matching of Supine and Prone CT Colonography Examinations

Introduction
Colorectal cancer is the second leading cause of cancer-

related mortality in the western world. CT colonography 

is considered as a potential screening tool for colorectal 

cancer. To improve the accuracy of polyp detection, 

patients are both scanned and examined in the prone and 

supine position. Combining information from these scans 

will assist the reviewer in evaluating colon segments and 

differentiating polyps from faeces or folds. As most faecal 

material is subject to gravity, combining both scans may be 

able to increase specificity of CT colonography. 

Since reference-points (e.g. hepatic flexure) are often not 

fixed, manual verification of findings on supine and prone 

positions may be a time-consuming activity. Using an 

automated supine-prone matching algorithm may facilitate 

this process, and may lead to a more efficient interpretation 

of CT colonography. 

The method evaluated in this article is based on similarities 

in direction of the centre-line and allows for compression 

and extraction of the centre-lines in both positions.

The first aim of the study was to assess the feasibility of 

automated matching of supine and prone CT colonography 

examinations with colonoscopically proven polyps as 

fixed points of reference. Therefore the match error was 

calculated. The visibility of matched polyps was determined 

as well. This was carried out in a three-dimensional setting 

after a match with this new method was calculated. Third, 

the method was compared with a method that relies on the 

relative location between start and end of both paths.

Materials and methods
To evaluate the algorithm, CT colonography examinations 

with colonoscopically proven polyps (>5 mm) were used. 

These examinations formed part of a comparative study 

of CT colonography and colonoscopy in a surveillance 

population [1]. All polyps could be identified three 

dimensionally in both prone and supine positions. The 

polyps in both positions were linked, based on the three 

criteria of size, location and morphology. Polyps were 

excluded in cases where there could be doubt about the 

accuracy of these links.

After manual insufflation of colon and rectum and 

intravenous administration of either 20 mg butylscopolamine 

bromide (Buscopan; Boehringer-Ingelheim, Ingelheim, 

Germany) or 1 mg glucagon hydrochloride (Glucagen; 

Novo Nordisk A/S, Bagsvaerd, Denmark), patients were 

scanned with a four-slice CT scanner (Mx8000; Philips 

Medical Systems, Best, The Netherlands) in supine and 

prone positions. Scanparameters were as follows: 120 kV, 

collimation 4 mm 62.5 mm, rotation-time 0.75 s, pitch 1.25, 

slice-thickness 3.2 mm, reconstruction interval 1.6 mm and 

reconstruction filter C. The tube-current varied between 25 

mAs and 70 mAs depending on the waist circumference of 

the patient.

Following scanning, centre-lines were calculated 

semiautomatically; a ‘‘seed’’ was placed in the proximal colon 

and discontinuities of the colon were bridged manually. 

For calculation of the centre-line, software was used to 

reconstruct the colon three-dimensionally (Easy Vision; 

Philips Medical Systems, Best, The Netherlands). The 

matching of prone and supine was performed based on two 

principles:

1    maximal alignment of centre-line-directions of both 

prone and supine positions.

2    limited compression or expansion of the centrelines to 

make the maximal alignment of corresponding segments 

possible. 

In order to reach maximal alignment, the outcome of the 

following function needs to be minimum:

(xdiri – xdirj)² + (ydiri – ydirj)² + (zdiri – zdirj)²fi,j =

Low values of fi,j imply a small difference in centre-line 

direction (dir) between sample points i (prone) and j (supine) 

in the three dimensions (x, y and z), indicating a good 

match. In this step, the points with the same direction in 

both positions are therefore matched as well as possible.

Second, since corresponding directions of both centrelines 
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expansion and compression of the paths was applied. To 

avoid matching of the hepatic flexure in supine position 

to a curvature in the sigmoid colon in prone position, a 

penalty-value for expansion and compression of the paths 

was applied. This penalty value was proportional to the 

expansion or compression used. Therefore, the more the 

centre-line was manipulated in order to match parts with a 

similar direction, the higher the penalty value was.

The sum of the outcome of the function of maximal 

alignment and the penalty value of the expansion/ 

compression formed the match cost.

With the use of dynamic programming [2], the match cost 

was computed for each possible combination of points 

on the centre line in both positions. The combination of 

points was made such that the total cost (i.e. the sum of all 

individual costs) was minimal.

The performance of the algorithm was measured using the 

absolute match error (in millimetres). This match error was 

calculated by measuring the distance from the actual polyp 

location to the calculated (expected) polyp position, [A] 

(Figure 7.1). This was done along the central axis in prone 

position after the match was made.

To illustrate the impact of the match error of the new 

method in practice, the visibility of the matched polyps in 

a primary three-dimensional unfolded cube setting was 

determined as well. This was done by a research fellow (JF, 

medical doctor), who had evaluated over 100 primary three-

dimensional 

CT-colonographies (all colonoscopically verified). The 

reviewer was presented a polyp in supine position that was 

to be indicated in the adjacent prone position, after the 

match was calculated (Figure 7.2). 

The visibility was measured on a four point scale:

I.    The corresponding polyp was clearly visible without 

scrolling along the central axis.

II.    As I, but to be certain the reviewer scrolled along the 

central axis.

III.   The corresponding polyp could not be seen instantly, 

but was traceable after scrolling along the central 

axis within a margin of 150 mm from the calculated 

location.

IV.   The corresponding polyp could not be found by the 

reviewer within a margin of 150 mm from the initial 

spot of the virtual camera.

The match was considered successful if the matched polyp 

could be classified under category 1 or 2. This method was 

compared with a method based on the relative location 

between start and endpoint of this centre line (Normalized 

Distance Along the Centre-line, NDAC) [3]. Here, the 

beginning of the centre-line, the caecum, is located at 

index 0 on the path and the end, the rectum, is defined as 

index 1. All other points will have indices between 0 and 1. 

The NDAC absolute match error is then defined as: 

Absolute match error= 

[NDACpolypsupine-NDACpolypprone] × Length Central 

Axis prone

Supine

Prone

Polyp position

Calculated polyp position

Match error

Camera position

Calculated cameraposition

A

A

F I G U R E  7 . 1
The performance of the algorithm was calculated by measuring 
the distance from the actual polyp location in supine position to 
the calculated (expected) polyp position in prone position after the 
match was made. (A, match error). 
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F I G U R E  7 . 2
User interface panel shows both the supine and prone dataset in 
an unfolded three-dimensional rendering, in a twodimensional axial 
rendering and in a volume rendered overview of the colon. On 
the left the supine position was displayed, on the right the prone 
position. Interactive navigation along the pre-calculated centre-line 
was possible. This panel shows a calculated match. In this example 
a match error of 27 mm was measured and the corresponding polyp 
was immediately visible (category I). This match error must not be 
confused with the difference in ‘‘distance along path’’. The matching 
was evaluated with the use of a colonoscopically proven polyp 
(arrow) (Prototype based on EasyVision; Philips Medical Systems, 
Best, The Netherlands). 

The Wilcoxon-test was performed to test for differences in 

absolute match error in both methods. The null hypothesis 

was that there was no difference between both methods. 

With a p-value of less than 0.05, this hypothesis could be 

rejected. 

Results
32 of the 249 CT colonography studies from the former 

study included one or more polyps >5 mm that were 

visible in both supine and prone examinations. These 32 

examinations included 53 polyps (5 mm or larger) visible 

in both positions. One polyp in two patients was excluded 

because of invisibility on the three dimensional display. 

These polyps in the rectum were both hidden behind the 

balloon of the inserted catheter and could only be seen in a 

two-dimensional read.

One patient was excluded because 12 of the 14 polyps 

were situated in the rectum and sigmoid. Here there could 

be doubt about the correctness of the exact linking of the 

polyps seen in colonoscopy and colonography since many 

morphologically less specific polyps were seen. 
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F I G U R E  7 . 3
A   The absolute match error of the method based on the maximal alignment of the centre-line plotted against the relative location of a polyp 

along the centre-line in supine position. The 0 on the x-axis corresponds to caecum and 1 to rectum.
B   The absolute match error of the NDAC method plotted against the relative location of a polyp along the centre-line in supine position. 

The 0 on the x-axis corresponds to caecum and 1 to rectum. The three arrows indicate polyps from three different patients with a relatively 
large absolute match error.

In total, 16 polyps in three patients were excluded.

Of the remaining 37 polyps, 26 (70%) were sessile, 

8 (22%) were pedunculated and 3 (8%) were flat. 

24 polyps were 5–9 mm, 11 polyps were 10–14 mm 

and 2 polyps were larger than 15 mm. These were both 

carcinomas (5%). Of the remaining polyps 14 (38%) were 

adenomas, 10 (27%) were non-adenomas and of the 

remaining polyps histology was not obtained.

Two polyps were situated in the descending colon and 

four polyps in the rectum. In the remaining four segments, 

7 to 9 polyps were situated. Four of the 29 patients had 

undergone a hemicolectomy. 

The median absolute match error was 14 mm (range 

0– 59 mm, average 20 mm) either proximal or distal from 

the actual polyp in prone position. In the observer study, 

70% (26/37) of the polyps was directly visible in prone 

view. Of these directly visible polyps, 20 polyps (54%) were 

seen instantly without flying though the colon (category I), 

the remaining 6 polyps (16%) were also instantly visible, 

but the observer chose to move the virtual camera over 

a small distance to verify the polyp (category II). The 

remaining 11 polyps (30%) could not be seen instantly 

but all were found after a flight through the colon within 

150 mm of the matching position (category III).

When the NDAC method was applied to our 

CT colonography examinations, this resulted in a median 

absolute match error of 16 mm (range 0.5–105 mm, 

average 26 mm), slightly larger than the other method. 

There was no significant difference (p50.502) in match 

error between both methods. 

Half way along the centre-line three polyps were visible, 

with a substantial difference in match error in favour of the 

method of maximal alignment of centrelines (Figure 7.3). 

These polyps were all situated in the transverse colon. None 

of these three patients had undergone a hemicolectomy.

Discussion
This study shows that the matching of prone and supine 

CT colonography examinations is feasible; the median 

absolute match error was 14 mm and 70% of all polyps 

were visible after the match was made.

The overall difference in median absolute match error 

between both methods was small (2 mm), although 

half way along the centre-line there were polyps with 

substantial differences in match error (larger with NDAC). 

All these polyps were situated in the transverse colon.

The transverse colon is the largest intraperitoneally situated 

colonic segment [4] that can move relatively freely in the 
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abdominal cavity. We assume that this is the most mobile 

part of the colon, based on our observations of the three-

dimensional overviews in both positions. The fact that 

polyps with a substantial difference in match error are 

situated in this segment might suggest that the method 

that relies on maximal alignment of centre-lines has an 

advantage in this mobile region. 

