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Chapter 1

Ayso H. de Vries

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 

0

1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

2 000

4 000

6 000

8 000

10 000

incidence total

12 000

14 000

nu
m

be
r 

of
 p

at
ie

nt
s

incidence men
incidence women

mortality total
mortality men
mortality women

F I G U R E  1 . 1
Incidence and mortality 1989-2005 in 
The Netherlands (source: ikcnet.nl).



9.

General Introduction

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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