
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Clinical evaluation of technical developments in CT colonography

de Vries, A.H.

Publication date
2009

Link to publication

Citation for published version (APA):
de Vries, A. H. (2009). Clinical evaluation of technical developments in CT colonography.
[Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/clinical-evaluation-of-technical-developments-in-ct-colonography(b247893e-d6fc-47cf-83e9-9dd06253c1e7).html


Chapter 9
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Summary and General Discussion



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.



128. Likely, limiting the bowel preparation will result in more 

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.
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