The methods of matching prone and supine positions 

were evaluated based on the assumption that the included 

polyps were (immobile) true polyps and, second, that the 

actual link between these polyps in both positions was 

correct. In case there was doubt about the status of the 

polyp and linking, the polyp was excluded. With these 

exclusion criteria a very robust reference standard was 

created. Consequently, using this reference standard we 

were able to determine most precisely the matching quality 

of the methods.

Matching is important in determining whether a suspected 

lesion is a polyp or faecal material. A rule of thumb is that a 

suspected lesion with an unchanged position in prone and 

supine is most likely a polyp, while a change of position 

is related to stool. An accurate matching algorithm is 

therefore helpful to reduce the number of false positive 

findings in an efficient way. 

Pitfalls in diagnosis can be caused by adherent stool 

mimicking a polyp, in case faecal tagging is absent or 

inadequate. On the other hand, pedunculated polyps (large 

stalk) or polyps situated in mobile segments may move 

(or seem to move) when both positions are compared. 

Therefore, when assessing whether a suspicious finding is 

a polyp, it is important not only to take the location into 

account, but also homogeneity and morphology of the 

lesion.

Incorporated in a CAD algorithm, this matching tool 

could also be used to reduce the number of false positive 

findings. Na¨ppi et al [5] used a region-growing scheme 

with distance calculations to divide the colonic lumen into 

overlapping segments that match in the supine and prone 

data sets. Polyp candidates detected by means of a CAD 

scheme were eliminated if they could be seen in only one 

of the two corresponding segments.

A limiting factor for generalizing the visibility of the 

matched polyps is the use of a 3D unfolded cube method 

for reviewing the data. Using this method, 70% of the 

polyps could be seen instantly when the match was made. 

This review method may have had a positive influence on 

the percentage of polyps that were seen instantly, since the 

unfolded cube display method creates a 360°view without 

major distortion of the image.

Although evaluated here in a 3D-setting, the method of 

matching prone and supine datasets can be applied in a 

2Dsetting as well. This can be done on condition that a 

centreline is calculated through both corresponding colons. 

Theoretically, the matching quality of the method of 

maximal alignment is not altered by absence of a part of 

the beginning or ending of a centre-line in one position 

(e.g. caecum or rectum). In other words, the absence of 

baseline adjustment, a condition in other clinically evaluated 

methods [3, 6, 7], will not have a large influence on the 

match error in this new method. This baseline adjustment 

may not be possible in patients with an inadequately 

distended or insufficiently cleansed caecum or rectum in 

one position. Although this condition was not present in 

any of the data sets used, this proposition was confirmed 

in a test case. Here we removed 50 cm of the beginning of 

the centre-line without large consequences for the match 

error in the remaining colon segments.

The design of this feasibility study, with selected polyps 

as fixed reference points, precludes an assessment of 

the clinical value of the matching tool. Further study 

should assess matching quality and time efficiency of the 

matching tool in a series of unselected CT colonography 

examinations.

From this study we conclude that automated pronesupine 

matching of CT colonography studies is feasible and 

the difference in median absolute match error from 

theNDACmethodwas small and not significant, although 

half way along the centre-line (transverse colon) more 

pronounced differences were seen in some cases.
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110. Abstract
Objective
To assess variability and systematic differences of polyp 

measurements of colonoscopy and CT colonography.

Materials and Methods
Gastroenterologists measured 51 polyps by visual 

estimation, forceps comparison and linear probe. 

CT colonography observers randomly assessed polyp 

size of these polyps two-dimensionally (abdominal and 

lung window) and three-dimensionally (manually and 

semi-automatically). We used linear mixed models to 

assess variability and systematic differences between 

CT colonography and colonoscopy techniques.

Results
The variability of forceps and linear probe measurements 

were comparable and showed both less variability than 

measurement by visual assessment. Measurements by linear 

probe were 0.7mm smaller than measurements by visual 

assessment or by forceps. Variability of all CT colonography 

techniques was smaller compared to measurements 

by forceps or visual assessment and sometimes smaller 

(only 2D lung window and manual 3D) compared to 

measurements by linear probe. All CT colonography 

measurements measured polyps larger than colonoscopy 

varying from 0.7 mm to 2.3 mm.

Conclusion
A linear probe does not reduce the measurement variability 

of endoscopists compared to the forceps. Measurement 

differences between observers in CT colonography were 

most often smaller compared to measurements by optical 

colonoscopy. Polyps appear larger when using various 

CT colonography techniques than when measured during 

colonoscopy. 
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Introduction
CT colonography has consistently shown to have a high 

accuracy for the detection of colorectal neoplasia [1]. The 

method is less invasive and less burdensome than optical 

colonoscopy [2]. However, assessment of malignancy 

by obtaining tissue samples for histological analysis 

is not possible with this technique. As a surrogate for 

histopathology, polyp size is used for patient management 

strategies [3].

Currently, according to the American screening guidelines 

of CT colonography [4], all patients with a large polyp 

(10mm or larger) or medium sized polyp (6-9 mm) should 

be referred for colonoscopy. However, whether these 

medium sized polyps are an indication for colonoscopy is 

still under debate since the prevalence of advanced features 

was reported to be low[5;6]. Surveillance for growth with 

CT colonography has been suggested as a safe alternative 

[7]. Small (<6mm) polyps may be safely left in situ because 

of a negligible risk of malignant transformation.

So, size is crucial for decision making in CT colonography. 

Differences in polyp size measurements between 

CT colonography and colonoscopy should be minimal to 

avoid difficulties in the choice of management.

Two pivotal in-vitro studies report an underestimation 

of polyp size by the endoscopists and an accurate or 

slight overestimation of CT colonography[8;9] compared 

with colonoscopy measurements. However, factors 

that may influence polyp measurement such as difficult 

viewing angles or bowel motility are not considered in 

these analyses. Several in-vivo studies about differences 

in polyp size measurements and variability between 

CT colonography and optical colonoscopy have been 

published [10-13] as well. In these studies different 

CT colonography review modes, window settings and 

automatic measurement tools were compared to one 

of the various colonoscopy reference standards e.g. 

measurement by linear probe or forceps. These studies 

did have contradictory results i.e. some studies reported 

an underestimation [10;11] of polyp size whereas others 

reported an overestimation [12] of polyp size by 2D and 3D 

CT colonography measurements.

A comparison of the various CT colonography and 

colonoscopy measurement techniques within one 

study most likely will give more insight into the level of 

agreement between these measurement techniques. 

Therefore the purpose of our study was to assess the 

variability in size measurements within CT colonography 

and colonoscopy techniques. The variability can be 

considered a result of an inherent difference of techniques 

and/or differences of observers using the technique. 

Secondly, the purpose was to assess systematic differences 

in polyp size measurements between CT colonography and 

optical colonoscopy techniques.

Material and Methods
The study was approved by the institutional review board 

of our institute, and all patients provided written informed 

consent for participation in this study. 

We compared 2D (abdominal and lung window) and 3D 

(manual and semi-automatic) CT colonography techniques 

with optical colonoscopy measurement techniques i.e. 

measurement by visual estimation, by comparison with a 

forceps and comparison by a calibrated linear probe. The 

respective measurements were done by three experienced 

CT colonography readers and three experienced 

colonoscopists on identical colorectal polyps. Patients were 

enrolled from two comparative studies of CT colonography 

and optical colonoscopy [14;15]. Polyps detected in these 

patients were used in a later phase for this measurement 

study. 

Inclusion and exclusion criteria 
measurement study
Patients were excluded from the measurement study if 

the colonoscopy examination was not digitally stored, 

measuring devices were not available during the 

examination, or there was too much time pressure to 

properly execute the three different measurements during 
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and patients with too many polyps that therefore could not 

be properly matched, were excluded as well. Polyps were 

included in the measurement study if they (1) were seen 

with both modalities, (2) measured by all techniques during 

the recorded colonoscopy, (3) were estimated at least 4mm 

(to be sure that all medium sized polyps would be included) 

and not larger than the linear probe (20mm) based on 

initial visual assessment by the executing endoscopist, 

(4) were not (partially) covered by fecal material in both 

positions during CT colonography (which would require 

electronic cleansing to sustain 3D measurement) and (5) 

were unambiguously matched.

A polyp detected on both CT colonography and optical 

colonoscopy was matched based on two criteria; (1) its 

appearance visually resembled the corresponding polyp 

at the colonoscopy movie and (2) its segment or adjacent 

segment corresponded with one of the six the reference 

segments. The polyps were matched to the colonoscopy 

findings by a research fellow with an experience of at 

least 150 CT colonography examinations verified by 

colonoscopy. A maximum of three polyps per patient 

were included to prevent substantial lengthening of the 

colonoscopy procedure.

CT colonography
Patients were scanned in supine and prone position 

after intravenous administration of bowel relaxants 

(20 mg butylscopolamine; Buscopan; Boehringer 

Ingelheim, Germany or, if contraindicated, 1 mg glucagon 

hydrochloride; Glucagon; Novo-Nordisk, Bagsvaerd, 

Denmark). CO2 was automatically insufflated up to 

maximum patient tolerance (PROTOCO2L, EZ-E-M, Lake 

Success, USA). Intravenous contrast was not administered. 

For the exact preparation schemes we refer to the 

comparative studies from which the polyps for this study 

were enrolled[14;15]. In short, oral iodine contrast was 

added to the patient’s low fiber diet at least one day before 

the examination. In study I [14] this preparation scheme 

was combined with 4 l polyethylene glycol electrolyte 

solution (KleanPrep; Helsinn Birex Pharmaceuticals, Dublin, 

Ireland). 

Examinations were performed on a 64-slice CT-scanner 

(Brilliance, Philips Healthcare, Best, the Netherlands). The 

collimation was 64*0.625 mm, pitch 1.2, slice thickness 

0.9 mm, rotation time 0.4 s and tube voltage 120 kV. In 

Study I [14] the tube current was either 58 mAs or 82 mAs 

depending on the abdominal circumference (respectively 

less than 102,5cm or larger). In Study II [15] the tube 

current was modulated automatically (reference 40 mAs). 

Colonoscopy
Within two weeks after CT colonography, optical 

colonoscopy was performed by an experienced staff 

member or a gastroenterology fellow under direct 

supervision of the attending gastroenterologist. All patients 

had undergone an extensive bowel preparation consisting 

of 4 liter of polyethylene glycol and a low-fiber diet. The 

procedure was done with a standard colonoscope (CF-

140L; Olympus, Tokyo, Japan). The colonoscopy was 

videotaped and subsequently digitally stored. Segmental 

unblinding was performed according to the findings of 

CT colonography. 

