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InTroduCTIon

Gastrointestinal diseases form a major cause of ill-health world-wide, and are responsible 
for approximately 20% of general practitioners’ work-load [1,2]. Currently, endoscopy 
is the gold standard for evaluation of the major part of the gastrointestinal tract as 
an endoscope allows direct examination of the mucosal surface, with the possibility of 
tissue sampling for histopathological analysis. The small bowel, the jejunum and ileum 
–  with exception of the terminal ileum – is not simply assessable for standard endoscopic 
examination. For this reason barium enteroclysis is used for evaluating the small bowel. 

Although both endoscopy and barium enteroclysis are invasive examinations, both 
of which are not exactly patient-friendly, some diseases require frequent use of these 
techniques. These diseases include colorectal cancer (CRC) and Crohn’s disease (CD).

Colorectal cancer or suspected colorectal cancer
In the Netherlands 9898 patients were diagnosed with CRC in 2003 and 4429 died of it 
[3]. This makes CRC the second leading cancer-related cause of death in the Netherlands, 
after lung cancer, [3]. In the U.S 139.534 adults were diagnosed with CRC in 2002 and 
56.603 died of CRC [4]. Since CRC frequently becomes manifest at a late stage, the 
mortality rate is high. 

A number of factors make screening for CRC an option to be considered: its high 
incidence, high mortality rate, long premalignant stage ±10-15 (by far most cancers 
arise from the adenomatous polyp) [5,6], as well as the availability of curative therapy 
(polypectomy or surgery) with a better prognosis when CRC or its precursors are detected 
early. 

At present it is unclear which screening technique should be used, since all of the 
available techniques (colonoscopy, sigmoidoscopy, barium double contrast examination 
and occult blood test) are either not sensitive enough or not patient-friendly. Colonoscopy, 
currently the most accurate technique, is used to detect CRC in symptomatic patients 
and has been used for surveillance and screening of patients at increased risk of CRC 
(e.g. history of colorectal cancer). Yet this relatively invasive and burdensome technique 
would probably withhold people from participating in a CRC screening program. 

Crohn’s disease 
CD is a chronic inf lammatory disease showing frequent relapses with sometimes severe 
complications. Therapy has substantial side-effects [7] making repetitive follow-up 
examinations mandatory for adequate disease management. Four different examinations 
are frequently needed in CD: ileocolonoscopy for evaluation of colon and terminal 
ileum, barium enteroclysis for evaluation of the small bowel, abdominal CT to detect 
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abscesses and pelvic MRI for detecting fistula. Although ileocolonoscopy is not capable 
of evaluating most of the small bowel, it is currently the gold standard for determining 
degree of inf lammation. Unfortunately, both ileocolonoscopy and barium enteroclysis 
represent a great burden for patients. Moreover, enteroclysis exposes patients to ionizing 
radiation, and therefore should not be used frequently; in case of ileocolonoscopy severe 
complications occur in 0.2%-0.3% [8]. 

Colorectal cancer and colonography  
A colonography or virtual colonoscopy, is based on computed tomography (CT) images 
or magnetic resonance imaging (MRI) images, also called CT-colonography (CTC) or 
MR-colonography (MRC). In these examinations the colon is distended by use of air or 
a f luid and evaluated for the presence of polyps and colorectal cancer. 

CTC and MRC are performed in supine and prone position, as some bowel segments 
may be collapsed in one position. Thereby, movement of residual f luid and stool between 
both positions facilitates evaluation of otherwise obscured bowel surface.

Currently, CTC is primarily used in patients when colonoscopy is not possible due 
to pain, sharp bowel curvatures or bowel stenosis. In some countries CTC is also used 
in patients at low risk for colorectal polyps or cancer (screening, surveillance) [9]. As 
screening for precursors of colorectal cancer applies to the whole population, screening 
may be the most important application of colonography, if CTC or MRC would prove 
to be a patient-friendly and accurate tool. 

The main purpose of CTC and MRC is to detect colorectal carcinomas and 
its precursors: large (≥10mm) adenomatous polyps. Since adenomatous and non-
adenomatous polyps cannot be distinguished with CTC or MRC, the primary outcome 
measure of most studies has been the number of polyps with a size of 10mm or larger, as 
larger polyps are more likely to be adenomas. 

Mr colonography and CT colonography
Although MRC creates images by using a magnetic field and radio waves, instead of the 
ionizing radiation that is used in CTC, MRC has not been as thoroughly evaluated as 
CTC. Important reasons are its lower spatial resolution, higher costs, longer scanning 
times and the fact that the optimal scanning technique, especially with limited bowel 
cleansing, is more complicated in MRC than in CTC. However, recent developments 
may have overcome some of these problems. 

Since CTC was first described in 1994 [10] many studies have been published showing 
high accuracy [11-15], often comparable to colonoscopy. However, four larger (n>600) 
studies (table 1) [16-20] show a remarkable discrepancy in sensitivity ranging from 
55% to 94% for patients with (adenomatous) polyps. The studies differ considerably in 
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Table 1. Differences in study protocol between 4 large studies on CT-colonography.

Pickhardt 
et al. [16,17]

Johnson 
et al.[18]

Cotton 
et al. [19]

Rockey 
et al. [20]

No. of patients included 1233 �03 �15 �14

Polyp prevalence (%) 3.9 ‡ / 2.0 ‡‡ �.� �.0 10.3

Bowel prep §
NaPh + 

bisacodyl 
PEG + 

bisacodyl
NaPh Standard

Oral contrast Yes No No No

Review technique §§ p3D p2D p2D p2D

Verification method of false 
positives

Segmental 
unblinding

Review of 
videotape 

Segmental 
unblinding

Segmental 
unblinding

Sensitivity for patients with 
polyps ≥10mm (%)

94 ‡/ �3 ‡‡ �4* 55 59

Specificity for patients without 
polyps ≥10mm (%)

9� ‡ 95* 9� 9�

Sensitivity of colonoscopy 88 ‡ 100 100 98

‡ based on adenomatous polyps only [15]. ‡ ‡  based on non adenomatous polyps [16]. § NaPh: Sodium 
phosphate, PEG: polyethylene glycol, Standard: not specified. §§ p3D: primary three dimensional, p2D: 
primary two dimensional. Segmental unblinding: revealing colonography findings segment by segment 
during colonoscopy while withdrawing the endoscope, after the endoscopist has recorded the initial 
colonoscopy findings of the respective segments. * Results from double reading.

 
methodology, including review methods (two dimensional or three dimensional), bowel 
preparation, reader experience and reference standard. 

Most studies on CTC have been performed after extensive bowel cleansing, a major 
deterrent of full structural colon examinations.

Patient acceptance 
Although patient acceptance is of secondary importance for clinical examinations, it 
affects to a large extent the effectiveness of population screening. Since the attendance 
rate is inf luenced by patients’ opinion of the screening tool, patient acceptance could be 
an important factor in the selection of the method of choice for screening and surveillance 
programs. In several studies patient acceptance of CTC after extensive cleansing has 
been compared to patient acceptance of colonoscopy [21-27]. Against expectations these 
studies did not show univocal results. Some favored colonoscopy [22-23] while others 
favored CTC [24-27]. These differences can be attributed to factors such as the use of 
spasmolytic bowel agents for CTC in most studies favoring CTC, while sedation at 
colonoscopy was used in a larger proportion of patients in studies favoring colonoscopy. 
Although these differences in results might dash hopes for CTC, and possibly also 
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MRC, as a patient-friendly alternative to colonoscopy, other developments might obviate 
the cathartic cleansing prior to CTC and MRC, thereby making it a more attractive 
technique for screening. After all, patients rate the extensive bowel preparation prior to 
colonoscopy or CTC as the most burdening factor [24]. Until now, only a limited number 
of studies report on patient acceptance of CTC and hardly any on patient acceptance of 
MRC [28]. 

Limited bowel preparation  
Most of the early CTC and MRC studies were performed using the standard bowel 
preparation, cleansing, that is also used for colonoscopy (e.g., polyethylene glycol). 

In contrast to colonoscopy, MRC and CTC have the advantage that fecal material in 
the colon can be opacified on CT and MR scans and can even be masked on MR scans, by 
tagging it with a contrast agent. These orally taken contrast agents are usually combined 
with a low fiber diet and sometimes with stool softeners to optimize homogeneous stool 
tagging. Due to the opacification of contrast tagged f luid and stool, lesions that might 
otherwise be obscured, can now be visualized. This way extensive bowel cleansing might 
not be required to evaluate the bowel. 

Although this seems straightforward, only few studies have focused on MRC using 
this technique [29-32], also called fecal tagging or fecal masking. All of these studies 
have performed this technique in a different way. As a tagging agent either Barium 
or gadolinium can be used. For filling of the colon, water, a water-barium mixture, a 
water gadolinium mixture or air (room air or carbondioxide) can be used. Until now 
the optimal technique has not been established. Although diagnostic values have been 
studied, these studies have been performed in relatively small numbers of patients. 
Moreover, the use of different techniques in different populations makes it difficult to 
determine the value of MRC with limited bowel preparation, especially in screening or 
surveillance populations. Until now, no studies have focused on the diagnostic value of 
MRC using in a surveillance or screening population. 

For CTC either barium or iodine is used as tagging agent and air is used for distension 
of the colon. Studies have shown that using a combination of low fiber diets and oral 
contrast agents for bowel preparation might suffice for CTC [32-34].

radiation
The major drawback of CTC is exposure to ionizing radiation. The currently used scan 
protocols vary in effective dose from 4 to 12 mSv [35]. According to the International 
Commission Radiological Protection (ICRP) recommendations [36] this corresponds 
to an estimated risk to induce a fatal cancer in one out of 10,000 to 3,300 individuals 
aged 50 years, which may become manifest after a latent period of up to a few decades. 
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Scanning with lower radiation dose leads to a lower estimated risk. Unfortunately, the 
use of low-dose scanning protocols leads to an increase in image noise. However, since 
the contrast between bowel wall and air is high (high density bowel wall versus very 
low density air), radiation dose reduction has been demonstrated to be possible without 
impaired polyp detection. The risk resulting from the use of ionizing radiation in CTC 
must always be weighted against the potential benefit of CTC. In a clinical setting the 
risks associated with CTC may be acceptable, but for screening, with a low potential 
benefit, this balance is more delicate. Studies that have been performed to investigate 
whether scanning at low and ultra low dose is feasible, showed promising results with 
unimpaired polyp detection for scans performed with doses as low as 2.1mSv [37], and 
even lower (0.2mSv) in an experimental setting [38]. 

review methods
CTC examinations are mainly reviewed using either the combination of axial images 
(figure 1a) for lesion detection with multiplanar reformats (reconstruction of images in 
a different plane than the original axial images, e.g. orthogonal to the bowel wall) and 
three-dimensional (3D) images for problem solving, this technique is also known as 
primary two-dimensional (2D). Alternatively, a minority of researchers use primarily 3D 
visualization techniques (figure 1b) to detect colorectal lesions. In the latter technique 
the reviewer “f lies” through the 3D visualized colon, following an imaginary centerline. 
Additionally, the original axial images and multiplanar reformats are used for problem 
solving. A major advantage of 3D is its intuitive visualization, and, if present, the polyp 
is exposed to the reviewer for a longer time than when using primary 2D. Although 

Figure 1. (a) Detail of original (two dimensional) CTC data: air insufflated colon showing a 
10 mm stalked polyp (arrowheads). Soft tissue: gray. Air: black. (b) The same 10 mm stalked 
polyp (arrow) is clearly visible on three dimensional images.  

 a  b
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MRC can also be evaluated using a primary 3D review method, technical problems (e.g. 
drop of signal intensity at the edges of the images/field of view) prevent the large scale 
use of it. MRC is therefore mostly evaluated using a 2D evaluation technique.

Of four recently published large studies performed on CTC [16-20], only Pickhardt 
[16,17] used the primary 3D review method. This difference has been considered a 
potentially important factor in the present variability of results regarding diagnostic 
value of CTC (table 1). As yet, no large studies have compared 2D with 3D review 
methods, but data from a few smaller studies have suggested that use of primary 3D 
review methods results in better polyp visualization than use of primary 2D methods 
[39-41]. 

Crohn’s disease and MrI of the small bowel. 
MRI has shown promising results in evaluating the small bowel. In most early studies the 
small bowel was distended by relatively rapid filling of the small bowel via a nasojejunal 
tube (MR enteroclysis). In contrast to this technique, MRI of the small bowel and colon 
does not require nasojejunal intubation since it consists of a series of MR-sequences after 
ingestion of a f luid [42-47]. This technique can be repeated frequently for the evaluation 
of the small bowel and colon, since it does not expose patients to ionizing radiation and 
is supposed to be a patient-friendly examination, as it does neither require nasojejunal 
intubation nor extensive bowel cleansing. For CD patients this technique could be an 
alternative to both ileocolonoscopy and conventional barium enteroclysis (small bowel). 
However, this technique has not yet been evaluated properly. Some studies have shown 
that it is capable of determining the presence of inf lammation or disease activity, but 
these studies did not take into account the degree of inf lammation, whereas others 
simply combined CD patients and ulcerative colitis patients, neglecting the difference 
in pathologic features (e.g. thickened bowel wall, luminal narrowing, transmural 
inf lammation) and possibly their presentation at MRI images. 

dynamic imaging
When evaluating MRI in CD, different aspects (e.g. wall thickening, enhancement) 
contribute to determination of the severity of disease activity. Although increased 
enhancement of tissue after intravenous contrast injection (figure 2) is considered an 
important MRI parameter for active inf lammation [44,48,49], the role of contrast-
enhanced dynamic MRI in predicting disease activity of CD has not been studied well. 
Determining the signal increase of bowel wall by quantitative parameters is possibly more 
accurate than evaluating it subjectively and has the additional advantage of providing a 
reader-independent interpretation. This makes this technique ideal for follow-up, as is 
frequently needed in CD patients. 
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Figure 2. Increased enhancement of the 
small bowel, especially the jejunum (arrow), 
after intravenous contrast injection in a 19 
year old male. 

High field strength
Recent developments in MR-scanners have resulted in the availability of MR-scanners 
with a higher field strength (3.0 Tesla and even more). MRI scanners with high field 
strengths have the advantage of showing a better signal to noise ratio (SNR). This provides 
the opportunity to scan with a higher spatial resolution or with shorter scan times, 
possibly resulting in better image quality and thereby improving diagnostic accuracy.  

ouTLIne oF ThesIs:

This thesis focuses on MRI and CT: applications in colorectal cancer surveillance and 
evaluation of Crohn’s disease. The first part of this thesis focuses on colonography as a 
potential patient-friendly examination method for surveillance, and possibly screening, 
of colorectal cancer. Two options are studied: MRC and CTC. The second part of this 
thesis focuses on a potential patient-friendly examination method for patients with 
CD: MRI of the small bowel and colon.

Although MRC with limited bowel preparation seems a straightforward technique, 
the fact that this can be done in many different ways requires a comparative study to 
determine the best strategy. Chapter 2 addresses three different and promising strategies 
regarding MRC with limited bowel preparation. Our purpose was to determine the 
strategy that produces the best image quality, with optimal patient acceptance.  

In the study reported in chapter 3 the most promising strategy of these three was 
studied to determine its test characteristics. The purpose of this multi-center study 
was to prospectively evaluate the diagnostic performance of MRC using limited bowel 
preparation for (patients with) polyps ≥10mm in a population at increased risk for 
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colorectal cancer, using optical colonoscopy as the reference standard. 
Chapter 4 focuses on patient acceptance in terms of experienced pain, burden and 

embarrassment of MRC using limited bowel preparation. Our study compared MRC 
with colonoscopy with standard bowel preparation, and we obtained patient preference 
for these two modalities in the same group as used for the study reported in chapter 3.

Since CTC is another patient-friendly alternative, the study in chapter 5 looked at 
the diagnostic value of CTC in a population at increased risk for CRC, using optical 
colonoscopy as reference standard.

Although the test characteristics are promising, its radiation dose, especially when 
applied to a larger population, and the extensive cleansing used in the study described 
in chapter 5 may hamper the implementation of CTC. The next chapter, chapter 6, 
focuses on CTC using limited bowel preparation with regard to image quality and 
polyp visualization. Our aim was to determine the effect of substantially reducing the 
radiation dose levels on polyp visualization using colonoscopy as a reference standard. 
Our secondary aim was to determine patient acceptance of CTC using limited bowel 
preparation.

Differences in results between the studies using limited bowel preparation (and using 
2D review methods) and the study focusing on CTC with extensive bowel preparation 
(using a primary 3D method), can be explained by the review method that is used. 
Therefore the study in chapter 7 investigated the accuracy of primary 2D and primary 
3D review methods, using a paired design.

In the study reported in chapter 8 we evaluated the value of MRI in determining 
disease severity in CD patients compared with ileocolonoscopic grading and Crohn’s 
disease Endoscopic Index of Severity (CDEIS). We also looked at patient experience of 
MRI and ileocolonoscopy and patient preference for one of these two modalities.

In this study mainly subjective parameters were used to quantify the degree of 
inf lammation. Quantitative parameters possibly have the additional advantage of 
providing a reader-independent interpretation of the MR-images, which is especially of 
interest in CD patients requiring frequent follow-up. Chapter 9 therefore focuses on the 
role of dynamic contrast-enhanced MRI in determining disease activity in patients with 
CD. 

Developments in MRI-scanners have lead to the introduction of 3.0 Tesla (high field 
strength) MRI-scanners that have the advantage of providing higher spatial resolution 
and/or quicker scanning times. Other factors might hamper the usableness of 3.0 Tesla 
MR in patients with CD. The accuracy of 3.0 Tesla-MR for evaluation of CD compared 
with ileocolonoscopy is the topic of chapter 10. 

We hope that this thesis provides information about the use of the relatively new 
supposedly patient-friendly imaging techniques.  



Chapter 1

19

reFerenCes
1.  Textbook of medicine. Edited by Souhami RL and Moxham J. Fourth edition 2002. p 751.

2.  Clinical Medicine. Edited by Kumar PJ and Clark ML. Baillière Tindall. Second edition 1991. 
p173.

3.  IKCnet kankerregistratie. Jaarcijfers 2003. Available at http://www.ikcnet.nl. 

4.  US Cancer Statistics5 Working Group. United States cancer statistics: 1999--2002 incidence 
and mortality. Atlanta, GA: US Department of Health and Human Services, CDC, National 
Cancer Institute; 2005. Available at http://www.cdc.gov/cancer/npcr/uscs/index.htm.

5.   Muto T, Bussey HJR, Morson BC. The evolution of cancer of the colon and rectum. Cancer. 
1975;36:2251-70

6.  Bond JH. Clinical evidence in the adenoma-carcinoma sequence, and the management of 
patients withy colorectal adenomas. Semin Gastrointest Dis 2000;11:176-184

7.  Sandborn WJ, Loftus EV. Balancing the risks and benefits of infliximab in the treatment of 
inflammatory bowel disease. Gut 2004;53:780-2.

8.  U.S. Preventive Services Task Force. Screening for colorectal cancer: recommendations and 
rationale. Ann Intern Med 2002 Jul 16;137(2):129-31. 

9.  Gezondheidsraad: Bevolkingsonderzoek naar dikkedarmkanker. Den Haag: Gezondheidsraad, 
2001; publicatienr 2001/01.

10.  Vining DJ, Gelfand DW. Noninvasive colonoscopy using helical CT scanning, 3D 
reconstruction, and virtual reality. Presented at the 23rd Annual meeting and Postgraduate 
Course of the Society of Gastrointestinal Radiologist, Hawaii, 1994.

11.  Fenlon HM, Nunes DP, Schroy PC 3rd, Barish MA, Clarke PD, Ferrucci JT. A Comparison 
of virtual and conventional colonoscopy for the detection of colorectal polyps. N Engl J Med 
1999;341:1496-503.

12.  Yee J, Akerkar GA, Hung RK, Steinauer-Gebauer AM, Wall SD, McQuaid KR. Colorectal 
neoplasia: performance characteristics of CT colonography for detection in 300 patients. 
Radiology 2001;219:685-92.

13.  Pineau BC, Paskett ED, Chen GJ, et al.: Virtual colonoscopy using oral contrast compared 
with colonoscopy for the detection of patients with colorectal polyps. Gastroenterology 
2003;125:304-10.

14.  Johnson CD, Toledano AY, Herman BA, et al.: Computerized tomographic colonography: 
performance evaluation in a retrospective multicenter setting. Gastroenterology 2003;125:688-
95.

15.  Fletcher JG, Johnson CD, Welch TJ, et al.: Optimization of CT colonography technique: 
Prospective trial in 180 patients. Radiology 2000;216:704-11.

16.  Pickhardt PJ, Choi JR, Hwang I, Butler, et al.: Computed tomographic virtual colonoscopy to 
screen for colorectal neoplasia in asymptomatic adults. N Engl J Med 2003;349:2191-200.

17.  Pickhardt PJ, Choi JR, Hwang I, Schindler WR. Nonadenomatous polyps at CT colonography: 
Prevalence, size distribution, and detection rates. Radiology 2004;232:784-90. 

18.  Johnson CD, Harmsen WS, Wilson LA, et al.: Prospective blinded evaluation of computed 
tomographic colonography for screen detection of colorectal polyps. Gastroenterology 
2003;125:311-9.



Introduction

20

19.  Cotton PB, Durkalski VL, Pineau BC, et al.: Computed tomographic colonography (virtual 
colonoscopy): a multicenter comparison with standard colonoscopy for detection of colorectal 
neoplasia. JAMA 2004;291:1713-9.

20.  Rockey DC, Paulson E, Niedzwiecki D, et al. Analysis of air contrast barium enema, computed 
tomographic colonography, and colonoscopy: prospective comparison. Lancet. 2005;365:305-
11.

21.  Ristvedt SL, McFarland EG, Weinstock LB, Thyssen EP. Patient preferences for CT 
colonography, conventional colonoscopy, and bowel preparation. Am J Gastroenterol 
2003;98:578-85.

22.  Akerkar GA, Yee J, Hung R, McQuaid K. Patient experience and preferences toward colon 
cancer screening: a comparison of virtual colonoscopy and conventional colonoscopy. 
Gastrointest Endosc 2001;54:310-5.

23.  Forbes GM, Mendelson RM. Patient acceptance of virtual colonoscopy. Endoscopy 
2000;32:274-5.

24.  van Gelder RE, Birnie E, Florie J, Schutter MP, Bonsel GJ, Stoker J. Patient experience and 
preference of CT colonography and conventional colonoscopy: a five-week follow-up study. 
Radiology 2003;229:328-37.

25.  Svensson MH, Svensson E, Lasson A, Hellstrom M. Patient acceptance of CT colonography 
and conventional colonoscopy: prospective comparative study in patients with or suspected of 
having colorectal disease. Radiology 2002;222:337-45.

26.  Gluecker TM, Johnson CD, Harmsen WS, et al:. Colorectal cancer screening with CT 
colonography, colonoscopy, and double-contrast barium enema examination: prospective 
assessment of patient perceptions and preferences. Radiology 2003;227:378-84.

27.  Thomeer M, Bielen D, Vanbeckevoort D, et al.: Patient acceptance for CT colonography: what 
is the real issue? Eur Radiol 2002;12:1410-5.

28.  Goehde SC, Descher E, Boekstegers A, et al. Dark lumen MR colonography based on fecal 
tagging for detection of colorectal masses: accuracy and patient acceptance. Abdom Imaging 
2005;30:576-83.

29.  Weishaupt D, Patak MA, Froehlich J, Ruehm SG, Debatin JF. Faecal tagging to avoid colonic 
cleansing before MRI colonography. Lancet 1999;354:835-6.

30.  Lauenstein T, Holtmann G, Schoenfelder D, Bosk S, Ruehm SG, Debatin JF. MR 
colonography without colonic cleansing: a new strategy to improve patient acceptance. Am J 
Roentgenol 2001;177:823-7.

31.  Lauenstein TC, Goehde SC, Ruehm SG, Holtmann G, Debatin JF. MR colonography with 
barium-based fecal tagging: initial clinical experience. Radiology 2002;223:248-54.

32.  Callstrom MR, Johnson CD, Fletcher JG, et al.: CT colonography without cathartic 
preparation: feasibility study. Radiology 2001;219:693-8.

33.  Lefere PA, Gryspeerdt SS, Dewyspelaere J, Baekelandt M, Van Holsbeeck BG. Dietary fecal 
tagging as a cleansing method before CT colonography: initial results polyp detection and 
patient acceptance. Radiology 2002;224:393-403.

34.  Iannaccone R, Laghi A, Catalano C, et al.: Computed tomographic colonography without 
cathartic preparation for the detection of colorectal polyps. Gastroenterology 2004;127:1300-
11.



Chapter 1

21

35.  van Gelder RE, Venema HW, Serlie IW, et al.: CT colonography at different radiation dose 
levels: feasibility of dose reduction. Radiology 2002;224:25-33.

36.  Smith H(ed): 1990 Recommendations of the International Commission on Radiological 
Protection, International Commission on Radiological protection publication no60. Annals of 
the ICRP 21 (no. 1-3). Oxford, England: Pergamon; 1991. 

37.  Iannaccone R, Laghi A, Catalano C, et al.: Detection of colorectal lesions: lower-dose multi-
detector row helical CT colonography compared with conventional colonoscopy. Radiology 
2003;229:775-81.

38.  van Gelder RE, Venema HW, Florie J, et al.: CT colonography: feasibility of substantial 
dose reduction--comparison of medium to very low doses in identical patients. Radiology 
2004;232:611-20.

39.  McFarland EG, Brink JA, Pilgram TK, et al.: Spiral CT colonography: reader agreement and 
diagnostic performance with two- and three-dimensional image-display techniques. Radiology 
2001;218:375-83.

40.  Fletcher JG, Johnson CD, Reed JE, Garry J. Feasibility of planar virtual pathology: a new 
paradigm in volume-rendered CT colonography. J Comput Assist Tomogr 2001;25:864-9.

41.  Beaulieu CF, Jeffrey RB Jr., Karadi C, Paik DS, Napel S. Display modes for CT colonography. 
Part II. Blinded comparison of axial CT and virtual endoscopic and panoramic endoscopic 
volume-rendered studies. Radiology 1999;212:203-12.

42.  Horsthuis K, Lavini C, Stoker J. MRI in Crohn’s disease. J Magn Reson Imaging. 2005;22:1-
12. Review.

43.  Narin B, Ajaj W, Göhde S, et al. Combined small and large bowel MR imaging in patients with 
Crohn’s disease: a feasibility study. Eur Radiol 2004;14:1535-42.

44.  Shoenut JP, Semelka RC, Silverman R, Yaffe CS, Micflikier AB. Magnetic resonance imaging 
in inflammatory bowel disease. J Clin Gastroenterol 1993;17:73-8.

45.  Schreyer AG, Rath HC, Kikinis R, et al. Comparison of magnetic resonance imaging 
colonography with conventional colonoscopy for the assessment of intestinal inflammation in 
patients with inflammatory bowel disease: a feasibility study. Gut 2005;54:250-6.

46.  Schunk K, Reiter S, Kern A, Orth T, Wanitschke R. Hydro-MRI in inflammatory bowel 
diseases: a comparison with colonoscopy and histopathology [article in German]. Fortschr 
Röntgenstr 2001;173:731-8.

47.  Schreyer AG, Golder S, Scheibl K, et al. Dark lumen Magnetic Resonance Enteroclysis in 
combination with MRI colonography for whole bowel assessment in patients with Crohn’s 
disease: first clinical experience. Inflamm Bowel Dis 2005;11:388-94.

48.  Schunk K, Kern A, Oberholzer K, et al. Hydro-MRI in Crohn’s disease: appraisal of disease 
activity. Invest Radiol 2000;35:431-7.

49.  Pauls S, Kratzer W, Rieber A, et al. Quantifying the inflammatory activity in Crohn’s disease 
using CE dynamic MRI [in German]. Rofo Fortschr Geb Rontgenstr Neuen Bildgeb Verfahr 
2003;175:1093-9.





Magnetic resonance colonography with 
limited bowel preparation: 
A comparison of three strategies

Jasper Florie 
Rogier van Gelder
Brigitte Haberkorn
Erwin Birnie 
Cristina Lavini 
Johannes Reitsma
Jaap Stoker  

2Chapter

Accepted in: 
Journal of Magnetic Resonance Imaging 2007;25:766-774



MRC with limited bowel preparation: A comparison of three strategies

24

Abstract

Purpose: To prospectively compare three strategies of magnetic 
resonance colonography with fecal tagging. 
Materials and methods: Three strategies were compared: (S1) 
gadolinium as oral tagging agent and a gadolinium-water mixture for 
rectal filling (bright lumen), (S2) oral barium and water rectally, and (S3) 
oral barium and air rectally. In S2 and S3 (both dark lumen) gadolinium 
was injected intravenously. 3D-T1 and 2D-T2-weighted sequences 
were used. Two observers scored diagnostic confidence and image 
quality (contrast, homogeneity, artifacts) (Chi-square/Fisher exact). 
Patient experience and preference were determined by questionnaire 
(Mann-Whitney test).
Results: 45 patients were included, 15 randomly assigned per 
strategy. Diagnostic confidence of S1 and S3 is significantly better than 
for S2. S1 has the additional advantage of showing significantly better 
contrast between bowel wall and lumen, and showing significantly 
better homogeneity on both T1- and T2-weighted sequences, but with 
significantly more artifacts on the T1-weighted sequences. S3 showed  
significantly better contrast and homogeneity than S2 on the T2-
weighted sequences. Bowel preparation of S1 was rated significantly 
better. Patient preference was comparable.
Conclusion: Image quality was best using the bright lumen strategy 
or the dark lumen strategy using air for rectal filling. Although bowel 
preparation was rated best using the bright lumen strategy, patient 
preference was comparable.
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InTroduCTIon 

With the introduction of computed tomography colonography (CTC), a new technique 
has become available in the prevention and detection of colorectal cancer, showing 
similar capabilities as optical colonoscopy in the detection of colorectal polyps [1,2]. 
Although it is irrefutable that CTC could fulfill an important role in screening programs, 
the use of ionizing radiation and the burden of extensive colonic cleansing hamper the 
implementation of CTC as a screening tool. Therefore, diagnostic accuracy of magnetic 
resonance colonography (MRC) has been studied, showing good results in the detection 
of colorectal polyps ≥10mm [3-5]. Moreover, the possibility to mask residual stool in 
MRC using fecal tagging obviates the use of extensive bowel preparation schemes [6]. 
MRC therefore could possibly be considered an accurate and patient friendly technique 
in screening and surveillance programs. 

Different bowel preparation strategies concerning MRC with fecal tagging have 
been evaluated [6-9]. Bright lumen strategies use gadolinium as oral tagging agent and 
a water-gadolinium mixture for rectal filling, showing a white (hyperintense) lumen on 
T1-weighted sequences [6]. Dark lumen strategies use barium as oral tagging agent and 
room air, water or a barium-water mixture for rectal filling, showing a black (hypointense) 
lumen on T1-weighted sequences [7-9]. In the latter technique intravenously administered 
gadolinium is used to improve the contrast between enhancing bowel wall and dark 
bowel lumen. 

Whereas early reports on MRC mostly use bright lumen strategies [3,4,6,10,11], all 
recent studies use dark lumen strategies [5,7-9,12-15]. However, to our knowledge this 
change was not substantiated by scientific research regarding image quality but was 
motivated by other reasons, such as costs and patient acceptance [16]. The purpose of 
this prospective randomized study was to compare three different MRC strategies using 
fecal tagging (one bright lumen and two dark lumen strategies) in terms of image quality. 
Secondary aim was to compare patient experience and polyp detection for these three 
strategies.

MATerIALs And MeThods

study population 
Seventy-seven consecutive patients at higher than average risk for colorectal cancer or with 
suspected colorectal lesions, who were scheduled for colonoscopy were asked to participate 
in this study. Forty-five patients participated after having giving written informed consent. 
Patients were randomly assigned to one of three different fecal tagging strategies (n=15 
per strategy) using opaque sealed envelopes in random order. Exclusion criteria were 
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age less than 18 years, suspicion of bowel obstruction or perforation, administration of 
another contrast medium within 60 hours before the MRC, the inability to hold breath 
for 25 seconds, and contraindications for MRI (including pacemakers, claustrophobia 
and pregnancy). The MRC was planned two to four weeks prior to the colonoscopy. The 
study was approved by the institutional review board of the hospital. 

MrC Bowel preparation
Three different strategies were used: strategy 1 (S1), 2 (S2) and 3 (S3); see table 1. All 
patients started three days prior to the MR-scan with a low-fiber diet together with 30mg 
of lactulose (once per day) for stool softening and an oral contrast agent for stool tagging. 
For contrast agent, either (S1) 10ml gadolinium: dimegluminegadopentetate 0.5mmol/
ml (Magnevist; Schering, Berlin, Germany) or (S2 and S3) 200ml, 1g bariumsulfate/ml 
(Micropaque™, Guerbet, Aulnay-sous-Bois, France) was used with all three major meals. 
When barium was used as tagging agent, an intravenous contrast agent was administered 
prior to the T1-weighted sequences. Patients in S2 and S3 were also asked to avoid 
anything that contains chocolate, since chocolate contains manganese that shortens T1 
relaxation time. 

scanning protocol
Prior to scanning a f lexible catheter was placed in the rectum. A spasmolytic agent, 20mg 
of butylscopolaminebromide (Buscopan; Boehringer-Ingelheim, Ingelheim, Germany) 
or, when contraindicated, 1mg of glucagon hydrochloride (Glucagen; Novo-Nordisk, 
Bagsvaerd, Denmark) was administered intravenously. 

Depending on the strategy, the colon was filled with either (S2) warm tap water or 
(S1) a water-gadolinium mixture (5mmol/l) using 80cm of hydrostatic pressure, or with 
(S3) room air (manually insuff lated). Filling of the colon was not monitored with MRI, 
but was stopped when patients reported pain or felt uncomfortable. If necessary (based 
on the scout images), additional f luid/air was administered. An additional localizer was 
necessary in 7 patients.  

All MR examinations were performed on a 1.5 Tesla Siemens (Vision, Erlangen, 
Germany) scanner using the surface coil. The MR protocol consisted of a T1-weighted 
coronal 3D-fast low angle shot (Flash: TR/TE=4.0/1.6ms, f lip 25 ,̊ effective thickness 
2.5-3.0mm, matrix 120x256, FOV 450, Rect FOV 7/8, scanning time 24 seconds), and 
multiple (2-3) coronal  and (4-5) axial T2-weighted Half-Fourier single shot turbo spin-
echo sequences (HASTE: TE 62ms, f lip 120 ,̊ thickness 4.0mm, matrix 208x256, FOV 
500, Rect FOV 7/8 (coronal) or 5/8 (axial), scanning time per sequence: 21 slices in 
respectively 22 and 16 seconds). All sequences -with the exception of the axial HASTE 
sequence- were performed both with patients in prone and in supine position; the axial 
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HASTE sequence was only performed in the supine position to reduce scanning time. 
In case of S2 and S3, 0.2ml/kg bodyweight of a gadolinium-containing contrast agent: 
dimegluminegadopentetate 0.5mmol/ml (Magnevist; Schering, Berlin, Germany) was 
administered intravenously prior to the T1-weighted series. Seventy seconds later the T1-
weighted FLASH sequences were performed. No precontrast T1-weighted images were 
performed in case of S2 and S3. The total in room time was approximately 55 minutes 
(scanning time approximately 30 minutes). 

Colonoscopy
Optical colonoscopy was used as the reference standard. The colonoscopy was performed 
with a standard colonoscope (CF-Q160AL; Olympus, Tokyo, Japan) by either a 
gastroenterologist or a senior resident in gastroenterology under direct supervision of a 
gastroenterologist. During this procedure, patients received a standard dose of sedatives: 
5 mg of midazolam (Dormicum; Roche, Basel, Switzerland) and analgesics: 0.05mg of 
fentanyl (Fentanyl-Janssen; Janssen Pharmaceuticals, Beerse, Belgium) at request of the 
patient. 

The endoscopy was recorded on videotape. If polyps were present, the exact location 
in the bowel was determined and polyp size was estimated, based on comparison with 
an open biopsy forceps prior to removal. All polyps were categorized according to size at 
endoscopy (≥5mm, ≥10mm).

Image quality and polyp detection
All images were independently analyzed using a 2D display mode by two observers, 
blinded for colonoscopic results. The first observer, a research fellow (R.v.G.), was an 
experienced CT-colonography reader who had read more than 300 CT colonography 
examinations prior to this study. The second observer (B.H.) had had a learning curve in 
evaluating image quality of MRC scans of 20 patients with feedback and had evaluated 
image quality of about 200 other MRC-scans. Both observers scored image quality of 
all examinations: contrast bowel wall-bowel content, homogeneity, presence of stool, 
distension, presence of artifacts and diagnostic confidence, as good, sufficient or poor. 
Presence of stool and presence of artifacts were rated as yes or no. 

Observer 1 also scored presence, size and location of polyps. Diagnostic confidence 
was the sum of all other image quality scores, i.e. how was the overall score of the 
MRC. A third observer (J.F., experienced in CTC reading >300 patients) who was not 
blinded for colonoscopic results, evaluated the MR scans whether polyps were missed 
due to a visualization problem or an interpretation/observer problem. The number of 
false positive lesions was also determined (first observer only). A polyp detected at MRC 
was considered true positive if three criteria were met: (1) the segmental location and 
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the location within the segment corresponded with the location as indicated during 
colonoscopy (when the polyp was situated near the segmental border, localization in the 
adjacent segment was also tolerated), (2) the polyp size as estimated by the endoscopist 
during colonoscopy corresponded with size as measured on MRC (a 50% margin based on 
the endoscopic size was allowed), and (3) morphology and appearance closely resembled 
that of the corresponding polyp at the videotaped colonoscopy. 

Patient questionnaires
Prior to MR scanning, patient experience was evaluated by questionnaire. Patients were 
asked how burdensome the fecal tagging regimen (including low fiber diet and lactulose) 
had been (5-point Likert scale; not, mild, moderate, severe, extreme). After MRC they 
were asked how much pain, embarrassment and discomfort they had experienced (5-
point Likert scale). 

Prior to colonoscopy patients were asked to rate how burdensome the bowel preparation 
had been (5-point Likert scale). After the colonoscopy the same questions were asked as 
after MRC but then in relation to the colonoscopy. Patients were also asked to rate which 
technique they would prefer for their next examination (7-point Likert scale), assuming 
both techniques to be of equal accuracy and that there is a 20% probability of having 
to undergo a therapeutic colonoscopy after the MRC. Patient complaints on the bowel 
preparation were recorded by a physician. 

statistical analysis 
Differences in age between the three groups were tested for statistical significance using 
Student’s t-test. Differences in patient characteristics (except age) and image quality (on 
a 3-point scale) between preparation strategies were tested for statistical significance 
using the Chi-square test for trend for ordinal outcomes. For dichotomous outcomes 
either the Chi-square or Fisher exact test was used depending on the expected counts 
(Fisher exact test if the expected count was less than 5 in more than 20% of the cells). 

Differences in patient experience (burden of bowel preparation, experienced pain 
and embarrassment during MR and colonoscopy) and preference between strategies 
were tested for statistical significance (S1 versus S2, S1 versus S3 and S2 versus S3) 
using the Mann-Whitney test. In the analysis of the patient preference with respect to 
bowel preparation, we took advantage of the fact that all patients had rated the MR and 
colonoscopy investigations separately. Therefore, we used the within subject difference 
between colonoscopy and MR-rating to reduce the impact of between-subject variation 
in scoring of pain and embarrassment. Since the fecal tagging regimen for S2 and S3 
were exactly the same, we combined the results of S2 and S3 in the evaluation of the 
burden of bowel preparation. To analyze differences in patient experience between each 
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strategy (MR versus colonoscopy) the Wilcoxon rank sum test was used. P-values <0.05 
were considered statistically significant.
 
resuLTs

From April 2nd 2002 to January 29th 2003, 45 patients were included, 15 patients 
per strategy. Baseline characteristics are shown in table 1. No significant differences 
were found between the three strategies except for the number of patients with polyps 
≥5mm, that was significantly higher for S1 compared to S3. Examples of MRC images 
are shown in figure 1.

Contrast
Regarding contrast between bowel wall and bowel content, both observers rated S1 
sufficient to good in all patients on both T1- and T2-weighted images (table 2). For S2 
and S3 contrast between bowel wall and bowel content was rated lower than for S1. S1 
showed statistically significant better contrast than S2 on the T1-weighted images as 
well as on the T2-weighted images (table 3).

Strategy 1 Strategy 2 Strategy 3

Tagging agent gadolinium barium barium

Rectal filling with
water + gado-

linium
tap water tap water

Intravenous contrast agent no gadolinium gadolinium

Age average ± sd 
     (range)

60 ± 11 
(46-79)

58 ± 10 
(41-75)

57 ± 12 
(32-73)

Female � � 10

Indication for CC
     Follow-up after CRC
     Follow-up after polyp
     + family history
     Other

5
5
4
1

3
3
4
5

4
�
2
3

No. of patients with first CC 3 3 2

Sedation used at CC 9 12 14

No. of polyps ≥10mm 4 4 0

                      ≥5mm 13 8 3

sd: standard deviation, CC: conventional colonoscopy, CRC: colorectal cancer.

Table 1. Summary of strategies used and baseline characteristics per strategy (n=15). 
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Figure 1. (facing page) Examples of T1 (left) and T2 (right)-weighted images of strategy 1 
(1a, 1b), 2 (2b, 2c) and 3 (3d, 3e). a: T1-weighted image showing the hyperintense colon, filled 
with a water gadolinium mixture. The sigmoid colon shows an air- (hypointense) fluid level. b: 
T2 weighted image of the same patient showing a hypointense colon. c:, T1-weighted image 
of the hypointense fluid (water) filled colon. Insufficiently tagged stool is seen as greyish 
discolorations in the transverse colon on the T1-weighted images (here relatively mild) and 
as hypointense (air containing) spots on the T2-weighted images (d). e: Air filled colon on 
T1-weighted images with insufficiently tagged stool (intermediate signal intensity) that is not 
seen on the T2-weighted images (f).

homogeneity
As shown in table 2 and 3, homogeneity was sufficient in almost all patients using S1. 
For S2 however, homogeneity was poor for respectively 10 and 9 patients (observer 1 
and 2) based on the T1-weighted sequence and 7 patients for both observers based on 
the T2 weighted sequence. S3 showed comparable results to S2 for the T1-weighted 
sequence; however, only 0-1 patients showed poor results on the T2-weighted sequence. 
Homogeneity was significantly better for S1 than for S2 and S3 on both sequences. 
However, in contrast to observer 2, there were no statistically significant differences 
between S1 and S3 on the T2-weighted sequences for observer 1 (P=0.400).  
 
distension
In almost all patients sufficient to good distension was observed (table 2). Observer 1 
rated distension significantly better for S1 and S2 when compared to S3 using air for 
distension. Distension was not judged significantly different between the three strategies 
by observer 2. 

Visibility of stool
Stool was visible in almost all patients irrespective of the strategy used. According to 
observer 1 stool was visible in respectively 12 patients using S1 and all patients using 
S2 or S3 for the T1-weighted sequence. For the T2-weighted sequence stool was visible 
in respectively 13, 14 and 10 patients using S1, S2 and S3. No statistically significant 
differences were found by both observers. 

Artifacts
The T1-weighted images suffered more from artifacts (mainly motion-related artifacts) 
than the T2-weighted sequences. Observer 1 saw artifacts in respectively 11 (S1), 4 (S2) 
and 3 (S3) patients on the T1-weighted images, and in respectively 4, 2, and 0 patients 
on the T2-weighted series. Significant differences were seen by both observers on the T1-
weighted images in favor of S2 and S3 (table 3). No significant differences were found 
between all three strategies on the T2-weighted images.
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Table 3. P-values of both observers between all three strategies. Numbers in superscript 
indicate in favor of which strategy. 

Obs. Contrast Homogeneity Dist.

