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See editorial on page 1623.

ackground & Aims: We prospectively compared the
erformance of low-dose multidetector computed to-
ographic colonography (CTC) without cathartic prep-

ration with that of colonoscopy for the detection of
olorectal polyps. Methods: A total of 203 patients
nderwent low-dose CTC without cathartic preparation
ollowed by colonoscopy. Before CTC, fecal tagging
as achieved by adding diatrizoate meglumine and
iatrizoate sodium to regular meals. No subtraction of
agged feces was performed. Colonoscopy was per-
ormed 3–7 days after CTC. Three readers interpreted
he CTC examinations separately and independently
sing a primary 2-dimensional approach using multi-
lanar reconstructions and 3-dimensional images for
urther characterization. Colonoscopy with segmental
nblinding was used as reference standard. The sen-
itivity of CTC was calculated both on a per-polyp and
per-patient basis. For the latter, specificity, positive

redictive values, and negative predictive values were
lso calculated. Results: CTC had an average sensitiv-

ty of 95.5% (95% confidence interval [CI], 92.1%–
9%) for the identification of colorectal polyps >8
m. With regard to per-patient analysis, CTC yielded

n average sensitivity of 89.9% (95% CI, 86%–93.7%),
n average specificity of 92.2% (95% CI, 89.5%–
4.9%), an average positive predictive value of 88%
95% CI, 83.3%–91.5%), and an average negative
redictive value of 93.5% (95% CI, 90.9%–96%). In-
erobserver agreement was high on a per-polyp basis
� statistic range, .61–.74) and high to excellent on a
er-patient basis (� statistic range, .79–.91).
onclusions: Low-dose multidetector CTC without ca-
hartic preparation compares favorably with colonos-

opy for the detection of colorectal polyps.
everal studies have shown that screening for colorectal
cancer (CRC) is effective in reducing the incidence

ate and mortality from this disease.1–3 However, despite
his positive evidence and screening guidelines,4–7 about
ne half of the average-risk population of the United
tates eligible for CRC screening do not pursue preven-
ion tests.8 The reasons for low participation in CRC
creening programs are numerous and perhaps not yet
ompletely understood.9–15

One of the barriers that may deter participation in
RC screening programs is the aversion of patients to
owel preparation.12–15 It has therefore been suggested
hat the elimination of bowel preparation could enhance
atient compliance and potentially increase the partici-
ation rate in CRC screening programs.14,16,17

Computed tomographic colonography (CTC), a re-
ently developed imaging modality in which computed
omography (CT) data sets are used to generate 2-dimen-
ional and 3-dimensional images of the colon,18–20 can
heoretically be performed without prior bowel prepara-
ion. However, without prior bowel cleansing, fecal ma-
erial would either obscure or simulate the presence of
olonic polyps because it has the same attenuation as
olonic mucosa. In the attempt to differentiate fecal
aterial from colonic mucosa, several recent reports on
TC have investigated the possibility of labeling the

tool by adding contrast-modifying substances to regular
eals (the so-called “fecal tagging” technique).21–27

ome investigators have shown the feasibility of fecal
agging to completely eliminate bowel preparation be-

Abbreviations used in this paper: CI, confidence interval; CRC, colo-
ectal cancer; CT, computed tomography; CTC, computed tomographic
olonography.

© 2004 by the American Gastroenterological Association
0016-5085/04/$30.00
doi:10.1053/j.gastro.2004.08.025
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ore CTC.21,22,25,26 However, these studies have been
ither preliminary or small in size; therefore, no reliable
onclusion could be reached with regard to the perfor-
ance of CTC without prior bowel cleansing. In addi-

ion, as of yet, no study has evaluated the expected
mprovement in patient acceptance. Notably, the Amer-
can Gastroenterological Association has included the
evelopment of a “prep-less” CTC examination as one of
he issues for future research on CRC screening.7

We therefore undertook this study to prospectively
ompare the performance of low-dose multidetector CTC
ithout bowel cathartic preparation with that of optical

olonoscopy for the detection of colorectal polyps.

Patients and Methods
The study was approved by our institutional review

oard. Written informed consent was obtained from all pa-
ients after the purpose and protocol of the study had been
ully explained.

Patients 35 years of age or older scheduled to undergo
ptical colonoscopy were eligible. Indications for optical
olonoscopy included average-risk CRC screening, a personal
r family history of colorectal polyps, a family history of CRC,
ollow-up of an abnormal screening test (positive guaiac-based
est of stool, sigmoidoscopy, or barium enema), and evaluation
f iron deficiency anemia, hematochezia, change in bowel habits,
bdominal pain, or weight loss. Exclusion criteria included his-
ory of familial adenomatous polyposis or hereditary nonpolyposis
ancer syndromes; prior colorectal surgery; a suspected diagnosis
f inflammatory bowel disease, bowel obstruction, or acute diver-
iculitis; a medical condition that precluded the use of bowel
reparation; rejection for optical colonoscopy for any reason;
ontraindications to the ingestion of iodine-containing con-
rast agents (see following text); and pregnancy.