During colonoscopy a polyp was measured by three 

different techniques in succession; by (1) visual assessment, 

(2) comparison with an opened forceps with a size of 8 mm 

and (3) a calibrated linear probe (Figure 8.1). The linear 

probe (Olympus, Tokyo, Japan) had ten markings with 

a spacing of 2 mm on the distal flexible tip. During the 

procedure polyps were recorded with respect to size (these 

measurements were not used in this study), morphology 

and segment for patient management purposes and polyp 

matching purposes. Digital movie extracts of the polyp 

measurements were later presented to three experienced 

endoscopists in the framework of this polyp measurement 

study.
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Assessment of polyp size at 
CT colonography
The measurements in the framework of the polyp 

measurement study were done by three observers who 

had read respectively 200, 500 and 500 CT colonography 

studies verified by colonoscopy. The measurement of each 

polyp was done on a tailor made computer program based 

on the ViewForum workstation.

Using this program measurements were done 2D and 

3D. In 2D, each polyp was measured in a reformatted 

cross sectional plane through the polyp. The plane could 

be rotated to identify the longest object dimension. 

A polyp was measured by placing electronic calipers 

along the largest diameter in the reformatted image. 

Measurements were done in a preset window width and 

level setting of 1500/-50 HU (lung window) and 400/40 

HU (abdominal window). The 3D measurements were 

done both manually and semiautomatically. The observers 

were instructed to measure the maximum diameter by 

electronic calipers in the endoluminal display. The semi-

automatic measurements were based on automatic 

measurements using a prototype algorithm that will be 

integrated in future ViewForum software. The observers 

either accepted these measurements of the algorithm or 

modified the measurements manually by repositioning 

the two software cursors. The measurements were done 

on the default surface-rendered colonic wall threshold 

setting of ViewForum of -650 HU. The observers were 

explicitly instructed to carefully place the cursors at the 

edge of the polyp and to not let the cursors ‘fall off’ the 

edges of the polyp. Like in our clinical practice, we used 

the larger of the two measurements performed in prone 

and supine position to avoid under treatment. To avoid 

recall bias, polyp size (mm) was not displayed after the 

measurement was performed i.e. the CT colonography 

observers were blinded to their own size measurements. 

Each 2D measurement using the abdominal window setting 

was directly followed by a 3D semiautomatic measurement. 

The 2D measurement in lung window was directly followed 

by a manual 3D measurement. These paired measurements 

were performed in random order. There was an interval of 

at least one day between these clustered measurements. 

Assessment of polyp size at colonoscopy
The three experienced gastroenterologists had performed 

more than 1,500 and 5,000 and 2500 colonoscopies 

respectively. For each polyp three separate movie extracts 

were made, each corresponding to one measurement 

method (visual assessment, forceps or linear probe). 

All the extracts were presented in random order to the 

F I G U R E  8 . 1
The three different measurement techniques of colonoscopy; visual assessment (left), 
measurement by forceps (middle) and measurement by calibrated linear probe (right).
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Each movie extract was rated by each colonoscopist as 

‘good’, ‘sufficient’ and ‘insufficient’ depending on the 

possibility to properly assess the polyp’s largest diameter. 

Each gastroenterologist was blinded for the measurements 

by the other gastroenterologists as well as for the 

measurements that were done during CT colonography and 

the initial colonoscopy.

Statistical analysis
The difference in measured sizes between the mostly 

used colonoscopy measurement techniques (i.e. forceps 

and visual assessment) and the various CT colonography 

measurements were illustrated by Bland- Altman plots. In 

a Bland-Altman plot the mean value of two measurements 

is plotted against their difference [16]. The data consist of 

measurements on the same polyp by three experienced 

CT colonography readers and three experienced 

endoscopists with different techniques. For this study 

we used a linear mixed (regression) model. The model 

contained the following parameters:

1.  fixed parameters to estimate the systematic 

differences in size measurement between techniques 

(technique as independent variable); i.e. to estimate 

whether measurement technique A measured polyps 

systematically larger or smaller than measurement 

technique B;

2.  heterogeneous error variance structure to estimate the 

residual variance (variability) for each technique. We 

assumed that the variability of measurements within 

a technique is an indication for the precision of the 

measurement technique: the smaller the difference 

between the observers, the better the technique [17]. 

To test whether the residual variance (obtained by the 

model above) was statistically different between two 

techniques we fitted the same model but then assuming 

that residual variances of these techniques were similar. 

The Akaike’s information criterion (AIC) values of the 

models were compared using a chi2 distribution with 

one degree of freedom. If the models did not differ (i.e. 

the models had a comparable AIC), the variances in size 

measurements between the techniques were considered 

similar. A poorer fit (higher AIC) of the latter model 

would indicate that the residual variances (variability) in 

measurement were different[18].

3.  fixed effect parameters to estimate the systematic 

differences in size measurement between observers 

within a technique (observers within a technique as 

independent variable) i.e. to estimate whether observer 

A measured polyps consequently larger or smaller than 

observer B when using the same technique.

To illustrate the variability within the measurements of 

observers per technique and the variability within the 

measurements between techniques, we used Bland-Altman 

plots. In these plots we have corrected for systematic 

differences between observers since we assumed that 

these differences could be corrected by calibrating the 

measurements.

All analyses were performed using the linear mixed model 

procedure of a commercially available statistical software 

program (proc mixed, SAS Institute Inc 9.2, Cary, USA). 

P-values of < 0.05 were considered statistically significant. 

Results
Polyp characteristics: In this study 192 patients were 

included (Figure 8.2). Fifty-one polyps in 44 patients 

fulfilled the selection criteria. Fifteen polyps of Study I [14] 

and 36 polyps of study II [15] were included.

The mean age of the participating patients was 61 years 

(SD 7.2) and consisted of 27 (66%) men. Thirty-seven 

polyps revealed an adenomatous histology, seven a 

hyperplastic histology and of six polyps the histology could 

not be retrieved. One carcinoma was included. Twenty-

four polyps were classified by the executing endoscopist 

as sessile, six polyps as flat (according to the Paris criteria 

[19]) and 21 polyps as pedunculated. Ninety percent of 

the visual assessment movie extracts, 85% of the forceps 

measurement movie extracts and 74% of the linear probe 



115.

Polyp Measurement Based on CT Colonography and Colonoscopy: Inter-Observer Variability and Systematic Differences

measurements movie extracts were rated at least ‘sufficient’ 

by the gastroenterologists. The median duration of the 

extracts was 33 seconds (P25-P75: 21-52s). The average 

polyp size (as measured by the different measurement 

techniques) is displayed in Table 8.1. The table shows that 

measurements by CT colonography tend to measure polyp 

size larger than measurements by colonoscopy, especially 

when using 2D lung window and semi-automatic 3D 

measurements. 

The difference of size measurement between techniques 

between the mostly used colonoscopy measurement 

techniques (i.e. forceps and visual assessment) and the 

various CT colonography measurements are illustrated by 

the Bland-Altman plots in Figure 8.3 and Figure 8.4.The 

figures show that CT measures polyp size larger than 

forceps (Figure 8.3) and visual assessment (Figure 8.4). 

Using the linear regression model we determined the 

systematic differences in size measurement between 

techniques and the variability between techniques. The 

results are presented in Table 8.2. 

TA B L E  8 . 1   Average Polyp Size (SD)

Colonoscopy

Visual assessment 8,1(7,0-9,3)

Forceps 8,1(7,1-9,0)

Linear probe 7,4(6,5-8,4)

CT colonography

2D abdominal window 8,8 (7,9-9,7)

2D lung window 9,7 (8,8-10,7)

3D manual 9,3 (8,4-10,2)

3D semi-automatic 9,7 (8,7-10,7)

Systemic difference between techniques
Table 8.2 shows that measurements by visual assessment 

and forceps are systematically 0.69 mm larger than 

measurements by linear probe. Visual assessment 

and measurement by forceps do not differ. All four 

CT colonography techniques measure polyp size larger than 

192 participating patients 

166 patients

92 patients,
135 polyps included

Patients excluded because of logistic reasons

No copy of colonoscopy

No linear probe available

Not enough time to measure

n = 6

n = 11

n = 9

Patients without polyps ≥ 4 mm

Patients with too many polyps to properly match polyps

95 polyps

Polyp larger than 20 mm

Polyp not seen on CT

Polyp very difficult to reach by measurement tools

Other

64 polyps

51 polyps

Unambiguous matching

No 3D measurement possible in both positions

No forceps/ linear probe measurements done

Other

n = 71

n = 3

n = 14

n = 19

n = 6

n = 1

n = 31

n = 7

n = 4

n = 2

F I G U R E  8 . 2
Flowchart
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TA B L E  8 . 2      Systematic Differences in Size Measurements Between Techniques and Estimates of
Inter-observer Variability Within Techniques as Estimated by Linear Mixed Models.

Technique 1 Technique 2

Mean systematic 

difference in size 

measurement between 

techniques (SD) p

variability of 

measurements 

within 

technique 1

variability of 

measurements 

within 

technique 2 diference variance p

visual assessment forceps 0.03  (-0.53; 0.58) 0.92 7.53 4.42 3.11 0.0052

visual assessment linear probe 0.71  (0.17;1.26) 0.01 7.53 3.94 3.59 0.0005

forceps linear probe 0.69   (0.22; 1.15) 0.004 4.42 3.94 0.48 0.24

visual assessment 2D abdominal window -0.65  (-1.17; -0.14) 0.01 7.53 2.87 4.65 < 0.0001

visual assessment 2D lung window -1.61  (-2.10; -1.12) < 0.0001 7.53 1.97 5.56 < 0.0001

visual assessment 3D -1.19  (-1.68; -0.70) < 0.0001 7.53 2.02 5.51 < 0.0001

visual assessment 3D semi automatic -1.59  (2.10; -1.08) < 0.0001 7.53 2.68 4.85 < 0.0001

forceps 2D abdominal window -0.68  (-1.11; -0.25) 0.002 4.42 2.87 1.55 0.0455

forceps 2D lung window -1.63  (-2.04; -1.23) < 0.0001 4.42 1.97 2.45 < 0.0001

forceps 3D -1.21  (-1.62; -0.81) < 0.0001 4.42 2.02 2.40 0.0002

forceps 3D semi automatic -1.62  (-2.05; -1.19) < 0.0001 4.42 2.68 1.74 0.027

linear probe 2D abdominal window -1.37  (-1.79; -0.95) < 0.0001 3.94 2.87 1.06 0.29

linear probe 2D lung window -2.32  (-2.71; -1.93) < 0.0001 3.94 1.97 1.97 < 0.0001

linear probe 3D -1.90  (-2.29; -1.51) < 0.0001 3.94 2.02 1.92 0.0022

linear probe 3D semi automatic -2.31  (-2.72; -1.89) < 0.0001 3.94 2.68 1.26 0.16

F I G U R E  8 . 3
Most of the dots of this Bland-
Altman plot are situated above 
the horizontal axis. This illustrates 
that CT measures polyp size most 
often larger than measurements 
by forceps.
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the three colonoscopy techniques, varying from 0.65 mm 

(visual assessment versus 2D abdominal) to 2.32mm (linear 

probe versus 2D lung window). These differences were 

highly statistically significant. In general, the differences 

between CT and colonoscopy are smallest when polyps 

were measured in a 2D abdominal window setting and 

largest if the measurements were done in a 2D lung 

window setting or a 3D semi automatic mode. 