T1 T2 T1 T2

1 S1-S2 P<0.0011 P=0.0011 P=0.0021 P=0.0041 P=0.�50

S1-S3 P<0.0011 P=0.0201 P=0.0021 P=0.400 P=0.0171

S2-S3 P=0.439 P=0.0493 P=0.999 P=0.0033 P=0.0352

2 S1-S2 P<0.0011 P<0.0011 P<0.0011 P<0.0011 P=0.�59

S1-S3 P=0.204 P=0.081 P=0.0191 P=0.0101 P=0.���

S2-S3 P=0.223 P=0.0353 P=0.130 P=0.0053 P=0.�08
Obs: observer, Dist: distension, DC: Diagnostic confidence. S1: strategy 1. S2 strategy 2.

Sequence Quality Contrast Homogeneity Distension

S 1 S 2 S 3 S 1 S 2 S 3 S 1 S 2 S 3

T1 Good 12 0 0 3 0 0 9 � 1

Sufficient 3 9 11 10 5 5 5 8 14

Poor 0 � 4 2 10 10 1 0 0

T2 Good 8 0 2 4 0 1

Sufficient � 13 13 10 8 14

Poor 0 2 0 1 � 0

Table 2. Contrast between bowel wall and bowel content, homogeneity of bowel content, 
and bowel distension according to observer 1 at T1 weighted and T2 weighted sequences. 
Statistical significant differences are shown in table 3. (Note: distension was based on both 
T1 and T2 images).

Diagnostic confidence
Diagnostic confidence of the MRC examinations showed comparable results for S1 and 
S3. S2 showed significantly less favorable results (table 3 and 4). According to observer 
1 in all of the patients in S1 and S3 diagnostic confidence was sufficient or good and 
according to observer 2 in most of the patients, respectively 13 for S1 and 11 for S3, 
diagnostic confidence was rated as sufficient or good. For S2 however according to 
observer 1 and 2 respectively, in 5 and 11 patients the MRC examinations diagnostic 
confidence was insufficient. 
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Table 4. Diagnostic confidence for each strategy according to observer 1 and observer 2. 

Statistical significant differences are shown in table 3.

Diagnostic confidence Observer 1 Observer 2

S 1 S 2 S 3 S 1 S 2 S 3

Good 9 3 8 8 1 11

Sufficiënt � � � 5 3 0

Poor / not diagnostic 0 5 0 2 11 4

S1: strategy 1, S2 strategy 2, S3, strategy 3. 

Table 3 (Continued). 

Obs. Stool Artifacts D.C.

T1 T2 T1 T2

1 S1-S2 P=0.438 P=0.598 P=0.0112 P=0.�51 P=0.0061

S1-S3 P=0.438 P=0.�82 P=0.0033 P=0.100 P=0.�13

S2-S3 P=0.999 P=0.1�9 P=0.999 P=0.438 P=0.0113

2 S1-S2 P=0.999 P=0.999 P=0.0012 P=0.390 P=0.0011

S1-S3 P=0.999 P=0.999 P<0.0013 P=0.999 P=0.823

S2-S3 P=0.999 P=0.999 P=0.1�9 P=0.1�9 P=0.0013

S3, strategy 3.  Statistically significant P-values are in bold.

Patient experience and preference

Bowel preparation

Figure 2 shows how patients rated the respective bowel preparations. The difference in 
rating between MR preparation and colonoscopy preparation was largest in S1; none of 
the patients rated the MRC preparation as moderate to extreme burden whereas 73% 
rated the bowel preparation prior to colonoscopy as moderate to extreme (P<0.001). For 
S2 and S3 combined, these differences between MR and colonoscopy bowel preparation 
were less obvious but still significant (P=0.015). When S1 was compared with S2 and S3 
combined, S1 showed significantly less burden (P=0.01) of the bowel preparation. 
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Pain during MRC and colonoscopy
Comparing pain within all three strategies (figure 3), shows that patients experienced less 
pain during MRC than during colonoscopy (P-values for S1, S2 and S3 are respectively 
P=0.008, P=0.003 and P=0.018).  However, when experienced pain was analyzed between 
the strategies no differences were seen, indicating that the difference in experienced pain 
between MR and colonoscopy is comparable between all three strategies.  

Embarrassment during MRC and colonoscopy
Almost all patients rated the MRC (S1: 12/15, S2: 15/15, S3: 13/15) and the colonoscopy 
(S1: 14/14, S2: 14/14, S3: 12/14) as “not embarrassing”. No significant differences were 
found between all three strategies and between colonoscopy and MRC within each 
strategy.

Preference for their next examination 
Patient preference was in favor for MRC for all three strategies (figure 4). No statistically 
significant differences were observed between the MRC strategies. Nevertheless, two 
patients reported serious complaints. One patient (S3) reported constipation and 
evacuation problems requiring digital removal. The other patient (S2) reported a clogged 
toilet due to the Barium. 

Figure 2. How burdensome was the bowel preparation. The two columns on the left show 
the rating of the tagging prior to MRC and the bowel preparation prior to CC for S1, the two 
columns on the right show the rating for S2 and S3 combined. The difference between MRC and 
CC bowel preparation of S1 was significantly larger than the difference of S2/S3 (P<0.01).
S1: strategy 1, S2/S3, strategy 2 and 3, CC: colonoscopy, MRC: MR colonography.
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Figure 3. How painful were the MRC and colonoscopic examinations for all three strategies. 
No statistically significant differences were found between the strategies.
CC: colonoscopy, MRC: MR colonography.

Polyp detection
Colonoscopy in 45 patients showed eight polyps ≥10mm in seven patients. Examples of 
true positive and false positive lesions are shown in figure 5 and 6. The polyps were not 
equally distributed over all three strategies since no large polyps were seen in any of the 
patients in S3.The blinded observer identified 2 out of 4 large polyps in S1 and also 2 
out of 4 in S2. 

Seven out of eight polyps were visible in retrospect. 4 polyps ≥10mm were missed by 
the observer due to:
• (S1) Flat hyperplastic polyp measuring 2 by 10mm, retrospectively not visualized
• (S1) Polyp 12mm identified but due to poor homogeneity not scored as a polyp
• (S2) Polyp 25mm, retrospectively clearly visible 
• (S2) Polyp 13mm, retrospectively visible with difficulty

Twentyfour polyps ≥5mm were seen at colonoscopy, 10 of these were identified by 
observer 1. For S1, S2 and S3 respectively 6 out of 13, 3 out of 8 and 1 out of 3 polyps 
≥5mm were correctly identified. 

Concerning false positive lesions, respectively 1, 3 and 2 false positive lesions ≥ 10mm, 
and 11, 17 and 16 lesions ≥5mm were scored for strategy S1, S2 and S3. 
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dIsCussIon

This study shows that the diagnostic confidence of a bright lumen MRC strategy using 
gadolinium for tagging and colonic filling (S1) and a dark lumen MRC strategy using 
barium for tagging and air for colonic filling (S3) is good and comparable. The bright 
lumen strategy has the additional advantage of showing the best contrast between bowel 
wall and lumen, and showing good homogeneity on both the T1 and T2 weighted 
sequences, but with more artifacts on the T1-weighted sequences. The dark lumen 
strategy using water for distension (S2) performed less than the dark lumen strategy 
using air for distension (S3) on the T2-weighted sequences. Patient preference for all 
three strategies was in favor of MRC. No significant differences were found in patient 
preference between the three strategies, even though the bowel preparation of both 
dark lumen strategies using barium for fecal tagging (S2 and S3) was significantly more 
burdensome than the gadolinium that was used in the bright lumen strategy. There was 
no statistically significant differences in experienced pain between all three strategies. 

Several limitations must be taken into consideration when interpreting these study 
results. Firstly, since the current study was an explorative study, the number of patients 
included was small (n=45). Regarding polyp detection, the number of large polyps was 
very small and polyps were not equally distributed across strategies. Therefore, no valid 
conclusions can be drawn regarding polyp detection, other than that only 4 out of 8 

Figure 4. Patient preference for their next examination for all three strategies. No statisti-
cally significant differences were found between the strategies.
S1: strategy 1, S2 strategy 2, S3, strategy 3, T1: T1-weighted sequence, CC: colonoscopy, MRC: 
MR colonography.
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polyps (50%) were detected whereas 7 were visible in retrospect. However, the number of 
patients included is sufficient to show differences in image quality and patient acceptance 
of the bowel preparation between the strategies.

In the current study, the protocol was optimized for all three strategies using pig colons 
with artificially introduced polyps first, and later volunteers and patients. Since optimal 
scanning parameters for each strategy were the same or nearly the same, consistent scan 
parameters were used for all patients in the current study. However, it is known that the 
performance of MR varies depending on the scanner used. Theoretically other scanners 
might perform slightly different on the currently used strategies. Nevertheless we think 
that this inf luence is very limited.

In the current study no pre-contrast sequences were acquired for the dark lumen 
strategies (S2 and S3). Using both pre- and post-contrast T1-weighted datasets might 
help in differentiating polyps from stool, since there will be contrast uptake in polyps. 
However, using pre-contrast sequences (which is in practice only possible in one 
position) would have increased the scanning time, and secondly, dual positioning also 
helps differentiating polyps from stool and simultaneously distends segments that are 
collapsed in the other position. Dual positioning is for this reason applied in almost all 
institutions. 

Both observers rated the contrast between bowel wall and bowel content higher for 
the bright lumen strategy (S1) on both the T1 and T2-weighted images than for the 
barium/water dark lumen strategy (S2). Observer 1 also rated this strategy better than 
the barium/air dark lumen strategy (S3). The water-gadolinium-mixture showed high 
signal on the T1-weighted images and dark signal on the T2-weighted images (S1). 
Although the dark-lumen strategies have the advantage of using gadolinium intravenously 
which enhances the bowel wall on T1-weighted sequences (and especially hypervascular 
structures such as polyps and malignancies), contrast between enhanced bowel wall and 
dark lumen was less than expected in all cases, contrarily to the bright lumen strategy 
that always achieved high signal in the bowel lumen. Moreover, the fact that the barium 
tagged stool was frequently of intermediate signal intensity resulting in a grayish colon 
lumen reduced the contrast of the dark lumen strategies even more.

Even though in almost all patients stool was present, homogeneity of the bowel content 
was rated sufficient or good in almost all patients using the bright lumen strategy. This 
was not the case for the dark lumen strategies, both using barium for fecal tagging. A 
large disadvantage of using barium for fecal tagging is the fact that it requires more 
patient compliance; not only the fact that it tastes less well, but also the fact that some 
food products  (e.g. chocolate) show bright on T1-weighted sequences, outweighing the 
darkening effect of barium on T1-weighted sequences. Although patients were asked not 
to consume these products, inhomogeneous bright stool was present in many patients 
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Figure 5. Examples of polyps detected at MRC. A,b,c: example of a 10 mm sessile polyp 
in the sigmoid (arrows) in a 63 year old male using strategy 1: the bright lumen strategy (a: 
T1-weighted coronal, b: T2-weighted coronal, c: colonoscopic image). D, e, f: example of a 
25 mm stalked polyp in the sigmoid (arrows) in a 64 year old male using strategy 2: the dark 
lumen strategy with water for distension (d: T1w coronal, e: T2w coronal, f: colonoscopic im-
age). G, h, i: example of an 8 mm sessile polyp in the transverse colon in a 66 year old female 
using strategy 3: the dark lumen strategy with air for distension (d: T1-weighted coronal, e: 
T2-weighted coronal, f: colonoscopic image). Many, especially smaller polyps, were relative 
difficult to detect or not visible at all on the T2w sequences due to partial volume effects.
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using the dark lumen strategies. This could also be explained by the fact that barium 
has a hardening effect on stool, preventing equal distribution of barium and water in the 
stool. The inhomogeneous tagging of stool probably caused the higher number of false 
positive lesions (ranging 5-9mm) in the dark lumen strategies. 

In almost all examinations distension was sufficient. Since filling of the colon was 
stopped when patients experienced pain of felt uncomfortable, no differences in degree of 
distension are expected (supposing that water or air by itself does not inf luence triggering 
of pain receptors). Nevertheless it can be assumed that patients whose colon was filled 
with water were more eager to prevent leakage than those whose colon was filled with 
air. This might explain why observer 1 rated distension for the strategies using water for 
distension significantly better. 

Regarding artifacts, the bright lumen strategy showed more artifacts on the T1-
weighted sequence than the dark lumen strategies. Most of these artifacts were motion- 
related artifacts caused by bowel movement. Due to the high contrast between the bowel 
lumen and bowel wall in bright lumen MRC, even slight movements of the intestine 
caused distinct artifacts. Since the T2-weigted images were acquired two-dimensionally, 
and thereby only taking a second per slice, fewer artifacts were present. 

In general, the image quality of the T2-weighted images was better than the image 
quality of the T1-weighted images. This was mainly due to fewer artifacts and better 
homogeneity of the bowel content. The diagnostic confidence was comparable for the 
bright lumen strategy and the barium/air strategy. Poor homogeneity in both the T1-
weigted and T2-weighted sequences has resulted in a lower overall diagnostic confidence 
for the barium/water strategy. 

When patient acceptance between all three strategies was compared, the bowel 
preparation showed significant difference between the bright lumen and the (combined) 
dark lumen strategies in favor of the bright lumen strategy. The fact that experienced 
pain during the procedures was more or less equal for all tree strategies is a logical 
consequence of the fact that bowel filling was stopped when patients experienced pain 
or felt uncomfortable. 

Embarrassment was limited and showed no differences, even though two patients 
suffered substantial leakage of the rectally administered watery f luids. On the other 
hand, two patients reported serious complaints. One patient (barium tagging, rectal 
air) reported constipation and evacuation problems requiring digital removal. The 
other patient (barium tagging, rectal water) reported a clogged toilet due to the Barium. 
Complaints regarding barium as tagging agent prior to dark lumen MRC have been 
described before [9]. In this study by Goehde at al. the barium preparation was even 
rated worse than bowel cleansing prior to colonoscopy. These problems will hamper the 
implementation of MRC, especially as a screening tool.
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Figure 6. (facing page) Examples of T1 (left) and T2 (right)-weighted images of false posi-
tive lesions in all three strategies. a,b: 9 mm false positive lesion in a 65 year old male using 
strategy 1. c, d: 18 mm false positive lesion in a 47 year old male using strategy 2. e, f: 8 mm 
false positive lesion in a 52 year old male using strategy 3. Most false positive lesions were not 
visible on the T2-weighted sequences, however this also applied for true positive lesions.  

The balance regarding preference of MRC versus colonoscopy did not differ by strategy, 
even though for bowel preparation there was a statistically significant difference in favor 
of the bright lumen strategy. Probably patient preference for MRC was already so strong 
that the additional difference in bowel preparation did not become manifest in the 
patient preference in the current study. 

In contrast to the large number of published studies on CTC, patient studies on 
MRC for the detection of colorectal cancer or polyps are scarce [17]. The first reports on 
MRC (both with and without fecal tagging) used a bright lumen technique [3,4,6,10,11] 
and showed promising results. The tendency of using bright lumen techniques changed 
to dark lumen strategies in subsequent studies. Again, with some exceptions [9,14] these 
studies showed good results [5,7,8,12,13,15]. Moreover, they had the additional advantage 
that they were cheaper than the protocols using gadolinium for rectal filling and/or 
tagging. However, no direct comparison between the different strategies was performed 
regarding image quality (or polyp detection), as was done in the current study. The 
results of the current study comparing these strategies, do not support the change from 
bright lumen to dark lumen MRC (with fecal tagging) since the results of dark lumen 
strategies were not better than the bright lumen strategy. 

In conclusion, we can say that diagnostic confidence of the bright lumen strategy 
using gadolinium for fecal tagging and the dark lumen strategy using barium for fecal 
tagging and air insuff lation for colonic distension were best. Patients rated the bowel 
preparation of the bright lumen strategy less burdensome than the bowel preparation of 
the dark lumen strategies. Patient preference was comparable. In view of these results, the 
bright lumen strategy is preferable with regard to patient experience. Since gadolinium 
is more expensive than barium, the dark lumen strategy using air for rectal filling is a 
valuable alternative if costs are an issue rather than patient experience. However, since 
diagnostic performance was not thoroughly tested in this study, future studies should 
therefore focus determining diagnostic performance of these strategies.  
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Abstract

Purpose: To prospectively evaluate the diagnostic performance of 
magnetic resonance colonography using limited bowel preparation for 
(patients with) polyps ≥10mm in a population at increased risk for colo-
rectal cancer, using optical colonoscopy as the reference standard.
Materials and methods: The institutional review board of all 
three hospitals approved the study. All patients provided written 
informed consent. In this multicenter study patients undergoing 
colonoscopy because of a personal or family history of colorectal 
cancer or adenomatous polyps were included. Two blinded observers 
independently evaluated magnetic resonance colonography (T1- and 
T2-weighted) with limited bowel preparation (bright lumen fecal tagging) 
for the presence of polyps. The limited bowel preparation consisted 
of a low fiber diet, lactulose and gadolinium (with all three major 
meals) starting 48 hours prior to scanning. Results were verified with 
colonoscopic outcomes. Patient sensitivity, patient specificity, polyp 
sensitivity and interobserver agreement (in %) for lesions ≥10mm were 
calculated for both observers, as well as after combining the results of 
both observers. 
Results: 200 patients (mean age 58, 128 male) were included. 41 
patients had coexistent symptoms. At colonoscopy 12 patients had 22 
polyps ≥10mm. Observer 1 and 2 correctly identified 7 (58%) and 8 
(67%) of 12 patients with a polyp ≥10mm. When the results of both 
observers were combined, 9 (75%) patients were correctly identified. 
Per patient specificity was 178/188 (95%) for observer 1 and 183/188 
(97%) for observer 2, versus 175/188 (93%) when results were combined. 
Per polyp sensitivity was 12/22 (55%) for observer 1, 11/22 (50%) for 
observer 2 and 17/22 (77%) when combined. Interobserver agreement 
(between observer 1 and 2) for patients with lesions ≥10mm was 93%.
Conclusions: Specificity of magnetic resonance colonography using 
limited bowel preparation was 95-97%, but its sensitivity was 58-67%. 
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InTroduCTIon 

Computed tomography colonography (CTC) has been studied as screening technique 
for colorectal cancer, with good results [1,2]. Unfortunately, CTC requires ionizing 
radiation, posing a significant drawback for large scale use in patients at average risk 
[3,4]. Additional drawback is the extensive bowel preparation used in most protocols, 
which is regarded as a major burden by many patients [5-7].

Although some studies have shown that substantial dose reduction in CTC is 
feasible [8,9], an alternative imaging method not requiring ionizing radiation would 
be preferable for screening. In recent years several studies have investigated magnetic 
resonance colonography (MRC) in symptomatic populations [10-14], most of these 
studies concluding that MRC has diagnostic value [10-13]. A few studies have shown 
that a combination of low-fiber diet, an oral contrast agent (i.e. fecal tagging or fecal 
masking) and sometimes Lactulose results in a more limited and potentially patient-
friendly bowel preparation [15-17]. For fecal tagging either a bright (gadolinium for 
fecal tagging and rectal filling) or a dark lumen strategy (barium for tagging and water 
for rectal filling) can be used. Lactulose (a mild laxative) is used for stool softening 
and homogeneous contrast agent distribution. The advantage of using barium for fecal 
tagging is that it is cheaper; however, studies have shown less favorable results regarding 
patient acceptance of this strategy [18].

Though a more limited bowel preparation would make MRC an attractive alternative, 
its usability will also be determined by its test characteristics. However, no “large” studies 
have been performed yet on bright lumen MRC with fecal tagging, which is supposed to 
be a patient friendly strategy primarily since it does not require radiation. The purpose of 
our multi-center study was to prospectively evaluate the diagnostic performance of MRC 
using limited bowel preparation for (patients with) polyps ≥10mm in a population at 
increased risk for colorectal cancer [19], using optical colonoscopy (CC) as the reference 
standard. 

 
MATerIALs And MeThods

study group 
Between February 20th 2003, and October 27th 2004, consecutive patients with a 
personal or family history of colorectal polyps or cancer, scheduled for CC, were asked 
to participate in this study in three hospitals (one university hospital, two secondary 
referral centers). Exclusion criteria were: age less than 18 years, colostomy after colorectal 
surgery, oral or intravenous administration of another contrast medium within 48 hours 
prior to MRC, the inability to hold breath for 25 seconds, and contraindications for MRC 
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(including claustrophobia and pregnancy). Coexistent symptoms were not an exclusion 
criterion, as long as the colonoscopy was not performed (or scheduled earlier) because 
of these symptoms. All patients provided written informed consent. The institutional 
review board of all three hospitals approved the study. 

Patient preparation prior to MrC 
The MRC was to be performed within two weeks prior to CC. All patients started 48 
hours prior to MRC with a low-fiber diet (only well cooked, non-fibrous vegetables and 
meat, no fibrous fruit, no whole-wheat cereal products, no nuts) together with 12 gram 
of lactulose (Lactulose CF powder 6g/sachet, Centrafarm, Etten-Leur, The Netherlands) 
dissolved in water, once per day (in the morning) for stool softening. An oral contrast 
agent: 10ml gadolinium: dimegluminegadopentetate 0.5mmol/ml (Magnevist; Schering, 
Berlin, Germany; approximately USD 90.- per patient, converted from euro) was added 
to all major meals during this period (6 meals over 2 days) for stool tagging. If the stool 
became too soft (diarrhea) patients were allowed to reduce the amount of lactulose. Stool 
consistency prior to scanning and whether patients reduced the amount of lactulose was 
asked by questionnaire.

MrC imaging protocol
MRC was performed at the Academic Medical Center or Onze Lieve Vrouwe Gasthuis 
by a research fellow or a specially trained technician. Prior to scanning a f lexible 
balloon-tipped catheter was placed in the rectum. A spasmolytic agent, 20 mg of 
butylscopolaminebromide (Buscopan; Boehringer-Ingelheim, Ingelheim, Germany) 
or, when contraindicated, 1 mg of glucagon hydrochloride (Glucagen; Novo-Nordisk, 
Bagsvaerd, Denmark) was administered intravenously, just prior to moving the table into 
the scanner. Subsequently, the colon was distended with a water-gadolinium mixture 
(10mmol/l) using 80cm of hydrostatic pressure. The amount of f luid administered was 
estimated based on the markings of the bag. This preparation renders the colonic lumen 
hyperintense on T1 and hypointense on T2-weighted sequences, opposite to tissue. 
Filling of the colon was not monitored, but was stopped when patients reported pain 
or felt uncomfortable. If necessary (based on the scout images), additional f luid was 
added.

The MRC was performed on 1.5T (Signa, GE, Milwaukee, WI, USA, and Intera, 
Philips Medical Systems, Best, The Netherlands) or 3T (Intera, Philips Medical Systems) 
scanners using phased array coils. The protocol consisted of a coronal 3D T1-weighted 
Fast Field Echo, coronal 2D T2-weighted Fast Spin Echo and axial 2D T2-weighted 
Fast Spin Echo (table 1),  performed in both prone and supine position. Multiple breath 
hold sequences were used to reduce scanning time per breath hold. Only the axial T2-
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Table 1. Scan parameters of all three scanners used.

1.5T Signa
GE

1.5T Intera
PMS

3T Intera
PMS

3D T1w TR/TE (ms) 5.4/1.� 5.�/1.9 5.4/2.0

FFE cor Flip angle (°) 25 25 25

Slice thickness* (mm) 2.0 2.5 2.5

FOV (mm) 480x336 480x432 480x384

matrix 256x192 512x304 192x163

slices 120 80 �2

No. of breathholds 5 4 1-2

Sense factor n.a. 1.3 2.0

2D T2w TR/TE (ms) 1050/�2 8��/195 1002/�0

FSE cor Slice thickness (mm) 5 5 5

FOV (mm) 400x280 480x432 485x485

matrix 256x160 256x256 304x274

slices 50 3� 40

No. of breathholds 3 2 2

Sense factor n.a. 2.0 2.0

2D T2w TR/TE (ms) 1354/�4 ���/1�5 1002/�0

FSE ax Slice thickness (mm) 4 5 5

FOV (mm) 460x322 400x320 455x455

matrix 320x224 256x256 304x274

slices 88 �8 �2

No. of breathholds Free breathing 2 4

Sense factor n.a. 2.0 2.0

FFE: Fast Field ECHO; FSE: Fast Spoiled ECHO; * interpolated; PMS: Philips medical systems.

weighted TSE on the 1.5T Signa scanner was performed in free breathing since it would 
have taken too long to perform it in multiple breathholds on this scanner. No overlapping 
slices were used. All breathholds took 10-20 seconds. Since scanning took 10-12 minutes 
per position, patients had to retain the enema for 20-25 minutes in total. Although 
patients were stimulated to hold the enema during the total procedure, when necessary 
the lock of the enema bag was opened to prevent severe leakage. The amount of leakage 
was noted (no, minor: a spot of leakage, considerable: substantial amount). Total in-
room time was on average approximately 45 minutes. 
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evaluation of MrC data
All images were independently evaluated by two blinded observers. The first observer, 
an abdominal radiologist (RN) with 11 years of clinical experience with magnetic 
resonance imaging (MRI), evaluated 20 CTC examinations and 40 MRC examinations 
with feedback of the (videotaped) CC results for learning purposes. The second observer 
(SJ), a resident in radiology (second year), had read more than 160 CTC examinations 
and had read 40 MRC examinations with feed-back of CC results. Both observers 
evaluated all sequences on a workstation (Extended Brilliance Workspace, Philips 
Medical Systems) or picture archiving and communication system (IMPAX-SP4-SU4-
DS3000, AGFA, Mortsel, Belgium). Since the T2-weighted dataset was scanned in two 
directions, no multiplanar reformats were used. They scored presence, size, and location 
(cecum, ascending colon, transverse colon, descending colon, sigmoid, rectum) of any 
polyps or colorectal cancer at MRC and the sequences in which they were visible. Lesions 
were measured using calipers, and screenshots were taken. The location was marked on 
a schematic drawing of the colon. 

The first observer also evaluated image quality (5-point scale; excellent: polyps 
≥2mm are probably visible, good: polyps ≥6mm are probably visible, moderate: polyps 
≥10mm are probably visible, fair: polyps ≥10mm could be missed, poor/not diagnostic), 
distension (4-point scale; good: polyps ≥6mm are probably visible, sufficient: polyps 
<10mm could be missed due to suboptimal distension, insufficient: polyps ≥10mm could 
be missed due to poor distension, collapsed) and the presence of stool (yes, no stool at all) 
and artifacts (if present: what type).

Colonoscopy 
Patients ingested 4–6L of polyethylene glycol electrolyte solution (KleanPrep; Helsinn 
Birex Pharmaceuticals, Dublin, Ireland) for bowel preparation on the day before the 
day of the examination (in case of 6L, the last two liters were taken on the exam day). 
Optical CC was used as reference standard. 

CC was performed with a standard colonoscope (CF-Q160AL or CFQ-160L; 
Olympus, Tokyo, Japan) at the Endoscopy Departments of the Academic Medical Center, 
the Onze Lieve Vrouwe Gasthuis or the Slotervaart Ziekenhuis. CC was performed by 
an experienced staff member (gastroenterologist or gastrointestinal surgeon, average 
experience as staff member 15 years, range 3-25 years) or by a gastroenterology fellow 
under direct supervision of the attending gastroenterologist. The endoscopy was recorded 
on videotape. If polyps were present, the endoscopist scored their exact location (cecum, 
ascending colon, transverse colon, descending colon, sigmoid, rectum), morphology 
(pedunculated, sessile, f lat), and size. Size was estimated prior to removal, based on 
comparison with an open biopsy forceps of known size (8mm). A polyp was considered 
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f lat if its height was less than one half of the diameter of the lesion [20]. This information 
was filled out on a case record form. Mean examination time was 33 (± 21) minutes.

statistical analysis and the determination of lesion status 
All polyps were categorized according to their size at endoscopy (6-9mm; medium, ≥10mm; 
large polyps). We calculated sensitivity, specificity, predictive values, and interobserver 
agreement (in %) for (patients with) polyps sized ≥10mm (large polyps) and those ≥6mm. 
No consensus reading was performed in our study. As double reading is sometimes used 
in screening, we calculated the detection parameters again after combining the results. 
For this purpose, lesions (true positive and false positive) identified at MRC by observer 
1 and 2 were added. A research fellow not involved in reading the MRC examinations 
(JF, experienced in CTC reading >400 patients and matching >80 CTC and >50 MRC 
evaluations) matched all 22 polyps ≥10mm identified at endoscopy with the MRC scans, 
providing a frame of reference for true positive findings at MRC. By defining these 
reference polyps, it was possible to determine whether false negative MRC findings were 
due to an interpretation problem or visualization problems.

A polyp detected at MRC was labeled as true positive if three criteria were met:   
segmental location and location within the segment corresponded with CC (when 
situated near the segmental border, localization in the adjacent segment was also 
tolerated), the polyp size as estimated by the endoscopist (open forceps) corresponded 
with size as measured on MRC (50% margin based on the endoscopic size was allowed), 
and appearance (morphology) closely resembled that of the corresponding polyp at 
videotaped CC. 

False positive findings ≥10mm
After all MRC examinations had been reviewed and matched, the research fellow not 
involved in reading the MRC examinations (JF) determined the nature of false positive 
findings ≥10mm by reviewing the videotaped CC, CC findings and MRI scan. If a 
false positive lesion ≥10mm was assumed to be a true polyp missed at CC, a second-look 
endoscopy was called for. 

detection parameters
Patient sensitivity was defined as the number of patients with at least one true positive 
lesion relative to the number of patients with polyps at CC. For the 6mm and 10mm 
thresholds, findings were considered to be true positive if at least one matched polyp in 
the respective size range was detected and false negative when no true positive polyps or 
only those of a lower size category had been detected. Polyp sensitivity was the proportion 
of polyps detected at CC with a true positive MRC result. From some patients, more than 
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Figure 1. Flow diagram showing 
patient participation. 

one polyp was obtained in this study. Thus, we used generalized estimating equations 
(GEE) to revise the data clustering and dependency [21]. In the GEE, we assessed 
the adjusted confidence interval for per polyp sensitivity. Patient specificity was the 
proportion of patients without polyps at CC with true negative findings. For the 6mm 
and 10mm thresholds, findings were considered true negative if patients without polyps 
≥6mm or ≥10mm had no false positive findings ≥6mm and ≥10mm, respectively.

Predictive values
The positive predictive value was defined as the proportion of patients with a true 
positive finding out of all patients with findings of that size range at MRC. The negative 
predictive value was defined as the proportion of patients with a true negative finding 
out of all patients without findings of that size range at MRC. Per polyp, the positive 
predictive value was defined as the proportion of true positive polyps out of all findings 
of that size range at MRC. 

Interobserver agreement
For calculation of the interobserver variability the kappa statistics is in general an 
accepted method. However beside the fact that this measure strongly depends on the 
disease prevalence (in our study 6%) determining interobserver variability per patient is 
hampered if both observers point out different lesions in one patient. 

We therefore performed interobserver agreement analysis by calculating the agreement 
in percentages on a per patient level. Both reviewers were considered to agree if they both 



Chapter 3

53

recorded one or more corresponding lesions, or if they both recorded no findings. For 
corresponding lesions, the largest size measurement of both observers determined the 
size category, a 50% margin based on the largest size measurement was allowed. 

statistical software
Software (SPSS for windows, version 12.0.1, SPSS, Chicago, USA) was used for all 
statistical analyses except for the calculation of the confidence intervals. The computer 
software used to apply the GEE (polyp sensitivity confidence intervals) was SAS, version 
9.1 (SAS Institute Inc, Cary, NC); the Proc Genmod command was used. Regarding 
other confidence intervals, if either true positive, false negative, false positive or true 
negatives was <5, a two sided confidence limits to the binomial distribution was used to 
calculate the confidence intervals (The SEMSTAT Statistical Software Package, Austin, 
Texas); if either true positive, false negative, false positive or true negatives was ≥5, a 
normal approximation to the binomial distribution was used.

 

resuLTs

In total 227 patients were included (figure 1) of which 27 patients had to be excluded 
due to: planning problems (n=7, no time available, changes in schedule), not showing 
up (n=4), claustrophobia (n=2), study withdrawal (n=2), lost MRC-data (n=2), technical 
MRI problem (n=1), unrelated health problems (n=1) and CC only reached the sigmoid 
(n=1, without lesions). In 7 other patients both observers rated the MRC as “not 
diagnostic” (mostly due to motion artifacts or insufficient distension). In 6 patients in 
whom the initial endoscopy was not successful due to insufficient bowel preparation 
(n=1) or incomplete visualization (n=5), re-endoscopy was successful. Therefore 200 
patients were available for analysis (table 2). 41 patients had symptoms associated with 
colorectal carcinoma just prior to the MRC. 

Colonoscopy results 
In 107 patients (54%) a polyp was detected at CC (table 2); 12 of these patients had one or 
more polyps ≥10mm (in total 22 polyps). Five of the 22 large polyps were f lat. Only one 
symptomatic patient harbored a large polyp, two symptomatic patients harbored a polyp 
6-9mm. No carcinomas were detected. No second-look endoscopies had to be performed 
since the 17 large false positive lesions were either explained by a large ileocecal valve (2 
lesions), or air bubbles or residual stool (ascending colon: 2 lesions, transverse colon: 5, 
descending colon: 2, sigmoid: 6). 
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Table 2. Baseline characteristics of the study group. 

Number

Enrolled (per hospital*) 22� (1�3/53/11)

Included (per hospital) 200 (145/4�/9)

male/female 128/�2

Age in years: mean ± sd† (range) 58 ± 12  (23-84)

Indication: 
     H/O colorectal polyps 
     H/O colorectal carcinoma
     F/H of colorectal polyps or cancer

110 (55%)
48 (24%)
42 (21%)

Coexistent symptoms:
     Abdominal pain
     Hematochezia
     Altered bowel habits

24 (12%)
� (3%)
11 (�%)

Colonoscopy:
No. of polyps [Patients with polyps]
     ≥10 mm 
     average, median, range (mm)
     ≥6 mm
     average, median for polyps 6-9 mm (mm)
No. of adenomas /no. of polyps with histology
     ≥10 mm
     ≥6 mm

22 [12]
12.6, 10, 10-30

44 [2�]
7.3, 8

11/15
22/33

*Per hospital: Academic Medical Center, Onze Lieve Vrouwe Gasthuis and Slotervaart Hospital. †sd = 
standard deviation, H/O = history of, F/H = family history.

MrC results
168 patients were scanned at 1.5T (GE 127, Philips 41) and 32 at 3.0T. Seventy-seven 
patients (39%) had diarrhea at some point during the bowel preparation, 48 of these just 
prior to scanning. Thirty-seven patients reduced the amount of Lactulose (all but one 
only on the last day). 

Prior to scanning in 191 patients a spasmolytic agent was administered. 149 patients 
received Buscopan, 42 glucagon and 9 received no spasmolytic agent. On average 1.9 
liters of water-gadolinium mixture were used to fill the colon. Two patients suffered 
considerable leakage, 11 minor. The MRC was well tolerated. 

Image quality was excellent in 24 patients, good in 90 patients, moderate in 46 patients, 
and fair in 40 patients. The most commonly seen artifacts were (bowel) movement 
artifact (88 patients) on T1-weighted sequences and inhomogeneity (figure 2) of luminal 
content (73 patients) on the T2-weighted sequences. Fecal material was visible in 70 
patients on the T1-weighted sequences and in 2 patients on the T2-weighted sequences. 
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Figure 2. Example of a 10mm polyp (arrow) 
in the cecum of an 83-year old patient (with 
multiple polyps) at MRC on the coronal 3D 
T1-weighted (a), coronal (b) and axial (c) 2D 
T2-weighted images, confirmed at CC. This 
polyp was seen by one observer, but missed 
by the other. The arrowheads show the layer 
of intermediate signal intensity visible in 
many patients on the T2-weighted sequences 
(mostly in the sigmoid).

Distension was insufficient in the ascending colon, transverse colon, descending colon, 
sigmoid and rectum in respectively 8, 9, 0, 22 and 1 patient.

In 19 of the 22 polyps ≥10mm (86%) (but including all patients with a large polyp) 
a reference polyp could be identified on the MRC scan by the independent, unblinded 
research fellow (JF). All three polyps not visible on MRC were f lat at CC (2 were 
adenomas). Two polyps, f lat at CC, were visible (1 adenoma) in retrospect at MRC; both 
were identified by observer 1, but missed by observer 2. The f lat lesions (5) were located 
in either the cecum (2) or ascending colon (3). 

detection parameters and predictive values
MRC detected 7 (58%), 8 (67%), and 9 (75%) out of 12 patients with large polyps, for 
observer 1, 2 and the two observers combined, respectively (table 3, figure 2 and 3). 
For smaller lesions results were less (figure 4). Table 4 shows on which of the sequences 
polyps were detected.

 a  b

 c
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Figure 3. Example of a 15mm polyp (arrow) 
in the transverse colon of an 56-year old pa-
tient at MRC on the coronal 3D T1-weighted  
(a), coronal  (b)  and axial (c)  2D T2-weighted 
images.

Figure 4. Example of a 8mm polyp (arrow) 
in the ascending colon (same patient as figure 
1) at MRC on the coronal 3D T1-weighted 
(a), coronal  (b) and axial (c)  2D T2-weighted 
images.

 a  b

 c

 a  b

 c
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Table 3. Performance characteristics per reviewer and combined for both reviewers according 
to polyp size category for MRC.

Analysis ≥10mm ≥6mm

according Reader: Reader:

1 2 1+2 1 2 1+2

to patient No./total no.  and % [95% CI]

    Sensitivity
�/12
58%

[30-86]

8/12
��%

[35-90]

9/12
�5%

[43-95]

12/2�
4�%

[27-65]

1�/2�
�2%

[43-80]

1�/2�
�5%

[47-84]

    Specificity
1�8/188

95%
[91-98]

183/188
9�%

[95-100]

1�5/188
93%

[89-97]

128/1�4
�4%

[67-80]

153/1�4
88%

[83-93]

11�/1�4
��%

[60-74]

    PPV
�/1�
41%

[18-65]

8/13
�2%

[35-88]

9/22
41%

[20-61]

12/58
21%

[10-31]

1�/3�
43%

[27-59]

1�/�5
23%

[13-32]

    NPV
1�8/183

9�%
[95-100])

183/18�
98%

[95-99])

1�5/1�8
98%

[95-100]

128/142
90%

[85-95]

153/1�3
94%

[90-98]

11�/125
93%

[88-97]

to polyp

    Sensitivity 
12/22
55%

[33-75]

11/22
50%

[28-72]

1�/22
��%

[48-93])

20/44
45%

[28-64]

24/44
55%

[36-72]

32/44
�3%

[53-86]

    FP 13 5 1� �8 31 93

    PPV
12/25
48%

[28-68]

11/1�
�9%

[46-91]

1�/34
50%

[33-67]

20/88
23%

[14-31]

24/55
44%

[31-57]

32/125
2�%

[18-33]

PPV, positive predictive value; NPV, negative predictive value; FP, false positives; CI, confidence 
interval.
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Interobserver analysis 
Interobserver agreement with regard to detection patients with large polyps (≥10mm) 
was 93%. For polyps ≥6mm interobserver agreement was 70%. 

dIsCussIon

This study shows that the sensitivity of MRC with limited bowel preparation in a low 
prevalence population is modest. Combining results of both observers, 75% of patients 
with large polyps could be identified, while individual sensitivities for both observers 
were 58% and 67%, respectively. The specificity was high. For intermediate sized polyps 
the results were somewhat lower. Interobserver agreement for patients with polyps 
≥10mm was 93%. 

Several limitations of our study must be considered. Only 22 polyps ≥10mm were 
detected, which limits the precision of our sensitivity estimates. However, the prevalence 
of patients with large polyps (6% irrespective of histology) is relatively close to an 
asymptomatic population (3.9% patients with large adenomas only) [1].

Both observers were experienced readers of abdominal imaging and had evaluated at 
least 40 patients with MRC using fecal tagging (with feedback of the CC results) prior 
to this series. However, this may not be sufficient for optimal polyp detection as a study 
by Burling et al. [22] showed a linear correlation between prior experience and accuracy 
without a plateau for CTC. 

We anticipated in our protocol a second-look CC if false positive lesions ≥10mm were 
labeled as potentially missed polyps at CC by the unblinded reviewer. No second-look 
endoscopies were deemed necessary. Since MRC performed suboptimally, segmental 
unblinding would have been preferable, as it allows verification of all false positive 
lesions.

In our study, sensitivity was low compared to other studies [10-13]. Although this 
could have been caused by the limited bowel preparation used, this seems an unlikely 
explanation since most polyps were visible and were not obscured by non-tagged stool. 
Bowel motion artifacts and air bubbles, which could have rendered identification of true 
lesions more difficult for readers, were present in many patients. However, studies on 
MRC with extensive cleansing probably are hampered similarly.      

Another explanation for higher sensitivities found in other studies is the patients 
studied. Both the higher polyp prevalence and the difference in spectrum (i.e. larger or 
more obvious polyps, a higher frequency of cancer) may explain the higher diagnostic 
accuracy reported in previous series concerning high-prevalence or primarily symptomatic 
populations. Results of another MRC study with extensive cleansing [14] in a low-
prevalence population show a lower sensitivity than in our study.
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Differences in protocols and fecal tagging strategies may also provide an explanation; 
dark lumen MRC with intravenous gadolinium has the theoretical advantage that 
polyps, including f lat polyps, enhance and are thereby better visualized. However, in 
an explorative study [23] image quality of dark lumen MRC was not better than bright 
lumen MRC while bowel preparation with barium was considered burdensome [18], 
hampering its possible use for screening in low prevalence populations. Unfortunately, 
the bright lumen technique is more costly.

Since most of the large polyps (19/22) were visible in retrospect, the problem in 
identifying polyps is an issue of interpretation rather than a visualization problem. The 
specificity was high, even though 17 large false positive lesions were found. This is the 
consequence of the fact that the study was performed in a low prevalence population. 
For smaller polyps, results were even less favorable than for large polyps. Although for 
screening purposes of patients at average risk these lesions might not be the primary 
focus, for screening of patients at increased risk these polyps probably are not to be 
neglected.  

When compared to two recently published CTC studies [1,2] in respectively 
asymptomatic patients and patients at increased risk, our results are less encouraging. 
Differences can be due to the fact that CTC is less subject to motion artifacts and 

Table 4. Number of (false positive) polyps detected with (combinations of) sequences 
according to observer 1. 

Polyps ≥10mm Polyps ≥6mm

True 
positive

False 
positive

True 
positive

False 
positive

Total (12) (13) (20) (�8)

3D T1w FFE cor S � 5 12 34

P 9 5 11 2�

S+P 11 8 18 51

2D T2w FSE cor S 8 2 12 4

P 4 3 � 5

S+P 8 5 12 8

2D T2w FSE ax S 3 2 4 11

P 3 2 5 �

S+P 4 3 � 14

Supine 9 9 15 4�

Prone 9 � 13 33

S + P =supine and prone position combined.
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the spatial resolution of CTC is better than of MRC. Moreover, the MRC images in 
our study were read twodimensionally whereas the two aforementioned CTC studies 
primarily used 3D display modes. This difference in evaluation method has frequently 
been quoted to explain less promising results of three published CTC studies using 2D 
display methods [24-26]. Unfortunately, 3D evaluation of MRC data is not available yet 
for large-scale use, due to technical problems such as field inhomogeneity, proximity of 
the studied tissue to the coil, and nonlinearity of MRI values. 

Technical advances in scanning (e.g. shorter acquisition times, improvement of spatial 
and contrast resolution) or in molecular imaging (enhancing adenomatous lesions by 
selective labeling) may make MRC competitive with the recently studied low-dose CTC 
protocols with fecal tagging [27].

