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Chapterr 6 

Abstract 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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Radiationn dose reduction in CT colonography, part 2 

Introduction 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. 

Materialss & 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 ientt Popula t ion 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. 

Simulationn of Low-Dose CT Colonography 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 
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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. 

Noisee Reduction Filters for Very Low Milliampere-Second 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 

94 4 



Radiationn dose reduction in CTcolonography, part 2 

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. 
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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. 

Evaluat ionn 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). 

Definitionss of True- and False-Positive Findings 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 ist icall Analys is 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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Results 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. 

102 2 



Radiationn dose reduction in CT colonography, part 2 

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 

Figuree 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). 

Tablee 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). 

Discussion 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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