Variability between techniques
We always applied the heterogeneous error variance 

structure. In Table 8.2 the variability of the various 

measurement techniques is displayed. Visual assessment 

showed more variability compared to forceps and linear 

probe measurements, the latter two did not differ. So, 

linear probe measurements are not more precise than 

measurements by forceps. Colonoscopy techniques 

in general showed more variability compared to 

CT colonography techniques. Among the CT colonography 

measurements manual 3D measurements and measurement 

in a 2D lung window showed the least variability. Thus, 

these techniques lead to less difference between observers. 

Difference between observers within 
techniques
These differences were used to calculate the adjusted 

measurements i.e. adjusted for the systematic measurement 

differences between observers. The adjusted measurements 

are illustrated in Figure 8.5. The spread of dots in the 

Bland-Altman plots in Figure 8.5 represent the variability 

of the measurement techniques. The variability of the 

colonoscopy techniques is larger than the CT colonography 

techniques. The manual 3D measurement technique and 

the 2D measurement in lung window show the least 

variability.

F I G U R E  8 . 4
Most of the dots of this Bland-Altman 
plot are situated above the horizontal 
axis. This illustrates that CT measures 
polyp size most often larger than 
measurements by visual estimation. 
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Discussion
This study shows that polyp size measured by linear 

probe does not reduce measurement variability compared 

to polyp size measured by forceps. The endoscopists 

measured polyps significantly larger when using a forceps 

or by visual estimation compared to using a linear probe. 

CT colonography observers measured polyps larger than 

endoscopists. Furthermore, measurement differences 

between observers in CT colonography were smaller, 

especially in manual 3D measurements and measurements 

in a 2D lung window, compared to measurements by 

optical colonoscopy. 

Measurement studies are hampered by the lack of a 

reference standard of sufficient quality. Frequently used 

standards are measurement by sliding caliper after polyp 

removal, and endoscopic measurement by a forceps or 

linear probe [10-13;20-22].

Sliding caliper after polyp removal is not ideal. Vascular 

collapse, polyp desiccation from cautery, compression of 

the polyps after removal with a grasper or by suctioning 

through the endoscope may all contribute to a reduction 

in size of the reference polyp [21]. Because of the 

underestimation of polyp size and the fact that mainly 

pedunculated polyps can be removed in toto (bias), we 

did not consider these measurements as reference values 

in this study. On the other hand, endoscopy is not an 

ideal technique either [23;24], because the maximal 

diameter cannot always be displayed perpendicular to the 

direction of view and the endoscope images with a wide 

viewing angle may lead to optical distortion. Moreover, 

peristalsis and tortuousity of the colon will reduce the 

possibility to properly assess polyp size. This may lead to 

imperfect polyp size measurement. An in-vitro reference 

standard can be constructed very precisely. However, 

when using a phantom the influence of factors as colonic 

distension, difficult viewing angles or bowel movement on 

polyp measurement are difficult to assess. Therefore the 
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accuracy of different measurement techniques applied in 

a clinical situation may be overestimated. Because of the 

abovementioned drawbacks of comparing measurements 

with a suboptimal reference standard we have chosen 

for a different approach by determining variability and 

systematic differences of various measuring techniques. 

We assumed that the variability is an indication for the 

accuracy of the measurement technique: the smaller the 

difference between the observers, the better the technique 

[17]. However, a small variability does not rule out a large 

systematic error to the truth.

Conflicting results about the accuracy of CT colonography 

measurements in in-vivo measurement studies 

[10-12] have been published. In these studies in 

which colonoscopy was used as reference standard, 

underestimation [10;11] and overestimation [12] of 

polyp size by 2D and 3D CT colonography measurements 

has been reported. The reference standard in these 

studies was either a measurement by linear probe or 

forceps during colonoscopy. Our findings may explain 

in part the differences between previous studies that 

used the measurements of a gastroenterologist as 

reference standard. The fixed observer effects of our 

full model revealed that systematic differences between 

observers exist. The systematic differences were larger 

for colonoscopy measurements (up to 3mm, data not 

shown) than for CT colonography measurements (up to 

1.1mm, data not shown). Using this model we assumed 

that systematic differences between observers can be 

avoided or repaired in practice by training. So, the operator 

dependency of colonoscopy measurements may be an 

explanation for the different conclusions drawn from the 

comparative measurement studies. Our study showed 

that polyp size is measured larger by CT colonography 

techniques than by colonoscopy techniques. As a 

consequence, in practice patients would more easily 

be referred for colonoscopy. We have shown that the 

magnitude of the difference depends on the compared 

techniques i.e. the mean differences were smallest in 

2D abdominal window measurements and largest when 

using 2D lung window settings or 3D semi automatic 

measurements (Table 8.2 and Figure 8.3 and 8.4). 

However, the difference also depended on observers since 

structural differences between observers exist i.e. some 

observers systematically measure polyps larger than others. 

Therefore, it is not possible to determine a general adjusted 

CT threshold for referral. 

The executing endoscopists often experienced positioning 

of the linear probe as more difficult than the positioning of 

a forceps. This may be due to the eccentric mounting of 

the probe (Figure 8.1). As a consequence the measurement 

often had to be performed in the periphery of the field of 

view, which made measurements more difficult. Therefore

using a linear probe often produces a semi-subjective 

estimate instead of an exact measurement.

This may explain the fact that the tool does not reduce 

differences in measurement between gastroenterologists. 

Moreover, the differences in measurement between 

gastroenterologists using a linear probe would be probably 

even larger if we had not excluded polyps that were 

measured larger than 20 mm (i.e. the length of the linear 

probe). This has created a bias against CT colonography 

that can more easily measure these types of large lesions. 

However, the referral strategy for polyps of 20 mm or 

polyps larger than 20mm is the same i.e. colonoscopy. 

Just a few studies have evaluated variability of different 

techniques. Fennerty et al. showed in a phantom study 

that polyp size measured using a forceps significantly 

differed between observers [23]. To our knowledge no 

studies have been published that evaluated variability 

between equivalent observers in both CT and colonoscopy 

measurement techniques for the same polyps. 

This study had limitations. In this study we did not have a 

true reference standard. We have chosen for this approach 

because of the abovementioned arguments. However, our 

data match with the data of Punwami et al. and Park et 

al. [8;9] in the sense that polyps are measured smaller by 

endoscopists than by CT colonography. The colonoscopy 
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influence the movement of the endoscopic camera, 

the administration of additional bowel relaxants or the 

insufflation of additional air. By asking the actual executing 

colonoscopists (not the three colonoscopy observers) to not 

only position the measurement tool but also try to measure 

polyp size, we have aimed to maximise the quality of the 

measurement movie.

Their commitment is reflected by the median captured 

video length of 33 seconds of the measurement abstract. 

Despite this commitment, the quality of 9% of the visual 

assessment movie extracts and 26% of the linear probe 

measurement movie extracts was rated as ‘insufficient’ by 

our observers. In our opinion this reflects the difficulty of 

proper placement of the endoscope and measurement tools 

for measurement purposes in practice.

We used a single dedicated workstation for 

CT colonography polyp measurement. For 3D 

measurement we used a surface rendered reconstruction. 

The images were reconstructed with a threshold of 650HU. 

According to Park et al. optimal surface-rendering threshold 

value for accurate polyp measurement is approximately 

-500 HU. This may have (marginally) overestimated polyp 

size using 3D measurement by approximately 0.3mm [25].

We used an interval of at least one day between the 

clustered CT colonography polyp measurements. Although 

there is the possibility of recall bias using this relatively short 

interval, the large number of randomised measurements 

(hundreds per observer) and the fact that the observers 

were not aware of the actual size measurement in mm may 

have ruled out recall bias to a large extent

In this study the results were based on the measurements 

of only three experienced CT colonography observers 

and only three experienced colonoscopists. Although this 

is more than used in most measurement studies, it may 

limit the generalisability. In conclusion, measurements 

by linear probe are not more precise when compared 

to forceps measurements. Moreover, CT colonography 

measurements are more precise and measure polyps larger 

than colonoscopy.
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124. Summary

This thesis addresses different aspects of CT colonography 

that all clinically evaluate technical developments in 

CT colonography. 

The extensive bowel preparation is often described as the 

most burdensome aspect by patients that have undergone 

colonoscopy and CT colonography [1;2]. Reducing the 

laxative component of the bowel preparation may increase 

the patient’s willingness to participate in a screening or 

surveillance program; however image readability may 

diminish because more colon surface is covered by fecal 

material.

In Chapter 2 40 consecutive patients who were randomized 

to four mild bowel preparation schemes that had an 

increasing laxative component were compared. 

Group 1 received 20 mg of bisacodyl, group 2 received 

30 mg of bisacodyl, group 3 received 20 mg of bisacodyl 

(as group 1) and an additional 8.2 g of magnesium citrate, 

and group 4 received 30 mg of bisacodyl (as group 2) and 

an additional 16.4 g of magnesium citrate. All patients used 

a two-day low-fiber diet and received oral iodine contrast 

and barium for fecal tagging. The groups were compared 

on diagnostic quality of the images and perceived patient 

burden.

The results demonstrated that the diagnostic quality was not 

negatively affected by reducing the laxative components in 

the bowel preparation (i.e. bisacodyl and magnesium citrate). 

The diagnostic quality of the group that had undergone the 

least laxative bowel preparation (group 1) was still rated 

good or excellent. Yet, a higher dosage of laxatives was 

significantly associated with a higher burden of diarrhea and 

a perceived higher overall burden of bowel preparation.

Based on these findings the conclusion was drawn that 

CT colonography with limited bowel preparation, using 

barium and ionic iodinated contrast agents for fecal tagging, 

requires only minimal doses of laxatives - in our study only 

20 mg of bisacodyl - to obtain good diagnostic quality and 

to minimize patient burden. Since the image quality of the 

most patient-friendly bowel preparation is rated as at least 

“good”, it is likely that the patient burden can even be 

further reduced. 