In summary: while MRC with limited bowel preparation might be considered a 
reasonable option for triaging patients in populations with a low prevalence of colorectal 
polyps, its sensitivity is at present still modest. We believe implementation of MRC in 
colorectal cancer screening has to await further technical improvements.  
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Abstract

Purpose: To prospectively evaluate patient experience and preference 
of MR colonography using limited bowel preparation compared to full 
preparation colonoscopy in patients at increased risk for colorectal 
cancer. 
Materials and methods: The institutional review board approved 
our study. All patients gave written informed consent. In this multicenter 
study, consecutive patients undergoing colonoscopy because of a 
personal or family history of colorectal cancer or adenomatous polyps 
underwent MR colonography two weeks prior to colonoscopy. They 
all had a low-fiber diet, lactulose and an oral contrast agent (fecal 
tagging with gadolinium) 2 days prior to colonography. Before scanning 
spasmolytics were administered intravenously and a water/gadolinium 
mixture was administered rectally for distension of the colon. Breath 
hold T1- and T2-weighted sequences were performed in prone and 
supine position. Patient experience (pain, burden, 5-point scale, 
Wilcoxon signed rank test) and preference (7-point scale, Chi-square 
test statistic after dichotomizing) were determined.  
Results: 209 patients (77 female, mean age 58, range 23-84) were 
included. 148 patients received sedatives (midazolam) and/or analgesics 
(fentanyl) during colonoscopy. Patients rated the MR colonography 
bowel preparation as less burdensome (P<0.001) when compared to 
colonoscopy bowel preparation (respectively 10% and �1% rated it 
moderately to extremely burdensome). Patients also experienced less 
pain at MR colonography (P<0.001) and MR colonography was less 
burdensome (P<0.001). Directly after both examinations 69% preferred 
MR colonography, 22% colonoscopy and 9% was indifferent (P<0.001, 
69% versus 22%). After five weeks 65% preferred MR colonography, 
26% preferred colonoscopy (P<0.001). 
Conclusions: Patients preferred MR colonography without extensive 
cleansing to colonoscopy directly after both examinations and five weeks 
later. Experience of both the bowel preparation and the procedure were 
rated better.
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InTroduCTIon 

Several studies have shown that removal of adenomatous polyps can prevent colorectal 
cancer [1-3]. Since then the development of screening methods for early detection of 
these established precursors of cancer has received increasing attention. These screening 
methods include computed tomography colonography (CTC) and magnetic resonance 
colonography (MRC). 

As patient related factors such as fear of pain and concerns about bowel preparation 
are barriers to screening [4], good patient acceptance is important and strong willingness 
to undergo CTC is encouraging for a screening test [5]. MRC using limited bowel 
preparation (fecal tagging using a contrast agent and sometimes lactulose together with 
a low fiber diet) [6-8] could be a valuable screening tool for colorectal cancer since it is 
safe, does not require radiation and above all, is supposedly patient friendly. Although 
acceptance of CTC and MRC has been studied, the focus has been mainly on CTC [9-
15], despite the fact that MRC has shown promising results regarding accuracy [16-19] 
and is more preferable for screening large numbers of patients since no ionizing radiation 
is required. Only a few studies brief ly report on patient acceptance of MRC [20,21].

Thus, the purpose of this multi center study was to prospectively evaluate patient 
experience and preference of MR colonography using limited bowel preparation compared 
to colonoscopy in patients at increased risk for colorectal cancer.

MATerIALs And MeThods

Patients 
Between February 20th 2003, and October 27th 2004, consecutive men and women 
at increased risk for colorectal cancer [22] scheduled for colonoscopy in three hospitals 
were informed about the study by phone by a medical student (BH) or an administrative 
staff member. If they agreed, additional information (regarding the study, MRC, the 
contrast agent and the diet) was sent by mail and they were called at least 1 week later 
to ask whether they participated. All had a personal or family history of colorectal 
polyps or cancer. The three hospitals were a university hospital (Academic Medical 
Center) and two secondary referral centers (Onze Lieve Vrouwe Gasthuis, Slotervaart 
Hospital). Exclusion criteria were: age less than 18 years, colostomy, administration of 
another contrast medium within 48 hours prior to magnetic resonance imaging (MRI), 
the inability to hold breath for 25 seconds, and contraindications for MRI (including 
claustrophobia and pregnancy). The institutional review board of all three hospitals 
approved our study. All patients gave written informed consent. 
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Questionnaires
All patients underwent MRC with limited bowel preparation approximately two weeks 
prior to CC. They filled out 6 questionnaires at different time points (table 1) to evaluate 
patients’ opinion towards screening for the general population (Would you participate in 
a screening program?), expectations of MRC and CC, the limited bowel preparation, the 
standard CC bowel preparation, patient experience of MRC and CC, their preference 
for their next examination (with the assumption that in 20% of MRC examinations 
clinically relevant lesions would be shown, still necessitating undergoing a therapeutic 
CC). The first questionnaire was filled out based on pre-existing knowledge and on 
the information that was provided by phone and additional written information about 
the study. If patients did not return Q6 (sent by mail) a new questionnaire was sent 
to them. If they did not respond to this repeat questionnaire, they were called by the 
investigator (JF) or an administrative staff member to kindly remind them to fill out the 
questionnaire and another questionnaire was sent. No further action was taken if they 
did not respond at this time. For evaluating patient experience (table 1) 5-point Likert 
scales with commonly used qualifiers (no, mild, moderate, severe, extreme) were used 
whereas for preference a 7-point Likert scale (definitely MRC, probably MRC, possibly 
MRC, indifferent, possibly CC, probably CC, definitely CC) was used. 

Limited bowel preparation prior to MrC 
All patients started with a low-fiber diet, lactulose and an oral contrast agent 48 hours 
prior to the MRI-scan. All were sent a list summarizing what dietary measures were 
necessary (no fiber rich food, no nuts). The lactulose (12 gram Lactulose CF powder 
6g/sachet, Centrafarm, Etten-Leur, The Netherlands) was dissolved in water and taken 
both days prior to the MRC in the morning for stool softening. If the stool became 
too soft patients were allowed to reduce the amount of lactulose (asked in Q2). Ten ml 
of gadolinium: gadopentetate dimeglumine 0.5mmol/ml (Magnevist; Schering, Berlin, 
Germany) was added to all major meals during this period (6 meals over 2 days) for stool 
tagging. Stool consistency (diarrhea, soft stool, normal shaped), abdominal pain (yes, 
no), f latulence (yes, no) was asked in Q2. 

MrC imaging
MRC was performed at the Academic Medical Center or the Onze Lieve Vrouwe 
Gasthuis by a research fellow (two: JF and SJ, both with three years of experience) or a 
specially trained technologist (six; average experience 25 years, range 10-35 years), all 
with extensive experience with the procedure.

Prior to scanning a f lexible balloon-tipped catheter was placed in the rectum. A 
spasmolytic agent, 20mg of butylscopolamine bromide (Buscopan; Boehringer-Ingelheim, 
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Table 1. Questions asked in all questionnaires (Q1-Q6).

Q1 Q2 Q3 Q4 Q5 Q6 Scale

Where was the Q filled out Mail WR WR WR WR Mail

When was the Q filled out
2 wks 
before 
MRC

before 
MRC

after 
MRC

before 
CC

after 
CC

5 wks 
after 
CC

Number of patients 
that filled out the 
questionnaires*, and %

193
 92%

20�
 99%

203
 9�%

182
 8�%

181
 8�%

189
 90%

Baseline characteristics 
(e.g. income)

X

Would you participate in 
screening 

X X 5

Most reluctant factor X X X 4

How burdensome:

    diet X X 5

    lactulose X X 5

    oral contrast X X 5

    MRC/CC bowel 
    preparation (total)

X X X** X X 5

Procedure

    How painful X X X 5

    How embarrassing X X X 5

    How much discomfort X X X 5

    How burdensome 
    (total examination)

X X X 5

    Most burdensome
    aspect

X X X n.a

Preference for MRC or CC X X �

MRC: MR colonography (with limited bowel preparation). CC: (full preparation) colonoscopy. Scale: (n-
point): on what scale was this item rated. Mail: the questionnaire was send to the patients home, 
including a stamped return envelope. WR: the questionnaire was filled out in the waiting room.* Not all 
patients filled out each question. ** In this questionnaire patients rated the MRC preparation (again) and 
CC preparation. N.a.: not applicable.
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Ingelheim, Germany) or, when contraindicated, 1mg of glucagon hydrochloride 
(Glucagen; Novo-Nordisk, Bagsvaerd, Denmark) was administered intravenously. The 
colon was distended with a water-gadolinium mixture (10mmol/l), using 80 cm of 
hydrostatic pressure by raising the bag. Filling of the colon was stopped when patients 
reported pain or felt uncomfortable. Before a patient was scanned, a preview image 
was obtained to determine whether adequate distension of the bowel was achieved. If 
necessary, additional f luid was added if patients agreed.

The MRI sequences were performed on a 1.5T scanners (Signa, GE, Milwaukee, WI, 
USA, and Intera, Philips Medical Systems, Best, The Netherlands) or a 3.0T scanner 
(Intera, Philips Medical Systems) using the phased array coil. The MRC protocol 
consisted of a coronal 3D T1-weighted Fast Field Echo (performed during respectively 
5/4/1-2 breath holds, depending on the scanner used), coronal 2D T2-weighted Fast 
Spin Echo (performed during respectively 3/2/2 breath holds) and axial 2D T2-weighted 
Fast Spin Echo (performed during respectively ‘free breathing’/2/4 breath holds). All 
sequences were performed in prone and supine position. Only the axial T2-weighted FSE 
sequence on the 1.5T Signa scanner was performed in free breathing. All breath holds 
took 10-20 seconds. MRC took on average 45 minutes. 

The spasmolytic agent used, amount of f luid administered (estimated in liters), and 
amount of leakage (no, little/a spot, minor, severe) were noted. 

Colonoscopy 
Patients ingested 4L of polyethylene glycol electrolyte solution (KleanPrep; Helsinn 
Birex Pharmaceuticals, Dublin, Ireland) for bowel preparation on the day before (if the 
CC was performed in the morning) or 2L on the day before and 2L on the day of the 
examination (if the CC was performed in the afternoon). If necessary, additional solution 
was ingested. Patients were not allowed to eat after starting the bowel preparation. The 
exact amount of bowel preparation taken, was asked in Q4.

The colonoscopy was performed with a standard colonoscope (CF-Q160AL or CF-
Q160L; Olympus, Tokyo, Japan) at the Endoscopy departments of the Academic Medical 
Center, Onze Lieve Vrouwe Gasthuis or Slotervaart Hospital. During the colonoscopy, 
use of analgesics (0.05mg of fentanyl (Fentanyl-Janssen; Janssen Pharmaceuticals, Beerse, 
Belgium)) and sedatives (5mg of midazolam (Dormicum; Roche, Basel, Switzerland)), 
examination time, presence of polyps and who performed (staff member: JB, AvdSV, 
PS, n=19, or gastroenterology fellow n=10 under direct supervision of the attending 
gastroenterologist, average experience of staff members 15 years, range 3-25 years) the 
endoscopy was recorded. If the colonoscopy was considered non-diagnostic, because of 
insufficient bowel preparation or incomplete visualization, a re-endoscopy was performed 
(insufficient bowel preparation n=1: same day re-endoscopy; incomplete visualization 
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n=5, re-endoscopy within 1 day to 6 weeks). Questionnaires filled out after the initial 
colonoscopy were used for analysis of patient acceptance. 

statistical analysis
The Wilcoxon signed rank test statistic was used to evaluate differences in experience 
between MRC and CC, to evaluate differences in preference between Q5 and Q6, as 
well as differences in attitude towards screening (Q1 versus Q6). To test for statistically 
significant differences associated with a preference for either MRC or CC, the data were 
first dichotomized (preference for MRC versus preference for CC; indifferent patients 
were not included in this analysis). These differences were tested using the Chi-square test 
statistic. The Chi-square test for trend was used to test the effect of the use of sedatives 
and analgesics (patients that received more heavily sedation requiring both sedatives 
and analgesics versus patients that received no sedation) on preference (7-point scale).

Logistic regression was used to evaluate factors potentially related to either preference 
for MRC or CC. Only covariates associated with a P-value ≤0.10 were considered for 
inclusion in the logistic regression model. A multivariable model was then built using 
a stepwise forward selection strategy. The patient-related factors used were: sex, age 
≥60, income ≥32.000 USD (mean net income per Dutch household), completion of 
academic or higher vocational education, personal history of colorectal polyps or cancer, 
indication for surveillance (personal history of carcinoma, personal history of polyps, 
family history of CRC or polyps), the amount of water used for distension, previous 
painful endoscopy (not and mild versus moderate, severe and extreme), who performed 
the CC (gastroenterologist, gastroenterology fellow, surgeon), use of sedatives and the 
use of analgesics during CC, presence of polyps at CC, and experience parameters as 
experienced on the day of the examination: burdensome bowel preparation at MRC or 
CC, painful MRC or CC, burdensome MRC or CC (not and mild versus moderate, 
severe and extreme). Indifferent patients were not included in the logistic regression 
analysis. P-values <0.05 were considered to indicate statistical significance. 
 
resuLTs

Patients 
Of 473 eligible patients, 227 were included in our study (figure 1). 18 of them were 
excluded from the analysis (figure 1), leaving 209 study patients, all of whom did not 
complete each questionnaire (tables 1, 2). In 6 patients a re-endoscopy had to be performed 
since the initial endoscopy was not successful due to insufficient bowel preparation (n=1, 
same day re-endoscopy) or incomplete visualization (n=5). The mean age was 58 years 
(range 23-84). 77 patients were female.
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Figure 1. Flow diagram 
shows patient paticipation. 
Patients not reached in 
time included all patients 
that were not reached by 
phone allowing sufficient 
time to send information 
on MRC (including the in-
formed consent forms), in-
clude a week to overthink 
the information, call back 
to make an appointment 
for MRC and send the bow-
el preparation.

CC and MrC procedures 
Prior to colonoscopy, 6 patients took 6 liters of bowel preparation, one patient took 8 liters 
(2 additional liters in the hospital) and all others ingested 4 liters. Mean examination 
time was 33 (±20) minutes. In 114 patients (55%) a polyp was detected at colonoscopy, 
no carcinomas were detected (table 2).

174 patients were scanned at 1.5T and 35 at 3.0T. 42 of the 174 patients were scanned 
at the secondary referral center. On average 1.9 liters (± 0.7) of water-gadolinium mixture 
were used to fill the colon. In most patients (93%, n=195) no leakage was observed. 

Patient experience
Prior to both examinations (Q1) patients were most reluctant to undergo CC, second 
the bowel preparation prior to CC, then MRC. Patients were least reluctant to undergo 
the fecal tagging. Directly after the examinations (Q5) the bowel preparation prior to 
CC was the most unpleasant factor, secondly the CC, thirdly the MRC, and the fecal 
tagging was the least unpleasant factor. Results of Q6 were the same as directly after 
both examinations.
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Table 2: Baseline characteristics of the study population. If not all patients answered a 
question, the number of patients (n) that did answer the question is provided. 

Number

Enrolled (per hospital*) 22� (1�3/53/11)

Included (per hospital*) 209 (150/49/10)

Male/female 132/��

Age in years: mean ± sd (range) 58 ± 12  (23-84)

Indication:
     H/O colorectal polyps
     H/O colorectal carcinoma 
     F/H of colorectal polyps or cancer

115
52
42

Coexistent complains:
     Abdominal pain/hematochezia/altered bowel habits 24/�/11

CC in medical history: yes/no/not provided
patients that rated CC severely to extremely burdensome, n=189 (%)

41/148/20
�0 (3�)

Cultural background: western/not western 198/11

Educationsl level: 
academic and higher vocational/ other /not given

�9/10�/34

Income (net in USD): >32.500.-/<32.500.-/not provided �1/�2/��

MR Colonography:
     Experienced pain during preparation, n=207 (%)
     Experienced flatulence during preparation, n=207 (%)
     Experienced diarrhea during preparation, n=207 (%)
     Reduced Lactulose, n=207 (%)
     Stool consistency prior to MRC (n=207): 
          diarrhea (%)
          soft stool (%)
          normal shaped (%)
     A spasmolytic agent was administered at MRC: 
          Buscopan/Glucagon
     Leakage during MRC: little (a spot)/some/severe

5� (2�)
151 (�3)
80 (39)
38 (18) 

51(25)
9�(4�)
�0(29)

155/42
8/4/2

Colonoscopy:
     Patients with polyps: any size/≥ 6mm/≥10 mm
     Sedative + analgesic/sedative only/analgesics only/none 
     Performed by: gastroenterologist/resident**/gastrointestinal surgeon

114/28/13 
123/23/2/�1
10�/�5/2�

*Per hospital: Academic Medical Center, Onze Lieve Vrouwe Gasthuis or Slotervaart Hospital. ** under 
direct supervision by a senior gastroenterologist. MRC: MR colonography (with limited bowel preparation). 
sd: standard deviation. H/O: history of. F/H: family history.
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Results regarding how patients rated the different aspects of the bowel preparation prior 
to the MRC are shown in figure 2. Lactulose was found to be the most burdensome and 
the contrast agent least burdensome.  

Directly prior to the examinations (respectively Q2 and Q4), the bowel preparation 
prior to MRC was rated significantly (P<0.001) less burdensome (figure 3, table 3) than 
the bowel preparation prior to the colonoscopy. Though both bowel preparations were 
rated significantly worse in Q6, patients still favored the MRC bowel preparation (table 
3). The increase in experienced burden of the MRC preparation was already visible 
(P<0.001) in Q4 when patients were also asked to rate the bowel preparation prior to 
colonoscopy, but did not further increase. 

Patients also experienced (P<0.001; figure 3) less pain at MRC and the MRC 
examination was in total less burdensome (P<0.001). No significant differences between 
MRC and CC were found for embarrassment and discomfort. Though most aspects 
were rated equal or worse at Q6 relative to directly after the procedure, pain during CC 
was rated better after five weeks than directly after the CC (table 3).

The most burdening aspect of the MRC was the filling with water (table 4). The 
second most burdening feature were the multiple breath holds necessary for scanning. 
The most burdening aspect of CC was reported to be the movements of the scope, 
followed by the insuff lation of gas.

Figure 2.Graph showing how 
patients rated the three differ-
ent aspects of MRC regarding 
how burdensome was the diet, 
lactulose and gadolium-contrast 
agent. BP: Bowel preparation.
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Figure 3. Graphs show patient experience of different aspects of patient experience both 
directly after (DA) the examinations (left) and five weeks later (Q6, right); how burdensome 
was the limited bowel preparation prior to MRC (grey) as compared to extensive cleansing 
prior to CC (black, upper two graphs), how painful was the MRC examination as compared to 
CC (middle two graphs), how burdensome were the MRC and CC examinations in total (lower 
two graphs). BP: bowel preparation. E: examination.
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Table 3: Table showing how different aspects were rated, comparing MRC with limited bowel 
preparation with CC using standard bowel preparation. 

Best rated Q6 compared to DA Best rated 

procedure procedure

(DA) MRC CC (Q6)

Bowel prep

   How burdensome
MRC

(< .001)
W

(< .001)
W

(= .003)
MRC

(< .001)

Examination

   How painful
MRC

(< .001)
=

(= .�8)
B

(< .001)
MRC

(= .008)

   How embarrassing
=

(= .24)
W

(< .001)
W

(= .002)
=

(= .0�4)

   How much discomfort
=

(= .53)
W

(< .001)
=

(= .09�)
=

(= .15)

   How burdensome 
   (total examination)

MRC
(< .001)

W
(< .001)

=
(= .94)

MRC
(= .035)

Q6 questionnaire 6 filled out at home five weeks after the colonoscopy. DA: directly after the examinations. 
MRC: MR colonography/limited bowel preparation. CC: full preparation/colonoscopy. W: Q6 was rated 
worse (e.g. patients reported more burden). B: Q6 was rated better (e.g. patients reported less pain). =: 
no statistically significant difference. P-vales are given in parenthesis.

Patient preference
Directly after the colonoscopy (Q5) 69% (116/169) of patients preferred MRC with 
limited bowel preparation for their next examination while 22% (38/169) preferred CC, 
9% was indifferent (figure 4). This difference in preference is statistically significant 
(69% versus 22%: P<0.001). In the questionnaire returned by mail after five weeks 
(Q6) 65% (120/186) of patients preferred MRC with limited bowel preparation for their 
next examination, whereas 26% (48/186) preferred CC (65% versus 26%: P<0.001) and 
10% was indifferent. The difference in preference between Q5 and Q6 is statistically 
significant (P=0.02). 4.6% (7/151) of patients who first preferred CC, changed to MRC. 
7.2% (11/151) changed from MRC to CC. 

No statistically significant difference in preference was seen between patients requiring 
both sedatives and analgesics and patients that did not receive medication (Q5: P=0.21, 
Q6: P=0.58). Both groups preferred MRC to CC, both in Q5 and Q6 (questionnaire 
by mail). The percentages of patients preferring MRC/with no preference/preferring 
CC were for the no sedation group: 63%-10%-27% (32-5-14/51) and for the sedation/
analgesics group 73%-8%-19% (69-8-18/95). After five weeks (Q6) these percentages 
were respectively  62%-11%-28% (33-6-14/53) and 66%-10%-24% (73-11-27/111).  
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Table 4: Most burdensome aspect of the examination (%).

Directly after Q6

MRC Intravenous injection � (4) � (4)

Insertion of catheter 9 (5) � (4)

Filling with fluid 8� (51) 82 (49)

Multiple breath holds 2� (15) 2� (15)

Supine position 10 (�) � (4)

Turning over on the table 2 (1) � (4)

Prone position 19 (11) 1� (10)

Being in the MR 12 (�) 18 (11)

                              Total 1�1 1�8

CC Intravenous injection 19 (13) 2� (15)

Insufflation of air 38 (2�) �2 (35)

Moving of the scope 90 (�0) �� (44)

Stay at the recovery ward 2 (1) � (4)

None of the above - 3 (2)

                              Total 149 1�5

MRC: MR colonography. CC: colonoscopy.

determinants of preference
In the logistic regression analysis the presence of polyps (odds ratio 4.3, P=0.008), 
a  burdensome MRC bowel preparation (OR 10.2, P=0.004), a burdensome (overall 
examination rating) MRC (OR 9.8, P<0.001), and a not burdensome CC examination 
(OR 4.7, P=0.011) were identified as significant determinants of preference for CC as 
expressed in Q5. For the preference expressed in questionnaire Q6, a burdensome (overall 
examination rating) MRC (OR 3.5 P=0.012) was a significant determinant of preference 
for CC following the results of the multivariable models. 

Attitude towards screening
Prior to participation 95% (160/169) of patients said they would (probably) take part in 
screening programs of the general population when invited; 4.7% (8/169) were indifferent, 
0.6% (1/169) said they would probably not participate. In Q6 91% (169/185) said they 
would (probably) participate, 6.5% (12/185) were indifferent, and 2.2% (4/185) said 
they would (probably) not participate (no statistically significant change). 
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Figure 4. Graph showing 
preference of patients di-
rectly after both examina-
tions (Q5) and in the ques-
tionnaire sent at home five 
weeks later (Q6). What did 
patients prefer for their 
next examination with the 
assumption that in 20% of 
MRC examinations clinically 
relevant lesions would be 
shown, necessitating un-
dergoing a therapeutic CC.

dIsCussIon
Our study shows that most of patients (69%) at increased risk for colorectal cancer 
prefer MRC with limited bowel preparation to CC for their next examination when 
there is a twenty percent chance of having to undergo a therapeutic CC afterwards. In 
a questionnaire filled out at home at least five weeks after the procedures fewer patients 
preferred MRC, but most (65%) still preferred MRC with limited bowel. This preference 
is mainly based on the limited bowel preparation necessary for MRC and the fact that 
less pain was experienced during MRC. Filling of the colon with water and the multiple 
breath-holds necessary were considered the most burdensome factors of MRC. 

Results regarding patient acceptance were promising. This can be attributed to the 
limited bowel preparation using gadolinium, which has a neutral taste. The study by 
Goehde et al. [20] using barium for fecal tagging and water for rectal filling, showed 
disappointing results for MRC as barium intake was considered as burdensome as the 
bowel cleansing prior to CC and the MRC examination was regarded as more distressing 
than the CC examination. Since our prior experience was similar, we used gadolinium 
in our study. 

The most burdensome aspect of MRC was reported to be the filling with water. 
Morrin et al. [21] state that two patients who underwent MRC with enema and 
subsequently MRC with air for distension both preferred bowel distension using air. 
They state that the use of MRC using water for distension may be limited by discomfort, 
embarrassment and soiling. Even though soiling and leakage were limited in our study, 
it can be assumed that distension with air would be preferred by patients. Unfortunately 



Chapter 4

�9

we have no experience with air for rectal filling (dark lumen), and gadolinium for fecal 
tagging (hyperintense on T1) which in theory is the most patient friendly solution. In 
our explorative study no significant differences were seen in acceptance between a group 
of patients in which water was used for rectal filling and a group in which air was used 
for rectal filling (both taking barium for fecal tagging) [23]. Other possible options to 
improve acceptance are reducing the number of breath holds (second most burdening 
aspect) by scanning fewer positions or sequences, use of improved hardware and software 
facilitating fewer breath holds and using a higher dose of spasmolytics. 

Most patients (69%) preferred MRC with limited bowel preparation to CC with 
extensive cleansing (22%). After five weeks, there was a slight shift towards CC. 
A comparable shift in preference in time has been observed in a study comparing 
acceptance of CTC and CC [10] (both after extensive bowel preparation). In this study 
pain experienced during the procedures was also rated less after five weeks. In contrast to 
pain with CC, which patients seem to “forget”, bowel preparation was rated significantly 
more burdensome after five weeks than directly after the examination.

MRC with limited bowel preparation is mainly suitable for populations for whom 
there is only a small chance of having to undergo a therapeutic colonoscopy afterwards. 
Our study showed a polyp prevalence (≥10mm) of 6%, almost comparable to screening 
populations [24]. Yet our results regarding participation in screening (91% would 
participate) cannot be extrapolated to a screening population, since the population 
that participated in our study is probably more aware of the importance of screening. 
Nevertheless, they do provide us with information about the limitations of MRC with 
limited bowel preparation. 

Several limitations of our study must be considered. Firstly, as in most research 
regarding acceptance of CTC and MRC, all MRC examinations were performed prior 
to the CC. It would have been preferable to randomize the order of procedures. 

Secondly, when patients filled out the questionnaires regarding preference, two 
facts were assumed, firstly, that the diagnostic value of MRC would be comparable to 
CC, secondly, that if patients preferred MRC “for their next examination” still 20% of 
patients would have to undergo a therapeutic CC after MRC. However, if polyps ≥10mm 
were considered clinically significant, a considerably lower percentage of patients than 
the 20% mentioned in the questionnaire would actually be referred for CC. On the 
other hand, if the cut-off value for clinical significance was a size ≥6mm the assumed 
percentage of 20% would approximately correspond. Regarding diagnostic value, results 
for MRC are lower than for CC (sensitivity 58-75%, specificity 93-97% for patients with 
lesions ≥10mm) [25]. The two abovementioned factors may have inf luenced the data. 
It seems plausible that a lower accuracy of MRC would probably favor CC, while lower 
referral rates would probably favor MRC. 
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Thirdly, in our study limited amounts of sedatives and analgesics were used during 
CC. As some hospitals use larger doses and/or other sedatives, and no bowel relaxants 
during MRC or CTC, patients’ opinion about the burden and pain of CC may differ. 
This difference in sedatives used has frequently been quoted to explain different results 
in studies on patient acceptance of CTC [10]. However, in our study no statistically 
significant differences in preference were found between patients that received no 
analgesics and sedation and patients that received both. Both groups favored MRC with 
limited bowel preparation. These results are in line with the study performed by Van 
Gelder et al. [10], who state in their article that patients who do not request medication 
possibly have a more favorable view of colonoscopy. Similarly to the use of sedatives, the 
amount and type of bowel preparation prescribed for colonoscopy may vary, and may 
inf luence results regarding experience and preference. 

Lastly, patients with claustrophobia were underrepresented in our study since they 
either did not participate in advance, or dropped out during the MRC. To our knowledge, 
only one patient with claustrophobia was able to undergo the MRC. 

In conclusion, we found that patients at increased risk for colorectal cancer preferred 
MRC with limited bowel preparation to CC with standard bowel preparation, both 
directly after the examinations and five weeks later. Although these results are promising, 
we believe acceptance can be improved if the burden of MRC could be reduced even more 
by, for example, using air for colonic distension and using faster imaging techniques to 
shorten acquisition times. If diagnostic value of MRC suffices, implementation of MRC 
for surveillance or screening may contribute to high attendance rates.
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Abstract

Purpose: To date, computed tomography colonography has been 
compared with an imperfect test, colonoscopy, and has been mainly 
assessed in patients with positive screening test results or symptoms. 
Therefore, the available data may not apply to screening of patients with 
a personal or family history of colorectal polyps or cancer (increased 
risk). We prospectively investigated the ability of computed tomography 
colonography to identify individuals with large (≥10mm) colorectal polyps 
in consecutive patients at increased risk for colorectal cancer. 
Materials and methods: A total of 249 consecutive patients at 
increased risk for colorectal cancer underwent computed tomography 
colonography before colonoscopy. Two reviewers interpreted computed 
tomography colonography examinations independently. Sensitivity, 
specificity, and predictive values were determined after meticulous 
matching of computed tomography colonography with colonoscopy. 
Unexplained large false positive findings were verified with a second-
look colonoscopy. 
Results: In total, 31 patients (12%) had 48 large polyps at colonoscopy. 
This included 8 patients with 8 large polyps that were overlooked 
initially and detected at the second-look colonoscopy. In 6 of 8 
patients, the missed polyp was the only large lesion. With computed 
tomography colonography, 84% of patients (26/31) with large polyp(s) 
were identified, paired for a specificity of 92% (200–201/218). Positive 
and negative predictive values were 59%–60% (26/43–44) and 98% 
(200–201/205–206), respectively. computed tomography colonography 
detected 75%–77% (36–37/48) of large polyps, with 9 of the missed 
lesions being flat. 
Conclusions: computed tomography colonography and colonoscopy 
have a similar ability to identify individuals with large polyps in patients 
at increased risk for colorectal cancer. The large proportion of missed 
flat lesions warrants further study.
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InTroduCTIon

Colorectal cancer is the second leading cause of cancer-related mortality in the United 
States, with an estimated 56,600 deaths in 2002 [1]. There is compelling evidence that 
early diagnosis and treatment of colorectal adenomas and cancer reduces the disease-
specific mortality [2]. Patients with a personal or family history of colorectal adenomas or 
cancer are well known to be at increased risk for colorectal cancer, and many organizations 
recommend colonoscopic screening of these patients [3]; however, even in these groups, 
use of colorectal screening varies widely [4–6].

Colonoscopy is the preferred investigation for patients with a personal or family 
history of colorectal polyps or cancer. The disadvantages of colonoscopy are the attendant 
discomfort, a reason that is frequently mentioned to decline screening [7], and the small 
but definite risk for complications [8]. Ideally, its use should be targeted at patients with 
polyps who are preselected by means of a less invasive test.

Early studies have shown that computed tomography (CT) colonography accurately 
detects colorectal polyps ≥10mm [9–12]. However, the existing data may not apply to 
practice for 2 reasons. First, these studies compared CT colonography (CTC) with an 
imperfect gold standard, colonoscopy [9,10,11]. Because this test is known to occasionally 
miss large polyps [13,14], the existing reports may underestimate the accuracy of CTC. 
Second, because previous studies partly comprised patients with positive screening test 
results and patients who were primarily examined for evaluation of symptoms [9–12], 
these results may not apply to patients who are screened because of a personal or family 
history of colorectal polyps or cancer.

To gain insight into the potential of CTC to serve for screening of patients with a 
personal or family history of colorectal polyps or cancer (increased risk), we assessed 
the ability to identify patients with large polyps (≥10mm) and performed a second-look 
colonoscopy to verify large unexplained false positive findings. Our secondary aims were 
to investigate the accuracy to detect individual polyps and to determine interobserver 
agreement.

MATerIALs And MeThods

Patients and setting  
Patients who were scheduled to undergo a colonoscopy because of a personal or family 
history of colorectal polyps or cancer (increased risk) at the endoscopy departments of 
the Academic Medical Center and Slotervaart Hospital were included between October 
29, 2000, and September 25, 2002. Exclusion criteria were as follows: age younger than 
18 years, impossibility to understand patient information/informed consent or refusal 
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to sign the latter, colorectal polyps or cancer diagnosed during recent examination of 
the colon, or colostomy after colorectal surgery. The medical ethics committees of the 
Academic Medical Center and Slotervaart Hospital approved the study, and all patients 
provided written informed consent. Patients underwent CTC and, approximately 1 hour 
later, colonoscopy.

Bowel preparation
Patients ingested 4–6L of polyethylene glycol electrolyte solution (KleanPrep; Helsinn 
Birex Pharmaceuticals, Dublin, Ireland) for bowel preparation on the day before and/or 
the day of the examinations.

CT colonography
A balloon-tipped rectal enema tube was inserted, and subsequently the balloon was filled 
with approximately 50mL of water. A total of 20mg butyl scopolamine bromide (Buscopan, 
Ingelheim, Germany) or 1mg glucagon hydrochloride (Glucagen; Novo-Nordisk A/S, 
Bagsvaerd, Denmark) was administered intravenously. 

To distend the colon, approximately 2L of air (13.4 volume % carbon dioxide) were 
insuff lated manually. To prevent air leakage from the anus, the balloon-tipped rectal enema 
tube was left in situ during scanning. Before a patient was scanned, a preview image was 
obtained to estimate the distention; if necessary, additional air was insuff lated. 

CT scans were performed with patients in the supine and prone positions, each during 
a breath hold of approximately 22 seconds. The scans were performed with an Mx8000 
multislice CT scanner (Philips Medical Systems, Best, The Netherlands) with the following 
scan parameters: 120kV; collimation, 4×2.5mm; rotation time, 0.75 seconds; pitch, 1.25; 
slice thickness, 3.2mm; reconstruction interval, 1.6mm; and reconstruction filter C. 

The first 30 patients were scanned with an effective mAs value of 100mAs; however, 
during the course of the study, reports showed that a substantial reduction in the dose 
of radiation did not impair sensitivity and specificity [15], so we reduced the effective 
mAs. Because the image noise is related to the dimensions of the patient, we adjusted the 
effective mAs to the circumference of the patient, as measured midway between the lowest 
rib and the iliac crest. Thin patients (87.5cm) were scanned with 25mAs, medium-sized 
patients (87.5cm-102.5cm) with 40 mAs, and large patients (>102.5 cm) with 70mAs. 
CTC was performed by a research fellow or a specially trained technician, both with 
extensive experience with the procedure.

evaluation of CTC data
One experienced abdominal radiologist (reviewer 1, YN) and 1 research fellow (reviewer 
2, JF), who both had evaluated more than 50 cases before the start of the study, scored 
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all CTC data blinded for the colonoscopy results. Analysis was performed by using a 3-
dimensional display mode, and additional 2-dimensional displays were used for further 
inspection of suspected lesions. The 3-dimensional display method that is used is described 
in detail elsewhere [16]. 
Lesions were measured, and a certainty was assigned (0%, no polyp; 25%, probably 
no polyp; 50%, possibly a polyp; 75%, probably a polyp; 100%, certainly a polyp). 
Interpretation time was recorded with a stopwatch.

Colonoscopy
Patients underwent colonoscopy with a standard colonoscope (CF-140L; Olympus, 
Tokyo, Japan) at the Endoscopy Departments of the Academic Medical Center or 
Slotervaart Hospital. During this procedure, patients received sedatives (midazolam; 
Roche, Basel, Switzerland) and analgesics (fentanyl; Janssen Pharmaceuticals, Beerse, 
Belgium) on request. Colonoscopy was performed by an experienced staff member alone 
(gastroenterologist or gastrointestinal surgeon) in 47% of cases and by a gastroenterology 
fellow under direct supervision of the attending gastroenterologist in 53% of cases. A 
research fellow recorded the examination on videotape. During the colonoscopy, the 
endoscopist scored polyps, if present, with respect to size, morphology (pedunculated, 
sessile, f lat), and the segment (cecum, ascending colon, transverse colon, descending colon, 
sigmoid colon, and rectum) in which they were located. The estimation of polyp size was 
based on a comparison of the polyp with an open biopsy forceps of known size (8mm). 
The morphology of polyps was classified as pedunculated when a stalk was present. A 
polyp was considered f lat if its height was less than one half the diameter of the lesion 
[17]. In our data, the height of these f lat lesions was generally <4mm. The remainder of 
polyps was classified as sessile.

The information regarding size, morphology, and segmental location of polyps was 
filled out on a case record form by the endoscopist who performed the examination and 
the research fellow who attended the colonoscopy.

determination of lesion status
The research fellow (RVG) matched CT colonographic and colonoscopic findings 
(reference standard). For this purpose, we used a face-to-face comparison of the videotaped 
colonoscopy with the CTC images and used the aforementioned case record form. A polyp 
detected at CTC was labeled as a true positive based on 3 criteria: (1) the segmental location 
of the CT colonographic finding corresponded with the segmental location as indicated 
on the case record form or the adjacent segment, (2) the polyp size as estimated by the 
endoscopist corresponded with the CTC measurement, and (3) its appearance closely 
resembled that of the corresponding polyp at the videotaped colonoscopy.
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Because the estimation of polyp size at colonoscopy is prone to error, we accepted a margin 
of error of 3 mm for polyps <6mm and 5mm for polyps 6mm. Only CTC lesions that 
were scored with a certainty of 50% or more were considered for analysis.

False positive findings ≥10 mm
After all CTC examinations had been reviewed and matched, the research fellow (R.v.G.) 
and a senior gastroenterologist (J.B.) scrutinized the nature of false positive findings 
≥10mm, as measured by at least 1 of the reviewers. This was done by means of review of 
the videotaped colonoscopy and the CT scan. If the cause of the false positive finding 
could not be attributed to residual stool, haustral folds, impression of organs, or normal 
variations of the ileocecal valve, the patient was scheduled for a second-look colonoscopy 
based on detailed information of CTC. If the surmised polyp was present at the second-
look colonoscopy, this finding was added to the colonoscopic results and taken into 
account for the determination of the diagnostic value of CTC.

detection parameters
The potential future role of CTC is to preselect patients with polyps who might benefit 
from further endoscopic diagnostic and therapeutic procedures. Therefore, our main 
outcome parameter was patient sensitivity, indicating the ability of CTC to identify 
patients with at least one clinically relevant polyp. Although some advocate the removal 
of polyps ≥10mm only [18], clinicians and patients are unlikely to accept that lesions 
between 6 and 9mm remain undetected [19]. Therefore, we used the 6-mm cutoff value 
in addition to the 10-mm threshold. The endoscopist’s measurements of polyp size were 
used for subdivision of polyps according to size thresholds and categories.

Patient sensitivity was defined as the proportion of patients with at least one true 
positive lesion out of all patients with polyps at colonoscopy. For the 6-mm and 10-mm 
thresholds, findings were considered to be true positive if at least one polyp in the respective 
size range was detected and false negative when no true positive polyps or only those of 
a lower size category were detected.

Patient specificity was defined as the proportion of patients without false positive 
findings out of all patients without polyps at colonoscopy. For the 6-mm and 10-mm 
thresholds, findings were considered true negative if patients without polyps ≥6mm or 
≥10mm had no false positive findings 6mm and 10mm, respectively.

Polyp sensitivity was defined as the proportion of true positive polyps out of all 
polyps detected during colonoscopy. Polyp sensitivity was analyzed according to polyp 
size categories (<6mm, small; 6–9mm, medium; ≥10mm, large) and morphology 
(pedunculated, sessile, f lat). Additionally, adenoma sensitivity was determined based on 
the pathology reports.
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Predictive values 
The positive predictive value was defined as the proportion of patients with a true positive 
finding out of all patients with findings at CTC. The negative predictive value was defined 
as the proportion of patients with a true negative finding out of all patients without 
findings at CTC. Also, the positive predictive value was determined per polyp, which 
was defined as the proportion of true positive polyps out of all findings at CTC. These 
outcome parameters were analyzed according to the aforementioned size categories.

Interobserver agreement
Interobserver agreement analysis was performed per segment. Reviewers were considered 
to agree if they both recorded one or more lesions in the same segment or if both recorded 
no findings. Kappa statistics with 95% confidence intervals were calculated. The kappa 
values were interpreted as follows: <0.20, poor agreement; 0.21–0.40, fair; 0.41–0.60, 
moderate; 0.61–0.80, good; 0.81–1.00, very good.

resuLTs

Baseline characteristics of the subjects  
A total of 288 patients participated in this study. Bowel preparation was insufficient in 12 
patients (4%), preventing CT colonographic and colonoscopic evaluation. In 20 patients 
(7%), CTC was inadequate because of unsatisfactory bowel insuff lation (8 patients, 3%), 
severe breathing artifacts (3, 1%), artifacts due to spondylodesis (2, 1%), and technical 
problems during scanning (7, 2%). Colonoscopy failed to reach the cecum in 5 patients 
(2%). Three other patients (1%) did not show up. The data from patients with failed 
bowel preparation or examinations or who did not show up (39, 14%) were not analyzed, 
leaving 249 patients. Because both bowel preparation and CTC were not adequate in 1 
patient, data from 39 instead of 40 patients were not analyzed. 

Of these 249 patients, 20 (8%) had a history of mild abdominal symptoms: 8 had mild 
abdominal pain, 2 had hematochezia, and 10 had altered bowel habits.

A total of 103 (41%) of the 249 patients were women. The mean age was 56 years (SD, 
13). Ninety-one patients (36%) underwent colonoscopy for screening because of a family 
history of colorectal polyps or cancer and 158 patients (64%) for surveillance because of 
a history of colorectal polyps or cancer. 

For the patients who were examined because of a history of colorectal polyps or cancer, 
a median interval of 25 months (interquartile range, 14–37 months) had elapsed since 
their previous surveillance colonoscopy.
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Table 1. Patient sensitivity and specificity of CT colonography 

Colonoscopy reviewer 1 95%-CI reviewer 2 95%-CI

n n (%) % n (%) %

Sensitivity

     any size 141 8� (�2) 54-69 88 (�2) 54-70

     ≥6mm 45 34 (��) 61-86 3� (80) 66-89

     ≥10mm 31 (25+�)a 2� (84) 67-93 2� (84) 67-93

Specificity

     any size 108 34 (32) 24-41 32 (30) 22-39

     ≥6mm 204 144 (�1) 64-76 140 (�9) 61-74

     ≥10mm 218 (224–6)b 200 (92) 87-95 201 (92) 88-95

The displayed data of colonoscopy are combined findings of initial and second-look colonoscopy. For 
patients with and without large polyps, the results of the initial and second-look colonoscopy are specified 
in parentheses. CI, confidence interval. a Twenty-five patients were identified at the initial colonoscopy 
and, additionally, 6 at the second-look colonoscopy. b After the second-look colonoscopy the number of 
patients without polyps ≥10mm decreased by 6.

Colonoscopic results  
The median colonoscopy examination time, consisting of insertion and inspection, 
was 30 minutes 0 seconds (interquartile range, 21 minutes 0 seconds to 49 minutes 30 
seconds).

For the initial and second-look colonoscopy combined, 141 of 249 patients (57%) 
had 489 polyps, 45 patients (18%) had 84 polyps ≥6mm, and 31 patients (12%) had 48 
polyps ≥10mm. Included in these data are 8 large polyps that were found in 8 patients 
during second-look colonoscopies to verify a large false positive finding at CTC. In 6 of 
these 8 patients, no large polyp was seen at the initial colonoscopy. The other 2 patients 
also had another large polyp. Another second-look colonoscopy was performed to verify 
a large false positive finding at CTC, which appeared to be an ileocecal valve. The mean 
interval between the initial and second-look colonoscopy was 13 months (SD, 7).

