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Chapter r 

Introductionn and Outline of the Thesis 

Rogierr E.van Gelder, MD, Jasper Florie, MD, Jaap Stoker, MD, PhD 

Fromm the department of Radiology, Academic Medical Center of the 
Universityy of Amsterdam, Amsterdam the Netherlands 

Partss of this chapter are adopted from: 
"Colorectall Cancer Screening and Surveillance with CT Colonography: 
Cuu rrent Controversies and Obstacles", accepted by Abdominal Imaging 





Introductionn and outline of the thesis 

Introduction n 
E p i d e m i o l o g yy o f C o l o r e c t a l c a n c e r Invasive colorectal cancer was diagnosed in 

91577 patients in the year 2000, and in the same year 4274 patients d ied as a result o f colorectal 

cancerr in the Netherlands (1). A l though the mortal i ty is stable over the last ten years, 

colorectall cancer incidence has increased (f igure 1). After breast cancer, colorectal cancer 

currentlyy is the second most diagnosed cancer for both sexes comb ined in the Netherlands, 

w i thh a similar d is t r ibut ion among men and w o m e n . Patients w i th a personal or family 

historyy of colorectal polyps or cancers are wel l known to be at increased risk to develop 

colorectall cancer. 

Figuree 1. Colorectal cancer incidence and mortality 1989-2000 (1). 
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Figuree demonstrates colorectal cancer incidence ( # and mortality O in the Netherlands (1989-2000). 
Incidencee of colorectal cancer increases, but mortality is stable. 

E t i o l o g yy o f c o l o r e c t a l c a n c e r It has been estimated that as much as 95% of colorectal 

cancerss arise f rom pre-existing adenomatous polyps (2), wh ich may appear as pedunculated, 

sessilee or flat masses. Adenomatous polyps are very c o m m o n , and have an increasing 

incidencee wi th age. It is believed that 5% of adenomas wi l l progress to malignancy, a process 

thatt may take ten years (3). Environmental factors and genetic predisposi t ions play a role 

inn the deve lopment of colorectal cancer. Genetic predisposit ions in the fo rm of inheri ted 

germl inee mutat ions lead to a very high risk of colorectal cancer in a selected subgroup of 
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patients.. In addi t ion there are less wel l def ined patterns of colorectal cancer. 

Environmentall factors inc lude diet ( low in f ibre, vegetables and folate and high in fat, red 

meatt and alcohol) a sedentary life-style and cigarette smoking. 

M o l e c u l a rr  g e n e t i c s Fearon and Vogelstein were the first to describe a molecular 

geneticc model of colorectal cancer as a mult i-step process of carcinogenesis, consisting of 

thee accumulation of genetic mutations (4). There is a progressive accumulation of mutations 

inn oncogenes and tumor suppressor genes, wh ich underl ies the stepwise progression of 

smalll tubular adenomas to large vi l lous adenomas, and subsequent ly invasive carcinoma 

overr t ime (figure 2) (5). Mutat ions that are involved in this process were described in the 

lastt twenty years, and this knowledge may provide new diagnostic oppor tun i t ies such as 

thee detect ion of mutant genes f r om faecal DNA (6-9). In addi t ion, germl ine mutat ions in 

geness that are involved in the development of colorectal cancer have been ident i f ied in 

familiess wi th a high risk fo r colorectal cancer, wh ich enables the identif ication of individuals 

thatt require fo l low-up. 

Figuree 2. Accumulation of mutations in genes that are associated with the development of colorectal 
cancer r 
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Thee loss of tumor suppressor 
geness (eg. P53, APC, DCC), the 
inductionn of oncogenes (k-ras), 
thee loss of miss match repair 
geness (eg. HMLH1, BAT 26), and 
thee induction of modifier genes 
(COX-2)) offer growth advantages 
forr the mucosal epithelium of 
thee colon, resulting in the 
developmentt of adenomatous 
polyps,, and eventually, 
colorectall cancer (5,55). 

APCC k-ras DCC p53 
mutationss mutations mutations 

C o l o r e c t a ll  c a n c e r p r e v e n t i o n Several studies have demonstrated that screening 

forr and removal of colorectal adenomas results in a reduction of colorectal cancer incidence 

(10-15)) and mortal i ty (13; 16-24). 

Controversyy remains as to the appropriateness of and preferred methods for screening 

ann asymptomatic population(25). There is, however, more consensus about the need for 

screeningg people known to be at increased risk, such as those w i th a personal or family 

10 0 
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historyy of colorectal polyps or cancer. Many organizations recommend colonoscopic 

screening/surveillancee for patients at increased risk for colorectal cancer (26), but even in 

thesee groups utilization of colorectal screening varies widely (27-32), 

Colonoscopyy is the preferred investigation for patients with a personal or family history of 

colorectall polyps or cancer. Disadvantages of colonoscopy are the attendant discomfort, a 

reasonn that is frequently mentioned to decline screening (33), and the small but definite risk 

forr complications (34). Ideally, its use should be targeted at patients with polyps who are 

pre-selectedd by means of a less invasive test 

I nnova t i v ee sc reen in g me thod s Two fundamentally different new approaches to 

detectt colorectal adenomas and cancer have emerged the last ten years and may benefit 

screeningg for colorectal cancer in the future; CT colonography, aimed at the detection of 

morphologicc abnormalities of the colon mucosa, and genetic stool tests, aimed at the 

detectionn of common mutations of genes in colorectal adenomas and cancers. 

C TT c o l o n o g r a p h y This method enables the examination of the entire colon mucosa 

withh two-dimensional (2D) and three-dimensional (3D) high-resolution images. The CT 

colonographyy examination is performed with a spiral CT scanner and comprises the 

scanningg of the air-distended colon in supine and prone position after use of thorough 

laxativee bowel preparation. Colon distension is achieved via rectal insufflation of room air 

orr carbon dioxide and is preceded by an intravenous injection of hyoscine butyl bromide 

(buscopan)) or glucagon to reduce bowel spasms. 

Thee role of CT colonography in colorectal cancer screening or surveillance, would be 

thee pre-selection of patients with polyps that would profit from further endoscopic 

diagnosticss or treatment. As adenomas < 5 mm and 6-9 mm rarely contain high-grade 

dysplasiaa (0.9% and 4,4%, respectively(35)) when compared to adenomas > 10 mm 

(16.2%(35)),, it is generally agreed to focus on large polyps in the framework of screening 

(36).. Accordingly, pre-selection with CT colonography should be primarily aimed at patients 

withh large polyps. 

Thee accuracy and patient acceptance of CT colonography has been repeatedly reported 

inn the past 9 years. Except for two studies that were hampered by sub optimal technique 

andd learning curves (37; 38), many early reports were enthusiastic the sensitivities and 

specificitiess for patients with large polyps ranged from 75% to 100% and 73% to 96%, 

respectivelyy (39-42). 

Earlyy studies on patient acceptance of CT colonography demonstrate conflicting results 

11 1 
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withh some indicating that CT colonography is preferred by patients and others indicating 

thee opposite (43-48). Most likely this variability is thé result óf differences in provision of 

premedicationn for CT colonography (buscopan/glucagon to reduce bowel spasms or not) 

orr for colonoscopy (sedatives and analgesics or not). 

Thee existing studies on accuracy and patient acceptance are predominantly performed 

inn patient groups that partly comprised subjects with positive screening tests and subjects 

thatt were primarily evaluated for symptoms. Such high-risk patients are known to have a 

higherr prevalence of (pre)malignant colorectal polyps and a more severe disease spectrum 

thann average risk or increased risk patients. Accuracy studies in high risk patients may 

producee higher sensitivity results due to thé fact that in these patients generally more and 

largerr polyps are present (39-41). Studies on patient acceptance in such populations may 

havee an influence on the preference as it concerns patients that are aware of the fact that 

colonoscopyy will be required to remove the already diagnosed abnormality. As for them 

thee need for pre-selection is unnecessary, there will be a tendency to prefer colonoscopy. 

Thereforee the available accuracy and patient acceptance results may not apply to patients 

att increased-risk or average-risk for colorectal cancer, the populations that may benefit 

mostt from implementation of CT colonography. 

Thee present thesis comprises studies on the accuracy and patient acceptance of CT 

colonographyy in patients that are screened for personal or family history of colorectal 

polypss or cancer. Additionally, several studies address key issues that surround CT 

colonographyy at present. 

G e n e t i cc  Stoo l assay s Based on the premise that mucosal DNA sheds into the feces, 

investigatorss have demonstrated the feasibility to detect mutated genes in stool that 

aree commonly present in colorectal cancers (figure 2). Although this method is an 

attractivee non-invasive screening method, its use is currently hampered by technical 

limitationss (6-9). 

Futuree studies focusing on the ability of genetic markers in stool to identify patients with 

colorectall adenomas and cancers in a screening setting wil l indicate the role of this 

techniquee in colorectal cancer prevention. 

CTT colonography : curren t issue s in CT colonograph y researc h As stated 
above,, the available data on the sensitivity and specificity of CT colonography may not 

applyy to patients that are screened for a personal or family history of colorectal polyps or 

cancerr (increased risk). The studies presented in this thesis aim to investigate the ability 
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too identify patients with large polyps with CT colonography and its patient acceptance 

inn consecutive patients at increased-risk for colorectal cancer. As utility of colorectal 

cancerr screening and surveillance varies widely among patients with a personal or 

familyy history of colorectal polyps or cancer, this population might benefit from an 

accuratee and non-invasive pre-selection method. 

ACCUU rac y To date, colonoscopy is the gold standard for the detection of colonic polyps 

andd therefore virtually all studies that investigate the diagnostic value of CT colonography 

usee this method as reference. It is widely known, however, that this test is imperfect and 

thee miss rate for large polyps as determined by back-to-back colonoscopy is estimated to 

bee 0-6% (49; 50). In fact, the miss rate may be even higher because these proportions are 

thee result of studies in which colonoscopy is compared with a second colonoscopy, which 

hass the same limitations. Due to the miss rate of colonoscopy the sensitivity and specificity 

off CT colonography may be underestimated, because an unknown number of CT 

colonographyy findings may be labelled false positive while in fact these are true positive 

polypss that were missed with colonoscopy. 

Pat ien tt  acceptanc e Patient acceptance is a major determinant of the effectiveness of 

colorectall cancer screening, and has been the most important anticipated advantage of 

CTT colonography over colonoscopy. Comparison of preferences between CT colonography 

andd colonoscopy may reflect the relative acceptance of CT colonography and may indicate 

whetherr attendance rates may be higher or lower than for screening colonoscopy. 

Thee majority of available preference comparisons of CT colonography and colonoscopy 

aree performed in high-risk patients and may not apply to patients that are screened for an 

increased-riskk of colorectal cancer (43-48). Moreover, these studies all measured preferences 

withinn three days after the examination under stressful circumstances (hospital, physical 

discomfort,, aftereffects of sedatives)(43-48). As adverse reactions towards tests tend to 

temperr in time (47), however, preferences might preferably be assessed some time after 

thee examinations. It can be expected that the last measurement is a more faithful reflection 

off future behavior, than measurements obtained directly after the examinations. 

Radiat io nn dos e Current estimates demonstrate that 0.6-1.8% of the cumulative risk of 

cancerr to age 75 could be attributable to diagnostic X-rays, among which CT imaging (51). 

Whenn CT colonography is to be implemented in colorectal cancer screening and 

surveillance,, and high numbers of patients are exposed to ionizing radiation, the number 
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off patients with CT-induced cancer may increase. The risk due to radiation is uncertain, 

andd must always be considered in the light of the potential benefit of the diagnostic 

procedure.. In a clinical setting the benefit generally outweighs the risks. In case of 

screening,, this balance is more delicate due to the low potential benefit. 

Thee risk to induce a fatal cancer due to exposure to ionizing radiation relates 

proportionallyy to its magnitude, and is dependent on the patient's age. For CT 

colonographyy the generally used effective dose is unknown and consequently no 

estimationn of the radiation related risk associated with CT colonography carl be made. 

Too reduce radiation risks to the bare minimum, investigations should be focussed on the 

lowestt dose that is compatible with polyp detection. Although it has been anticipated that 

thee effective dose for CT colonography can be substantially decreased due to the high contrast 

betweenn air and the bowel wall, no data exist on the lowest dose that can be used without 

affectingg the ability to detect polyps. 

Rev ie ww o f C T dat a CT colonography is performed with a spiral CT scanner that 

producess volumetric data. These data can be reviewed with 2D and 3D methods. Generally, 

radiologistss review the data either primarily with two-dimensional or with three-dimensional 

methods.. The primary 2D review method comprises the evaluation of axial CT images and 

thee selective use of 3D endoluminal images to elucidate difficult anatomical structures. 

Thee primary 3D rev/ewtraditionally comprises volume rendered forward and backward 3D 

movies,, combined with 2D images for additional information. 

Thee endoluminal 3D review method that comprises this method is adopted from 

conventionall colonoscopy, and suffers from the same limitations: the colon surface that is 

situatedd between haustral folds cannot easily be visualized (figure 3). The resulting blind 

spotss are either neglected, or require additional time-consuming interactive viewing. The 

primaryy 3D review method is infamous for the long review times, which can be up to 40 

minutess (52). Development of time efficient primary 3D review methods may be beneficial 

forr the performance of CT colonography. 

AA prior study demonstrated that 2D review combined with selected conventional 3D 

endoluminall viewing to elucidate difficult structures results in a similar performance as an 

entiree 2D and an entire 'conventional' 3D review (figure 3) together{53). On the other hand, 

somee small studies indicated that detection of polyps is more accurate with comprehensive 

3DD methods than with 2D methods, when corrected for the visibility of lesions (54). Based on 

practicall grounds, the majority of researchers currently use primary 2D methods to review 

CTT colonography. As it can be expected that the accuracy of CT colonography is dependent 

14 4 
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onn the visualization method, development of new comprehensive time-efficient display 

modess is crucial . 

Outlinee of the thesis 
Inn chapte r 2, w e evaluate the diagnostic value of CT co lonography in consecutive patients 

w i thh a personal or family history of colorectal polyps or cancer. In this study a second-look 

colonoscopyy was per formed when large false posit ive f indings cou ld not be explained 

basedd on review of the videotaped colonoscopy. In this way w e were able to place the 

resultss w i t h regard to identi f icat ion of patients w i th large polyps of CT colonography in the 

perspectivee of the results of colonoscopy. 

Figuree 3. Schematic display of conventional endoluminal 3D display mode for CT colonography. 

Inv is ib lee surface Conventional endoluminal 3D 
displayy methods are limited as 
colonn surface between haustral 
foldss is not visualized. 

Path h 

Inn chapte r 3, we investigated the patient preferences for e i ther CT co lonography or 

co lonoscopyy in the same patient group, in a f ive-week fo l low-up study. Addi t ional ly we 

per formedd mult ivariate analyses to elucidate the determinants of preference. Wi th this 

studyy w e aimed to gain insight in preferences of patients after immediate inconvenience 

duee t o the examinations had disappeared and the patients had most likely returned to 

normall life. Addi t ionaly, w e were interested in the possible changes in determinants of 

preferencee that may occur in the fo l low-up t ime. 

Chapte rr  4 is an inventory of effective doses used for CT co lonography in reported studies, 

updatedd by in format ion f r om the departments that publ ished these studies, as obtained 

byy questionnaires. In this study we additionally analyzed trends in t ime based on a l iterature 

study.. The ou tcome of this study may be of importance for patients, physicians and publ ic 
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healthh authorities when in the future decisions on implementation must be taken, and 

riskk estimates must be available. 

Inn chapte r 5 we investigate the possibility to reduce the effective dose for CT colonography 

inn identical patient groups. Using a simulation method we were able to produce scans of a 

lowerr effective dose based on the raw transmission measurements. This study investigated 

effectivee doses in the range that was achievable on CT scanners at the conception of this 

study. . 

Chapte rr  6 is directly related to the result of chapter 5. As polyp detection rates were unimpaired 

att the lowest dose that was assessed, we wanted to gain insight in the lowest (theoretical) dose 

thatt iscompatible with unimpaired polyp detection. Therefore, usingacomparable simulation 

method,, this study deals with doses ranging from medium to ultra-low. 

Inn chapter 7 we validated an innovative primary 3D review method, the unfolded cubic 

projection,, which was developed by the Pattern Recognition Group from the Technical 

Universityy óf Delft. In this study we compared time efficiency and colon surface visibility 

betweenn the unfolded cubic projection and a conventional 3D display mode. 

Chapte rr  8 was performed as the unfolded cubic display mode passed the test of chapter 

7.. In this study we compared accuracy and inter-observer agreement between the unfolded 

cubicc projections and the current standard for CT colonography data review, the primary 

2DD review method. 
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Abstrac t t 
Backgroun dd & Aims : To date, computed tomographic (CT) colonography has been 

comparedd with an imperfect test, colonoscopy, and has been mainly assessed in patients 

withh positive screening test results or symptoms. Therefore, the available data may not 

applyy to screening of patients with a personal or family history of colorectal polyps or 

cancerr {increased risk). We prospectively investigated the ability of CT colonography to 

identifyy individuals with large (>10 mm) colorectal polyps in consecutive patients at 

increasedd risk for colorectal cancer. 

Methods ::  A total of 249 consecutive patients at increased risk for colorectal cancer 

underwentt CT colonography before colonoscopy. Two reviewers interpreted CT 

colonographyy examinations independently. Sensitivity, specificity, and predictive 

valuess were determined after meticulous matching of CT colonography w i th 

colonoscopy.. Unexplained large false-positive findings were verified with a second-

lookk colonoscopy. 

Results ::  In total, 31 patients (12%) had 48 large polyps at colonoscopy. This included 8 

patientss with 8 large polyps that were overlooked initially and detected at the second-

lookk colonoscopy. In 6 of 8 patients, the missed polyp was the only large lesion. With 

CTT colonography, 84% of patients (26/31) with large polyp(s) were identified, paired 

forr a specificity of 92% (200-201/218). Positive and negative predictive values were 59%-

60%% (26/43^4) and 98% (200-201/205-206), respectively. CT colonography detected 75%-

77%77% (36-37/48) of large polyps, with 9 of the missed lesions being flat. 

Conclusions:: CT colonography and colonoscopy have a similar ability to identify 

individualss with large polyps in patients at increased risk for colorectal cancer. The 

largee proportion of missed flat lesions warrants further study. 
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Introductio n n 
Colorectall 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 

earlyy diagnosis and treatment of colorectal adenomas and cancer reduces thé disease--

specificc mortality (2). Patients with a personal or family history of colorectal adenomas 

orr cancer are well known to be at increased risk for colorectal cancer, and many 

organizationss recommend colonoscopic screening of these patients (3); however, even 

inn these groups, use of colorectal screening varies widely (4-6). 

Colonoscopyy is the preferred investigation for patients with a personal or family 

historyy of colorectal polyps or cancer. The disadvantages of colonoscopy are the 

attendantt discomfort, a reason that is frequently mentioned to decline screening (7), 

andd the small but definite risk for complications (8). Ideally, its use should be targeted 

att patients with polyps who are preselected by means of a less invasive test. 

Earlyy studies have shown that computed tomographic (CT) colonography accurately 

detectss colorectal polyps 10 mm (9-12). However, the existing data may not apply to 

practicee for 2 reasons. First, these studies compared CT colonography with an imperfect 

goldd standard, colonoscopy (9,10,11). Because this test is known to occasionally miss 

largee polyps(13,14), the existing reports may underestimate the accuracy of CT 

colonography.. Second, because previous studies partly comprised patients with 

positivee screening test results and patients who were primarily examined for evaluation 

off symptoms (9-12), these results may not apply to patients who are screened because 

off a personal or family history of colorectal polyps or cancer. 

Too gain insight into the potential of CT colonography to serve for screening of patients 

withh a personal or family history of colorectal polyps or cancer (increased risk), wè 

assessedd the ability to identify patients with large polyps (10 mm) and performed a second-

lookk colonoscopy to verify large unexplained false-positive findings. Our secondary 

aimss were to investigate the accuracy to detect individual polyps and to determine 

interobserverr agreement. 

Material ss  and method s 
Pat ient ss a n d se t t i n g Patients who were scheduled to undergo a colonoscopy 

becausee of a personal or family history of colorectal polyps creancer (increased risk) 

att the endoscopy departments of the Academic Medical Center and Slotervaart Hospital 

weree included between October 29, 2000, and September 25, 2002. Exclusion criteria 

weree as fol lows: age younger than 18 years, impossibility to understand patient 
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information/informedd consent or refusal to sign the latter, colorectal polyps or cancer 

diagnosedd during recent examination of the colon, or colostomy after colorectal 

surgery.. The medical ethics committees of the Academic Medical Center and Slotervaart 

Hospitall approved the study/ and all patients provided written informed consent. 

Diagnos t i cc  p r o c e d u r e s Patients underwent CTcolonography and, approximately 

11 hour later, colonoscopy. 

BowelBowel preparation — Patients ingested 4-6 L of polyethylene glycol electrolyte solution 

(KleanPrep;; Helsinn Birex Pharmaceuticals, Dublin, Ireland) for bowel preparation On 

thee day before and/or the day of the examinations. 

CTcolonographyCTcolonography — A balloón-tipped rectal enema tube was inserted, and subsequently 

thee balloon was fi l led with approximately 50 mL of water. A total of 20 mg butyl 

scopo laminee b romide (Buscopan, Ingelheirn, Germany) or 1 mg glucagon 

hydrochloridee (Clucagen; Novo-Nordisk A/S, Bagsvaerd, Denmark) was administered 

intravenously.. To distend the colon, approximately 2 L of air (13.4 volume % carbon 

dioxide)) was insufflated manually. To prevent air leakage from the anus, the balloon-

tippedd rectal enema tube was left in situ during scanning- Before a patient was scanned, 

aa preview image was obtained to estimate the distention; if necessary, additional air 

wass insufflated. CT scans were performed with patients in the supine and prone 

positions,, each during a breath hold of approximately 22 seconds. The scans were 

performedd with an MxSDOO multislice CT scanner (Philips Medical Systems, Best, The 

Netherlands)) with the fol lowing scan parameters: 120 kV; collimation, 4 x 2.5 mm; 

rotationn time, 0.75 seconds; pitch, 1.25; slice thickness, 3.2 mm; reconstruction interval, 

1.66 mm; and reconstruction filter C The first 30 patients were scanned with an effective 

mAss value of 100 mAs; however, during the course of the study, reports showed that a 

substantiall 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 

dimensionss 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 

(87.55 cm) were scanned with 25 mAs, medium-sized patients (>87.5 cm and 102.5 cm) 

wi thh 40 mAs, and large patients (>102.5 cm) wi th 70 mAs. CT colonography was 

performedd by a research fellow or a specially trained technician, both with extensive 

experiencee wi th the procedure. 
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EvaluationEvaluation of CT coionography data — One experienced abdominal radiologist (reviewer 

1,, CYN) and 1 research fellow (reviewer 2, JF), who both had evaluated more than 50 

casess before the start of the study, scored all CT coionography data blinded for the 

colonoscopyy results. Analysis was performed by using a 3-dimensiönaI display mode, and 

additionall 2-dimensional displays were used for further inspection of suspected lesions. 

Thee 3-dimensional display method that is used is described in detail elsewhere (16). 

Lesionss were measured, and a certainty was assigned (0%, no polyp; 25%, probably 

noo polyp; 50%, possibly a polyp; 75%, probably a polyp; 100%, certainly a polyp). 

Interpretationn time was recorded with a stopwatch. 

ColonoscopyColonoscopy — Patients underwent colonoscopy with a standard colonoscope (CF-

140L;; Olympus, Tokyo Japan) at the Endoscopy Departments of the Academic Medical 

Centerr or Slotervaart Hospital. During this procedure, patients received sedatives 

(midazo lam;; Roche, Basel, Swi tzer land) and analgesics ( fentany l ; Janssen 

Pharmaceuticals,, Beerse, Belgium) on request. Colonoscopy was performed by an 

experiencedd staff member alone (gastroenterologist or gastrointestinal surgeon) in 

47%% of cases and by a gastroenterology fellow under direct supervision of the attending 

gastroenterologistt in 53% of cases. A research fellow recorded the examination on 

videotape.. During the colonoscopy, the endoscopist scored polyps, if present, with 

respectt to size, morphology (pedunculated, sessile, flat), and the segment (cecum, 

ascendingg colon, transverse colon, descending colon, sigmoid colon, and rectum) in 

whichh they were located. The estimation of polyp size was based on a comparison of the 

polypp with an open biopsy forceps of known size (8 mm). The morphology of polyps 

wass classified as pedunculated when a stalk was present. A polyp was considered flat if 

itss height was less than one half the diameter of the lesion (17). In our data, the height of 

thesee flat lesions was generally <4 mm. The remainder of polyps was classified as sessile. 

Thee information regarding size, morphology, and segmental location of polyps was 

fi l ledd out on a case record form by the endoscopist who performed the examination 

andd the research fellow who attended the colonoscopy. 

DeterminationDetermination of lesion status — The research fellow <RVG) matched CT colonographic 

andd colonoscopic findings (reference standard). For this purpose, we used a face-to-

facee comparison of the videotaped colonoscopy with the CT coionography images 

andd used the aforementioned case record form. A polyp detected at CT coionography 

wass labeled as a true positive based on 3 criteria: (1) the segmental location of the CT 
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coionographiee finding corresponded with the segmental location as indicated on the 

casee record form or the adjacent segment, (2) the polyp size as estimated by the 

endoscopistt corresponded wi th the CT colonography measurement, and (3) its 

appearancee closely resembled that of the corresponding polyp at the videotaped 

colonoscopy. . 

Becausee the estimation of polyp size at colonoscopy is prone to error, we accepted a 

marginn of error of 3 mm for polyps <6 mm and 5 mm for polyps 6 mm. Only CT 

colonographyy lesions that were scored with a certainty of 50% or more were considered 

forr analysis. 

False-positiveFalse-positive findings >10 mm — After all CT colonography examinations had been 

reviewedd and matched, the research fellow (R.v.G.) and a senior gastroenterologist (J.F.B.) 

scrutinizedd the nature of faise-positive findings >10 mm, as measured by at least 1 of the 

reviewers-- This was done by means of review of thé videotaped colonoscopy and the CT 

scan.. If the cause of the false-positive finding could not be attributed to residual stool, 

haustrall folds, impression of organs, or normal variations of the ileocecal valve, the 

patientt was scheduled for a second-look colonoscopy based on detailed information öf 

CTT colonography. If the surmised polyp was present at the second-look colonoscopy, 

thiss finding was added to the colonoscopic results and taken into account for the 

determinationn of the diagnostic value of CT colonography. 

DetectionDetection parameters — The potential future role of CT colonography is to preselect 

patientss with polyps who might benefit f rom further endoscopic diagnostic and 

therapeuticc procedures. Therefore, our main outcome parameter was patient sensitivity, 

indicatingg the ability of CT colonography to identify patients with at least one clinically 

relevantt polyp. 

Althoughh some advocate the removal of polyps > 10 mm only(18), clinicians and patients 

aree unlikely to accept that lesions between 6and 9 mm remain undetected (19). Therefore, 

wee used the 6-mm cutoff value in addition to thé 10-mm threshold. The endoscopist's 

measurementss of polyp size were used for subdivision of polyps according to size 

thresholdss and categories. 

Patientt sensitivity was defined as the proportion of patients with at least one true-

positivee lesion out of all patients with polyps at colonoscopy. For the 6-mm and 10-

mmm thresholds, findings were considered to be true positive if at least one polyp in 

thee respective size range was detected and false negative when no true-positive polyps 
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orr only those of a lower size category were detected-

Patientt specificity was defined as the proportion of patients without false-positive 

findingss out of alt patients without polyps at colonoscopy. For the 6-mm and 10-mm 

thresholds,, findings were considered true negative if patients without polyps > 6 mm 

orr > 10 mm had no false-positive findings 6 mm and 10 mm, respectively. 

Polypp sensitivity was defined as the proportion of true-positive polyps out of all polyps 

detectedd during colonoscopy. Polyp sensitivity was analyzed according to polyp size 

categoriess (<6 mm, small; 6-9 mm, medium; £ 10 mm, large) and morphology 

(pedunculated,, sessile, flat). Additionally, adenoma sensitivity was determined based 

onn the pathology reports. 

PredictivePredictive values — The positive predictive value was defined as the proportion of 

patientss with a true-positive finding out of all patients with findings at CT colonography. 

Thee negative predictive value was defined as the proportion of patients with a true-

negativee finding out of all patients without findings at CT colonography. Also, the 

positivee predictive value was determined per polyp, which was defined as the 

proportionn of true-positive polyps out of all findings at CT colonography. These 

outcomee parameters were analyzed according to the aforementioned size categories. 

InterobserverInterobserver agreement — Interobserver agreement analysis was performed by segment. 

Reviewerss were considered to agree if they both recorded one or more lesions in the 

samee segment or if both recorded no findings. K statistics with 95% confidence intervals 

weree calculated. The values were interpreted as follows: K< 0.20, poor agreement; K = 

0.21-0.40,, fair; K = 0.41-0.60, moderate; K = 0.61-0.80, good; K = 0.81-1.00, very good. 

Result s s 
Baselin ee characteristic s of th e subject s A total of 288 patients participated 

inn this study. Bowel preparation was insufficient in 12 patients (4%), preventing CT 

colonographicc and colonoscopic evaluation. In 20 patients (7%), CT colonography was 

inadequatee because of unsatisfactory bowel insufflation (8 13%]), severe breathing 

artifactss (3 [1%]), artifacts due to spondylodesis (2 [1%]), and technical problems during 

scanningg (7 [2%]). Colonoscopy failed to reach the cecum in 5 patients (2%), Three 

otherr patients (1%) d id not show up. The data from patients wi th failed bowel 

preparationn or examinations or who did not show up (39 [14%]) were not analyzed, 
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leavingg 249 patients. Because both bowel preparation and CTcolonography were not 

adequatee in 1 patient, data from 39 instead of 40 patients were not analyzed. 

Off these 249 patients, 20 (8%) had a history of mild abdominal symptoms: 8 had mild 

abdominall pain, 2 had hematochezia, and 10 had altered bowel habits. 

AA 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 

historyy of colorectal polyps or cancer and 158 patients (64%) for surveillance because of 

ahistoryy of colorectal polyps or cancer. For the patients who were examined because of 

aa history of colorectal polyps or cancer, a median interval of 25 months (interquartile 

range,, 14-37 months) had elapsed since their previous surveillance colonoscopy. 

C o l o n o s c o p i cc resul t s The median colonoscopy examination time, consisting of 

insertionn and inspection, was 30 minutes 0 seconds (interquartile range, 21 minutes 0 

secondss to 49 minutes 30 seconds). 

Forr the initial and second-look colonoscopy combined, 141 of 249 patients (57%) had 

4899 polyps, 45 patients (18%) had 84 polyps > 6 mm, and 31 patients (12%) had 48 

polypss £ 10 mm. I ncluded in these data are 8 large polyps that were found in 8 patients 

dur ingg second-look colonoscopies to verify a large false-positive f inding at CT 

colonography.. In 6 of these 8 patients, no large polyp was seen at the init ial 

colonoscopy.. The other 2 patients also had another large polyp. Another second-look 

colonoscopyy was performed to verify a large false-positive f inding at CT colonography, 

whichh appeared to be an ileocecal valve. The mean interval between the initial and 

second-lookk colonoscopy was 13 months (SD, 7). 

Histopathologyy specimens were obtained in 270 (66%) of 407 small polyps, 33 (92%) 

off 36 medium polyps, and 40 (83%) of 48 large polyps. Of all small polyps, 96 (24%) 

weree 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. 

Thesee 4 cancers were diagnosed in 4 patients (1.6%). The histopathologic diagnoses of 

thee polyps that were overlooked by initial colonoscopy were lipoma in 1, hyperplasia 

inn 1, adenoma in 3, and cancer in 1. One polyp with an adenomatous appearance was 

lostt after polypectomy, and one polyp with a pale hyperplastic appearance could not 

bee removed due to its difficult location (behind the ileocecal valve). 

C TT c o l o n o g r a p h y The median examination room time was 21 minutes 30 seconds 

(interquartilee range, 18 minutes 40 seconds to 26 minutes 58 seconds), and the median 
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evaluationn time was 14 minutes 12 seconds (interquartile range, 10 minutes 58 seconds 

too 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. 

PatientPatient sensitivity and specificity — Table 1 shows the sensitivity and specificity per 

patientt for both reviewers. The mean sensitivity for patients with at least 1 large polyp 

wass 84%. For patients with at least 1 polyp > 6 mm or with a polyp of any size, these 

meann values were 78% and 62%, respectively. 

Thee mean specificity for the identification of patients without large polyps was 92%. 

Thee mean specificity for patients without polyps £ 6 mm and without any polyp was 

70%% and 31%, respectively. 

Tablee 1. Patient sensitivity and specificity óf CT colonography 

Sensitivity Sensitivity 
Patientss with polyps 

-- of any size 
-- > 6 rrim 
-£100 mm 

Specificity Specificity 
Patientss without polyps 

-- of any size 
- > 6 m m m 
->10mm m 

Colonoscopy y 
n n 

141 1 
45 5 

311 (25+6)a 

106 6 
204 4 

2188 (224-6)h 

Reviewer-1 1 
nn (%) 

87(62) ) 
34(76) ) 
266 (84) 

34(32) ) 
144(71) ) 
200(92) ) 

95%-Gl l 
% % 

54-69 9 
61-06 6 
67-93 3 

24-41 1 
64-76 6 
87-95 5 

Reviewer-2 2 
nn <%) 

88(62) ) 
36(80) ) 
26(84) ) 

322 (30) 
1400 (69) 
2011 (92) 

95%-Ct t 
% % 

54*70 0 
66-89 9 
67-93 3 

22-39 9 
61-74 4 
88-95 5 

Thee displayed data of colonoscopy are combined findings of initial and second-look colonoscopy. 
Forr patients with and without large polyps, the results of thé initial and second-look colonoscopy 
aree specified in parentheses. CI, confidence interval. 
aa Twenty-five patients were identified at the initial colonoscopy and, additionally, 6 at the second-
lookk colonoscopy 
bb After the second-look colonoscopy the number of patients without polyps > 10 mm decreased by 6. 

PolypPolyp sensitivity — Table 2 shows the polyp sensitivity for both reviewers. The mean 

polypp sensitivity for large polyps was 76%. For medium and small polyps, these values 

weree 70% and 35%, respectively. Stratified according to lesion morphology, the mean 

sensitivityy was only 33% and 14% for large and medium flat polyps, respectively. 