In reading CT colonography examinations there are basically 

two approaches: it can be done two-dimensionally (2D) or 

three-dimensionally (3D). In practice 2D and 3D images are 

used complimentary.

A review method is named primary 2D if 2D images are used 

for the primary reading; 3D images are then only used for 

problem solving. Alternatively, the review method is named 

primary 3D if 3D rendered images are used for the primary 

reading of the examination with complementary 2D images 

for problem solving.

Using a primary 3D review method may be of restricted 

value in patients that have undergone a limited bowel 

preparation since fecal material may obscure substantial parts 

of the colon in both prone and supine position. Therefore, an 

algorithm that virtually removes fecal material (i.e. electronic 

cleansing) is required to improve the reading of these 

images.

In Chapter 3 the effect of an electronic cleansing algorithm 

on lesion conspicuity, evaluation time, assessment effort 

and observer confidence in a selected patient population 

was reported. This feasibility study was performed using a 

primary 3D review method.

For this study two experienced CT colonography observers 

compared CT colonography examinations before and after 

electronic cleansing. Based on their findings, we discovered 

that lesions uncovered by electronic cleansing had a 

similar conspicuity compared to lesions that were already 

surrounded by air. Furthermore, the electronic cleansing 

algorithm decreased evaluation time, lowered assessment 

effort, and increased observer confidence compared to 

CT colonography without electronic cleansing. So, from this 

study we concluded that the algorithm improves primary 3D 

evaluation in CT colonography.
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Summary and General Discussion

In Chapter 4 electronic cleansing was evaluated in an 

unselected patient population that had undergone a 

reduced bowel preparation. This was done by comparing 

two different reading strategies i.e. primary uncleansed 2D 

and primary electronically cleansed 3D. The comparison 

was done in terms of accuracy, reading time and diagnostic 

quality. These two reading strategies are the obvious choice 

for examinations of limited preparation.

The results showed that the detection of clinically relevant 

polyps by six trained but relatively inexperienced observers 

was significantly higher when using a primary electronically 

cleansed 3D method. Experienced observers, however, 

performed overall better than inexperienced observers and 

performed equally well using both methods. Specificity was 

not affected when using primary electronically cleansed 3D. 

Despite its superior performance in polyp detection for the 

relatively inexperienced observers, primary electronically 

cleansed 3D was more susceptible for artifacts than the 

2D alternative. This resulted in an inferior rating of the 

diagnostic quality of primary electronically cleansed 3D 

examinations. Primary 3D was less time efficient for most 

observers as well.

The use of oral contrast provided the possibility to reduce 

the laxative component of the bowel preparation in 

CT colonography. As mentioned above, this may reduce 

the patient burden of bowel preparation. Consequently, 

more colon surface will be covered by fecal material. And 

even though oral contrast is added to the patient’s diet, 

the difference in grey values on CT of the polyp relative 

to its surrounding (and therefore its detectability) is often 

reduced.

In Chapter 5 our objective was to determine the influence 

of contrast material and radiation dose on the visibility of 

colorectal polyps. Therefore, a study was conducted using 

an anthropomorphic phantom. In this study three observers 

determined the visibility of six millimeter polyps submerged 

by contrast material of various densities (grey values) 

scanned at different radiation doses. The study showed that 

to adequately visualize a polyp covered by fecal material 

(especially fecal material of low density) a considerably 

higher radiation dose is needed than to adequately visualize 

a polyp surrounded by air. 

In Chapter 6 the additional value of a computer aided 

detection (CAD) algorithm was determined. Promising 

results of CAD reducing the number of missed lesions for 

less experienced observers have been published. However, 

the additional value of CAD for experienced observers 

is still controversial. Furthermore, in previous studies 

performance of CAD was investigated in selected and 

polyp-enriched populations only. This may have had a 

positive effect on the observer performance.

Therefore, we determined whether CAD in a second read 

paradigm could improve the performance of experienced 

observers in a population of 170 consecutive patients at 

increased risk for colorectal cancer.

In this population, CAD detected one extra medium 

size lesion (6–9 mm) and three extra large polyps (≥ 

10 mm) initially missed by the observer. Consequently, 

the sensitivity of CT colonography without CAD for 

patients with lesions ≥ 6 mm and ≥ 10 mm increased from 

respectively 80% and 64%, to 82% and 72% with CAD. 

This small increase was not statistical significant. Specificity 

with and without CAD remained (nearly) unchanged.

Thus, although CT colonography with CAD detected a 

few more patients than CT colonography without CAD, 

it had no statistically significant positive influence on the 

performance of experienced observers in a population at 

increased risk for colorectal cancer. A drawback of this 

study was the relative high number of flat, difficult-to-see 

polyps. This drawback will be discussed in the ‘General 

Discussion’ section of this chapter.

Currently it is common sense to scan patients in both 

supine and prone position. This is done to improve the 

accuracy of polyp detection. Combining information from 

these scans will assist the reviewer in differentiating polyps 
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to gravity; in most cases fecal material will have another 

position when the patient turns over.

Manual verification of findings on supine and prone positions 

may be a time-consuming activity since reference-points 

(e.g. hepatic flexure) are often not fixed. An automated 

matching method may facilitate this matching process.

In Chapter 7 the feasibility of automatic prone-supine 

matching was evaluated using thirty-seven proven polyps 

as fixed points of reference. For this study we used an 

algorithm that was based on similarities in direction of the 

centre-line of the colon in both positions.

The study was done using a primary 3D display method. 

The results showed that in prone position all polyps could 

be seen within a median range of 14 millimeter (range: 0 - 

59 mm) of the position calculated from the polyp’s location 

in supine position; consequently most of the polyps (70%) 

were directly visible in prone view.

CT colonography is an examination that visualizes the colon 

but does not offer the therapeutic option of polypectomy 

(in contrast to optical colonoscopy). Currently, according to 

the American screening guidelines of CT colonography [3], 

all patients with a large polyp (10mm or larger) or medium 

sized polyp (6-9 mm) should be referred for colonoscopy. 

However, whether these medium sized polyps are an 

indication for colonoscopy is still under debate. Surveillance 

for growth with CT colonography has been suggested 

as a safe alternative [4]. Small polyps (<6mm) maybe 

safely left in situ because of a negligible risk of malignant 

transformation. Thus, size is crucial for decision making in 

CT colonography.

The purpose of the study in Chapter 8 was to assess the 

variability of measurements within CT colonography and 

optical colonoscopy and secondly, to assess systematic 

differences in polyp size measurements between these 

techniques. The respective measurements were done by 

three experienced CT colonography observers and three 

experienced gastroenterologists.

Based on these measurements we concluded that:

1   Measurement differences between gastroenterologists are 

not smaller when using a linear probe compared to when 

using a forceps;

2   Gastroenterologists measured polyps significantly larger by 

forceps or by visual estimation than by linear probe;

3   Measurement differences between observers in 

CT colonography are smaller, especially using manual 

3D measurements and measurements in a 2D lung 

window setting, compared to measurements by optical 

colonoscopy;

4   CT colonography observers measure polyps larger than 

endoscopists.

General Discussion

This thesis demonstrates that 

•  The image quality of CT colonography in patients that 

have undergone a limited bowel preparation using a 

two-day low-fiber diet, oral iodine contrast and barium 

for fecal tagging and 20mg bisacodyl is not worse 

compared to bowel preparation schemes with a larger 

laxative effect. However, limiting the laxative component 

does improve patient acceptance. 

•  For relatively inexperienced observers, electronic 

cleansing is a useful tool in reading CT colonography 

studies of limited prepped patients. For experienced 

observers, however, there is no additional value.

•  One has to be careful with reducing radiation dose 

in the limited prepped patients because of a reduced 

contrast between the bowel wall and the lumen. The 

reduced contrast leads to reduced polyp conspicuity.

•  Computer aided detection in a second read paradigm 

(i.e. as backup observer) does not significantly increase 

observer performance of experienced observers.

•  Prone and supine matching is feasible. 

•  CT colonography observers tend to measure polyp size 

larger and with less variability than gastroenterologists.
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Summary and General Discussion

Recently published large and well designed studies show 

that CT colonography has proven to be a good method for 

the detection of colorectal cancer and its precursors in a 

screening population (i.e. individuals with an average risk 

for colorectal cancer) [5;6]. The studies show a per-patient 

sensitivity of 90% for lesions of 10mm or larger [5] or a 

detection rate for these lesions equal to colonoscopy [6].

However, in the comparative study of CT colonography and 

colonoscopy in Chapter 6 reported a per-patient sensitivity 

of 72% for these advanced lesions. The detection rate 

of the well-trained observers combined with CAD as 

second reader was therefore nearly 20% less than in the 

abovementioned studies.

An important difference between the studies was the 

patient population. The present study was executed in a 

patient population of increased risk for colorectal cancer 

i.e. a population with a personal or familial history of 

colorectal cancer. This population differed from an average 

risk screening population in two aspects: the relative high 

prevalence of lesions and the unusually high number of 

large flat lesions.

The latter has resulted in a relative large number of 

undetected lesions in the present study; mainly the flat 

lesions were missed by CT colonography observers and 

CAD. The superior performance of colonoscopy in this 

respect may be related to the fact that colonoscopy does 

not only rely on morphology (as does CT) but also other 

features such as changes in vascularity or mucosal structure 

of the colonic wall.

The unusually high number of flat lesions may be related 

to the patient’s endoscopy history. Previous endoscopic 

screening could affect the sensitivity of CT colonography 

in a later stage in two ways. First, it is likely that many 

easy-to-see polyps and fewer hard-to-see polyps would be 

detected and removed at earlier colonoscopy. As a result 

the percentage of hard-to-see polyps increases. Second, 

a previous endoscopic polypectomy may have been 

incomplete. The remnants may be flatter than the original 

intact lesions resulting in a hard-to-see polyp.

Improving detection of these hard-to-see flat lesions 

by training, improved CT data acquisition or dedicated 

computer aided detection algorithms may be of limited 

value in improving polyp detection in this population, 

because the majority of these relevant lesions could not 

even be seen in retrospect. Therefore, the question rises 

whether an increased risk patient population should 

undergo surveillance with CT colonography instead of 

the current gold standard (colonoscopy). In line with 

this, some investigators have proposed that the use of 

CT colonography in a surveillance population has to be 

considered with caution. This proposition is endorsed by 

our results.