Histopathology specimens were obtained in 270 (66%) of 407 small polyps, 33 (92%) 
of 36 medium polyps, and 40 (83%) of 48 large polyps. Of all small polyps, 96 (24%) 
were adenomatous. Of all medium polyps, 15 (42%) were adenomatous and none were 
malignant. Of all large lesions, 23 (48%) were adenomatous and 4 (8%) were cancers. 
These 4 cancers were diagnosed in 4 patients (1.6%). The histopathologic diagnoses of 
the polyps that were overlooked by initial colonoscopy were lipoma in 1, hyperplasia in 1, 
adenoma in 3, and cancer in 1. One polyp with an adenomatous appearance was lost after 
polypectomy, and one polyp with a pale hyperplastic appearance could not be removed 
due to its difficult location (behind the ileocecal valve).
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CT colonography
The median examination room time was 21 minutes 30 seconds (interquartile range, 18 
minutes 40 seconds to 26 minutes 58 seconds), and the median evaluation time was 14 
minutes 12 seconds (interquartile range, 10 minutes 58 seconds to 17 minutes 26 seconds) 
for reviewer 1 and 13 minutes 26 seconds (interquartile range, 11 minutes 6 seconds to 
16 minutes 24 seconds) for reviewer 2.

Patient sensitivity and specificity
Table 1 shows the sensitivity and specificity per patient for both reviewers. The mean 
sensitivity for patients with at least 1 large polyp was 84%. For patients with at least 1 polyp 
≥6mm or with a polyp of any size, these mean values were 78% and 62%, respectively. 
The mean specificity for the identification of patients without large polyps was 92%. 
The mean specificity for patients without polyps ≥ 6 mm and without any polyp was 
70% and 31%, respectively.

Table 2. Polyp sensitivity according to morphology

Morphology Polyp 
size

Colonoscopy Reviewer 
1 95%-CI

Reviewer 
2 95%-CI

n n (%) % n (%) %

All <6mm 405 149 (3�) 32-42 132 (33) 28-37

6-9mm 3� 23 (�4) 48-78 2� (�5) 59-86

≥10mm 48 (40+8)a 3� (�5) 61-85 3� (��) 64-87

Sessile <6mm 30� 12� (41) 36-47 110 (3�) 31-42

6-9mm 23 1� (�4) 54-88 20 (8�) 68-96

≥10mm 21 (1�+4)a 20 (95) 77-99 20 (95) 77-99

Pedunculated <6mm 11 5 (45) 21-72 8 (�3) 43-90

6-9mm � 5 (83) 54-88 � (100) 61-100

≥10mm 13 (12+1)a 12 (92) 67-99 12 (92) 67-99

Flat <6mm 88 18 (20) 13-30 14 (1�) 10-25

6-9mm � 1 (14) 3-51 1 (14) 3-51

≥10mm 14 (11+3)a 4 (29) 12-55 5 (3�) 16-61
a (polyps detected at initial colonoscopy + polyps detected at second-look colonoscopy). CI, confidence 
interval. 
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Polyp sensitivity
Table 2 shows the polyp sensitivity for both reviewers. The mean polyp sensitivity for 
large polyps was 76%. For medium and small polyps, these values were 70% and 35%, 
respectively. 

Stratified according to lesion morphology, the mean sensitivity was only 33% and 14% 
for large and medium f lat polyps, respectively. However, the mean sensitivity was 95% 
and 81% for large and medium sessile polyps and 92% and 92% for large and medium 
pedunculated polyps, respectively. For large and medium adenomas, the mean sensitivity 
was 78% and 77%, respectively (table 3). 

Predictive values 
Tables 4 and 5 show the number of true positive and false positive findings, the true 
negative and false negative findings, and the resulting predictive values. As a result of 
the large number of false positive findings, the mean positive predictive values for the 
identification of patients with polyps ≥10 mm and ≥6 mm were low (60% and 36%, 
respectively). 

Mean positive predictive values per polyp were 61% and 17% for large and medium-
sized polyps, respectively. Mean negative predictive values for patients without polyps 
≥10mm and ≥6mm were 98% and 94%, respectively.

Analysis of false positive findings
Reviewers 1 and 2 had 25 and 22 large false positive findings, respectively. Based on the 
videotaped colonoscopy and review of the CT scans, we concluded that 22 and 10 of these 
false positive findings were caused by residual stool for reviewers 1 and 2, respectively.

One and 5 large false positive findings were caused by protruding folds in suboptimally 
distended segments for reviewers 1 and 2, respectively. Two colonic varices caused 2 false 
positive results for reviewer 1. Reviewer 2 erroneously interpreted the ileocecal valve to be 
abnormal in 5 cases. A splenic impression in the proximal descending colon caused another 

Table 3. Sensitivity for adenomatous polyps.

Sensitivity Colonoscopy reviewer 1 95%-CI reviewer 2 95%-CI

n n (%) % n (%) %

<6 mm 9� 40 (42) 32-52 38 (40) 30-50

6-9mm 15 11 (�3) 48-89 12 (80) 55-93

≥10mm 2� (23+4)a 21 (�8) 59-89 21 (�8) 59-89
a (polyps detected at initial colonoscopy + polyps detected at second-look colonoscopy). CI, confidence 
interval.
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                   Reviewer-1 Reviewer 2

TP FP PPV % 95%-CI TP FP PPV % 95%-CI

per patient

     All 8� �4 54 46-62 88 �� 54 46-61

     ≥6mm 34 �0 3� 27-46 3� �4 3� 27-46

     ≥10mm 2� 18 59 44-72 2� 1� �1 46-74

per polyp

     <6mm 149 411 2� 23-30 132 490 21 18-25

     6-9mm 23 129 15 10-22 2� 114 19 14-26

     ≥10mm 3� 25 59 47-71 3� 22 �3 50-74

TP, true positives; FP, false positives. PPV, positive predictive value; CI, confidence interval. 

Table 4. Positive predictive values 

Table 5. Negative predictive values

                   Reviewer 1                   Reviewer 2

TN FN NPV % 95%-CI TN FN NPV % 95%-CI

Per patient

     All 34 54 39 29-49 32 53 38 28-48

     ≥6mm 144 11 93 88-96 140 9 94 89-97

     ≥10mm 200 5 98 94-99 201 5 98 94-99

false positive finding for reviewer 2. One false positive finding by reviewer 2 could not be 
explained but, because the patient died of lung cancer during the course of the study, a 
second-look colonoscopy could not be performed. Nevertheless, retrospective evaluation 
of the videotaped colonoscopy raised the suspicion that it concerned a colonoscopically 
missed f lat lesion.

Interobserver analysis
Interobserver agreement with regard to the correspondence of segment judgments was 
good (kappa statistic = 0.70; 95% confidence interval, 0.66–0.74).
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dIsCussIon

Although colonoscopy is highly effective in the diagnosis and treatment of colorectal 
polyps, it is associated with a small but definite risk for complications due to its invasive 
nature. Hence, colonoscopy may preferably be targeted at preselected patients with polyps. 
For CTC to be valuable in this respect, its accuracy must be similar to colonoscopy. 

The present study indicates that CTC and colonoscopy have a similar ability to identify 
patients with large polyps in a population with a personal or family history of colorectal 
polyps or cancer. If patients with large polyps were to be selected for colonoscopy based 
on CTC, 82%–83% (205–206/249) of patients would not have to undergo colonoscopy, 
whereas 5 (16%) of 31 patients with large polyps were overlooked. By comparison, 6 patients 
(19%) with large polyps were initially overlooked by colonoscopy in the present study.

We compared CTC with colonoscopy, the present gold standard for the detection of 
colorectal polyps. Studies of back-to-back colonoscopy vary with regard to the proportion 
of missed large polyps (0–6%) [13,14]. In the present study, 8 (17%) of 48 large polyps 
were overlooked with colonoscopy, which is rather high compared with these previous 
reports. Actually, the miss rate of colonoscopy may be higher than previously reported, 
because the reference test (a second colonoscopy) had the same limitations (e.g., haustral 
folds, f lexures) as the index test. This assumption is supported by a recent study on 
CTC by Pickhardt et al. [20], in which colonoscopic miss rates for large polyps were also 
generally higher (11.8%) than previously observed.

As in common academic practice, gastroenterology fellows were involved in almost 
one half of the colonoscopies, which may have contributed to the relatively high miss 
rate. Because the technical success of colonoscopy in our study was excellent (98% cecal 
intubation) and colonoscopic inspection was performed by both the gastroenterology 
fellow and the gastroenterologist, it is unlikely that our colonoscopy sensitivity is lower 
than in routine clinical practice. Although 7 of 8 colonoscopies during which a large 
polyp was missed were performed by a gastroenterology fellow under direct supervision 
of the attending gastroenterologist, 3 of 7 fellows were experienced (≥500 colorectal 
endoscopic procedures).

Almost all sessile and pedunculated polyps ≥6mm were detected with CTC in the 
present study. However, f lat lesions were an important source of false negative results 
with CTC, which is in line with data from a previous study [21]. Of the 10 f lat lesions 
that were missed with CTC, 3 were adenomas and one was a cancer. In retrospect, 5 of 
10 missed f lat lesions could be identified in the CTC images, among which were one 
adenomatous polyp and the cancer.

Large f lat lesions are more likely to contain early malignant disease than polypoid 
lesions [17]. Therefore, detection of f lat lesions with CTC must be improved. There are 
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several ways to achieve this. First, increasing the spatial resolution through scanning with 
thinner slices improves visualization of f lat lesions [22]. Second, an additional primary 
2-dimensional review is believed to be preferable for visualization of f lat lesions [21] and 
additional 2-dimensional review may improve the detection of these lesions. Third, because 
5 of 10 large f lat lesions could be detected retrospectively, further training of radiologists 
in recognizing such lesions may improve sensitivity.

In the present study, we used a balloon-tipped rectal enema tube to insuff late the colon, 
which was left in situ during the examination. This device obscured the distal 2 cm of the 
rectum and the anorectal transition; consequently, 1 large villous lesion that was situated 
in this area was missed with CTC. Because it has recently been shown that the use of a 
thin f lexible rectal tube without a balloon still results in clinically acceptable distention 
of the colon [23], the use of these thin tubes will improve the visualization of this area.

Although it is generally agreed that patients with polyps ≥10mm require colonoscopic 
polypectomy, patients with polyps 6–9 mm may require more frequent follow-up 
than patients without or with only diminutive polyps. In the present study, many CT 
colonographic findings in these size ranges were false positive. If large CT colonographic 
findings had triggered colonoscopy, 41% of patients (17–18/43–44) with such findings 
would have undergone colonoscopy unnecessarily. If CT colonographic findings of 6 mm 
or larger would have triggered colonoscopy or frequent follow-up with CTC, an even higher 
proportion of patients (64%) would have undergone these examinations unnecessarily 
(60–64/94–100). This relatively high proportion of unnecessary examinations reduces 
the potential benefit of preselection.

Our high number of false positive findings is in contrast to previous reports. This 
may be caused in part by our primary 3-dimensional review method. Although this 
approach may result in improved polyp visualization [24], this may be at the expense of 
an increased number of false positive findings. Residual stool was an important cause of 
false positive findings in our study. In future studies, 2 measures can be applied to reduce 
the misinterpretation of residual stool. First, contrast agents can be added to tag residual 
stool [25]. Second, scanning with thinner slices is known to improve the visibility of air 
inside CT lesions [26], a strong indicator of fecal matter. It can be expected that both 
measures will reduce the number of false positive findings without affecting the number 
of true positives.

The accuracy of CTC has been repeatedly reported in the past 7 years. Except for 2 
studies that were hampered by suboptimal technique and learning curves [27,28] many 
early reports were enthusiastic; the sensitivities and specificities for patients with large 
polyps ranged from 75% to 100% and 73% to 96%, respectively [9–12]. These results 
were predominantly obtained in patient groups that partly comprised subjects with positive 
screening test results and subjects who were primarily evaluated for symptoms. Because 
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this may result in different disease spectra and prevalences, these data do not apply to 
patients who are screened for a personal or family history of colorectal polyps or cancer.

A study by Johnson et al. [29] previously reported the sensitivity and specificity of 
CTC in increased-risk patients. In this study of 703 patients, the sensitivity after double 
reading was lower (64%) than previously reported, with an acceptable specificity (95%) 
[29]. The investigators, who used a primary 2-dimensional display mode to evaluate 
the data, found that a large proportion of missed polyps ≥10mm (34%; 20 of 59) were 
perceptual errors. Although there are only a few comparisons of primary 2-dimensional 
and 3-dimensional display modes, the available data suggest that primary 3-dimensional 
display modes improve polyp visualization [24].

Although the same investigators verified false positive findings with videotaped 
colonoscopy, no second-look colonoscopy was performed. In our experience, none of the 
8 large polyps that were overlooked at colonoscopy could be retrospectively confirmed by 
reviewing the videotaped colonoscopy. Consequently, if we had not performed a second-
look colonoscopy, our sensitivity for patients with large polyps would have been 80% (20 
of 25) instead of 84% (26 of 31). Thus, both our 3-dimensional approach and verification 
procedure may have contributed to our higher sensitivity.

A recent study in 1233 asymptomatic individuals compared CTC and colonoscopy, also 
with 3-dimensional display, and reported a comparable sensitivity for both modalities as 
in our study. However, the investigators used a different verification procedure. After the 
endoscopist completed the evaluation of a given segment of the colon, a study coordinator 
revealed the results of CTC for the previously examined segment. If findings ≥5mm 
were present at CTC but not at colonoscopy, these lesions were directly verified based on 
detailed information of CTC [20]. This procedure, known as “segmental unblinding”, 
enables verification of lesions of any size [30].

A number of limitations of our study must be considered. We performed a second-look 
colonoscopy in patients with large unexplained false positive findings, and the causes of 
many medium and small false positive findings remain unknown. As with colonoscopy, 
medium-sized polyps are missed more frequently than large ones [13,14], the proportion 
of medium-sized false positive findings that in fact represent endoscopically missed polyps 
may have been even higher than observed in the present study for large lesions. To further 
elucidate this issue, future research on the accuracy of CTC should preferably comprise 
segmental unblinding to enable direct verification of false positive lesions of any size 
[30]. Segmental unblinding is clearly preferable for the determination of the diagnostic 
accuracy of CTC per se. However, it may hamper a comparison of the diagnostic value 
between CTC and colonoscopy because of a “learning effect”; if the endoscopist misses 
a lesion in a particular segment, he or she may unintentionally adjust the examination 
style during the examination of the remaining segments.
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As a result of our verification procedure, there was a considerable delay (mean, 13 months) 
between the initial and second-look colonoscopies, during which polyps might have grown. 
Theoretically these missed polyps might have been smaller than 10mm at the time of the 
initial colonoscopy; however, because these lesions were at least 10mm as measured at 
CTC, we consider it unlikely that the sizes of lesions were misclassified.

Because both observers had many false positive findings, theoretically the chance 
increases that a lesion detected at CTC is labeled as a true positive finding. To reduce this 
effect, our matching procedure comprised a face-to-face comparison of the videotaped 
colonoscopy and the CTC images and strict criterions with regard to location and size 
(case record form). In our experience, this procedure left little room for alternative 
interpretations; therefore, we deem it unlikely that this effect considerably inf luenced 
our results.

Because CTC, as performed according to current standards, is preferred to colonoscopy 
by patients [20], it is expected to improve attendance rates. Bowel preparation, a major 
obstacle to participation in colonoscopic screening [7], will not be required for CTC in the 
near future [25]. Most importantly, however, CTC must prove to have an ability similar 
to colonoscopy to identify patients with large colorectal polyps. The present results are 
encouraging, but more data are required to confirm our observations.

In conclusion, our data indicate that CTC and colonoscopy have a similar ability to 
identify large colorectal polyps in patients with a personal or family history of colorectal 
polyps or cancer. However, the majority of f lat lesions were overlooked, a finding that 
requires further study.
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Abstract:

Purpose: To evaluate low dose computed tomography colonography 
without cathartic cleansing in terms of image quality, polyp visualization 
and patient acceptance.
Materials and methods: �1 patients scheduled for colonoscopy 
started a low-fiber diet, lactulose and amidotrizoic acid for fecal tagging 
2 days prior to the computed tomography  scan (50-70mAs). The origi-
nal raw data of 51 patients were modified and reconstructed at simu-
lated 20 and 6mAs levels. Three observers analyzed the data. The first 
and second evaluated the original mAs-level regarding image quality 
and presence of polyps. The third evaluated the presence of polyps at 
all three mAs levels. Results were verified with colonoscopic outcome 
for lesions ≥10mm. Patients were asked for their preference for either 
computed tomography colonography or colonoscopy. 
Results: Image quality was sufficient in all patients, but significantly 
lower in the cecum, sigmoid and rectum. Eighty percent of patients 
preferred computed tomography colonography, 13% preferred colo-
noscopy (P<0.001). Observer 1 and 2 correctly identified 10/15 (67%) 
and 9/15 (60%) polyps ≥10mm, with respectively 5 and 8 false positive 
lesions. Dose reduction down to 6mAs was not associated with signifi-
cant changes in diagnostic value. 
Conclusions: computed tomography colonography without cleansing 
is preferred to colonoscopy and shows moderate sensitivity (60-67%), 
without impaired diagnostic value at mAs levels as low as 6mAs for 
polyps ≥10mm. 
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InTroduCTIon 

Since computed tomography colonography (CTC) has shown good results in detecting 
clinically relevant polyps [1-6], studies have been performed focusing on increasing 
patient acceptance by reducing the bowel preparation. This can be done by adding an 
oral contrast agent to meals (fecal tagging) [7-12] in combination with a low-fiber diet, 
and sometimes lactulose for stool softening, thereby obviating extensive cleansing. 

Different studies have been performed using barium, iodine or a combination of both 
as tagging material. However, only a limited number of these studies on CTC have used 
limited bowel preparation. Few have evaluated the diagnostic value and patient acceptance 
of CTC. In parallel with the development of limited bowel preparation strategies, (ultra) 
low dose protocols have been evaluated [13-15]. To our knowledge, to date no studies 
have evaluated the effect of dose reduction on sensitivity and specificity in patients with 
a limited bowel preparation. Only one study [7] has evaluated limited bowel preparation 
at a relatively low milliampere-second (mAs) level (20mAs). This study has shown very 
good results, however these data have not been reproduced yet. Moreover, as only one 
mAs level was studied, the effect of dose reduction remains unknown.

The purpose of this study was to evaluate limited bowel-preparation CTC using an 
oral contrast agent (amidotrizoic acid), in terms of image quality, patient acceptance 
and polyp visualization using conventional colonoscopy (CC) as a reference standard. A 
second objective was to determine the effect of substantially reducing the radiation dose 
levels on the diagnostic accuracy of limited bowel preparation CTC, again using CC as 
the reference standard. 
 
MATerIALs And MeThods

study population 
Patients of the Onze Lieve Vrouwe Gasthuis, at increased risk [16] for colorectal cancer 
(personal or family history of colorectal polyps or cancer), who were scheduled to 
undergo CC between April 2002 and August 2003 were invited to participate in the 
study. Exclusion criteria were: impossibility to understand the information/informed 
consent, age below 18 years, pregnancy and inf lammatory bowel disease. The study 
was approved by the institutional review board of the Onze Lieve Vrouwe Gasthuis and 
Academic Medical Center. All patients gave written informed consent.

CTC bowel preparation and scanning protocol
Four weeks prior to the CC the CTC was performed. Patients were asked to ingest 
amidotrizoic acid (20mg/ml, made by the hospitals pharmacy) three times a day (100ml 
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Table 1. Scales used by observer 1 to rate image quality (upper part), and scales used by the 
patients to rate experience and preference.

Item Scale 

Observer 1:

Image quality (pt, segm)*
1: poor; not diagnostic, 2: moderate; diagnostic with 
limitations, 3: good; diagnostic with minor limitations, 4: 
excellent; no limitations

Distension (segm)
1: collapsed, 2: poorly distended, 3: only moderately 
distended but segment is distended over its full length, 4: 
good, 5: very good

Homogeneity (segm) 1: poor, 2: moderate, 3: good, 4: very good

Presence of stool (segm)
1: large amount of stool; segment fully filled, 2: moderate 
amount of stool; ~ 50% of lumen filled, 3: small amount of 
stool, 4: only contrast layer on the wall, 5: no stool at all

Patients:

Most burdensome aspect

CTC preparation: diet, lactulose, contrast agent
CTC: iv puncture, catheter placing, insufflation, breathholds, 
prone position
CC: iv puncture, moving of scope, air insufflation, monitoring 
after CC

How burdensome/painful not, mild, moderate, severe, extreme

Preference
definitely CTC, probably CTC, possibly CTC, indifferent, 
possibly CC, probably CC, definitely CC.

Most reluctant factor
CC, bowel preparation prior to the CC, CTC, the limited 
bowel preparation prior to the CTC

* The item were scored per patient (pt) and per segment (segm).

at breakfast and lunch, 300ml at dinner) with a low-fiber diet (well cooked vegetables 
and meat, no fibrous fruit, no whole-wheat products, no nuts) starting 2 days prior to 
the CTC. Lactulose (12gram, Lactulose CF powder 6g/sachet, Centrafarm, Etten-Leur) 
was taken in the morning during 3 days prior to CTC for stool softening. Twenty mg 
of butylscopolaminebromide (Buscopan; Boehringer-Ingelheim, Ingelheim, Germany), 
when contraindicated, one mg of glucagon hydrochloride (Glucagen; Novo-Nordisk, 
Bagsvaerd, Denmark) was administered intravenously. The colon was insuff lated with 
a CO2-air mixture (13.2% volume) using a f lexible catheter until patients experienced 
discomfort (±2-3L). Patients were scanned in prone and supine position with a four-slice 
Mx8000 (Philips Medical Systems, Best, The Netherlands) CT-scanner (120kV, rotation 
time 0.75s, pitch 1.25, collimation 4*2.5mm, 50 or 70mAs; 70mAs if the abdominal 
circumference was >102.5 cm, scan time 20-25sec). 
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Colonoscopy
Prior to CC, each patient was instructed to ingest 4L of a macrogol solution (Colofort 
macrogol 4000 sachets, Ipsen Farmaceutica bv, Hoofddorp, the Netherlands), starting 
on the evening prior to the CC. CC was performed by one of three experienced 
gastroenterologists of the Onze Lieve Vrouwe Gasthuis (experience as gastroenterologist: 
23, 12 and 4 years) and recorded on videotape. Patients received sedatives (5mg 
midazolam: Dormicum; Roche, Basel, Switzerland) and analgesics (0.05mg fentanyl: 
Janssen Pharmaceuticals, Beerse, Belgium) at request of the patient. If polyps were 
present, the location was determined and size was estimated, based on comparison with 
an open biopsy forceps prior to removal. A polyp was considered f lat if its height was less 
than one-half of the diameter of the lesion [17]. Only segments visualized at CC were 
used for analysis. 

simulation of Low-dose CT Colonography
To study polyp detection at lower dose, CTC examinations were simulated with a lower 
mAs-value using an established simulation technique [18,19] that has been applied in 
two earlier CTC studies [13,14]. This simulation method consists of the controlled 
increase of noise in the raw CT transmission data prior to reconstruction of the images. 
In this way, scans were simulated at 20mAs (in the order of 2.3mSv for two scans: supine 
and prone) and 6mAs (±0.7mSv). A previous simulation study has demonstrated that the 
mAs-values of CTC after extensive bowel cleansing can be reduced to 1 to 2mAs [13]. 
Since the contrast between tissue and tagged fecal material in limited bowel preparation 
colons is lower than that between air and tissue, we chose 6.0mAs, as lowest simulated 
mAs level, next to 20mAs.

CTC evaluation
An unblinded research fellow (J.F., experience: evaluated 300 CTC), matched findings 
at CC (polyps ≥6mm and colorectal cancer) with the CTC data to provide a frame 
of reference for true positive findings at CTC. Only exact matches in shape, size and 
location were scored as a positive match. All images were then independently evaluated 
using a primary 2D display mode by three blinded observers. The first observer (research 
fellow, R.v.G., experience: compared >300 CTC examinations with CC videos) evaluated 
the original CTC scan for image quality and for polyps. Scores were assigned (table 1) for 
overall image quality, luminal distension, homogeneity and presence of stool. The second 
observer evaluated the original CTC scan for polyps, and marked those examinations 
that were not diagnostic. If  both observers rated a CTC as not diagnostic, this patient 
was excluded from analysis. The third observer first evaluated the simulated 6.0mAs 
scans for presence of polyps, at least four weeks later the simulated 20.0mAs scans, and 
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again at least four weeks later the original CTC scans. All lesions were measured and 
screenshots were taken. The second observer (V.v.d.H., experience: 8 years of clinical CT 
experience as an abdominal radiologist) and the third observer (A.v.R., a research fellow 
radiology with no prior experience with CTC) had had a learning curve in evaluating 50 
CTC scan with CC feedback.

Polyp detection and image quality
A polyp detected at CTC was labeled as true positive if three criteria were met: segmental 
location and location within the segment corresponded with CC (when situated near 
the borders of the segment, localization in the adjacent segment was also accepted), 
the polyp size as estimated by the endoscopist (open forceps) corresponded with size as 
measured on CTC (50% margin based on the CC size was allowed), and appearance 
(morphology) closely resembled that of the corresponding polyp at videotaped CC. The 
unblinded research fellow determined the nature of false positive findings ≥10mm by 
reviewing the videotaped CC and the CTC. If the polyp was possibly missed at CC, a 
repeat CC was called for. 

Patient questionnaires
Patient experience and preference were evaluated by 6 questionnaires (scales are shown 
in table 1): 2 weeks prior to the CTC, directly after the CTC bowel preparation, after 
the CTC, after the CC preparation, after the CC, and 5 weeks later. The first and 
the last questionnaires were send by mail. After the CTC bowel preparation, patients 
were asked how burdensome they rated the CTC bowel preparation, and the most 
burdensome aspect. After CTC they rated how much pain they had experienced and 
how burdensome the CTC had been. Prior to CC patients were asked how burdensome 
the extensive bowel preparation had been. After the CC they were asked how much 
pain they had experienced and how burdensome the CC had been. After the CC and 5 
weeks later, patients were asked for their preference for either CTC or CC assuming that 
both techniques were equally accurate, while in 20% of CTC examinations clinically 
relevant lesions would be shown, necessitating a therapeutic CC. Two weeks prior to the 
CTC, directly after the CC and 5 weeks later, patients were asked what they were most 
reluctant to undergo.

statistical analysis
Differences in quality between CTC images of different segments were assessed using 
ordinal regression analysis. For this analysis we first determined the best segment and 
used this segment as reference segment. The regression coefficient of each segment 
estimates the change in the log transformed diagnostic odds ratio (DOR) compared 
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to the reference segment. It can be interpreted, after antilogarithm transformation as 
relative diagnostic odds ratio (RDOR). A lower RDOR implies inferior image quality 
of the respective segment compared to the reference segment. Differences in polyp 
detection rates between CC and lower dose CTC were assessed with the McNemar test 
for paired proportions. The Wilcoxon signed rank test statistic was used to evaluate 
differences in patient experience between CTC and CC, and to evaluate differences in 
preference between the questionnaire filled out directly after the procedures and 5 weeks 
later. The data were first dichotomized as preference for CTC versus preference for CC. 
These differences were tested using the Chi-square test statistic. All P-values <0.05 were 
considered to indicate statistical significance. 
 

Table 2. Baseline characteristics of the study population.

Number

Included �1

male/female 40/21

Age in years: mean ± sd† (range) 61 ± 12 (27-81)

Indication: 
     H/O† colorectal polyps 
     H/O colorectal carcinoma
     F/H† of colorectal polyps or cancer

38
9
14

Coexistent complains:
     Abdominal pain/ hematochezia/ altered bowel habits 12/4/3
Colonoscopy: 
     polyps/patients with polyps: 
          any size
          ≥6mm
          ≥10mm 
          ≥10mm initial colonoscopy
     Morphology of polyps ≥6mm (sessile/stalked/flat/CRC)
     Morphology of polyps ≥10mm (sessile/stalked/flat/CRC)

94/38
28/20
15/12
13/11

12/�/�/2
3/�/4/2

Colonoscopy:
     No. of patients recieving Sed+analg/sed/analg/none 29/�/3/22

CTC:
     Stool consistency prior to CTC (diarrhea/soft/normal)
     Abdominal pain prior to CTC (major/minor)
     Flatulence prior to CTC (major/minor) 
     Spasmolitycs during CTC (Buscopan/Glucagon/neither)

15/13/33
1/�

3/2�
4�/12/2

†sd : standard deviation; H/O: history of; F/H: family history, Sed: sedatives. Analg: analgesics.



CTC using limited bowel preparation at normal and low dose levels 

110

resuLTs

Sixty-three eligible patients (53%) gave written informed consent. Two were excluded, 
leaving 61 study patients (table 2). One patient was excluded since he did not undergo CC 
for unknown reasons. In another patient (figure 1), with a 20mm carcinoma opposite of 
the ileocecal valve at CC, the CTC was rated as of no diagnostic value by both observers 
(parts of the large bowel not in the field of view, stool not tagged sufficiently, and 
breathing movement artifacts). 

In five patients it was not possible to fully inspect the colon endoscopically. In one 
patient a 14mm polyp was seen at CTC in a segment not inspected at CC and confirmed 
at surgery (not included in the analysis). In two patients, repeat CC showed a 30mm 
polyp and a 30mm carcinoma (included in the analyses), both were missed at the initial 
CC. 

Image quality
Overall image quality was rated as excellent in 2 patients, good in 41, moderate in 18 
and poor in none of the patients. Image quality was significantly lower (figure 2) in the 
cecum (both positions), sigmoid (prone position) and rectum (supine position). This was 
mainly due to inferior homogeneity of tagged material in the cecum and rectum, and 
inferior distension in the sigmoid and rectum. 

Patient experience and preference
The 6 questionnaires were filled out by respectively 58 (95%), 61 (100%), 61 (100%), 56 
(92%), 57 (93%) and 57 (93%) patients. Two weeks prior to the CTC patients were most 
reluctant to undergo CC, then the CC bowel preparation, thirdly the limited CTC bowel 
preparation. The CTC was feared least. After both procedures (fifth questionnaire), the 
order was the same. Five weeks later the bowel preparation prior to the CC was regarded 

Figure 1. Figure showing the CTC of the 73 year old 
female patient that was excluded from analysis since it 
was rated as not diagnostic by both observers.
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to be the most burdensome, followed by the CC, the CTC preparation and the CTC. 
None of the three aspects of the bowel preparation for CTC (the diet, lactulose and 
contrast agent) was rated significantly worse than the others (figure 3). Patients rated the 
limited bowel preparation (prior to CTC) less burdensome than the bowel preparation 
prior to CC  (figure 4, P<0.001). Patients also experienced more pain during CC than 
during CTC (figure 4, P<0.001). 

The most burdening aspect of the CTC was insuff lation of air (58%). The most 
burdening aspect of CC was the movement of the scope (59%).

 Directly after the CC (fifth questionnaire) 80% (43/54) of the patients preferred 
CTC for their next examination, 13% (7) preferred CC (P<0.001) and 7% (4) were 

Figure 2. Figure showing RDOR with confidence intervals of all six segments of the colorec-
tum in both prone and supine position regarding overall image quality, distension, presence 
of stool and homogeneity. All segments are compared to the best segment (DOR by definition 
1). Confidence intervals not reaching 1 indicate significantly inferior results. 
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indifferent (figure 4). Five weeks after the procedures, 71% (39/55) preferred CTC, 
13% (7) preferred CC (P<0.001) and 18% (10) was indifferent. There was no significant 
change in  preference (P=0.12) over time.

diagnostic value
Including the findings at repeat CC, 12 patients had 15 polyps ≥10mm (including 2 
carcinomas of 35mm and 30mm) while 20 patients had in total 28 polyps ≥6mm (figure 
5). The initial CC detected 13 of the 15 large polyps (sensitivity 87%). The per patient 
sensitivity for the initial CC was 92% (11/12). The unblinded research fellow was able 
to match 13/15 (87%) large polyps (in 10/12 patients: 83%), while 2 large f lat lesions 
were not visible in retrospect. For polyps ≥6mm 23/28 (87%) polyps were matched (three 
additional f lat lesions not visible in a patient with already a large f lat lesion) in 18/20 
(90%) patients. Observer 1 and 2 correctly identified 10/15 (67%) and 9/15 (60%) polyps 
≥10mm, with respectively 5 and 8 false positive lesions (table 3).

Polyp detection at lower mAs levels
In 51 patients raw data were available to simulate and reconstruct data at lower mAs 
levels. In 11 patients this was not possible due to missing original raw data. Dose 
reduction down to 6mAs was not associated with significant changes in diagnostic value 
for patients with lesions ≥10mm (table 4, figure 6 and 7). 

Only focusing on the data of these 51 patients, reader 3 showed diagnostic values 
comparable to or even better than reviewer 1 and 2; sensitivity for reviewer 1 and 2 
both 5 out of 10 large polyps with respectively 5 and 8 false positive lesions ≥10mm and 
respectively 10 and 9 out of  20 polyps ≥6mm with respectively 20 and 25 false positives 
≥6mm.

Figure 3. Graph showing how 
patients rated the three different 
components of CTC with limited 
bowel preparation. How burden-
some was the diet, lactulose and 
the contrast agent.
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Figure 4. Graphs show patient experience the bowel preparation (upper left) and the 
CTC examination (upper right) and patient preference for one of the two modalities (CTC 
with limited bowel preparation versus CTC with standard bowel preparation, lower); how 
burdensome was the limited bowel preparation prior to CTC (grey) as compared to cleansing 
prior to CC (black), how burdensome were the CTC (grey) and CC (black) examinations (upper 
right graphs); what did patients prefer for their next examination (lower graph) directly after 
both examinations and in the questionnaire send at home 5 weeks later. 
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Table 4. Performance characteristics of observer 3 per mAs level. Statistical analysis (only 
performed on the per patient data) showed that only the specificity for patients without lesions 
≥6mm was significantly lower (P=0.003) at 6 mAs when compared to the original dose.

Analysis ≥10 mm ≥ 6 mm

according mAs level mAs level

Original 20 mAs 6 mAs Original 20 mAs 6 mAs

to polyp

   Sensitivity
5/10

(50%)
�/10

(�0%)
4/10

(40%)
11/20 
(55%)

13/20 
(�5%)

10/20
(50%)

   FP 2 2 4 5 11 20

to patient

   Sensitivity 
5/9

(5�%)
�/9

(�8%)
4/9

(44%)
10/15
(��%)

12/15 
(�0%)

9/15
(45%)

   Specificity
40/42 
(95%)

40/42 
(95%)

39/42 
(93%)

33/3� 
(92%)

2�/3� 
(�2%)

23/3�SS 
(�4%) 

 SS: Statistically significant. FP: false positives.

 a

 c

Table 3. Performance characteristics per observer per size category. 

Analysis Polyps ≥10 mm Polyps ≥6mm All polyps

according Observer: Observer: Observer:

1 2 1 2 1 2

to polyp

   Sensitivity 
10/15 
(��%)

9/15 
(�0%)

1�/28 
(�1%)

15/28 
(54%)

32/94 
(34%)

23/94 
(24%)

   FP 5 8 20 28 145* 40

   PPV
10/1� 
(�3%)

9/1� 
(53%)

1�/38 
(45%)

15/43 
(35%)

32/1�9 
(18%)

23/�3 
(3�%)

to patient

   Sensitivity
8/12

 (��%)
8/12

(��%)
13/20 
(�5%)

13/20 
(�5%)

20/38 
(53%)

1�/38 
(45%)

   Specificity
45/49 
(92%)

41/49 
(84%)

30/41 
(�3%)

25/41 
(�3%)

�/23 
(2�%)

11/23 
(48%)

   PPV
8/12

(��%)
8/1� 

(50%)
13/24 
(54%)

13/29 
(45%)

20/3� 
(54%)

1�/29 
(59%)

   NPV
45/49 
(92%)

41/45 
(91%)

30/3� 
(81%)

25/32 
(�8%)

�/24 
(25%)

11/32 
(34%)

* Of which 78 <4mm, 37<3mm. PPV: positive predictive value; NPV: negative predictive value; FP: false 
positives; CI: confidence interval.
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dIsCussIon

This study demonstrates that the image quality of CTC with limited bowel preparation 
as used in this study was sufficient and that patient acceptance was good. 71% of patients 
preferred CTC with limited bowel preparation to CC for their next examination. The 
sensitivity for large polyps is on average 63% per polyp and 67% for patients with large 
polyps, with a limited number of large false positive lesions. Dose reduction up to 6mAs 
is feasible, but at the expense of a higher number of false positive medium sized lesions.

Several potential limitations must be considered. The number of patients included is 
relatively low, especially for determining the detection parameters at the 20mAs and 
6mAs levels. 

When filling out the questionnaires, sensitivity for CC and CTC were assumed to 
be equal. If patients knew that the sensitivity of CTC was lower than for CC, this most 
likely would have inf luenced the preference for CTC negatively. In the current study no 
segmental unblinding was performed during CC. Although repeat CC showed that 2 
large false positive lesions were missed at the initial CC, segmental unblinding has the 
advantage of evaluating all false positives.  

Since no electronic cleansing was used and many polyps were submerged in stool, 
3D-evaluation of these lesions was not of additive value. However, 3D-evaluation with 

Figure 5. 76-year old woman with 
a 7 mm stalked polyp (arrow) sub-
merged in a layer of tagged stool at 
CTC (2a: supine position, 2b prone 
position) and at colonoscopy (2c).

 a

 b

 c
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Figure 7. Figure showing a large 10mm stalked polyp (arrowhead) in the sigmoid at three 
different mAs levels in a 57-year old male patient (a: 6 mAs, b: 20 mAs, c: original).

Figure 6. Figure 
showing a large 
12mm false posi-
tive lesion (arrow) 
in the transverse 
colon at three dif-
ferent mAs levels 
in a 65-year old 
male patient (a: 
6 mAs, b: 20 mAs, 
c: original). At 
lower mAs levels 
it is more difficult 
to differentiate 
this lesion from a 
true positive le-
sion (polyp) when 
fecal material 
is insufficiently 
tagged, this es-
pecially applied 
to the smaller le-
sions. Well tagged 
material is clear-
ly differentiated 
from colon wall, 
even at 6 mAs 
(arrowhead).
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 c
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electronic cleansing might have given better results, especially since most missed polyps 
were visible in retrospect.

Although the two readers that had no previous experience in CTC underwent a 
learning curve of 50 patients, some studies have shown that this may not be sufficient for 
optimal polyp detection [20,21]. For CTC using limited bowel preparation, the learning 
curve is possibly even longer.

On average image quality was good. Nevertheless, the cecum, sigmoid and rectum 
showed overall reduced image quality. Although this can be caused by the pelvis causing 
more noise, reduced imaged quality must probably be attributed to inferior homogeneity 
in the cecum and rectum, and inferior distension in the sigmoid and rectum in the prone 
position. In contrast to the known problems in CTC with distension, which are solved 
by dual positioning, inferior homogeneity in the cecum and rectum are typical for the 
limited bowel preparation protocol. Insufficient homogeneity in the cecum is probably 
caused by the fact that patients ate food after the last amount of contrast agent was 
taken, resulting in inadequately tagged stool. The inhomogeneous stool in the rectum 
probably was caused by the fact that in patients with a long transit time stool was already 
shaped before the fecal tagging was started. 

We assume that two adaptations are necessary to improve image quality. First, no food 
must be taken after the intake of the last amount of contrast agent, and preferably also 
not in the hour before the last intake. Second, stool should be made softer, for example 
by replacing lactulose by a stronger osmotic laxative (e.g. low dose magnesium salts), 
thereby also reducing the transit time and reducing the amount of non-tagged stool in the 
rectum. Although these adaptations increase the burden of the bowel preparation, they 
are slight, and are required to improve image quality and thereby maybe the sensitivity 
and specificity. 

Patient acceptance was found to be very good in the current study. Patient preference 
was convincingly in favor of CTC. Other studies have shown discrepant results on 
patient acceptance of CTC versus CC, some favoring CTC [22-25] others CC [26,27]. 
In a study where patients first underwent extensive cleansing and consecutively CTC 
and CC [22] fewer patients (71% directly after the CC) favored CTC when compared 
to our study (80% directly after CC). This difference cannot be attributed to the bowel 
preparation because of a different study setup taht was used. 

Our study showed an average sensitivity of 63% for large polyps. This is lower than 
the 100% average sensitivity described by Iannaccone et al. [7] using a more or less 
comparable bowel preparation; no fiber-rich food and 200mL of 370mg/mL iodinated 
contrast agent in 48 hours (which is 3.7 times the amount given in our study) but no 
lactulose. In addition to the differences in bowel preparation, differences in experience 
of the readers or reader performance, difference in study groups (polyp prevalence and 
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spectrum) might explain these discrepant results. A recent study [28] has shown inferior 
results regarding diagnostic value of CTC in populations at increased risk, as is used in 
the current study, possibly due to a relatively high number of hard-to-see polyps. When 
comparing our study with three large studies on CTC with extensive bowel preparation 
[29-31] (showing per polyp sensitivities of respectively 52%, 32-73% and 53% for polyps 
≥10mm), our results are comparable or slightly better. 

Since two of the 5 (observer 1) and 6 (observer 2) missed polyps were not seen in 
retrospect by the unblinded research fellow, the problem of missing large polyps can be 
regarded as predominantly an interpretation problem rather than a visualization problem. 
Future developments, such as better homogeneity, better distension, better learning 
curve, intuitive display modes, electronic cleansing and computer aided detection can 
help in reducing the number of missed polyps. 

Sensitivity and specificity were impaired at lower dose levels for patients with lesions 
≥10mm. This is especially of interest in screening protocols. Regarding lesions ≥6mm, 
specificity was significantly lower at the simulated 6 mAs low dose scans. Increased noise 
levels made it impossible to see the tiny air bubbles inside stool. These results may seem 
to be in contrast with those in an earlier report on low radiation dose CTC [13] showing 
less false positive lesions. However, these studies in patients with extensively cleansed 
colons used a three-dimensional display mode and filters to smoothen the bowel wall. 
By using these smoothing filters, small artifacts and small amounts of residual stool were 
masked when evaluating the colon three dimensionally. Making stool softer, scanning 
with thinner slices, possibly allows for better visualization of the air bubbles, thereby 
reducing the number of false positives. 

In conclusion, these results show that CTC with the limited bowel preparation 
protocol used in this study is feasible, even when using doses as low as 6 mAs levels. 
Although sensitivity was not as high as previously reported, this is most likely not due 
to the limited bowel preparation but to interpretation problems. Technical developments 
will probably increase the sensitivity while minor adjustments in bowel preparation 
may reduce the number of false positives, especially when using low dose protocols. 
Since patient acceptance was very good, this technique can be regarded as promising in 
screening patients of populations with a low prevalence of polyps.     
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Abstract  
Purpose: The aim of our study was to compare primary three-
dimensional (3D) and primary two-dimensional (2D) review methods 
for computed tomography colonography with regard to polyp detection 
and perceptive errors. 
Materials and methods: computed tomography  colonography 
studies of 77 patients were read twice by three reviewers, first with 
a primary 3D method and then with a primary 2D method. Mean 
numbers of true and false positives, patient sensitivity and specificity 
and perceptive errors were calculated with colonoscopy as a reference 
standard. A perceptive error was made if a polyp was not detected by 
all reviewers. 
Results: Mean sensitivity for large (≥10mm) polyps for primary 3D 
and 2D review was 81% (14.7/18) and 70% (12.7/18), respectively (P-
values ≥0.25). Mean numbers of large false positives for primary 3D 
and 2D were 8.3 and 5.3, respectively. With primary 3D and 2D review 
1 and 6 perceptive errors, respectively, were made in 18 large polyps 
(P= 0.06). For medium-sized (6–9mm) polyps these values were for 
primary 3D and 2D, respectively: mean sensitivity: 67% (11.3/17) and 
61% (10.3/17; P-values ≥0.45), number of false positives: 33.3 and 15.6, 
and perceptive errors: 4 and 6 (P = 0.53). 
Conclusion: No significant differences were found in the detection of 
large and medium-sized polyps between primary 3D and 2D review.