However,, the mean sensitivity was 95% and 81% for large and medium sessile polyps 

andd 92% and 92% for large and medium pedunculated polyps, respectively. For large 

andd medium adenomas, the mean sensitivity was 78% and 77%, respectively (Table 3). 
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Tabl ee 2. Polyp sensitivity according to morphology 

Morphologyy Polyp size 

All l 
<< 6 mm 
6-99 mm 
£100 mm 

Sessile e 
<66 mm 
6-99 mm 
>10mm m 

Pedunculated d 
<66 mm 
6-99 mm 
>10mm m 

Flat t 
<66 mm 
6-99 mm 
£100 mm 

Colonoscopy y 
n n 

405 5 
36 6 

488 (40+8)a 

306 6 
23 3 

211 {17+4)" 

11 1 
6 6 

133 (12+1)d 

88 8 
7 7 

14(11+3)* * 

Reviewer-1 1 
nn <%) 

1499 (37) 
23(64) ) 
366 (75) 

1266 (41) 
177 (74) 
200 (95) 

5(45) ) 
5(83) ) 
122 (92) 

18(20) ) 
1(14) ) 
4(29) ) 

95%-CI I 
% % 

32-42 2 
48-78 8 
61-85 5 

36-47 7 
54-88 8 
77-99 9 

21-72 2 
54-88 8 
67-99 9 

13-30 0 
3-51 1 
12-55 5 

Reviewerr -2 
nn (%) 

1322 (33) 
277 (75) 
37(77) ) 

1100 (36) 
20(87) ) 
200 (95) 

8(73) ) 
66 (100) 
122 (92) 

144 (16) 
1(14) ) 
5(36) ) 

95%-CI I 
% % 

28-37 7 
59-86 6 
64-87 7 

31^2 2 
68-% % 
77-99 9 

43-90 0 
61-100 0 
67-99 9 

10-25 5 
3-51 1 
16-61 1 

** (polyps detected at initial colonoscopy + polyps detected at second-look colonoscopy). 
CI,, confidence interval. 

PredictivePredictive 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. 

Ass a result of the large number of false-positive findings, the mean positive predictive 

valuess for the identification of patients with polyps £ 10 mm and > 6 mm were low 

(60%% and 36%, respectively). Mean positive predictive valuess per polyp were 61% and 

17%% for large and medium-sized polyps, respectively. Mean negative predictive values 

forr patients without polyps i> 10 mm and ;> 6 mm were 98% and 94%, respectively. 

AnalysisAnalysis 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 GT 

scans,, we concluded that 22 and 10 of these false-positive findings were caused by 

residuall stool for reviewers 1 and 2, respectively. One and 5 large false-positive findings 

Tabl ee 3. Sensitivity for adenomatous 

Adenomatouss lesions 
accordingg to size 

<66 mm 
6-99 mm 
>10mm m 

Colonoscopy y 
N N 

96 6 
15 5 

277 (23+4)a 

polyps s 

Reviewer-1 1 
n(%) ) 

40(42) ) 
111 (73) 
21(78) ) 

95%-CI I 
% % 

32-52 2 
48,89 9 
59-89 9 

Reviewer-2 2 
n(%) ) 

388 (40) 
122 (80) 
21(78) ) 

95%-C! ! 
% % 

30-50 0 
55-93 3 
59-89 9 

aa (polyps detected at initial colonoscopy + polyps detected at second-look colonoscopy), CI, 
confidencee interval. 
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Tabl ee 4. Positive pred 

Findingss accord 
too size 

PerPer patient 
All l 
>66 mm 
>10mm m 

PerPer polyp 
<66 mm 
6-99 mm 
>> 10 mm 

ing g 

TP P 

87 7 
34 4 
26 6 

149 9 
23 3 
36 6 

ctivee values 

Reviewer-1 1 

FP P 

74 4 
60 0 
18 8 

411 1 
129 9 
25 5 

PPV% % 

54 4 
36 6 
59 9 

27 7 
15 5 
59 9 

95%-CI I 

46-62 2 
27-46 6 
44-72 2 

23-30 0 
10-22 2 
47-71 1 

TP P 

88 8 
36 6 
26 6 

132 2 
27 7 
37 7 

Reyiewer-2 2 

FP P 

76 6 
64 4 
17 7 

490 0 
114 4 
22 2 

PPV% % 

54 4 
36 6 
61 1 

21 1 
19 9 
63 3 

95%-CI I 

46-61 1 
27-46 6 
46-74 4 

18-25 5 
14-26 6 
50-74 4 

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

Tablee 5. Negative predictive values 

Findingss according 
too size 

PerPer patient 
All l 
>6mm m 
£100 mm 

TN N 

34 4 
144 4 
200 0 

Reviewer-1 1 

FN N 

54 4 
11 1 
5 5 

NPV% % 

39 9 
93 3 
98 8 

95%-CI I 

29-*9 9 
88-96 6 
94-99 9 

TN N 

32 2 
140 0 
201 1 

Reviewer-2 2 

FN N 

53 3 
9 9 
5 5 

NPV% % 

38 8 
94 4 
98 8 

95%-CI I 

28-48 8 
89-97 7 
94-99 9 

TN,, true negative; FN, false negative; NPV, negative predictive value; CI, confidence interval. 

weree caused by protruding folds in suboptimally distended segments for reviewers 1 

andd 2, respectively. Two colonic varices caused 2 false-positive results for reviewer 1. 

Reviewerr 2 erroneously interpreted the ileocecal valve to be abnormal in 5 cases. A 

splenicc impression in the proximal descending colon causöd another false-positive 

findingg for reviewer 2. One false-positive finding by reviewer 2 could not be explained 

but,, because thé patient died of lung cancer during the course of the study, a second-

lookk colonoscopy could not be performed. Nevertheless, retrospective evaluation of 

thee videotaped colonoscopy raised the suspicion that it concerned a colonoscopically 

missedd flat lesion. 

InterobserverInterobserver analysis — Interobserver agreement with regard to the correspondence 

off segment judgments was good ( K statistic = 070; 95% confidence interval, 0.66-0.74). 
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Discussio n n 
Althoughh 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 CT colonography to be valuable in this respect its accuracy must be similar 

too colonoscopy. 

Thee present study indicates that CT colonography and colonoscopy have a similar 

abilityy to identify patients with large polyps in a population with a personal or family 

historyy of colorectal polyps or cancer. If patients with large polyps were to be selected 

forr colonoscopy based on CT colonography,, 82%-H83% (205-206/249) of patients would 

nott have to undergo colonoscopy, whereas 5 (16%) of 31 patients with large polyps 

weree overlooked. By comparison, 6 patients (19%) with large polyps were initially 

overlookedd by colonoscopy in the present study. 

Wee compared CT colonography with colonoscopy, the present gold standard for the 

detectionn of colorectal polyps. Studies of back-to-back colonoscopy vary with regard 

too the proportion of missed large polyps (0-6%) (13,14). In the present study, 8 (17%) 

off 48 large polyps were overlooked with colonoscopy, which is rather high compared 

withh these previous reports. Actually, the miss rate of colonoscopy may be higher 

thann previously reported, because the reference test (a second colonoscopy) had the 

samee limitations (e.g., haustral folds, flexures) as the index test. This assumption is 

supportedd by a recent study on CT colonography by Pickhardt et al. (20), in which 

colonoscopicc miss rates for large polyps were also generally higher (11.8%) than 

previouslyy observed. 

Ass in common academic practice, gastroenterology fellows were involved in almost 

onee 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% 

cecall in tubat ion) and co lonoscopic inspect ion was per fo rmed by both the 

gastroenterologyy fellow and the gastroenterolegist, it is unlikely that our colonoscopy 

sensitivityy is lower than in routine clinical practice. Although 7 of 8 colonoscopies 

duringg which a large polyp was missed were performed by a gastroenterology fellow 

underr direct supervision of the attending gastroenterologist, 3 of 7 fellows were 

experiencedd {> 500 colorectal endoscopic procedures). 

Almostt all sessile and pedunculated polyps >6 mm were detected withCT colonography 

inn the present study. However, flat lesions were an important source of false negative 

resultss with CT colonography, which is in line with data from a previous study (21). Of 
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thee 10 flat lesions that were missed with CT colonography, 3 were adenomas and one 

wass a cancer. In retrospect, 5 of 10 missed flat lesions could be identified in the CT 

colonographyy images, among which were one adenomatous polyp and the cancer. 

Largee flat lesions are more likely to contain early malignant disease than polypoid 

lesionss (17). Therefore, detection of flat lesions wi th CT colonography must be 

improved.. There are several ways to achieve this. First, increasing the spatial resolution 

throughh scanning with thinner slices improves visualization of flat lesions (22). Second, 

ann additional primary 2-dtmensionat review is believed to be preferable for visualization 

off flat lesions (21) and additional 2-dimensïonal review may improve the detection of 

thesee lesions. Third, because 5 of 10 large flat lesions could be detected retrospectively, 

furtherr training of radiologists in recognizing such lesions may improve sensitivity. 

Inn the present study, we used a balloon-tipped rectal enema tube to insufflate the 

colon,, which was left in situ during the examination. This device obscured the distal 2 

cmm of the rectum and the anorectal transition; consequently, 1 large villous lesion that 

wass situated in this area was missed with CT colonography. Because it has recently 

beenn shown that the use of a thin flexible rectal tube without a balloon still results in 

clinicallyy acceptable distention of the colon (23), the use of these thin tubes will improve 

thee visualization of this area. 

Althoughh it is generally agreed that patients with polyps > 10 mm require colonoscopic 

polypectomy,, patients with polyps 6-9 mm may require more frequent follow-up than 

patientss wi thout or wi th only diminutive polyps. In the present study, many CT 

colonographicc findings in these size ranges were false positive. If large CT colonographic 

findingss had triggered colonoscopy, 41% of patients (17-18/43-44) with such findings 

wouldd have undergone colonoscopy unnecessarily. If CT colonographic findings of 6 

mmm or larger would have triggered colonoscopy or frequent fol low-up wi th CT 

colonography,, an even higher proportion of patients (64%) would have undergone these 

examinationss unnecessarily (60-64/94-100). This relatively high proportion of unnecessary 

examinationss reduces the potential benefit of preselection. 

Ourr high number of false-positive findings is in contrast to previous reports. This 

mayy be caused in part by our primary 3-dimensional review method. Although this 

approachh may result in improved polyp visualization (24), this may be at the expense 

off an increased number of false-positive findings. Residual stool was an important 

causee of false-positive findings in our study. In future studies, 2 measures can be applied 

too reduce the misinterpretation of residual stool. First, contrast agents can be added 

too tag residual stool (25). Second, scanning with thinner slices is known to improve 
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thee visibility of air inside CT lesions (26), a strong indicator of fecal matter. It can be 

expectedd that both measures wil l reduce the number of false-positive findings without 

affectingg the number of true positives. 

Thee accuracy of CT colonography has been repeatedly reported in the past 7 years. 

Exceptt for 2 studies that were hampered by suboptimal technique and learning curves 

(27,28)) many early reports were enthusiastic; the sensitivities and specificities for 

patientss 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 

subjectss with positive screening test results and subjects who were primarily evaluated 

forr symptoms. Because this may result in different disease spectra and prevalences, 

thesee data do not apply to patients who are screened for a personal or family history 

off colorectal polyps or cancer. 

AA study by Johnson et al. (29) previously reported the sensitivity and specificity of CT 

colonographyy in increased-risk patients. In this study of 703 patients, the sensitivity 

afterr double reading was lower (64%) than previously reported, with an acceptable 

specificityy (95%) (29). The investigators, who used a primary 2-dimensional display 

modee to evaluate the data, found that a large proportion of missed polyps > 10 mm 

{34%;; 20 of 59) were perceptual errors. Although there are only a few comparisons of 

primaryy 2-dimensional and 3-dimensional display modes, the available data suggest 

thatt primary 3-dimensional display modes improve polyp visualization (24). 

Althoughh the same investigators verified false-positive findings wi th videotaped 

colonoscopy,, no second-look colonoscopy was performed. In our experience, none 

off the 8 large polyps that were overlooked at colonoscopy could be retrospectively 

confirmedd by reviewing the videotaped colonoscopy. Consequently, if we had not 

performedd a second-look colonoscopy, our sensitivity for patients with large polyps 

wouldd have been 80% (20 of 25) instead of 84% (26 of 31). Thus, both our 3-dimensional 

approachh and verification procedure may have contributed to our higher sensitivity. 

AA recent study in 1233 asymptomatic individuals compared CT colonography and 

colonoscopy,, also with 3-dimensional display, and reported a comparable sensitivity for 

bothh 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 CT colonography for the previously 

examinedd segment. If findings > 5 mm were present at CT colonography but not at 

colonoscopy,, these lesions were directly verified based on detailed information of CT 

colonographyy (20). This procedure, known as "segmental unbl ind ing" , enables 
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verificationn of lesions of any size (30). 

AA number of limitations of our study must be considered. We performed a second-

lookk colonoscopy in patients with large unexplained false-positive findings, and the 

causess 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), 

thee propor t ion of medium-sized false-positive f indings that in fact represent 

endoscopicallyy missed polyps may have been even higher than observed in the present 

studyy for large lesions. To further elucidate this issue, future research on the accuracy 

off CT colonography should preferably comprise segmental unblinding to enable direct 

verificationn of false-positive lesions of any size (30). Segmental unblinding is clearly 

preferablee for the determination of the diagnostic accuracy of CT colonography per 

se.. However, it may hamper a comparison of the diagnostic value between CT 

colonographyy and colonoscopy because of a "learning effect"; if the endoscopist misses 

aa lesion in a particular segment, he or she may unintentionally adjust the examination 

stylee during the examination of the remaining segments. 

Ass 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 

havee grown. Theoretically these missed polyps might have been smaller than 10 mm at 

thee time of the initial colonoscopy; however, because these lesions were at least 10 

mmm as measured at CT colonography, we consider it unlikely that the sizes of lesions 

weree misclassified. 

Becausee both observers had many false-positive findings, theoretically the chance 

increasess that a lesion detected at CT colonography is labeled as a true-positive finding. 

Too reduce this effect, our matching procedure comprised a facè-to-face comparison of 

thee videotaped colonoscopy and the CT colonography images and strict criterions with 

regardd to location and size (case record form). In our experience, this procedure left 

littlee room for alternative interpretations; therefore, we deem it unlikely that this effect 

considerablyy influenced our results. 

Becausee CT colonography, as performed according to current standards, is preferred 

too colonoscopy by patients (20), it is expected to improve attendance rates. Bowel 

preparation,, a major obstacle to participation in colonoscopic screening (7), wil l not 

bee required for CT colonography in the near future (25). Most importantly, however, 

CTT colonography must prove to have an ability similar to colonoscopy to identify 

patientss wi th large colorectal polyps. The present results are encouraging, but more 

dataa are required to confirm our observations. 
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Inn conc lus ion , ou r data indicate that CT co lonography and co lonoscopy have a similar 

ab i l i t yy t o ident i fy large co lorecta l po lyps in pat ients w i t h a personal o r fami ly h is tory 

o ff co lorecta l po lyps o r cancer. However , the major i ty of f lat lesions w e r e ove r l ooked , 

aa f i n d i n g that requi res fu r the r study. 
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Abstrac t t 
Purpose ::  To prospectively evaluate short- and midterm patientpreference of computed 

tomographicc (CT) colonography relative to colonoscopy in patients at increased risk 

forr colorectal cancer and to elucidate determinants of preference. 

Material ss  and Methods : Consecutive patients at increased risk for colorectal cancer 

underwentt CT colonography prior to scheduled colonoscopy. Patient experience and 

preferencee were assessed both directly after the examinations and 5 weeks after the 

examinations.. Differences in pain, embarrassment, discomfort, and preference were 

assessedd wi th the Wi lcoxon signed rank sum test or a binomial tes t Potential 

determinantss of preference were investigated with logistic regression analyses. 

Results ::  Data for 249 patients were included. Fewer patients experienced severe or 

extremee pain during CT colonography (seven [3%] of 245) than during colonoscopy 

(811 [34%] of 241) (P< .001). Directly after both examinations, 168 (71%) of 236 patients 

preferredd CT colonography; 5 weeks later, 141 (61%) of 233 patients preferred CT 

Colonographyy (P< .001). Initially, a painful colonoscopy examination (odds ratio, 0.17; 

95%% confidence interval [CI]: 0.08, 0.38) was a determinant of CT colonography 

preference.. Similarly, a painful (odds ratio, 3.70; 95% CI: 1.54, 8.92) or an embarrassing 

(oddss ratio, 4.46; 95% CI: 1.18,16;88) CT colonography examination was a determinant 

off colonoscopy preference. After 5 weeks, the presence of polyps emerged as a 

determinantt of colonoscopy preference (odds ratio, 1.94; 95% CI: 1.02,3.70), while the 

rolee of experiences waned. 

Conclusion ::  Patients preferred CT colonography to colonoscopy; however, this 

preferencee decreased in t ime, while outcome considerations gradually replaced 

temporaryy experiences of inconvenience. 
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Patientt acceptance of CT colonography 

Introductio n n 
Colorectall cancer is the second leading cause of cancer-related mortality in the Western 

world,, accounting for an estimated56,700 deaths in 2001 in the United States (D.There 

iss compelling evidence that screening for colorectal cancer reduces the incidence of 

thiss disease and the disease-specific mortality (2). Thus, many organizations have 

establishedd screening guidelines and recommended screening methods, such as fecal 

occultt blood testing, flexible sigmoidoscopy, colonoscopy, and double barium enema 

examinationn (3-6). 

Despitee the widespread promotion of colorectal cancer screening, a recent survey 

demonstratedd that only 23.4% of the United States population aged 50 years and older 

underwentt a fecal occult blood test in the previous year, and only 37.4% of the 

populationn underwent sigmoidoscopy or colonoscopy in the past 5 years (6). Factors 

thatt influence adherence to established guidelines are patient attitudes toward the 

tests,, physician recommendations, and coverage by the health care system (7). 

Inn line with reports indicating that colonoscopy is more sensitive than double barium 

enemaa examination (8) or sigmoidoscopy (combined with a fecal occult blood test)(9), 

théé American College of Gastroenterology currently recommends that asymptomatic 

individualss aged 50 years and older undergo colonoscopy once every 10 years (4). The 

factt that Medicare presently reimburses persons at average risk for colorectal cancer 

forr the cost of colonoscopy screening demonstrates the increased acceptance of 

colonoscopyy in the prevention of colorectal cancer (10), From the patient's perspective, 

thee drawbacks of this method are the attendant discomfort, a reason that is frequently 

mentionedd by individualsfor not undergoing colonoscopy screening (11), and the risk 

off complications due to its invasive nature (12). 

Sincee several reports have demonstrated that CT colonography and colonoscopy have 

aa similar accuracy in the detection of polyps that are 10 mm and larger (13-16), CT 

colonographyy has been considered as an alternative method in colorectal cancer 

screening.. Inconvenience is claimed to be less with CT colonography than that associated 

withh colonoscopy, and—to our knowledge—complications have not been reported. 

Thee few available comparisons of patient preference of CT colonography and 

colonoscopyy are based on measurements obtained within 3 days of an examination 

andd might have been obtained under stressful circumstances, such as hospitalization, 

physicall discomfort, or aftereffects of sedatives (17-22). Because adverse reactions to 

testss tend to temper in time (22), it might be preferable to assess patient preference 
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somee time after the examinations. To date, little is known about the preference of 

patients,, as measured 5 weeks after CT colonography and colonoscopy. 

Thus,, the purpose of our study was to prospectively evaluate short- and midterm 

preferencee of CT colonography relative to colonoscopy in patients at increased risk 

forr colorectal cancer and to elucidate the determinants of patient preference. 

Material ss  and Method s 

Patient ss an d Settin g The study inclusion period was between October 29,2000, and 

Septemberr 25, 2002. Patients scheduled to undergo routine colonoscopy at the 

endoscopyy departments Of either the Academic Medical Center or the Slotervaart 

Hospitall because they had a personal or familial history of colorectal polyps or cancer 

weree included. 

Patientss were excluded if they were (a) younger than 18 years, (bjunable to understand 

thee concepts of patient information and informed consent or refused to provide their 

writtenn informed consent, (c) found to have colorectal polyps or cancer during a recent 

colonn examination, or (d) underwent colostomy aftercolorectal surgery. Approximately 

77 weeks before colonoscopy, eligible patients were called by a member of the study 

groupp (R.E.v.G., M.P.S.). The member of the study group explained the aim of the study 

andd asked patients if they were interested in receiving information about this study. This 

informationn comprised an explanation of the CT colonography procedure and a statement 

off the pu rpose of this study, which was to investigate the accuracy and patient preference 

off CT colonography. This report only deals with patient preference. The patients were 

calledd 2 weeks later and invited to participate in the study if they consented. 

Thee medical ethics committees of the Academic Medical Center and Slotervaart 

Hospitall approved the study, and all patients provided signed informed consent. 

Diagnost i cc  Procedure s For the purpose of this study, patients underwent CT 

colonography;; approximately 1 hour later, they underwent colonoscopy. 

Bowe ll  Preparatio n All patients ingested 4-6 L of polyethylene glycol electrolyte 

solut ionn (KleanPrep; Helsinn Birex Pharmaceuticals, Dubl in, Ireland) for bowel 

preparationn on the day before and the day of the examination. 
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CTT Colonograph y First, a balloon-tipped rectal enema tube was inserted and 20 mg 

off butyl scopalamine bromide (Buscopan; Boehringer-lngelheim, Ingelheim, Germany) 

orr 1 mg of glucagon hydrochloride (Glucagen; Novo-Nordisk, Bagsvaerd, Denmark) 

wass administered intravenously. To distend the colon, carbon dioxide (13.4 volume 

percentage)) was insufflated manually to maximum patient tolerance (approximately 2 

L).. Before a patient underwent scanning, a preview image was obtained that allowed 

physicianss or technicians to judge distention and plan the CT examination. If distention 

wass unsatisfactory, additional air was insufflated in consultation with the patient. 

Twoo CT examinations, one with the patient in the supine position and one with the 

patientt in the prone position, were performed; each examination was performed during 

aa 22-second breath hold.The examinations were performed with a multi-detector row 

CTT scanner (Mx8000; Philips Medical Systems, Best, the Netherlands) with the following 

parameters:: 25-100 mAs, 120 kV, 4 x2.5-mm collimation, 0.75*second rotation time, 

pitchh of 1.25,3.2-mm section thickness, and 1.6-mm reconstruction interval. Either a 

researchh fellow or a specially trained technician performed CT colonography. The 

mediann examination room time was 21 minutes30 seconds (interquartile range, 18 

minutess 40 seconds to 26 minutes 58 seconds). 

Colonoscop yy  Colonoscopy was performed with a standard colonoscope (CF-140L; 

Olympus,, Tokyo, Japan). During this procedure, patients received a standard dose of 

sedativess (5 mg of midazolam [Dormicum; Roche, Basel, Switzerland]) and analgesics 

(0.055 mg of fentanyl [Fentanyl-Janssen; Janssen Pharmaceuticals, Beerse, Belgium]) at 

requestt of the patient. If sedation and analgesia were insufficient, the endoscopist 

increasedd the dose. 

Colonoscopyy was performed in 118 (47%) of the 249 patients by an experienced (>5 years) 

gastroenterologistt (J.F.B., P.S., and others) and in 131 (53%) patients by a gastroenterology 

fellowunderr direct supervision of the attending gastroenterologist (J.F.B. and others). The 

mediann colonoscopy examination time, which consisted of insertion of the colonoscope 

andd inspection, was 30 minutes 0 seconds {interquartile range, 21 minutes 0seconds to49 

minutess 30 seconds). Patients were brought to the recovery ward after colonoscopy, and 

theyy were discharged from the hospital 2 hours later. 

Patien tt  Preferenc e Measurement s To elucidate background information and to 

evaluatee experience and preference, all patients were asked to f i l l out a total of five 

questionnaires:: (a) one questionnaire 2 weeks prior to the examinations, (b) three 
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2455 (98) 
2433 (98) 
2433 (98) 
2377 (95) 

2411 (97) 
2400 (96) 
2400 (96) 
220(88) ) 

234(94) ) 
234(94) ) 
234(94) ) 
226(91} } 

235(94) ) 
234(94) ) 
2322 (93) 
223(90) ) 

Tabl ee 1 . Summary of questionnaires and responses at different time points 

QQ Question 2 weeks Directly 5 weeks 
priorr to after after 

examination** examination* examination* 

11 To which of the fo l lowing events you feel the most reluctance: 207 (83) NA NA 
bowell preparation or CT colonography, bowel preparation or 
colonoscopy,, and colonoscopy or CT colonography 

22 Please indicate the burden due to bowel preparation NA 247 (99) NA 
3,55 Please indicate the degree of the following sensations you 

experiencedd during CT colonography: NA 
-pain n 
-embaa rrassment 
-discomfort t 

3,55 which part of the CT colonography examination did you think NA 
wass the most burdensome? 

4,, 5 Please indicate the degree of the following sensations you NA 
experiencedd du ring colonoscopy: 
-pain n 
-embarrassment t 
-discomfort t 

4,4, 5 which part of the colonoscopy examination did you think was NA 
thee moste burdensome? 

4,55 Which of the following events were the most burdensome: NA 219(88) 228(92) 
bowell preparation or CT colonography, bowel preparation 
orr colonoscopy, colonoscopy or CT colonography 

4,55 Which of the colon examinations (CT colonography or NA 236(95) 233(94) 
colonoscopy)) would you prefer if you could choose 
yourr next examination? t 

Note.—NAA = not applicable. Q, Questionnaire 
** Data are number of patients. Data parentheses are percentages. 
tPatientss were asked to assume equal accuracy for CT colonography and colonoscopy. 

questionnairess on the day of the examinations, and (c) one questionnaire 5 weeks 

afterr the examinations. Note that all experience parameters were evaluated with a five-

pointt Ukert scale (none, mild, moderate, severe, extreme). Questionnaire contents 

wi l ll be explained later and are summarized in Table 1. Patients f i l led out the 

questionnaires,, although assistance was available on request. 

Tw oo Week s befor e CT Colonograph y an d Colonoscop y Two weeks before 

thee examinations, participants were asked to report background information, including 

whetherr they had any previous experience with endoscopic examinations, whether 

thesee experiences were painful, and their educational and income level. Also, patients 

weree asked which of the following events they were most reluctant to undergo: bowel 

preparation,, CT colonography, or colonoscopy. 

Dayy o f CT Colonograph y an d Colonoscop y Questionnaires were filled out (a) 

directlyy before CT colonographyto evaluate the use of bowel preparation; (b) directly 
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afterr CT colonography to evaluate pain, embarrassment, discomfort, and the most 

burdensomee part of the examination; and (c) directly after colonoscopy to evaluate 

pain,, embarrassment, discomfort,and the most burdensome part of the examination. 

Inn addition, patients were asked to indicate whether they would prefer CT colonography 

orr colonoscopy if a future colon examination was indicated. This measurement was 

performedd with a seven-pointcertainty scale: Patients would surely, likely, or possibly 

preferr CT colonography; patients were indifferent; and patients would possibly, likely, 

orr surely prefer colonoscopy. The question regarding patient preference of CT 

colonographyy or colonoscopy was posed under two assumptions: First, we stated that 

accuu racy for both examinations is similar. Second, we stated that if CT colonography 

wass chosen, there was a 20% likelihood that colonoscopy would have to be performed 

too allow removal of polyps detected with CT colonography. Finally, patients were asked 

too indicate which of the following events was the most burdensome: bowel preparation, 

CTT colonography, or colonoscopy. 

Fivee Weeks after CT Colonograph y and Colonoscop y Five weeks after CT 

colonographyy and colonoscopy, patients were mailed a questionnaire in which they 

weree asked to evaluate the experience of both examinations and indicate which they 

preferred.. Again, patients were asked to indicate which of the following events was 

thee most burdensome: bowel preparation, CT colonography, or colonoscopy. We 

requestedd that patients return the questionnaires wi th a prepaid envelope. If patients 

didd not respond, they were reminded twice. 

Statistica ll  Analysi s Differences in experience between CT colonography and 

colonoscopyy were assessed wi th the Wilcoxon signed rank sum test. To assess 

differencess in preference for CT colonography or colonoscopy, we dichotomized this 

parameterr into preference (surely, likely, possibly) for CT colonography or colonoscopy 

andd tested it with the Fisher exact test. Analysis of preference was also stratified 

accordingg to the use of analgesics and sedatives during colonoscopy. Differences in 

experiencee and preference between the initial and second measurement were assessed 

withh the Wilcoxon signed rank sum test. 

Inn the present study, we compared experiences and preferences in patients who 

underwentt both CT colonography and colonoscopy; therefore, we included only those 

patientss who underwent both examinations completely. To investigate whether the 

exclusionn of patients who underwent incomplete examinations influenced our results 

45 5 



Chapterr 3 

regardingg preference, we also analyzed the preference pattern in patients with failed 

CTT eölonography and colonoscopy. 

Univariatee and multivariate logistic regression was used to investigate associations 

betweenn preferences (short- and midterm) and patient-related factors. 

Univariatee analysts was performed with patient characteristics (age 70 years, sex, 

personall history of colorectal polyps or cancer, previous painful endoscopy, income 

$277 000, and completion of academic or higher vocational education); experience 

parameters,, as measured on the day of the examination (burdensome bowel preparation 

andd painful or embarrassing CT colonography or colonoscopy); use of sedatives and 

analgesicss during colonoscopy; and presence of polyps at the current colonoscopy. The 

incomee level of $27000 or more was chosen because this level is similar to the Dutch 

modall income. Higher vocational education is education that students can pursue after 

theyy have completed secondary school and enables them to become higher professionals, 

suchh as technical engineers. This educational level is below the university level. 

Too reduce the number of potential covariates, we first performed univariate logistic 

regressionn analyses; covariates with a PvaJue of .10 or less at univariate analyses were 

subsequentlyy entered in the multiple logistic regression analysis. Stepwise, backward, and 

forwardd selection strategies with the same preselected covariates all provided the same 

multivariatee result as the results presented in this study (obtained with method enter). 

Bothh the odds ratios and 95% confidence intervals (Cls) of statistically significant 

independentt determinants are reported. A P value of less than .05 was considered to 

indicatee statistical significance. We used SPSS version 11.0for Windows (SPSS, Chicago, 

III)) to perform all statistical tests. 

Result s s 
Patien tt  Participatio n Of 459 patients that were scheduled for colonoscopy during 

thee study period, 98(21%) were npt approached for inclusion in the study because the 

CTT scanner was not available (eg, scheduled clinical patients had priority, technical 

maintenancee of scanner was scheduled), and 11 (2%) were not approached for inclusion 

becausee of unknown reasons. Of the 350 patients that were approached for inclusion, 

622 (18%) refused because participation was inconvenient for logistical or medical reasons, 

orr it was considered burdensome.Thus, a total of 288 (82%) patients participated in the 

studyy (Fig 1). 
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3500 participation requested . 

Ql l 

Q2 2 

Q3 3 

Q4 4 

Q5 5 

2888 participated 

Bowell  preparation 

CTT colonography 

Colonoscopy y 

2499 analyzed 

4599 increased risk 
forr colorectal cancer 

622 refused 

1099 participation not requested 
Reasons: : 
-organizational,, 98 
-unknownn reasons, 11 

399 not analyzed 
Reason: : 
-noo show, 3 
-bowell  preparation failure, 12 
-CTT colonography exam failure, 20 
-colonoscopyy exam failure, 5 

Figuree 1. Flow chart shows patient participation and study design. A total of 288 patients participated; 
2499 patients who underwent successful bowel preparation, CT colonography, and colonoscopy 
weree analyzed. In one patient, both unsatisfactory bowel preparation and CT colonography 
examinationn failure occurred; thus, 39 patients were not analyzed. In a 7-week time frame, patients 
completedd five questionnaires. Q1 = questionnaire completed 2 weeks before examination. Patient 
characteristicss and reluctance were reported. Q2 = questionnaire completed on the day of 
examination,, before the examinations. Patients evaluated bowel preparation experience. Q3 = 
questionnairee completed after CT colonography. Patients evaluated CT colonography experience. 
Q4Q4 = questionnaire completed after colonoscopy. Patients evaluated colonoscopy experience, 
andd the first preference measurement was obtained. Q5 = questionnaire completed at 5-week 
follow-up.. Patients evaluated their CT colonography and colonoscopy experience, and the second 
preferencee measurement was obtained. 

A d e q u a t ee B o w e l P r e p a r a t i o n , C T C o l o n o g r a p h y , a n d C o l o n o s c o p y In 12 

(4%)) pat ients, bowe l p repara t ion was insuf f ic ient and prevented eva luat ion w i t h CT 

c o l o n o g r a p h yy and c o l o n o s c o p y . In 20 (7%) pa t ien ts , images o b t a i n e d w i t h CT 

co lonographyy were inadequate because o f insuf f ic ient bowe l d i s ten t ion (n = 8,3%), 

severee artifacts due t o b rea th ing (n = 3,1%) or ar throdesis of the spine (n = 2,1%), and 

technica ll p rob lems d u r i n g t he examina t ion (n = 7, 2%). Co lonoscopy fa i led to reach 

t hee cecum in f ive (2%) pat ients. Three pat ients (1%) w h o in i t ia l ly agreed t o part ic ipate 

d i dd not show up for the examina t i on . Data ob ta ined in pat ients w i t h fa i led bowe l 

p repa ra t i onn o r a fa i led e x a m i n a t i o n o r in pat ients w h o d i d n o t s h o w u p fo r t he 
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examinationss (0=39^ 14%) were not analyzed. In one patient, the results o f both bowel 

preparationn and CTcolonography were inadequate; therefore, data from 39 instead of 

400 patients were not analyzed. Of thé 249 patients wi th data that were analyzed, 235 

(94%)) returned the questionnaire they received 5 weeks after the examinations (Fig 1), 

Off 249 patients, 20 (8%) had a history of mild abdominal symptoms. Of these 20 

patients,, eight had mild abdominal pain, two had hematochezia, and 10 had altered 

bowell habits. 

Patien tt  Characteristics , Responses , and Colonoscop y ResultsTable i indicate s 

thee number of patients who responded to each question. Table 2 demonstrates the 

patientt characteristics. Patient characteristics stratified according to the use of sedatives 

andd analgesics during colonoscopy are available in the Appendix (table A1). In 139 

(56%)) of 249 patients, a polyp was diagnosed during colonoscopy. In 25 (10%) patients, 

aa polyp of 10 mm or larger was diagnosed. 

Tablee 2. Patient characteristics 

Characteristicss Mean/percentage 

Age(y)** 56(SD13) 
-femalee 54 (SD13) 
-malee 57(SD13) 
Femalee 103 (41) 
Malee 146 (59) 
Previouss endoscopy 189 (76) 
Incomee >$ 27.000 89 (51)+ 
Academicc or higher vocational education 78 (34)* 
Indicationn for colonoscopy 
-Personall history of colorectal polyps or cancer 158 (64) 
-Familyy history of colorectal polyps or cancer 91 (37) 
Sedativess and analgesics during colonoscopy 
-nonee 67(27) 
-sedativess only 61 (25) 
^sedativess and analgesics 121 (49) 

Patientt numbers and percentages (or mean and standard deviations) for patient characteristics. 
SD,, standard deviation 
** Data are mean  standard deviation. 
++ 74 (30%) patients did not report their income. 
++ 22 (9%) patients did not report their educational level. 

Pre-- and Posttes t Appraisa l of Bowe l Preparation , CT Colonography , and 

Colonoscop yy  Only five (2%) of 207 patients indicated that they were most reluctant 

too undergo CT colonography in advance and that this examination was the worst of 

threee events directly after both examinations and 5 weeks later. Two weeks before the 

examinations,, the number of patients that were most reluctant to undergo bowel 
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preparationn (n = 104 [50%]) and colonoscopy (n = 98 [47%]) was similar. The number of 

patientss who indicated bowel preparation was the most burdensome event increased 

fromm 120 (55%) of 219 patients directly after both examinations to 144 (63%) of 228 

patientss 5 weeks after the examinations. The number of patients that indicated 

colonoscopyy was the most burdensome event decreased from 94 (43%) of 219 patients 

directlyy after both examinations to 79 (35%) of 228 patients 5 weeks after the 

examinationss (Fig 2). 
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133 60 -
OO 5 0-
£TT 40 -\ 
tt 30 
^ 2 0 --

10 0 
0 0 

11 1 Bowel preparation 
£ff|CTT colonography 
II  Colonoscopy ,~ 

63 3 
500 4 7 

1 1 
il l -—™™ , 

55 5 
43 3 

1 1 
d d —™™ , ! 