To maximize patient’s willingness to participate in a 

surveillance or screening program for colorectal cancer, 

the patient burden of CT colonography needs further 

reduction. As shown in Chapter 2, this can be done by 

reducing the laxative component of bowel preparation that 

causes diarrhea and abdominal pain. The study showed 

that the subjective image readability was not impaired 

by reducing the laxative component of the preparation. 

Therefore it is likely that the bowel preparation in the 

present study (that consisted of 20 mg bisacodyl combined 

with a low fiber diet and barium and iodine contrast 

material) can be further reduced without impairment of the 

readability of the images.

At the time of the writing of this thesis, we no longer add 

any laxative agent (i.e. bisacodyl or magnesium citrate) 

to the patient’s bowel preparation. The current bowel 

preparation protocol consists of four times 50 ml of oral 

iodine contrast (meglumine ioxithalamate, 300mgI ml-1) 

combined with a low fiber diet. This has not impaired the 

image quality of CT colonography examinations. Since 

iodine contrast has a mild laxative effect, the further 

reduction of the amount of iodine contrast is being 

investigated. This reduced bowel preparation scheme 

may further increase patient willingness to participate in a 

surveillance or screening program in the future.
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solid and less fluid fecal material in the colon and will 

also lead to a less homogeneous fecal tagging. This 

change in colonic content may hamper the reading of 

CT colonography. It may not only make new demands on 

the requirements of the reading skills of radiologists, but 

it will probably also result in a reduction of the efficacy of 

current electronic cleansing and CAD algorithms.

Therefore future research should focus on optimizing bowel 

preparation schemes and the adjustment of electronic 

cleansing and CAD algorithms for these limited bowel 

preparation schemes.

Currently, most commercially available workstations are 

equipped with CAD software. The above-mentioned 

adjustments in bowel preparation will have consequences 

for the performance of CAD as well. The performance 

in terms of polyp detection and number of false-positive 

findings will depend on the extent of the bowel preparation 

and the presence and type of the administered oral contrast 

(barium or iodine). This is because polyps can be covered 

by fecal material (which results in fewer polyps to be 

detected) or fecal remains may simulate polyps (which 

results in more false positive findings).

Combining CAD with electronic cleansing would 

theoretically be able to increase CAD accuracy. However, as 

mentioned in Chapter 6 electronic cleansing still generates 

artifacts. These artifacts interfere with an optimal use of 

CAD e.g. incompletely removed fecal material is detected 

by CAD. The number of detections done by CAD should 

be within reasonable limits. Therefore integrating these 

algorithms should be subject for future studies.

CT colonography has been recommended since 2008 in 

the United States as a population screening technique for 

colorectal cancer by the American College of Radiology, the 

American Cancer Society, and the U.S. Multisociety Task 

Force on Colorectal Cancer. The screening should be done 

every five years beginning at the age of fifty. Whether this 

will be recommended in the Netherlands remains unclear. 

However, if CT colonography will be part of a screening 

program in the Netherlands, mainly asymptomatic and 

healthy patients will participate. These individuals may then 

be scanned multiple times.

CT colonography is associated with a risk of inducing 

cancer and this risk is proportional to the amount of 

radiation. This radiation dose should therefore be kept 

as low as reasonably acceptable especially in screening-

patients. In the past years a dose reduction in screening 

protocols was realized, resulting in a median effective dose 

of approximately 6 mSv [7]. This equals two to three times 

the background radiation dose. The risk of cancer induction 

is very small, especially when using even further optimized 

scan parameters. For example, for an individual aged 50-

75 years, the risk of radiation-induced cancer is estimated 

to be in the order of 1 in 10,000 for a CT colonography 

procedure with 2mSv effective dose.

As shown in Chapter 5 the pursuit for minimizing radiation 

dose may be impaired by the concurrent pursuit of reducing 

the patient burden of bowel preparation. To what extent 

the radiation dose can be further reduced in patients that 

have undergone a limited bowel preparation should be 

subject for further research.

In Chapter 8 was reported that CT colonography 

techniques showed less variability between observers than 

colonoscopy techniques. Secondly, polyps measured by 

CT colonography techniques were measured larger than 

by colonoscopy techniques. As a consequence, in practice 

patients would more frequently be referred for colonoscopy 

according to the guidelines that were formulated based on 

colonoscopy measurements.

We have shown that the magnitude of the difference in 

size depends on the compared techniques (smallest in 

2D abdominal window measurements and largest when 

using 2D lung window settings or 3D semi automatic 

measurements). However, the difference is also observer 

dependent since structural differences between observers 



exist. Therefore it is not possible to determine a threshold 

that is valid for all observers. In order to minimize bias a 

personal calibration of polyp size measurements for both 

CT colonography readers and endoscopists can therefore 

be suggested.



130. References

1.  Ristvedt SL, McFarland EG, Weinstock LB, Thyssen EP. Patient 

preferences for CT colonography, conventional colonoscopy, and 

bowel preparation. Am J Gastroenterol 2003; 98:578-585

2.  van Gelder RE, Birnie E, Florie J, et al. CT colonography and 

colonoscopy: assessment of patient preference in a 5-week 

follow-up study. Radiology 2004; 233:328-337

3.  McFarland EG, Levin B, Lieberman DA, et al. Revised colorectal 

screening guidelines: joint effort of the American Cancer Society, 

U.S. Multisociety Task Force on Colorectal Cancer, and American 

College of Radiology. Radiology 2008; 248:717-720

4.  Kim DH, Pickhardt PJ, Taylor AJ, et al. CT colonography versus 

colonoscopy for the detection of advanced neoplasia. 

N Engl J Med 2007; 357:1403-1412

5.  Johnson CD, Chen MH, Toledano AY, et al. Accuracy of 

CT colonography for detection of large adenomas and cancers. 

N Engl J Med 2008; 359:1207-1217

6.  Kim DH, Pickhardt PJ, Taylor AJ, et al. CT colonography versus 

colonoscopy for the detection of advanced neoplasia. 

N Engl J Med 2007; 357:1403-1412

7.  Liedenbaum MH, Venema HW, Stoker J. Radiation dose in 

CT colonography--trends in time and differences between daily 

practice and screening protocols. Eur Radiol 2008; 18:2222-2230



Chapter 10

Ayso H. de Vries

Samenvatting en Algemene Discussie



132. Samenvatting
 
Dit proefschrift beschrijft verschillende aspecten van 

CT colografie. Deze aspecten hebben gemeenschappelijk 

dat ze allen technische ontwikkelingen op het gebied van 

CT colografie evalueren. 

Voordat patiënten een CT colografie onderzoek (of 

een coloscopie) ondergaan, vindt er een laxerende 

darmvoorbereiding plaats. Deze darmvoorbereiding heeft 

als doel de beoordeelbaarheid van het onderzoek te 

verhogen. Een uitgebreide laxerende darmvoorbereiding 

wordt vaak door patiënten omschreven als het meest 

belastende onderdeel van het CT colografie onderzoek 

[1, 2]. Het ligt dus voor de hand om te de patiënten 

belasting van de darmvoorbereiding zo veel mogelijk te 

beperken.

Wanneer de patiënten belasting van dit onderdeel zou 

worden terug gebracht, zou dit mogelijk meer personen 

over de streep trekken om deel te nemen aan een 

screenringonderzoek. Echter, de beoordeelbaarheid 

van het onderzoek zou kunnen afnemen omdat meer 

darmoppervlak is bedekt met ontlasting. Deze ontlasting 

zou afwijkingen aan het oog van de radioloog kunnen 

onttrekken.

In hoofdstuk 2 hebben we 40 opeenvolgende 

patiënten gerandomiseerd voor vier verschillende 

milde darm voorbereidingen en deze vergeleken. De 

darmvoorbereidingen hadden een verschillend laxerend 

karakter.

Groep 1 kreeg 20 mg bisacodyl, groep 2 kreeg 30 mg 

bisacodyl, groep 3 ontving 20 mg bisacodyl (als in groep 

1) èn 8,2 g magnesium citraat en groep 4 ontving 30  mg 

bisacodyl (als in groep 2) èn 16,4 g magnesium citraat. 

De patiënten kregen daarnaast een tweedaags vezelarm 

dieet voorgeschreven en ontvingen oraal jodium en barium 

contrast om de ontlasting ‘aan te kleuren’ op de CT 

beelden. De groepen werden vergeleken op diagnostische 

kwaliteit van de CT beelden en patiëntenbelasting.

De resultaten lieten zien dat het beperken van de 

hoeveelheid laxerende middelen in de darmvoorbereiding 

(d.w.z. bisacodyl en magnesium citraat) geen negatief 

effect had op de diagnostische kwaliteit van het onderzoek. 

De diagnostische kwaliteit van de CT beelden van de groep 

die de minst belastende laxerende darmvoorbereiding 

had ondergaan (groep 1) was nog steeds als ‘goed’ of 

‘uitstekend’ beoordeeld. In deze studie ondervonden 

patiënten met een hogere dosering laxeermiddelen 

significant meer last van de darmvoorbereiding.

Op basis van deze bevindingen hebben we geconcludeerd 

dat CT colografie met een beperkte darm voorbereiding en 

oraal contrast slechts een minimale dosis laxeermiddelen 

vereist. In onze studie was slechts 20 mg bisacodyl nodig 

voor het verkrijgen van goede diagnostische kwaliteit van 

de CT beelden en werd hiermee de patiënten belasting 

significant beperkt.

Aangezien de beeldkwaliteit van de meest patiënt-

vriendelijke darm voorbereiding is beoordeeld als ‘goed’, 

is het waarschijnlijk dat de laxerende component van de 

voorbereiding zelfs verder kan worden terug geschroefd. 

Het beoordelen van CT colografie onderzoeken kan 

op twee verschillende manieren plaatsvinden: het kan 

tweedimensionaal (2D) of driedimensionaal (3D). In de 

praktijk worden de technieken complementair toegepast.

Bij een zogenaamde primaire 2D methode wordt bij het 

beoordelen van de dikke darm primair gebruik gemaakt 

wordt van 2D beelden. 3D beelden worden alleen gebruikt 

om een mogelijke afwijking te karakteriseren. Bij een 

primaire 3D methode is dit precies andersom.

Deze laatstgenoemde methode kan minder goed 

worden ingezet wanneer patiënten een beperkte 

darmvoorbereiding hebben ondergaan. Immers, een 

beperkte darmvoor-bereiding heeft een minder lege dikke 

darm tot gevolg, waardoor delen bedekt kunnen zijn met 

ontlasting. Deze ontlasting kan een een eventuele afwijking 

onttrekken aan het oog van de radioloog.

Een computer programma dat ontlasting ‘virtueel’ uit de 
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dikke darm verwijderd (zgn. electronic cleansing) zou dan 

uitkomst kunnen bieden.