Chapter �

125

InTroduCTIon

Four studies on the accuracy of computed tomography (CT) colonography in populations 
with a low polyp prevalence have reported sensitivities for patients with large (≥10mm) 
polyps that varied from 55% to 94% [1–4]. These differences in sensitivity may be 
explained by differences in bowel cleansing regimens, scan technique and reader 
experience, but also by the review procedures used, as three studies with low sensitivity 
used primary two-dimensional (2D) [1–3] techniques while the study with a high 
sensitivity relied on primary three-dimensional (3D) techniques to detect polyps [4]. 
The fact that in the study by Johnson et al at least 34% (20/59) of the missed large 
polyps were perceptive errors [1], i.e., polyps detected by some, but not all, observers may 
indicate that the employed primary 2D visualization technique is suboptimal. Several 
other factors may contribute to perceptive errors such as poor bowel preparation and 
reader fatigue; factors that concern both primary 2D and primary 3D review methods. 

Yet many investigators have developed methods to review CT colonography and 
tested these in small patient groups or phantoms [5–13]. Despite the small body of 
evidence, the majority of CT colonography researchers use primary 2D reviews, probably 
based on practical grounds such as long review time and high computer requirements 
associated with 3D review. Newer primary 3D visualization methods, however, lack these 
disadvantages [4,12,13]. Although the review method employed for CT colonography 
may be very relevant for reasons mentioned above, to our knowledge no data exist on a 
comparison of the widely used primary 2D review method with a primary 3D review 
method. 

The purpose of this explorative study was to compare the commonly used primary 
2D review to a comprehensive primary 3D review in terms of sensitivity, specificity, and 
perceptive errors. A subsidiary aim was to compare interobserver agreement and review 
time. 

MATerIALs And MeThods

study design
We compared the sensitivity, specificity and perceptive errors between primary 2D and 
3D evaluation in a paired design using three observers. A perceptive error was considered 
to be made if a polyp was detected by one or two observers, but not by all three observers. 
We used a random sample of patients that had participated in an accuracy study of 3D 
CT colonography with colonoscopy (reference standard) [14]. After an interval of at least 
three months all three reviewers evaluated the same patients with a primary 2D review 
method. 
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Patients and setting
As to our knowledge this study is the first to compare a primary 3D with a primary 
2D review method, we were not able to perform a meaningful pre-study sample size 
calculation. Therefore we performed an explorative study and for practical reasons 
initially aimed to use 80 patients. As we expected that approximately 10% of patients 
would drop out due to insufficient bowel preparation and examination quality, we 
randomly selected 88 out of the entire, original patient group (n=288). This was done 
using a computer algorithm written by a physicist (H.V.). 

We excluded four patients in whom the bowel preparation was insufficient, six 
patients in whom one or more colon segments were not visualized due to poor distension 
as qualified by the research fellow not involved in the reading of CT colonography 
(R.v.G.), and 1 patient in whom both bowel preparation and CT colonography were of 
poor quality. In 77 patients the bowel preparation, CT colonography and colonoscopy 
succeeded. 

These patients were scheduled to undergo a colonoscopy at the endoscopy departments 
of the Academic Medical Center and the Slotervaart Hospital of Amsterdam because of 
a personal or family history of colorectal polyps or cancer (increased risk) and were 
included between October 29, 2000 and September 25, 2002. 

The exclusion criteria, bowel preparation and the CT colonography and colonoscopy 
procedure are described in detail elsewhere [14]. In short, bowel preparation consisted 
of four liter polyethylene glycol electrolyte solution (KleanPrep; Helsinn Birex 
Pharmaceuticals, Dublin, Ireland) prior to CT colonography and colonoscopy. CT 
colonography was performed on a four-channel multislice CT scanner (Philips Mx8000, 
PMS, Best, the Netherlands) with 120kV, 25–100mAs, 4*2.5mm collimation and 3.2mm 
section thickness. On the same day, patients underwent colonoscopy. 

CT colonography data evaluation
Training in the evaluation of CT colonography at our department comprises the 
evaluation of a complete CT colonography examination of a set of 31 patients after an 
introduction on the software (hands-on). In this introduction we emphasized the prone 
and supine correlation (especially for the primary 2D review), need for focused scrolling 
and use of 2D and 3D problem solving. Sixteen of these patients harbored 41 polyps (size 
range 1–20mm) and 15 patients did not harbor polyps. The results of the evaluations 
were then checked and feedback was provided by an expert reader (R.v.G.) with use of 
the videotaped colonoscopic examinations. 

Prior to the primary 3D review all reviewers received this training with the primary 
3D display mode, and prior to the primary 2D review all reviewers were trained again 
using the primary 2D display mode. All reviewers received the same instructions for 
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Figure 1. The figure displays the primary 3D review method, using the unfolded cubic pro-
jection [12]. This method consists of projections of the colon wall on a cube that is centered 
on a path through the colon lumen. The sequence of unfolded cubes was shown as cine images 
in one direction. The arrow indicates a 15 mm adenomatous sigmoid polyp. This primary 3D 
method also comprises 2D axial (left upper corner) and MPR images for problem solving (sec-
ond 2D image from the left). The 3D image in the lower left corner focuses on the abnormality 
of interest and the overview image indicates the position of the virtual camera. Because the 
scan was obtained with low mAs settings a considerable noise level is visible in this pelvic 
colon segment. Readers are encouraged to view the primary 3D review demo at http://www.
qi.tnw.tudelft.nl/~frans/primary3d_compressed.avi; the compressed file is 1 Mb. 

data review given by a CT colonography investigator (R.v.G.). who has evaluated 50 2D 
cases and verified 3D and 2D images of >300 CT colonography examinations against 
colonoscopies). No feedback was provided during the training, and there was no testing 
standard. 

review methods
Primary 3D evaluation
The primary 3D review method, using unfolded cubic projections (PMS, Best, the 
Netherlands), is illustrated in figure 1. This review method was developed to maximize 
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Figure 2. The figure displays the primary 2D review method, with the patient in the prone 
position. The arrow indicates a 15 mm sigmoid adenomatous polyp (same as in Fig. 1). The 
primary 2D method also comprises 2D MPR images (left lower corner) and, if necessary for the 
solving of problems, endoluminal 3D images (right lower corner). The CT scan of the opposite 
position, which can be used to check whether or not a polyp is visualized in the second CT 
scan in the opposite position, is displayed in the right upper corner. The overview images 
demonstrate the level of the image sections, the upper one representing the scan in the left 
upper corner and the lower one representing the scan in the right upper corner. Readers 
are encouraged to view primary 2D review demo at http://www.qi.tnw.tudelft.nl/~frans/
primary2d_compressed.avi; the compressed file is 1 Mb.

the area of the colon surface that is visualized and was previously validated. With 
this display method, endoscopic views consisting of pre-processed 3D cine loops were 
reviewed for the presence of polyps. The pre-processing of a supine and prone 3D cubic 
cine loop, including the semi-automatic planning of a centerline path and the rendering 
of the 3D images, took approximately 45 minutes per patient. 

The interface enables one to directly view additional 2D axial and multiplanar 
reformatted images of suspected lesions. Thus, the detection of polyps was primarily 
based on the 3D images and was supported by additional 2D axial and multiplanar 
reconstructions (MPR) images. Lesion size was measured on the zoomed 2D images as 
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this was easier to do on this software version. 
Of each patient, first the supine and then the prone data set was reviewed. During 

the primary 3D review of the supine and prone position, images of the other position 
were not available. 

Primary 2D evaluation
The primary 2D review method is illustrated in figure 2. This review method was 
designed to correspond with widely available software. The data were primarily reviewed 
two-dimensionally, using black-and-white zoomed transverse and MPR CT images with 
a window of 1200 and a level of −50. To further elucidate suspected findings, 3D displays 
could be viewed. The overview image enabled the location of the reviewed planes relative 
to the colon. Thus, the detection of polyps was primarily based on the 2D images and 
was supported by additional 3D endoluminal images. Lesion size was measured on the 
2D images. 

Of each patient, first the supine and then the prone data set was reviewed. During the 
primary 2D review of the supine and prone position, the other position was available. 

All 3D images used in the primary 3D and primary 2D review mode were volume 
rendered with a threshold of −750 Hounsfield Unit (HU) and a ramp of 80 HU. The 
evaluation was performed on an EasyVision workstation (software version 4.3, Philips 
Medical Systems, Best, the Netherlands). 

If the reader detected a lesion during the primary 3D and primary 2D review, he was 
instructed to take snapshots (3D, 2D and position on overview image) and annotate the 
centreline path positions (with primary 3D review), colon segment and size of the lesion. 
No additional readings were performed and no additional instructions were given for the 
detection of f lat lesions or extra-colonic findings. 

The median interval between the primary 3D and the primary 2D review sessions 
for reviewer 1, 2 and 3 was 65 weeks (inter-quartile range (IQR) 41–92), 45 weeks (IQR 
39–48), and 37 weeks (IQR 32–41), respectively. For observer one (Y.N.) the primary 
3D review took place prior to the conception of the research questions, thus these data 
were used retrospectively. 

reviewers
Three observers, with different levels of experience reviewed all data. The experience 
described below does not include the training cases. 

Reviewer 1 (Y.N.) was a radiologist with 9 years of experience in abdominal radiology. 
As abdominal radiologist he had read over 9000 abdominal CT examinations. He had 
read 50 different 3D-CT colonography cases prior to this study, and he had no experience 
with primary 2D reading of CT colonography. 
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Reviewer 2 (J.F.) was a medical doctor and worked at our department as a research 
fellow, prior to his training in Radiology. In the framework of our colonography research 
project, he had attended approximately 50 colonoscopy examinations, and had compared 
50 CT colonography (2D) cases with videotaped colonoscopy examinations in a face-
to-face manner. He had no experience with the review of abdominal CT examinations 
other than CT colonography. Besides the training, he had read 30 different 3D-CT 
colonography cases prior to the start of this study in the framework of a different study. 

Reviewer 3 (S.J.) was a first year radiology trainee. This reviewer had no previous CT 
experience besides the training in primary 3D and 2D review. The primary 3D review 
by this reviewer took place at the end of his rotations as a medical student. After the 
primary 3D reading he started his training in Radiology, in the first year of which he 
performed the primary 2D review. 

determination of lesion status
A polyp detected at CT colonography was labeled as a true positive based on three criteria: 
first, the segmental location of the CT colonography finding corresponded with the 
segmental location as indicated on the case record form, or the adjacent segment; second, 
the polyp size as estimated by the endoscopist corresponded with the CT colonography 
measurement (margin of error: 3 mm for polyps <6mm, and  mm for polyps ≥6mm); and 
third, its appearance closely resembled that of the corresponding polyp at the videotaped 
colonoscopy. The lesion status was determined by a CT colonography researcher not 
involved in the reading of cases (R.v.G.). Details concerning the determination of lesion 
status are described elsewhere [14]. 

outcome parameters
To investigate differences between primary 2D and primary 3D review methods, we 
used the per polyp sensitivity, the number of false positives and the number of perceptive 
errors as main outcome parameters. Additionally we calculated patient sensitivity and 
specificity. These outcome parameters are described in detail below. The outcome 
parameters were analyzed according to cut-off values of 6 and 10mm. Additionally we 
stratified the mean polyp sensitivity according to polyp morphology and histopathology 
(thresholds <6mm, 6–9mm, ≥10mm). The morphology of polyps was classified as 
pedunculated when a stalk was present. A polyp was considered to be f lat if its height 
was less than half the diameter of the lesion. In our data, these f lat lesions were generally 
lower than 4 mm. The remainder of polyps was classified as sessile. 

Polyp sensitivity: the number of true positive polyps (CT colonography), relative to 
the number of polyps (colonoscopy). 

False positive: CT colonography finding that did not match with colonoscopy. 
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Perceptive error: if a (true positive) polyp was identified by at least one reviewer with 
either the primary 2D or 3D review method, but not by all reviewers, a perceptive error 
was considered to be made. 

Patient sensitivity: the number of patients with at least one true positive lesion (CT 
colonography) relative to the number of patients with polyps (colonoscopy). For the 
polyp size thresholds a patient was considered to be true positive if at least one polyp in 
the respective size range was detected, and false negative when no true positive polyps or 
only those of a smaller size category were detected. 

Patient specificity: the number of patients without false positive findings (CT 
colonography) relative to the number of patients without polyps (colonoscopy). For the 
polyp size thresholds, a patient was considered true negative if, for example, patients 
without polyps ≥6mm had no false positive findings ≥6mm, respectively. 

Interobserver agreement was determined by analyzing the findings per segment. 
Reviewers were considered to agree if they both recorded one or more lesions in the 
same segment, or if both recorded no findings. Kappa-statistics with 95% confidence 
intervals were calculated. The kappa-values were interpreted as follows: <0.20, poor 
agreement;  0.21–0.40, fair;  0.41–0.60, moderate;  0.61–0.80, good;  0.81–1.00, very 
good. 

Review time, defined as the time needed to review a complete (supine and prone) 
CT colonography examination, was measured with a stopwatch by the reviewers. The 
review time did not include the time required to pre-process the 2D and 3D images 
because these procedures can be performed semi-automatically and require no reviewer 
interaction. 

statistical analysis
Individual differences in polyp sensitivity, patient sensitivity and specificity between 
the primary 2D and 3D review method were assessed with the McNemar test for paired 
observations. With the same test the differences in the number of perceptive errors 
between primary 2D and 3D were assessed. 

To assess the potential effect of increasing experience on polyp detection we compared 
polyp sensitivity, after stratification for polyp size, between the first 39 cases and the 
second 38 cases for both review methods in all observers (two-sided Mantel--Haenszel 
test). Differences in review time were assessed with a paired student-t test.

P-values <0.05 were considered statistically significant. SAS software version 8.2 (SAS 
Institute, Inc., Cary, NC, USA) was used for the McNemar’s test in the assessment of 
the differences in perceptive errors. SPSS 11.0 for Windows (SPSS Inc, Chicago, Illinois, 
USA) was used for all other tests. 
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resuLTs

study population
The study population consisted of 39 men and 38 women. Their mean age was 54 years 
(standard deviation (SD) 12; range 29–81 years). Three and 29 patients were examined 
because of a family history of colorectal polyps or cancer respectively. Thirty-two and 
13 patients were examined because of a personal history of colorectal polyps or cancer 
respectively. In total three patients had mild abdominal symptoms (one diarrhea, one 
mild abdominal pain, one constipation). 

Forty-six patients previously had undergone colonoscopy, and a median of 31 months 
(IQR 16–51 months) had elapsed between the previous and present colonoscopy. 

Colonoscopic findings
A total of 179 polyps were detected: 18 were large (mean size 13.4mm, SD 5.8mm and 
range 10–30mm), 17 medium (mean size 6.9mm, SD 0.9mm, range 6–9mm), and 144 
small (mean size 2.6mm, SD 1.1mm, range 1–5mm). These polyps were found in 44 
(57%) out of 77 patients; in 14 (18%) patients the largest polyp was ≥10mm, in 21 (27%) 
patients the largest polyp was ≥6mm. 

CT colonography
Polyp sensitivity and numbers of false positive findings
Mean sensitivity values and numbers of false positive findings are listed in table 1, and 
the individual results are displayed in table 2. With the primary 3D review method the 
observers detected on average 81% of large lesions and with the primary 2D review method 
this value was 70% (P≥0.25 for all reviewers). With the primary 3D review method 
67% of medium-sized lesions were detected and with the primary 2D review this value 
was 61% (P≥0.45 for all reviewers). With the primary 3D review method, the observers 
detected on average 31% of small lesions and with the primary 2D review method this 
value was 22% (P<0.001 for reviewer 2 and P>0.07 for the other reviewers).

Table 3 demonstrates the mean polyp sensitivity according to histology and 
morphology. Differences in detection rates of adenomatous and non-adenomatous 
lesions between the primary 3D and 2D review method was related to size: observer two 
detected more small adenomatous and non-adenomatous lesions with the primary 3D 
than with the primary 2D review method. 

Figure 3 gives examples of polyps that were missed at primary 3D review but detected 
at the primary 2D review, and vice versa. We found no evidence that the detection of 
polyps was poorer in the first 39 cases compared to the second 38 cases for either review 
technique, with P-values for all reviewers above 0.13. 
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Table 1. Table displays mean number of true and false positive findings, and true negative 
findings for the primary 2D and 3D review method in 77 patients averaged over three observers. 
Mean sensitivity or mean specificity is given in the parentheses. CC (colonoscopy) numbers 
indicate polyps and patients with polyps (in patient sensitivity) and patients without polyps 
(in patient specificity). 

CC CT colonography

3D 2D

Per polyp

True positive findings
(sensitivity)

     <6mm 144 45.3 (31) 31.3 (22)

     6-9mm 1� 11.3 (��) 10.3 (�1)

     ≥10mm 18 14.� (81) 12.� (�0)

false positive findings*

     <6mm - 130.0 52.0

     6-9mm - 33.3 15.�

     ≥10mm - 8.3 5.3

Per patient

True positive findings
(sensitivity)

     Any size 44 29.3 (��) 22.3 (51)

     ≥6mm 21 1�.� (80) 1�.0 (��)

     ≥10mm 14 12.� (91) 11.0 (�9)

True negative findings
(specificity)

     Any size 33 9.� (29) 19.0 (58)

     ≥6mm 5� 40.0 (�1) 45.0 (80)

     ≥10mm �3 58.3 (93) 59.3 (94)

* by definition no colonoscopic findings.

The mean number of false positive findings was higher with primary 3D review than 
with primary 2D review in every size category (table 1). The number of large false 
positives was 60% higher for the primary 3D review (8.3 versus 5.3 for primary 3D and 
2D, respectively). Approximately twice as many medium-sized (33.3 versus 15.6) and 
small false positives (130.0 versus 52.0) were found with primary 3D compared with 
primary 2D review. 
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Table 2. Table displays the number of true and false positive findings, and true negative 
findings for the primary 2D and 3D review method in 77 patients, for three observers 
separately. CC, colonoscopy. CC numbers indicate polyps and patient with polyps (in patient 
sensitivity) and patients without polyps (in patient specificity). 

Parameter CC CT colonography

Reviewer-1

3D 2D

Per polyp

True positive findings
(sensitivity)

     <6mm 144 50 (35;27-43) 39 (27;21-35)

     6-9mm 1� 12 (71;47-87) 10 (59;36-78)

     ≥10mm 18 15 (83;61-94) 12 (67;44-84)

False positive findings

     <6mm - 133 41

     6-9mm - 39 20

     ≥10mm - 3 4

Per patient

True positive findings
(sensitivity)

     Any size 44 31 (71;56-82) 22 (50;39-64)

     ≥6mm 21 17 (81;60-92) 14 (67;45-83)

     ≥10mm 14 13 (93;69-99) 10 (71;45-88)

True negative findings
(specificity)

     Any size 33 8 (24;13-41) 21 (64;47-78)

     ≥6mm 5� 38 (68;55-79) 44 (79;66-87)

     ≥10mm �3 61 (97;89-99) 61 (97;89-99)
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Table 2 (Continued).

Parameter CT colonography

Reviewer-2 Reviewer-3

3D 2D 3D 2D

Per polyp

TP

     <6mm 48 (33;26-41) 26 (18;13-25) 38 (26;20-34) 29 (20;14-27)

     6-9mm 13 (77;53-90) 10 (59;36-78) 9 (53;31-74) 11 (65;41-83)

     ≥10mm 15 (83;61-94) 13 (72;49-88) 14 (78;55-91) 13 (72;49-88)

FP

     <6mm 1�4 �4 93 51

     6-9mm 32 13 29 14

     ≥10mm 10 5 12 �

Per patient

TP

     Any size 30 (68;53-80) 23 (52;40-69) 27 (61;47-74) 22 (50;39-64)

     ≥6mm 18 (86;65-95) 17 (81;60-92) 15 (71;50-86) 17 (81;60-92)

     ≥10mm 13 (93;69-99) 11 (79;52-92) 12 (86;60-96) 12 (86;60-96)

TN

     Any size 10 (30;17-47) 18 (55;38-70) 11 (33;20-50) 18 (55;38-70)

     ≥6mm 39 (70;57-80) 46 (82;70-90) 43 (77;64-86) 45 (80;68-89)

     ≥10mm 56 (89;79-95) 60 (95;87-98) 58 (92;83-97) 57 (91;81-96)
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Table 3. Table displays the number of true positive findings according to histology and 
morphology for the primary 3D and 2D review in 77 patients. CC numbers indicate polyps. Of 
59 small, three medium-sized and three large polyps histology could not be obtained.

CC CT colonography

Size (mm) 3D 2D

Histology:

Adenomas

     <6mm 35 11 (31) � (1�)

     6-9mm � 3.� (�1) 3.� (�1)

     ≥10mm 10 �.� (��) � (�0)

Non-neoplastic*

     <6mm 50 1�.3 (35) 10.� (21)

     6-9mm 8 4.� (58) 5 (�3)

     ≥10mm 5 4 (80) 3.3 (��)

Morphology:

Sessile

     <6mm 110 40.3 (3�) 29.3 (2�)

     6-9mm 11 � (�4) �.� (�1)

     ≥10mm 10 10 (100) 8.3 (83)

Pedunculated

     <6mm 4 1.3 (33) 0 (0)

     6-9mm 4 3.3 (83) 3.3 (83)

     ≥10mm 4 4 (100) 3.� (92)

Flat

     <6mm 30 3.� (12) 2 (�)

     6-9mm 2 1 (50) 0.3 (1�)

     ≥10mm 4 1 (25) 0.� (1�)

*Non-neoplastic polyp histology include: hyperplasia, inflammation, minor reactive changes and 
lipoma.
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Figure 3. Two examples of a missed lesions with primary 2D review (images a–c) and with 
primary 3D review (images d–f) of CT colonography. The first polyp (a, b and c) was a 1.5 cm 
tubulovillous adenoma in the cecum that was missed with the primary 2D method (b) by two 
of three reviewers, but was detected with the primary 3D method (c) by all reviewers. On 
the 2D image, this polyp may be misinterpreted as a fold (b, arrow). The second polyp (d, e, 
and f) was a 7 mm polyp in the ascending colon of another patient (histopathology: minor 
reactive changes, no hyperplastic or adenomatous polyp) that was missed with the primary 
3D method (f) by all reviewers, but was detected with the primary 2D method (e) by two 
out of three reviewers. On the 3D image this polyp may be overlooked as it is closely packed 
between folds (f, arrow). 

Patient sensitivity and specificity
Mean patient sensitivity and specificity values are listed in table 1 and the individual 
results are displayed in table 2. No significant differences between primary 3D and 2D 
review were observed for the correct identification of patients with polyps ≥10mm and 
≥6mm (P≥0.25 for all reviewers). When all patients with polyps were analyzed regardless 
of polyp size, only observer one had a statistically higher sensitivity with primary 3D 
review than with primary 2D review (P=0.01). 

The mean specificity for the identification of patients without polyps ≥10mm or 
those without polyps ≥6mm did not differ significantly between the primary 3D and 2D 
review method (P≥0.09 for all reviewers). When patients without any polyp, regardless 
of size, were concerned observer one and two had a significantly higher specificity with 
primary 2D than with primary 3D review (P<0.01; table 1).
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Table 4. Perceptive errors regarding polyps larger than or equal to 10mm. The numbers 
indicate polyps. Note that observations of polyps that are detected by some, but not all 
observers are considered perceptive errors (*). With the primary 2D review method, 5 polyps 
were missed by one observer and 1 polyp was missed by two observers, whereas for the primary 
3D review method, only 1 polyp was missed by one observer (McNemar’s test, P=0.06). The 
three polyps detected by none of the observers were the same polyps for both methods.          

# polyps # detected 
by all

            

# detected                                                                    
by two 

observers*

# detected                                                                    
by one 

observer*

# detected 
by none

Primary 3D 18 14 1 0 3

Primary 2D 18 9 5 1 3

#, number of polyps.

Table 5. Perceptive errors. Polyps and patients with polyps; numbers indicate perceptive 
errors. Differences were assessed with McNemar’s test for paired proportions.

Parameter CC CT colonography P-value

3D 2D

Polyp

     <6mm 144 1� 41 <0.01

     6-9mm 1� 4 � 0.53

     ≥10mm 18 1 � 0.0�

 
Perceptive errors
For the 18 colonoscopically proven polyps ≥10mm, one perceptive error was made with 
primary 3D review whereas for primary 2D this number was 6 (P=0.06; table 4 and table 
5). For medium-sized polyps no significant difference was observed between primary 
3D and 2D review (P=0.53; table 5). For small polyps significantly less perceptive errors 
were made with the primary 3D review method (P< 0.01; table 5). 

Interobserver agreement
The kappa values for the primary 3D review method were good (table 6). For the primary 
2D method all values were moderate to good. 

Review time
With the primary 3D review method, reviewers one, two and three had a mean review 
time of 14’57” (SD 4’23”), 14’38” (SD 7’40”) and 13’08” (SD 3’40”), respectively. With 
the primary 2D review method, reviewers one, two and three had a mean review time 
of 12’35” (SD 5’02”), 12’43” (SD 4’07”) and 11’28” (SD 3’27”). For all three reviewers, 
review times were significantly shorter for the 2D evaluation methods (P≤0.01). 
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Table 6. The table lists the κ-values.

Kappa 95%-CI

 primary 3D

     reviewer 1 and 2 0.�3 0.66 - 0.80

     reviewer 1 and 3 0.�8 0.60 - 0.76

     reviewer 2 and 3 0.�5 0.58 - 0.73

 primary 2D

     reviewer 1 and 2 0.�0 0.50 - 0.70

     reviewer 1 and 3 0.�2 0.52 - 0.72

     reviewer 2 and 3 0.�2 0.52 - 0.72

These values were interpreted as follows: κ<0.20, poor agreement; κ=0.21-0.40, fair; κ=0.41-0.60, 
moderate; κ=0.61-0.80, good; κ=0.81-1.00, very good. 95%-CI, 95% confidence interval.

dIsCussIon
The sensitivity for the detection of large polyps did not differ significantly between 
the primary 2D and 3D review methods, although with this last review method more 
large polyps were detected by all observers. In other words, less perceptive errors were 
present for polyps in this size category for the primary 3D review method. However, the 
difference was not large enough to reach statistical significance (P=0.06). For medium-
sized polyps as well, no statistically significant differences in sensitivity and perceptive 
errors were observed between the review methods. 

With primary 3D review a higher number of false positive findings were found, 
especially in the 6–9 mm and <6mm range. A major cause of false positive findings is 
the misinterpretation of residual stool. An explanation for the difference between the 
primary 2D and 3D review method may be that with the former, the supine and prone 
CT data set are available at the same time. Although polyp mobility may not be used as 
a sole criterion for the presence of stool [15], comparison of prone and supine datasets 
may help to reduce the number of false positives [16]. It is noteworthy to mention that 
at present several 3D software packages, including the newer version of the one used in 
this study, enable the matching of lesions in the prone and supine position. The use of 
oral contrast agents [17] and scanning with thinner slices [18] are two other measures 
that may reduce the number of false positive findings. Another explanation for the lower 
number of small (≤5mm) false positive results for the primary 2D review may be that 
small colon wall abnormalities are simply not seen with axial interpretation, and thus 
not reported. 
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If patients with large polyps are being screened for colorectal cancer, specificity values 
for primary 3D and 2D review are similar. However, if smaller lesions are to be detected, 
primary 3D review will yield considerably more false positive results than primary 2D 
review, and considerably more unnecessary colonoscopies would be triggered. 

Review times were approximately 2 minutes longer for the primary 3D review than for 
the primary 2D review. Although this is a small difference, it was statistically significant. 
It is unclear whether such a difference will have clinical consequences. It is worth noting 
that the least experienced reviewer (reviewer 3) read the cases 1 to 2 minutes faster than 
did reader 1 and 2, with both review methods. We do not know the cause of this fact, 
but as this difference is small and his performance is similar to that of reader 1 and 2, we 
do not expect this it to have had major consequences for accuracy. 

Virtual endoscopy f ly-through review was infamous for its long review times [10], 
and has not been demonstrated to result in higher accuracy results than primary 2D 
review as yet. Several studies demonstrated, however, that alternative, comprehensive 3D 
review methods result in considerable shorter interpretation times than conventional f ly-
through virtual endoscopy review [12,13]. To our knowledge, at present the literature on 
methods to review CT colonography [5–13] does not comprise reports on a comparison 
of a primary 3D review method with a primary 2D review method. Such a comparison 
is, however, entirely relevant as review methods are being debated for their potential role 
in the explanation of discrepant results in four large studies on CT colonography in low 
polyp prevalence patient groups [1–4]. 

At present computer-aided detection (CAD) is under investigation in many institutions 
[19–21], and in the future CAD most likely will be used as an adjunct to the human 
observer. A recent study [20] found that primary 2D analysis supplemented by computer 
assisted reader (CAR) software is quicker than and as sensitive as the primary standard 
3D f ly-through method for polyp detection during CT colonography. As their data 
suggest that primary 3D review may be superior to primary 2D analysis, in concordance 
with ours, it can be expected that the combination of CAR software with a primary 3D 
analysis may be more productive. However, first the test characteristics of primary 2D 
and primary 3D review must be determined in larger studies that have sufficient power 
to find significant results. 

In a study by Pickhardt, sensitivity for the identification of patients with large adenomas 
using a primary 3D review mode was 94% with a specificity of 96% [4]. Three other 
studies, in which a primary 2D review mode was used, yielded lower sensitivity for the 
identification of patients with large polyps: 55–64%, with a specificity of 95–96% [1–3]. 
Differences in review methods have been raised as one of the potential causes of these 
discrepant results. Other factors that probably contributed to the observed differences in 
sensitivity are differences in bowel preparation (addition of contrast agents [4] or not [1–
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3], the colonoscopic verification method (segmental unblinding [2–4] or review of video 
[1]), the scan technique (thin slice [3,4] or 5mm collimation [1]) and experience. The 
present study including 77 patients was not able to demonstrate a statistically significant 
difference in perceptive errors of medium-sized and large polyps between primary 3D 
review and primary 2D review, which indicates that the use of different review methods 
in these large studies [1–4] is probably not a major factor. 

A number of limitations of the present study must be considered. The present 
explorative study was designed to give insight in the test characteristics of primary 3D 
and primary 2D review methods. Because it was, to our knowledge, the first study to 
compare these review methods, we were not able to perform a meaningful pre-study 
sample size calculation. The relatively low number of large polyps may have prevented 
finding statistically significant differences between the primary 3D and primary 2D 
method. Future studies should be performed to determine whether they confirm the 
order of magnitude of the difference between the two review methods that were found 
in the present study; the observed difference in our study can therefore serve as a useful 
starting point to perform sample size calculation while designing these future studies. 

Flat adenomas, which may have a higher risk to contain dysplastic tissue [22], are 
well known to be difficult to detect with CT colonography. Several investigators have 
suggested that detection of such lesions should preferably be done with 2D review 
methods [23]. We did not observe differences in the detection of f lat lesions with 2D 
and 3D review but as our study contained only six f lat polyps ≥6 mm, we were not able 
to draw conclusions from this finding. 

We employed a commercially available 3D review that provides comprehensive 
display of the luminal surface (99.5%, [12]), but because this method is not used widely, 
the external validity is limited. To some extent these results may be applicable to other 
3D software packages that enable evaluation of the entire bowel surface by indicating 
unseen parts, or by alternative, comprehensive review methods such as virtual dissection 
[11,13]. 

In the present study a four-channel multidetector CT scanner was used. With current 
state-of-the-art CT scanners (64 slices), we would have been able to scan with thinner 
slices. This might have resulted in improved specificity [18] and sensitivity. The effect 
of other developments, such as use of low dose scan technique [24] or the use of oral 
or intravenous contrast agents [17,25,26] on the use of primary 3D and 2D review 
techniques have not been addressed in the present study and remain subjects for future 
studies. 

Ideally, the order of review methods would have been randomized in addition to the 
employed temporal separation of the reading sessions. As the primary 3D data of reader 
1 were used retrospectively, and we wanted to employ the same study procedures for all 
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three reviewers, reader two and three also firstly read the data with the primary 3D and 
subsequently with the primary 2D method. This may have been slightly in favor of the 
primary 2D review method. 

Reviewers one and two had a variable experience with 2D and 3D review techniques. 
It is unlikely, however, that they both detected fewer polyps with primary 2D than 
with 3D review due to unequal 2D and 3D experience for two reasons: firstly reviewer 
one had extensive 2D CT experience as an abdominal radiologist, a known distinct 
advantage for the evaluation of primary 2D CT colonography [27]. Secondly, reviewer 
two had matched 50 colonoscopy videos with 2D CT colonography datasets which, as 
we assume, may be considered as an extensive learning process in the CT colonographic 
appearances of colonoscopic polyps. 

We conclude that the present explorative study demonstrates no significant difference 
in the detection of medium-sized and large polyps between primary 3D and 2D review 
methods. This may indicate that the review method employed for CT colonography, 
primary 3D or primary 2D, is probably not a major cause of the discrepant results of 
recently published accuracy studies [1–4]. Culprits that might play a more important 
role in this respect are differences in reader training, experience, bowel preparation and 
scan technique. 
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Abstract 

Purpose: Abdominal magnetic resonance imaging (MRI) has 
shown promising results in the detection of Crohn’s disease related 
lesions. The purpose of this study was to assess the value of MRI in 
measuring disease activity in Crohn’s disease patients in comparison 
to ileocolonoscopy. 
Materials and methods: 31 patients undergoing ileocolonoscopy 
because of suspicion of relapsing Crohn’s disease underwent MRI using 
water as intraluminal contrast medium. At endoscopy, disease severity 
was graded (4-point scale) and Crohn’s disease Endoscopic Index 
of Severity (CDEIS) was determined. Two radiologists independently 
interpreted the MRI. Radiological grading (4-point scale) was compared 
with endoscopic grading of disease severity and CDEIS (overall, for all 
segments). Wall thickness and enhancement were compared to CDEIS. 
Patient experience and preference were determined. 
Results: In respectively 14 and 14 patients (radiologist 1), and 16 and 
11 patients (radiologist 2) an exact match or one level of difference in 
grading was scored with the endoscopist. Correlation between severity 
rated at MRI and CDEIS was moderate to strong with r=0.61 (P<0.001) 
for observer 1 and r=0.63 (P<0.001) for observer 2. Per segment, 
best correlation was seen in the terminal ileum (r=0.63 P<0.001, for 
both observers). Wall thickness correlated moderately to strongly with 
CDEIS (r=0.57, P<0.001 and r=0.50, P<0.001 for observer 1 and 2), 
while enhancement correlated weakly to moderately (respectively 
r=0.45, P<0.001 and r=0.42, P<0.001 ). Patients experienced more 
pain during endoscopy and all patients except two preferred MRI to 
endoscopy. 
Conclusion: MRI can correctly identify disease severity in 
Crohn’s disease patients and is a patient friendly alternative to 
ileocolonoscopy. 
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InTroduCTIon 

Crohn’s disease (CD) is a chronic inf lammatory bowel disease that often requires 
endoscopic and/or radiological assessment. However, the most frequently used techniques 
(i.e. ileocolonoscopy and barium enteroclysis) are hampered by the facts that patient 
acceptance is relatively low, the procedures are associated with increased morbidity, and 
combined evaluation of the small and large bowel is not possible [1]. Furthermore, in CD 
patients intubation of the terminal ileum during endoscopy is often not achieved due to 
inf lammation and/or stenosis necessitating enteroclysis. The latter technique requires 
ionizing radiation, and only prominent intraluminal changes secondary to inf lammation 
can be visualized (e.g. stenoses, cobblestoning). 

In recent years, several studies have been performed using magnetic resonance 
imaging (MRI) for evaluation in CD [2-13] as this is a noninvasive, patient friendly 
imaging technique that allows evaluation of the large bowel, small bowel and extra-
intestinal abdomen. These studies have shown that the presence of certain MRI signs, 
such as increased wall thickness and increased enhancement, is associated with disease 
activity [4,9] and inf lamed bowel segments can be identified [2,6,10]. However, before 
MRI can be implemented in daily clinical practice, validation of this technique for 
determining disease severity and localization is required. Several prospective studies 
have been performed in adult CD patients correlating MRI grading and endoscopic 
grading of disease activity [4,7,8,11-13] However, only two [12,13] of these studies were 
performed in CD patients only, showing contradictory results.

The primary aim of this study was to evaluate the value of MRI in determining 
disease severity compared with ileocolonoscopic grading and Crohn’s disease Endoscopic 
Index of Severity (CDEIS [appendix 1]) in CD patients. The secondary aim was to 
determine patient experience of MRI and ileocolonoscopy and preference for one of 
these two modalities.
 
MATerIALs And MeThods

study population 
Patients scheduled for ileocolonoscopy because of clinical suspicion of relapsing CD were 
included in this study. Exclusion criteria were: age below 18 years, suspicion of bowel 
obstruction or perforation, administration of another contrast medium within 36 hours 
before the MRI, the inability to ingest at least 1000ml of water, the inability to hold 
breath for 25 seconds, and contraindications for MRI (including claustrophobia and 
pregnancy). The MRI was planned within two weeks of the ileocolonoscopy. Patients 
were excluded from the study if treatment was started or changed in the period between 
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the MRI and ileocolonoscopy, or if symptoms markedly worsened or improved in this 
period. The institutional review board of the hospital approved the study and all patients 
gave written informed consent.
 
Patient preparation 
Patients fasted for four hours prior to MR scanning. No gastroduodenal intubation 
was performed. Starting two hours prior to imaging patients were instructed to drink 
at least 200 ml of tap water every half hour (the final volume therefore was at least 
1000ml) to facilitate identification of the bowel lumen and subsequent measurements. 
Before scanning an intravenous cannula was placed. Blood was drawn to determine 
the hematocrit to calculate Crohn’s disease activity index (CDAI [appendix 2]). On the 
MRI-scanning table patients were checked for an abdominal mass as this is part of the 
CDAI score by a physician (JF) not involved in reading MR examinations.
 
Mr imaging protocol 
The MRI sequences were performed on a 1.5T scanner (Siemens Vision, Erlangen, 
Germany). A series of breath-hold sequences were performed before intravenous contrast 
injection: coronal HASTE (TE 87ms, slice thickness 5mm, matrix 240*256, FOV 
400mm), coronal and transversal True FISP (TR/TE 4.8/2.3ms, f lip angle 550, slice 
thickness 5mm, matrix 256*256 (coronal) or 160*256 (axial), FOV 400 mm*400mm 
(coronal), 400mm*250mm (axial), coronal out-of-phase FLASH (TR/TE=160/2.3ms, 
f lip 80O, slice thickness 5mm, matrix 128*256, FOV 400mm) and coronal T1 
weighted GRE (TR/TE 149/4.1, f lip 800, slice thickness 5mm, matrix 172*256, FOV 
400mm) sequences. If a series did not encompass the whole abdomen, multiple breath 
hold sequences were used until the whole abdomen was visualized. After these series 
twenty mg of butylscopolaminebromide (Buscopan; Boehringer-Ingelheim, Ingelheim, 
Germany) or 1 mg of glucagon hydrochloride (Glucagen; Novo-Nordisk, Bagsvaerd, 
Denmark), and 0.2 ml/kg bodyweight of a gadolinium containing contrast agent: 
dimegluminegadopentetate 0.5 mmol/ml (Magnevist; Schering, Berlin, Germany) were 
administered intravenously. Seventy seconds after the administration of the intravenous 
contrast agent coronal (parameters as in T1 pre-contrast) and transversal fat saturated T1- 
weighted series  (TR/TE 159/4.1, f lip 800, slice thickness 4mm, matrix 107*256, FOV 
400) were performed. The total imaging time was about 20 to 25 minutes depending on 
the size of the patient.
 
Image evaluation 
All images were independently evaluated by two abdominal radiologists (JS and YN) to 
determine 1) per patient grading of disease severity (a total grading and an endoscopy 
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based grading), 2) segmental grading, 3) segmental wall thickness and segmental 
enhancement. The radiologists, each having more than 10 years of clinical experience, 
were blinded for all clinical findings. The first radiologist (JS) also analyzed image 
quality (4-point scale) and the amount of small bowel distension (4-point scale, per 
segment: duodenum, jejunum, ileum, terminal ileum). For segmental analysis, the 
bowel was divided in jejunum, ileum, terminal ileum, ascending colon, transverse colon, 
descending colon including the sigmoid, and the anorectum. 

Maximum bowel wall thickness (mm) was measured using calipers. Maximum bowel 
wall enhancement was graded  subjectively on the post contrast images on a seven-
point scale (hypointense compared to spleen, isointense to spleen, in-between spleen 
and liver, isointense to liver, in-between liver and renal cortex, isointense to renal cortex, 
hyperintense to renal cortex). The bowel segments were also evaluated for stenosis 
(low-grade, high-grade, high-grade with prestenotic dilatation), target signs (layered 
enhancement) and the presence of cobblestoning. Extra-intestinal findings such as the 
presence of fistulas, abscesses, mesenterial lymphadenopathy (small axis >1cm), and 
fibrofatty proliferation were scored. 

Severity of inf lammation was subjectively graded per patient and per segment using 
a 4-point scale (no/mild/moderate/severe disease). The per patient grading (MRItotal) was 
based on all CD related findings, including extra-intestinal findings and small bowel 
pathology not visible at ileocolonoscopy. In addition, the radiologists also determined a 
modified grading of severity per patient that was only based on bowel wall abnormalities 
(i.e. wall thickness, wall enhancement, stenosis) and was only based on segments also 
visualized at ileocolonoscopy (MRIend based).
 
Ileocolonoscopy
Ileocolonoscopic grading and CDEIS were used as primary reference standard, CDAI 
was used as secondary reference parameter. 

Patients ingested 4L of polyethylene glycol electrolyte solution (KleanPrep; Helsinn 
Birex Pharmaceuticals, Dublin, Ireland) for bowel cleansing on the evening before and/or 
the day of the endoscopy. The ileocolonoscopy was performed with a standard colonoscope 
(CF-Q160AL; Olympus, Tokyo, Japan) by either a gastroenterologist or a senior resident 
in gastroenterology under direct supervision of a gastroenterologist. The performing 
endoscopist was aware of the patient history. During endoscopy, 29 patients received a 
standard dose of sedatives: 5mg of midazolam (Dormicum; Roche, Basel, Switzerland) 
and analgesics: 0.05mg of fentanyl (Fentanyl-Janssen; Janssen Pharmaceuticals, Beerse, 
Belgium). The endoscopy was recorded on videotape. At ileocolonoscopy the CDEIS 
was determined by the performing endoscopist. To determine a CDEIS per segment, the 
CDEIS was calculated as if this was the only segment that could be evaluated. Scoring a 
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CDEIS per segment was performed to enable more accurate matching between MRI and 
endoscopy per segment. The endoscopist also graded the severity of disease per patient 
(no, mild, moderate or severe disease). 

A second observer, an experienced gastroenterologist, scored the same parameters 
(CDEIS and severity of disease) after viewing the videotaped ileocolonoscopy. Like the 
radiologist, he was not aware of the patient’s clinical background. In four patients, the 
ileocolonoscopy could not be recorded due to technical problems with the video recorder. 
The expert gastroenterologist therefore reviewed 27 patients. The scores of the expert 
gastroenterologist were used to evaluate interobserver variability for the endoscopic scores 
(i.e. grading of disease severity and CDEIS). 
In 23 patients C-reactive protein (CRP) was determined as part of their clinical 
evaluation.

Patient questionnaires 
In the week prior to MR-scanning all patients kept a symptom diary to determine their 
CDAI. Standardized questionnaires were used to score the burden of both examinations. 
Prior to MR scanning patients were asked how burdensome the drinking of water and 
fasting prior to scanning had been (5-point Likert scale; not, mild, moderate, severe, 
extreme). 

After MRI they were asked how much pain, embarrassment and discomfort they had 
experienced (5-point Likert scale). Similar questions were asked about the preparation 
for the ileocolonoscopy and the examination itself. After patients had undergone both 
examinations, the patients were asked which technique they would prefer for their next 
examination using a seven point Likert scale, assuming both techniques would give 
equal information about disease severity. They were also asked to rank the four elements 
of this study (MRI, ileocolonoscopy, and both bowel preparations) from the most to the 
least burdening. 