35 5 

'
pree test (Ql) post test (Q4) post test (Q5) 

Figuree 2. Graph shows pretest reluctance and posttest appraisal of the most burdensome event: 
bowell preparation, CT colonography, or colonoscopy. On questionnaire 1 {Ql), a similar percentage 
off patients indicated that they were most reluctant to undergo bowel preparation and colonoscopy. 
Patientss indicated that bowel preparation was the most burdensome event after the examination 
onn questionnaires 4 (Q4) and 5 (Q5). 

Patien tt  Experienc e o f Bowe l Preparation , CT Colonography , and Colonoscop y 

Off 247 patients, 60 (24%) appraised the burden due to the use of bowel preparation as 

extreme,, 85 (34%) as severe, 48 (19%) as moderate, 42 (17%) as mild, and 12 (5%) as 

negligible. . 

Directlyy after the examinations, fewer patients experienced severe pain during CT 

colonographyy {n = 7 [3%]) than during colonoscopy (n = 81 [34%]) (P< .001). A similar 

significantt difference was observed 5 weeks after the examinations, when eight (3%) 

off 234 patients appraised CT colonography as severely or extremely painful, and 67 

(29%)) of 235 patients appraised colonoscopy as severely or extremely painful (P< .001). 

Att both time points, patients experienced significantly less discomfort during CT 

colonographyy than during colonoscopy (P< .001), but they did experience a similar 

levell of embarrassment. 
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Directlyy after the exams Five weeks after the exams 

Figuree 3. Graphs show patient experience with CT colonography (grey bars) and colonoscopy 
(blackk bars), as measured directly after both examinations and at 5-week follow-up. Differences in 
painn and discomfort between CT colonography and colonoscopy were statistically significant (P< 
.001)) at both time points, whereas the differences in embarrassment were not. Numbers indicate 
percentagee of the patient group. 

Comparisonn of the initial experience measurements with those obtained after 5 weeks 

showedd that patients appraised procedural embarrassment during CT colonography and 

colonoscopyy as slightly, but significantly, greater after 5 weeks than directly after the 

examinationss (P< .001). Procedural pain after colonoscopy was appraised as significantly 

lesss at the 5-week measurement than at the initial experience measurement (P = .003), 

whereass an increase in discomfort was observed for CT colonography (P= .032) (Fig 3). 

Immediatelyy after the examination, the insufflation of air and the insertion of the 

rectall enema tube were considered the most burdensome parts of CT colonography. 

Afterr 5 weeks, the majority of patients considered the insufflation of air to be the most 

burdensomee part of CT colonography. The insertion of the endoscope was considered 

thee most burdensome part of colonoscopy both immediately and 5 weeks after the 

examinationn (Table 3). 

Preferencee for CT Colonography or Colonoscopy Of 236 patients, 168 (71%) 

preferredd CT colonography, whereas 45 (19%) preferred colonoscopy directly after 

bothh examinations (P< .001). Five weeks later, 141 (61%) of 233 patients preferred CT 
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Tabl ee 3. Most difficult part of the examination 

Directlyy after examination Fivee weeks after examination 

CTCT colonography 
Intravenouss inject ion 
Insertionn of tube 
Airr insufflation 
Breathh ho ld 
Turningg over on scanner table 
Pronee posit ion 

Colonoscopy Colonoscopy 
Intravenouss injection 
Airr insufflation 
Insertionn of colonoscope 
Stayy at recovery ward 

4(2) ) 
911 (38) 
911 (38) 
322 (14) 
7(3) ) 
12(5) ) 

18(8) ) 
399 (18) 
157(71) ) 

6(3) ) 

14(6) ) 
53(24) ) 
1088 (48) 
311 (14) 
9(4) ) 
11(5) ) 

12(5) ) 
399 (18) 
1588 (71) 
14(6) ) 

Note.—Dataa are number of patients. Data in parentheses are percentages. 

c o l o n o g r a p h y ,, and 72 (31%) p r e f e r r e d c o l o n o s c o p y ( P < . 0 0 1 ) . Th is decrease in 

p re fe rencee fo r CT co lonography was stat ist ical ly s igni f icant (P< .001) (Fig 4). Strat i f ied 

accord ingg to co lonoscopic premedicat ion , the same preference patterns were observed 

(Tablee 4). Five weeks after both examinat ions, patients w h o d id not receive co lonoscop ic 

p remed ica t ionn d id no t s igni f icant ly p re fer CT co lonography t o co lonoscopy (P= .088). 

Thee 25 pat ients w h o were exc luded because inadequate images were ob ta ined w i t h 

CTT co lonog raphy or co lonoscopy had t he same pre ference patterns as t he i nc luded 

pat ients;; 14 (78%) of 18 pat ients w h o responded pre fe r red CT co lonography , th ree 

(17%)) p re fe r red co lonoscopy, and one (6%) had no pre ference. Five weeks after the 

examinat ions,, however , 13 (72%) of 18 respondents p re fe r red CT co lonography , th ree 

(17%)) p re fe r red co lonoscopy, and t w o (11%) had no pre ference. 

55 60 
II  Directly after the examinations 
F~ll  Five weeks after the examinations 

possiblyy indifferent possibly likely surely CS 

Figur ee 4. Graph shows preference of patients for CT colonography (CTC) or colonoscopy (CS) 
directlyy after both examinations and at 5-week follow-up and the strength of this preference. 
Numberss indicate percentage of the patient group. The majority of patients prefer CT colonography 
too colonoscopy (P< .001). This preference is present after 5 weeks (P< .001), although it decreased 
significantlyy (P<.001). 
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Tabl ee 4. Preference according 

Usee of sedation and analgesics 

Noo sedatives or analgesics used 
^directlyy after examination 
-fivee weeks examination 
Onlyy sedatives used 
-directlyy after examination 
-fivee weeks examination 
Sedativess and analgesics used 
-directlyy after examination 
-fivee weeks examination 

too colonoscopic 

Surely y 
CTC C 

27(42) ) 
277 (44) 

299 (50) 
26(46) ) 

566 (49) 
42(37) ) 

Likely y 
CTC C 

9(14) ) 
6(10) ) 

144 (24) 
100 (18) 

23(20) ) 
200 (18) 

33 rem edi cation 

Possibly y 
CTC C 

5(8) ) 
3(5) ) 

K2) ) 
0(0) ) 

4(4) ) 
7(6) ) 

Indifferent t 

111 (17) 
4(7) ) 

7(12) ) 
5(9) ) 

5(4) ) 
111 (10) 

Possibly y 

cs s 

2(3) ) 
0(0) ) 

1(2) ) 
0(0) ) 

5(4) ) 
2(2) ) 

Likely y 

cs s 

5(8) ) 
122 (19) 

2(3) ) 
7(12) ) 

5(4) ) 
144 (12) 

Surely y 
CS S 

5(8) ) 
100 (16) 

4(7) ) 
9(16) ) 

166 (14) 
18(16) ) 

Note.—Dataa are number of patients. Data in parentheses are percentages. CTC, CTcolonography 
CS,, colonoscopy 

Thee statistically significant differences in preference and procedural experience in 

favorr of CT colonography were found irrespective of whether endoscopy was 

performedd by a gastroenterologistor gastrointestinal surgeon working alone or by a 

gast roentero logyy fe l low w o r k i n g under d i rec t supervis ion of an a t tend ing 

gastroenterologist. . 

Determinant ss o f Patien t Preferenc e A painful and embarrassing CT colonography 

examinationn (odds ratio, 3.70; 95% Ch 1.54,8.92) was independently associated with a 

preferencee for colonoscopy (odds ratio, 4.46; 95% CI: 1.18,16.88} directly after both 

examinations.. Similarly, a painful colonoscopy experience was associated wi th a 

preferencee for CT colonography (odds ratio, 0.17; 95% CI: 0.08, 038). After 5 weeks, 

painfull CTcolonography (odds ratio, 2.64; 95%CI: 1.14, 6.11) and colonoscopy (odds 

ratio,, 0.36; 95% CI: 0.19,0.68) experiences were still associated with preference, albeit 

too a lesser degree. Also, after 5 weeks, the detection of a polyp with colonoscopy showed 

ann independent association (odds ratio, 1.94; 95% CI: 1.02, 3.70) with a preference for 

colonoscopy.. The Appendix (table A2) lists the odds ratios and 95% CIs of the tested 

covariates. . 

Discussio n n 
Thee results of this 5-week follow-up study demonstrate that the majority of patients 

whoo have an increased risk of developing colorectal cancer have a sustained preference 

forr CT colonography. These patients experience CT colonography as a negligible or 

minorr burden. Patients prefer CTcolonography despite a20% chance that colonoscopy 

wil ll still be required for the removal of detected polyps. Anticipated pain is an important 
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reasonforr individuals to decline colonoscopic screening (11); the implementation of a 

lesss troublesome examination, such as CTcolonography, in the prevention of colorectal 

cancerr might improve attendance rates. 

Althoughh patients preferred CT colonography at both t ime points, the strength of 

thatt preference significantly decreased afterS weeks. It is likely, however, that the last 

opinionn wil l constitute the basis of future decisions, because this opinion is formed 

afterr immediate experiences have tempered and patients most likely have returned to 

normall functioning. 

Inn time, several changes regarding the determinants of preference were noticed. First, 

thee influence of parameters such as pain and embarrassment decreased after 5 weeks. 

Second,, in contrastto the initial measurement, the presence of polyps at colonoscopy 

wass associated wi th a preference for colonoscopy measured after 5 weeks. This 

observationn may be explained by the patient's understanding that if polyps are present, 

therapeuticc colonoscopy is required to remove the lesions; therefore, the patient might 

considerr preselection by means of CT colonography to be less attractive. These changes 

mayy demonstrate that as time passes, temporary experiences wane and outcome 

considerationss become more important 

Thee proportion of patients that indicated they experienced embarrass ment at 5-week 

fo l low-upp was greater than the propor t ion that indicated they exper ienced 

embarrassmentt immediately after both examinations. This may have been caused by 

thee environment in which the measurement was performed. For example, thoughts of 

colonoscopyy are normal when in the department of endoscopy, whereas thoughts of 

colonoscopyy are surrounded by negative associations in daily life. 

Onn the questionnaire patients received 5 weeks after the procedure, only a few 

patientss indicated that they experienced more discomfort than they reported on the 

questionnairee completed directly after CT colonography; however, this f inding was 

statisticallyy significant (P= .032). The patients might have been inclined to express a 

moree favorable opinion of CT colonography at the radiology department than at home. 

Thee insertion of the rectal tube and insufflation of air were considered the most 

burdensomee aspects of CTcolonography. It must be noted, however, that the separate 

burdenn scores for these items were rated as severe or extreme by only 17 (7%) and 18 

(7%)) of 245 patients, respectively. We used rectal enema tubes for air insufflation 

becausee we thought these prevented air from escaping the rectum. It has recently 

beenn shown that use of thin rectal tubes instead of rectal balloon catheters results in 

clinicallyy acceptable colon distention. Use of these thin tubes wil l probably improve 
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patientt acceptance of CT colonography (23). 

Noo differences in experience between the use of room air or carbon dioxide were 

observedd in a recent study of patient acceptance of CT colonography (22); however, 

thee results of previous studies have shown that use of carbon dioxide reduces discomfort 

inn patients who undergo a double contrast barium enema examination and colonoscopy 

becausee carbon dioxide is absorbed faster by the bowel wall (24,25). In the present study, 

wee used 13.4 volume percentage carbon dioxide, but use of 100% carbon dioxide may 

resultt in less procedural pain. Pain during CT colonography clearly influenced patient 

preferencee in the present study; therefore, efforts to reduce pain may improve acceptance 

off CT colonography. 

Duringg colonoscopy, insertion of the endoscope was considered the most burdensome 

partt of the examination. This finding is consistent with the findings of a recent study in 

whichh pain episodes were correlated with colonoscope configuration andair insufflation 

(26). . 

Patientss were most reluctant about bowel preparation before the examinations. Bowel 

preparationn was cited as the most severe burden after the examinations /a finding that 

iss collaborated by previous reports (17,19,22). Early feasibility studies indicate that a 

bowell preparation consisting of a low-fiber diet and ingestion of contrast agents was 

sufficientt for CT colonography (27). Implementation of these methods wil l further 

increasee acceptance of CT colonography. 

Performingg colonoscopy without sedation is a consideration, since many of the 

cardiopulmonaryy complications associated with colonoscopy are caused by these 

agents.. In the Netherlands and many other countries, medication is not administered 

inn every patient before colonoscopy (28-32). Patients who did not receive medication 

beforee colonoscopy no longer significantly preferred CT colonography at the 5-week 

fo l low-up.. This maybe explained by the fact that patients who do not request 

medicationn before the procedure have a more favorable view of colonoscopy. In our 

study,, the administration of medication before colonoscopy was not randomized, which 

inevitablyy resulted in inequalities between subgroups, as reflected by differences in 

age,, sex, and indication. Thus, no conclusions can be drawn regarding the effect of 

sedativess and analgesics on preference. 

Thee present data apply to a population that may benefit from the implementation of 

CTT colonography (eg, patients at increased risk for colorectal cancer because of a 

personall or familial history of colorectal polyps or cancer). Our data may also offer 

insightt to the effects of implementation of CT colonography in colorectal cancer 
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screeningg in patients with an average riskof colorectal cancer. However, several factors 

mustt be considered in this regard: First, the prevalence of large polyps in an average-

riskk population is lower than the prevalence observed in our study. Second, virtually 

alll patients are asymptomatic in an average-risk population, whereas 8% of our patients 

hadd mild colorectal symptoms. Third, our patients may have been highly motivated to 

undergoo CT colonography and colonoscopy because of their personal or familial history 

off colorectal polyps or cancer, whereas this is not the case in average-risk patients. 

Thus,, the relative aspects rather than the absolute aspects of our results may apply to 

ann average-risk population. 

Severall limitations of the present study must be considered. In this study, we asked 

patientss to assume equal accuracy forCT colonography and colonoscopy. Although early 

reportss on the accuracy of CT colonography are favorable (13-16), this assumption may 

bee premature. As accuracy is an important criterion for patients in their choice of a 

screeningg test (33), preference patterns may be different if accuracy turns out to be lower. 

Sincee the need for follow-up colonoscopy in patients with large polyps is considered 

aa disadvantage of CT colonography, we are of the opinion that the likelihood of follow-

upp colonoscopy must betaken into account in preference research. On the basis of a 

10%% prevalence of polyps 10 mm or larger in patients at increased risk for colorectal 

cancerr (34) and a sensitivity of 88% (95% CI: 84%, 93%) and a specificity of 95% (95% CI: 

94%,, 97%) in the detection of such lesions in patients (35), it can be expected that 

approximatelyy 13% of patients wi l l require subsequent colonoscopy. Our assumed 

proportionn of 20% is higherthan that in the aforementioned example; therefore, the 

preferencee for CT colonography in our study may even be a slight underestimation. 

Wee assumed that experience and preference are preferably measured after a certain 

timee because this may better reflect future behavior than if experience and preference 

aree measured understressful circumstances. In the present study, we chose a 5-week 

interval;; however, it remains unknown when these opinions change and which interval 

shouldd be used to optimally measure patient preference. Future studies wil l have to 

addresss the optimal time interval between the experience and evaluation. 

Thee fact that the tests were performed in a fixed order might have influenced the 

resultss because residual air might have caused technical difficulties during colonoscopy, 

especiallyy since we did not use 100% carbon dioxide. However, the endoscopists did 

nott report that this was a major problem. 

Thee fact that 62 (18%) of the 350 patients we asked to participate in the study did not 

grantt their approval may have influenced our results, probably by reducing the number 
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off patients that preferred colonoscopy. 

Severall investigators measured patient acceptance of CT colonography, all within 3 

dayss of thé actual examination (17-22). Against expectations, three reports indicated 

thatt CT colonography was considered to be more painful than colonoscopy (20-22), 

andd patient preference was comparable for CT colonography and colonoscopy or was 

inn favor of colonoscopy (20,21). Three other reports indicated that patients experienced 

lesss pain during CT colonography and preferred this test (17-19). These differences 

aree most likely caused by variation in the administration of medication. In the studies 

inn which patients indicated thatCT colonography was a more painful examination, 

bowell relaxants were not used during the examination, and sedatives and analgesics 

weree administered during colonoscopy in all patients (20-22). In the studies in which 

patientss indicated that CT colonography was a less painful examination, bowel relaxants 

weree routinely administered, and sedatives and analgesics were administered during 

colonoscopyy in a lower proportion of the study population (17-19). Although the 

claimedd effect on improved bowel distention in CT colonography is controversial 

(23,36),, there is evidence that both glucagon hydrochloride and butyl scopalamine 

bromidee significantly reduce patient discomfort in CT colonography (37). 

Thee results of our study add information to the existing reports. First, our results 

indicatee that 5 weeks after undergoing CT colonography and colonoscopy, increased-

riskk patients prefer CT colonography. This opinion may be more predictive of future 

behaviorr than measurements obtained directly after thé actual examination. Second, 

ourr results demonstrate that procedural pain and the presence of polyps at colonoscopy 

aree important patient-related determinants of preference. The fact that pain influenced 

thee preference for CT colonography indicates that efforts to further reduce discomfort 

maymay improve the acceptanceof CT colonography. Because polyp prevalence influenced 

preference,, which is a variable that varies with the nature of the population to be 

studied,, this factor should be an important consideration in future preference research 

onn CT colonography. 

Thee results of our 5-week follow-up study demonstrate that increased-risk patients 

preferr CT colonography to colonoscopy; however, this preference decreases in time, 

wh i lee ou tcome considerat ions gradual ly replace temporary experiences of 

inconvenience.. Implementation of CT colonography in colorectal cancer prevention 

programss may result in better attendance rates than those attained with colonoscopy 

becausee the attendant discomfort is considerably less. 
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APPENDIX X 

Tablee A1 Patient characteristics according to use of sedatives and analgesics. 

Agee (mean, SD)* 
Agee <70 
Female e 
Previouss endoseopyt 
Incomess $27,000* 
Academicc or higher vocational education§ 
Indicationn for colonoscopy 
-Personall history of colorectal polyps or cancer 
-Familyy history of colorectal polyps or cancer 

Nonee (n=67) 

599 (SD 13) 
51(76) ) 
16(24) ) 
55(90) ) 
22(49) ) 
23(37) ) 

522 (78) 
155 (22) 

Sedativess (N=61) 

566 (SD 14) 
48(79) ) 
300 (49) 
422 (75) 
25(56) ) 
16(30) ) 

38(62) ) 
233 (38) 

Sedativess and 
analgesicss (n=121) 

555 (SD 12} 
(106(88) ) 
56(46) ) 
92(82) ) 
422 (49) 
399 (35) 

68(56) ) 
53(44) ) 

Note.—Dataa are number of patients, unless otherwise indicated. Data in parentheses are 
percentages.. SD, standard deviation. Patients who did not use sedatives or analgesics were 
significantlyy older than patients who did use sedatives or analgesics (Student r test, P= .018). More 
womenn than men used sedatives or analgesics (Pearson %2 analysis, P= .007). More patients with a 
personall history of colorectal polyps or cancer did not use sedatives or analgesics (Pearson %2 

analysis,, P=.014). 
** Data are mean age  standard deviation. 
tt Six (9%) patients in whom no sedatives or analgesics were used, five (8%) patients in whom only 
sedativess were used, and nine (7%) patients in whom sedatives and analgesics were used did not 
knoww if they had undergone previous endoscopy. 
$$ Twenty-two (33%) patients in whom no sedatives or analgesics were used, 16 (26%) patients in 
whomm only sedatives were used, and 36 (30%) patients in whom sedatives and analgesics were 
usedd did not report their income. 
§§ Five (7%) patients in whom no sedatives or analgesics were used, seven (11%) patients in whom 
onlyy sedatives were used, and ten (8%) patients in whom sedatives and analgesics were used did 
nott report their educational level. 
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Tablee A2 Determinants of preference for CT colonography or co 

Covariates s 

Agee > 70 
Female e 
Personall history 
Previouss painful endoscopy 
Incomee ^ $27.0OO/year 
Highh educational level 
Burdensomee bowel preparation 
Painn during CT colonography 
Embarrassmentt during CT 
colonography y 
Painn during colonoscopy 

Directlyy after CT colonography y 
andd colonoscopy 

Univariate e 
analysis s 

2.29(1.04-5.07) ) 
1.199 (0.62-2.31) 
1.299 (0.65-2.58) 
0.833 (0.41-1.67) 
0.87(0.40-1.91) ) 
0.77(0.36-1.62) ) 
1.111 (0.49-2.51) 
2.766 (1.26-6.08) 
2.933 (0.88-9.73) 

.266 (0.13-0.52) 
Embarrassmentt during colonoscopy .82 (0.17-3.95) 
Usee of sedatives and analgesics 
att colonoscopy: 
11 no sedativesor analgesics used 

22 Only sedatives used 
33 Sedatives and analgesics used 
Polypp depicted with colonoscopy 

22 0.54(0.20-1.52) 
33 1.07(0.49-2.33) 

2.244 (0.83-6.07) 

Multivariate e 
analysis s 

2.099 (0.85-5.11) 
NA A 
NA A 
NA A 
NA A 
NA A 
NA A 

3.700 (1.54-8.92) 
4.46(1.18-16.88) ) 

0.17(0.08-0.38) ) 
NA A 
NA A 

NA A 

lonoscopy. . 

Fivee weeks after CT colonography 
andd colonoscopy 

Univariate e 
analysis s 

1.733 (0.83-3.59) 
0.966 (0.54-1.72) 
1.17(0.65-2.11) ) 
0.866 (0.47-156) 
1.455 (0.74-2.86) 
1.54(0.83-2.87) ) 
1.68(0.79-3.57) ) 
2.40(1.13-5.10) ) 
1.65(0.49-5.62) ) 

0.433 (0-24-0.77) 
0.211 (0.Q3-1.69) 

22 0.73(0.33-1,61) 
33 0.81 (0.41.1.58) 

1.92(1.05-3.51) ) 

Multivariate e 
analysis s 

NA A 
NA A 
NA A 
NA A 
NA A 
NA A 
NA A 

2.64(1.14-6.11) ) 
NA A 

0.366 (0.19-0.68) 
NA A 
NA A 

1.94(1.02-3.70) ) 

Note.—Dataa are odds ratios. Data in parentheses are 95% confidence interval. Covariates were 
selectedd for multivariate analysis if the P value was not greater than .10 at the univariate analysis. 
Multivariatee analysis was repeated with the same preselected covariates by using forward and 
backwardd conditional procedures and yielded results that were fully consistent with the enter 
method.. An odds ratio of less than 1 indicates a positive association of the listed covariate with a 
preferencee for CT colonography. 
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Abstrac t t 
AA drawback of the potential implementation of computed tomography colonography in 

colorectall cancer prevention is the exposure of large populations to ionizing radiation. 

Too estimate the magnitude of this disadvantage we performed a survey among institutions 

thatt perform research on this topic with the purpose to collect current scan protocols 

forr estimation of the effective doses. 

Wee found that the median dose used for CT colonography in 2004 is 5.0 mSv. For 

optimall sensitivity and specificity of CT colonography individuals have to be scanned 

inn both supine and prone position, and therefore the dose must be doubled. If applied 

too a population aged 50, a complete (supine and prone) CT colonography examination 

mayy result in 1 fatal cancer in 4000 individuals which may become manifest after a 

latentt period of up to a few decades. Recent studies, however, indicated that effective 

dosee for CT colonography can be reduced substantially/ thereby decreasing the 

attendantt risks. 
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Introductio n n 
Att present computed tomography (CT) colonography undergoes scrutiny for its 

potentiall role in colorectal cancer prevention (1). An important consideration at this 

stagee is the risk to induce cancer relating to the radiation exposure from large scale 

screeningg with CT, Although the increasing use of multislice scanners speeds up the 

examinationn time considerably and produces thinner slices so that eventually isotropic 

imagess are obtained, there is some loss of dose efficiency in comparison with single-

slicee scanners (2). 

Becausee no recent data on the effective doses associated with CT colonography are 

available,, no accurate estimate can be made of the potential risks of its large scale 

appl icat ionn in colorectal cancer screening. In order to assess the risks of CT 

colonography,, we determined the effective dose associated with current scan protocols 

att institutions that published studies on the accuracy of this examination. In addition, 

wee examined trends over time for various parameters of the scanning protocol and 

thee effective dose. 

Material ss  and Method s 
His to r i ca ll  da t a f r o m t h e l i t e r a t u r e We systematically searched the medical 

literaturee until 31-12-2003 using Pubmed to identify articles reporting on the accuracy 

off CT colonography in humans as a main or subsidiary aim. The fol lowing search terms 

weree used: 'virtual colonoscopy', 'colonography', holography' and 'pneumocolon'. 

Onee report per research institution was included; if more than one study was present, 

thee study with the highest number of patients was included. 

S u r v e yy  The same institutions identified through the literature search were contacted 

too provide their current research and daily practice scan protocol to enable us to 

estimatee their current effective dose via a questionnaire. Daily practice protocols were 

usedd in the analysis to represent the current standard. 

Wee contacted the corresponding authors in case there were uncertainties in the 

currentt scan protocol or in the protocol described in the literature. 

Es t ima t i o nn o f e f f e c t i v e d o s e s The effective dose of a CT-examination is a 

measuree of the radiation risk associated with the examination. It depends on the amount 

off radiation used in the examination that in its turn depends on the tube voltage (nearly 
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alwayss 120 kV in the present study) and the effective mAs-level chosen by the user. 

Estimatess of effective dose can be obtained in different ways. We choose to use the 

CTT Dosimetry calculator (3) because with this calculator it was possible to estimate the 

effectivee dose for all scanner types of our survey. The accuracy of the dose estimates 

iss in the order of 20 %. The dose in individual patients may differ from the dose reported 

here,, that was determined in a mathematical phantom. 

Thee authors of the included reports and questionnaires were informed on the 

estimatedd effective dose. 

Statisticall  analysis 
Medians,, minimum, and maximum values were used to describe the central tendency 

andd variation in effective dose and in various scanning parameters among the daily 

protocolss of different institutions. A subgroup analysis according to the scanner 

technique,, i.e. the number of simultaneously acquired slices (single: 1, or multi: 4,8 or 

166 slices) was performed. 

Trendss over time were analysed for scan parameters (effective mAs, collimation 

numberr of slices) and resulting effective doses (mSv). Time trends for mAs, collimation 

andd effective dose were analysed by linear regression analysis using calendar year 

(yearr of publication) as the explanatory variable. The trend in the proportion of reports 

involvingg multisliee scanners was analysed by the Chi-squared test for trend. The 

effectivee doses as estimated from the questionnaire data were fed back to the 

originatingg institutions, and approval on the estimated values was requested, in January 

2004.. This year was used to define the questionnaire (current) protocols in the trend 

analyses.. In addition, we performed a similar analysis based on paired data from the 

subsett of institutions for which we had both historical and current data. 

Results s 
L i t e ra tu r ee We identified a total of 74 studies performed by 36 institutions between 

19966 and 31-12-2003 reporting on the diagnostic value of CTcolonography. Thirty-three 

outt of 36 (92%) institutions provided sufficient data to estimate the effective dose and 

weree included in our study. 

Q u e s t i o n n a i r e ss  A total of 27 (75%) institutions responded to our questionnaire 

sentt out to 36 institutions, and provided data about their daily practice protocol. 
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C u r r e n tt  Sca n p r o t o c o l s a n d e f f e c t i v e d o s e s T a b i d lists the median effect ive 

dose,, sl ice th ickness (co l l imat ion) and ef fect ive mAs values acco rd ing to scanner 

t echn iquee as used in t he present dai ly pract ice pro toco ls . A t present the median dose 

Tablee 1. Effective doses used for CT colonography according to scanner technique in present 
dailyy practice protocols. 

All l 
Scannerr technique* 

4 4 16 6 

NN 27 2 16 
Effectivee dose (mSv) 5.0(1.2-11.7) 2.0(1.4-2.6) 5.1(1.2-11.7) 
Effectivee tube charge (mAs; 67(20-200) 54(37-70) 67(20-200) 
Collimationn per slice (mm) 2.50(0.75-5.00) 5.0 2.50(1.00-3.00) 

44 5 
6.77 (2.7-9.9) 3.3 (2.6-5.8) 
84(40-114)) 55(34-100) 

1.99 (1.25-2.5) 1.13 (0.75-2.50) 

** refers to the number of simultaneously acquired slices; 4, four slice scanner, etc. Range is indicated 
inn parentheses. 

Figuree 1. Trends over time for effective doses, tube currents, slice thickness and use of multislice 
scannerss (Literature protocols, 1998-2003; current protocols, 2004) 
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Effectivee dose remained approximately constant between 1998 and 2004 (p = 0.68). The use of 
mAss (p-value = 0.007) and col l imation (p-value < 0.0001) decreased significantly, whereas the 
usee of multislice scanners increased significantly (p-values < 0.0001). 
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thatt is used to scan patients in one position for CT colonography is5.0 mSv.The median 

mAss value is 67 mAs with a median slice thickness of 2.5 mm. The majority of institutions 

(16;; 59%) used four-slice scanners. 

T r e n d ss o v e r t i m e The effective dose remained approximately constant (p-value 

=0.68)) between 1998 and 2004, while both the tube current and the slice thickness 

decreasedd (p-va!ue =0.007, p-value <0.0001, respectively), and the use of multislice 

scannerss increased (p-value <0.0001), The paired analysis of data from the same 

institutionn (n=25) showed the same trend, but failed to reach statistical significance. 

Discussio n n 
Thee present day median effective dose for CT colonography is 5.0 mSv per CT-scan. As 

sensitivityy and specificity are known to improve significantly when patients are scanned 

inn supine and prone position, the majority of institutions scan patients twice, and 

consequentlyy the dose doubles to 10 mSv. If applied to a population aged 50, a CT 

colonographyy examination performed in supine and prone position may result in a risk 

inn the order of 1 fatal cancers in 4000 individuals, which may become manifest after a 

longg latent period, possibly tens of years (4). When individuals are to be examined 

moree than once the risk increases. 

Ourr study demonstrated that although the use of multislice scanners increases, the 

effectivee doses that are associated with CT colonography have remained nearly constant. 

Thiss is noteworthy, since the transition from single-to multislice CT has been associated 

withh higher effective doses. The present finding may represent the fact that radiologists 

becomee increasingly aware of the feasibility of low dose scanning for CT colonography, 

ass reflected by the decreased median mAs values over time. 

Wee note that there is mounting evidence that CT colonography can be performed with 

effectivee doses below 1 mSv for a complete examination (5;6) and several institutions 

appearedd to use doses of this magnitude at present. Because a reduction of effective 

dosee results in a proportional reduction of risk, the use of such low doses may 

substantiallyy diminish this drawback. 
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Abstrac t t 
Purpose:Too investigate the sensitivity and specificity of poiypdetection and the image 

qualityy of computed tomographic (CT) colonography at different radiation dose levels 

andd to study effective doses reported in literature on CT colonography. 

Materialss and Methods: GT colonography and colonoscopy were performed with 100 

mAss in 50 consecutive patients at high risk for colorectal cancer; 50- and 30-mAs CT 

colonographicc examinations were simulated with controlled addition of noise to raw 

transmissionn measurements. One radiologist randomly evaluated all original and 

simulatedd images for the presence of polyps and scored image quality. Differences in 

imagee quality were assessed with the Wilcoxon rank test. Scan protocols from the 

literaturee and recent (unpublished) updates were collected. 

Results:: In nine of 10 patients with polyps 5 mm in diameter or larger (sensitivity, 90%) 

andd in seven of 17 patients with polyps smaller than 5 mm, polyps were correctly 

identifiedd with CT colonography at all dose levels. Specificity for patients without polyps 

55 mm or larger was 53%-60% at all dose levels and for patients without any polyps was 

26%% (at 100 and 50 mAs) and 48% (at 30 mAs). Image quality decreased significantly as 

thee dose level decreased. The median effective doses (supine and prone positions) 

calculatedd from protocols reported in the literature and updates were 7.8 and 8.8 mSv, 

respectively. . 

Conclusion:: Although image quality decreases significantly at 30 mAs (3.6 mSv), polyp 

detectionn remains unimpaired. The median dose for CT colonography at institutions 

thatt perform CT colonographic research is currently 8.8 mSv. 
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Introductio n n 
Severall investigators have demonstrated that computed tomographic (CT) colono-

graphyy is an accurate and reproducible method for detecting colonic polyps larger 

thann 5 mm in diameter (1-12). Because of its minimally invasive character, CT 

colonographyy is expected to receive better patient acceptance than have current 

screeningg methods (13). CT colonography is therefore considered to be a candidate 

techniquee for colorectal cancer screening (14,15). 

Thee exposure of the patient to ionizing radiation is a drawback of CT colonography 

thatt hampers implementat ion for colorectal cancer screening. When repeated 

investigationss are required in large numbers of patients, the accumulated radiation 

dosee may have harmful effects on public health (16). 

Itt has been suggested that CT colonography with low-dose CT is sufficiently accurate 

(17),, On CT images, a large contrast is present between the bowel wall and the air or 

carbonn dioxide that is insufflated to distend the colon. Therefore, a reduction of dose, 

whilee increasing the noise level, may still result in an acceptable image quality. During 

thee past few years, clinical studies have been performed (1-12,18-20) to investigate the 

diagnosticc accuracy of CT colonography with different types of CT scanners and varying 

scann parameters (eg, kilovolts, milltampere seconds, and collimation), resulting in a 

considerablee range of radiation exposures. To our knowledge, no study has been 

performedd to systematically investigate the influence of radiation dose on the accuracy 

off CT colonography. 

Thee objective of our study was to investigate the sensitivity and specificity of polyp 

detectionn and the image quality of CT colonography at different dose levels and to 

studyy effective doses reported in literature on CT colonography. 

Material ss  and Method s 
Patien tt  Populat io n Fifty consecutive patients (a) with a previous polyp and/or 

previouss colorectal cancer or (b) with a first- and/or second-degree relative(s) wi th a 

polypp and/or colorectal cancer were included in this study between March and 

Novemberr 2000. Pregnancy and inability to give written informed consent were the 

exclusionn criteria. The mean age of the 50 patients was 59 years (range, 20-86 years). 

Twenty-twoo patients were women. The Medical Ethics Committee of the Academic 

Medicall Center approved this study. Every patient gave written informed consent. 
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Bowe ll  Preparatio n All patients orally ingested 4-6 Lof macrogol solution (KleanPrep; 

Helsinnn Birex Pharmaceuticals, Dublin, Ireland) for bowel preparation on the day before 

thee investigation and/or on the day of the investigation. 

Three-dimensiona ll  CTCo lonograph y Spiral CT scans were obtained of the air-

distendedd colon with a multisection CT scanner (Mx8000; Marconi, Cleveland, Ohio). 

Eachh patient was examined in thé supine and prone positions after intravenous 

administrationn of 20 mg of butylscopalamine (Buscopan; Boehringer Ingelheim, 

Germany).. The air used for bowel distention was enriched with carbon dioxide (13.4% 

volume)) to enhance air resorption and reduce patiënt discomfort. The CT scans were 

obtainedd within 2 hours prior to conventional colonoscopy. 