In Hoofdstuk 3 wordt het effect bepaald van ‘electronic 

cleansing’ op de zichtbaarheid van darmpoliepen, de 

beoordelingstijd, de inspanning van de arts en zijn/haar 

vertrouwen in de juistheid van de beoordeling in een 

geselecteerde patiëntenpopulatie. Deze haalbaarheidsstudie 

werd uitgevoerd met behulp van een primaire 3D 

evaluatiemethode.

Voor deze studie vergeleken twee ervaren beoordelaars 

CT onderzoeken vóór en na ‘electronic cleansing’. Op 

basis van hun bevindingen konden we concluderen dat 

de zichtbaarheid van darmpoliepen die pas na ‘electronic 

cleansing’ zichtbaar werden (en dus onder ontlasting 

verborgen zaten) net zo groot was als darmpoliepen 

die in een leeg darmsegment zaten. Bovendien daalde 

met ‘electronic cleansing’ de evaluatie tijd, kostte het 

beoordelen van het onderzoek minder inspanning en had 

de arts meer vertrouwen in het feit dat de gehele dikke 

darm onderzocht was.

Op basis van deze bevindingen concludeerden wij dat 

‘electronic cleansing’ de primaire 3D evaluatie methode 

verbetert.

In Hoofdstuk 4 werd ‘electronic cleansing’ geëvalueerd 

in een ongeselecteerde patiëntenpopulatie. De populatie 

had een beperkte darm voorbereiding ondergaan en werd 

beoordeeld met twee verschillende beoordelingsstrategieën 

namelijk primair 2D zonder ‘electronic cleansing’ en 

primaire 3D met ‘electronic cleansing’. Deze twee 

strategieën zijn de voor de hand liggende strategieën bij 

patiënten die een beperkte darmvoorbereiding hebben 

ondergaan. Deze twee methoden werden vergeleken ten 

aanzien van accuratesse, beoordelingstijd en diagnostische 

kwaliteit.

De resultaten toonden aan dat het opsporen van klinisch 

relevante poliepen door zes getrainde, maar relatief 

onervaren waarnemers significant hoger was wanneer 

gebruik gemaakt werd van ‘electronic cleansing’. Ook 

zagen ervaren beoordelaars meer poliepen dan de 

onervaren beoordelaars. Er was overigens geen verschil 

tussen beide weergave methoden in deze waarnemers 

groep.

De specificiteit werd niet beïnvloed met het gebruik van de 

primaire 3D methode met ‘electronic cleansing’.

Ondanks de betere prestaties ten aanzien van poliep 

detectie voor de relatief onervaren waarnemers, was de 

primaire 3D methode met ‘electronic cleansing’ gevoeliger 

voor artefacten dan de 2D methode. Dit resulteerde in een 

lagere beoordeling van de diagnostische kwaliteit van de 

primaire 3D methode. Ook kostte het beoordelen van de 

primaire 3D beelden de meeste beoordelaars meer tijd dan 

de 2D beelden.

Het gebruik van oraal contrast heeft het mogelijk gemaakt 

om de laxerende component van de darmvoorbereiding in 

CT colografie terug te brengen. 

Echter een poliep omgeven door ontlasting met contrast 

materiaal is minder goed zichtbaar dan een poliep omgeven 

door lucht. Dit komt omdat het verschil in grijswaarden van 

de poliep ten opzichte van de omgeving tussen een poliep 

omgeven door lucht groter is dan een poliep omgeven door 

contrast materiaal. In Hoofdstuk 5 werd de invloed bepaald 

van contrast materiaal en stralingsdosis op de zichtbaarheid 

van darm poliepen. Daarvoor werd een studie uitgevoerd 

waarbij gemaakt was van een op een dikke darm gelijkend 

fantoom. In deze studie bepaalden drie beoordelaars 

de zichtbaarheid van 6 millimeter grote poliepen. Deze 

poliepen waren omgeven door ‘darminhoud’ van 

verschillend röntgen dichtheden (grijswaarden). De 

poliepen werden gescand met verschillende stralingsdoses.

De studie toonde aan dat een aanzienlijk hogere dosis 

straling nodig is om adequaat een poliep te visualiseren 

wanneer deze omgeven is door ‘darminhoud’ (met name 

wanneer deze een lage dichtheid heeft) dan wanneer een 

poliep omgeven is door de lucht.

Een nieuwe ontwikkeling in de radiologie is het gebruik 

van de computer bij het beoordelen van onderzoeken. 
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inmiddels bij ook in de CT colografie toegepast. 

In Hoofdstuk 6 is de toegevoegde waarde van een CAD 

algoritme bepaald. Veelbelovende resultaten van CAD 

ten aanzien van het verminderen van het aantal gemiste 

laesies voor minder ervaren waarnemers zijn gepubliceerd. 

Echter, de toegevoegde waarde van CAD voor ervaren 

waarnemers is nog steeds omstreden. Bovendien zijn de 

prestaties van CAD in eerdere studies slechts onderzocht in 

geselecteerde populaties met een hoge poliep prevalentie.

Dit kan een positief effect hebben gehad op de prestaties 

van de waarnemers omdat mogelijke afwijkingen mogelijk 

sneller werden geduid als een poliep. Daarom is gekeken 

of CAD de prestaties van een ervaren waarnemer 

kan verbeteren. Dit is gedaan aan de hand van 170 

opeenvolgend geïncludeerde patiënten met een verhoogde 

kans op dikke darmkanker.

In deze populatie had CAD een middelgrote poliep (6-

9mm) en drie poliepen van 10mm of groter gedetecteerd 

die in eerste instantie waren gemist door de beoordelaar. 

Als gevolg van deze extra ontdekkingen steeg de 

sensitiviteit van CT colografie zonder CAD voor patiënten 

met poliepen groter dan 6mm van 80 naar 82% met CAD. 

Voor patiënten met poliepen van 10mm en groter steeg 

deze van respectievelijk 64 naar 72%. Deze kleine toename 

was statistisch niet significant. De specificiteit bleef door de 

toevoegingen van het CAD algoritme (bijna) ongewijzigd.

Dus hoewel CT colografie met CAD enkele patiënten meer 

detecteerde dan CT colografie zonder CAD, had het geen 

significant positief resultaat op de prestaties van ervaren 

waarnemers in een populatie met een verhoogde kans op 

dikke darmkanker. 

Een beperking van deze studie was het relatief hoge aantal 

vlakke poliepen dat moeilijk detecteerbaar blijkt. Deze 

beperking zal worden besproken in de sectie ‘Algemene 

discussie’ van dit hoofdstuk.

Op dit moment is het lege artis om patiënten in zowel 

rug als buikligging te scannen. Dit wordt gedaan om 

de nauwkeurigheid van de poliep detectie te verhogen. 

Het combineren van beelden in rug- en buikligging kan 

de beoordelaar helpen poliepen te onderscheiden van 

ontlasting, omdat ontlasting, in tegenstelling tot poliepen, 

onderhevig is aan de zwaartekracht.

Het handmatig verifiëren van bevindingen in rug- en 

buikligging is een tijdrovende bezigheid omdat referentie 

punten zoals de flexura hepatica niet vastliggen maar 

mobile referentie punten zijn. Een geautomatiseerde 

matching methode kan dit proces mogelijk 

vergemakkelijken.

In Hoofdstuk 7 wordt de haalbaarheid van automatische 

matching van rug- en buikligging geëvalueerd aan de 

hand van zevenendertig coloscopisch bewezen poliepen 

als vast referentiepunt. Voor deze studie gebruikten we 

een algoritme gebaseerd op de gelijkenissen ten aanzien 

van de richting van darmsegmenten. De met een primaire 

3D-weergave techniek verrichte studie toonde aan dat de 

gematchte poliepen ongeveer 14 millimeter (bereik 0 – 59 

mm) van de uitgerekende locatie lagen. Het grootste deel 

van de poliepen (70%) werd daardoor direct zichtbaar in 

buikligging na matching. 

CT colografie is een onderzoeksmethode die de dikke 

darm visualiseert. Het biedt echter niet de mogelijkheid, 

in tegenstelling tot coloscopie, om een weefsel biopsie te 

nemen.

Volgens de Amerikaanse screeningsrichtlijnen [3] moeten 

alle patiënten met een grote poliep (10mm of groter) 

of middelgrote poliep (6-9 mm) verwezen worden voor 

colonoscopie. Echter, of deze middelgrote poliepen 

een indicatie zijn voor colonoscopie wordt nog hevig 

bediscussieerd. Het met behulp van CT colografie 

monitoren van de groei van deze poliepen is voorgesteld als 

een veilig alternatief [4]. Kleine (< 6mm) poliepen hoeven 

niet verwijderd te worden vanwege een verwaarloosbaar 

risico op kwaadaardige ontaarding. Uit deze richtlijnen kan 

men destilleren dat de grootte van de poliep van cruciaal 

belang voor de besluitvorming in CT colografie.
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Het doel van de studie in Hoofdstuk 8 was om de 

variabiliteit metingen van CT colografie en coloscopie te 

bepalen. Daarnaast was het doel structurele verschillen 

tussen de verschillende technieken te meten. De 

respectievelijke metingen werden verricht door drie ervaren 

CT colografie beoordelaars en drie ervaren maag-, darm- 

en leverartsen. 

Op basis van de resultaten van de studie concludeerden we 

dat;

1  het gebruik van een liniaal tijdens de coloscopie de 

precisie van de meting niet verhoogd vergeleken met het 

gebruik van een biopsie forceps.

2  wanneer gebruik wordt gemaakt met een liniaal de 

meting significant kleiner uitvalt dan wanneer deze met 

het oog wordt uitgevoerd of met een biopsie forceps. 

3  metingen tussen Radioloogen dichter bij elkaar liggen dan 

metingen van maag-, darm- en leverartsen.

4  Radioloogen in het algemeen poliepen groter meten dan 

maag-, darm- en leverartsen.

Algemene Discussie

 Dit proefschrift toont aan dat:

•  De diagnostische kwaliteit CT colografie bij patiënten 

die een voorbereidingsschema bestaande uit een 

vezelarm dieet, oraal jodium- en bariumcontrast en 

20 mg bisacodyl niet significant slechter is dan van 

voorbereidingsschema’s die de patiënt meer laxeren (en 

belasten).

•  Voor relatief onervaren CT colografie beoordelaars 

‘electronic cleansing’ (het virtueel verwijderen van 

ontlasting vermengd met contrast materiaal) een 

handig instrument is bij het beoordelen van patiënten 

die een beperkte darmvoorbereiding hebben 

ondergaan. Voor ervaren beoordelaars heeft het echter 

geen toegevoegd waarde. 