Statistical analysis
Interobserver variability for MRItotal and for endoscopic grading of disease activity was 
expressed by calculating weighted kappa’s (Fleiss-Cohen). Limits of agreement were 
calculated for maximum wall thickness. For calculating interobserver correlation of wall 
thickness, of maximum enhancement and of CDEIS, Spearman correlation coefficients 
(two-sided) were used. 

Weighted kappa values were calculated to determine agreement between MRI end based

and grading at endoscopy. Spearman correlation coefficients were determined between 
the MRIend based and CDEIS, between the per segment MR grading and CDEIS, between 
maximum wall thickness and endoscopic grading, maximum enhancement and 
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endoscopic grading, MRItotal and CDAI, and between MRItotal and CRP. Correlation 
coefficient values were interpreted as follows: 0.0 not correlated, 0.2 weakly correlated, 
0.5 moderately correlated, 0.8 strongly correlated, 1.0 perfectly correlated [14]. 

Differences in patient experience (pain, embarrassment, discomfort) between MRI 
and ileocolonoscopy were tested for statistical significance using Wilcoxon rank sum 
test; differences in preference were tested using the Fisher exact test after dichotomizing 
the parameter (preference for MRI versus preference for ileocolonoscopy). P values <0.05 
were considered significant. 

resuLTs

From February 27th 2002 to January 29th 2003, 31 patients were included in this study. 
Baseline characteristics are shown in table 1. In five patients it was not possible to fully 
inspect the colon. In one patient the scope could only be introduced as far as the splenic 
f lexure, in three patients as far as the hepatic f lexure and in one patient as far as the 
cecum. Previously four patients had undergone an ileocecal resection (in two patients 
this also included the ascending colon); in these patients the neoterminal ileum was 
scored as terminal ileum. In one other patient the descending colon and sigmoid were 
removed. Consequently, 142 segments could be evaluated at ileocolonoscopy.

MRI quality findings 
In all patients image quality was sufficient. The quality of MR scans was rated as 
diagnostic without artifacts in 17 patients, diagnostic with minor artifacts in 13 patients 
and diagnostic with many artifacts in one patient. The most commonly seen artifacts 
were motion artifacts due to bowel peristalsis (n=8) and breathing artifact (n=6). In 35 

Table 1. Demographic characteristics and severity indices of the study population.

Number

Patients included 31

Male/female 22/9

Age in years: mean ± sd (range) 36 ± 12 (18-60)

Disease history: ileocoecal resection 4

Endoscopical grading (no, mild , moderate severe) 10/8/�/�

CDEIS: mean ± sd, median (range) 4.0 ± 4.4, 3.0 (0-16.1)

CDAI: mean ± sd, median (range) 163 ± 79, 167 (0-293)

CRP (n=21): mean ± sd, median (range) 46 ±77, 23.0 (3-355)

sd = standard deviation.
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of 124 small bowel segments no bowel distension was seen, in eight out of 31 patients no 
distension was seen in the terminal ileum.

Interobserver variability
The MRItotal  and MRIend based showed kappa values of 0.49 (0.24-0.73) and 0.56 (0.33-
0.78). The segmental maximum wall thickness correlated moderately-strongly (r=0.58; 
P<0.001, n=214) between both MR observers. Limits of agreement showed a mean 
difference of 0.9mm (±1.96 * 1.8mm, range 0 to 9mm). Maximum enhancement readings 
correlated weakly to moderately between the two observers (r=0.44, P<0.001). The 
grading of disease between the endoscopist and the expert gastroenterologist showed a 
weighted kappa of 0.68 (0.49-0.86). A strong correlation was found between the CDEIS 
determined by the endoscopist and CDEIS determined by the expert gastroenterologist 
(r=0.80, P<0.001, n=27).

Agreement between MrI and endoscopic grading 
Comparison between MR grading from observer 1 and endoscopic grading is shown 
in table 2 (weighted kappa: 0.59, 95% CI 0.38-0.80). Differences in overall degree 
of inf lammation in the three patients with two levels of difference in grading were 
respectively caused by: 
1) the absence of enhancement at MR and the overlooking of a fistula. 2) MR showed 
stenosis and severe inf lammation whereas only mild inf lammation was seen on 
endoscopy. 3) MR showed severe enhancement in the colon whereas the endoscopist rated 
disease activity as remission. When the MRItotal was compared with ileocolonoscopy one 
additional discrepancy of two levels  was observed. This was in a patient in whom the 
terminal ileum, which was shown to be abnormal at MRI, could not be intubated at 
ileocolonoscopy. 

Table 2. Comparison of grading of Crohn’s disease activity by MRIend based and endoscopy. 

MR Ileocolonoscopy Total

Remission Mild Moderate Severe

Remission �/5 0/2 0/1 0/0 �/8

Mild 3/4 4/3 3/2 1/0 11/9

Moderate 1/1 3/1 3/2 5/1 12/5

Severe 0/0 1/2 0/1 1/� 2/9

Total 10 8 � � 31

Scoring by the first MRI observer is shown left of the slash, the second observer right of the slash. 
Discrepancies of more than one grade between MR grading and grading at ileocolonoscopy are in bold.
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Figure 1. Distribution of CDEIS scores within and across different categories of disease 
severity based on MRI (MRIend based). Radiologist 1 (left) and radiologist 2 (right) compared to 
the CDEIS determined by the endoscopist.

For the second observer the weighted kappa for the second MRI observer was 0.68 (95% 
CI 0.48 to 0.87; table 2). In one patient the discrepancy of two levels could be explained 
by the identification of a stenosis at MRI, in one other patient the severity of a stenosis 
in the terminal ileum was rated higher at MRI. In the third patient the rectum showed 
strong enhancement whereas it was rated in remission at ileocolonoscopy, the MRI 
of the fourth patient was normal according to observer 2 whereas endoscopy showed 
inf lammation in the terminal ileum. These four patients were different than those of 
observer 1. When the MRItotal of this observer was compared with ileocolonoscopy, the 
same additional discrepancy was seen as in observer 1. 

Correlation between MrI and CdeIs
The MRIend based correlated significantly with the CDEIS, showing moderate to strong 
correlation of r=0.61 for observer 1 (P<0.001) and r=0.63 (P<0.001) for observer 2 as is 
shown in figure 1. When analyzed per segment, the best correlation was seen between 
MR grading and CDEIS in the terminal ileum, both observers showing correlation 
coefficients of r=0.63 (P<0.001). Combined evaluation of all 142 segments showed 
correlation coefficients for observer 1 of r=0.59 (P<0.001) and r=0.53 (P<0.001) for 
observer 2.  
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Figure 2. A 41 year old female patient with Crohn’s disease of the neoterminal ileum. 3a Axial 
post contrast T1-weighted MRI showing wall thickening, stenosis and increased enhancement. 
3b Neoterminal ileum at endoscopy showing ulceration and stenosis and at conventional 
barium enteroclysis (3c) showing cobblestoning and stenosis. 3d Resected neoterminal ileum 
showing thickened bowel wall with cobblestoning. C = coecum, I = neoterminal ileum.

Correlation of individual MrI parameters compared to endoscopic grading
When maximum wall thickness per segment was compared with the CDEIS, moderate 
to strong correlation was seen (respectively r=0.57 (P<0.001) for observer 1 and r=0.50 
(P<0.001) for observer 2). Maximum enhancement measurements correlated weakly tot 
moderately with the CDEIS (correlation coefficients of 0.45 (P<0.001) for observer 1 and 
0.42 (P<0.001) for observer 2). 

 a  b

 c  d
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Correlation between MRI findings and CDAI
With one exception, the other reference parameters (CDAI and CRP) did not correlate 
significantly with the MRItotal  and MRIend based of observer 1 and 2, and also did not correlate 
significantly with the grading and CDEIS of the endoscopist and gastroenterologist. 
Only the MRItotal of observer 1 showed a weak to moderate, but significant correlation 
(r=0.38, P=0.034) with the CDAI.

stenosis and other bowel wall abnormalities
In eight patients, a stenosis of the terminal ileum was found at ileocolonoscopy. The first 
observer correctly identified 6 of these 8 stenoses (figure 2). Moreover, three additional 
stenoses were identified by this observer. Two of these were seen in bowel segments that 
could not be evaluated at ileocolonoscopy (one was confirmed at barium enteroclysis). 

The second observer correctly identified 7 of 8 stenoses seen at ileocolonoscopy while 
he identified six additional stenoses of the terminal ileum. Two of these were located in 
the terminal ileum that could not be evaluated at ileocolonoscopy. One of the latter two 
was confirmed at barium enteroclysis. In two other patients, both scored as low grade 
stenosis, the terminal ileum was inf lamed, but not stenotic at ileocolonosopy. Neither of 
the observers identified a stenosis in the rectum seen by the endoscopist. 

Target signs were seen in 12 segments, all except one were severely inf lamed segments 
at endoscopy. The typical cobblestone-pattern was not seen in any of the patients at 
MR. 

In one patient with severe inf lammation of the jejunum on MRI, this was confirmed 
by videocapsule endoscopy. In other patients with inf lammation of the jejunum a stenosis 
precluded the use of video capsule endoscopy.

Extra-intestinal findings related to Crohn’s disease
In one patient an ileorectal fistula was identified at ileocolonoscopy that was missed by 
both radiologists, but was marked as an adhesion by observer 1. Fistulas, all originating 
in the rectum, were seen in four patients on MRI but were missed on endoscopic 
evaluation. In four patients abscesses were seen at MRI; one of the right lower abdominal 
cavity, two perirectal abscesses and one of the abdominal wall after a caesarian section. 
Lymphadenopathy was found in 3 patients only, all with moderate to severe overall 
disease activity. Fibro-fatty proliferation was found in 4 patients and not associated with 
increased disease activity at ileocolonoscopy. 
 
other pathology 
In 7 patients findings unrelated to CD were reported at MRI. One aortic aneurism that 
was subsequently operated upon, one avascular necrosis of the femoral head (probably 
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related to corticosteroid therapy), one stenosis of the left iliac artery (thrombus), one 
vertebral disk degeneration (L3-L4), a hemangioma in the liver, one enlarged spleen and 
one renal cyst. 

Patient questionnaires
All 31 patients completed the questionnaire. Patients rated the bowelprep prior to the 
MRI as less burdening than prior to the ileocolonoscopy (P<0.001), as is shown in figure 
3. Pain (figure 3), embarrassment and discomfort experienced during both examinations 
also showed statistically significant results in favor of MRI (P-values respectively P<0.001, 
P=0.001, P<0.001). As a result 29 patients would (P<0.001) prefer MRI for their next 
examination. One patient had no preference and one patient preferred ileocolonoscopy. 
The opinion of the latter patient was also based on the fact that two 3mm polyps 
were found and removed at ileocolonoscopy. Overall, patients ranked the MRI bowel 
preparation as least burdensome, followed by the MRI examination. Ileocolonoscopy 
was rated third while bowel preparation prior to ileocolonoscopy was considered the 
most burdensome.
 
dIsCussIon

This study demonstrates that the radiological grading (MRIend based) of disease severity 
showed moderate to good agreement when compared with the endoscopic grading and 
correlated moderately to strongly when compared to the CDEIS. Additional advantages 
of MRI are the possibility to identify inf lammatory activity and stenoses in all bowel 
segments, including small bowel segments, and to detect extra-intestinal findings. 
Moreover, patients prefer MRI to ileocolonoscopy for their next examination since both 
the bowel preparation and the examination itself are less burdensome.  

Although agreement between MRIend based grading and endoscopical grading showed 
kappa values of only 0.59 and 0.68, a comparable kappa value (0.68) was calculated 
between grading by the endoscopist and the expert gastroenterologist, meaning that if 
clinical decisions would be based on the endoscopic grading of disease severity, MRI is 
a valuable alternative. However, correlation coefficients of MRIend based compared to the 
CDEIS (0.61 observer 1, 0.63 observer 2) were lower than the interobserver correlation for 
the CDEIS (0.80). Calculation of interobserver variability between the gastroenterologist 
and endoscopist was performed to determine the consistency of endoscopic scoring. This 
served the purpose of providing a frame of reference for the agreement and correlation 
coefficients between radiological and endoscopic scoring. 

The interobserver agreement of MRI was moderate. This could be due to the fact 
that this is a relatively novel technique and no standardized scoring system has been 
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developed yet. Introduction of a validated system to grade severity could drastically 
improve reproducibility.  

When analyzed per segment correlation coefficients between MRIend based and CDEIS 
were slightly lower than when analyzed per patient. Main cause was enhancement of 
segments adjacent to endoscopically proven inf lamed segments. These segments did not 
show inf lammatory activity on colonoscopy whereas they showed enhancement at MR.

The secondary reference standard used in this study, i.e. CDAI, is a clinical disease 
activity index that is of use in large clinical trials comparing pre and post therapy CDAI 
values for determining effect of medication. The low correlation coefficients between 
MR grading and CDAI in this study were probably caused by subjective elements in 
this index. This hypothesis is supported by the fact that the CDEIS did not correlate 
with the CDAI either (r=0.33, P=0.07), and is in line with earlier research showing low 
correlation coefficients between CDEIS and both CDAI and CRP [15,16]. CRP, which 
was used as biological disease activity marker, did not correlate with either endoscopic or 
MRI findings. The main problem when comparing endoscopic and MRI findings with 
CRP was the fact that some patients with low CRP values showed moderate to severe 
inf lammation on both MRI and endoscopy. This discrepancy is often encountered in 
daily clinical practice. In contrast, few patients with high CRP values did not show 
abnormalities at endoscopy. All of these patients showed inf lammatory activity on 
MRI, either in segments that could not be visualized at endoscopy or extra-intestinally. 
MR imaging therefore has the benefit of assessing disease activity outside the range of 
endoscopy.

Besides overall grading and the segmental grading, bowel wall thickness showed good 
correlation coefficients (r=0.50-0.57). The correlation coefficients between enhancement 

Figure 3. Ratings from 
patients on the burden 
of bowel preparation 
(left side) and pain 
during the examinations 
itself (right side).

P < 0.001           P < 0.001
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and CDEIS were lower (r=0.42-0.45) than between wall thickness and CDEIS. Similarly, 
the interobserver agreement of enhancement (r=0.44) was lower than the interobserver 
agreement of wall thickness (r=0.58). In the study by Shoenut et al [4], the MR parameter 
with the highest correlation coefficient with endoscopic grading was percentage of 
contrast enhancement (r= 0.74) whereas bowel wall thickness only showed a moderate 
correlation (r=0.42). These discrepant results between the current study and the study by 
Shoenut could be explained by the fact that Shoenut only correlated the most diseased 
segment with the per patient endoscopy outcomes and the fact that different methods 
were used to determine bowel wall thickness and enhancement in these studies. In the 
aforementioned study bowel wall thickness was divided in three crude categories (i.e. 
<0.5, 0.5-1 and >1cm), whereas in our study wall thickness was measured in millimeters, 
allowing more precise correlation. Enhancement was calculated in the study by Shoenut 
by calculating an enhancement ratio. Although his results were good, in theory technical 
problems such as field inhomogeneity, proximity of the studied tissue to the coil and 
nonlinearity of MR values hamper these calculations. To our knowledge, no other studies 
have been performed comparing enhancement ratios with endoscopy outcomes. 

To our knowledge only seven studies [2,4,7,8,11-13] have been performed that 
evaluated whether severity of CD in an adult population could accurately be assessed 
on MRI using endoscopy as gold standard. However, the study by Low et al [2], one of 
the largest studies (n=28),  was a retrospective study that used an overall score based on 
different examinations as gold standard. Four other studies were performed in both CD 
patients and patients with ulcerative colitis and used both one radiological as well as one 
endoscopic scoring system of inf lammation for the whole group of patients. Moreover, 
MR disease activity in these studies was based on parameter cut-off values that were 
seemingly arbitrarily chosen. In the study by Shoenut disease activity (mild, moderate, 
severe) was based only on the most diseased segment whereas in the study by Ajaj et al 
[7] only the large bowel and not the terminal ileum was evaluated. Two studies solely 
focusing on patients with CD [12-13], showed contradictory results; whereas Schreyer et 
al. [13] stated that MRI is not suited to correctly assess mild inf lammation, Narin et al. 
[12] (n=18) stated that MRI overestimates disease activity.

Studies on the value of computed tomography in CD have been performed. Although 
the spatial resolution is better than in MR, the ionizing radiation that is needed for 
scanning precludes it from being a valuable alternative to ileocolonoscopy for follow-up 
in CD. 

In the current study water was used as intraluminal contrast medium; although water 
is a patient friendly contrast medium, early resorption has been described [17,18] possibly 
causing inadequate distension of the terminal ileum. However, even in inadequately 
distended segments it was possible to delineate the bowel wall and measure wall thickness. 
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Theoretically, better bowel distension by use of fibers [19] or hyperosmolar f luids [20] 
might facilitate identification of thickened and/or pathologically enhancing bowel wall, 
leading to even better results. Further studies comparing different oral contrast agents 
need to be undertaken.  

In conclusion, MRI of the small bowel and colon is a patient friendly technique that 
abstains from using ionizing radiation and is able to determine disease activity adequately. 
Moreover, if these positive results for colon and terminal ileum also are applicable to the 
entire small bowel this technique could theoretically serve as a one-stop shop technique 
for the evaluation of both luminal activity and extra intestinal pathology in CD. 
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Abstract

Objective: The purpose of this study was to evaluate the role of 
contrast-enhanced dynamic magnetic resonance imaging in predicting 
disease activity of Crohn’s disease. 
Material and Methods: Forty-eight patients with clinical suspicion 
of exacerbation of Crohn’s disease were included in two hospitals. In 
three levels of thickened small bowel wall, axial dynamic T1-weighted 
sequences were performed every 4-6 seconds for a total duration of 2-3 
minutes after contrast administration; static T1-weighted TSE sequences 
were acquired both before and after contrast administration. The slope of 
enhancement, enhancement ratio, time to enhancement, enhancement 
time and thickness of the small bowel wall were determined. These 
MRI results were compared to overall clinical grading, Crohn’s disease 
activity index (CDAI) and Van Hees’s activity index. Clinical grading 
was based on clinical information, physical findings, laboratory studies, 
endoscopy, surgery and other imaging studies. Spearman’s correlation 
coefficient and p-values were determined per hospital. Fisher’s Z-
transformation was applied before pooling the correlation coefficients 
from both hospitals.
Results: The enhancement ratio, based on the static series, showed 
significant correlation with the clinical grading (r=0.29, P=0.045), 
Crohn’s disease activity index (r=0.31, P=0.033) and Van Hees’s activity 
index (r=0.36, P=0.016). The enhancement ratio, based on the dynamic 
series, correlated significantly with the CDAI (r=0.38, P=0.016). Wall 
thickness correlated significantly with clinical grading (r=0.47, P=0.003) 
and Van Hees’s activity index (r=0.41, P=0.007). 
Conclusion: These data suggest that the enhancement ratio of bowel 
wall after intravenous gadodiamide and bowel wall thickness are weak 
to moderate indicators of the severity of Crohn’s disease.
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InTroduCTIon 

In Crohn’s disease, there is a distinct need to monitor disease activity during treatment 
in order to direct treatment strategy, in particular drug dose and the use of additional 
drugs, since clinical symptoms may initially persist, while disease severity decreases. 
Moreover, developments in medical treatment, such as immune modulation by anti-TNF 
monoclonal antibodies [1,2], with its supposed substantial side effects [3], have increased 
the need for a technique to establish the presence and severity of disease activity. For 
an optimal follow-up of the effect of treatment, the same patient will be monitored 
frequently and therefore the monitoring technique should be non-invasive or limited-
invasive and above all patient friendly.

A simple technique that meets these requirements is presently not available. Ileo-
colonoscopy (including biopsies) and to a lesser extent enteroclysis are used for establishing 
disease activity. Drawbacks of ileocolonoscopy are the small proportion of small bowel 
that can be visualized, the risk of procedure-related complications and the low patient-
acceptance, due to discomfort during the procedure and the extensive bowel preparation 
that is necessary [4]. Magnetic resonance imaging (MRI) has been advocated as a non-
invasive tool in the diagnostic workup of Crohn’s disease. Studies have shown that MRI 
is able to determine local activity of Crohn’s disease [5,6] and even the degree of activity 
[7-14], based on an increased enhancement in more severely inf lamed bowel wall on T1-
weighted sequences after gadodiamide injection. 

Since local vascularisation increases with the severity of the disease [15],  it is likely that 
not only the degree of enhancement, the enhancement ratio (ER), but also the steepness 
of the enhancement curve, or slope of enhancement (SoE) as measured in a dynamic scan, 
is higher in more severely inf lamed tissues. In arthritis, which like Crohn’s disease is a 
chronic inf lammatory disease, dynamic MR enhancement curves have been associated 
with laboratory and clinical indicators of inf lammation and patient questionnaires [16].  
In Crohn’s disease a limited number of studies has shown that there is a correlation 
between the severity of inf lammation and ER [7,9,11], but to our knowledge no study 
has evaluated SoE as an indicator of disease activity. Measuring the signal increase of the 
bowel wall after administration of intravenous gadodiamide by quantitative parameters 
possibly has the additional advantage of providing a reader-independent interpretation of 
the MR-images, making this technique ideal for the follow-up of patients with chronic 
inf lammatory diseases.

The purpose of this study therefore is to evaluate the role of dynamic contrast-
enhanced MRI in determining disease activity in patients with Crohn’s disease. 
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MATerIALs And MeThods

study population 
Patients with known Crohn’s disease and with an expected exacerbation of the disease 
were recruited from two university hospitals. The medical ethics committees of both 
hospitals approved the study. Patients were included in the study after giving written 
informed consent. Exclusion criteria were an age less than 18 years, pregnancy, breast-
feeding, phenylketonuria, suspicion of bowel obstruction or perforation, administration 
of another contrast medium within 36 hours before the MRI and inability to ingest at 
least 400ml of oral contrast medium. Phenylketonuria was an exclusion criterion since 
the oral contrast medium used contained aspartame. 

The aim was to enrol 62 patients in a 15 months period, however, since the inclusion 
rate was slower than expected, the inclusion was halted. Therefore fifty-two patients 
were included in this study during a 26 month period; 29 patients in hospital 1 and 23 
in hospital 2. Four of the 52 patients who had entered the study were excluded during the 
study. Three patients ingested less than 400ml oral contrast medium and one patient did 
not receive gadodiamide. The total study population therefore comprised 48 individuals 
(14 men and 34 women) with a mean age of 37.2 ± 13.0 years (range 18-68). Forty-
four patients were Caucasians, three were Orientals and one patient was of Caribbean 
origin. 

Patient preparation 
Before imaging 400-800ml oral contrast medium, Ferristene (Abdoscan, GE Healthcare, 
Oslo, Norway) was taken in four volumes of 200ml at 30 minutes intervals. Forty-three 
patients ingested a volume of 800 ml oral contrast medium. The remaining five ingested 
at least 400 ml. Oral contrast medium was administrated to facilitate identification of 
thickened bowel wall segments and subsequent measurements. 

To prevent motion artifacts, twenty mg butylscopolamine bromide (Buscopan, 
Boehringer Ingelheim, Germany) was injected intramuscularly in 19 of 26 patients 
studied at hospital 1 before start of the first sequence and in 24 of 26 directly before 
the dynamic sequence (19 of 24 received the spasmolytic agent twice). The decision 
to administer bowel relaxants was based on the presence of bowel motion artifacts at 
the scout views. Since all patients in hospital 2 were scanned on a 0.5T scanner, which 
is less sensitive to motion artifacts, none of the patients studied at hospital 2 received 
butylscopolamine bromide. Directly at the start of the dynamic series, intravenous 
gadodiamide (Omniscan, GE Healthcare, Oslo, Norway), 0.1mmol/kg bodyweight, was 
injected manually as fast bolus.
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Mr imaging protocol 
MR imaging was performed at 1.0T (Philips Gyroscan NT 10, Philips Medical Systems, 
Best, The Netherlands), using a body quadrature coil in 26 patients in hospital 1 and at 
0.5T (Philips Gyroscan T5II) using a body wrap around surface coil in 22 patients in 
hospital 2.

Before administration of gadodiamide, an axial respiratory triggered T2w TSE 
sequence (TR 1800-2000ms, TE 90-120ms, NEX 4-6, FOV 375mm, matrix 205x256, 
slice thickness 10mm, 24 slices, acquisition time 180 seconds and axial and coronal 
breath hold T1w TSE sequences (TR 240-249ms, TE 10ms, NEX 2-4, FOV 350mm, 
matrix 205x256, slice thickness 10mm, slice gap 1mm, 3 slices per breath-hold of 13-
20sec, 16-24 slices, acquisition time 104-107 seconds) were performed. The field of view 
of the sequences encompassed the complete small bowel.

During gadodiamide injection an axial dynamic T1w TSE sequence (TR 240ms, 
TE 10ms, NEX 2, FOV 270mm, matrix size 128-140x256, slice thickness 10mm, slice 
gap minimal 1mm, per time point of 4-6 seconds 3 slices at 3 different levels (1 slice at 
each of the 3 levels) were acquired, scanning time at least 2 minutes with a maximum 
of three minutes, 20-45 time points) was performed at three levels of thickened bowel 
wall during free breathing. When only a short segment of bowel was thickened, the three 
slices were targeted at this segment. When a larger segment or multiple segments were 
involved, the three dynamic slices were planned to include up to three bowel segments 
with the thickest bowel wall. The planning was performed by an abdominal radiologist 
(J.S., M.W.) who was not informed of the clinical findings.

After the dynamic sequence, axial and coronal T1w TSE sequences were performed 
identically to the sequences before gadodiamide injection. 

data post processing 
The images were evaluated by an experienced abdominal radiologist (three years of 
clinical experience as an abdominal radiologist) who was blinded for clinical findings 
and findings at other imaging or endoscopic examinations. This radiologist analyzed 
all sequences for the presence of thickened small bowel wall and enhancing small bowel 
segments. Thickened small bowel wall was defined as thickening of the bowel wall of 
more than 3mm. Bowel wall signal intensity measurements were performed at the most 
prominent lesion using the static T1w sequences (axial or coronal) and the dynamic 
sequence. The measurement encompassed placing a region of interest at the thickened 
small bowel wall with the fastest and most intense enhancement. The size of the region of 
interest varied (range 3-48mm2), according to the thickness and length of the abnormal 
bowel wall. 
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The signal intensities of the dynamic scan were measured and displayed in a graph. The 
graphs showed a typical enhancement pattern (figure 1), starting with baseline intensity 
(SIbase), increasing with the passing of the bolus, and ending with an elevated -stable, but 
slowly decreasing- intensity (SIend). 

In some cases, a short intermediate higher maximum intensity could be observed 
before the stable elevated intensity was reached; this intermediate maximum was not 
used in the evaluations. The time point of start of the administration of the contrast 
agent (tinject = t0), the time point of the start of the enhancement (tstart) and the time 
point of the maximum enhancement (tend), were assessed. ∆t was defined to be the time 
interval tend - tstart. From the dynamic series measurements, ERdyn and SoE were calculated 
as follows:

ERdyn=SIend  /SIbase   SoE = (SIend -SIbase )/(SIbase . ∆t)       
In order to calculate the ERstat for the static series (i.e. the pre and post contrast T1-
weighted TSE sequences) one has to correct for differences in amplifier gain and image 
scaling between the two series. Therefore a reference region of interest, containing 
mesenterial fatty tissue (that is supposed not to enhance), was used, and ERstat was 
calculated as follows:

ERstat = (SIpost, bowel  /SIpost,fat )/(SIpre,bowel  /SIpre,fat )

Figure 1. Example of an enhancement curve of a 44-year old female Crohn’s disease patient 
with moderate disease activity showing typical enhancement pattern (ERdyn=2.5, SoE=2.7).  
The baseline intensity (SIbase=385) increases with passing of the bolus. After a short maximum 
intensity, a stable elevated intensity (SIend=950)  was reached. The time point of start of the 
administration of the contrast agent (tinject = t0), the time point of the start of the enhancement 
(tstart=36sec) and the time point of the maximum enhancement (tend=90sec) are marked. ∆t was 
the time interval between tend and tstart (90sec – 36sec = 54sec).
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The SoE, ERdyn and ERstat were calculated by a research fellow who was not involved in 
evaluating the imaging sequences or the reference standard and who was not aware of 
any of the other findings.

Further parameters that were included in the analysis were tstart, ∆t and the bowel 
wall thickness. The bowel wall thickness of the most thickened lesion was measured at 
both the dynamic and static series. The largest measurement of these two measurements 
was recorded. 

reference Indices 
In order to determine the clinical value of the MR features, three parameters were used 
as reference index: clinical grading, Crohn’s disease activity index (CDAI) [17] and Van 
Hees’s activity index [18]. The first reference index is a clinician’s subjective opinion, the 
latter two are validated indices.

Clinical grading was rated on a four-point Likert scale (remission/inactive-mild-
moderate-severe disease activity) and was determined by one gastroenterologist per 
hospital who was not aware of the MR findings. It was a subjective scale, based on 
patient-symptoms, physical findings, activity indices, surgery and all examinations that 
the patients underwent (endoscopy, laboratory and other imaging studies) within two 
weeks prior to or after the MR scan. 

CDAI and Van Hees’s activity index use different parameters for the assessment of 
the activity of Crohn’s disease, as is shown in appendix 2 (CDAI) and appendix 3 (Van 
Hees’s activity index). Although there are no upper and lower limits, the CDAI ranges 
approximately from 0 to 600, the Van Hees’s activity index from 30 to 400, with higher 
scores indicating more severe illness. Cutoff values for CDAI are <150 inactive disease, 
150-450 inf lammatory activity, ≥450 very severe inf lammation. Cutoff values for the 
Van Hees’s activity index are <100 inactive disease, 100-150 slight inf lammatory activity, 
150-210 moderate inf lammatory activity, ≥210 severe to very severe inf lammatory 
activity. When the required laboratory tests (hematocrit, serum albumin and erythrocyte 
sedimentation rate (ESR) had not been performed within two weeks prior to the MR 
examination, blood was drawn at the examination from the intravenous contrast 
administration catheter prior to scanning. Questionnaires for CDAI and Van Hees’s 
activity index were taken by a gastroenterologist (one per hospital) just prior to the MR 
for determination.

In all 48 patients, the clinical indices: clinical grading, CDAI and Van Hees’s activity 
index were determined (table 1). Clinical grading was based on a variety of examinations 
performed in these patients; mostly barium enteroclysis (16 patients), colonoscopy (15 
patients) or both barium enteroclysis and colonoscopy (10 patients). Besides these two 
modalities, surgery was performed in 15 patients (all with histopathological diagnosis), 
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scintigraphy in 14, ultrasound in 11 and CT in 1 patient. The patient groups of the two 
hospitals were similar with respect to age, clinical grading and Van Hees’s activity index, 
but not with respect to CDAI. The average CDAI for hospital 1 was 276 (±80) and for 
hospital 2 was 140 (±53), where as the average Van Hees’s activity index was 139 (±56) 
for hospital 1 and 121 (±42) for hospital 2. We suspect that the subjective elements in the 
CDAI questionnaire were interpreted differently in the two hospitals.

statistical analysis 
The average of the SoE, ER, time intervals were calculated per hospital for patients 
without and with disease activity based on the clinical grading. Since the number of 
patients with inactive disease was small (n=3 for hospital 1, n=2 for hospital 2), no 
statistical analysis was performed on these data. 

The measurement parameters (SoE, ER, time intervals and bowel wall thickness) were 
correlated with the reference indices (clinical grading, CDAI and Van Hees’s activity 
index), by calculating Spearman’s correlation coefficient with 1-tailed p-values. 

Systematic differences in reference indices (eg CDAI scores) or in MRI parameters 
between hospitals (or scanners) could introduce an artificial correlation if data from 

Table 1. Number of patients (and percentages) per hospital; categorized according to severity 
based on different reference indices. 

 Index/ Severity of Crohn’s disease Number of patients

 Values  H1 H2

CG remission/inactive disease 4 (15%) � (2�%)

mild 4 (15%) 1 (5%)

moderate 1� (�2%) 9 (41%)

severe 2 (8%) � (2�%)

 CDAI  

     <150 inactive disease 3 (12%) 9 (41%)

     150-450 inflammatory activity 23 (88%) 13 (59%)

     ≥450 very severe inflammation 0 (0%) 0 (0%)

 VHAI

     < 100 inactive disease � (2�%) � (32%)

     100-150 slight inflammatory activity 12 (4�%) 10 (45%)

     150-210 moderate inflammatory activity 5 (19%) 5 (23%)

     ≥210 severe to very severe inflammatory activity 2 (8%) 0 (0%)

H1: hospital 1, H2: hospital 2, CG: clinical grading, VHAI: Van Hees’s activity index.
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different hospitals are analyzed in a single step, but such a shift does not affect correlations 
calculated per hospital. Therefore, we first calculated standard correlation coefficients 
per hospital. In a next step correlation coefficients (r) from both hospitals were pooled 
using the standard approach for pooling correlations [19]. 

This approach uses the Fisher’s Z-transformation to obtain more normally distributed 
values of the correlation coefficients based on the following formula:

The standard error of the Fisher’s Z transformed estimate of each hospital is given by:

The pooled estimate is the weighted average of the transformed estimates weighted by 
the inverse of their variance (1/ SE2), the standard approach in meta-analysis. The pooled 
correlation coefficient was then transformed back to the original scale. 

Correlation coefficient values were interpreted as follows: 0.0 no association, 
0.2 weakly correlated, 0.5 moderately correlated, 0.8 strongly correlated, 1.0 perfect 
correlated [20]. P-values <0.05 were considered significant.  

resuLTs

Measurement Parameters 
Based on the static series in 40 of the 48 patients, the ERstat and in 41 of 48 patients small 
bowel wall thickness could be evaluated. Examples of the static series are shown in figure 
2 and figure 3. Using the dynamic series, in 37 of 48 patients the SoE and ∆t, and in 38 
patients the ERdyn, small bowel wall thickness and tstart could be evaluated. The main 
reason that prevented measurements in the dynamic series (n=10) and in the static series 
(n=7) was the absence of thickened small bowel wall or bowel wall that was too thin for 
accurate measurements. In one patient a measurement error prevented the calculation 
of the SoE and ∆t. The absence of “representative” homogenous adipose tissue on static 
series prevented the calculation of ERstat in one patient. 

The average values of the SoE, ERdyn and ERstat per hospital for patients without 
and with disease activity are shown in table 2. The fact that the average enhancement 
ratio after gadodiamide for fat in all patients was 1.01 (± 0.02, range -0.01 to 0.06, 
n=20) demonstrated that adipose tissue did not enhance on the dynamic series and was 
rightfully used as a reference region in the static measurements.
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Figure 2. 44-year old female with Crohn’s 
disease and inflammation of the neoterminal 
ileum. T1 weighted pre- (A) and post-contrast 
(B) image, and T2 weighted image (C) of 
two loops of  (7mm) thickened bowel wall 
(arrows). Inflammation is clearly seen on the 
post contrast images as the bowel wall shows 
enhancement after intravenous contrast 
administration (ERstat = 2.6).

Figure 3. 18-year old female with Crohn’s 
disease showing 8mm thickening of the 
terminal ileum (arrowheads). A, T1-weighted 
pre contrast image with relatively low 
homogenous signal intensity of the bowel 
wall. B, T1-weighted post contrast image 
with enhancement of the bowel wall (ERstat 
= 2.4), slightly more prominent at mucosa/
submucosa. C, T2-weighted image, the 
thickened wall shows primarily relatively 
intermediate signal intensity with relatively 
high signal intensity of mucosa/submucosa.

 a  b

 c

 a  b

 c
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Table 2. Averages (standard deviations and number of patients) of different MR parameters 
for patients without and with active disease based on clinical grading per hospital. 

MR parameter Hospital Clinical grading

Inactive disease Active disease

SoE H1 5.2 (± 1.8, n=3) 4.7 (± 3.5, n=18)

H2 1.1 (± 0.7, n=2) 4.6 (± 3.6, n=14)

ERdyn H1 2.3 (± 0.5, n=3) 2.5 (± 0.7, n=18)

H2 1.5 (± 0.4, n=2) 2.4 (± 0.7, n=15)

ERstat H1 1.8 (± 0.3, n=3) 2.3 (± 0.5, n=20)

H2 1.4 (± 0.1, n=2) 2.0 (± 0.4, n=15)

H1: hospital 1, H2: hospital 2.

In 5 of the 10 patients in whom bowel wall was not clearly identified or too thin for 
accurate measurements the clinical grading was scored “inactive disease” (table 3). 
However, in one patient however the clinical grading was scored as severe inf lammation. 
This was mainly based on surgery, endoscopy and scintigraphy that showed inf lammation 
of the descending colon, sigmoid and rectum and a rectovaginal fistula, but normal 
small bowel.

Of the 41 patients in whom the bowel wall was measured (table 3), 37 showed 
thickened bowel wall on MR (mean 6.4 mm, range 4 to 13mm). 

Of the 4 patients without bowel wall thickening (wall thickness ≤3mm), 1 patient had 
inactive, 1 patient mild and 2 patients moderate disease based on the clinical grading. 
In the two patients in whom clinical grading was scored as moderate, the discrepancy 
was partly caused by a fistula with involvement of the surrounding tissue found at 
ultrasonography in one patient, and by inf lammation of the terminal ileum found at 
surgery (serositis, fatty overgrowth) in the other patient. 

Table 3. Number of patients in whom wall thickness was not measurable, with wall thickness 
≤3mm, and with wall thickness >3mm according to disease activity based on clinical grading 
(inactive versus active disease).

Wall thickness Clinical grading Total

Inactive disease Active disease

>3mm 4 33 3�

≤3mm 1 3 4

Not measurable 5 2 �

Total 10 38 48
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In 5 patients with a clinical grading of “inactive disease”, bowel wall thickness, SoE and 
ER could be determined. 

The average tstart for patients with active disease and inactive disease based on the 
clinical grading was respectively 27 (± 20) and 21 (± 16) seconds, the average ∆t was 
respectively 39 (± 19) and 34 (± 14) seconds. 
 
Correlation 
The results of the correlation between the measurement parameters (SoE, ERdyn, ERstat, 
bowel wall thickness and time measurements) and the reference indices are shown in 
table 4. Between any two of the reference indices significant correlation was seen (clinical 
grading with CDAI: r=0.44, P=0.002, clinical grading with Van Hees’s activity index: 
r=0.63, P<0.001, CDAI with Van Hees’s activity index: r=0.56, P<0.001). 

There was no significant correlation between the SoE and any of the index parameters. 
The ERdyn correlated significantly with the CDAI (r=0.38, P=0.016), however not with 
clinical grading and Van Hees’s activity index. 

There was significant correlation between the ERstat and all three reference indices: 
clinical grading (r=0.29, P=0.045), CDAI (r=0.31, P=0.033) and Van Hees’s activity 
index (r=0.36, P=0.016). 

Bowel wall thickness (in mm) correlated significantly with clinical grading (r=0.47, 
P=0.003) and Van Hees’s activity index (r=0.41, P=0.007). 

No correlation was seen between any of the time measurements and any of the 
reference indices. 

Table 4 Pooled correlation coefficients between measurement parameters and reference 
indices of both hospitals after Fisher’s Z-transformation.

MR parameter n (H1+H2) CG CDAI VHAI

SoE 3� (21+1�) 0.20 0.23 0.09

ERdyn 38 (21+1�) 0.21 0.38* 0.22

ERstat 40 (23+1�) 0.29* 0.31* 0.36*

∆t  (s) 3� (21+1�) -0.01 0.05 0.05

tstart (s) 38 (21+1�) 0.09 0.20 0.15

Wall thickness (mm) 41 (23+18) 0.47* 0.05 0.41*

H1: hospital 1, H2: hospital 2. CG: clinical grading. VHAI: Van Hees’s activity index. * Statistically 
significant correlation (P< 0.05).
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dIsCussIon

This study demonstrates that the ER based on static imaging after intravenous contrast 
medium shows statistically significant correlation with all three reference indices: 
clinical grading, CDAI and Van Hees’s activity index. On the dynamic series there was 
significant correlation between the ERdyn and the CDAI. Bowel wall thickness correlated 
with clinical grading and Van Hees’s activity index. However, we did not find a significant 
correlation between the SoE and any of the reference indices. 

The best correlation was seen between the bowel wall thickness and clinical grading, 
and the bowel wall thickness and Van Hees’s activity index, showing correlation 
coefficients of respectively 0.47 (P=0.003) and 0.41 (P=0.007). Although significant, 
these correlation coefficients were classified as weak to moderate and can only partly 
predict the disease activity. Particularly for the ERstat, the clinical use of it is probably 
very limited, since the correlation coefficients ranged from 0.29 to 0.36.

Several limitations must be considered: the imperfect reference standard, the limited 
value of signal intensity measurements on MR, the fact that two different scanners were 
used and the amount of f luid taken for bowel distension. These will be discussed in the 
next paragraphs. 

Reference indices: The main problem in this study, as in previous studies on Crohn’s 
disease, is the fact that there is no ideal reference standard. Clinical grading was 
determined by the clinician; it was based on his opinion on the disease activity of the 
patient. Since the decision whether and, if so, how to change treatment, is made by a 
clinician, this index is supposed to be clinically relevant. In general however, the presence 
of stenosis, abscesses and fistulas will lead to a higher clinical grading of disease activity, 
which does not ref lect the actual disease activity in the small bowel wall, and which we 
expected to diminish the usefulness of this index in this study. Therefore, we included 
more objective indices that ref lect disease activity. The CDAI is the most commonly 
used clinical index in clinical trials and is currently the gold standard for evaluation 
of disease activity in studies [21]; the Van Hees’s activity index has been prospectively 
validated, but correlated poorly with the CDAI in other studies [21]. 

In the current study we observed a significant difference in CDAI values between 
the two hospitals (table 1), whereas this was not the case for the clinical grading and the 
Van Hees’s activity index. As an explanation we hypothesize that subjective questions 
in the CDAI questionnaire were interpreted differently in the two hospitals since it 
is unlikely that the patient populations of the two university hospitals differ. Both 
hospitals are tertiary referral centers in the same area of the country with comparable 
patient populations regarding Crohn’s disease. Such a systematic difference due to 
interpretation differences could introduce a spurious correlation. To prevent confounding 
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we performed a stratified analysis by calculating the correlation coefficient per hospital. 
These two coefficients were then pooled using a fixed effect approach after Fisher’s Z-
transformation.

Ileocolonoscopy could be a good reference index to assess the degree of inf lammatory 
activity of the large bowel wall and terminal ileum. However, the fact that only patients 
with more severe inf lammation undergo ileocolonoscopy and the frequent impossibility 
to introduce the scope in the terminal ileum and more proximal parts of the small bowel 
limit the use of this technique as a reference index in this study.

MR measurements: Evaluation of enhancement was only feasible in 40 out of 48 
patients based on the static series and in 38 out of 48 patients based on the dynamic 
series. In most of the patients (five) in whom bowel wall measurements were not possible, 
the clinical grading was scored “inactive disease”. The absence of thickened bowel wall 
or the absence of bowel wall enhancement renders identification of bowel wall more 
difficult, thus hampering the determination of bowel wall thickness, SoE and ER. In 
spite of this seemingly inherent problem of the technique, we were able to determine the 
SoE and ER in 5 patients with the clinical grading “inactive disease”.

In contrast to values from CT images, which are given in Hounsfield units, and 
represent exact reproducible values, values from MR images depend on a large number 
of variables and have no absolute meaning. One must therefore always take care to use 
the same sequences and sequence parameters for different patients, and to use ratios 
of values from within the same sequence to correct for variations in amplifier values. 
When results from MR scans with different field strengths are to be combined, field 
dependency of T1-vales of tissues – and gadolinium based contrast enhanced images are 
T1-weighted - should be taken into account. The two step approach (first calculating 
separate correlation coefficients and then pooling them) has avoided bias that might  
have occured if simple pooling of the MR parameters had been performed in the same 
way as for the CDAI values.