Thee scan parameters for CT colonography were the following:120 kV; 167 mA; rotation 

time,, 0.75 second; collimation, 4 x2.5 mm; pitch, 1.25; standard reconstruction filter; 

andd a 180  interpolation algorithm. In the present study, we used milliamperes per 

sectionn (as used by Marconi and Siemens), which is defined as the tube current 

multipliedd by rotation time and then divided by the pitch, as an indicator of the amount 

off radiation. Accordingly, we used 100 mAs per section in the present study. The 

effectivee section width was 3.2 mm, and a 1.6-mm reconstruction interval was used. 

Conven t iona ll  Co lonoscop y After CT image acquisition, patients underwent 

colonoscopicc examination with a standard endoscope (model CM40L; Olympus,Tokyo, 

Japan),, which was performed by experienced gastroenterologists who were blinded 

too the CTcOlonographic results. During this examination, 44 of the 50 patients received 

55 mg of midazolam (Dormicum; Roche, Basel, Switzerland) and 0.05 mg of fentanyl 

(Fentanyl-Janssen;; Janssen Pharmaceuticals, Beerse> Belgium) intravenously. A research 

felloww (R.E.v.G.) who was not involved in CT colonographic data evaluation was present 

andd recorded the examination on videotape. Polyps, if present, were scored with respect 

too size, morphology (flat, sessile, or pedunculated), and the segment in which they 

weree located. Polyp size was estimated by the gastroenterologist who performed the 

colonoscopyy on the basis of comparison with an open biopsy forceps of known size. 

Simulat io nn o f Lower-Dos e CT Scan s Lower-dose CT scans were simulated by 

modifyingg the raw transmission data of each spiral CT scan by using a simulation 

techniquee (21). The raw transmission measurements were extracted from the Mx8000 

scannerr and transferred to a personal computer equipped with a 600-MHz processor 
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(Pentiumm Pro Processor; Intel, Santa Clara, Calif). The raw data were modified by adding 

aa random number to each transmission measurement from a normal distribution with 

zeroo mean and a variance according to the desired simulated dose setting. A simulated 

50-mAss scan, for example, was obtained from the 100-mAs scan by adding a random 

numberr with the same variance as the raw transmission measurement. The relationship 

betweenn the magnitude and the variance of the transmission measurements was 

determinedd experimentally by analyzing the transmission data from scans of a 

rectangularr water-filled phantom made of polymerized methyl meth aery late. 

Dependingg on the length of the spiral CT scan, the raw data sets consisted of 200-250 

xx 106 transmission measurements. The modification of each data set took about 30 

minutes.. The modif ied raw data set was imported into the Mx8000 computer and 

reconstructedd with standard reconstruction software. 

Validatio nn o f Lower-Dos e Simulation s The purpose of adding noise to the raw 

dataa of the 100-mAs spiral CT scans was to simulate scans obtained at 50 and 30 mAs (ie, 

withh 50% and 30% of the original number of photons). As to a good approximation, the 

noisee on a CT image is inversely proportional to the square root of the number of photons 

usedd in the measurements of the raw data, so the image noise in the simulated 50-and 

30-mAss CT images can be expected to be a factor of 1.41 and 1.83 higher, respectively. 

Inn 12 patients, the physicist (H.W.V.) measured the image noise in a circular region of 

interestt placed in the descending aorta, both in the 100- and the simulated 50- and 30-

mAss images. Since the blood in the aorta can be considered tö be homogeneous with 

respectt to x-ray attenuation, the SD of the CT numbers within the region of interest 

cann be attributed to image noise. The12 patients were chosen according to measured 

waistt circumference to have representative samples of slim, medium, and large patients. 

Thee diameter of the region of interest was approximately two-thirds of the diameter of 

thee aorta. The measurements were obtained from the uppermost section downward 

too the region of the waist if possible. Obvious artifacts and calcifications were excluded 

fromm the measurements. 

Dat aa Evaluatio n One senior abdominal radiologist (C.Y.N., 10 years of experience) 

trainedd in the evaluation of CT colonographic images (havingevaluated >50 cases before 

thee start of this study) evaluated the CT colonographic data sets. He was blinded to 

patientt name, dose level of the data set, and findings at conventional colonoscopy. All 

originall and simulated low-dose CT data were displayed by means of volume-rendered 
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(threshold,, -750 HU) three-dimensional (3D) cubic projections (Fig 1) by using EasyScil 

4.33 software (Philips Medical Systems, Best, the Netherlands). 

Withh this software, endoscopic views consisting of preprocessed3D cineloops were 

reviewedd for the presence of polyps. The interface enables one to directly obtain 

additionall information on suspected lesions by using two-dimensional multiplanar 

reformattedd images. Thus, the final judgment on the authenticity of each suspected 

lesionn was made by using the information from both 3D and two-dimensional images. 

Thiss display method has been validated previously (22). Each lesion surmised to be a 

polypp was scored with respect to size, morphology (flat, sessile, or pedunculated), 

andd location in a segment. To characterize the location, the colon was divided into the 

followingg segments: cecum, ascending colon, hepaticflexure, transverse colon, splenic 

flexure,, descending colon, sigmoid colon, and rectum. At the same session, the image 

qualityy was evaluated by using afive-point Likert scale (excellent=4, good =3, sufficient 

== 2, poor = 1, and unreadable = 0). For each patient, the original 100- and simulated 50-

andd 30-mAs data were reviewed in random order, with a mean interval of 8 weeks  5 

(SD)) (median, 7 weeks; range, 3^13 weeks) between two subsequent readings of the 

Figuree 1. Unfolded cubic CTcolonographic projection of a polyp. 
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CTT scans obtained at different dose levels in the same patient. The reading time of all 

casess was measured by the radiologist (C.Y.N.). 

Measuremen tt  o f Wais t Ci rcumferenc e Noise on CT images is an important factor 

inn the subjective image quality of images obtained with low-dose CT. Noise is related 

too the number of photons transmitted through the body.This number depends on the 

CTT technique used in the examination and on the thickness of the patient. For constant 

scann parameters, the dimensions of the patient cross section determine to a large extent 

théé amount of noise on the CT images and, hence, the subjective image quality. 

Too assess the influence of patient dimensions on subjective image quality, we 

quantifiedd the size of each patient. A common measure to use for this purpose is patient 

weightt (23,24). In the present study, we preferred to use a more direct measure—the 

waistt circumference of each patient (25)—which is measured midway between the 

lowestt rib and the iliac crest, as determined from the CT images. For that purpose, a 

thresholdd of -500 HU was applied to the source images. The circumference was 

determinedd by measuring around the perimeter by using pixels at a distance of 1 cm. 

Bothh the lowest section containing the ribs and the upper section containing the iliac 

crestt were selected automatically. The waist circumference used in the data analysis 

wass the average of the circumference of seven contiguous sections in the middle of 

thee waist. Waist measurement was performed by the physicist (H.W.V.). 

Statistica ll  Analysi s Validation of lower-dose simulations. — For each patient, the mean 

ratioo of the SD in the aorta in the 100- and simulated 50-mAs images was determined, 

ass well as in thé 100- and simulated 30-mAs images. The statistical difference of these 

measuredd ratios from the expected values (1.414 and 1.826, respectively) was assessed 

byy using a sign test 

Too check whether the measured ratio of the SD depended on the girth of the patient, 

thee correlation coefficient r of the ratio of the SD and waist circumference was 

determinedd and tested for significance. 

PolypPolyp detection.—Sensitivity and specificity at 100- and simulated 50- and 30-mAs CT 

colonographyy were determined, wi th conventional colonoscopy as the reference 

standard.. All polyps detected during colonoscopy were categorized as either "medium 

too large" for polyps 5 mm or larger or "small" for polyps smaller than 5 mm. 

AA research fellow (R.E.v.G.) not involved in the evaluation of CT colonographic data 
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comparedd all lesions detected at CT colonography with polyps found at videotaped 

colonoscopy. . 

AA lesion detected during CT colonography was considered to be true-positive if it 

matchedd colonoscopic findings recorded on videotape with regard to size, morphology, 

thee segment in which the lesion was located, and the anatomic interrelation with haustral 

folds.. A false-positive finding at CT colonography was defined as a finding that was not 

detectedd during conventional colonoscopy or that did not match a colonoscopic finding 

ass recorded on videotape. Thus, if a polyp was found at both CT colonography and 

colonoscopyy but the findings did not match, then it was considered false-positive. 

Correctt identification of a patient with polyps by means of CT colonography was 

definedd as the detection of at least one true-positive polyp in the patient. Patients 

withoutt polyps at colonoscopy were identified correctly if polyps were absent at CT 

colonography,, as well. The per-patient sensitivity was calculated as the proportion of 

correctlyy identified patients with polyps at CT colonography out of all patients with a 

polypp found at colonoscopy. The specificity was calculated as the proportion of patients 

correctlyy identified as having no polyps at CT colonography out of ail patients without 

polypss at colonoscopy. Similar definitions were used in the analysis, in which only 

mediumm to large polyps were taken into account and small polyps were disregarded. 

ImageImage quality and reading r/me. —For purposes of image quality analysis at the 100- and 

simulatedd 50- and 30-mAs levels, the average of subjective image quality of each data 

sett (of images obtained with patients in the prone and supine positions) was used. 

Differencess in median image quality between data sets obtained with different dose 

levelss were assessed by means of the Wilcoxon rank test. 

Differencess in mean reading time between datasets obtained with different dose levels 

weree assessed with a paired-samples f test. 

Forr all statistical analyses, a P value of less than .05 was considered to indicate a 

statisticallyy significant difference. 

Surve yy o f CT Colonograph y Scan Protocol s To investigate the effective dose 

usedd for CT colonography in the recent past, the research fellow (R.E.v.G.) performed 

aa literature search of Medline. He selected articles in the English language that 

addressedd the diagnostic accuracy of CT colonography in humans and supplied the 

requiredd specifications to calculate effective dose. Several authors published more 

thann one article. In these cases, the earliest study was chosen. Scan parameter 
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informationn was collected from the selected articles. To update this information, the 

researchh fellow (R.E.v.G.) e-mailed all authors and requested that they provide their 

mostt récent scan protocol. Also, investigators who were known to perform research 

onn the diagnostic accuracy of CT colonography in human subjects and who were 

presentt at the Second International Symposium on Virtual Colonoscopy (Boston, Mass, 

Octoberr 2000) were requested to provide us with this information. Those who did not 

respondd were reminded once. A comparison of published and most recent (unpublished) 

scann protocols enabled us to monitor possible changes in the protocols used. 

Effectivee radiation doses resulttngfrom these different scan protocols were calculated 

byy means of the ImPACT CT Patient Dosimetry Calculator version 0.99 g (London, 

England).. We estimated the relative accuracy of effective dose vaJues (by comparing 

thee dose from one scanner to the next and from one protocol to the next) to be 

approximatelyy 10%-20%. Since the effective dose values were determined by using an 

androgynouss mathematic phantom, they were calculated as mean values for both men 

andd women. The significance of the differences between effective doses ensuing from 

publishedd and recent (unpublished) scan protocols was determined by using the 

Wilcoxonn rank test. 

Result s s 
Wais tt  C i rcumferenc e The waist circumference of the SO patients ranged from 72 to 

1188 cm (mean, 98 cm . On the basis of this range, the patients were divided into 

threee categories: large (>102.5cm; n ~ 18), medium (87.5-102.5 cm; n = 21), and slim 

(<87,55 cm; n = 11). The mean circumference of patients with and those without polyps 

wass 98 cm  11 and 97 cm , respectively. 

Colonoscop yy  Colonoscopy was successful in all patients. Sixty-two polyps were 

detectedd in 27 (54%) patients. In 10 of these patients, at least one medium to large 

polypp was detected. In the o ther l 7 patients, only small polyps were present. Of the 62 

polyps,, 13 (21%) were medium to large (median, 8 mm; range, 5-20 mm) and 49 (79%) 

weree small (median, 2 mm; range, 1 4 m m ) . 

3DD CT Colonograph y Validation of lower-dose simulations.—The mean ratio of the 

SDD in the aorta on the 100- and simulated 50-mAs scans in the 12 patients was 1.393

0.0100 (range, 1.374-1.408). For the 100- and simulated 30-mAs scans, the mean SD ratio 

wass 1.789  0.017 (range, 1.761-1.817). These mean ratios differed only slightly, albeit 
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s igni f icant ly,, f r o m the expected values of 1.414 and 1.826, respect ively ( P < .01). N o 

signif icantt cor re la t ion be tween the rat io of the SD in t he aorta and waist c i rcumference 

wass f o u n d . 

PolypPolyp detection.—Table 1 lists t he n u m b e r of pat ients w i t h and w i t h o u t po lyps that 

w e r ee correct ly iden t i f i ed w i t h CT co lonography at 100 mAs and s imula ted 50 and 30 

mAs.. N o d i f fe rence was f o u n d in the ident i f ica t ion of pat ients w i t h po lyps at the three 

dosee levels. In 90% (nine o f 10) of pat ients w i t h m e d i u m t o large polyps and in 4 1 % 

(sevenn of 17) o f pat ients w i t h on ly smal l po lyps, at least o n e p o l y p was cor rec t l y 

iden t i f i ed .. Thus, sensit iv i ty w i t h regard to ident i f i ca t ion of pat ients w i t h a po l yp of any 

sizee was 59% (16 o f 27) at all dose levels. 

Conce rn i ngg speci f ic i ty , 26% (six o f 23) o f pat ients w i t h o u t po lyps w e r e cor rec t ly 

iden t i f i edd w i t h 100-mAs and s imula ted 50-mAs CT co lonography , w h i l e 48% (11 of 23) 

off these pat ients we re cor rec t ly iden t i f ied w i t h s imulated 30-mAs CT co lonography . 

Tabl ee 1 . Sensitivity and specificity of CT colonography for identification of patients with or without 
polyps. . 

Patients: : Colonoscopy y 
(n) ) 

1000 mAs 
(%) ) 

500 mAs 
(%) ) 

300 mAs 
(%) ) 

Sensitivity y 
withh polyps 
withh polyps > 5mm 

Specificity y 
withoutt polyps 
withoutt polyps > 5mm 

27 7 
10 0 

23 3 
40 0 

599 (16/27) 
900 (9/10) 

266 (6/23) 
555 (22/40) 

599 (16/27) 
900 (9/10) 

266 (6/23) 
533 (21/40) 

599 (16/27) 
900 (9/10) 

488 (11/23) 
600 (24/40) 

Note.—— Numbers in parentheses are raw data 
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Figuree 2. Sensitivity and specificity at 
differentt cutoff values for 100- and 
simulatedd 50- and 30-mAs CT 
colonographyy for the identification 
off patients wi th and those without 
polyps.. Sensitivity was equal at all 
dosee levels, whereas specificity was 
betterr at the simulated 30-mAs level. 
Solidd line with + indicates sensitivity 
withh 100- and simulated 50- and 30-
mAss CT colonography. Dashed line 
withh X indicates specificity with 100-
mAss CT colonography. Dashed line 
withh A indicates specificity with 50-
mAss CT colonography. Dashed line 
withh D indicates specificity with 30-
mAss CT colonography. 
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Off the 40 patients without medium to large polyps, 55% (22 of 40), 53% (21 of 40), and 

60%% (24 of 40) of patients were correctly identified at 100,50, and 30 mAs, respectively. 

Figuree 2 demonstrates the sensitivity and specificity for different cutoff values for CT 

colonographyy at 100,50, and 30 mAs, 

Tablee 2 displays the performance of CT colonography in detectingpolyps of different 

sizes.. For all three dose settings, nearly all medium to large polyps were detected, 

whilee only a quarter of small polyps were detected, regardless of dose level. 

Tablee 2. Sensitivity on a per-polyp basis. 

Polypp group 

Polypss < 5mm 
Polypss £ 5mm 

Polyps s 
(n) ) 

49 9 
13 3 

1000 mAs 
(%) ) 

244 (12/49) 
855 (11/13) 

SOO mAs 
(%) ) 

27(13/49) ) 
922 (12/13) 

300 mAs 
(%) ) 

244 (12/49) 
855 (11/13) 

Note.—— Numbers in parentheses are raw data 

ImageImage quality and reading time.—Table 3 lists the subjective image quality for CT 

colonographyy at di f ferent dose levels for all patients according to their waist 

circumferencee and the results of the Wilcoxon rank test to assess differences in image 

qualityy between different dose levels. Median image quality was the highest at the 10Ö 

mAss level and decreased with decreasingdose level. When analyzed accordingto waist 

circumference,, image quality was judged to be better in the slimmer patients, and the 

subjectivee image quality decreased when the waist circumference increased at all dose 

levels.. The image quality was poor for30-mAs CT colonography in patients with a large 

waistt circumference. 

Thee mean reading times for the 100- and simulated 50- and 30-mAs examinations were 

199 minutes and 48 seconds, 16 minutes and51 seconds, and 16 minutes and 0 seconds, 

respectively.. Differences in reading time between the 100- and simulated 50-mAs 

examinationss and 100- and simulated 30-mAs examinations were significant (P< 01), 

whilee the difference between simulated 50-and 30-mAs examinations was not significant 

(P=.09). . 

Tablee 3. Median and range of the subjective image quality. 

Waistt circumference (cm) 100 mAs 50 mAs 30 mAs 

alll 3.0(2.0-4.0) 2.75(1.0-4.0)* 2.0 ((M.0) ** 
<8755 3.5(2.0-4.0) 3.0 (Z0-4.0) 25(1.0-4.0)* 
87.5-- 1025 3.0 (2.0-4.0) 25 (1.5-4.0) 2.0 fl .0-4.0)* 
SI02.55 3.0 (2.0-35) 2.5 (1.0-3.5)* 15(0-3.0)** 
Signicantt differences in image quality between 50 and 100 mAs, and 30 and 100 mAs, are indicated 
withh * (P<0.05) or ** (P<0.001). 
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Figuree 3. Images of a5-mm polyp (arrows) detected with CTcolonography at the 100- (top left) and 
simulatedd 50- (top middle) and 30-mAs (top right) levels with corresponding source images (bottom). 

Figuree 3 shows a 5-mm po l yp de tec ted by using 100- and s imulated 50- and 30-mAs 

CTT co lonography and demonst ra tes t he increased noise in the s imula ted 50- and 30-

mAss source images and v i r tua l endoscop ic images. 

C TT C o l o n o g r a p h y Sca n Pro toco l s In 13 articles on CT co lonography publ ished f r om 

Oc tobe rr 1997 unt i l June 2001 (1-9,12,18-20), the est imated effective dose was in the range 

off 1.7-9.2 mSv, w i t h a median of 3.9 mSv. The increase in effect ive dose that resul ted 

f r o mm over lapp ing scan regions in some of the earl ier pro toco ls , w h i c h consisted of 

mu l t ip lee scans, was disregarded. Updated (unpubl ished) CTcolonography scan protocols 

usedd at the t ime this art icle was wr i t t en were obta ined f r o m 12 of 19 inst i tut ions that 

receivedd a request to prov ide this in fo rmat ion . Table 4 lists the scan protoco ls and the 

ef fect ivee doses for these protoco ls fo r one CT examinat ion, together w i t h the effect ive 

dosee of the present study at 100, 50, and 30 mAs. The effective doses at the 12 o ther 

centerss range f r om 1.9 t o 5.9 mSv, w i t h a median of 4.4 mSv. No statistically signif icant 

d i f ferencess were observed between the pub l i shed and updated (unpubl ished) effect ive 

doses.. Because patients are scanned in t w o posit ions in most inst i tut ions, the above 

effect ivee doses have to be doub led for comple te CTco lonography. 
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Tablee 4. Scan protocols of 13 centers that perform GT 

Center: : 

Pickerr PQ 5000: 
1.. Cöteborg 
2.. Boston 

kV V 

110 0 
140 0 

Efff dose 
(mSv/mAs) ) 

0.047 7 
0.092 2 

mA A 

125 5 
100 0 

GEE Lightspeed QX/I {Mayo [b]: Lightspeed Plus): 
3.. Harvard 120 0.Ó70 50 
4,, Chicago 
5.. Lausanne 
6.. Mayo Clinic [a] 

tb] ] 
7.. Stanford [a] 

[b] ] 
8.. Yale 

Toshibaa Aquilion: 
9.. Berlin 

120 0 
120 0 
120 0 
120 0 
120 0 
120 0 
120 0 

120 0 

Siemenss Volume Zoom: 
10.. New York [al 

[b] ] 
11.. Dublin 

Marconii MxöOOCk 
12.. Aarhus 
13.. Amsterdam 

120 0 
120 0 
120 0 

120 0 
120 0 
120 0 
120 0 

0.070 0 
0.070 0 
0.070 0 
0.070 0 
0.070 0 
0.070 0 
0.070 0 

0.085 5 

0.056 6 
0.056 6 
0.056 6 

0.059 9 
0.O59 9 
0.059 9 
0.059 9 

60 0 
70 0 
50 0 
90 0 
60 0 
120 0 
100 0 

100 0 

150 0 
200 0 
250 0 

250 0 
167 7 
83 3 
50 0 

t(sec) ) 

1 1 
1 1 

0.8 8 
0.8 8 
0.8 8 
0.8 8 
0.5 5 
0.8 8 
0.8 8 
0.8 8 

0.5 5 

0.5 5 
0.5 5 
0.5 5 

0.5 5 
0.75 5 
0.75 5 
0.75 5 

colonography. . 

pitch h 

1.25 5 
150 0 

150 0 
150 0 
1.50 0 
0.75 5 
0.75 5 
0.75 5 
1.50 0 
150 0 

138 8 

150 150 
2.00 0 
1.25 5 

1.25 5 
1.25 5 
125 5 
1.25 5 

mAs/ / 
slice e 

100 0 
67 7 

27 7 
32 2 
37 7 
53 3 
53 3 
64 4 
64 4 
53 3 

36 6 

50 0 
50 0 
100 0 

100 0 
100 0 
50 0 
30 0 

colli--
mation n 

1x5 5 
1x5 5 

4 x 2 5 5 
44 x 2.5 
4x5 5 
4x5 5 
4x5 5 

4x2.5 5 
4 x 2 5 5 
4x1.25 5 

4 x 1 1 

4 x 1 1 
4 x 1 1 

4xZ5 5 

4 x 2 5 5 
4x2.5 5 
4x2.5 5 
4 x 2 5 5 

multipi. . 
factor r 

1 1 
1 1 

1 1 
1 1 

0.88 8 
0.88 8 
0.88 8 

1 1 
1 1 

125 5 

1.36 6 

1.18 8 
1.18 8 

1 1 

1 1 
1 1 
1 1 
1 1 

Efff dose 
<mSv) ) 

4.7 7 
6.1 1 

1.9 9 
23 3 
2.3 3 
33 3 
33 3 
45 5 
45 5 
4.7 7 

4.2 2 

3.3 3 
3.3 3 
5.6 6 

5.9 9 
5.9 9 
2,9 9 
1.8 8 

Note.—Att some institutions, higher doses are used for obese patients; in this Table, the lowest 
milliarnperee values are listed throughout. The effective dose is for an examination with a 10-mm 
collimationn and was estimated by using the ImPACT Patient Dosimetry Calculator. Correction factors 
forr other coHimations are given in the column with multiplication factors. For single-section 
scanners,, we assumed the correction factor to be 1. The listed centers are Sahlgrenska University 
Hospital,, Cöteborg, Sweden; Boston Medical Center, Mass; Beth Deaconess Medical Center, 
Harvardd Medical School, Boston, Mass; University of Chicago, 111; University Hospital Center CHUV, 
Lausanne,, Switzerland; Mayo Clinic, Rochester, Minn; Stanford University Medical School, Palo 
Alto,, Calif; Yale University Medical School, New Haven, Conn; Charité Hospital, Berlin, Germany; 
Tischh Hospital, New York University Medical Center, NY; Mater Misericordiae Hospital, Dublin, 
Ireland;; Aarhus University Hospital, Denmark; and Academic Medical Center, Amsterdam, the 
Netherlands. . 

Figuree 4 demonstrates the effective dose, resulting as a function of the milliamperes 

perr section value for all protocols used in the past and at present at different institutions. 

Thee relationship of milliamperes per section and effective dose differs for different CT 

scannerr manufacturers and types, depending on geometry and the x-ray filter used. 

Forr fixed CT scanner and dose values, the effective dose also depends on the kilovolts 

andd collimation. Most centers used (or still use) 120 kV; four centers, 110 kV; and one 

center,, 14Ö kV. For narrow collimation (1.00 or 1.25 mm), which is used in multisection 

CTT scanners only, the effective dose is approximately 20%-35% higher. 
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Figuree 4. Graph shows effective dose 
forr one CT examination of the 
abdomenn (for one position) for the 13 
publishedd CT colonographic scan 
protocols(D)) and for those used at 
presentt (£). Overlap of scans in 
multiple-scann protocols was 
disregarded.. The relationship 
betweenn dose per section and 
effectivee dose for the Mx8000 
multisectionn CT scanner used in the 
presentt study is indicated with a solid 
line.. In all protocols except five, 120 
kVwass used. In four protocols, 110 
kVV was used (indicated with an X), 
andd in one protocol, 140 kV was used 
(indicatedd with a +). 

Discussion n 
Thee effective dose resulting from CT colonography as performed up to the time this 

articlee was written ranges from 4 to 18mSv for CT colonography in two (supine and 

prone)) positions. Although the risks of using radiation doses of this magnitude are 

uncertainn because they are based on extrapolated data, they are expected to be harmful 

(16).. For CT colonography to become a screening method for colorectal cancer, 

radiologistss mustaim for the lowest effective dose possible to perform this examination. 

Thee results of the present study demonstrate that although subjective image quality 

decreasess as dose level decreases, polyp detection by means of CT colonography 

remainss equal at the 100- and simulated 50- and 30-mAs levels. The sensitivity with 

regardd to identification of patients with medium to large polyps was 90% (nine of 10). 

Whenn patients with only small polyps were regarded, the sensitivity dropped to 41% 

(sevenn of 17). The sensitivity for the detection of medium to large polyps was 85%-92% 

(11-122 of 13), and for small polyps it was 24%-27% (12-13 of 49). 

Thee sensitivity with regard to identification of patients with at least one medium to 

largee polyp or with only one or more small polyps is comparable with values reported 

inn the literature: 65%-94% for patients with medium to large polyps and 25%-82%for 

patientss with only small polyps (1-12,18,19). The sensitivity with regard to the detection 

off medium to large polyps is at the upper range reported in the literature, namely 

22%-94%% (1-12,18,19). The poor sensitivity for detection of small polyps in the present 

studyy is in concordance with that in current literature (11%-59%) and confirms the 

poorr results of CT colonography for polyps smaller than 5 mm (1-12,18,19). 

00 40 80 120 160 200 
mAss per slice (mA * rotation time / pitch) 
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Thee accuracy of the identification of patients without medium to large polyps is equal 

att 100- and simulated 50- and 30-mAsCT colonography. However, identification of 

patientss without any polyps appears to be better at the 30-mAs level. This can probably 

bee explained by the decreased image quality at the30-mAs level, which may restrain 

thee radiologist to consider $mall (3-mm) structures to be true polyps. Therefore, this 

mayy account for the lower number of false-positive findings in this size range at the 

30-mAss level. This assumption is concordant w i t h the f i nd ing that 100-mAs 

examinations,, w i th a generally better image quality, have a significantly longer 

evaluationn time, as smaller details wil l be regarded as potential lesions. 

Specificityy for identification of patients without polyps (26%-48%) and patients without 

mediumm to large polyps (53%-60%) is low compared wi th values reported in the 

literature,, which are in the range of 62%-93% and 58%-96%, respectively (1-12,18,19). 

However,, when 8- or 10-mm thresholds are used, the specificity results of the current 

studyy (87%-89% [39-40 of 45 patients without polyps 8 mm or larger] and 9 1 % - % % 

[43-455 of 47 patients without polyps 10 mm or larger], respectively; Fig 2) are in the 

upperr range of published values (74%-96%) (1-12,18,19). In practice, use of a cutoff 

valuee of 5-6 mm would have resulted in a considerable number of false-positive 

findings,, and, therefore, in unnecessary colonoscopies. However, colorectal cancer 

screeningg wil l most likely be aimed at polyps larger than 10 mm, and the above results 

indicatee that at this threshold, the specificity wi l l exceed 90%. 

Thee relatively low sensitivity and specificity with regard to the detection of small polyps 

maymay result from the strict definitionsof true-and false-positive findings that we used. In 

thee present study, CT colonographic findings were compared with the colonoscopic 

videoo with regard to anatomic interrelation to haustral folds, anatomic segment, size, 

andd morphology. In most articles, a less strict criterion concerning location was employed: 

AA result was considered to be true-positive if the lesion was found in the same colonic 

segmentt at both colonoscopy and CT colonography. Since a colonic segment is between 

155 and 40 cm long, this may cause erroneous interpretation of CT colonographic findings 

too be true-positive when in fact they are false-positive, because they match with other 

lesionss in the colonic segment or are in fact residual stool. Thus, in our opinion, this 

strategyy may cause overestimation of the number of true-posit ive results and 

underestimationn of the number of false-positive results of CT colonography. 

Anotherr explanation for the high rate of false-positive findings is the fact that 27% of 

smalll polyps (<5 mm) are missed at colonoscopy (26). Therefore, some small lesions 

detectedd duringCT colonography may in fact be true-positive findings. At any rate, the 
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benefitt of the detection of lesions smaller than 5 mm in a screening setting is dubious, 

sincee small polyps are known to rarely contain malignant tissue (27). 

AA limitation of the present study is that only one abdominal radiologist reviewed the 

CTcolonographicc results, and as a result, interobserver analysis could not be performed. 

Thee noise level on CT images depends on the accuracy of the transmission 

measurementss used in the reconstruction of the images, which in turn depends 

primarilyy on the number of transmitted photons. This number is proportional to the 

dosee used for theCT scan and also depends strongly on the dimensions of the patient, 

whichh we have quantified by means óf waist circumference. With regard to image 

quality,, noise level appears to bean importantfactor, since the subjective image quality 

dependss on both the dose and the waist circumference (Table 3). As could be expected, 

subjectivee image quality is worst at the lowest dose level in patients with the largest 

circumference.. The decrease in image quality as a result of dose reduction is more 

markedd in large patients. This observation, in combination with the comparable values 

off the sensitivity and specificity for polyp detection at 30 and 100 mAs, suggests that 

forr slim to medium patients, 30 mAs may be sufficient for CTcoIonography. In fact, the 

dataa presented here emphasize the desirabil ity to tai lor the doses used in CT 

colonographyy to the girth of the patient. Low-dose high-noise imaging may be less 

effectivee in regions with an intrinsically high noise level, such as the pelvic region, due 

too the presence of bony structures and the relatively large cross section. This is an 

issuee that needs further consideration. Because of the limited amount of data in the 

presentt study, we are not able to draw any firm conclusions on this point. 

Thee validation of the simulation procedure consisted of measuringthe SD of noise in 

regionss of interest in the descending aorta on simulated 50- and 30-mAs scans. This 

revealedd a small disparity between thé measured and expected noise values. The 

simulatedd doses were therefore 52 and 31 mAs instead of 50 and 30 mAs. This 

discrepancyy was most likely caused by a small inaccuracy in the calibration method 

andd possibly also by slight inhomogeneities in the regions of interest used in the 

validationn procedure. Notably, on real 30-mAs CT scans of large patients, the actual 

noisee wil l be slightly higher than theoretically expected (dependingon the type of CT 

scanner)) as a result of the electronic noise in the preamplifiers of the detectors, which 

underr these circumstances cannot be completely neglected. 

Effectiv ee Dos e o f CT Colonographi c Examination s In this study, we have made 

ann inventory of the CT scanners and technical protocols that are used in the institutions 
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thatt perform CTcolonographic research. 

Importantt technical factors that influence the effective dose of an examination are 

thee construction of the scanner (geometry, collimation, filtration), tube voltage, tube 

current,, rotation time, and pitch. 

Threee of these factors—tube current, rotation time, and pitch—can be combined in 

thee milliamperes per section value ([tube current x rotation time]/pitch). When different 

CTT scanners are compared, it appears that the milliamperes per section value alone is 

nott a sufficient indicator of the effective dose of a CT examination, even when the 

ki lovoltss and section col l imat ion are thé same, because of differences in the 

constructionn of the CT scanners. We used the ImPACTCT dose calculator to estimate 

thee effective dose for all CT scanners in our inventory. 

AA comparison of published effective dose values with those used at the present time 

indicatess that in some research centers, high dose values were used initially but that at 

thee t ime this article was wr i t ten, all effective doses (for one examination) were 

approximatelyy 2-6 mSv, which is also the range of effective doses covered by the dose 

perr section levels of the present study. Although there is a trend to lower the dose used 

inn the examinations, no significant differences are present between the effective doses 

usedd in the (recent) past and at present. This is mainly due to the fact that, at the present 

time,, most examinations are performed with multisection CT scanners, which tend to 

havee a higher effective dose level for the same dose as single-section CT scanners (28). 

Anotherr reason is that at present, some centers use narrower eollimations (1.Ö or 1.25 

mmm instead of 2.5 or 5.0 mm), which also lead to an increase in effective dose. 

Somee centers indicated that they use higher milliampere values for obese patients, 

inn line with the tailoring of milliamperes to the size of the patient (as mentioned above). 

Inn case moredose values were reported, we used the lowest value to determine the 

effectivee dose, because the dose estimated with the ImPACTCT dose calculator is for 

ann average patient. Since the relationship between dose and effective dose depends 

onn the size of a patient (29), the effective dose for a particular dose value wil l be lower 

inn obese patients. 

Screenin gg for Colorecta l Cancer wit h Low-Dos e CT Colonograph y The 
possiblee future rote of CT colonography as a screening method to prevent colorectal 

cancerr is open to discussion because of the required bowel preparation and the use 

off ionizing radiation in the examination. The first issue is being addressed by several 

institutions.. Current research indicates that strict bowel preparation, as performed in 
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thee current study, may be redundant in the near future (20). This is expected to 

dramaticallyy increase patient acceptance of CT colonography, since bowel preparation 

appearss to be one of the main drawbacks of present colonic examinations. Use of 

high-attenuationn contrast material (such as iodine or barium) within the colon, however, 

wi l ll have a tendency to increase noise and streak artifacts and may complicate use of 

low-dosee CT scans. Further research is required to investigate this point. 

Thee results of the current study indicate that use of low-dose CT does not impair the 

performancee of CT colonography in patients who received bowel preparation. The 

reductionn of the amount of ionizing radiation used to perform CT colonography is 

important,, since it wil l reduce risk in a proportional fashion. In the population as a 

whole,, the lifetime risk of developing fatal cancer as a result of ionizing radiation 

exposuree is estimated by the International Commission on Radiological Protection, or 

ICRP,, to be approximately 5% per sievert (16). However, the risk is highest for children 

andd decreases considerably with increasing age. The targeted population for colorectal 

cancerr screening is probably 50 years of age and older. The ICRP data indicate that the 

probabilityy of inducing fatal cancer in a 50-year-old individual is approximately 2.5% 

perr sievert, andat the age of 70, the risk is half this value. As a consequence, one can 

estimatee the risk of inducing cancer by means of CT colonography with an effective 

dosee of 8.8 mSv (which is the median effective dose used in present examinations) to 

bee approximately 0.02% in a50-year-dld individual and lower for older people. For a 

lower-dosee setting (eg, the lowest dose considered in this study), the risks are about 

halff these values. 