•  Men voorzichtig moet zijn met het reduceren van 

de stralingsdosis in een patiëntenpopulatie die een 

beperkte darmvoorbereiding heeft ondergaan. Het 

verminderde contrast tussen de darmwand en de 

darminhoud leidt bij lage dosis tot een verminderde 

zichtbaarheid van poliepen. 

•  Een computer aided detection (CAD) algoritme als 

back-up reader geen significante verbetering van de 

prestaties van een ervaren CT colografie beoordelaar 

geeft. 

•  Het automatisch correleren van identieke locaties in 

rug- en buikligging mogelijk is.

•  CT colografie beoordelaars darmpoliepen groter en 

met een grotere precisie meten dan maag-, darm- en 

leverartsen.

In grote studies in screeningspopulaties is wetenschappelijk 

aangetoond dat CT colografie een goede methode is voor 

het detecteren dikke darmkanker en voorlopers hiervan 

[5, 6]. Een screeningspopulatie is een populatie met een 

normale kans op het krijgen van dikke darm kanker. Deze 

studies laten een sensitiviteit van 90% voor de detectie van 

poliepen van 10 mm of groter zien [5] of een sensitiviteit 

die overeenkomt met die van coloscopie [6]. Dit laatste 

onderzoek wordt tot op heden beschouwd als de gouden 

standaard.

Echter, in Hoofdstuk 6 rapporteerden wij op basis van een 

vergelijkende studie van CT colografie en coloscopie een 

sensitiviteit van 72% voor deze grote poliepen. De detectie 

van deze poliepen lag dus bijna 20% lager dan in de 

bovengenoemde studies.

Een belangrijk verschil tussen onze studie en de 

bovengenoemde studies is de patiënten populatie. Onze 

studie werd uitgevoerd in een populatie met een verhoogde 

kans op dikke darmkanker. De patiënten in deze populatie 

hadden namelijk een persoonlijke voorgeschiedenis van 

dikke darmkanker of -poliepen of een familielid met 

een belaste voorgeschiedenis. Hierdoor verschilde onze 

populatie van een screeningpopulatie op twee punten 

namelijk de prevalentie van poliepen (die in onze studie 

hoger was) en het percentage vlakke poliepen (dat in onze 

studie ook hoger was).
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door zowel de CT colografie beoordelaars als het CAD 

algoritme. Een mogelijke verklaring hiervoor ligt in het feit 

dat detectie van poliepen bij CT colografie vooral gebaseerd 

is op de morfologie van een poliep. Eigenschappen als 

veranderingen in vaatstructuur en slijmvliesstructuur ter 

plaatse van de poliep worden echter, in tegenstelling tot 

coloscopie, niet gezien.

De relatief hoge prevalentie van vlakke poliepen kan 

te maken hebben met het feit dat veel patiënten uit de 

onderzochte populatie reeds eerder een coloscopie hadden 

ondergaan. Eerder uitgevoerd coloscopisch onderzoek kan 

er toe hebben geleid dat makkelijk-te-detecteren poliepen 

al verwijderd zijn. Hierdoor blijven relatief moeilijk-te-

detecteren poliepen achter in de darm. Bovendien kunnen 

de vorige coloscopisch verrichtte poliepverwijderingen 

niet volledig zijn geweest. De resten van deze poliepen 

zouden vlakker kunnen groeien dan de poliepen die initieel 

niet geheel verwijderd zijn. Hierdoor zouden moeilijk 

detecteerbare poliepen kunnen zijn ontstaan.

Verbetering van de detectie van deze vlakke laesies door 

opleiding, verbeterde CT data-acquisitie en hiervoor 

speciaal ontwikkelde (CAD) algoritmen zal slechts een 

beperkte toegevoegde waarde hebben in de verbetering 

van poliep opsporing in deze populatie. Dit komt omdat 

een groot deel van de gemiste laesies zelfs in retrospectie 

niet kan worden teruggevonden. Sommige onderzoekers 

zijn van mening dat voorzichtigheid geboden is bij het 

controleren van deze patiënten met CT colografie. Deze 

stelling wordt onderschreven door onze resultaten.

Om zo veel mogelijk patiënten deel te laten nemen 

aan een surveillance of screeningsprogramma voor 

dikke darmkanker, moet de patiënten belasting worden 

teruggebracht. Zoals aangegeven in Hoofdstuk 2, kan dit 

worden gedaan door het verminderen van het laxerende 

deel van de darmvoorbereiding die diarree en buikpijn 

veroorzaakt. 

Deze studie toonde aan dat het darmvoorbereiding schema 

met de minste bijwerkingen geen negatief effect had op de 

subjectieve beoordeelbaarheid van het onderzoek.

Op het moment dat dit proefschift is geschreven, worden 

de patiënten die in het Academisch Medisch Centrum een 

CT colografie onderzoek ondergaan niet meer voorbereid 

met laxerende middelen. Het huidige protocol van 

darmvoorbereiding bestaat uit een dosis van vier keer 50 ml 

oraal jodium contrast (meglumine ioxithalamate, 300mgI 

ml -1) in combinatie met een vezelarm dieet. Ook deze 

voorbereiding lijkt een goede beoordeelbaarheid van het 

onderzoek te geven. Omdat jodium contrast een milde 

laxerende werking heeft, wordt onderzocht of een verdere 

reductie van de dosis jodium contrast mogelijk is.

Deze ontwikkelingen kunnen een de bereidheid van 

de patiënt om deel te nemen aan een screenings- of 

surveillanceprogramma in de toekomst stimuleren. 

Het verminderen van de patiënten belasting van de 

darmvoorbereiding zal waarschijnlijk resulteren in 

meer vaste en minder vloeibaar ontlasting. Daarnaast 

zal de ontlasting minder goed met contrast gemengd 

worden en dus een minder homogeen aspect hebben. 

Deze verandering ten aanzien van de darminhoud 

zou het beoordelen van de CT colografie beelden 

kunnen belemmeren. Het zal nieuwe eisen stellen 

aan de vaardigheden van CT colografie beoordelaars, 

bovendien zal het ook leiden tot een vermindering van 

de werkzaamheid van de ‘electronic cleansing’ en CAD 

algoritmes. Daarom moet toekomstig onderzoek zich naast 

het optimaliseren van de darmvoorbereiding ook richten op 

het aanpassen van deze algoritmen.

Momenteel zijn de meeste commercieel verkrijgbare 

CT colografie werkstations uitgerust met CAD software. 

De bovengenoemde aanpassingen ten aanzien van de darm 

voorbereiding zal ook gevolgen hebben voor de prestaties 

van CAD. De prestaties van het algoritme om enerzijds 

darmpoliepen te detecteren en anderzijds het aantal vals 
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positieven te beperken (onterecht aan de CT colografie 

beoordelaar getoonde ‘poliepen’), is mede afhankelijk van 

het soort darmvoorbereiding. Dit komt enerzijds omdat met 

ontlasting bedekte poliepen niet te gedetecteerd kunnen 

worden, en anderzijds omdat ontlasting door het algoritme 

soms niet onderscheiden kan worden van darmpoliepen 

(wat resulteert in meer vals positieve bevindingen).

Het combineren van CAD met ‘electronic cleansing’ zou de 

prestaties van CAD theoretisch kunnen verhogen. Echter, 

zoals genoemd in Hoofdstuk 6 genereert het algoritme 

artefacten die interfereren met CAD. Zo herkent het CAD 

soms onvolledig verwijderde ontlasting als poliep. Om het 

beoordelen van het CT colografie onderzoek werkbaar te 

houden, moet het aantal suggesties dat door CAD gedaan 

wordt binnen redelijke grenzen blijven. Daarom zou de 

integratie van deze algoritmes onderwerp moeten zijn voor 

toekomstige studies. 

Sinds 2008 bevelen de American College of Radiology, 

de American Cancer Society, en de US Multisociety Task 

Force on Colorectal Cancer CT colografie in de Verenigde 

Staten aan als screeningsmethode voor dikke darmkanker. 

Deze instituten adviseren om vanaf een leeftijd van vijftig 

jaar elke vijf jaar te screenen. Of dit ook in Nederland gaat 

gebeuren is vooralsnog onduidelijk. Echter, als CT colografie 

onderdeel gaat uitmaken van een screeningsprogramma 

zullen asymptomatische en met name gezonde personen 

deelnemen aan dit programma. Deze personen zullen dan 

waarschijnlijk meermalen worden gescand.

CT colografie gaat mogelijk gepaard met een risico van 

kanker inductie en aangenomen wordt dat dit risico 

evenredig is met de hoeveelheid straling waaraan de 

persoon wordt blootgesteld. De stralingsdosis moet daarom 

in een screeningsprogramma zo laag mogelijk worden 

gehouden, zeker bij gezonde personen. In de afgelopen 

jaren was deze effectieve dosis in screeningsprotocollen 

ongeveer 6 mSv [7]. Dit is gelijk aan twee tot drie maal de 

achtergrond straling. Het risico van kanker inductie is dus 

zeer klein, vooral bij het gebruik nog verder geoptimaliseerd 

scan parameters. Het risico met een dergelijke stralingsdosis 

voor een persoon in de leeftijd van 50-75 jaar geschat in de 

orde van 3 op 10.000 voor een CT colografie.

In Hoofdstuk 5 hebben we laten zien dat het nastreven 

van een zo laag mogelijke stralingsdosis van het onderzoek 

het beperken van de darmvoorbereiding in de weg kan 

staan. In hoeverre de stralingsdosis verder gereduceerd kan 

worden in patiënten met een beperkte darmvoorbereiding 

is stof voor verder onderzoek.

De studie in Hoofdstuk 8 toont aan dat metingen 

uitgevoerd met CT colografie minder variabiliteit 

tussen waarnemers laten zien dan metingen met 

colonoscopie. Ook worden poliepen met CT colografie 

groter gemeten dan met colonoscopie. Als gevolg 

daarvan, zouden patiënten in de praktijk vaker worden 

verwezen voor colonoscopie omdat voor een eventuele 

verwijzing de grootte van de poliep het uitgangpunt is. 

Deze drempelwaarden werden overigens op basis van 

coloscopische metingen bepaald.

Echter, het verschil is ook persoonsafhankelijk waarbij er 

structurele verschillen bestaan tussen waarnemers. Daarom 

is het helaas niet mogelijk een verwijsdrempel te definiëren 

die voor alle radiologen van toepassing is. Om de bias 

te minimaliseren zou een persoonlijke kalibratie voor 

poliep grootte voor zowel radiologen als maag-, darm- en 

leverartsen een oplossing zijn.
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