Bowel distension: For accurate measurements, good delineation of the bowel wall is 
necessary. It can be expected that lesions will be depicted better in adequately distended 
bowel leading to more accurate measurements. In the current study a volume of 800ml 
of oral contrast medium was administered since this volume was deemed sufficient for 
identification of thickened bowel wall. In literature volumes up to 1.5 liters [6,11] of 
oral contrast medium have been used for distension. Although these studies show good 
results, the study by Schoenut et al. [7], not using any oral contrast agent at all, did 
not show inferior results. Future studies should weigh the diagnostic advantage versus 
patient burden of using high volumes of oral contrast agent.

Most of the limitations mentioned above do not apply to this study only but hamper 
evaluation of disease activity using MR in patients with Crohn’s disease in general. This 
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is probably the reason why in many studies the severity of Crohn’s disease was based on 
the presence and extent of abnormalities typical for Crohn’s disease [5,6] (e.g. length 
of wall thickening, presence of fistula, abscesses and stenosis) rather than a parameter 
ref lecting local severity (e.g. enhancement ratio).

Most likely the degree of bowel wall enhancement is the parameter that is most closely 
related to the degree of inf lammation. To quantify the actual degree of inf lammation 
either a subjective categorical scale is used [12-14,22] or an enhancement ratio [7-
11]. Most of the studies that use categorical scales show that inf lamed bowel tissue 
demonstrates more enhancement than normal bowel wall and that there is a correlation 
between the degree of enhancement and disease activity. However, studies that try to 
quantify the degree of enhancement by calculation of an enhancement ratio (or increase) 
show varying results, ranging from good correlation to no correlation with the CDAI. 
The study by Pauls [11] showed a significant correlation between the maximum contrast 
uptake and the CDAI (r=0.591, P=0.033), but the number of included patients was very 
small (n=13). One larger study (n=82) by Schunk [9] showed a correlation coefficient 
between the increase in bowel wall enhancement and the CDAI (r=0.25, P=0.02) that 
was comparable to our study. 

Wall thickness is correlated with disease activity; however, previous inf lammation 
might have caused fibrosis and wall thickening in a non-inf lamed segment. Nevertheless, 
in this study, bowel wall thickness (irrespective of enhancement) showed a significant 
correlation with clinical grading and Van Hees’s activity index, and showed the strongest 
correlation coefficient of all measurement parameters (r=0.47 and r=0.41, respectively). 

A higher ER, as is seen in more severely inf lamed tissue, can be hypothesized 
to be related to a steeper enhancement curve (higher SoE), a longer time interval of 
enhancement (∆t), or a combination of both. Since there was no significant correlation 
in this study between reference parameters and steepness of the curve (SoE) or the time 
interval (∆t), the higher ER is not significantly related to any of these two, meaning that 
in one patient this could be caused by a longer time interval and in another patient by 
a steeper enhancement curve. This makes it difficult to provide a simple explanation 
for the higher ER-values in more severely inf lamed bowel wall. Probably the higher 
ER-values are caused by a combination of factors such as increased blood f low (due 
to vasodilatation, neovascularization and/or increased cardiac output) and increased 
vascular permeability. Due to this assumed multifactorial cause, correlations will be 
more difficult to prove.

In conclusion, the results in this study are in line with the current literature, in that 
the ER and bowel wall thickening correlate weakly to moderately with indicators of the 
severity of Crohn’s disease. However this study also shows that the SoE does not seem 
to correlate in patients with a suspicion of exacerbation of Crohn’s disease. Therefore, 
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enhancement ratios based on static imaging and bowel wall thickness measurements 
are the best parameters to base the severity of disease activity in Crohn’s disease on. 
Dynamic measurements do not add any information to this.
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Abstract

Purpose: To determine whether abdominal 3.0 Tesla-MRI can be 
used for evaluation of Crohn’s disease compared with ileocolonoscopy. 
Secondary aim was to determine patient preference of MRI as opposed 
to ileocolonoscopy. 
Materials and Methods: Twenty patients scheduled for 
ileocolonoscopy underwent MRI. At ileocolonoscopy, disease severity 
was graded and Crohn’s Disease Endoscopic Index of Severity 
(CDEIS) was determined. Radiological grading (by two observers) was 
compared with endoscopic grading and CDEIS. Patient experience 
and preference were determined. 
Results: In respectively 10 (observer 1) and 13 patients (observer 2) 
exact agreement between radiological and endoscopic grading was 
found. In respectively 10 and � patients radiological and endoscopic 
grading differed one level. No statistically significant correlation was 
found between radiological grading and CDEIS. Between bowel wall 
thickness and CDEIS weak to moderate correlations were found, 
between bowel wall enhancement and CDEIS weak correlations. All 
patients preferred MRI over ileocolonoscopy.  
Conclusion: It is feasible to perform abdominal 3.0 Tesla MR 
using orally administered contrast medium for evaluation of Crohn’s 
disease and it can be considered a patient friendly alternative to 
ileocolonoscopy.  
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InTroduCTIon

Crohn’s disease (CD) is a chronic bowel disease characterized by transmural inf lammation 
that can affect the entire gastrointestinal tract, although location of predilection is the 
terminal ileum. The current gold standard diagnostic test is endoscopy as with this 
technique even early mucosal changes can be visualized and the extent and severity 
of disease can be assessed accurately.  Consequently, endoscopy (with mucosal biopsy 
sampling) is generally used to establish a diagnosis in CD and is routinely used to 
monitor treatment [1,2]. However, endoscopy is associated with unpleasant bowel 
preparation, discomfort during the endoscopic procedure, the risk of procedure-related 
complications, and a relatively high cost [3]. Moreover, conventional upper and lower 
endoscopic techniques only allow visualization of respectively esophagus, stomach and 
duodenum and colon and terminal ileum, leaving the larger part of the small bowel 
indiscernible to the gastroenterologist. 

Barium enteroclysis, which at present is the primary means of assessment of the 
small bowel in CD [4], has a limited diagnostic yield; subtle mucosal changes as well 
as transmural and extraintestinal pathology are not visualized. The fact that ionizing 
radiation is used, is an additional disadvantage, especially since patients with CD (who 
are often young) will have to be subjected repeatedly to bowel examinations.     

As MRI is a patient friendly imaging method allowing both transmural and 
extraintestinal assessment of the abdomen, many studies have been performed using 
MR imaging for evaluation in CD, proving MRI capable of detection of active disease 
[5-26]. However, before MRI could be considered an alternative for endoscopy in CD, 
it should be firmly established that - in addition to detection of disease activity - MRI is 
capable both of determination of severity of disease and exact localization of disease. Few 
prospective studies have compared MRI with endoscopy regarding severity of disease 
whereas only the five most recent of these studies also analyzed accuracy of MRI in 
localizing disease [27-33]. Results of these studies were conf licting; reported sensitivities 
and specificities varied widely from approaching endoscopic accuracy to considerable 
over- or underestimation of disease. 

All of the aforementioned studies have been performed at field strengths of 1.5 Tesla 
or less. Recently scanners using higher field strength (i.e. 3.0 Tesla and more) have 
become commercially available. With high-field MRI a better signal-to noise ratio (SNR) 
can be achieved with the possibility of higher spatial resolution or shorter scan times. 
Theoretically, using these advantages image quality would improve so that even subtle 
abdominal pathology might be seen consistently; this might improve accuracy in grading 
disease activity. However, in practice abdominal 3.0 Tesla-imaging might be hampered 
by the following limitations: Due to dielectric resonance effects inhomogeneity of the 
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B1-field is observed at 3.0 Tesla. These RF inhomogeneities and thus locally irregular f lip 
angles lead to spatial signal intensity variations [33]. Moreover, with higher field strength 
more chemical shift artifacts can be seen as the Larmor frequency difference between 
nuclei with different chemical bonds increases linearly with the applied magnetic field. 
Fat suppression is a possible solution to the chemical shift problem, but fat suppression 
is more challenging at 3.0 Tesla. New fat suppression strategies have been implemented 
at 3.0 Tesla, namely SPAIR (SPectrally selective Attenuated Inversion Recovery), which 
is a high uniformity fat saturation method making use of adiabatic spectral saturation 
pulses, ensuring insensitivity to RF field inhomogeneity. This seems to be successful, 
although it causes considerable lengthening of a sequence. 

To our knowledge no clinical studies have been published regarding feasibility of 
imaging of CD at 3.0 Tesla. 

The aim of this prospective study was to determine the diagnostic value of 3.0 Tesla-
MR for evaluation of CD compared with ileocolonoscopy. Secondary aim was to examine 
differences in patient preference between MRI and ileocolonoscopy. 

MATerIALs And MeThods

study Population
Twenty-two consecutive patients with a proven diagnosis of CD, either by endoscopy, 
histology or both, participated in this prospective study after having given written informed 
consent. Patients scheduled to undergo ileocolonoscopy were asked to participate in this 
study. Exclusion criteria were general contraindications to MRI, pregnancy, or inability 
to tolerate a 20-second breath hold. The study was approved by the institutional review 
board. 

Patient Preparation
Starting four hours prior to the MR examination the patients had to take 3.4 grams 
of Isphagula Husk Anhydricum (Metamucil, Procter & Gamble Nederland B.V., 
Rotterdam, the Netherlands) each hour, dissolved in at least 250ml of water. The total 
volume of ingested contrast medium thus amounted to at least one liter. Isphagula 
forms, when mixed with water, a voluminous non-digestible hydrogel with a high water-
binding capacity. This oral contrast agent was chosen for its biphasic properties; positive 
intraluminal contrast on T2-weighted images and negative intraluminal contrast on T1-
weighted images. During this period no ingestion of food or f luids was allowed, with the 
exception of additional water if wished. No rectal contrast medium was administered to 
minimize patient discomfort. 

MR imaging was performed on a 3.0 Tesla-MRI (Intera, Philips Medical Systems, 
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Best, the Netherlands) using a torso phased-array surface coil. Both T2-weighted 2D 
Turbo Spin Echo (TSE) coronal (TR 1699.9; TE 60; TSE factor 81; FOV 485; RFOV 
100%; scan matrix 304 x 274; SENSE factor 2; slice thickness 5mm; gap 0; 27-35 slices; 
scan duration 00:59.5min) and axial (TR 1042.9; TE 60; TSE factor 49; FOV 455; 
RFOV 60 %; scan matrix 304 x 243; SENSE factor 2; slice thickness 5mm; gap 0; 72 
slices; scan duration 01 minute 15 seconds) respiratory triggered sequences and a breath 
hold coronal Balanced-Fast Field Echo (B-FFE) sequence (TR 2.8; TE 1.4; f lip angle 
45º; FOV 450; RFOV 70%; matrix scan 192 x 230; slice thickness 5mm (interpolated); 
gap 0 ; 10 slices per breath hold; 28-35 slices; scan duration 01 minute 23 seconds) were 
performed.

To suppress bowel peristalsis twenty milligrams of butylscopolamine bromide 
(Buscopan; Boehringer Ingelheim, Germany) or 1mg glucagon hydrochloride (Glucagen; 
Novo-Nordisk A/S, Bagsvaerd, Denmark), were administered intravenously prior to 
performing T1-weighted sequences. 

Seventy seconds after intravenous administration of 0.1ml/ kg of bodyweight 
Gadodiamide (Omniscan 0.5mmol/ml Gd, Amersham Health B.V., Eindhoven, the 
Netherlands) fat saturated 3D T1-weighted FFE coronal (TR 3.0; TE 1.5; f lip angle 10º; 
FOV 395; RFOV 100%; matrix scan 192 x 154; SENSE factor 2; 1 stack; 80 slices/stack; 
slice thickness 2mm (interpolated); SPAIR inversion delay 100ms; scan duration 16 
seconds) and axial (TR 3.0; TE 1.5; f lip angle 10º; FOV 395; RFOV 85%; matrix scan 
192 x 154; SENSE factor 2; 2 stacks; 80 slices/stack; slice thickness 2mm (interpolated); 
SPAIR inversion delay 100ms; scan duration 29 seconds) breath hold sequences were 
performed. 

Image reading and observers
Images were independently evaluated on a PACS system (IMPAX, IMPAX SP4 SU4 
DS3000, AGFA, Mortsel, Belgium) by two observers, blinded to clinical and endoscopic 
findings. The first observer was an abdominal radiologist with more than 10 years’ 
experience in reading abdominal MRI. Previously to this study this observer had read 
80 1.5 Tesla CD MR examinations whereof 48 with endoscopic feed-back.  The second 
observer was a research fellow, who prior to this study had read 35 abdominal MRI 
examinations for Crohn’s disease for training purposes and had linked results of 300 
MRI examinations with endoscopic reports for studies on colonography and Crohn’s 
disease. Most examinations regarded 1.5 Tesla MR, but 60 of these examinations were 
performed at 3.0 Tesla.

Images were evaluated both qualitatively and morphologically. To this end the gastro-
intestinal tract was divided in 8 segments; duodenum, jejunum, proximal ileum, terminal 
ileum, cecum and right colon, transverse colon, left colon and sigmoid, and rectum. 
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Image Quality
To determine image quality bowel distension, homogeneity of bowel contents and 
conspicuity of bowel wall were scored per bowel segment by the first observer; bowel 
distension was scored as one of 4 categories (complete distension of a segment, adequate 
distension of the majority of the segment, poor distension of the majority of the segment, 
completely collapsed segment). Homogeneity of bowel contents was scored as either poor, 
moderate, good, very good or excellent. 

For conspicuity of bowel wall 5 categories were provided: wall not seen, only portions 
seen, wall seen without clear delineation, wall clearly seen or excellent delineation of 
bowel wall. 

Overall image quality (poor, moderate, good, very good or excellent) was scored by 
the second observer as was the presence of artifacts. 

Imaging Findings
Morphological evaluation was performed by both observers per bowel segment for the 
following items: on the T1-weighted fat saturated images bowel wall enhancement was 
scored; firstly enhancement was subjectively scored as either absent, mild, moderate or 
strong. Secondly, semi-objectively enhancement was scored as either less intense than 
spleen, as intense as spleen, as intense as liver, as intense as renal cortex or hyperintense 
in comparison with renal cortex. 

All sequences could be used to score the remaining items; maximum wall thickness 
and length of pathological bowel were measured using electronic calipers. Stenosis was 
recorded as either absent, low-grade stenosis, high-grade stenosis or high-grade stenosis 
with prestenotic dilatation. The presence or absence of ulceration and cobblestoning 
was noted. The observers also recorded presence or absence of fibrofatty proliferation, 
increased mesenterial vascularisation (‘comb sign’), mesenterial lymphadenopathy (short 
axis >1cm), lymphadenopathy at other locations, abscess and fistula.

Severity of disease (remission, mild disease, moderate disease, severe disease) was 
subjectively graded (MRItotal), based on the abovementioned items. However, to be able 
to compare radiological and endoscopic grading accurately, the observers were also 
asked to provide a modified grading of disease (MRIend based). This was done as with 
ileocolonoscopy only the lumen and mucosal surface of the large bowel and terminal 
ileum can be visualized, while MRI allows visualization of the entire abdomen. Therefore, 
for MRIend based grading only pathological findings that could also be visualized at 
ileocolonoscopy could be taken into account (i.e. excluding extraintestinal findings (e.g. 
abscess, fibrofatty proliferation, lymphadenopathy) and bowel segments not visualized 
at endoscopy (e.g. ileum, jejunum). Prior to scoring no specific instructions regarding 
criteria for grading disease severity were given to the observers; this subjective rating of 
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disease severity was done as no validated definitions for different categories of disease at 
MRI are available at this time.  

 
endoscopic Parameters
In all patients ileocolonoscopy was planned within two weeks from the MR examination. 
Patients either ingested 4–6L of polyethylene glycol electrolyte solution (KleanPrep; 
Helsinn Birex Pharmaceuticals, Dublin, Ireland) or 90ml of Phosphoral (Ferring BV, 
Hoofddorp, the Netherlands) for bowel cleansing on the day before and/or the day of 
the endoscopy. 

Ileocolonoscopy was performed using a standard colonoscope (CF-140L; Olympus, 
Tokyo, Japan).  During this procedure patients received sedatives (midazolam; 
Roche, Basel, Switzerland) and analgesics (fentanyl; Janssen Pharmaceuticals, Beerse, 
Belgium).

Endoscopic findings were recorded by the endoscopist in a standardized manner; 
the presence of CD-associated lesions (i.e. pseudopolyp, ulceration (healed, aphthoid, 
superficial/shallow, or deep), frank erythema, frankly swollen mucosa, stenosis (non-
ulcerated or ulcerated)) and the percentage of the surface involved by the disease were 
recorded per bowel segment (terminal ileum, right colon, transverse colon, left colon and 
sigmoid, and rectum). The Crohn’s Disease Endoscopic Index of severity (CDEIS) was 
calculated from these data, with scores from 0-44 (higher scores ref lecting more severe 
disease) [appendix 1; 34]. As the CDEIS score ref lects severity of disease for all evaluated 
bowel segments combined, a CDEIS score was also defined per bowel segment to enable 
comparison between MRI grading per bowel segment and CDEIS. 

In addition, the endoscopist was asked to subjectively rate disease severity as either 
no disease, mild, moderate or severe disease. This was requested as in clinical practice 
endoscopists usually base their therapeutic strategy on their subjective impression of the 
disease severity instead of on the laborious CDEIS (which is generally not scored in daily 
practice).  In the week preceding the MRI patients kept a symptom diary to determine 
scores of Crohn’s Disease Activity Index (CDAI) [appendix 2]. C-reactive protein (CRP) 
was determined as a biological marker of disease activity. 

Patient Questionnaires 
Patient experience was determined using standardized questionnaires. After completion 
of both examinations patients were asked how they had experienced the respective 
bowel preparations (5-point Likert scale; not/mildly/moderately/severely/extremely 
burdensome). They were also asked how much discomfort they had experienced during 
the examinations (5-point Likert scale), and what they considered the most burdensome 
aspect of the two examination methods. Finally the patients were asked to rate on a 
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seven-point Likert scale which technique they would prefer for their next examination, 
assuming both techniques would provide equal information about disease severity. They 
were also asked to order the four aspects of this study (MRI, ileocolonoscopy, and both 
bowel preparations) from the most burdening to the least burdening. 

statistical Analysis
Interobserver variability for radiological grading of disease was calculated using weighted 
kappa statistics accorindto the method of Fleiss and Cohen [35]. Spearman correlation 
coefficients (two-sided) were calculated to determine interobserver correlations for 
maximum wall thickness and maximum bowel wall enhancement per bowel segment. For 
maximum bowel wall thickness limits of agreement were calculated as well. Agreement 
between radiological grading of disease (MRIend based) and endoscopic grading of disease 
was determined using weighted kappa statistics. Spearman correlation coefficients were 
determined between MRI grading (MRIend based) and CDEIS, and between overall MRI 
grading (MRItotal) and the secondary reference parameters (CRP and CDAI). Correlation 
coefficients were also calculated between two independent MRI parameters (i.e. bowel 
wall thickness and bowel wall enhancement) and the reference parameters. 

Differences in patient experience regarding both examinations were tested for 
statistical significance using Wilcoxon matched pairs signed rank sum test; differences 
in patient preference were tested using the Fisher exact test after dichotomizing the 
parameter (preference for MRI versus preference for ileocolonoscopy). Kappa values were 
interpreted according to Altman [36]. Correlation coefficient values were interpreted as 
follows: 0.0 no association, 0.2 weakly correlated, 0.5 moderately correlated, 0.8 strongly 
correlated and 1.0 perfectly correlated [37]. P-values <0.05 were considered statistically 
significant. 

resuLTs

From April 1st 2004 to December 17th 2004 22 patients were included in this study. 
MRI examinations were carried out within a median of 5 days (range 1-48 days) of 
ileocolonoscopy. One patient was excluded as the MR examination was not completed 
due to nausea and vomiting after administration of intravenous contrast medium. 
Another patient was excluded as high dose intravenous steroids were started before the 
MRI had taken place. Therefore a total of 20 patients could be evaluated of whom 
baseline characteristics are shown in table 1.

In the past, seven patients had undergone ileocecal resection; in these patients the 
neoterminal ileum was scored as terminal ileum. In one of these patients the ascending 
colon was removed as well. In six patients no complete evaluation of colon and terminal 
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Table 1. Demographic characteristics and severity indices of the study population.

Number

Patients included 20

Male/female �/13

Age in years: mean, ± sd (range) 36 ± 13 (22-58)

Disease history: Surgery (ileocecal resection) �

Categories (no/mild/moderate/severe) 5/9/5/1

CDEIS
     Mean, ± sd
     Median
     Range (IQR)

3.8 ± 3.3
3.4

0-11 (1.0 - 5.5)

CDAI
     Mean, ± sd 
     Median
     Range (IQR)   

161 ± 96
143

14-376 (96-226)
CRP
     Mean, ± sd
     Median
     Range (IQR)

13.3 ± 19.6
�.2

1.0 - 83.3 (2.2 -6.2)

sd: standard deviation. IQR: inter quartile range.

ileum was possible; in one patient the endoscope could only be introduced as far as the 
hepatic f lexure, in five patients the endoscope could only be introduced as far as the 
cecum. As a result, a total of 92 bowel segments could be evaluated endoscopically.

Image Quality
Theoretically, a total of 159 bowel segments could be evaluated on MRI. However, in 8 
examinations the rectum was incompletely visible, leading to 151 qualitatively assessable 
segments. 

Complete bowel distension was observed in 40 segments (26.5%), adequate distension 
in 47 (31%), and poor distension in 48 (32%) segments. Completely collapsed bowel was 
observed in 16 (10.5%) segments. Best distension of bowel was observed in the terminal 
ileum, ascending colon and transverse colon. Duodenum and jejunum were inadequately 
distended in most patients (poor distension or completely collapsed bowel in respectively 
19 and 15 segments). The descending colon was poorly distended or completely collapsed 
in 14 patients; for the rectum this was the case in 4 patients. Homogeneity of bowel 
contents was scored as poor in 84 segments (56%), moderate in 38 segments (25%), good 
in 26 (17%) and very good in three (2%) segments. 
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Bowel wall could not adequately be identified in 6 segments (4%); only portions were 
seen in 82 (54%); in 8 segments (5%) bowel wall was seen without clear delineation; in 
54 segments (36%) bowel wall could be clearly seen, while in one bowel segment (1%) 
bowel wall delineation was excellent. 

Overall image quality was scored as moderate in 3, good in 14 and very good in 3 
examinations. In seven examinations T1-weighted sequences were affected by motion 
artifacts (peristalsis/ breathing). In none of the examinations chemical shift artifacts,   
susceptibility artifacts or contrast inhomogeneity were rated as disturbing image 
quality. 

Table 2. Comparison of grading of Crohn’s disease activity by MRI and endoscopy.

MR Ileocolonoscopy

Remission Mild Moderate Severe Total

Remission 0 / 4 0 / 1 0 / 0 0 / 0 0 / 5

Mild 5 / 1 8 / � 3 / 2 0 / 0 1� / 10

Moderate 0 / 0 1 / 1 2 / 2 1 / 1 4 / 4

Severe 0 / 0 0 / 0 0 / 1 0 / 0 0 / 1

Total 5 9 5 1 20

Grading of the first MRI observer is shown left of the slash, of the second observer right of the slash.

Table 3. Correlation between MRI and CDEIS.

MRICSbased Bowel wall thickness Bowel wall 
enhancement

Observer 1 2 1 2 1 2

CDEIS
0.283 

p=0.240
0.303

p=0.20�

Segmental 
CDEIS

0.312
p=0.004

0.495
p<0.001

0.288
p=0.008

0.311
p=0.003

MRItotal

Observer 1 Observer 2

CRP
0.540

p=0.015
0.590

p=0.00�

CDAI
0.222

p=0.348
0.120

p=0.�18

Table 4. Correlation between MRI and 
secondary reference parameters
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Interobserver Variability
Interobserver agreement showed kappa values of 0.34 (95% CI 0.06–0.61) for                 
MRIend based and 0.59 (95% CI 0.30–0.89) for MRItotal.

Significant correlations were found for maximum bowel wall thickness at the proximal 
ileum r= 0.77 (P<0.001), terminal ileum r= 0.55 (P=0.011) and transverse colon (r= 0.57, 
P=0.009). Limits of agreement showed a mean difference of 1.6mm (± 1.96*1.7, range 0 
to 9mm, median 1.0mm). In seven bowel segments measurements of maximum bowel 
wall thickness differed more than 5mm. 

For subjective bowel wall enhancement (no/mild/moderate/strong) a moderate 
correlation was found between the two observers (r= 0.54, P<0.001). A weak to moderate 
correlation (r=0.39, P<0.001) between the two observers was found for bowel wall 
enhancement compared with enhancement of internal organs.

      
Agreement Between MrI and reference Parameters
For the first observer grading of disease severity corresponded completely with endoscopic 
grading in 10 patients, while in 10 patients one grade of difference was scored (weighted 
kappa 0.42, 95% CI 0.17-0.67) (table 2). 

For observer 2 radiological grading corresponded with endoscopic grading in 13 
patients, while in 7 patients MR based grading differed 1 grade from endoscopic grading 
(weighted kappa 0.74, 95% CI 0.58–0.90) (table 2).

Comparing MRI grading (end based) with CDEIS no statistically significant 
correlation was found for either observer. However, no significant correlation was found 
either (r=0.390, P=0.099) between endoscopic grading and CDEIS.

Between bowel wall thickness and segmental CDEIS a weak (observer 1) to moderate 
(observer 2) correlation was found, while for bowel wall enhancement correlation was 
weak for both observers (table 3). 

For both observers moderate correlations were observed between radiological grading 
of disease (MRItotal) and CRP whereas no significant correlations were found between 
CDAI and radiological grading (table 4). 

Mural Abnormalities 
At endoscopy seven stenoses –all in the terminal ileum- were identified by the endoscopist 
(figure 1). In two patients balloon dilatation was undertaken during the same session. In 
neither of these patients intubation of the terminal ileum was performed after dilatation 
which in one person was due to persistent narrowing of the anastomosis. Observer 1 
correctly identified the six remaining stenoses of the terminal ileum; observer 2 correctly 
identified five of the six stenoses of the terminal ileum and scored the remaining stenosis 
as situated in the ileum proximally of the terminal ileum; observer 1 scored this stenosis 
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Figure 1. 41-year old female patient with Crohn’s disease of the neoterminal ileum.  At 
ileocolonoscopy a pinpoint stenosis was seen. After balloon dilatation swollen mucosa with 
deep ulcerations was seen in the neoterminal ileum. a. Coronal T2-weighted image shows 
wall thickening (arrow) of the neoterminal ileum. b. Axial T2-weighted image again shows the 
thickened bowel wall (arrow). c. Axial T1-weighted image after administration of intravenous 
contrast medium shows the thickened bowel wall; mucosa and serosa of the bowel wall 
enhance more strongly than the muscular layer, providing a layered enhancement pattern. 

Figure 2. 22-year old female patient with Crohn’s disease. At ileocolonoscopy intubation 
of the terminal ileum was impossible due to stenosis. a. Axial T2-weighted image shows the 
thickened bowel wall (arrow) of the terminal ileum. Infiltration of the surrounding mesenterial 
fat is seen (arrowheads). b. Axial T1-weighted image after administration of intravenous 
contrast medium shows enhancement of bowel wall of the ileum with increased mesenterial 
vascularisation (arrowheads). c. Endoscopic image shows the stenotic terminal ileum. 

as involving both terminal ileum and several centimeters beyond.  
In two patients a stenosis of the terminal ileum was seen by both observers that was 

not confirmed by endoscopy. However, in one subsequently operated patient pathological 
examination of the resected bowel revealed macroscopically thickened bowel wall of the 
ileum with active inf lammation. In the other patient endoscopy had only been performed 
until the hepatic f lexure. At three earlier ileocolonoscopies performed in the previous 12 
months a stenosis of the terminal ileum had been seen. 

 a  b  c

 c a  b
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Additionally, both observers identified stenoses that were not observed by the endoscopist; 
observer 1 identified one stenosis of the terminal ileum and one in the descending 
colon/sigmoid. Observer 2 identified 5 additional stenoses of the terminal ileum. These 
stenoses were considered false positive findings, as no verification of MR findings was 
performed. In none of the MRI examinations a cobblestone-pattern or deep ulcerations 
was apparent, while endoscopically in three patients deep ulcerations were seen. 

extraintestinal Findings
Lymphadenopathy (short axis >1cm) was only seen in 1 patient, of whom endoscopically 
disease activity was graded as moderate. Presence of fibrofatty proliferation or mesenterial 
hypervascularity (figure 2) was not associated with presence of active disease as graded by 
the endoscopist. Neither was presence of fibrofatty proliferation associated with longer 
duration of disease. In one patient a large abscess was seen by both observers. Observer 1 
identified 3 ileo-ileal fistulas, of which none were identified by observer 2. 

Patient experience
All patients completed the questionnaire. However, three patients provided incomplete 
information regarding the rating of the burden of the two examinations and the bowel 
preparation for ileocolonoscopy. Overall, patients ranked the MRI examination as least 
burdensome, followed by the bowel preparation with isphagula. Bowel preparation with 
polyethylene glycol was ranked third, while most patients considered ileocolonoscopy as 
the most burdensome. Patient ratings regarding the respective bowel preparations and 
the discomfort experienced during the examinations are shown in figure 3 and 4.  

When asked whether patients would prefer MRI or ileocolonoscopy in the future, 17 
patients answered they would definitely prefer MRI, the remaining 3 patients responded 
they most probably would prefer MRI.

Differences in experience and preference between MRI and ileocolonoscopy were all 
statistically significant (P<0.01).

dIsCussIon 

This study demonstrates that using field strength of 3.0 Tesla radiological grading of 
disease shows moderate to good agreement with endoscopic grading of disease and 
moderate correlation with CDEIS. This study also shows that patients prefer MRI 
over ileocolonoscopy regarding the examinations as well as their respective bowel 
preparations. 

Agreement between radiological and endoscopic grading was moderate for observer 
1, while good agreement was found for observer 2. This difference in agreement was 
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mostly caused by observer 1 grading all patients in remission as having mildly active 
disease. These false positive MR results can be largely attributed to the fact that observer 
1 more readily identified mesenteric hypervascularity than observer 2 and judged this 
to be proof of active disease in patients whom the endoscopist identified as in remission. 
If mesenteric hypervascularization was discarded as proofing disease, better agreement 
between endoscopic and radiological scoring would result for observer 1. 

Mesenteric hypervascularity, which in several studies has been mentioned as indicative 
of active disease [6,7,31,32] might be more pronounced at 3.0 Tesla. It is known that 
f low appears brighter at 3.0 Tesla than at 1.5 Tesla, due to the longer T1 of the tissues at 
higher field strength. This results in enhanced contrast of tissue with inf lowing blood 
that has not experienced the excitation pulse. This could also be true in mesenteric 
vessels.  

This discrepant result regarding mesenteric hypervascularization can likely be 
explained by the fact that the first observer -although very experienced in reading 
abdominal MR at 1.5 Tesla- was inexperienced at reading abdominal 3.0 Tesla MR. This 
serves to emphasize the importance of training abdominal radiologists when reading 
MR images acquired on a higher field system, as it appeared in this study that significant 
differences may occur between images of the bowel acquired at lower and higher field.

Figure 4. Ratings of discom-
fort experienced during ex-
aminations.

Figure 3. Ratings of burden 
of bowel preparation. 
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For both observers bowel wall enhancement, bowel wall thickening and mesenteric 
hypervascularizarion were key criteria for determining disease activity. However, 
differences in appraisal of these aspects have contributed to the low interobserver 
values as, besides mesenteric hypervascularization, enhancement of bowel segments was 
rated differently by the two observers in 75 of 151 assessable segments. In literature 
contrast enhancement has been described as one of the most important parameters that 
indicate active disease [9,27,29]. However, in these studies quantitative measurements of 
percentage of contrast enhancement were obtained only of the most diseased segment 
of bowel, subsequently correlating these values with endoscopic findings. Moreover, in 
theory technical problems (e.g. field inhomogeneity, proximity of the studied tissue to 
the coil) prevent extrapolation of these quantitative data to a general population of CD 
patients. 

In a recent study by Narin et al. [29] in all segments judged as inf lamed by MRI higher 
SNR value was seen compared with non-affected bowel. However, using this criterion 
as indicative of inf lammation, overestimation of disease was seen in colonic segments. 
In another recent study [30] mean SNR of colonic bowel segments measured in healthy 
volunteers was found to f luctuate after administration of intravenous contrast medium, 
displaying highest values in the rectum and lowest in the ascending colon. Although the 
correlations between segmental CDEIS and respectively enhancement and bowel wall 
thickness indicate that these are important parameters for determining disease activity, 
the large interobserver variability regarding these parameters in our study in addition to 
the results of the abovementioned studies, indicate that there is a need for large (multi- 
center) studies on MRI in CD in order to be able to determine accurate criteria for 
disease activity. 

CDEIS scores did not show a statistically significant correlation with radiological 
grading, as was the case for CDEIS and endoscopic grading of disease.  The fact that 
no correlation could be established between CDEIS and MR grading can be explained 
by the many colonic segments wherein disease was under –or overestimated by MRI. 
A possible explanation for the absence of significant correlation between CDEIS and 
endoscopic grading is the fact that even if no active disease is seen, presence of a non-
ulcerated stenosis will increase the CDEIS score by more than 3 points. 

Between MRtotal and CRP moderate correlation was found for both observers. Values 
of CRP –an inf lammatory marker- should be elevated in active inf lammatory disease. 
When performing overall radiological grading, all manifestations of Crohn’s disease 
including extraintestinal ones, are taken into account. No correlation between CRP and 
endoscopic grading was found, while there was a moderate correlation between MRItotal  
and CRP indicating that MRI could be considered a suitable indicator of inf lammatory 
activity outside endoscopic scope. 
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Between MRtotal and CDAI no correlation was found. A possible explanation for this 
is that the CDAI partly consist of subjective items (e.g. general well-being). It seems 
logical that a partly subjective index does not necessarily correlate with anatomy-based 
grading of disease activity. Our hypothesis is supported by earlier studies [2,38], showing 
low correlation coefficients between CDEIS and CDAI, and between individual MR 
parameters and CDAI [28].

To our knowledge seven prospective studies have been performed determining 
accuracy of MRI in assessment of CD in an adult population using endoscopy as gold 
standard [27-33].  However, in all but two of these studies [29,32] both patients with 
ulcerative colitis and with Crohn’s disease were included. Both one radiological as well 
as one endoscopic scoring system of inf lammatory activity (no disease, mild disease, 
marked disease) was used for the two subgroups of patients. As in ulcerative colitis 
inf lammation is exclusively mucosal while in CD transmural inf lammation is seen, 
theoretically more enhancement should be expected in CD than in ulcerative colitis. As 
pathological enhancement was considered one of the major parameters indicating active 
disease in the abovementioned studies, combined analysis of patients with CD and UC 
does not necessarily accurately ref lect diagnostic capacity of MRI.  

In the two studies exclusively focusing on CD patients combined evaluation of the 
small bowel and colon was performed by both orally and rectally administered contrast 
medium.  In the study by Schreyer et al. [32] sensitivity of 55.1% and specificity of 
98.2% were achieved for correct grading of inf lammatory activity. Segmental analysis 
showed correlation coefficients of 0.58 for the terminal ileum between radiological and 
endoscopic grading, which is in line with our results. However, these authors state that 
MRI is not suited to correctly assess mild inf lammation in CD as 22 segments were 
falsely assessed as not inf lamed on MRI while mild endoscopic activity was seen. In the 
study by Narin et al. [29] MRI overestimated disease in the colon. In both studies results 
for the terminal ileum were good, whereas for the colon lower accuracy was achieved, as 
was the case in our study. 

Several limitations of our study must be taken into consideration when interpreting 
study results: The lack of training for the first observer regarding abdominal imaging at 
3.0 Tesla was a serious f law of our study. This observer did already have a considerable 
experience with abdominal 1.5 Tesla MRI for CD; better agreement with endoscopic 
results was obtained at 1.5 Tesla for this observer in an earlier study regarding abdominal 
MR-imaging in CD [39]. We did not compare performance of 1.5 Tesla versus 3.0 Tesla; 
scanning the same patients both at 1.5 Tesla and at 3.0 Tesla would have improved 
our study design as direct comparison regarding image quality and accuracy in grading 
disease activity would have been possible. However, our results seem comparable to the 
two studies performed at 1.5 Tesla in CD patients. 
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Only a small number of patients was included in this study. All disease categories were 
represented, but only small numbers of patients were included per subgroup as the 
conducted study was a feasibility study. Moreover, no rectal filling of the colon was 
performed, hampering adequate assessment of bowel segments not filled with orally 
administered contrast medium. In literature false positive MR observations resulting 
from collapsed bowel displaying pathological enhancement have been described 
[23,24,32]. Finally, in this study we have kept our MR protocol invariant in order to 
obtain constant image quality, meaning that all patients were scanned with the same 
FOV and same image resolution. The choice of these parameters was made to provide a 
good SNR and good temporal resolution. However, this was achieved at the cost of spatial 
resolution. Theoretically, a higher spatial resolution could have aided in identifying 
ulceration or cobblestoning, but because of the abovementioned considerations, this was 
not achieved.

Before implementation of MRI can take place in the routine diagnostic care of CD 
patients, good radiological interobserver agreement is a prerequisite. To that end MRI 
parameters indicating inf lammation should be well-defined regarding different degrees 
of disease activity as development and validation of a standardized scoring system would 
probably greatly increase diagnostic reproducibility. Consequently, further studies 
evaluating combined small and large bowel MR imaging should be conducted in larger 
groups of CD patients representing the entire spectrum of disease. 

In conclusion, it is feasible to perform abdominal 3.0 Tesla MR using orally 
administered contrast medium for evaluation of CD and it can be considered a patient 
friendly alternative to ileocolonoscopy. 
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suMMAry

Advances in imaging techniques have made it possible to visualize the abdomen in a 
supposedly patient-friendly way. However, transition towards these more patient-
friendly techniques can only take place if the accuracy remains unchanged. In this thesis 
two supposedly patient-friendly radiological examination techniques are discussed; 
colonography (using magnetic resonance imaging or computed tomography) for 
detection of adenomatous polyps and colorectal cancer, and magnetic resonance 
imaging (MRI) of the small bowel and colon for evaluating disease activity in Crohn’s 
disease. 

Although endoscopy is well capable of evaluating the large bowel and the last part 
of the small bowel, the burden of the extensive bowel preparation and the pain and 
discomfort experienced during the examination are frequently quoted disadvantages. 
Especially when considering implementation of a technique for screening purposes, 
patient acceptance is important. Patient acceptance forms an important issue for Crohn’s 
disease patients as well, as these frequently need re-evaluation of disease activity. 

The use of MRI colonography (MRC) and computed tomography colonography 
(CTC) for polyp detection was the subject of the studies reported in the first part of this 
thesis. The use of MRI in determining disease activity in Crohn’s disease was the focus 
of the second part.

In chapter 2 we compared three different strategies using MRC with limited bowel 
preparation to evaluate the colon in a patient-friendly way. In the first strategy we used 
gadolinium as oral tagging agent and a gadolinium-water mixture for rectal filling 
(bright lumen), in the second we used barium orally and water rectally, and in the third 
strategy barium orally and air rectally. In strategy 2 and 3 (both dark lumen) gadolinium 
was injected intravenously. We concluded that the image quality was best for the bright 
lumen strategy using gadolinium for fecal tagging and the dark lumen strategy using 
barium for fecal tagging and air insuff lation for colonic distension. Regarding patient 
acceptance bowel preparation was rated least burdensome using the bright lumen strategy, 
while patient preference was comparable between all three strategies.

In view of these results, the bright lumen strategy was used in a relatively large group of 
200 patients at increased risk for colorectal cancer to determine the diagnostic accuracy 
(chapter 3) of MRC. All patients underwent MRC using limited bowel preparation 
approximately 2 weeks prior to colonoscopy. Two observers evaluated the MRI scans 
for presence of polyps. This study showed that specificity of MRC using limited bowel 
preparation was high (respectively 95 to 97%; 178 and 183 of the 188 patients without 
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large polyps), but its sensitivity was modest (respectively 58 to 67%, 7 and 8 of the 12 
patients with at least one large polyp) in a population with a personal or family history of 
colorectal polyps or cancer. When combining results of both observers, 75% of patients 
with large polyps could be identified. Per polyp sensitivity was 50 to 55% (respectively 
11 and 12 of 22) but 77% (17/22) when the results of both observers were combined. In 
retrospect 86% (19 of 22) of the large polyps were visible. In all patients with one or more 
large polyps at least one large polyp was detected.

Since patient acceptance is an important factor in deciding about screening, patients’ 
opinion of MRC using limited bowel preparation was compared to colonoscopy in 
chapter 4. Questionnaires were handed out at different time points during the study. 
Most patients (69%, P<0.001) preferred MRC without extensive cleansing to colonoscopy 
directly after both examinations and 5 weeks later, assuming a twenty percent chance of 
having to undergo a therapeutic colonoscopy afterwards. Although this preference shifted 
in time towards colonoscopy, 65% of patients still preferred MRC with limited bowel 
preparation in a questionnaire filled out at home at least 5 weeks after both examinations 
(P<0.001). This preference was mainly based on the limited bowel preparation necessary 
for MRC and the fact that less pain was experienced during MRC. Filling of the colon 
with water and the multiple breath-holds necessary were considered the most burdensome 
factors of MRC.
 
Previous studies, mostly done in high-risk patients, showed good results regarding polyp 
detection using CTC. In the study reported in chapter 5 the diagnostic accuracy of CTC 
was evaluated in a group of patients at increased risk for colorectal cancer (n=249). This 
study showed that CTC and colonoscopy have similar sensitivities of respectively 84% 
(26 of 31) and 81% (25 of 31), in detecting patients with large polyps. However, the large 
proportion of missed f lat lesions in CTC requires further study. Specificity was high 
(92%, 200 to 201 out of 218 patients without large polyps).

Although sensitivity and specificity of CTC using standard bowel preparation were 
good, this technique still requires the same extensive bowel preparation as colonoscopy. 
The diagnostic accuracy and patient acceptance of CTC using limited bowel preparation 
was therefore the topic of the study reported in chapter 6. We found an average per polyp 
sensitivity of 63% (respectively 9 and 10 of 15) for large polyps and 67% (8 of 12) for 
patients with large polyps, with a limited number of large false positive lesions. Thirteen 
of the 15 (87%) large polyps were visible in retrospect. The average per patient specificity 
was 88% (respectively 41 and 45 of 49 patients without large polyps). Patient acceptance 
was good: 71% of patients preferred CTC with limited bowel preparation to colonoscopy 
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for their next examination (P<0.001). The study also determined the effect of reducing 
radiation dose. Dose reduction up to 6mAs (10-fold dose reduction of the currently used 
low dose protocols) was feasible and showed no significantly different sensitivity and 
specificity for patients with large polyps. For patients with polyps ≥6mm, specificity was 
significantly lower (P=0.003) at 6mAs when compared to the original dose.

Since differences in sensitivity in large studies on CTC can (partly) be explained by 
the review method used, a study was performed to evaluate the difference in diagnostic 
accuracy between a primary 2D and a primary 3D review method. This study, described 
in chapter 7, concluded that although a primary 3D evaluation technique showed a trend 
towards less perceptive errors, no significant differences (p=0.06) were found in the 
detection of large polyps between a primary 3D and 2D review. The primary 3D review 
method showed a higher number of false positive findings.

Chapter 8 focused on MRI as a patient-friendly technique to evaluate the bowel in patients 
with Crohn’s disease. Since literature regarding the value of MRI in determining degree 
of disease activity was limited, a study was performed using grading at ileocolonoscopy 
and the Crohn’s Disease Endoscopic Index of Severity (CDEIS) as the reference standard. 
This study demonstrates that the radiological grading of disease severity showed moderate 
to good agreement when compared with the endoscopic grading (weighted kappa: 0.59-
0.68) and correlated moderately to strongly when compared to the CDEIS (r=0.61-0.62, 
P<0.001). Patients preferred MRI to ileocolonoscopy for their next examination since 
both the bowel preparation and the examination itself were considered less burdensome. 
Additionally, MRI had the advantage of identifying inf lammatory activity and stenoses 
in all bowel segments, including small bowel segments, and of detecting extra-intestinal 
findings without requiring ionizing radiation.