Inn conclusion, the results of this study indicate that although subjective image quality 

iss worse at low-dose CT colonography, the sensitivity and specificity remain unimpaired. 

Thiss finding may be an important argument in the discussion of the possiblescreening 

rolee of CT colonography. A considerable range in effective dose is present in CT 

colonographicc examinations performed at different institutions. At the present time, 

thee median effective dose for a complete examination is approximately 8.8 mSv. Such 

ann examination may result in a risk of up to 0.02% for inducing cancer in the population 

overr 50 years of age who are currently considered for colorectal cancer screening (16). 

Thee present study indicates that the same accuracy can be obtained at an effective 

dosee level of approximately 3.6 mSv, resulting in a substantial decrease of lifetime risk 

off developing fatal CT-induced cancer. 
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Abstrac t t 
Inn a feasibility study, the authors compared polyp detection and interobserver variability 

att computed tomographic (CTJ colonography in 15 patients with doses ranging from 

mediumm to very low (12.00-0.05 mSv). At levels down to 2% of the medium dose, the 

meann detection of polyps 5 mm or larger remained at least 74%, while the number of 

false-positivee results decreased and the interobserver agreement remained constant. 

Initiall observations indicate that it is feasible to reduce the radiation dose required for 

CTT colonography. Further studies are needed, however, to investigate the clinical value 

off very low-dose CT colonography. 
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Introductio n n 
Computedd tomographic (CT) colonography shows promise for colorectal cancer 

screeningg because of its accurate polyp detection and minimally invasive character 

(1-6).. Findings in some studies (7-9) indicate that CT colonography is better accepted 

byy patients than is colonoscopy and may encounter less reluctance than the screening 

testss that are currently recommended by the U.S. Multisociety Task Force: fecal occult 

bloodd test double-contrast barium enema, sigmoidoscopy, and colonoscopy (10). 

Unfortunately,, exposure of asymptomatic subjects to radiation doses ranging from 4 

too 12 mSv, as are used routinely today (11), with an estimated risk of one fatal cancer in 

3,300-10,0000 individuals aged 50 years (12), remains a major drawback. If the screening 

testt requires regular repetition, the risk increases proportionally with the number of 

repetitions. . 

Inn clinical practice, the benefits of CT scanning for the patients generally outweigh 

thee drawback of use of ionizing radiation. This balance, however, is very delicate in 

patientss with a low potential benefit, as in the screening of asymptomatic people. 

Consequently,, use of the lowest achievable dose for CT colonography wil l improve 

thiss balance and may serve implementation of this technique in colorectal cancer 

screening.. This goal is facilitated by the recent introduction of CT scanners that enable 

usee of lower doses than have been possible previously, a developmentt driven by the 

presentt awareness of the potential danger of ionizing radiation (13-15). 

Too date, several investigators have studied the feasibility of low-dose protocols for 

CTT colonography; their findings demonstrate that sensitivity and specificity are still 

satisfactoryy (11,16-19), even with an effective dose down to 1 mSv (18). However, the 

dosee at which polyp detectability starts to decrease is still unknown, as is the lowest 

dosee that is compatible with acceptable polyp detection. 

Thee aim of this feasibility study was to compare polyp detection and interobserver 

variabilityy at CT colonography with four lowto very low doses (down to 0.05 mSv) with 

thosee at medium-dose (8-12 mSv) CT colonography. 

Material ss  & Methods 
S t u d yy D e s i g n To answer our research question, we compared a range of doses in 

identicall patients and with identical readers. With such a design, any differences in 

polypp detectability can be attributed to variation in dose. Because we primarily focused 

onn polyp detection in this feasibility study, we confined our study population to patients 

withh polyps. 
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Pat ien tt  Popu la t io n For this study, we included prone and supine CT scans obtained 

inn 15 patients with at least one polyp 5 mm or larger in largest dimension who had 

participatedd in an accuracy study of CT colonography. The Medical Ethics Committee of 

thee Academic Medical Center, Amsterdam, the Netherlands, approved this accuracy 

study,, and all patients gave written informed consent. Because the current study consisted 

off modification of data that had already been collected and no additional CT scans were 

obtained,, the Medical Ethics Committee indicated that no additional approval fromthem 

andd no additional informed consent from the patients were required. 

Alll 15 patients were referred from the Academic Medical Centerto undergo colonoscopy 

becausee of surveillance (personal or family history of colorectal polyps or cancer) or 

polypectomy.. Ten men and five women (mean age, 59 years  13 [standard deviation]) 

weree enrolled in the study. Mean age for the men was 55 years 2 arid for the women 

wass 67years  12. All subjects used 4 L of macrogol bowel preparation (KleanPrep; Helsinn 

Birexx Pharmaceuticals, Dublin, Ireland) prior to the examinations. 

C TT C o l o n o g r a p h y Each patient underwent imaging with a multisection CT scanner 

(MxSOOO;; Philips Medical Systems, Best, the Netherlands) in prone and supine positions. 

Too distend the colon, approximately 2 L of air (13.4% volume of carbon dioxide) was 

insufflatedd manually. Before a patient underwent scanning, a preview image was 

obtainedd to estimate the distension; if necessary, additional air was insufflated with 

approvall of the patient. CT was performed with the fol lowing parameters: 120 kV; 

collimation,, 4.0x2.5 mm; rotation time, 0.75 second; pitch, 1.25; section thickness, 3.2 

mm;; and reconstruction interval, 1.6 mm. For all but one patient, 100 mAs was used. 

Thatt patient was the last, who underwentCT after the overall milliampere-second level 

wass reduced forCT colonography, and 65 mAs was used. The effective dose fo ra 

completee examination was 8 mSv (at 65 mAs) or 12 mSv (at 100 mAs). The effective dose 

wass estimated as an average for men and women by using a CT dosimetry calculator 

(ImPACT;; Medicines and Healthcare Products Regulatory Agency, London, England). 

Thee calculated effective dose applied only to average-sized patients. For the same CT 

scanningg parameters, the effectivedose in heavier patients would be somewhat lower 

andd that in thinner persons would be somewhat higher. At present, we do not have 

thee facilities to perform patient-specific effective dose calculations. 

C o l o n o s c o p yy  With in 2 hours after CT colonography, all patients underwent 

colonoscopyy with a standard endoscope {CF-140L; Olympus, Tokyo, Japan). Four of 
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thee colonoscopic examinations were performed by three gastroenterologists (including 

J.F.W.B.),, who each had experience of 5 years or longer. The other 11 colonoscopic 

examinationss were performed by eight gastroenterology fellows (four in their 1st year, 

twoo in their 2nd year, and two in their 3rd year) with the direct supervision of the 

attendingg gastroenterologist(J.F.W.B.). The endoscopists were blinded to results at CT 

colonography.. During this examination, 13 patients received midazolam hydrochloride 

(Dormicum;; Roche, Basel, Switzerland) and 11 received fentanyl citrate (Fentanyl-

Janssen;; Janssen Pharmaceuticals, Beerse, Belgium). A research fel low (R.E.v.C, a 

medicall doctor but not a radiologist) recorded the examination on videotape. Polyps, 

iff present, were scored with respect to the size, morphology, and segment (cecum, 

ascendingg colon, transverse colon, descending colon, sigmoid colon, and rectum) in 

whichh they were located. Polyp size (largest dimension) was estimated by the 

endoscopistt who performed colonoscopy on the basis of comparison with an open 

biopsyy forceps of known size. 

D o s ee R e d u c t i o n a t C T Radiation-dose reduction at CT scanning can be 

accomplishedd by reducing the number of photons to which the patient is exposed. As a 

consequence,, image noise is increased. The number of photons can be reduced by 

reducingg the tube current, increasing thepitch, or both. With the multisectionn CT scanner 

usedd in the current study, the tube current is automatically adjusted to the selected pitch, 

ass the quantity effective milliampere-second level (tube current multiplied by the quotient 

off rotation time divided by pitch) is used; as a consequence, both patient dose and image 

noisee depend on only the chosen (effective) milliampere-second value (20). In this study, 

CTT colonographic examinations were simulated with a lower milliampere-second value 

andd th us with a lower dose. 

Simulatio nn of Low-Dos e CT Colonograph y To compare polyp detection 
andd interobserver variability at CT colonography with medium and lower doses in the 

samee 15 patients, we used an established simulation technique (11,21,22) to obtain 

fourr additional lower-dose CT colonographic images in each patient. Findings in a 

previouss study (22) demonstrate that simulated lower-dose CT scans obtained with a 

similarr method cannot be distinguished from genuine lower-dose scans. 

Thee simulation method consists of controlled increase of noise in the colonoscopic 

raww CT transmission data prior to reconstruction of the images. The essence of the 

simulationn method used in the current study is the following (21). First, the number of 

93 3 



Chapterr 6 

photonss corresponding to each transmission measurement was determined by using 

calibrationn measurements with rectangular water-filled phantoms and calculations of 

thee attenuation of the CT x-ray spectrum in water. Next, the number of detected photons 

correspondingg to a lower milliampere-second value was simulated by generating a 

Poissonn deviate with the appropriate lower mean value. Finally, this Poisson deviate 

wass converted back into a transmission measurement that corresponded to the desired 

lowerr tube currentt ime. In this simulation, the electronics noise floor and other noise 

sourcess apart from quantum noise were not taken into account. The procedure was 

validatedd with CT scans obtained at various milliampere-second levels in water-filled 

phantomss bycomparingthe standard deviations of the simulated and real CT images. 

Forr very low milliampere-second levels (less than 15 mAs, with which no scans can be 

obtainedd with the multisection CT scanner used in this study), the procedure was 

validatedd wi th CT scans obtained in water-filled phantoms by using Monte Carlo 

simulationss in which the complete measurement and reconstruction process was taken 

intoo account. 

Inn practice, a research fellow (R.E.V.C.) extracted the rawtransmission data from the 

multisectionn CT scanner, increasedthe noise of the raw data off-line by using software 

writtenn by the physicist (H.W.V.), reentered the modified raw data into the multisection 

CTT scanner, and made reconstructions by using the standard reconstruction software. 

Thee resulting CT images simulate scans acquired with reduced milliampere-second 

levell and thus wi th proportionally reduced dose. Scans were simulated at 25.0/ 6.3,1.6, 

andd 0.4 mAs, which correspond to effective doses for prone and supine scans together 

off 3.0,0.8,0.2, and 0.05 mSv, respectively. The two lowest doses are not yet achievable 

inn clinical practice, but they are technically possible. Reduction by a factor of four for 

consecut ivee mi l l iampere-second levels has the consequence that, to a f i rst 

approximation,, the noise level is doubled in the corresponding CT scans. 

Nois ee Reductio n Filter s for Very Low Milliampere-Secon d Level 
Loweringg of the milliampere-second level increases thé image noise, if all other 

parameterss are kept constant. For the lowestsimulated milliampere-second values used 

inn this study, this increase in noise was such that the two-dimensional images (Fig 1) and 

especiallyy the three-dimensional images (Fig 2) had very poor quality. Therefore, 

smoothingg of images at a simulated lower milliampere-second level was required to 

counteractt this increase in noise. For reconstruction of the original CT data obtained 

withh 100 and 65 mAs, a standard reconstruction filter was used (filter C of the multisection 
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Figuree 1 A-H. Effect of dose reduction and smoothing on transverse CT images. Images obtained 
inn 60-year-old male patient with 8-mm polyp (arrow) in ascending colon, with 100-mAs colonoscopy 
andd with simulated lower milliampere-second values, without and with Gaussian in-plane filters 
forr the three lowest doses. A, 100 mAs. 8,25 mAs. C, 6.3 mAs. D, 6.3 mAs with filter. £,1.6 mAs. F, 1.6 
mAss with filter. G, 0.4 mAs. H, 0.4 mAs with filter. Image noise increases with decreasing tube 
currentt time. Filtered images (D, F, H) have smoother appearance than do corresponding unfiltered 
imagess (C, E, C). 
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CTT scanner). The s imulated images ob ta ined at lower mi l l iampere-second levels were 

r e c o n s t r u c t e dd w i t h t he s m o o t h e s t r e c o n s t r u c t i o n f i l t e r ava i lab le ( f i l te r A o f t h e 

mul t isect ionn CT scanner). For the lowest three doses, addi t ional in-plane smoo th ing of 

t hee CT images was used by convo lv ing the images w i th a Gaussian kerne l w i t h o= 0.6 

m mm (6.3 mAs) and o= 1.2 m m (1.6 and 0.4 mAs). This amoun t of smoo th ing was chosen 

empir ical lyy to keep the noise in the images approximately constant w i t h decreasing tube 

cur rentt t imes, d o w n to the simulated 1.6-mAs images. To not reduce the spatial resolut ion 

Figuree 2 A-F. Effect of smoothing filters on three-dimensional volume-rendered CT images in 50-
year-oldd male patient with 5-mm sigmoid polyp (arrow in A) obtained without (A, C, E) and wi th (B, 
D,D, F) Gaussian in-plane filter. A, 6.3 mAs (0.8 mSv). B, 6.3 mAs (filter o= 0.6 mm). C, 1.6 mAs (0.2 
mSv).. D, 1.6 mAs (filter a= 1.2 mm). E, 0.4 mAs (0 05 mSv). F, 0.4 mAs (filter a= 1.2 mm). Note that 
applicationn ot a filter is essential for detection ol polyps in very low-dose data. 

96 6 



Radiationn dose reduct ion in CT colonography, part 2 

anyy further, we used the same filters for the 0.4- and 1.6-mAs simulated images. Figures 3 

andd 4 demonstrate the effect of lowering milliampere-second levels in combination with 

imagee smoothing on the visibility of a 15- and 5-mm polyp, respectively. 

Eva lua t io nn o f C T C o l o n o g r a p h i c D a t a An abdominal radiologist (observer 1, 

C.Y.N.)) and a research fellow (observer 2, J.F., a medical doctor but not a radiologist), 

eachh with experience with more than 80 CT colonographic examinations, recorded 

thee number of polyps detected and measured their size in CT colonographic images 

obtainedd with the five doses, in five separate readings. These observers were unaware 

off colonoscopic findings and disease prevalence. The readings started with the very 

low-dosee data and, subsequently, data with increasing doses were evaluated. At least 

44 weeks passed between the two readings (range, 4-6 weeks). 

Too further reduce memory bias, data were reviewed on the basis of segments. For 

thiss purpose, the colon was divided into six segments: cecum, ascending colon, 

transversee colon, descending colon, sigmoid colon, and rectum. To perform this 

division,, partitions were inserted in the three-dimensional images at the boundaries 

betweenn the segments, and therefore the observers could not look beyond the segment 

Figuree 3. Images of 15-mm polyp in 60-year-old male patient at colonoscopy and at CT colonography 
withh five doses. Top row: Left: Colonoscopic image shows 15-mm polyp in ascending colon (arrow). 
Middle:: CT colonographic image obtained at 100 mAs. Right: CT colonographic image obtained at 
255 mAs. Bottom row: Left: CT colonographic image obtained at 6.3 mAs. Middle: CT colonographic 
imagee obtained at 1.6 mAs. Right: CT colonographic image obtained at 0.4 mAs. Although image 
qualityy decreases, polyp visibility is unimpaired. 
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Figuree 4. Images of 5-mm polyp in 57-year-old male patient at colonoscopy and at CT colonography 
withh five doses. Top row: Left: Colonoscopic image shows 5-mm polyp (arrow) in transverse colon. 
Middle:: CT colonographic image obtained at 100 mAs. Right: CT colonographic image obtained at 
255 mAs. Bottom row: Left: CT colonographic image obtained at 6.3 mAs. Middle: CT colonographic 
imagee obtained at 1.6 mAs. Right: CT colonographic image obtained at 0.4 mAs. Image quality 
decreasess and polyp visibility is affected at lowest doses as a result of increased image noise and 
smoothing. . 

be ingg evaluated. Prone and sup ine images ob ta ined in each s e g m e n t w e r e evaluated 

successively.. A t each of the f ive readings, the paired images of t he segment w e r e 

evaluatedd in a new random order . 

N ine tyy segments were examined; 33 (37%) of t h e m conta ined at least one po lyp . O f 

thesee 33 segments, 13 conta ined only polyps smaller than 5 m m and 20 conta ined polyps 

55 m m o r larger. A m o n g the latter segments, f ive con ta ined a po lyp that was 10 m m o r 

larger. . 

Inn t he present study, CT co lonograph ic data were evaluated w i t h a pr imary th ree-

d imens iona ll d isplay mode . Data f r o m a prev ious s tudy (23), as we l l as f r o m o u r o w n 

p re l im ina ryy exper ience, indicate that w i t h p r imary th ree-d imens iona l display modes a 

bet terr po lyp visual izat ion is achieved than that w i t h pr imary two-d imens iona l displays. 

Too achieve op t ima l co lon surface v is ib i l i ty , w e used th ree-d imens iona l u n f o l d e d cub ic 

p ro jec t ionss (24). This me thod compr ises the evaluat ion of a sequence o f preprocessed 

th ree-d imens iona ll un fo l ded cubic p ro jec t ions of the p rone and sup ine CT data w i t h 

t hee abi l i ty to fu r the r invest igate suspected lesions w i t h two-d imens iona l images. A l l 

CTT co lonograph ic data were vo lume rende red ( th resho ld , -750 H U ; ramp, 80 HU) .The 
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observerss measured the lesions they detected in the two-dimensional images because, 

withh the software we used, this was more timeefficient than measurement in three-

dimensionall images. The evaluation was performed with a Workstation (EasyVision; 

Philipss Medical Systems). 

Definition ss of True- and False-Positiv e Finding s Another research fellow 
(R.E.V.G.)) compared all findings at CT colonography with those at colonoscopy, which 

wass the reference standard, by means of direct visual comparison of the recorded CT 

colonographiee images and the videotaped colonoscopic images.This research fellow 

hadd previously matched CT colonographie and colonoscopic findings in more than 

1000 patients but was not involved in the review of CT colonographie images (performed 

byy C.Y.N, and J.F.). A polyp detected at CT colonography was labeled as a true-positivé 

findingg if it corresponded exactly to a polyp detected at colonoscopy in terms of location 

(segment:cecum;; ascending, transverse, descending, and sigmoid colon;and rectum), 

morphology,, and size. Because estimates of the size of polyps at colonoscopy tend to 

havee errors, we accepted a margin of error of 3 mm for polyps smaller than 5 mm and 

aa margin of 5 mm for polyps 5 mm or larger. All other findings at CT colonography 

weree classified as false-positive. 

Stat is t ica ll  Ana lys i s Detection parameters.—Polyp sensitivity at each dose was 

definedd as the number of true-positive findings relative to the total number of polyps. 

Becausee polyp specificity cannot be defined, we report the number of false-positive 

findingss and the segment specif icity, defined as the number of segments without polyps 

att CT colonography relative to the number of segments without polyps at colonoscopy. 

Althoughh some investigators advocate the removal only of polyps 10 mm or larger 

(25),, clinicians and patients are unlikely to accept the fact that lesions between 5 and 

100 mm remain undetected (26,27). Therefore, we used 5 mm as the main cutoff in the 

presentt study. Because this matter is a subject of continuous discussion, however, we 

alsoo used 10 mm as a cutoff in the analysis of true- and false-positive findings. 

Thee true-positive findings were subdivided on the basis of thesize estimated by the 

endoscopists,, and the false-positive findings were subdivided on the basis of the 

measurementss made by each observer on the CT images. 
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StratificationStratification of polyp sensitivity according to pelvic and abdominal location.—In the pelvic 

region,, the noise level is generally higher than that in other parts of the abdomen 

becausee of the larger lateral dimensions of the pelvis and the presence of bone 

structures.. The effect of dose reduction on image quality wi l l therefore be most severe 

inn this region. For this reason, we performed an additional analysis to study the effect 

off dose reduction on sensitivity for polyps 5 mm or larger in segments in the pelvis 

(cecum,, sigmoid colon, and rectum) and those in the abdomen (ascending, transverse, 

andd descending colon). 

Differencess in polyp detection between the colonoscopic and lower-dose CT 

coionographicc data were assessed with the McNemartest for paired proportions. Because 

feww polyps were 10 mm or larger, differences in detection of these polyps between 

colonoscopicc and lower-dose scans could not be assessed. Differences in polyp sensitivity 

betweenn the pelvic and abdominal regions were assessed at each dose with the Mann-

Whitneyy test. All analyses were performed separately for each observer. 

InterobserverInterobserver agreement—Interobserver agreement analysis was performed on the basis 

off segment for each dose. Observers were considered to agree if they recorded one or 

moree polyps in the same segment, regardless of whether these findings were true- or 

false-positive.. If both observers recorded no findings in the same segment, they were 

alsoo considered to agree. The statistic with 95% confidence interval was calculated. The 

valuess were interpreted on the following basis: K < 0.20, poor agreement; K = 0.21^0.40, 

fairr agreement; K = 0.41^0.60, moderate agreement; K =0.61-0.80, good agreement; K = 

0.81-1.00,, very good agreement. 

InterpretationInterpretation time.—The time required to interpret findings in each segment was 

registeredd automatically with the workstation. Interpretation times for segments in 

thee same patient were added to obtain patient interpretation times. Differences in 

interpretationn times between the colonoscopic and lower-dose CT coionographic 

imagess were assessed with the paired-samples Mest for each observer separately. 

Differencess with a P value less than .05 were considered significant.Software (SPSS 

forr Windows, version 11.0; SPSS, Chicago, 111) was used for all statistical tests. 
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Result s s 
C o l o n o s c o p yy  At colonoscopy, 116 polyps were detected, and 27 were 5 mm or larger 

(mediumm and large) and five were 10 mm or larger (large). Twelve polyps 5 mm or larger 

weree located in the abdominal segments (median size, 6 mm; range, 5-15 mm), and 15 

polypss 5 mm or larger were located in the pelvic segments (median size, 5 mm; range, 5-

200 mm). 

C TT C o l o n o g r a p h y True- andfalse-positive lesions.—True- and false-positive findings 

att CT colonography for all milliampere-second levels are listed in Table 1. Detection of 

polypss of all sizes decreasedsignificantly (P < .05) with decreasing milliampere-second 

level,, except at 25 mAs for observer 1. Down to 1.6 mAs, the mean sensitivity for polyps 

55 mm or larger decreased slightly but remained equal to or higher than 74%, as shown 

inn Figure 5. For observer 1, sensitivity for polyps 5 mm or larger varied from 85% to 

78%,, whereas for observer 2 this parameter varied from 81% to 70%. At the lowest 

Tablee 1. True and false positive results of CT colonography with five dose levels 

Lesions s 
according g 
too size 

Truee positive 
Alll sizes 

observerr 1 
Observerr 2 

>55 mrri 
Observerr 1 
Observerr 2 

>10mm m 
Observerr 1 
Observerr 2 

Falsee positive 
Alll sizes 

Observerr 1 
Observerr 2 

>55 mm 
Observerr 1 
Observerr 2 

>10mm m 
Observerr 1 
Observerr 2 

CS S 

116 6 

27 7 

5 5 

--

--

--

1000 mAs* 

65(56) ) 
56(48) ) 

23(85) ) 
22(81) ) 

55 (100) 
4(80) ) 

99 9 
58 8 

31 1 
8 8 

3 3 
2 2 

255 mAs 

611 (S3) 
444 (38) t 

211 (78) 
200 (74) 

4(80) ) 
4(80) ) 

80 0 
30 0 

28 8 
9 9 

3 3 
0 0 

CTT colonography 

6.33 mAs 

500 (43) t 
422 (36) t 

211 (78) 
19(70) ) 

5(100) ) 
4(80) ) 

47 7 
31 1 

15 5 
10 0 

3 3 
2 2 

1.66 mAs 

411 (35) t 
411 (35) t 

22(81) ) 
19(70) ) 

5(100) ) 
5(100) ) 

35 5 
30 0 

14 4 
11 1 

3 3 
3 3 

0.44 mAs 

199 (16) t 
222 (19) t 

122 (44) t 
144 (52) t 

55 (100) 
44 (80) 

26 6 
54 4 

6 6 
6 6 

2 2 
1 1 

Note.—— Findings were in 15 patients with 116 polyps. Numbers in parentheses are percentages (polyp 
sensitivities).. Statistical differences were assessed with McNemar test for both observers separately. 
CS,, colonoscopy. CS numbers indicatie polyp numbers. * One patient underwent CT colonography 
att 65 mAs. +P< .05 compared with original 100-mAs CT colonographic data. 
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milliampere-secondd level, sensitivity for polyps 5 mm or larger decreased to 44% for 

observerr 1 and to 52% for observer 2. None of the differences in detection of polyps 5 

mmm or larger between the 100 mAs and simulated lower milliampere-second data were 

significantt except between 100and 0.4 mAs {P< .05), for both observers. Detection of 

largee polyps was between 80% and 100% at all milliampere-second levels. 

Thee total number of false-positive findings decreased with decreasingmilliampere-second 

levell for both observers but increased again at the lowest milliampere-second level for 

observerr 2. The decrease was mainly caused by a reduction in small false-positive findings, 

whilee also for observer 1 the number of medium-sized false-positive findings decreased. 

Thee number of large false-positive findings remained roughly constant for both observers. 

Theree is a large difference in the number of fafse-positive findings betweenthe observers, 

especiallyy at 100 and 25 mAs. 

SegmentSegment specificity.— Table 2 shows the segment specificity. Specificity regarding the 

correctt identification of segments without polyps increased or remained constant, 

exceptt at 0.4 mAs. Concerning segments without polyps 5 mm or larger, specificity 

improvedd for observer 1 from 79% at 100 mAs to 93% at 0.4 mAs and for observer 2 was 

betweenn 90% and 96% at all milliampere-second levels. Specificity for segments without 

polypss 10 mm or larger was between 96% and 99% at all milliampere-second levels for 

bothh observers. 

Tablee 2. Segment specificity of CT colonography at five dose levels (100 to 0.4 mAs; 12 to 0.05 mSv) 

Lesionss according to size CS S 

1000 mAs* 255 mAs 

CTT colonography 

633 mAs 1.66 mAs 0.44 mAs 

Segmentt specificity 
-withoutt polyps 57 

Observerr 1 
Observerr 2 

-withoutt polyps > 5 mm 
Observerr 1 
Observerr 2 

-withoutt polyps > 10 mm 
Observerr 1 
Observerr 2 

70 0 

85 5 

388 (67) 
411 (72) 

555 (79) 
64(91) ) 

822 (96) 
83(98) ) 

38(67) ) 
49(86) ) 

599 (84) 
66(94) ) 

82(96} } 
84(99) ) 

455 (79) 
48(84) ) 

59(84) ) 
64(91) ) 

82(96) ) 
84(99) ) 

477 (82) 
48(84) ) 

611 (87) 
633 (90) 

82(96) ) 
83(98) ) 

44(77) ) 
34(60) ) 

655 (93) 
677 (96) 

833 (98) 
84(99) ) 

Note.. CS, colonoscopy. CS cata are numbers of segments without polyps. CT colonography data 
aree numbers of true-negative segments. Numbers in parentheses are percentages (segment 
specificity).. * One patient underwent CT colonography at 65 mAs. 
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PolypPolyp sensitivity according to pelvic and abdominal location.—Table 3 and Figure 5 

demons t ra tee the sensit ivi ty for po lyps 5 m m or larger strat i f ied accord ing to po l yp 

locat ionn (pelvic or abdomina l ) . De tec t ion of po lyps was sl ight ly lower in the pelv ic 

reg ionn than in the abdomina l reg ion. This d i f fe rence was most ev ident at the lowest 

mi l l iampere-secondd level. A t 6.3 mAs, the d i f fe rence between the abdomina l and pelv ic 

sensi t iv i tyy was signi f icant for observer 2. A t 0.4 mAs, the d i f fe rence was s igni f icant for 

bo thh observers (P< .05). 

1000 25 6.3 1.6 

mAss level 

0.4 4 

Figur ee 5. Mean sensitivity for polyps 5 
mmm or larger (27 polyps in 15 patients) 
att five doses for all locations (x) and for 
abdominall (A, 12 polyps) and pelvic (D, 
155 polyps) regions separately. Overall 
sensitivityy decreases slightly but remains 
74%% or more to 1.6 mAs and then 
decreasess more sharply. Detection of 
abdominall and pelvic polyps slightly 
decreases.. Only significant difference in 
pelvicc polyp detection was between 100 
andd 0.4 mAs (P<.05). 

Tabl ee 3. Polyp sensitivity for lesions >5 mm according to pelvic and abdominal localization at five 
dosee levels (100 to 0.4 mAs; 12 to 0.05 mSv) 

CS S CTT colonography 

1000 mAs* 255 mAs 6.33 mAst 1.66 mAs 0.44 mAst 

Polypp sensitivity 
Abdominall reg iont 

Observerr 1 
Observerr 2 

Pelvicc region § 
Observerr 1 
Observerr 2 

12 2 

15 5 

111 (92) 
111 (92) 

122 (80) 
11(73) ) 

111 (92) 
100 (83) 

100 (67) 
100 (67) 

111 (92) 
111 (92) 

100 (67) 
8(53) ) 

100 (83) 
100 (83) 

122 (80) 
9(60) ) 

9(75) ) 
9(75) ) 

33 (20) || 
55 (33) || 

Note.—— CT colonography data are numbers of true-positive polyps. Numbers in parentheses are 
percentagess (polyp sensitivity). CS, colonoscopy. CS data indicate polyp numbers. * One patient 
underwentt CT colonography at 65 mAs. tSignificant difference in polyp detection between 
abdominall and pelvic regions for observer 2 at 6.3 mAs and for both observers at 0.4 mAs (P< .05). 
tAscending,, transverse, and descending colon. §Cecum, sigmoid colon, and rectum. 
||| Significant difference in polyp detection compared with 100-mAs data (P< .05). 
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Inn b o t h regions, the sensit ivity decreased s l ight ly w i t h decreas ingmi l l iampere-second 

level .. O n l y t he d i f fe rence in pelv ic po l yp de tec t i on be tween 100 and 0.4 mAs was 

signif icantt f o r bo th observers (P< .05). 

InterobserverInterobserver analysis. — Results of i n te robse rve r analysis are g iven in Table 4. The 

statisticss fo r CT co lonography were g o o d at all m i l l i ampere-second levels, except f o r 

thee lowest value fo r w h i c h t he statistic was modera te . 

Tablee 4. Inter-qbserver analysis for CT colonography withfive dóse levels 

Dataa 100 mAs* 25 mAs 63 mAs 1.6 mAs 0.4 mAs 

Kappaa statistic 0.73 0.65 0.68 0.69 0.49 
(95%% CI) (0.59-0.87) (0.51-0.80) (0.52*0,83) (0.54-0.85) (0.32-0.66) 

Numberr of concordant 78 74 76 77 67 
segmentss (%) t (87) (82) (84) (86) (74) 

** One patient underwent CT colonography at 65 mAs, tTotal number, 90. 

Tablee 5. Mean patient interpretation times in CT colonography with five dose levels 

Observerr 100 mAs* 25 mAs 6.3 mAs 1.6 mAs 0.4 mAs 

11 24'18" 22'49" 22'53" 22'13" t 23'50" 
22 2t05" 19'29" 19'15"+ 19W't 23'16" + 

Note.—Observerr 1; Observer 2. Data are minutes:seconds. Statistical differences in interpretation 
timess between original dose (100 mAs) and simulated lower doses were assessed for each observer 
individuallyy with paired-samples f test. * One patient underwent CT colonography at 65 mAs. +P< 
.055 compared with original 100-mAs CT colonographic data. 

InterpretationInterpretation time.—Mean patient interpretation times for each observer are given in 

Tablee 5. Mean interpretation times at 6.3 mAs for observer 2 and at 1.6 mAs for both 

observersweree significantly lower than those at 100 mAs (P< .05). 

Discussio n n 
Resultss in this feasibility study indicate that extremely low doses may suffice at CT 

colonography.. This finding might serve other investigators who study the diagnostic 

valuee of very low-dose CT colonography in colorectal cancer screening. With doses 

downn to 0.2 mSv, the mean sensitivity for polyps 5 mm or larger showed a slight but 

nott significant decrease and remained at least 74%, and the interobserver agreement 

remainedd constant. Sensitivity values for polyps 5 mm or larger with radiation doses 

downn to0.2 mSv were within the ranges reported in previous studies (3-6) about the 

diagnosticc accuracy of CT colonography. 
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Thee influence of dose on the detectability of polyps depends on their size, which 

thereforee will play an important role in the determination of radiation dose. A significant 

decreasee in sensitivity for polyps 5 mm or larger was found only at 0.05 mSv, whereas 

sensitivityy for polyps 10 mm or larger did notdecrease. Owing to the small number of 

polypss 10 mm or larger, however, we were not able to statistically assess the latter 

observation. . 

II n the present feasibility study, we aimed to find the order of magnitude of the lowest 

dosee that is compatible with acceptable polyp detection. To guarantee internal validity, 

wee applied five doses in 15 patients to make sure that the differences in polyp visibility 

weree purely a result of the differences in dose. A potential disadvantage of this setup 

iss that memory bias may have been present. We applied three strategies to reduce this 

potentiall bias. First, we employed an interval of at least 4 weeks between two 

subsequentt readings. Second, data for each segment were evaluated separately and in 

aa random order to further reduce memory bias. Finally, the readings started with the 

lowestt dose fol lowed by successively higher doses. Because of the targe difference 

betweenn doses, it is extremely improbable that even if the observer still had any 

memoryy of the previous reading, this information would assist interpretation of the 

neww version with a lower noise level. 

Thiss study design has some disadvantages, particularly regarding the possibility of 

generalizingg these findings to a clinical setting. Because the potential future role of CT 

colonographyy is in the selection of patients with at least one polyp of a certain size but 

nott in the identification of each polyp, our outcome parameters do not directly apply 

too clinical practice. Also, because we primarily aimed to find the lowest dose compatible 

withh acceptable polyp detection, a prerequisite for potential implementation of CT 

colonography,, we confined our population to patients with polyps, and consequently 

patientt specificity could not be calculated. It is conceivable^ however, that the relative 

effectt of dose reduction on segment specificity in the present study is comparable to 

thatt on patient specificity. Future studies, performed in a consecutive surveillance or 

screeningg population, that also include patients without polyps are required to establish 

thee clinical value of very low-dose CT colonography in terms of patient sensitivity, 

specificity,, and predictive values. 

Thee number of false-positive findings decreased with decreasing dose in this study. 

Thee increased noise and the smoothing thatwas applied in the images obtained with 

thee three lowest doses may have restrained observers f rom considering small 

irregularitiess as polyps. 
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Inn this study, both observers had a high number of false-positive findings, especially 

att 100-mAs and simulated 25-mAs CTcolonography.This result appears to be at least 

partiallyy caused by the unexpectedly high number of segments that were contaminated 

withh fecal residue. Most false-positive lesions were smaller than 5 mm, but oneobserver 

detectedd a considerable number of false-positive lesions that were 5 mm or larger. 

Becausee these false-positive findings were confined to 15 of70 segments without polyps 

55 mm or larger, the segment specificity was still considerable (79%). 

Althoughh segment specificity for both readers was similar, the experienced abdominal 

radiologistt had a much higher number of false-positive findings than did the research 

fellow.. Because both observers had comparable experience in CT colonography, the 

causee of this discrepancy is not dear. 

