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Chapterr 8 

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, 
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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. . 

145 5 



Chapterr 8 

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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