Two determinants of rating disease activity in Crohn’s disease were bowel wall thickening 
and enhancement. Since bowel wall can be thickened in the absence of active inf lammation, 
pathological enhancement could be the most accurate and objective indicator of disease 
activity. In chapter 9 different enhancement parameters were studied using dynamic 
MRI imaging in Crohn’s disease patients. The data from this study suggested that the 
ratio of bowel wall enhancement after intravenous gadodiamide administration and the 
bowel wall thickness, both based on static images, were weak to moderate indicators 
of the severity of Crohn’s disease (respectively r=0.29, P=0.045 and r=0.47, P=0.003). 
Dynamic enhancement curves did not provide extra information.

Using higher MRI field strength (3.0 Tesla instead of 1.5 Tesla) for abdominal imaging 



Chapter 11

211

might improve accuracy in grading disease activity as the advantages of higher field 
strength can be used to improve image quality while patient acceptance remains 
unchanged. However, factors such as field inhomogeneities and artifacts may decrease 
image quality. We studied the value of 3.0 Tesla MRI in Crohn’s disease (chapter 10) 
and observed moderate to good agreement with endoscopic grading of disease (weighted 
kappa 0.42-0.74) but no significant correlation with the CDEIS. The study also showed 
that patients preferred MRI over ileocolonoscopy.

ConCLusIons And IMPLICATIons

Combining these results on CTC and MRC we conclude that MRC using limited bowel 
preparation is a safe and patient-friendly alternative to colonoscopy. However, its sensitivity 
is modest. CTC after extensive cleansing showed better results regarding diagnostic 
accuracy, with a sensitivity for large (≥10mm) polyps comparable to colonoscopy. CTC 
with limited bowel preparation showed, although in a smaller study group, modest 
sensitivity, but patient acceptance was very good. Simulated low dose scanning protocols 
in CTC with limited bowel preparation did not reduce sensitivity.

Differences in sensitivity between MRC using limited bowel preparation and CTC 
after extensive cleansing can be explained by many factors. These include the modality 
itself (MRC versus CTC), the limited bowel preparation used (rendering detection of 
polyps more difficult), or by the different review methods used (2D in limited bowel 
preparation and primary 3D when using extensive cleansing). The latter explanation is 
possibly not of major importance since no statistically significant difference was observed 
when directly comparing a primary 2D and a primary 3D review method. 

Many lesions that wer no detected by the observers, were visible in retrospect with 
both MRC and CTC using limited bowel preparation. We think this could be due to an 
interpretation problem. For MRC, the large number of series that has to be evaluated, the 
thick slices (polyps being visible in only one or two slices) and bowel movement artifacts 
probably have contributed to the interpretation problem. For CTC the inhomogeneity 
of the stool present in the bowel may explain the number of polyps missed at review. 
Although MRC was favored over colonoscopy, we believe that implementation of MRC 
using limited bowel preparation for large-scale use has to await technical improvements 
(e.g. improvement of spatial resolution and shorter acquisition times). For the near future, 
CTC using limited bowel preparation seems to be a better option for screening. 

Short-term investigation of CTC should concentrate on the use of a different 
limited bowel preparation regimen, making the stool softer or liquid (to obtain better 
homogeneity) while minimizing the number of air-f luid levels (less f luid to facilitate 
the administration and distribution of air) as this might improve diagnostic accuracy. 
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Moreover, these adjustments would provide an opportunity for electronic cleansing, 
3D evaluation and computed aided diagnosis (software automatically detecting polyp-
candidates). In this way patient acceptance would not be substantially affected while the 
diagnostic accuracy of CTC could possibly be improved.

Flat lesions form a major problem for all techniques. Since these polyps are more 
or less in plane with the bowel wall and have a density at CTC and signal intensity at 
MRC comparable to normal bowel wall, they are difficult to detect, even in retrospect. 
Although these polyps sometimes can be visualized using intravenous contrast agents, the 
disadvantages associated with routine administration of intravenous contrast most likely 
do not outweigh the limited number of extra polyps detected. Using molecular imaging, 
a novel technique, enhancement of adenomas/polyps or carcinomas by selectively labeling 
them, may be feasible. This technique would probably increase the detection rate of all 
polyps and carcinomas, including f lat polyps.

 
Regarding Crohn’s disease, MRI (without using gastrojejunal intubation) showed good 
results in determining the degree of disease severity. This was the case both at a field 
strength of 1.5 Tesla as well as at a higher field strength of 3.0 Tesla. For this application, 
MRI once again showed to be a patient-friendly technique. Unfortunately, MRI is not 
capable of directly visualizing the mucosa of the bowel wall. Although wall thickening 
and increased enhancement are indicative of active disease, these parameters cannot be 
used to objectively differentiate between different grades of disease activity as no clear-
cut criteria are available yet for disease grading.

We feel future research should focus on the development of objective parameters 
for disease activity, making this technique a good follow-up technique with equivalent 
diagnostic accuracy compared with other diagnostic techniques. These competitive 
techniques include capsule endoscopy (a camera in a pill that is swallowed and sends 
images of the mucosal surface to a computer; also called wireless endoscopy) and double 
balloon endoscopy (long scope with two balloons that are alternately inf lated with air 
thereby allowing complete visualization of the small bowel). 

Although studies have shown that (Doppler) ultrasonography, computed tomography 
and leukocyte scintigraphy are able to detect active Crohn’s disease, until now their role has 
been limited, since the ability to quantify disease severity is not thoroughly investigated. 
These techniques have also difficulties in detecting extra-intestinal complications (in 
case of scintigraphy), are operator dependent (ultrasound), are time consuming and 
expensive (scintigraphy) and involve ionizing radiation exposure (computed tomography 
and scintigraphy). 

Using capsule endoscopy and double balloon endoscopy, often in combination 
with colonoscopy, the entire bowel mucosa can be visualized endoscopically. MRI has 
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the advantage of visualizing the entire abdomen in a patient-friendly manner. If the 
diagnostic accuracy of MRI could be improved, MRI could be used as a one-stop shop 
technique for the evaluation of disease activity of the small bowel and colon as well as 
extra-intestinal pathology.

Molecular imaging is a promising technique for Crohn’s disease as well as for colorectal 
cancer screening. In theory this technique could be capable of revealing Crohn’s disease 
affected segments by selectively labeling them with a contrast medium or radionuclide 
agent, but also by selectively distributing drugs to only the effected segments, thereby 
optimizing therapy and limiting side-effects. 

In conclusion, recent developments in radiology provide the opportunity to evaluate 
the bowel and abdomen in a patient-friendly way, which is especially of interest for the 
detection of colorectal polyps and cancer, and for Crohn’s disease. Full preparation CTC 
has shown comparable sensitivity to colonoscopy in detecting large colorectal polyps. We 
think that the large-scale use of limited bowel preparation CTC or MRC has to await 
further improvements. However, minor adjustments in preparation possibly will make 
low-radiation-dose CTC a patient-friendly alternative to colonoscopy in the short term. 
Regarding Crohn’s disease, MRI seems a patient-friendly alternative to ileocolonoscopy 
and even provides addition information of small bowel segments not visualized at 
ileocolonoscopy. Although objective parameters are currently lacking, MRI is capable of 
determining the severity of Crohn’s disease. 
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sAMenVATTInG

Door de vooruitgang in beeldvormende technieken, is het mogelijk om de buik op een 
patiëntvriendelijke manier te visualiseren. De overgang naar deze patiëntvriendelijke 
technieken kan echter alleen plaatsvinden als de accuratesse (nauwkeurigheid) gelijk 
blijft. 

In dit proefschrift worden twee verondersteld patiëntvriendelijke radiologische 
onderzoekstechnieken geëvalueerd; colografie (daarbij gebruik makend van Magnetic 
Resonance Imaging ook wel MRI of Computer Tomografie ook wel CT) voor de detectie 
van adenomateuze poliepen (voorstadia van dikkedarmkanker) en dikkedarmkanker, 
en MRI van de dunne en dikke darm voor de evaluatie van ziekteactiviteit bij de ziekte 
van Crohn.

Hoewel endoscopie (onderzoek met behulp van een kijkslang) goed in staat is om de 
dikke darm en het laatste deel van de dunne darm te onderzoeken, zijn de belasting van 
de noodzakelijke uitgebreide darmvoorbereiding en de pijn en het ongemak die ervaren 
worden tijdens het onderzoek bekende nadelen.

Patiëntenacceptatie van een onderzoek is een belangrijk punt, zeker wanneer het 
implementatie van een screeningsonderzoek betreft. Ook bij de ziekte van Crohn speelt 
patiëntenacceptatie een belangrijke rol aangezien deze patiënten veelvuldig onderzocht 
worden om de ziekteactiviteit te evalueren. 

MRI colografie (MRC) en CT colografie (CTC) voor het detecteren van poliepen was 
het onderwerp in het eerste deel van dit proefschrift. Het gebruik van MRI voor het 
bepalen van de ziekteactiviteit bij de ziekte van Crohn was onderwerp van het tweede 
deel van dit proefschrift.

In hoofdstuk twee vergeleken we drie verschillende strategieën met betrekking tot MRC, 
waarbij gebruik werd gemaakt van beperkte darmvoorbereiding om de dikke darm op een 
patiëntvriendelijke manier te beoordelen. Bij de eerste strategie gebruikten we gadolinium 
als oraal contrastmiddel (bij de maaltijd in te nemen) voor het aankleuren van ontlasting 
en een gadolinium-water mengsel om de dikke darm via het rectum te vullen om zo de 
dikke darm te ontplooien (‘bright lumen’ strategie). Bij de tweede strategie gebruikten 
we barium als oraal contrastmiddel en water als rectaal contrastmiddel, en bij de derde 
strategie gebruikten we barium als oraal contrastmiddel en lucht rectaal. Bij strategie twee 
en drie (de ‘dark lumen’ strategieën) werd een contrastmiddel (gadolinium) intraveneus 
toegediend. We concludeerden dat de beeldkwaliteit het best was bij de ‘bright lumen’ 
strategie waarbij we oraal gadolinium gaven en rectaal vulden met het water-gadolinium 
mengsel en de ‘dark lumen’ strategie waarbij we barium als oraal contrastmiddel gaven 
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en lucht rectaal in bliezen. Met het oog op patiëntenacceptatie was de ‘bright lumen’ 
strategie het minst belastend. Met betrekking tot voorkeur voor MRC of coloscopie, 
waren er geen verschillen tussen de drie strategieën. Bij alle drie de strategieën was er een 
duidelijke voorkeur voor MRC.

Uitgaande van deze resultaten hebben we de ‘bright lumen’ strategie in een relatief grote 
groep van 200 patiënten met een verhoogd risico op dikkedarmkanker onderzocht 
om de diagnostische accuratesse van MRC te bepalen (hoofdstuk drie). Alle patiënten 
ondergingen MRC met beperkte darmvoorbereiding ongeveer twee weken voor 
coloscopie (kijkslang onderzoek van de dikke darm). Twee beoordelaars evalueerden de 
MRC-scans op de aanwezigheid op poliepen en dikkedarmkanker. Deze studie toonde 
een hoge specificiteit (95 tot 97%; respectievelijk 178 en 183 van de 188 patiënten 
zonder grote poliepen) maar een matige sensitiviteit (respectievelijk 58 tot 67%, 7 en 8 
van de 12 patiënten met tenminste een poliep ≥10mm) in een patiëntenpopulatie met 
een persoonlijke voorgeschiedenis of positieve familieanamnese voor darmpoliepen of 
dikkedarmkanker. Wanneer de resultaten van beide beoordelaars gecombineerd werden, 
werd 75% van de patiënten met een grote poliep (≥10mm) herkend. Wanneer de poliepen 
gevonden met coloscopie op de MRC onderzoeken werden teruggezocht, was 86% (19 
van de 20) van de grote poliepen zichtbaar. In alle patiënten die bij coloscopie tenminste 
één grote poliep hadden, kon tenminste één grote poliep op het MRC onderzoek worden 
terug gevonden.

Aangezien patiëntenacceptatie een belangrijke factor is bij het beslissen of een onderzoek 
bruikbaar is voor screening, werd in hoofdstuk vier de mening van patiënten met 
betrekking tot MRC met beperkte darmvoorbereiding onderzocht. Op verschillende 
tijdstippen gedurende de studie werden vragenlijsten ingevuld. De meeste patiënten 
(69%, P<0,001) gaven de voorkeur aan MRC met beperkte darmvoorbereiding boven 
coloscopie direct na de beide onderzoeken, waarbij ze er vanuit gingen dat er een kans 
van 20% was dat ze na de MRC alsnog een therapeutische coloscopie moesten ondergaan. 
In een vragenlijst die vijf weken later thuis was ingevuld, gaf 65% van de patiënten 
voorkeur aan MRC. De beperkte darmvoorbereiding die nodig was voor MRC en het 
feit dat de MRC minder pijnlijk was dan de coloscopie waren de belangrijkste redenen 
om voor MRC te kiezen. De belangrijkste nadelen van MRC waren het feit dat de darm 
met water gevuld moest worden en de veelvuldige adempauzes die nodig waren tijdens 
het scannen.

Voorgaande studies, meestal in patiëntengroepen met een hoog risico op dikkedarmkanker, 
toonden goede resultaten met betrekking tot poliepdetectie met behulp van CTC. 
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In hoofdstuk vijf werd de diagnostische accuratesse van CTC in een patiëntengroep 
(n=249) met een verhoogd risico op dikkedarmkanker bestudeerd. Deze studie toonde 
aan dat CTC een sensitiviteit heeft die vergelijkbaar is met coloscopie (respectievelijk 
84%; 26 van de 31 en 81%; 25 van de 31), met betrekking tot de detectie van grote 
poliepen. Het relatief grote aantal vlakke laesies dat met CTC gemist was, vraagt om 
nader onderzoek. De specificiteit van CTC was hoog (92%; 200-201/218 patiënten 
zonder één grote poliep). 

Alhoewel de sensitiviteit en specificiteit van CTC goed waren, was bij deze techniek 
dezelfde uitgebreide darmvoorbereiding nodig als bij coloscopie. In hoofdstuk zes werden 
daarom de diagnostische accuratesse en patiëntenacceptatie van CTC met beperkte 
darmvoorbereiding onderzocht. Deze studie toonde een gemiddelde sensitiviteit voor 
patiënten met grote poliepen van 63% (respectievelijk 9 en 10 van de 15) per poliep 
en 67% (8 van de 12) voor patiënten met een grote poliep, met een beperkt aantal vals 
positieve laesies. Op basis van de coloscopie resultaten konden 13 van de 15 (87%) 
grote poliepen terug gevonden worden. De specificiteit per patiënt was gemiddeld 88% 
(respectievelijk 41 en 45 van de 49 patiënten zonder grote poliep). De patiëntenacceptatie 
was goed: 71% van de patiënten gaf de voorkeur aan CT met beperkte voorbereiding als 
vervolgonderzoek boven coloscopie (P<0,001). Ook werd in deze studie het effect van 
het reduceren van de stralingsdosis bestudeerd. Reductie van de stralingsdosis tot 6mAs 
(een tienvoudige reductie in vergelijking met de huidige scanprotocollen; ±60mAs) was 
mogelijk en toonde geen significant verschillende sensitiviteit en specificiteit voor de 
detectie van grote poliepen. Met betrekking tot patiënten met poliepen ≥6mm werd een 
significant lagere specificiteit (P=0,003) gevonden bij het gesimuleerde 6mAs niveau, in 
vergelijking met de originele data. 

Aangezien verschillen in sensitiviteit in enkele grote studies deels verklaard werden door de 
beoordelingsmethode, werd een studie verricht die een primaire tweedimensionale (2D) 
beoordelingsmethode met een primaire driedimensionale (3D) beoordelingsmethode 
vergeleek met betrekking tot diagnostische accuratesse. Deze studie, beschreven in 
hoofdstuk zeven, concludeerde dat hoewel een primaire 3D beoordelingsmethode een 
trend toonde naar minder perceptieve fouten, er geen significante verschillen (P=0,06) 
werden gevonden in de detectie van grote poliepen tussen deze twee methoden. De 3D 
beoordelingsmethode toonde een groter aantal vals positieve bevindingen. 

Hoofdstuk acht richtte zich op MRI als patiëntvriendelijke techniek bij het evalueren van 
de buik bij patiënten met de ziekte van Crohn. Aangezien de literatuur over de waarde 
van MRI bij het beoordelen van de ernst bij de ziekte van Crohn beperkt was, werd een 
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studie verricht die stagering van ernst op basis van ileocoloscopie (kijkslangonderzoek 
van de dikke darm en laatste deel van de dunne darm) en de “Crohn’s Disease Endoscopic 
Index of Severity” (CDEIS) als gouden standaard gebruikte. Deze studie toonde aan 
dat de radiologische stagering van de ziekteactiviteit matig tot goed overeenstemde 
(agreement) met de endoscopische stagering (gewogen kappa 0,59-0,68 ) en dat deze 
matig tot sterk correleerde met de CDEIS (r=0,61-0,62; P<0,001). Patiënten gaven de 
voorkeur aan MRI boven coloscopie voor hun vervolgonderzoek aangezien zowel de 
darmvoorbereiding als het onderzoek zelf als minder belastend ervaren werden. MRI 
heeft bovendien het voordeel dat ziekteactiviteit en mate van obstructie kunnen worden 
bepaald in alle darmsegmenten, inclusief dunne darm segmenten, en dat het in staat is 
extra-intestinale manifestaties te visualiseren zonder gebruik te maken van radioactieve 
straling.

Twee belangrijke factoren bij het beoordelen van de ziekteactiviteit bij de ziekte van 
Crohn zijn darmwandverdikking en -aankleuring na intraveneus (via een infuus in 
een ader toegediend) contrastmiddel. Aangezien de darmwand verdikt kan zijn zonder 
actieve ontsteking, zou aankleuring de meest nauwkeurige en objectieve indicator 
kunnen zijn voor de mate van ziekteactiviteit. In hoofdstuk negen werden verschillende 
parameters met betrekking tot aankleuring bestudeerd, waarbij gebruik gemaakt 
werd van dynamische MRI beeldvorming bij patiënten met de ziekte van Crohn. De 
resultaten van deze studie toonden aan dat de ratio van de darmwandaankleuring na 
intraveneus contrast ten opzichte van vóór contrast, en de wanddikte, beide gebaseerd 
op statische beelden, zwakke tot matige indicatoren zijn voor de ernst van de ziekte 
van Crohn (correlatie respectievelijk r=0,29; P=0,045 en r=0,47; P=0,003). Dynamische 
aankleuringscurven hadden geen meerwaarde.

Het gebruik van een MRI met een hogere veldsterkte (3,0 Tesla in plaats van 1,5 Tesla) 
bij de beeldvorming van de buik zou de accuratesse bij het bepalen van de ernst kunnen 
verbeteren aangezien de hogere veldsterkte gebruikt kan worden om de beeldkwaliteit 
te verbeteren terwijl de patiëntenacceptatie gelijk blijft. Echter, andere factoren zoals 
veldinhomogeniteit en artefacten kunnen de beeldkwaliteit verslechteren. De waarde van 
3,0 Tesla MRI bij de ziekte van Crohn werd bestudeerd in hoofdstuk tien en toonde een 
matige tot goede overeenkomst (agreement) met de endoscopische stagering (gewogen 
kappa 0,42-0,74). Er werd echter geen significante correlatie gevonden met de CDEIS. 
De studie toonde ook aan dat patiënten voorkeur gaven aan MRI boven ileocoloscopie.
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ConCLusIes en IMPLICATIes

Wanneer we deze resultaten van CTC en MRC combineren kunnen we concluderen 
dat MRC met beperkte darmvoorbereiding een veilig en patiëntvriendelijk alternatief is 
voor coloscopie. De sensitiviteit is echter matig; CTC na uitgebreide darmvoorbereiding 
toont betere resultaten met betrekking tot diagnostische accuratesse. Hiervan is de 
sensitiviteit voor de detectie van grote poliepen vergelijkbaar met coloscopie. CTC met 
beperkte darmvoorbereiding heeft een matige sensitiviteit maar de patiëntenacceptatie 
is goed. Verlaging van de stralingsdosis bij CTC met beperkte darmvoorbereiding is 
waarschijnlijk mogelijk zonder afname van de sensitiviteit. 
Verschillen in sensitiviteit tussen MRC en CTC met beperkte darmvoorbereiding en 
CTC met uitgebreide darmvoorbereiding kunnen verklaard worden door verschillende 
factoren: bijvoorbeeld de beperkte darmvoorbereiding die gebruikt wordt (waardoor 
poliepen mogelijk bedekt worden en minder goed zichtbaar zijn), de modaliteit die 
gebruikt wordt (MRI versus CT), of de beoordelingsmethode die gebruikt wordt (2D 
bij beperkte darmvoorbereiding en primair 3D bij uitgebreide darmvoorbereiding). Deze 
laatste verklaring is waarschijnlijk niet van grote betekenis aangezien er geen statistisch 
significante verschillen gezien werden bij een directe vergelijking tussen een primaire 2D 
en een primaire 3D beoordelingsmethode.
Zowel bij MRC als CTC met beperkte darmvoorbereiding konden relatief veel laesies 
die door de beoordelaars waren gemist alsnog teruggevonden worden met behulp van de 
coloscopie-resultaten (retrospectief ). Daarom denken we dat de matige sensitiviteit met 
name door een interpretatieprobleem veroorzaakt is. Met betrekking tot MRC lijkt het 
grote aantal series dat beoordeeld moet worden, de dikke plakken waarmee gescand wordt 
(waardoor poliepen in slechts een of twee plakken zichtbaar zijn) en darmbewegingsartefacten 
voor een belangrijk deel bij te dragen aan dit interpretatieprobleem. Bij CTC lijkt de 
inhomogeniteit van de ontlasting die in de darm aanwezig is, het relatief grote aantal (bij 
de initiële beoordeling) gemiste poliepen te verklaren. Ondanks dat MRC werd verkozen 
boven coloscopie, denken we dat de implementatie van het gebruik (op grote schaal) 
van MRC met beperkte darmvoorbereiding afhankelijk is van technische verbeteringen 
(bijvoorbeeld verbeteren van spatiële resolutie en het verkorten van scantijden). Op korte 
termijn is CTC met beperkte darmvoorbereiding waarschijnlijk een betere optie voor 
screening. 

Op de korte termijn zou het onderzoek met betrekking tot CTC zich daarom 
moeten richten op verschillende strategieën met beperkte darmvoorbereiding. Hierbij 
zou de ontlasting waarschijnlijk zachter moeten worden (om een betere homogeniteit 
te bewerkstellingen) terwijl het aantal lucht-vloeistof spiegels geminimaliseerd wordt 
(de verdeling van de lucht door de darm gaat beter zonder vloeistof in de darm) om 
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zo de diagnostische accuratesse te verbeteren. Deze aanpassingen maken het bovendien 
mogelijk om gebruik te maken van primair 3D evaluatiemethodes, “electronic cleansing” 
(elektronische darmreiniging: met behulp van software de resterende ontlasting/vloeistof 
maskeren) en van computerondersteunde poliepdetectie (de computer detecteert zelf 
afwijkingen die op poliepen lijken). Op deze manier is het waarschijnlijk mogelijk om de 
diagnostische accuratesse te verbeteren zonder dat de patiëntenacceptatie zal afnemen.
Vlakke laesies zijn een belangrijk probleem voor alle technieken omdat deze poliepen 
nagenoeg niet boven het niveau van de darmwand uitsteken en een dichtheid/
signaalintensiteit (grijswaarde) hebben die vergelijkbaar is met die van normale 
darmwand, zelfs wanneer bekend is waar ze gelokaliseerd zijn. Hoewel deze poliepen 
soms met behulp van intraveneus contrast zichtbaar worden, wegen de nadelen van het 
routinematige gebruik van intraveneus contrast zeer waarschijnlijk niet op tegen het 
beperkte aantal extra poliepen dat gedetecteerd wordt. Een nieuwe techniek, moleculaire 
beeldvorming, stelt ons mogelijk in staat om adenomateuze poliepen of dikkedarmkanker 
selectief af te beelden of aan te kleuren. Deze techniek zou de detectie van alle poliepen, 
inclusief vlakke laesies, mogelijk vereenvoudigen. 

Ten aanzien van de ziekte van Crohn toonde MRI (zonder gebruik te maken van een 
dunne darm sonde) goede resultaten met betrekking tot het bepalen van de ernst van de 
ziekte. Dit was zowel het geval bij een veldsterkte van 1,5 Tesla als bij een veldsterkte van 
3,0 Tesla. Ook voor deze toepassing blijkt MRI een patiëntvriendelijke techniek. 
Helaas is MRI niet in staat om het slijmvlies van de darmwand direct te visualiseren. 
Hoewel wandverdikking en versterkte aankleuring tekenen zijn van actieve ziekte, 
kunnen deze parameters niet als objectieve maat gebruikt worden om de ernst van de 
ziekte te bepalen.

Wij denken daarom dat onderzoek zich moet richten op het ontwikkelen van 
objectieve parameters voor ziekteactiviteit om deze techniek geschikt te maken om 
patiënten te vervolgen, met daarnaast een vergelijkbare diagnostische accuratesse als 
andere diagnostische technieken. Deze “concurrerende” technieken zijn de camerapil, 
ook wel capsule endoscopy (een camera in een pil die doorgeslikt wordt en beelden van 
het darmoppervlak doorstuurt naar een computer; ook wel “wireless endoscopy”geheten), 
en “double balloon endoscopy” (een lange kijkslang met twee ballonnen die beurtelings 
worden opblazen, om zo door de hele darm opgevoerd te kunnen worden en het oppervlak 
in beeld brengen).

Hoewel studies hebben aangetoond dat (Doppler-) echografie, CT en leukocyten 
scintigrafie (radioactief gelabelde witte bloedcellen die zich veelal ophopen in aangedane 
darm) in staat zijn ziekteactiviteit te detecteren, is de rol van deze methoden tot op 
heden beperkt, aangezien nog niet goed is onderzocht of het mogelijk is om de ernst van 
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de ziekteactiviteit te bepalen met deze methoden. Daarnaast hebben deze technieken 
problemen met de detectie van buiten de darm gelokaliseerde ziekteverschijnselen (dit 
is het geval bij scintigrafie), de relatief grote afhankelijkheid van de kundigheid van de 
uitvoerder van het onderzoek (echografie), de lange tijdsduur en hoge kosten (scintigrafie) 
en de radioactieve straling waaraan de patiënt wordt blootgesteld (CT en scintigrafie).
De camerapil en “double balloon endoscopy”, vaak in combinatie met coloscopie, zijn 
in staat de hele darm endoscopisch te visualiseren. MRI heeft het voordeel dat de hele 
buik op een patiëntvriendelijke manier beoordeeld kan worden. Als de diagnostische 
accuratesse van de MRI kan worden verbeterd, kan MRI fungeren als een “one stop 
shop” techniek om zowel de dunne darm, dikke darm als de buiten de darm gelegen 
structuren in de buik te beoordelen. 

Net als bij screening op dikkedarmkanker is moleculaire beeldvorming bij de 
ziekte van Crohn een veelbelovende techniek. In theorie is deze techniek in staat om 
darmsegmenten die aangedaan zijn door de ziekte van Crohn selectief aan te kleuren 
met behulp van contrastmateriaal of een radioactieve stof, en tegelijkertijd de aangedane 
gebieden selectief van medicijnen te voorzien. Dit zou de therapie ten goede komen 
terwijl het aantal bijwerkingen gereduceerd wordt.

Concluderend: recente radiologische ontwikkelingen maken het mogelijk om de 
darm op een ‘patiëntvriendelijke’ manier te beoordelen. Dit is met name interessant 
voor het detecteren van colorectale poliepen en kanker, en voor de ziekte van Crohn. 
De sensitiviteit met betrekking tot de detectie van grote poliepen lijkt voor CTC na 
uitgebreide darmvoorbereiding gelijk aan die van coloscopie. Wij zijn van mening dat het 
grootschalige gebruik van CTC of MRC met beperkte darmvoorbereiding afhankelijk 
is van nieuwe ontwikkelingen. Mogelijk kan lage stralingsdosis CTC met beperkte 
darmvoorbereiding, na enkele kleine aanpassingen in de darmvoorbereiding, op korte 
termijn een patiëntvriendelijk en accuraat alternatief zijn voor coloscopie. Met betrekking 
tot de ziekte van Crohn lijkt MRI een patiëntvriendelijk alternatief voor ileocoloscopie, 
en geeft MRI zelfs extra informatie over darmsegmenten die niet met ileocoloscopie 
beoordeeld kunnen worden. Alhoewel er op dit moment geen objectieve parameters zijn, 
is MRI wel in staat om de ernst van de ziekte van Crohn te bepalen.  
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Appendix 2. CDAI. CDAI = Sum of: next items multiplied by weighting factor

Number of liquid or very soft stools   .. x 2 =  …..
 Sum over last 7 days
 (for stoma patients, total number of bags emptied)

Abdominal pain/cramps rating
 (0=none, 1=mild, 2=moderate, 3=severe)  .. x 5 =  …..
 score per day, sum over last 7 days

General well-being     .. x 7 =  …..
 (0=general well, 1=slightly under par,
 2=poor, 3=very poor, 4=terrible)
 score per day, sum over last 7 days

Symptoms (0=no, 1=yes):
 1) Arthitis/arthralgia    .. x 20 =  …..
 2) Iritis/uveitis     .. x 20 =  …..
 3) Erythema nodosum, pyoderma gangrenosum, 

or aphtous stomatitis   .. x 20 =  …..
 4) Anal fissure, fistula or abscess   .. x 20 =  …..
 5) Other fistula     .. x 20 =  …..
 6) fever over 100°F (37,8°C) during past week .. x 20 =  …..

Taking antidiarrheal therapy or opiates for diarrhea .. x 30 =  …..
 At least once during last 7 days(0=no, 1=yes)

Abdominal mass     .. x 10 =  …..
 (0=none, 2=questionable, 5=definite)

Hematocrit (add or subtract according to sign)  .. x 6 =  …..
 Males 47- hematocrit=.. 
 Females 42- hematocrit=..

Body weight, % below standard weight (monogram) .. x 1 =  …..
 (add underweight, subtract overweight, 

if less than -10, fill in -10)     _____+
       CDAI   …..   (sum)
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Appendix 3. Van Hees’s Activity Index. Van Hees’s Activity Index  = (Sum of next items 

multiplied by weighting factor) - 209.

Serum albumin   (g/l)   .. x -5.48 =  …..
ESR    (mm after 1 hour) .. x 0.29 =  …..
Quetelet index   (weight(kg)/height(m)2) .. x -0.22 =  …..
Abdominal mass  (§ 1-5)   .. x 7.83 =  …..
Sex    (1=male, 2=female) .. x -12.3 =  …..
Temperature   (centigrade)  .. x 16.4 =  …..
Stool consistency  (§§ 1-3)   .. x 8.46 =  …..
Resection   (no=1, yes=2)  .. x -9.17 =  ….. 
Extra intestinal lesions  (no=1, yes=2)  .. x10.7 =  …..
         ___+
      TOTAL  …..
         -209
    Van Hees’s Activity Index  …..

§ Ad abdominal mass:  1=no
   2=dubious
   3=diameter <6cm
   4=diameter 6-12cm
   5=diameter >12cm

§§ Ad stool consistency: 1=well formed
   2=soft, variable 
   3=watery
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CC   Conventional colonoscopy
CD   Crohn’s disease
CDAI   Chron’s disease activity index (see also appendix 2)
CDEIS   Crohn’s disease endoscopic index of severity (appendix 1)
CI   Confidence interval
CRC   Colorectal cancer
CRP   C-reactive protein (blood test)
CT   Computed tomography
CTC   Computed tomography colonography
∆t   Time interval between start of enhancement and maximum
   enhancement
ER   Enhancement ratio
ERdyn   Enhancement ratio based on the dynamic scan
ERstat   Enhancement ratio based on the pre and post contrast series
ESR   Erythrocyte sedimentation rate (blood test)
MR/MRI  Magnetic resonance imaging
MRC   Magnetic resonance imaging colonography
MRIend based  MRI grading of severity based only on the segments that 
   were evaluated endoscopically  
MRItotal   MRI grading of severity based on all findings
NPV   Negative predictive value
PPV   Positive predictive value
SoE   Slope of enhancement
SIbase   Baseline signal intensity
SIend   Signal intensity after contrast injection
tstart   Time point of start of enhancement
VHAI   Van Hees’s activity index (see also appendix 3)
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Veel mensen, onder wie mijn collega’s, gezin, familie en vrienden hebben meegeholpen 
met het onderzoek en het tot stand komen van dit proefschrift. Hierbij wil ik jullie 
allemaal bedanken. Natuurlijk wil ik ook alle patiënten die hebben deelgenomen aan de 
onderzoeken bedanken. Zij hebben vrijwillig aan de studies meegedaan zonder dat daar 
iets tegenover stond. 

Een aantal mensen zou ik in het bijzonder willen bedanken.

Allereerst mijn promotoren prof. dr. J. Stoker en prof. dr. P.M.M. Bossuyt.
Beste Jaap, jij staat aan de wieg van het ‘CT-colografie project’ in het AMC. Ik zal 

hopelijk de tweede zijn, maar zeker niet de laatste, die hierop gaat promoveren. Het leuke 
van dit onderzoeksproject is het enorme enthousiasme waarmee iedereen zijn werk doet. 
Dit is voor een groot deel te danken aan jouw inspiratie en de gedrevenheid waarmee je 
werkt. Ik kan de keren op een hand natellen dat ik je een stuk gestuurd heb en het niet 
binnen enkele uren -zo niet één uur- volledig gecorrigeerd terug kreeg. Het was zeer 
aangenaam om jou als begeleider te hebben.

Beste prof. Bossuyt, hartelijk dank voor de geweldige hulp bij het opzetten van de 
‘MR-colografie studie’ en het binnenhalen van de subsidie voor het uitvoeren van de 
studie. En niet te vergeten, ook mijn dank voor uw kritische noot tijdens het schrijven en 
uw opinie bij moeilijke vraagstukken.

Ook wil ik de leden van mijn promotiecommissie hartelijk bedanken.
Prof. dr. J.S. Laméris, ik wil u hartelijk bedanken dat ik dit onderzoek op uw afdeling 

heb mogen uitvoeren. Niet alleen de samenwerking met andere onderzoekers op de 
afdeling, maar ook met radiologen en laboranten was altijd zeer plezierig.

Prof. dr. P. Fockens, de samenwerking met de afdeling Gastro-enterologie in het 
AMC is altijd erg plezierig geweest. In dit proefschrift worden de resultaten vergeleken 
van ruim 400 patiënten die allemaal naast een CT of MRI op de afdeling radiologie, een 
coloscopie op uw afdeling hebben ondergaan. Natuurlijk is dit alleen mogelijk als beide 
vakgroepen goed kunnen samenwerken. 

Prof. dr. G.J. Bonsel, helaas voor ons bent u niet meer werkzaam in het AMC, maar 
de samenwerking was altijd zeer plezierig en verfrissend. 

Prof. dr. E.J. Kuipers en prof. dr. M. Prokop, hartelijk bedankt voor uw bereidheid 
zitting te nemen in mijn promotiecommissie.

Dr. L.C. Baak, beste Bert, ook de samenwerking met het OLVG was erg plezierig. Ik 
stel het zeer op prijs dat je deel uit maakt van mijn promotiecommissie. 
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Mijn directe collega’s hebben mij misschien wel het meeste vreugde gegeven bij het 
promotieonderzoek en op de congressen die we bezocht hebben. Rogier, mijn studie 
is een vervolg op jouw studie. Jij had de weg eigenlijk al gebaand, ik kon het niet beter 
treffen. De RSNA 2005, en de whisky daar, was zeker het hoogtepunt in onze virtuele 
coloscopie onderzoekstijd. Ayso en Sebastiaan, beiden als student op de afdeling radiologie 
gewerkt en in de fuik van de CT-colografie gelopen. Sebastiaan, bedankt voor je stand-
in performance op de RSNA. Ayso, laat het me weten als we weer naar Boston kunnen 
of als er weer een workshop in Brugge is. Het was me een genoegen met jullie te werken. 
Yung, je bent niet alleen een fantastische beoordelaar, maar ook een bekwaam radioloog 
en een zeer prettige reisgenoot met een goede dosis humor. Marjolein, welkom als eerste 
vrouw binnen de mannenwereld van de colografie. Shandra, je staat maar een keer bij 
een stuk als auteur vermeld. Maar dat hadden net zo goed alle stukken kunnen zijn, 
want hoe vaak heb ik je wel niet gevraagd ‘hoe dat nou ook al weer zat’ of ‘hoe zit dat nu 
precies met die statistische test’. Je bent een plezierig en enthousiast collega, jammer van 
dat feest. Anneke, bedankt dat je zoveel voor mijn studie gedaan hebt, terwijl je eigenlijk 
voor Sebastiaan moest werken. Michelle, bedankt voor je hulp. Maartje, Adrienne, 
Maaike, Annette, Wouter en Nicole, enorm bedankt voor de gezellige samenwerking en 
leuke gesprekken tijdens de lange wandelingen naar het koffieapparaat.

Karin Coolen, bedankt voor alle telefoongesprekken die je gevoerd hebt bij het 
includeren van héél veel patiënten.

Waar zouden we zijn zonder de techneuten van de T.U. Delft? Iwo, Kees en Marc, 
het was altijd gezellig om weer eens naar Delft te moeten om te scoren. Vader Vos -de 
brug tussen het AMC en Delft- wonderbaarlijk hoe je kunt uitleggen, ik denk zo waar 
dat ik het snap.

Erwin Birnie, bedankt voor je enthousiasme en betrokkenheid bij de studie. Dankzij 
jouw hulp is het patiënten-acceptatiestuk naar Radiology in één keer geaccepteerd.

Ik dank de fysici Henk Venema, Cristina Lavini en Erik Akkerman voor hun 
verhelderende discussies, adviezen en hulp bij het optimaliseren van scan-protocollen.  

In de afgelopen jaren hebben meerdere studenten hun wetenschappelijke stage bij mij 
gelopen. Veelal werkten zij na het verplichte deel van hun stages door aan de studie. Ik 
wil Brigitte, Steven, Michiel (Schutter), Michiel (van der Ham), Anna en Angga heel erg 
bedanken voor hun hulp.

Zonder computer kun je tegenwoordig geen kant uit, en al helemaal niet zonder 
computerondersteuning. Ik dank de it-ers, en met name Onno, voor hun behulpzaamheid 
en vlotte beschikbaarheid als de zaak ‘weer eens helemaal vast zat’.

Victor van der Hulst wil ik bedanken; niet alleen voor het werk dat je gedaan hebt als 
beoordelaar maar ook voor het zorgen dat de studie in het OLVG goed liep. 

Rutger-Jan Nievelstein (UMCU), bedankt voor je werk als beoordelaar.
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Ook wil ik alle laboranten van het AMC en OLVG bedanken die hebben meegeholpen 
met het scannen van de studiepatiënten. En voor het feit dat ze klaarstonden voor het 
geval ik weggeroepen zou worden op mijn ‘scan-avonden’ indien mijn vrouw net dàn zou 
gaan bevallen. In het bijzonder Ruud, Roel, Marloes, Martin, Raschel, Wiel, Shanta, Jen 
(OLVG) en Nellie (OLVG), bedankt.

De afgelopen jaren heb ik met veel plezier samengewerkt met gastro-enterologen, 
arts-assistenten en medewerkers van de afdeling Gastro-enterologie in het AMC, OLVG 
en Slotervaart Ziekenhuis. Bedankt hiervoor. In het bijzonder geldt dit voor Pleun 
Snel; gastro-enteroloog in het Slotervaart Ziekenhuis, Yvonne Ridderbosch; endoscopie 
verpleegkundige in het OLVG, Daan Hommes; voormalig staf lid in het AMC en prof. 
dr. Van Deventer; voormalig afdelingshoofd in het AMC. 

Mijn paranimfen:
Lieve Zep, in alle verplichte vakken op de middelbare school waar ik niet goed in was, 

schitterde jij. Zonder jouw hulp had ik me nooit op een fatsoenlijke manier door deze 
vakken heen kunnen worstelen. Je bent een hele gezellige broer, en vast een hele goede 
papa.

Lieve Karin, bij de meeste stukken die ik geschreven heb, heb ik je acknowledged 
of was je medeauteur. Dankzij jouw hulp heb ik bij meerdere stukken van de reviewers 
te horen gekregen dat het ‘well-written’ was. Daarnaast was je ook een hele gezellige 
kamergenoot. Ik ben er trots op dat je mijn paranimf wil zijn.

Ook mijn familie wil ik hartelijk bedanken. 
Lieve Thom en Riet, heel erg bedankt voor de onvoorwaardelijke steun en liefde, niet 

alleen tijdens mijn onderzoeksperiode, maar tijdens mijn hele leven en bij alles wat ik tot 
nu toe geworden ben.

Lieve Bas, als drie broers waren we altijd heel verschillend. En daar hebben we juist de 
vruchten van geplukt. De sportieve weekendjes weg waren heel gezellig en ontspannend, 
en waren de ideale afwisseling van mijn onderzoeksbezigheden. Ik hoop dat we dit nog 
lang blijven volhouden.

Lieve Jolanda, 
je bent mijn geluk en mijn liefde. Je hebt me het mooiste gegeven wat er bestaat. 
Lieve Ruben, Evelien, Vera en Noor, ik houd van jullie.





Curriculum Vitae



250



Curriculum Vitae

251

Jasper Florie is geboren op 14 november 1971 in Amsterdam. Nadat hij in 1990 zijn 
V.W.O.-diploma heeft behaald aan de ‘Openbare Scholengemeenschap de Randijk’ in 
Nieuwegein, is hij geneeskunde gaan studeren aan de ‘Universiteit Utrecht’. Tijdens zijn 
doctoraalfase is hij naar Suriname gegaan om daar onderzoek te doen naar moedersterfte 
onder leiding van dr. A. Mungra en dr. R.W. van Kanten. Tijdens zijn co-schappen 
heeft hij een drie maanden durend keuzecoschap Tropengeneeskunde gedaan in ‘Macha 
Mission Hospital’ in Zambia. Na afronding van zijn geneeskundestudie in 1998 heeft 
hij de opleiding tot tropenarts gedaan in Medisch Centrum Molendael in Baarn, waarna 
hij voor een korte tijd naar Ghana is gegaan. Hier heeft hij gewerkt in het Margaret 
Marquart Hospital in Kpandu, en heeft hij meegeholpen bij de opening van het ‘Logba 
Tota Health Project’.  Na terugkomst in Nederland heeft hij als keuringsarts gewerkt in 
het Aeromedisch Instituut in Soesterberg, waar hij zijn hobby ‘vliegen’ combineerde met 
zijn werk. 
In september 2001 is hij gestart met promotieonderzoek op de afdeling Radiologie in het 
AMC. Gedurende deze periode heeft hij onder leiding van prof. dr. J. Stoker (radioloog) 
en prof. dr. P.M.M Bossuyt (klinisch epidemioloog en methodoloog) onderzoek gedaan 
naar MR- en CT-colografie voor de detectie van poliepen, en MRI bij de ziekte van Crohn. 
Zijn resultaten heeft hij op meerdere internationale congressen gepresenteerd. Tijdens 
de Radiologendagen 2005 heeft hij de prijs gekregen voor ‘de beste wetenschappelijke 
bijdrage’. Ook heeft zijn onderzoek geleid tot meerdere wetenschappelijke publicaties. 
Sinds januari 2006 is hij in opleiding tot radioloog in het AMC onder leiding van O. M. 
van Delden en prof. dr. J.S. Laméris.
Jasper is getrouwd met Jolanda en zij hebben samen vier kinderen: Ruben, Evelien, Vera 
en Noor.  
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