Pelvicc polyp sensitivity was slightly lower than abdominal polyp sensitivity. This 

differencee may be a result of the higher noise level in the pelvic region and the more 

difficultt interpretation of lesions in the tortuous sigmoid colon. This difference was 

significantt at thé lowest dose. Hence, dose reduction may be more complicated in the 

pelvis.. The consequences of this f inding must be further elucidated, especially in view 

off the possibilities of state-of-the-art CT scanners to adjust the tube current to the 

scann region. For constant overall image quality, tube current must be adjusted to the 

girthh of the patient (11,28). 

Wee adjusted the image smoothing to the dose, as would be done in clinical practice. 

Afterr smoothing, the 6.3- and 1.6-mAs images had a noise level similar to that in the 25-

mAss images, at the expense of spatial resolution. The in-plane resolution of CT images 

iss usually adjusted by the choice of the reconstruction filter. The amount of smoothing 

requiredd could not be obtained wi th the reconstruction filters available on the 

multisectionn CT scanner. Therefore, additional fi ltering was obtained with spatial-

domainn filtering of the CT scans. Equivalent results have been obtained with either of 

thesee methods (29,30). 

Thee lowest tube current times that were tested in this study (1.6 and 0.4 mAs) cannot 

yett be realized in clinical practice. Until recently, the possibility of CT scanning with 

veryy low doses was hampered by the presence of an electronics noise floor in the 

preamplif ierss of the CT detectors, which increased the noise in the CT scans 

disproportionallyy at the lowest doses (31). CT scanners that were introduced during 

thee past year profit from the development of improved detector technology, and scans 

cann be acquired at a minimum of 3-5 mAs. Further reduction of milliampere-second 

levell is technically possible and, as findings in the present study indicate, may be 
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clinicallyy useful. 

Thee results of our study concur with those in other studies and extend them to 

substantiallyy lower doses. Cohnen and colleagues (18) compared sensitivity and 

specificityy with medium and very low-dose scan protocols (12 and l mSv, respectively) 

inn two groups of patients suspected of having colorectal polyps or cancer. They found 

thatt the performance for polyps 5 mm or larger was similar: 89% (eight of nine polyps) 

andd 94% (17 of 18 polyps) with the medium and very low doses, respectively, lannaccone 

andd colleagues (19) determined the accuracy for CT colonógraphy performed with a 2-

mSvv scan protocol. They found excellent sensitivity and specificity, with detection of 

sixoff six polyps larger than 10 mm, nine of nine colorectal eancers,and no false-positive 

findings.. These data are similar to previously reported results about the accuracy of 

CTT colonógraphy. Adrawbackof both studies is that the investigators did not compare 

differentt doses in identical patients, which means that other factors could account for 

thee similar sensitivity and specificity that were observed. Our approach enables such 

aa comparison withoutthe drawbacks of acquisition of CT scans in the same patients at 

severall doses and thus exposure to additional ionizing radiation. 

Rigorouss reduction of radiation dose may hamper the potential benefit of CT 

colonógraphyy to depict extracolonic findings because the image quality of solid organs 

iss substantially deteriorated. However, the primary aim of CT colonógraphy is the 

selectionn of patients with polyps, and therefore we did not take extracolonicfindings 

intoo account 

Thee burdensome bowel preparation that was used in the present study may be 

redundantt in the near future. Results of recent studies (32,33) show that the addition 

off contrast agents to several low-fiber diets enables distinction of bowel wall f rom 

bowell contents. In another study (34), intravenous contrast media were used to improve 

theconspicuityoff the bowel wall and medium-sized polyps. The use of contrast agents 

mayy be incompatible with very low-dose CT because of the relatively low contrast 

betweenn contrast material-enhanced and unenhanced structures. 

Althoughh CT colonógraphy holds promise for colorectal cancerscreentng, the prospect 

off exposure of large numbers of asymptomatic individuals to intermediate doses of ionizing 

radiation,, probably more than once in their lives, may hamper implementation inscreening 

programs. . 

Exposuree to ionizing radiation may induce cancer in the exposed individual after a 

latentt period of up to a few decades. The risks of effective doses in the magnitude 

presentlyy employed for CT colonógraphy (4-12 mSv) remain uncertain (35) butcannot 
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bee disregarded, and therefore it is generally agreed that radiologists should aim for 

thee lowest dose required for the diagnostic task. 

Inn the case of CT scans obtained with an effective dose of approximately 0.2 mSv, 

whichh may be feasible on the basis of findings in the present study, the problems with 

exposuree to ionizing radiation may be substantially reduced. Compared wi th the 

radiationn doses of 4-12 mSv that are used routinely today (11), future doses would be 

reducedd 20- to 60-fold. 

Generalizabilityy of findings in the present study may be limited because we employed 

aa primary three-dimensional display mode as opposed to the primary two-dimensional 

displayy mode used by the majority of researchers. Although the two-dimensional images 

weree less affected by the dose reduction than were the three-dimensional images, the 

effectss of dose reduction on primary two-dimensional performance remain to be 

determined. . 

Wee conclude that findings in this feasibility study indicatethatthe effective dose in 

CTT colonography can probably be considerably decreased wi thout substantial 

impairmentt of detection of polyps 5 mm or larger and interobserver agreement. Future 

studiess are needed to investigate the clinical value of CT colonography at a very low 

dosee in a cohort of consecutive surveillance or screening patients. 
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Abstrac t t 
Thee authors compared a conventional two-directional three-dimensional (3D) display 

forr computed tomography (CT) colonography with an alternative method they 

developedd on the basis of time efficiency and surface visibility. With the conventional 

technique,, 3Dante-and retrograde cine loops were obtained (hereafter, conventional 

3D).. With the alternative method, six projections were obtained at 90  viewing angles 

(unfoldedd cube display). Mean evaluation time per patient with the conventional 3D 

displayy was significantly longer than that with the unfolded cube display. With the 

conventionall 3D method, 93.8% of the colon surface came into view; with the unfolded 

cubee method, 99.5% of the colon surface came into view. Sensitivity and specificity 

weree not significantly different between the two methods. Agreements between 

observerss were K= 0.605 for conventional 3D display and = 0.692 for unfolded cube 

display.. Consequently, the latter method enhances the 3Dendoluminal display with 

improvedd time efficiency and higher surface visibility. 

112 2 



Comparisonn of two 3D display modes for CT colonography 

Introduction n 
Computedd tomography (CT) colonography is a widely studied technique for 

surveillancee and screening for colorectal cancer. With typical methods for evaluating 

thee data, transverse source images, multiplanar reformatted images obtained along 

thee central colon axis, or a virtual three-dimensional (3D) endoscopic display are applied 

(1,2).. There appears to be no consensus in the literature, however, regarding the 

appropriatee method. Most investigators primarily use transverse source images in 

combinationn with multiplanar reformatted images and/or a 3D display for problem 

solving.. Findings in several studies, however, suggest that primary use of 3D views 

resultss in higher sensitivity (3,4). Beaulieu etal (3) demonstrate a significantly better 

outcomee with 3D modes after correction for lesion visibility. 

Thee conventional 3D method is similar to colonoscopy. Antegrade and retrograde 

cinee images are generated off line and display forward and backward viewing planes 

(conventionall 3D) (1). However,3D display methods are time-consuming (5). Although 

hypotonicc agents and adequate distention tend to minimize the problem, haustral folds 

mayy occlude the wall, thereby reducing sensitivity (Fig 1). Other 3D concepts have 

emergedd (6-9). Such displays are hampered by distortions that could lead to misinter

pretationn (7,10). Drawbacks prohibit large-scale use of 3D methods. 

Too overcome current limitations of 3D imaging, we developed an alternative 3D display 

methodd that renders six planar projections (unfolded cube display) at 90  viewing angles 

fromm points on the central path (11). The unfolding of such a cube shows the complete 

fieldd of view at a path position. The aim of the image sequence of unfolded cubes is to 

facilitatee rapid exploration of the entire colon wall. 

Thee purpose of our study was to compare a conventional two-directional 3D display 

forr CT colonography with an alternative method we developed on the basis of time 

efficiencyy and surface visibility. 

Invisiblee surface Figure 1. Schematic shows areas in black 
thatt are missed in conventional 3D view. 

Path h 
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Material ss  and Method s 
D a t aa A c q u i s i t i o n Patient population —Thirty patients (13 men, 17 women; mean 

age,, 58 years; age range, 35-82 years) were included in this study. The patients were 

selectedd from a population at increased risk for colorectal cancer (a medical or family 

historyy of colorectal cancer or polyps) who were referred f or colonoscopy. The number 

off patients with polyps was representative of the prevalence in this surveillance 

populationn (54% [27 of 50] was reported earlier [12]). Lieberman et al (13) reported a 

comparablee prevalence (50%) in another screening population. Selection was based 

onn the presence of polyps, irrespective of the location. The sample size (power) was 

calculatedd to facilitate our primary aim (ie, to compare the display methods for time 

efficiencyy and surface visibility). At colonoscopy, 16 of 30 patients had at least one 

polypp of any size, with a total of 78 lesions. Eight of 30 patients had polyps that were 5 

mmm or more in diameter, with a total of nine such lesions. The CTcolonography study 

wass approved by the medical ethics committee of the hospital. The patients were 

informedd a priori by letter, as well as verbally, about the purpose of the study, and 

theyy gave written informed consent. 

CTCT colonography — On the day before the examination, each patient drank 4-6 L of 

macrogoll solution (KleanPrep;HelsinnBirex Pharmaceuticals, Dublin, Ireland) for bowel 

preparation.. Directly before image acquisition, 20 mg of butyl scopalamine (Buscopan; 

Boehringer,, Ingelheim, Germany) wasadministeredintravenouslyto reduce peristalsis. 

Thee colon was distended with approximately 2 L of CCyenriched air (13.4% C02) to 

enhancee resorption and reduce patient discomfort. The air was introduced by means of 

manuall insufflation with a balloon-tipped recta! enema tube. The balloon was inflated 

withh water. The end point of C 0 2 administration was at maximum patient tolerance or 

whenn colon filling was Considered adequate. The adequacy of distention was gauged 

withh a scout view. Multisection spiral CT scans (Mx8000; Philips Medical Systems, Best, 

thee Netherlands) were acquired with the patient in prone and supine positions. Scanning 

parameterss were 120 kV, 167 mA (100 mAs [{mA x rotation time}/pitch]), collimation of 

4.00 x 2.5 mm, pitch of 1.25, standard reconstruction filter, and a 180  interpolation 

algorithm.. Effective section thickness was 3.2 mm with an overlap of 1.6 mm. The 

insufflationn procedure (including scout imaging) was repeated after the patient was 

repositioned.. The delay time between insufflation and the start of scanning was at most 

300 seconds. All CT scans were obtained within 2 hours before colonoscopy. 
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ColonoscopyColonoscopy — Colonoscopy (model CF-1401; Olympus, Tokyo, Japan) was performed 

byy an experienced gastroenterologist. Sedation (5 mg of midazolam, Dormicum; Roche, 

Basel,, Switzerland) and analgesics (0.05 mg of fentanyl, Fentanyl-Janssen; Janssen 

Pharmaceuticals,, Beerse, Belgium) were administered on request. A research fellow, who 

wass not involved in the CT colonography evaluation, was present and recorded the study 

onn videotape. Lesion size was estimated with the aid of an opened biopsy forceps. Lesion 

shapee was characterized as flat, sessile, or pedunculated. The location of a polyp was 

classifiedd in one of the following segments: cecum, ascending colon, hepatic flexure, 

transversee colon, splenic flexure, descending colon, sigmoid, and rectum. The 

endoscopistt was unaware of the CT colonography findings. 

C o n v e n t i o n a ll  3 D D isp la y Ante- and retrograde cine loops were evaluated for 

bothh prone and supine positions of each patient; this represents a conventional 3D 

displayy method (EasyVision; Philips Medical Systems). The images were volume 

renderedd at positions that were 4 mm apart on the central colon path (the sampling 

ratee wil l be clarified later). The method developed by Truyen et al (14) was applied for 

pathh generation. With the transfer function, an opacity value of 0 was assigned to voxel 

valuess less than -650 HU (making such voxels completely transparent) and an opacity 

valuee of 1 to voxel values higher than -650 HU. The viewing angle wasset to 120  to 

compromisee between image distortion and surface visibility. Frame rate was fixed at 

onee image per second. Multiplanar reformatted images in any direction were available 

fromm the original CT study to verify potential lesions (eg, to check for gas). Typical lung 

(-1,2500 HU) and level (-500 HU) windows were used. Lesion size was measured on the 

two-dimensionall (2D) reformatted images. 

U n f o l d e dd C u b e P ro jec t i o n To avoid extreme deformations while showing the 

fulll visible field around a position, we introduced a series of unfolded cube renderings 

(11).. The unfolded cubes were also generated by means of sampling on the central 

Figuree 2. Unfolded cube display shows 
cubicc rendering. 
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pathh through the colon. A cube was virtually placed in each such point, and on the 

cubee faces, 90  views from the center were projected (Fig 2 illustrates the principle). By 

foldingg out the six images onto a single plane (unfolded cube display), the complete 

fieldd of view was rendered. The sequence of unfolded cubes was shown as cine images. 

Reformattedd views of the original CT data became accessible by clicking in the displayed 

images.. Then the cine images were stopped, and the physician could manipulate the 

reformattedd images for closer inspection of suspicious areas. Lesion size was measured 

onn the 2D reformatted images. Real-time rendering of the corresponding wall part 

alsoo facilitated local inspection of the surface by means of adaptation of the virtual 

cameraa position and orientation. Parameters of the volume-rendering transfer function, 

samplingg and frame rate, were identical to those used with conventional 3D inspection. 

Figuree 3 shows the interface. 

Stopp - 3.4 mm. S-tmm f «toi l • 80 ̂ 4 rum f a ] CMcn 

Figuree 3. Graphical user interface shows the sequence of unfolded cubes. 
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Evaluat io nn  An abdominal radiologist (C.Y.N.) (observer 1) and a research fellow 

(J.F.)) (observer 2) independently evaluated the data with both display methods. The 

observerss had previous experience with more than 50 CT colonography examinations 

att the start of the study. Both were blinded to findings during colonoscopy, including 

thosee for themselves for the same patient (conventional 3D display vs unfolded cube 

display)) and those for each other. Additionally, they were unaware of the prevalence 

off polyps. We implemented the display methods with a proprietary experimental 

versionn of the workstation (11). Currently, the unfolded cube view is also commercially 

available.. The median interval between two evaluations of the same patient for observer 

11 was 21 weeks (interquartile range, 12-28 weeks) and that for observer 2 was 11 weeks 

(interquartilee range, 11-13 weeks). Evaluationswith an unfolded cube display preceded 

thosee with conventional 3D display. The cases were presented in random order. Each 

suspectedd polyp was scored with respect to size, morphology, and location. Figure 4 

showss the same polyp in conventional 3D and unfolded cube display. 

Figuree 4. Typical example of polyp (arrow) in (a) conventional 3D display and (b) unfolded 
cubee display. 

Outcom ee Parameter s and Statistica l Analysi s Evaluation time.—Evaluation 

timee per patient was recorded for both observers and display modes. Evaluation time 

includedd measuring a lesion, imaging it, and generating the report. Outcome was 

stratif iedd according to the presence of colonoscopical ly proven polyps. The 

classificationss were compared by means of a Student paired f test. A P value of less 

thann .05 was considered to indicate a statistically significant difference. Initialization 

timee for generating the conventional 3D and unfolded cube display sequences was 

disregardedd in the analysis. 
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Suf/acev/s/6///ryy —Surface visibility was tested witha method described previously (10); 

itt was defined as the percentage of colon surface voxels coming into view (3). To measure 

thee visibility, the interior volume of the colon was obtained by means of thresholding of 

thee CT volume at -650 HU. Subsequently, the surface voxels were identified on the basis 

off their adjacency to the interior. A surface voxel was defined as visible if a line could be 

drawnn to a position on the central path that was not obstructed by another surface voxel. 

Thee Wilcoxon signed rank test was used to compare differences in surface visibility for 

thee unfolded cube display and the conventional 3D display. 

Sensitivity,Sensitivity, specificity, and user agreement — Lesionsdeteeted during CTcolonography 

weree matched with the findings at colonoscopy by a research fellow (R.E.v.C.) on the 

basiss of the colonoscopic findings and the video registration. The fellow was not 

involvedd in reading the CT colonography studies. 

AA polyp detected at CT colonography was considered true-positive if it matched a 

findingg at colonoscopy on the basis of size, shape, location (ie, colonic segment), and 

anatomicc interrelation to haustral folds. A deviation in size of no more than 5 mm was 

acceptedd to accommodate the inherent inaccuracy of colonoscopic size measurement. 

AA false-negative finding was defined as a polyp that was detected at colonoscopy but 

wass not found at CTcolonography. A patient was identified correctly as having polyps 

iff there was at least one true-positive finding. The absence of lesions at CT colonography 

wass considered true-negative if lesions were also absent at colonoscopy. 

Sensitivityy of both display methods was determined per patient and per polyp. 

Specificityy of both display methods was determined per patient. Lesions detected at 

colonoscopyy were divided into two categories: medium and large, polyps 5 mm or 

moree in diameter; and small, polyps less than 5 mm in diameter. Analysis was stratified 

accordingg to polyp diameter. 

Differencess in sensitivity per patient between the display methods were tested with 

thee McNemar test. Differences in sensitivity per polyp between the methods were 

assessedd with logistic regression with random effects (ie, a generalized version of the 

McNemartestt for clustered data). Logistic regression was used to adjustfor clustering of 

polypss in patients. A McNemar test was also applied to compare the specificities of the 

displayy methods. Agreement between the observers was measured with the statistic on 

aa per segment basis for all detected lesions. The K values were interpreted according to 

thee next qualification: K < 0.20, poor agreement; K= 0.21-0.40, fair; K~ 0.41-0.60, moderate; 

K== 0.61-0.80, good; and K= 0.81-1.00, very good. 
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Results s 
Evaluationn Tim e Mean evaluation time with conventional 3D display (observert, 

366 minutes 49 seconds; observer 2,35 minutes 5 seconds) was significantly slower than 

thatt with unfolded cube display (observer 1, 19 minutes 33 seconds; observer 2, 20 

minutess 9 seconds). The presence of polyps did not lead to significantly longer 

evaluationn time with either technique. Also, the differences in evaluation time between 

thee observers were not significant. Table 1 lists the mean evaluation time and SD per 

observerr forthe conventional 3D and unfolded cube displays stratified on the basis of 

thee presence of polyps. 

Tablee 1. Evaluation time per patient 

Findingss at colonoscopy 

Provenn polyps 
Noo proven polyps 
Withh and without polyps 

Conventionall 3D Display 

Observerr 1 

1 1 
35:11 0 
36:499  951 

Observer! ! 

36:555  17:38 
30:411  10:10 
35:55  14:59 

Unfoldedd Cube Display 

Observerr 1 

21:322 2 
17:66 0 
19:333 0 

Observerr 2 

21:555 4 
18:88  4:18 
2055  6:27 

Pairedd Difference 

Observerr 1 Observer 2 

16:500 + 9:36 17:0 6 
17:444 6 12:33  9:2 
17:155 8 1455 3 

Note.—Dataa are the mean evaluation time (minutes:seconds)  SD 

Surfacee Visibilit y With an antegrade view only, on average, 73% of the colon 

surfacee came into view. The conventional 3D display (ante- and retrograde views) 

resultedd in 93.8% visibility. The unfolded cube display depicted 99.5% of the bowel 

surface.. All differences were significant(P< .05). 

AA typical outcome that shows the invisible voxels is given in Figure 5 (the unseen 

partss are marked in black). The example bowel wall consisted of 387,225 voxels. With 

thee conventional 3D display, 25,833 voxels remained invisible, the largest cluster of 

whichh contained 10,685 voxels (the next largest cluster contained 2,070 voxels; mean 

clusterr size, 190 voxels). This is considerably more than the surface of a polyp, which is 

approximatelyy 500 voxels (on the basis of modeling with a sphere that was 5 mm in 

diameter,, with voxel size of 0.62 x 1.6 mm). The unfolded cube display shows one 

relativelyy large area (which consisted of 3,077 voxels) in the rectum, where the path 

hadd an open end and the tube with the balloon occluded the wall. Except for these 

elements,, the next largest cluster contained 316 voxels (mean cluster size, 69 voxels). 

Forr one data set, Figure 6 shows the relationship between surface visibility and sampling 

ratee along the central path. The surface area coming into view asymptotically approximates 

99.8%% for unfolded cube display. The graph illustrates that a sampling rate of once every 
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44 m m yields opt imal visibi l i ty w i t h the un fo lded cube display. Graphs were similar fo r 

o therr data sets. 

Figuree 5. Left: Conventional 3D display. Right: Unfolded cube display. Areas in black were missed. 

Figuree 6. Line graph shows relationship 
betweenn surface visibility and sampling 
ratee along the central path for one data 
set.. Surface area coming into view 
asymptoticallyy approximates 99.8% for 
unfoldedd cube display (6P). 1P= forward 
orr reverse viewing, 2P- conventional 3D 
display. . 

S e n s i t i v i t yy  a n d S p e c i f i c i t y Sensit ivi ty on a per pat ient basis f o r m e d i u m and 

largee polyps was not signif icant ly d i f ferent be tween the two methods fo reach observer: 

observerr 1 w i t h bo th displays, e ight of e ight po lyps; observer 2 w i t h conven t iona l 3D 

display,, seven of e ight polyps, and w i t h u n f o l d e d cube display, eight o f e igh t po lyps. 

Thee d i f fe rence in sensit iv i ty per pat ient f o r smal l po lyps be tween the conven t iona l 3D 

andd un fo l ded cube displays was not s igni f icant for each observer. Table 2 conta ins 

sensit ivi t iess per pat ient . 

100 0 

90 0 

>*80 0 

 70 

60--

30 0 

1PP forward 
1PP backward 
2PP visualization 
6PP visualization 

255 20 15 10 5 

Samplingg distance (mm) 
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Tabl ee 2. Sensitivity per patient 

Conventionall 3D Display 

Polypp size (mm) Observer 1 Observer 2 

Anyy size 14 (87) 12 (75) 
<55 6(75) 5(62) 
>55 8(100) 7(87) 

Unfoldedd Cube Display 

Observerr 1 

133 (81) 
S{62) ) 
8(100) ) 

Observerr 2 

133 (81) 
5(62) ) 
8(100) ) 

No.. of patients 
withh polyps at 
colonoscopy y 

16 6 
8 8 
8 8 

Note.—Dataa are the number of patients with polyps. Numbers in parentheses are percentages of 
findingss at colonoscopy. 

Sensitivitiess for medium and large polyps were not significantly different between 

conventionall 3D and unfolded cube displays for both observers: observer 1 with both 

displays,, nine of nine polyps; observer 2 with both displays, eight of nine polyps. 

Sensitivityy for small polyps for observer 1 was significantly worse with conventional 

3DD display (16 of 69 polyps) than with unfolded cube display (27 of 69 polyps) (logistic 

regression,, P < .003). Sensitivity per small polyp for observer 2 was not significantly 

differentt with the two displays (conventional 3D display, 26 of 69 polyps; unfolded 

cubee display, 24 of 69 polyps). Table 3 lists sensitivities per polyp. 

Tablee 3. Sensitivity per polyp 

Polypp size (mm) 

Anyy size 
<5 5 
>5 5 

Conventionall 3D Display 

Observerr 1 

25(32) ) 
16(23) ) 
9(100) ) 

Observerr 2 

34(44) ) 
26(38) ) 
8(89) ) 

Unfoldedd Cube Display 

Observerr 1 

36(46) ) 
27(39) ) 
99 (100) 

Observerr 2 

32(41) ) 
244 (35) 
88 (89) 

No.. of polyps at 
colonoscopy y 

78 8 
69 9 
9 9 

Note.—Dataa are the number of polyps. Numbers in parentheses are percentages of findings at 
colonoscopy. . 

Specificityy regarding the correct identification of patients without medium and large 

polypss for observer 1 was 16 of 22 patients with conventional 3D display and 15 of 22 

patientss with unfolded cube display. For observer2, these findings were16of 22 patients 

wi thh conventional 3D display and 19 of 22 patients wi th unfolded cube display. 

Differencess between display methods were not significant for each observer. Also, 

differencess in specificity for patients without any polyp were not significant between 

thee methods for each observer. Table 4 summarizes the outcome regarding specificity 

perr patient. 
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Onn a per segment basis, agreement between the observers with conventional 3D 

wass K = Ö.605 (standard error = 0.052) and with unfolded cube display was K = 0.692 

(standardd error = 0.048). Both values indicate good agreement. The difference in values 

betweenn the methods was not significant. 

Tablee 4. Specificity per patient 

Conventionall 3D Display 

Polypp size (mm) Observer 1 Observer 2 

Anyy size 7 (50) 4 (29) 
>55 16(73) 16(73) 

Unfoldedd Cube Display 

Observerr 1 Observer 2 

33 (21) 5 (36) 
15(68)) 19(86) 

No.. of patients 
withoutt polyps at 

colonoscopy y 

14 4 
22 2 

Note.—Dataa are the number of patients. Numbers in parentheses are percentages of findings at 
colonoscopy. . 

Discussio n n 
Findingss in the present study show that CT colonography with the unfolded cube 

displayy enables time-efficient inspection (about 15-20 minutes per patient) and 

comprehensivee visibility (99.5%) that is superior to that with conventional 3D display. 

Sensitivityy and specificity of the technique are high with a cutoff value of 5 mm, a 

thresholdd that is commonly applied to distinguish possibly relevant polyps. 

Variouss alternative display techniques have been int roduced to evaluate CT 

colonographyy data. Initially, the complementary use of 2D and 3D images was reported 

too provide the best sensitivity (15,16). Later, evidence was given that reformatted 2D 

imagess can be just as effective as fly-through 3D images (17,18). We opted for a 3D 

methodd because significantly better sensitivity was found for the 3D modes after 

correctionn for lesion visibility (3). 

Inn previous articles, evaluation times per patient are 20-26 minutes with only transverse 

reformattedd images (16,18), 15 minutes with only 3D images (16), and 16-35 minutes 

withh a combined approach (primarily 2D and 3D display for problem solving) (17,18). 

Evaluationn times were not specifically recorded by Hara et al (15), but no data set 

evaluationn lasted longer than 10 minutes. Beaulieu et al (3) report that the exploration 

perr data set was 8 minutes with 2D display and 12 minutes 5 seconds with 3D cine 

images. . 
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Inn the current study, outcomes per patient are in the same range for the unfolded 

cubee display (17-22 minutes) but are significantly slower with the conventional 3D 

displayy (31-39 minutes). Evaluation time could be reduced with a faster fixed frame 

ratee or with a user-controlled speed. However, this will probably not change thé relative 

timee difference between the display methods (the same frame rate was used for both 

techniques).. To our knowledge* in no previously published study was the influence of 

framee rate on sensitivity explored specifically. We opted to use a "save" frame rate of 

onee image per second at 4-mm intervals to yield optimal surface visibility and to ensure 

detectionn of lesions. 

Thee methods that we used differ slightly from methods described in the literature. In 

ourr method, 3D images are used primarily for inspection, while the 2D reformatted 

imagess are used for confirmation. Evaluation time is longer with conventional 3D display 

versuss that with unfolded cube display; this is attributed to increased image distortion 

nearr the edge of the conventional 3D display (as a result of the larger viewing angle: 

120  vs . For closer observation of these areas, interactive adjustment of the viewing 

directionn is required, which inherently leads to longer evaluation time. 

Initializationn time, such as the generation of cine images, was disregarded because it 

wass performed off line in batch mode. Preparation for evaluation (specifically, generation 

off the unfolded cube and 3D cine loops) was initiated by technicians. Exclusion from the 

analysiss of the time for generation is justified because it is done in the background. On 

average,, it took us 35 minutes per patient to render the unfolded cube displays. 

Conventionall 3D displays were generated in approximately 12 minutes (one-third of 35 

minutes).. Reduced resolution would speed up the generation of displays. If resolution 

iss reduced, however, sensitivity may also be reduced. Other initialization times, such as 

thosee for image loading and path tracking, are on the order of a few minutes. 

Ourr results for surface visibility confirm earlier findings (with nine data sets) (10). 

Paikk et al (10) reported approximately 75% visibility with either forward or reverse 

viewingg only, 95% visibility with both, and 98% visibility with Mercator projection. 

Clearly,, visibility is important for its direct influence on sensitivity, Beaulieu et al (3) 

showw that sensitivity improves significantly after correction for lesion visibility. 

Severall methods have been explored for optimization of the amount of colon surface 

comingg into view. The viewing angle may simply be increased, but this is at the expense 

off severe deformation toward the edges of the image. A so-called flattening method 

cann be used to straighten the colon mathematically (7). Thus, images of large surface 

areass of the colon are generated that are similar to gross pathology specimens. 
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Unfortunately,, such an approach may yield severe distortion, which causes lesions to 

appearr more than once in different areas (7,10). Such repeated appearances are reported 

too arise whenever the central path makes a sharp turn (10). 

Beaulieuu et al (3) propose acquisi t ion of a sequence of unfo lded 60  views 

perpendicularr to the central path (panoramic viewing).The latter technique results in 

laterall images from the colon wall. Panoramic viewing results in higher sensitivity than 

thatt with a display of transverse CT images and endoluminal 3D cine loops (3). The 

methodd may not yield ful l visibility, because the forward and backward viewing 

directionss are not included. 

Alternatively,, Paik et al (10) studied the use of Mercator and stereography projections. 

Theyy concluded that true-posit ive f indings are better dist inguished f rom the 

environmentt with Mercator projection compared with panoramic or stereographic 

viewingg modes because of the extended field of view in Mercator projection, which 

enabless feature tracking over a longer distance. A generally recognized drawback of 

Mercatorr projection, however, is that the image becomes distorted away from the 

equatoriall region. Such image deformation would restrict the sensitivity in areas where 

thee colon is strongly curved. 

Thee unfolded cube display that we evaluated in the present study is most comparable 

too the panoramic technique by Beaulieu eta! (3). Note that the unfolded cube mode 

includess the forward and backward viewing directions, as well as the lateral directions. 

Consequently,, the full field of view is covered, and a feature can be tracked further as it 

movess through the image planes. At the same time, image distortion is limited by the 

ratherr small viewing angle. 

Sensitivityy per patient in the present study is in the high range compared with values 

fromm the literature (65%-94%for polyps larger than 5 mm and 25%-57% for any polyp 

size)) (1-23). Sensitivity per polyp for polyps largerthanS mm was reported previously 

inn the range of 46%-90% (1-23). Data from our observers are in the upper range. 

Sensitivitiess for smaller polyps (middle row in Table 3) are in concordance with the 

literaturee <15%-55% D-23]) and confirm the poor results with CT colonography for 

suchh (perhaps not relevant) lesions. 

Specificitiess for both observers in the present study are low compared with values 

reportedd earlier (62%-91% for all polyps and 74%-96% for polyps larger than 5 mm [ 1 -

23]).. The relatively low specificity in our study may be a result of the rather strict 

definitionss of true- and false-positive findings that we used. We compared findings at 

CTT colonography wi th those at video colonoscopy on the basis of the anatomic 
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interrelationn to haustral folds, anatomic segment, size, and morphology. In most studies, 

aa less strict criterion concerning location was used: A f inding was considered to be 

true-positivee if the lesion was found in the same colonic segment at both colonoscopy 

andd CT colonography. Since a colonic segment is between 15 and 40 cm long, this may 

causee erroneous interpretation of CTcólonography findings as true-positive while in 

factt they are false-positive because they match other lesions in the colonic segment or 

theyy are in fact residual stool. Thus, in our opin ion, this strategy may result in 

overestimationn of the number óf true-positive results and underestimation of the 

numberr of false-positive results at CT colonography. 

Anotherr explanation for the high rate of false-positive findings is the fact that 27% of 

smalll polyps (<5 mm) are missed at colonoscopy (24). Therefore, some small lesions 

detectedd during CTcólonography may in fact be true-positive findings. Nevertheless, 

thee benefit of detecting lesions smaller than 5 mm in a screening setting is dubious 

becausee very small polyps are known to rarely contain malignant tissue (25). 

Bothh the conventional 3D and unfolded cube display yielded good interobserver 

agreementt Several previous studies were performed with more than one independent 

observerr (3,4,10,15,18,21) wi th the same evaluation method. Agreement between 

observerss with statistics, however, was reported only by McFarland et at (4) { = 0.53-

1,00)) and Pescatore et al (21) ( = 0.5&-0.72).The values in the present study are in the 

samee range. 

Thee patient population in the present study included approximately equivalent 

numberss of patients wi th and without polyps. This is appropriate for our primary 

objective—namely,, to compare two display methods regarding time efficiency and 

surfacee visibility.The sample size (power) was calculated to meet the primary aim. The 

numberr of patients is relatively small for addressing the (anticipated) small difference 

inn sensitivity and specificity. A limitation is that the outcome may be different in a 

screeningg population. Note that the probability that a polyp resides in an invisible 

areaa is only 6.2% with a conventional 3D display because 93.8% of the surface area is 

visiblee (the probability is 0.5% with the unfolded cube display). Consequently, a much 

largerr population or a specifically selected population is needed to demonstrate a 

significantt difference in sensitivity. The sample size sufficed to study the unfolded 

cubee display on the basis of time efficiency and surface visibility. 

Thee future role of CTcólonography in cancer screening depends on improvement in 

issuess such as imaging efficiency, patient acceptance, and effective radiation dose. 

Currently,, one of the main drawbacks of CT colonography is the long evaluation time. 
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Computer-aidedd diagnosis is an important development that could support the practical 

usee of CT colonograhy. Although positive early results were reported with automatic 

polypp detection (26), further research is warranted. We foresee a scheme in which 

potentiall lesion sites, suggested by the computer algorithm, are checked by a human 

observer.. Therefore, a primary 3D display method may be superior to a primary 2D 

techniquee (as findings in several studies indicate). The unfolded cube display method 

maymay contribute to such an evaluation strategy. Consequently, it could facilitate the 

implementationn of CT colonography in colorectal cancer screening. 

Inn conclusion, the unfolded cube display is an alternative method to evaluate CT 

colonographyy data. Thé evaluation time was 19.5-20.0 minutes, during which 99.5% of 

thee colon wall was inspected.The method is more time efficient and yields better surface 

visibilityy than does a conventional 3D technique. The sensitivity for patients with medium 

andd large polyps was eight of eight patients, and the specificity for patients without 

mediumm and large polyps was 15-19 of 22 patients. The method facilitates good agreement 

betweenn observers (= 0.692). 

Thee unfolded cube display successfully Combines time efficiency andd high accuracy; 

thus,, it improves the 3D display for CT colonography. 
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Abstrac t t 
Purpose ::  To compare primary three dimensional (3D) and primary two dimensional 

(2D)) review methods for CT colonography with regard to polyp detection and review 

errors. . 

Material ss  and Methods : CT colonography studies of 77 patients were read twice by 

threee reviewers separately, first with a primary 3D method and then with a primary 2D 

method.. Based on a comparison with colonoscopy, numbers of true and false positives 

andd patient sensitivity and specificity were calculated. A polyp, or a patient with a 

polyp,, was considered a perceptive error if the reviewers'judgments were discrepant. 

Similarly,aa patient without a polyp was considered an interpretive error if the reviewers 

didd not unanimously identify the patient as such. Differences in numbers of errors 

weree compared between the primary 2D and 3D review methods (McNemar's test). 

Results ::  The mean sensitivity for large (>10mm) polyps for primary 3D and 2D review 

Weree 82%(14.7/18) and 71%{12.7/18) respectively, corresponding with less perceptive 

errorss for the primary 3D method (p=0.06).The mean number of large false positives 

forr primary 3D and 2D was 8.3 and 5.3, respectively. Mean sensitivity/specificity for the 

identificationn of patients with large polyps was 91 %(12.7/14) / 93%(59.3/63) for primary 

3DD review and 79%(11.0/14) / 94%(59.3/63) for primary 2D review. This did not correspond 

withh significant differences in perceptive or interpretive errors. 

Conclusion ::  3D review of CT colonography seems to improve polyp detection as less 

perceptivee errors are made. This finding may partly explain the variability in results of 

recentt studies. 
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Introductio n n 
Threee recent studies on the accuracy of CT eolonography in populations with a low 

polypp prevalence have reported sensitivities for patients with large {> 10 mm) polyps 

thatt varied from 55% to 94%<1-3). This variability is thought to be related - at least in 

partt - to the review procedures used, as two of these studies with low sensitivity used 

two-dimensionall (2D) techniques while the study with a high sensitivity primarily relied 

onn three-dimensional (3D) techniques to detect polyps (3). 

Macarii and colleagues demonstrated that the use of 2D review combined with selected 

3DD endoluminal viewing to elucidate difficult structures can result in a performance 

thatt is similar to that obtained with a combination of 2D and full3D review (4). This so-

calledd primary 2D review has since then become the standard and is used by the majority 

off experts. In contrast, primary 3D review comprises forward and backward 3D movies, 

combinedd with 2D images for additional information. This method is infamous for its 

longg review times, which can be up to 40 minutes (5). Yet because of the development 

off sophisticated computer algorithms and comprehensive 3D display modes, primary 

3DD review has become a time efficient alternative to primary 2D review (5-8). 

Ass diagnostic accuracy of CT eolonography is the major criterion for decisions on 

thee implementation ofthis technique in colorectal cancer screening, it is of paramount 

importancee to use the best available review method. This requires evidence from 

studiess with paired designs on the comparison of primary 2D or primary 3D review 

withh CT coloiiography. 

Thiss communication presents the results of such a study, in which the commonly 

usedd primary 2D review method was compared with a comprehensive primary 3D 

revieww method in terms of sensitivity, specificity, and review errors. A subsidiary aim 

wass to compare inter-observer agreement and review time. 

Material ss  and Method s 
Stud yy d e s i g n We compared the sensitivity and specificity between primary 2D and 

3DD evaluation in a paired design using three observers. We used a random sample of 

patientss that had participated in an accuracy study of 3D CT eolonography with 

colonoscopyy as the reference standard. After an interval of at least three months all 

threee reviewers evaluated the same patients with a primary 2D review method. 
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Pat ien t ss a n d se t t i n g We randomly selected 77 out of 249 patients that had 

participatedd in a study on the accuracy of CT colonography. These patients were 

scheduledd to undergo a colonoscopy because of a personal or family history of 

colorectall polyps or cancer (increased risk). The patients originated from the Endoscopy 

departmentss of the Academic Medical Center and Slotervaart Ziekenhuis and were 

includedd between October 29, 2000 and September 25, 2002. 

Exclusionn criteria were: age below 18 years, impossibility to understand patient 

information/informedd consent or refusal to sign the latter, colorectal polyps or cancer 

diagnosedd during recent colon examinations, or colostomy after colorectal surgery. 

Thee Medical Ethics Committee of the [blinded for review process] approved the 

aforementionedd accuracy study, and all patients gave wri t ten informed consent. 

Becausee we used a random sample of CT datasets that had al ready been collected, and 

noo additional CT scans were obtained, the Medical Ethics Committee indicated that 

noo additional approval from them and no additional informed consent from the patients 

weree required. 

D i a g n o s t i cc  p r o c e d u r e s Bowel preparation — The patients ingested 4-6 liters of 

polyethylenee glycol electrolyte solution (KleanPrep; Helsinn Birex Pharmaceuticals, 

Dubl in ,, Ireland) for bowel preparation on the day before and/or the day of the 

examinations. . 

CTCT colonography — Patients underwent CT colonography one hour pr ior to 

colonoscopy.. A balloon-tipped rectal enema tube was inserted and subsequently 20 

mgg butyl scopolamine bromide (Buscopan, Boehringer- lngelheim, Ingelheim, 

Germany),, or 1 mg glucagon hydrochloride (Glucagen, Novo-Nordisk A/S, Bagsvaerd, 

Denmark)) was administered intravenously. To distend the colon, approximately two 

literr of air containing 13.4 % carbon dioxide was insufflated manually* To prevent air 

leakagee 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 thé 

distension,, and if necessary, additional air was insufflated. CT scans were performed 

inn supine and prone position, each during a breath hold of approximately 22 seconds. 

Thee scans were performed with an Mx8000 multi-slice CT scanner (Philips Medical 

Systems,, Best, The Netherlands) with the following scan parameters: 120kV, collimation 

44 x 2.5mm, rotation time 0.75s, pitch 1.25, slice thickness of 3.2 mm, reconstruction 

intervall 1.6 mm, and reconstruction filter C. Initially patients were scanned with an 
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effectivee mAs value of 10Ö, but as in the course of the study reports demonstrated that 

substantiall radiation dose reduction did not impair sensitivity and specificity (9), we 

reducedd the effective mAs and adjusted these reduced values to the circumference of 

thee patient. Thin (^ 87,5 cm) patients were scanned with 25 mAs, medium-sized (>87,5 

cmm and < 102,5 cm) patients with 40 mAs, large (> 102,5 cm) patients with 70 mAs. The 

CTT colonography was performed by a research fell low or a specially trained technician, 

bothh with extensive experience with the procedure. 

ColonoscopyColonoscopy — Patients underwent colonoscopy with a standard colonöscope (CF-

140L;; Olympus, Tokyo, Japan). During this procedure patients received midazolam 

(dormicum,, Roche, Basel, Switzerland) and fentanyl (Fentanyl-Janssen, Janssen 

Pharmaceuticals,, Beerse Belgium) on request. In the aformentioned accuracy study 

colonoscopyy was performed by a single experienced staff member (gastroenterologist 

orr a gastro-intestinal surgeon) in 47% of cases, and by a gastroenterology fellow under 

directt supervision of the attending experienced staff member of the Endoscopy 

departmentss of the AMC and the Slotervaart Hospital in 53% of cases. The research 

felloww (RvG) recorded the examination on videotape. During the colonoscopy the 

endoscopistt scored polyps, if present, with respect to size, morphology (pedunculated, 

sessile,, flat) and the segment (cecum, ascending colon, transverse colon, descending 

colon,, sigmoid colon and rectum) in which they were located. The polyp size estimation 

wass based on a comparison of the polyp with an open biopsy forceps of known size (8 

mm). . 

Thee information regarding size, morphology and segmental location of polyps was 

fi l ledd out on a case record form by the endoscopist who performed the examination 

andd the research fellow who attended the colonoscopy. 

DeterminationDetermination of lesion status — The research fellow (RvG) matched CT colonographic 

andd colonoscopicfindings (reference standard). For this purpose we employed a face-

to-facee comparison of the colonoscopy video with the CT colonography images and 

usedd the aforementioned case record form. A polyp detected at CT colonography was 

labeledd as a true positive based on three criterions: first, the segmental location-of the 

CTT colonography finding corresponded with the segmental location as indicated on 

thee case record form, or the adjacent segment; second, the polyp size as estimated by 

thee endoscopist corresponded with the CT colonography measurement; and third, its 

appearancee closely resembled that of the corresponding polyp at the videotaped 
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colonoscopy. . 

Becausee polyp size estimation at colonoscopy is prone to error, we accepted a margin 

off error of 3 mm for polyps <6 mm, and 5 mm for polyps >6 mm. Only CT colonography 

lesionss that were scored with a certainty of 50% or more were considered for analysis. 

C TT COlonog raph y da t a e v a l u a t i o n Training in review of CT colonography — 

Trainingg in the evaluation of CT colonography at our department comprises the 

evaluationn of complete (supine and prone) CT colonography examinations of 30 

patientss after an introduction on the software. The results of the evaluations are then 

checkedd and feedback is provided by an expert reader (RvG) with use of the videotaped 

colonoscopicc examinations. Prior to the primary 3D review all reviewers received this 

trainingg with the primary 3D display mode, and priorto the primary 2D review all reviewers 

weree trained using the primary 2D display mode. All reviewers received the same 

instructionss for data review. 

ReviewReview methods — Primar y 3D evaluatio n The primary 3D review method, using 

unfoldedd cubic projections, is illustrated in figure 1. This review method was developed 

too maximize the area of the colon surface that is visualized and was previously validated 

(5).. In brief, the unfolded cubic projection method consists of projections of the colon 

walll on a cube that is centered on a path through the colon lumen; projections are 

obtainedd at 4 mm intervals. By folding out the six images onto a single plane (unfolded 

cubee display), the complete field of view is rendered. The sequence of unfolded cubes 

wass shown as cine images. With this display method, endoscopic views consisting of 

pre-processedd 3D cine loops were reviewed for the presence of polyps. The interface 

enabless one to directly view additional 2D axial and multiplanar reformatted images 

off suspected lesions. Thus, the detection of polyps was primarily based on the 3D 

imagess and was supported by additional 2D axial and multiplanar reconstructions (MPR) 

images.. Lesion size was measured on the 2D images. 

Off each patient, first the supine and then the prone data set was reviewed. During the 

primaryy 3D review of the supine and prone position, the other position was not available. 

Primar yy 2D evaluatio n The primary 2D review method is illustrated in figure 2. This 

revieww method was designed to correspond with widely available software. The data 

weree primarily reviewed two-dimensionally, using the axial CT images and the MPR. 

Too further elucidate suspected findings, 3D displays could be viewed. The overview 
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I - . d im »» ~1 1 Cmcet 1 | H W - . I HM» 1 

Figur ee 1 . The figure displays the primary 3D review method, using theunfolded cubic projection. 
Thee arrow indicates a 15 mm adenomatous sigmoid polyp. The figure demonstrates the functionality 
off this review method, which is primarily based on the 3D visualization but also comprises 2D axial 
(leftt upper corner) and multplanar reformatted images (second 2D image from the left). The 3D 
imagee in the lower left corner focuses on the abnormality that has been indicated by the reviewer 
inn the cubic projection. The object in this image can be rotated to obtain more information on the 
interrelationn with other structures. The overview image indicates the position of the virtual camera. 
Readerss are encouraged to view the primary 3D review demo at http://www.ph.tn.tudelft.nl/~frans / 
primary3d_compressed.av ii  or http://www.ph.tn.tudelft.nl/~fran s primary3d_hig h quality.av i ; 
thee compressed filee is 1 Mb, the high quality file is 20 Mb. 

imagee enabled the locat ion o f t he rev iewed planes relat ive t o t he co lon . Thus, the 

de tec t ionn of po lyps was p r imar i l y based o n t he 2D images and was suppo r ted by 

add i t iona ll 3D endo lum ina l images. Lesion size was measured o n t he 2D images. 

O ff each patient, f i rst the supine and then the prone data set was rev iewed. Dur ing the 

pr imaryy 2D review of the supine and prone pos i t ion, the o ther pos i t ion was available. 

A l ll 3D images used in the p r imary 3D and pr imary 2D rev iew m o d e were vo lume 

renderedd w i t h a th resho ld o f -750 Houns f ie ld Un i t (HU) and a ramp o f 80 H U . The 

evaluat ionn was pe r fo rmed on an EasyVision works ta t ion (Phil ips Med ica l Systems, Best, 

135 5 

http://www.ph.tn.tudelft.nl/~frans/
http://www.ph.tn.tudelft.nl/~frans


Chapterr 8 

Figur ee 2. The figure displays the primary 2D review method, with the patient in the prone position. 
Thee arrow indicates a 15 mm sigmoid adenomatous polyp (same as in figure 1). The functionality is 
primarilyy based on the 2D axial images but also comprises 2D multiplanar reformatted images (left 
lowerr corner) and, if necessary for the solving of problems, endoluminal 3D images (right lower 
corner).. The object in the latter image can be rotated to obtain more information on the interrelation 
withh other structures. The CT scan of the opposite position, which can be used to check whether 
orr not a polyp is visualized in the second CT scan in the opposite position, is displayed in the right 
upperr corner. The presence or absence of the same abnormality, or an altered location of the 
samee abnormality in this second scan may influence the reviewer's judgment. The overview images 
demonstratee the level of the image sections, the upper one representing the scan in the left upper 
cornerr and the lower one representing the scan in the right upper corner. Readers are encouraged 
too view primary 2D review demo at http://www.ph.tn.tudelft.nl/~frans/primary2d_compressed.av i 
orr http://www.ph.tn.tudelft.nl/~frans/primary2d_highquality.av i ; the compressed file is 1 
Mb,, the high quality file is 20 Mb. 

Thee Nether lands) . 

Thee med ian interval be tween the pr imary 3D and the p r imary 2D review sessions for 

rev iewerr 1 , 2 and 3 was 65 weeks ( in ter-quar t i le range (IQR) 41-92), 45 weeks (IQR 39-

48),, and 37 weeks ( IQR 32-41), respect ively. For observer o n e [b l i nded for rev iew 

process]] the pr imary 3D rev iew took place pr io r to the concep t i on of the research 

quest ions,, thus these data were used retrospect ively. 
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Rev iewer ss  Three observers, with different levels of experience, as elucidated below, 

reviewedd all data. Reviewer 1 (CYN) is a radiologist with 10 years of experience in 

abdominall radiology. As abdominal radiologist he has read over 9000 abdominal CT 

examinations.. Reviewer 2 (JF) is a medical doctor and works at our department as a 

researchh fellow, prior to his training in Radiology. In the framework of our colonography 

researchh project, he has attended approximately 50 colonoscopy examinations, and has 

comparedd 50 CT colonography (2D) cases with videotaped colonoscopy examinations 

inn a face-to-face manner. He has no experience wi th the review of abdominal CT 

examinationss other than CT colonography. Reviewer 3 (SJ) is a first year radiology trainee. 

Thiss reviewer had no previous CT experience besides the specific training in primary 2D 

andd 3D review. The primary 3D review by this reviewer took place at the end of his 

rotationss as a medical student. After the primary 3D read he started his training in 

Radiology,, in the first year of which he performed the primary 2D review. 

O u t c o m ee pa rame te r s To investigate differences between primary 2D and primary 

3DD review methods, we used the per polyp sensitivity and the number of false positives 

ass the main outcome parameters. Because the potential future role of CT colonography 

iss to pre-select patients with polyps who might benefit from further endoscopic diagnostic 

andd therapeutic procedures we also calculated the per patient sensitivity and specificity. 

Alll results were stratified according to cut-off values of 6 mm and 10 mm. 

PerPer polyp sensitivity was defined as the number of true positive polyps, detected with 

CTT colonography, relative to the number of polyps identified during colonoscopy. 

Polypp sensitivity was analyzed according to polyp size categories {small: < 6 mm; 

medium:: 6-9 mm; large: > 10 mm). If a polyp was identified by at least one reviewer 

withh either the primary 2D or 3D review method, but not by alt reviewers, it was 

consideredd as a perceptive error. 

FalseFalse positive findings were all CT colonography findings that did not match wi th 

endoscopicc polyps as documented on the CRT and the colonoscopy video. 

PerPer patient sensitivity was defined as the number of true positive patients, with at least 

onee lesion detected with CT colonography, relative to the number of patients with 

polypss as identified during colonoscopy. For the 6 mm and 10 mm thresholds a patient 
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wass considered to be a true positive if at least one polyp in the respective size range 

wass detected, and a false negative when no true positive polyps or only those of a 

smallerr size category were detected. If a patient with polyp(s) was correctly identified 

byy at least one reviewer with either the primary 2D or 3D review method, but not by all 

reviewers,, it was considered a perceptive error. 

PerPer patient specificity was defined as the number of patients without false positive 

findingss relative to the number of patients without polyps at colonoscopy. For the 6 

mmm and 10 mm thresholds, a patient was considered true negative if patients without 

polypss > 6 mm or > 10 mm had no false positive findings > 6 mm and > 10 mm, 

respectively.. If a patient without polyp(s) was correctly identified by at least one 

reviewerr with either the primary 2D or 3D review method, but not by all reviewers, it 

wass considered an interpretive error. 

Inter-observerInter-observer agreement was determined by analyzing the findings per segment. 

Reviewerss were considered to agree if they both recorded one or more lesions in the 

samee segment, or if both recorded no findings. Kappa <K) -statistics with 95% confidence 

intervalss were calculated. The K-values were interpreted as follows: K<0.20, poor 

agreement;; K=0.21-0.40, fair; K=0.41 -0.60, moderate; K=0.61-0.80, good; K=0.81-1.00, very 

good. . 

ReviewReview time, defined as the time needed to review a complete (supine and prone) CT 

colonographyy examination, was measured with a stopwatch by the reviewers. The 

revieww time did not include the time required to pre-process the 2D and 3D images 

becausee these procedures can be performed semi-automatically and require no 

reviewerr interaction. 

Stat is t ica ll  analysi s We tested for differences in accuracy between 2D and 3D by 

comparingg the number perceptive and interpretive errors. We used McNemar's test 

forr paired observations to statistically assess the observed differences. 

Too assess the potential effect of increasing experience on polyp detection we 

comparedd polyp sensitivity, after stratification for polyp size, between the first 39 cases 

andd the second 38 cases for both review methods in all obervers (two-sided Mantel-

Haenszell test). Differences in review time were assessed with a paired student-t test. 

P-valuess < 0.05 were considered statistically significant. SAS software version 8.2 (SAS 
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Institute,, Inc., Cary, NC, USA) was used for the McNemar's test and SPSS 11.0 for 

Windowss (SPSS Inc, Chicago, Illinois, USA) was used for the Mantel-Haenszel test and 

thee paired student-t test. 

Result s s 
S t u d yy pOpUla t io n The study population consisted of 39 men and 38 women. Their 

meann age was 54 years (standard deviation (SD) 12). 

C o l o n o s c o p i cc f i n d i n g s A total of 179 polyps were detected, of which 18 were 

large,, 17 medium, and 144 small. These polyps were found in 44 (57%) out of 77 patients; 

inn 14 (18%) patients the largest polyp was e" 10 mm, in 21 (27%) patients the largest 

polypp was e" 6 mm. 

C TT c o l o n o g r a p h y Mean values of sensitivity, numbers of false positive findings, 

patientt sensitivity and specificity are listed in table 1, and the individual results are 

displayedd in appendix 1, table 1B. With the primary 3D review method the observers 

Parameter r 

PETPET polyp 
Truee positive findings 
(sensitivity) ) 
<6mm m 
6-99 mm 
2:: 10 mm 
Falsee positive findings* 
<6mm m 
6-99 mm 
5:: 10 mm 
P£rP£r patient 
Truee positive findings 
{sensitivity) ) 
Anyy size 
>> 6 mm 
>> 10 mm 
Truee negative findings 
(specificity) ) 
Anyy size 
>> 6 mm 
>10mm m 

CS S 

144 4 
17 7 
18 8 

--
--
--

44 4 
21 1 
14 4 

33 3 
56 6 
63 3 

CT T 
3D D 

45.33 {32) 
11.33 (67) 
14.77 (82) 

130.0 0 
33.3 3 
8.3 3 

29.33 (67) 
16.77 (80) 
12.7(91) ) 

9.77 (29) 
40.00 (71) 
58.33 (93) 

colonography y 
2D D 

31.33 (22) 
10.33 (61) 
12.77 (71) 

52.0 0 
15.6 6 
5.3 3 

22.33 (51) 
16.00 (76) 
11.00 (79) 

19.00 (58) 
45.00 (80) 
59.33 (94) 

Tablee 1. Table displays mean number of true and false positive findings, and true negative findings 
forr thé primary 2D and 3D review method in 77 patients for three observers. Mean sensitivity or 
meann specificity is given in the parentheses. CS, colonoscopy. CS numbers indicate polyps and 
patientt with polyps (for patient sensitivity) and patients without polyps {for patient specificity). 
*,, by definition no colonoscopic findings. 
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Primaryy 3D 

## reviewers 

0 0 

1 1 

2 2 

3 3 

0 0 

3 3 

0 0 

D D 

0 0 

3 3 

1 1 

0 0 

0 0 

0 0 

0 0 

0 0 

2 2 

0 0 

0 0 

0 0 

1 1 

1 1 

3 3 

0 0 

1 1 

5 5 

8 8 

14 4 

3 3 

1 1 

5 5 

9 9 

18 8 

n n 
(N N 

Ê Ê 
k. . 

o. . 

Ul l 

<U <U 

FT> > 
t-H H 

^ ^ 

Tablee 2. The table displays how many reviewers (none, one, two or three) detected the eighteen 
largee polyps with the primary 2D and 3D review method. Eight large polyps were detected by all 
reviewerss with both review methods. Three large polyps were not detected with either method. 
Withh the primary 2D review method 6 polyps were missed by one or two reviewers {perceptive 
errors)errors) whereas for the primary 3D review method, this number was one (McNemar's test, p=0.06). 

detectedd 82% of large lesions whereas with the primary 2D review method this value 

wass 71 %.This difference in sensitivity corresponds with less perceptive errors that were 

madee with the primary 3D than with the primary 2D review method (p=0.06; table 2 and 

appendixx 2, table 28). For the primary 3D review method the sensitivity for medium and 

smalll polyps were 67% and 32% and for thé 2D review method these values were 61% 

andd 22%, respectively. For small polyps significantly less perceptive errors were made 

withh the primary 3D review method (p<0.01), but for mêdium-sizéd polyps the difference 

wass not significant (appendix 2, table 2B). 

Figuree 3 gives examples of polyps that were missed at primary 3D review but detected 

att the primary 2D review, and vice versa. We found no evidence that the detection of 

polypss was poorer in the first 39 cases compared to the second 38 cases for either 

revieww technique, with p-values for all reviewers above Ö.13. 

Thee mean number of false-positive findings was higher with primary 3D review than 

withh primary 2D review in every size category. The number of farge false positives was 

60%% higher for the primary 3D review. Approximately twice as many medium-sized 

andd small false positives were found with primary 3D compared with primary 2D review. 

Whenn the data are analyzed per patient, the sensitivity for the primary 3D review 

methodd was generally higher than for the primary 2D review method. For patients 

withh large and for patients with medium-sized and large polypS/ these differences did 

nott correspond with significantly less perceptive errors made with primary 3D review 

(appendixx 2, table 2B). When all patients with polyps were analyzed regardless of polyp 
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Figur ee 3. The figure shows two polyps that were missed during CT colonography reviewed wi th 
primaryy 2D (A, B, C), and with primary 3D (D, E, F) review methods, respectively. The first polyp, 
depictedd in image A, B and C, was a 1,5 cm tubulovil lous adenoma located in the cecum. The 
secondd polyp, depicted in image D, E, and F, was a 7 mm non-adenomatous polyp located in the 
ascendingg colon of another patient. The first polyp was missed with the primary 2D (image B) 
methodd by two of three reviewers, but was detected wi th the primary 3D (image C) method by all 
reviewers.. On the 2D image, this polyp may be misinterpreted as a fold (image B, arrow). Polyp D 
wass missed wi th the primary 3D review method (image F) by all reviewers, but it was detected with 
thee primary 2D method (image E) by two out of three reviewers. On the 3D image this polyp may 
bee overlooked as it is closely packed between folds (image F, arrow). 

sizee s igni f icant ly less percept ive errors we re made w i t h the p r imary 3D review. 

Thee mean speci f ic i ty fo r the ident i f icat ion o f pat ients w i t h o u t large polyps was simi lar 

fo rr the p r imary 3D and 2D review me thod (93% and 94%), b u t at lower size th resho lds 

aa bet ter speci f ic i ty was achieved w i t h the pr imary 2D rev iew m e t h o d . Cor respond ing ly , 

forr the pat ients w i t h o u t m e d i u m and large po lyps , o r w i t h o u t any po lyp , s igni f icant ly 

lesss in te rpre t i ve er rors were made w i t h the p r imary 2D rev iew me thod (p-values less 

thann 0.05 and 0.01, respect ively; append ix 2, tab le 2B). 

Inter-observerInter-observer agreement — The kappa values are d isp layed in tab le 3. The kappa values 

forr the p r imary 3D rev iew m e t h o d w e r e g o o d . For t he p r imary 2D me thod all values 

weree modera te - to -good . 

ReviewReview time — W i t h the pr imary 3D review m e t h o d , rev iewers one , two and th ree had 
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P3D D 
-reviewerr 1 and 2 
-reviewerr 1 and 3 
-reviewerr 2 and 3 

P2D D 
-reviewerr 1 and 2 
-reviewerr 1 and 3 
-reviewerr 2 and 3 

Kappa a 

0.73 3 
0.68 8 
0.65 5 

0.60 0 
0.62 2 
0.62 2 

957c c 

0.66--
0.60--
0.58--

0.50--
0.522 -
0.52--

,-Cl l 

0.80 0 
0.76 6 
0.73 3 

0.70 0 
0.72 2 
0.72 2 

Tablee 3. The table lists the K-values. These values were 
interpretedd as follows: K<0.20, poor agreement; K=0.21-
0.40,, fair; K=0.41-0.60, moderate; ic=0.61-0.80, good; 
K=0.81-1.00,, very good. CI, confidence interval 

aa mean review t ime of 14'57" (SD 4'23"), 1438" (SD 7'40") and 13'08" (SD 3'40"), 

respectively.. With the primary 2D review method, reviewers one, two and three had a 

meann review t ime of 12'35H ( SD 5'02"j, 12'43" (SD 4'07") and 11'28" (SD 3'27"), 

respectively.. The differences between primary 3D and primary 2D review times for 

eachh reviewer were statistically significant (p<0.01). 

Discussio n n 
Thee present study shows that primary 3D review of CT colonography data results in 

higherr polyp detection rates than primary 2D review. Despite the higher number of 

falsee positive findings for the primary 3D display method, the specificity for the 

identificationn of patients without large polyps was similar for both review methods. 

Ourr results indicate that the same large polyps were detected with either method, 

butt wi th the primary 3D review method the reviewers made less perceptive errors, 

whichh resulted in a higher mean sensitivity. We assume that this advantage at least 

partlyy stems from the longer exposure time to polyps during 3D evaluation compared 

withh 2D evaluation. Another factor may be that 3D information is easier to grasp than 

2DD information. 

Thee higher sensitivity observed for the primary 3D review method was at the expense 

off a higher number of false positive findings. A major cause of false positive findings 

iss the misinterpretation of residual stool. An explanation for the difference between 

thee primary 2D and 3D review method may be that with the former, the supine and 

pronee CT data set are available at the same time. As a result, it is easier to correlate 

findingss in both positions. The obvious changes in the position of an abnormality 

betweenn supine and prone position are an indicator of stool.The lack of the correlation 

off the two data sets has most likely contributed to thé high number Of false positive 

findingss with primary 3D review. Primary 3D software that enables the correlation of 

CTT findings in the two scans may reduce this relative drawback. 
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Inn general two measures may reduce the misinterpretation of stool. Firstly, the use of 

orall contrast agents enables the discrimination of faécal residue and polyps, and the 

additionn of these agents has been demonstrated to reduce the number of false positive 

findingss for CT colonography (10). It can be expected that this measure is beneficial 

forr both 2D and 3D review. Secondly, scanning with thinner slices improves the visibility 

off air inside CT findings, a strong indicator of faecal residue (11). 

Att any rate, specificity for patients without polyps >10 mm was similar for the primary 2D 

andd 3D review method, and thus if lesions of this size would have triggered colonoscopy, 

aa similar number of follow-up colonoscopies would have been unnecessary. 

Too date, primary 2D and 3D review methods have only been compared in small patient 

sampless and with artificial polyps (4; 6-8; 12; 13), With the exception of a study by Macari 

ett al. This study compared a time-efficient 2D review method, similar to our primary 

2DD review mode, with a combination of a 2D and a 3D review in 42 patients (4). No 

differencess in polyp detection were found between the two strategies, but as the former 

wass much more time efficient than the latter (16' versus 40'), the authors concluded 

thatt the primary 2D review was to be preferred. Although we used a primary 3D review 

ratherr than a combination of primary 2D and 3D review, results similar to theirs could 

havee been expected in the present study. Two factors, however, may have caused the 

differencess between their and our results. Firstly, because in Macari's study the primary 

2DD review was done by a different observer than the entire 2D and 3D review combined, 

inter-observerr variability could at least partly have accounted for the observed similarities. 

Inn our study the reviewers reviewed 77 identical patients with both a primary 2D and a 

primaryy 3D mode, and consequently, this kind of variability did not exist. Secondly, 

Macarii et al used the 'conventional' endoscopic 3D review method available on software 

att that time. Comprehensive display modes such as panoramic view and the cubic 

projection,, of which the latter was used in the present study, have been demonstrated 

too visualize a significantly higher proport ion of colon surface than 'conventional' 

endoscopicc 3D display modes (5). It can be expected that the visualization of a higher 

proportionn of colon surface wil l result in a higher polyp detection rate. 

AA recent study assessed differences between three different software platforms, and 

noo «significant differences were observed (14). The results of this study do not provide 

anyy information wi th regard to the optimal approach, primary 2D or 3D, as these were 

alll primary 2D review methods. 

Att present, the first results of CT colonography studies in populations with a low 

prevalencee of polyps are becoming available, with variable results (1-3). In a recent 
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studyy by Pickhardt, sensitivity for the identification of patients with large adenomas 

usingg a primary 3D review mode was 94% paired for a specificity of 96% (3). Two other 

studies,, in which a primary 2D review mode was used, yielded lower sensitivity for the 

identificationn of patients with large polyps: 55% and 64%, paired for a specificity of 

96%% and 95% (1; 2). The fact that in the study by Johnson et al at least 34% (20/59) of the 

missedd large polyps were perceptive errors indicates that the employed primary 2D 

visualizationn technique may be suboptimat for screening of patients with a very low 

prevalencee of large polyps. Therefore, the striking differences between these studies 

mayy in part be caused by differences in the review methods employed. This 

interpretationn is in line with the results of the present study, which demonstrate that 

usee of primary 3D review methods result in higher polyp detection rates as less 

perceptivee errors are made. 

Otherr factors that probably contributed to discrepancies may be differences in bowel 

preparationn (addition of contrast agents (3) or not (1; 2)), and the method that is used 

too check whether false posi t ive f ind ings at CT co lonography were in fact 

colonoscopicailyy missed polyps (segmental unblinding (2; 3) or review of video (1)). 

Futuree studies should point out the magnitude of these factors. Differences in review 

experiencee with CT colonography do most likely not clarify the differences in sensitivity 

betweenn the studies concerned. The readers that were involved in Johnson's study, 

withh the lower reported sensitivity, had in general more experience (> 150 cases) prior 

too the start of the study than the reviewers in Pickhardt's study (>25 cases) (1; 3). Although 

readerr experience explained variable results to some extent in a large retrospective multi-

centerr study (14), others have not observed a significant improvement of performance 

ass readers gained more experience (2). 

AA number of limitations of the present study must be considered. We performed 

ourr study with data originating from a large group of patients with a personal or 

familyy history of colorectal polyps or cancer who participated in an accuracy study 

onn CT colonography and colonoscopy. In the framework of the same study we 

performedd a second-look colonoscopy for unexplained false positive findings that 

weree > 10 mm on CT colonography. This was done to verify whether these might 

havee been based on colonoscopicai ly missed lesions. Wi th the second-look 

colonoscopyy four additional large polyps were detected in four out of the 77 patients 

off this study, and these polyps were included in the present analysis. As the second-

lookk colonoscopy was restricted to patients wi th unexplained false positive findings 

££ 10 mm, and not to medium-sized and small false positives, this procedure skews 
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thee size distribution somewhat to the large polyps. This hampers the generalizability 

off  our results to some extent, but not the internal validity. 

Flatt adenomas, which have a higher risk to contain dysplastic tissue (15), are well 

knownn to be difficult to detect with CT colonography. Several investigators have 

suggestedd that detection of such lesions should preferably be done with 2D review 

methodss (16). As our study contained only five flat polyps > 6 mm, we were not able to 

makee a meaningful comparison for this subgroup between the primary 2D and 3D 

revieww method. Future studies will have to investigate the optimal approach to detect 

suchh lesions. 

Thee present results show that at least some of the variability in sensitivity of recent 

studiess on the accuracy of CT colonography can be attributed to different visualization 

methods.. To date, the majority of researchers on CT colonography use primary 2D 

displayy methods for review. As scientific data on the optimal review method are scarce, 

thiss consensus is based on practical grounds such as computer requirements, rather 

thann evidence- The present data indicate that 3D review of CT colonography seems to 

improvee polyp detection as less perceptive errors are made, while remaining time 

efficient. . 
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Appendi xx 1 
Tablee 1B. 

Parameterr CS 

Reviewer-1 1 

3D D 

Perr polyp 
Truee positive findings (sensitivfty) 
<< 6 mm 144 50 (35;27-43) 
6-99 mm 17 12(71;47.87) 
>10mmm 18 15(83,61-94) 

Falsee positive findings 
<6mmm - 133 
6-99 mm - 39 
>> 10 mm - 3 

Perr  patien t 
Truee positive findings (sensitivity) 
Anyy size 44 31 (71;56-82) 
>6mmm 21 17(81;60-92) 
>10mmm 14 13(93;69-99) 

Truee negative findings (specificity) 
Anyy size 33 8(24;13-41) 
>6mrnn 56 38(68;55-79) 
££ 10 mm 63 61 (97;89-99) 

2D D 

39(27;21-35) ) 
100 (59;36-78) 
122 (67;44-84) 

41 1 
20 0 
4 4 

222 (50;39-64) 
144 (67;45-83) 
100 (71;45^S8) 

211 (64;47-78) 
444 (79;66-87) 
611 (97;89-99) 

CÏCÏ cotonography 

Reviewef-2 2 

3D D 

488 (33;26-41) 
133 (77;53-90) 
155 (83;61-94) 

164 4 
32 2 
10 0 

300 <68;S3-80) 
18(86;65-95) ) 
133 (93;69-99) 

100 (30;17-47) 
399 (70;57-60) 
566 (69;79-95) 

2D D 

26(18;13-25) ) 
100 (37;22-56) 
133 (72;49-88) 

64 4 
13 3 
5 5 

233 (52;40-6?) 
17(81;60-92) ) 
111 (79;52-92) 

188 (55;3Ö-7Ö) 
466 (82;70-90) 
600 (95;87-^8) 

Reviewer-3 3 

3D D 

388 <26;20-34) 
9(53;31-74) ) 
144 (78;55-91) 

93 3 
29 9 
12 2 

27(61;47-74) ) 
ISS (71 £0-86) 
122 (86;60-96) 

111 (33;20-50) 
433 (77;64-86) 
588 (92;83-97) 

2D D 

299 (20;14-27) 
111 (65;41-83) 
133 (72;49-88) 

51 1 
14 4 
7 7 

222 (50:39-64) 
17(81;60-92J J 
122 (86;60-96) 

188 (55;38-70) 
455 (8Q;68-89) 
57(91;81-%) ) 

Tablee displays the number of true and false positive findings, and true negative findings for the 
primaryy 2D and 3D review method in 77 patients, for three observers separately. Sensitivity or 
specificityy and 95% confidence intervals are given in the parentheses. CS, colonoscopy. CS numbers 
indicatee polyps and patient with polyps (for patient sensitivity) and patients without polyps (for 
patientt specificity). 

Appendi xx 2 
Tablee 2B. 

Parameter r CS S CTT cotonography 
3DD 2D 

p-vatue e 

Polyp p 
<6mm m 
6-99 mm 
>10mm m 

Patientt with polyps 
Anyy size 
> 6 m m m 
>10mm m 

144 4 
17 7 
18 8 

44 4 
21 1 
14 4 

16 6 
4 4 
1 1 

41 1 
6 6 
6 6 

15 5 
5 5 
5 5 

<0.01 1 
0.53 3 
0.06 6 

0.01 1 
0.48 8 
0.10 0 

Patientss without polyps 
Anyy size 33 
>> 6 mm 56 
>10mmm 63 

17 7 
17 7 
9 9 

<0.01 1 
0.04 4 
0.29 9 

Perceptivee and interpretive errors. Polyps and patients with polyps; numbers indicate perceptive 
errors.. Patients without polyps; numbers indicate interpretive errors. Differences were assessed 
withh McNemar's test for paired proportions. CS, colonoscopy. 
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Summaryy and conclusions 

Summary y 
Thee studies in this thesis on CT colonography addressed several criterions that determine 

too a large extent the efficacy of this examination in colorectal cancer screening and 

surveillance:: accuracy and patient acceptance. Also, the possibilities to estimate the 

potentiall  risks related to screening with CT colonography, imposed by the use of ionizing 

radiation,, were investigated and efforts were made to assess the feasibility to substantially 

reducee this risk. 

Inn chapter  2, we aimed to investigate the accuracy of CT colonography in patients at 

increasedd risk for colorectal cancer, with colonoscopy as the reference standard. To 

compensatee for the miss rate of the reference standard, we performed a second look 

colonoscopyy to verify the nature of large false positive findings of CT colonography that 

couldd not be explained based on review of the colonoscopy video. These results were 

subsequentlyy incorporated in the analysis. In this way we found that CT colonography 

hadd a similar ability to identify patients with large colorectal polyps as colonoscopy, 

whichh is the recognized gold standard for the detection of polyps. Almost all sessile and 

pedunculatedd polyps >6 mm were detected with CT colonography. Most flat lesions, 

whichh are known to have a high malignant potential, however, were overlooked with CT 

colonography.. In retrospect, 5 out of 10 missed flat lesions could be identified in the CT 

colonographyy images, among which an adenomatous polyp and a cancer. Early signs 

indicatee that scanning with thinner collimation, addition of a primary 2D review, and 

additionall  training might help to improve the detection of such lesions. Another limitation 

thatt came into view was the high number of false positive findings, especially in the 

mediumm and small size category. Although, it is very likely that a certain proportion of 

thesee findings are based on true polyps that were missed by the reference standard, 

anotherr part will constitute residual fecal material. Tagging of stool with contrast agents 

andd scanning with thinner slices can be expected to improve the discrimination of fecal 

materiall  from polyps, without reducing the sensitivity. 

Patientss with a personal or family history of colorectal adenomas or cancer are well 

knownn to be at increased risk for colorectal cancer and many organizations recommend 

colonoscopicc screening of these patients, but even in these groups utilization of 

colorectall  screening varies widely. Disadvantages of colonoscopy are the attendant 

discomfort,, a reason that is frequently mentioned to decline screening, and the small 

butt definite risk for complications. In chapter  3 we compared patient preferences 
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betweenn CT colonography and colonoscopy in afive^veek follow-up study and found 

thatt increased-risk patients significantly preferred CT colonography over colonoscopy, 

bothh directly after both examinations and five-weeks later. The preference for CT 

colonographyy had decreased significantly, however, over the follow-up period. Initially, 

experiencee parameters such as pain and embarrassment were strongly associated with 

preference,, but at the second preference measurement five weeks later, the influence 

off experience parameters decreased. Instead the influence of outcome parameters, 

suchh as the presence of polyps, emerged. 

Duee to its acceptable accuracy and its patient friendly character, CT colonography can 

bee considered as an attractive alternative to conventional colorectal screening methods. 

Ann important drawback remains the fact that individuals that undergo this examination 

aree exposed to ionizing radiation. Because no recent data exist on the effective doses 

thatt are used to perform CT colonography, no estimates as to the risk resulting from this 

examinationn can be made. In chapte r 4 the results of an inventory among institutions 

thatt perform research on CT colonography are reported. It appears that the present 

(2004)) median effective dose for CT colonography in prone and supine position results 

inn an effective dose of 10.0 mSv. When analyzed in time, it appeared that although 

radiologistss increasingly used multislice scanners and scan with increasingly thin sections, 

thee effective doses remained approximately constant. This is caused by a trend to use 

lowerr tube charge (mAs). When the median effective dose is translated into a risk for 

individualss aged 50, this dose may induce one fatal cancer in 4OÖ0 persons, which may 

becomee manifest after a latent period of up to a few decades. 

Inn chapte r 5 we report a study on the use of low dose scan protocols for CT 

colonography.. In this study we compared three dose levels, 12, 6 and 3,6 rtiSv 

(correspondingg with 100, 50 and 30 mAs) in three identical patient groups. It is our 

opinionn that such a set-up is preferable to a comparison of different dose levels in 

differentt patient groups, as the differences in polyp detectability between two mAs 

levelss can be attributed to the dose levels. We achieved this by simulating lower dose 

CTT scans based on the raw transmission measurements of CT colonography 

examinationss of 50 patients. In this study it appeared that although image quality 

decreasedd significantly in the simulated 30 mAs scans, the sensitivity and specificity 

remainedd unimpaired. As expected, the patient circumference as measured midway 

betweenn the lowest rib and the iliac crest appeared to be a determinant of image quality. 
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Drivenn by the results of chapter 5, we were interested to find the lowest magnitude of 

dosee that is compatible wi th polyp detection. In chapte r 6 we report an experimental 

studyy performed in 15 patients with polyps >5 mm in which we compared the numbers 

off true and false positive findings at five mAs levels, ranging from medium to very low 

02,, 3, 0.8, 0.2 and 0.05 mSv, corresponding with 100, 25, 6.3,1.6 and 0.4 mAs). The two 

lowestt dose levels cannot be attained with presently available CT scanners. In this 

studyy we applied the same simulation method as in chapter 5. It appeared that in the 

simulatedd scans at mAs levels as low as 1.6, detection of polyps >5 mm decreased only 

slightly,, but not significantly. Detection of polyps > 10 mm, although only few in number 

inn this study (n=5), was constant down to a mAs level of 0.4, the lowest level tested. It 

appearedd that location of the polyp -in the pelvic or the abdominal colon segments-

influencedd the detection rates at very low dose level; detection of polyps in the pelvic 

colonn segments decreased significantly when the 100 mAs data were compared wi th 

thee simulated 0.4 mAs data, whereas detection of polyps in the abdominal segments 

didd not. This study indicates that dose levels that are used to date could theoretically 

bee reduced as much as 20 to 60 times, resulting in an identical reduction in the risk to 

inducee cancer. Use of such low doses in colorectal cancer prevention would virtually 

eliminatee the drawback of exposure to ionizing radiation. Before implementation of 

veryy low dose scan protocols in practice can be recommended, studies on the accuracy 

off real low dose CT colonography in consecutive patients are needed to confirm our 

findingss that are obtained in an experimental setting. 

Althoughh volumetric spiral CT colonography data can be reviewed three-dimensionally, 

mostt radiologists rely on two dimensional methods to review this examination. The 

mainn reason for this is that the existing 3D review methods, which resemble 

conventionall colonoscopy, are highly interactive and result in long interpretation 

t imes.. New t ime-eff ic ient comprehensive 3D display modes may benef i t the 

performancee of CT colonography. In chapte r 7 we report a study that validates an 

innovativee 3D review method in 30 patients. This new review method, the unfolded 

cubicc projection, is developed to provide a comprehensive view of the colon surface. 

Whenn compared to the existing 3D review methods, the new unfolded cubic 

projectionn resulted in significantly shorter interpretation times and displayed a 

significantlyy higher proportion of colon surface. No significant differences in the 

detectionn of polyps >5 mm were found. 

153 3 



Inn chapte r 8 we compared the unfolded cubic projection with the commonly used 

primaryy 2D review method. In a study performed in 77 patients, three reviewers 

reviewedd all data first with a primary 3D review method and after a median interval of 

8,55 months with a primary 2D review method. Sensitivity, specificity, and perceptive 

andd interpretive errors were measured. A perceptive error was defined as a polyp or a 

patientt with a polyp that is detected by at least one reviewer, but not all reviewers, 

withh either the primary 2D or 3D method. An interpretive errorwas defined as apatient 

withoutwithout a polyp that is correctly interpreted as such by at least one reviewer, but not by 

alll reviewers, with either the primary 2D or 3D review method. It appeared that with 

thee primary 3D review a higher sensitivity for the detection of large polyps was achieved 

thann with the primary 2D review method, corresponding wtth less perceptive errors in 

thee detection of polyps >10 mm (p= 0.06).For medium-sized polyps no significant 

differencess were observed, but when small polyps were concerned, significantly less 

perceptivee errors were made wi th the primary 3D review method. The correct 

ident i f icat ionn of patients w i thout large polyps was similar for both methods, 

correspondingg with a similar number of interpretive errors. When patients without 

polypss >6 mm and patients without any polyp -regardless of size- were considered, 

significantlyy more interpretative errors were made with the primary 3D review method 

weree made. We conclude that use of a comprehensive primary 3D review method 

improvess detection rates, at the expense of a significant increase of interpretive errors. 

Thiss drawback may be reduced by addition of stool tagging agents or scanning with 

thinnerr slices. 
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Summaryy and conclusions 

Conclusion s s 
1.. CT colonography and colonoscopy have a similar ability to identify patients with 

largee polyps in a population at increased risk for colorectal cancer. The majority of 

flatt lesions, however, is overlooked with CT colonography, a drawback that requires 

improvement. . 

2.. Patients at increased risk for colorectal cancer prefer CT colonography to colonoscopy 

forr surveillance, despite a 20% chance that they subsequently have to undergo colono

scopyy to remove polyps. 

3.. At present the median effective dose that is used to perform a complete CT 

colonographyy (in supine and prone position) at insti tut ions involved in CT 

colonographyy research is approximately 10.0 mSv. Such a dose may induce 1 cancer 

inn 4000 individuals aged 50, which may become manifest after a latent period of up 

too a few decades. 

4.. With scanners that are widely used at present, the radiation that is used to perform 

CTT colonography can be reduced down to 3.6 mSv, resulting in a proportionally 

reductionn in risk. Although image quality deteriorated significantly at this level, 

thee detection of polyps remained unimpaired. 

5.. Theoretically the effective dose used for CT colonography can be reduced down 

too levels as low as 0,2 mSv, with only a slight but not significant impairment of the 

detectionn of polyps >5 mm. At this dose level, which cannot be attained with 

currentlyy available CT scanners, the potential risk to induce cancer with CT 

colonographyy is reduced to the bare minimum. 

6.. Use of the 3D unfolded cubic projection to review CT colonography significantly 

improvess t ime-ef f ic iency and colon surface vis ib i l i ty , when compared to 

'conventional'' 3D review. 

7.. Primary 3D evaluation of CT colonography results in higher polyp detection rates 

thann with primary 2D review as with the former less perceptive errors are made. 
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Samenvattingg en conclusies 

Samenvattin g g 
Dee onderzoeken uit dit proefschrift hebben betrekking tot enkele criteria die in grote 

matee de effectiviteit van CT colonography in cölonkankerscreening én -surveillance 

bepalen:: accuratesse en patiëntenacceptatie. Tevens is onderzoek verricht naar de 

potentiëlee risico's gerelateerd aan screening met CT colonografie veroorzaakt door het 

gebruikk van ioniserende straling, en de mogelijkheden om dit risico te reduceren. 

Inn hoofdstu k 2 was het doel de accuratesse van CT colonografie te onderzoeken in een 

patiëntenpopulatïee met een verhoogd risico op het colorectaal carcinoom, met 

coloscopiee als de referentie, Om te compenseren voor fouten van coloscopie, is de 

coloscopiee herhaald bij patiënten met foutpositieve bevindingen >10 mm die niet konden 

wordenn verklaard met behulp van de coloscopievideo. Deze resultaten zijn in de analyse 

geïntegreerd.. Op deze manier vonden we dat we met CT colonografie ongeveer even 

goedd in staat waren om patiënten met grote poliepen te identificeren als met coloscopie, 

dee huidige gouden standaard voor de detectie van co Ion pol iepen. Bijna alle gesteelde 

enn sessiele poliepen >6 mm zijn gedetecteerd met CT colonografie. Echter, de meest 

vlakkee poliepen -berucht om het hoge maligne potentieel- zijn niet gedetecteerd met 

CTT colonografie. In retrospectkondenSvan de 10 gemiste vlakke poliepen wel worden 

vastgesteld,, waaronder een adenomateuze poliep en een carcinoom. Data uit enkele 

kleinee studies wijzen erop dat het scannen met dunnere plakken, een additionele 

primairee 2D beoordeling en specifieke training bijdragen aan verbetering van de detectie 

vann dergelijke afwijkingen. Een andere beperking die naar voren kwam was het hoge 

aantall foutpositieven, met name in de middelgrote en kleine afmetingscategorieën. 

Ondankss dat het heel waarschijnlijk is dat een bepaalde proportie van de foutpositieven 

berustt op door coloscopie gemiste kleine en middelgrote poliepen, zal hét grootste 

deell waarschijnlijk berusten op ontlastingsresten. Het aankleuren van ontlasting, en 

hett scannen met dunnere plakken zijn maatregelen die het onderscheid tussen ontlasting 

enn poliepen waarschijnlijk verbeteren. 

Vann patiënten met een persoonli jke of familiaire voorgeschiedenis van dikke-

darmpoliepenn of -kanker is bekend dat zij een verhoogd risico hebben op het 

colorectaall carcinoom. Veel organisaties adviseren voor deze patiëntengroep 

coloscopischee screening, maar zelfs in deze Verhoogd risico' patiëntengroepen varieert 

hett gebruik hiervan sterk. Nadelen van coloscopie zijn het ongemak van de procedure, 

eenn reden die veel wordt genoemd door mensen die afzien van deelname aan 
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coloscopischh screeningsónderzoek, en het kleine maar zekere risico op complicaties. 

Inn hoofdstu k 3 hebben we de voorkeur van verhoogd-risico patiënten voor CT 

colonografiee of coloscopie onderzocht in een studie met een follow-up van 5 weken. 

Wee vonden dat deze verhoogd-risico patiënten zowel direct na de verrichting van beide 

onderzoekenn als vijf weken later een significante voorkeur hadden voor CT colonografie. 

Inn verloop van vijf weken is de sterkte van deze voorkeur voor CT colonografie echter 

well significant gedaald. In eerste instantie waren ervaringsparameters zoals pijn en 

schaamtee sterk geassocieerd met voorkeur, na vijf weken verzwakte óeze associatie. In 

plaatss daarvan kwam nu de aanwezigheid van colonpoliepen bij coloscopie naar voren 

alsals determinant van voorkeur. 

Vanwegee de acceptabele accuratesse en het patiëntvriendeli jke karakter is CT 

colonografiee een aantrekkelijk alternatief voor conventionele colorectale screenings-

methoden.. Een belangrijk nadeel van CT colonografie bli j f t dat mensen die dit 

onderzoekk ondergaan worden blootgesteld aan ioniserende straling. Omdat er geen 

recentee data zijn gepubliceerd over de huidige effectieve dosis die wordt gebruikt om 

CTT colonografie té verrichten, kunnen geen schattingen worden gemaakt ten aanzien 

vann het risico van kankerinductie dat resulteert uit een CT colonografie-onderzoek. 

Inn hoofdstu k 4 worden resultaten gepresenteerd van een enquête naar scan parameters 

gebruiktt voor CT colonografie onder instituten waar research wordt verricht naar dit 

onderzoek.. Het blijkt dat de mediane effectieve dosis gebruikt voor een CT colonografie-

onderzoekk in rug- en buikligging, thans (2004) 10 mSv bedraagt. In de ti jd blijkt dat 

ondankss het toenemend gebruik van multislice scanners, en het scannen met steeds 

dunneree plakken dat de effectieve dosis ongeveer gelijk is gebleven. Dit wordt verklaard 

doorr het in toenemende mate gebruik van lagere mAs-instellingen. Vertaald naar het 

potentiëlee risico van kankerinductie betekent dit dat 1 op de 4000 patiënten van 50 jaar 

mogelijkk kanker ontwikkelt als gevolg van het CT colonografie onderzoek, die in de 

loopp van enkele tientallen jaren manifest kan worden. 

Inn hoofdstu k 5 wordt een studie gerapporteerd over het gebruik van lage-dosis scans. 

Inn deze studie vergeleken we drie dosisniveaus, 12,6 en 3.6 mSv (overeenkomend met 

100,, 50 en 30 mAs) in identieke patiëntengroepen. Het is onze mening dat met een 

dergelijkee opzet de voorkeur heeft boven een vergelijking van verschillende doses in 

verschillendeverschillende groepen, omdat de verschillen in zichtbaarheid van poliepen dan alleen 

afhangtt van de dosis. We hebben deze opzet gerealiseerd door lage dosis scans te 
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Samenvattingg en conclusies 

simulerenn op basis van de ruwe transmissiemetingen van CT colonografie-onderzoekén 

vann 50 patiënten. Uit deze studie bleek dat ondanks een significante verslechtering 

vann de beeldkwal i te i t op het gesimuleerde 30 mAs-niveau, de sensitiviteit en 

specificiteitt van CT colonografie onaangetast bleef. Zoals verwacht bleek de omvang 

vann de patiënt, gemeten halverwege tussen de onderste rib in de crista iliaca, een 

determinantt van beeldkwaliteit. 

Gestuurdd door de resultaten van hoofdstuk 5, rees de vraag wat de laagste orde van 

groottee van effectieve dosis was, die nog verenigbaar is met adequate poliepdetectie. In 

hoofdstu kk 6 wordt een experimentele studie gerapporteerd, uitgevoerd in 15 patiënten 

mett poliepen >5 mm, waarbij aantallen terecht- en foutpositieven is vergeleken tussen 

v i j ff dosisniveaus, variërend van medium tot zeef laag (12, 3, 0.8, 0.2, 0.05 mSv, 

overeenkomendd met 100,25,6.3,1.6 en 0.4 mAs). Met hedendaagse CT scanners kunnen 

dee twee laagste doses niet worden gereal iseerd. In deze studie is dezelfde 

simulatietechniekk gebruikt als in hoofdstuk 5. Het bleek dat tot een gesimuleerd mAs-

niveauu van 1.6 slechts een geringe, niet significante afname was van de sensitiviteit voor 

poliepenn >5 mm. Detectie van poliepen >10 mm, alhoewel klein in aantal in deze studie 

(n^5),(n^5), was constant tot en met het laagste niveau dat werd getest (0.4 mAs). Het bleek dat 

dee locatie van de colonpoliepen -ter hoogte van het bekken (rectum, sigmoid, coecum) 

off het abdomen (colon descendens, transversum en ascendens)- de detecteerbaarheid 

beïnvloeddee bij zeer lage dosisniveaus. Poliepdetectie in bekkensegmenten daalde 

significantt bij vergelijking van 100 mAs en 0.4 mAs, terwijl in de abdominale segmenten de 

poliepdetectiee bij 0.4 mAs niet significant gedaald was. Deze studie geeft aan dat 

dosisniveauss die heden ten dage gebruikt worden, waarschijnlijk met een factor 20 tot 60 

kunnenn worden verlaagd, met een gelijke reductie van het risico van kankerinductie. 

Gebruikk van dergelijke lage doses ïn het kader van colonkankerpreventiezou het bezwaar 

vann ioniserende straling zo goed als el imineren. Voordat dergeli jke zeer-lage-

dosisprotocollenn kunnen worden geadviseerd, moeten studies naar de accuratesse van 

échteéchte lage-dosisscans worden uitgevoerd in opeenvolgende patiënten om de resultaten 

diee zijn verkregen in een experimentele setting te bevestigen. 

Ondankss dat volumetrische spiraal-CT colonografiedata driedimensionaal (3D) kunnen 

wordenn beoordeeld, wordt dit door de meeste radiologen primair tweedimensionaal 

(2D)) gedaan. De belangrijkste reden hiervoor is dat de bestaande 3D methoden, die 

vergelijkbaarr zijn met conventionele coloscopiebeelden, zeer veel interactie vereisen 
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enn daardoor resulteren in langdurige beoordelingen. Nieuwe, tijdsefficiënte 

overzichtelijkee 3D beoordelingsmethoden kunnen de prestaties van CT colonografte 

tenn goede komen. In hoofdstuk 7 wordt een studie gerapporteerd waarin een 

innovatievee 3D beoordelingsmethode wordt gevalideerd in 30 patiënten. Deze 

beoordelingsmethode,, dé uitgevouwen kubische projectie, is ontwikkeld om een 

alomvattendd en overzichtelijk beeld van het colonoppervlak te geven. Vergeleken met 

dee conventionele 3D beoordelingsmethode, bleek het gebruik van de kubische 

projectiee de evaluatietïjd significant te verkorten en het percentage afgebeelde 

colonoppervlakk significant te verhogen. Geen significante verschillen in detectie van 

poliepenn >5 mm werden geobserveerd. 

Inn hoofdstuk 8 is de kubische projectie vergeleken meteen primair 2D beoordelings-

methodee zoals die door de overgrote meerderheid van de colonografie-onderzoekers 

wordtt gebruikt. In een studie uitgevoerd in 77 patiënten beoordeelden drie 

beoordelaarss alle data eerst primair 3D en vervolgens, na een mediaan interval van 8,5 

maanden,, met de primair 2D methode. De gemiddelde sensitiviteit en specificiteit, en 

hett aantal perceptie- en interpretatief o uten zijn vergeleken. Een perceptiefout was 

gedefinieerdd als een poliep, of een patiënt met een poliep, die is vastgesteld door 

tenminstee één beoordelaar, maar niet door alledrie, met ofwel de primair 2D of 3D 

methode.. Een interpretatiefoutwas gedefinieerd als een patiënt zonderpoliepen die correct 

alss zodanig is geïdentificeerd door tenminste één beoordelaar, maar niet door alledrie. 

Hett bleek dat met de primair 3D beoordelingsmethode een hogere sensitiviteit voor de 

detectiee van poliepen >10 mm werd bereikt dan met de primair 2D methode, 

overeenkomendd met minder perceptiefouten bij de detectie van poliepen £10 mm (p = 

0.06).. Voor poliepen tussen 6 en 9 mm werden geen verschillen geobserveerd, maar 

voorr poliepen < 6 mm werden minder perceptiefouten gemaakt met de primair 3D 

beoordelingsmethode.. De correcte identificatie van patiënten zónder gróte poliepen 

wass vergelijkbaar voor de twee beoordelingmethoden, overeenkomend met een 

vergelijkbaarr aantal interpretatiefouten. Wanneer patiënten zonder poliepen >6 mm of 

zonderr poliepen, ongeacht de afmeting, waren significant meer interpretatiefouten 

gemaaktt met de primair 3D beoordelingsmethode. Wij concluderen dat het gebruik van 

eenn primaire 3D methode, die in een overzichtelijk beeld van de colonwand voorziet, 

dee detectie van poliepen kan verbeteren, ten koste van een significante toename van 

hett aantal interpretatiefouten. Dit nadeel kan waarschijnlijk worden teruggedrongen 

doorr de toepassing van fecesaankleuring, en/of het scannen met dunnere plakken. 
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Conclusies s 
1.. De sensitiviteit van CT colonografie en coloscopie voor het identificeren van piënten 

mett poliepen £10 mm, in een populatie met een verhoogd risico op het colorectaal 

carcinoom,, is even goed. Echter, een aspect van CT colonografie dat verdere 

verbeteringg vereist is de tekortschietende detectie van vlakke laesies. 

2.. Patiënten met een verhoogd risico op het colorectaal carcinoom geven de voorkeur 

aann CT colonografie boven coloscopie, ondanks een kans van 20% dat alsnog een 

coloscopiee moet worden ondergaan voor het verwijderen van poliepen. 

3.. De huidige mediane dosis die wordt gebruikt voor een complete (in rug- en 

buikligging)) CT colonografie door instituten waar drt onderzoek wordt bestudeerd 

iss 10 mSv. Het geschatte risico hiervan in een populatie van 50 jaar op inductie van 

kanker,, die na een periode van enkele tientallen jaren manifest wordt, is 1 in 4000. 

4.. Met scanners die tegenwoordig gebruikt worden, kan de stralendosis voor een 

compleett CT colonografie onderzoek gereduceerd worden tot 3.6 mSv, met een 

proportionelee reductie van het risico van kanker inductie. Ondanks dat de beeld-

kwaliteitt significant verslechterde op dit dosisniveau, bleef de poliepdetectie 

onaangetast t 

5.. Theoretisch kan de effectieve dosis die wordt gebruikt voor CT colonografie 

gereduceerdd worden tot niveaus in de orde van 0,2 mSv, met slechts een geringe, 

niett significante verslechtering van de detectie van poliepen >5 mm. Op dit 

dosisniveau,, dat nog niet haalbaar is met hedendaagse CT scanners, wordt het risico 

vann kankerinductie zeer laag, 

6.. Het gebruik van de 3D uitgevouwen kubische projectie voor de beoordeling van CT 

colonografiee verbetert de tijdsefficiëntie en zichtbaarheid van het colonoppervlak 

significant. . 

7.. Primair 3D beoordeling van CT colonografie resulteert in een betere poliepdetectie 

dann primair 2D beoordeling omdat met de eerste methode minder perceptiefouten 

wordenn gemaakt. 
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Dankwoord d 
Zonderr de bijdragen van velen zou dit proefschrift niet tot stand zijn gekomen. De 

opzett van het onderzoek vereiste een intensieve samenwerking met zeer uiteen

lopendee afdelingen, van Medische Fysica tot en met Sociale Geneeskunde, en dat heb 

ikk erg leuk gevonden. Eén van de meest enerverende aspecten van de afgelopen vijf 

jaarr was de synergie die voortkwam uit dé samenwerking met zeer bekwame 

onderzoekerss in het AMC. 

Eenn aantal personen wil ik in het bijzonder bedanken: 

Allereerstt prof. dr. Stoker, beste Jaap, de minister van Initiatief, Onuitputtelijke Energie 

enn Goede Timing van het CT-colonografieproject, het is een genoegen om met je samen 

tee werken. Mijn dank voor je initiatief om dit onderzoek uit te voeren en om mij het 

vertrouwenn en de vrijheid te geven om het samen met jou in te vullen. Je hebt een 

bi jzonderr scherp gevoel voor de relevante ontwikkel ingen in het veld van CT 

colonografie,, waardoor we op het juiste moment de juiste vraagstelling hebben 

onderzocht.. Dit is volgens mij één van de redenen waarom we de artikelen uit dit project 

meestall in de beoogde tijdschriften konden publiceren. Ik bewonder dé wijze waarop 

jee meerdere projecten te gelijk betrokken en kundig kan begeleiden. Veel dank! 

Dr.. Venema, beste Henk, de ministervan Fundamentele Zaken van het CT-colonografie-

pröject,, het is fascinerend om met jou samen te werken. Zonder jouw voorstel om het 

mAss getal na de eerste dosisreductiestudie dan maar eens tot ongeveer nul terug te 

draaien,, waren we waarschijnlijk niet toegekomen aan de - i n mijn ogen- meest 

innovatievee studie van dit proefschrift: de bijzond e r-lage-dosisstud ie, met hier en daar 

eenn foton. Ik heb jouw inspanningen om het Ruischmodel té optimaliseren van dichtbij 

meegemaaktt en de noodzaak die je lijkt te ervaren om de materie te doorgronden 

heeftt mij zeer geïnspireerd. Afgezien van het feit dat je de fysische kant van een groot 

deell van het project hebt gewaarborgd, ben je ook onmisbaar geweest voor het 

schrijven.. In feite heb je aan alle stukken op twee na, meegeschreven, of gelezen en 

becommentarieerd.. Dat is van grote invloed geweest op het schrijven, omdat ik mede 

doorr jou altijd werd genoodzaakt goed te onderbouwen. Ook heb ik je Ieren kennen 

alss een integere en bijzonder vriendelijke collega. 

Senorr Florie, de vliegende tropenartsonderzoeker met verstand van whisky, mijn 

compagnon.. Jouw komst naar het AMC is een aanwinst voor de onderzoeksafdeling in 
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wetenschappelijkk opzicht maar ook zeker in termen van gezelligheid. Veel dank voor je 

ideeënn en het enorme beoordeelwerk. Ik hoop de goede samenwerking nog lang voort 

tee zetten. 

Bestee Yung Nio, veel dank voor het beoordelen van in totaal meer dan een kilometer 

blauwee colons. Ik ben blij dat je elke keer weer bereid was om mee te denken over én 

meee te werken aan nieuwe substudies, waardoor deze afstand alleen maar toenam. 

Dr.. Frans Vos, en Iwo Serlte, de bee ld verwerkers uit Delft (en Amsterdam). Veel dank 

voorr de creatieve 3D ideeën en het ontwikkelen van een bruikbare interface, in 

samenwerkingg met Philips. Veel dank ook voor de ongeëvenaard sterke Delftse 

krachtkoffiee die, dat moet ik bekennen, vrijwel altijd bij één en dezelfde afdelingsplant 

terechtt kwam. 

Jackk Lobé en Marloes Thomassen-de Graaf, veel dank voor jullie enthousiaste bijdrage 

aann het laborantenonderzoek van het CT-col o nograf ie project. De artikelen hieruit 

zullenn hoogstwaarschijnlijk in een volgend proefschrift verschijnen. Jack, ik heb veel 

respectt voor de wijze waarop je na je ziekte de draad weer hebt opgepakt 

Prof.dr.. Bossuyt, beste Patrick, veel dank voor je toegankelijke, kundige begeleiding 

bijj het schrijven van artikelen. Het was erg leerzaam om met je te werken aan het CT-

colonografie-onderzoek. . 

Dr,, Reitsma, beste Hans, ook jou wil ik bedanken voor je hulp bij statistische kwesties, 

diee je vaak bereid was op zeer korte termijn te verlenen. 

Prof.dr.. Bonsel, beste Couke, en dr. Erwin Birnie, aan jullie ben ik ook dank verschuldigd. 

Hett was een genoegen om met jullie te brainstormen over het opzetten van het 

preferentie-onderzoek,, hetgeen mede door jullie toedoen een waardevolle studie is 

geworden.. Ook dank voor de kundige begeleiding bij het schrijven van het preferentie-

artikel. . 

Prof.dr.. Laméris, veel dank voor het in mij gestelde vertrouwen en uw adviezen bij het 

opzettenn van het onderzoek en het opschrijven van de resultaten. 
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Joepp Bartelsman, dr Pleun Snel, prof.dr. van Deventer, prof.dr. Tytgat, veel dank voor 

julliee bijdragen aan de opzet, de uitvoering en de verslaglegging van het onderzoek. 

Geachtee leden van de promotiecommissie, veel dank voor het beoordelen van mijn 

proefschrift. . 

Bestee Ayso de Vries (ik heb zo'n dorst), beste Sebastiaan Jensch, wat leuk dat jullie de 

grotee lijn gaan voortzetten. Jensch, j i j gaat poep inkleuren, en de Vries, j i j gaat dat 

vervolgenss weer elektronisch verwijderen. Veel succes hiermee. Als het tegenvalt, weet 

ikk zeker dat de Ernie-en-Bert-imitatie volle zalen zal trekken in Nederland. 
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CTT colonograph y at the AMC: Curren t bowe l preparation , 
scann protoco l and revie w metho d (Octobe r 2004) 

Indicatio n n 
Inn the AMC CT colonography in daily practice is performed in patients that cannot 

undergoo conventional colonoscopy due to technical difficulties (tortuous, long colons) 

orr constricting colorectal cancers, or in patients who refuse colonoscopy. 

Bowe ll  preparatio n 
Priorr to the CT colonography procedure the patient has to undergo the following bowel 

preparation: : 

TheThe day before CT colonography- Normal breakfast, normal lunch, no vegetables and 

nuts.. After lunch no solid food, only l iquid meals (for example yoghurt) until start of 

thee use of polyethylene glycol electrolyte solut ion (KleanPrep; Helsinn Birex 

Pharmaceuticals,, Dublin, Ireland) at 19:00. 

1.. 17:00 two tablets of 5 mg dulcolax (bisacodyl, Boehringer-lngelheim, 

Ingelheim,, Germany) with approximately 1.5 liter of water. 

2.. 19:00 One liter of KleanPrep bowel preparation. 

3.. 20:30 One liter of KleanPrep bowel preparation. 

TheThe day of CT colonography- No solid or liquid food. 

11 7:00 One liter of KleanPrep bowel preparation wi th 120 ml 

off amidotrizoic acid (Gastrografin; Schering, Weesp, 

thee Netherlands). 

2.. 8:00 One liter of KleanPrep bowel preparation with 120 ml of 

amidotrizoicc acid. 

Subsequently,, the CT colonography is performed at 12:00. 
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Scann protoco l 
AA technician performs the CT colonography procedure first in the supine and 

subsequentlyy in the prone position on an Mx8000 multislice scanner {Philips Medical 

Systems,, Best, the Netherlands), as explained below: 

1.. Insertion of thin rectal tube (flexible balloon-tipped catheter, 24 Ch) in the left 

decubitiss position, and the balloon is fi l led with tepid water. 

2.. The patient is positioned in supine position. 

3.. Intravenous injection of 20 mg butyl scopolamine bromide (Buscopan, Boehringèr-

Ingelheim,, Ingelheim, Germany) or, if butyl scopolamine bromide is contraindicated 

11 mg glucagon hydrochloride (Glucagen; Novo-Nordisk A/S, Bagsvaerd, Denmark) 

forr reduction of bowel spasms. 

4.. Rectal insufflation of carbon dioxide via an automatic insufflator (Protocol colon 

insufflator,, EZ-EM Inc, Westbury (NY), USA). 

5.. A preview image is obtained to define the scan area. 

6.. The patient is scanned in the supine position with the following scan parameters: 

-mAss (mA * rotation time/pitch) 50 (average sized)/ 70 (large patients; 

circumferencett >102.5 cm) 

-kVV 120 

-collimationn 4 * 2.5 mm 

-Effectivee slice width 3.2 mm 

-Beamm pitch 1.25 

-rotationn time 0.75 s 

-reconstructionn filter: C (medium sharp) 

-reconstructionn interval 1.6 mm 

-Effectivee dose P. 5.8 mSv 

-Scann time: approximately 22 s 

%% measured half way between the lowest rib and the iliac crest. *, note: for supine and 

proneprone scan combined, calculated for the 50 mAs protocol for a medium-sized patient. 
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7.. After the supine scan, the patient turns over on the scanner table. 

8.. Extra carbon dioxide insufflation in the prone position, 

9.. The balloon of the rectal catheter is emptied. 

10.. Prone scanning with the same scan parameters. 

Thee examination is finished. 

Revieww of CT images 
Afterr defining a path through the colon images semi-automatically, the data are 

reviewedd primarily 3D (with 2D for problem solving), and subsequently the axial CT 

imagess are reviewed. This is performed on an EasyVision workstation {Philips Medical 

System,, Best, the Netherlands). 
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