Fecal Tagging

For fecal tagging, an oral iodinated contrast agent
diatrizoate meglumine and diatrizoate sodium with an iodine
oncentration of 370 mg/mL, Gastrografin; Schering, Berlin,
ermany) was administered in a total dose of 200 mL. Spe-

ifically, patients were asked to drink 20 mL of the contrast
gent diluted in a glass of water at each of 5 principal meals
eginning 48 hours before CTC (ie, 100 mL/day). During this
eriod, patients were instructed to avoid intake of all fiber-rich
ood, including fruit, vegetables, whole-grain bread, and
hole-grain cereals. Otherwise, all subjects were free to choose

heir diet, with no restrictions on fluid intake. No cathartic
reparation was used before CTC.

CTC: Study Technique

CTC examinations were performed with a multidetec-
or helical CT scanner (Somatom Plus 4 Volume Zoom; Sie-
ens, Erlangen, Germany) with a tube rotation time of .5
econds. In an attempt to minimize bowel peristalsis and c
educe colonic spasm, a spasmolytic agent was administered
ntravenously before CTC. Hyoscine-N-butylbromide (20 mg,
uscopan; Boehringer Ingelheim, Ingelheim, Germany) was

outinely prescribed (n � 189); if contraindicated (eg, for
rostate hyperplasia, gastrointestinal obstruction, tachycardia,
r glaucoma), glucagon hydrochloride (1 mg, Glucagen; Novo
ordisk, Malmo, Sweden) was administered (n � 14). With

he patient in the left lateral decubitus position, the colon was
ently insufflated with room air by a professional nurse using
lubricated Foley catheter placed in the rectum until the

atient requested that air insufflation be discontinued or dis-
ention was believed to be adequate. The rectal tube was
ubsequently clamped and left in place during scanning. With
he patient in the prone position, an anteroposterior CT scout
mage was obtained to assess the degree of colonic distention.
f adequate colonic distention had not been achieved, air
nsufflation was administered again according to patient tol-
rance. Before scanning with the patient in the supine posi-
ion, the colon was insufflated with additional air and colonic
istention was checked with a second anteroposterior CT scout
mage.

CT images were acquired using a low-dose protocol opti-
ized by Iannaccone et al28 for the CT scanner used in the

resent study: slice collimation, 2.5 mm; slice thickness, 3.0
m; reconstruction interval, 1.0 mm; table speed, 17.5 mm/s;

cquisition time, 12–18 seconds; kVp, 140; and effective mAs,
0.
In addition, a senior resident who was not involved in the

valuation of CTC data recorded any complications associated
ith CTC. The same resident interviewed all patients concern-

ng the presence of adverse effects related to the fecal regimen
trategy; specifically, patients were asked about the occurrence
f diarrhea, abdominal cramps, nausea, and vomiting.

CTC: Image Analysis

The CT data sets were postprocessed using commer-
ially available software (Vitrea 2; Vital Images, Plymouth,
N). Three gastrointestinal radiologists separately and inde-

endently analyzed each case directly on a dedicated worksta-
ion. The readers had previously interpreted approximately
00, 200, and 100 CTC examinations with endoscopic corre-
ation, respectively. All readers were blinded to the indications
nd results of optical colonoscopy.

Image analysis was performed in a previously validated
time-efficient” fashion.29 In brief, image analysis consisted of
eview of magnified 2-dimensional transverse images. When a
uspected polyp was detected, coronal and sagittal multiplanar
econstructions as well as 3-dimensional images were also
nalyzed to confirm the finding and increase diagnostic confi-
ence. If no suspected polyp was detected after review of the
ransverse scans, no further image analysis was performed. The
umber, location, and size of all suspected polyps were re-
orded. The maximum diameter of all polyps was measured
sing an electronic ruler on the CT images. To specify the
ocation of each lesion, the colon was divided into 6 segments:

ecum, ascending colon and hepatic flexure, transverse colon
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nd splenic flexure, descending colon, sigmoid colon, and
ectum. All polyps seen at CTC were photographed and stored
n digital format. Extracolonic findings on CT were also doc-
mented and categorized as representing a condition of low,
oderate, or high clinical importance.30,31 Findings in each

atient were prospectively recorded by the 3 readers on the
ame day that the CTC examination was performed. Image
nterpretation time for each CTC examination was also noted.

The effectiveness of fecal tagging was jointly assessed by 2
enior residents not involved in the evaluation of the CT data
ets for lesion detection. Because the fecal tagging agent used
n the present study was believed to opacify both solid and
iquid fecal material, no separate assessment of tagging effec-
iveness was made for solid and liquid feces. Specifically, to
uantify the effectiveness of tagging, fecal material was con-
idered either labeled or not labeled on a per-segment basis.
he colon was divided into 6 segments based on the same
lassification system described for lesion localization. There-
ore, 1218 total colonic segments were evaluated (6 segments
n each of the 203 patients). Each segment of the colon was
iven a visual subjective score of 0%, 25%, 50%, 75%, or
00% for the effectiveness of fecal tagging, with a score of 0%
ssigned in the case of unlabeled stool and a score of 100%
ssigned for complete homogeneous labeling of stool.21,23 For
ong or tortuous colonic segments, the grade was assigned
ased on the area within the segment with the worst label. In
ddition to this per-segment analysis, the effectiveness of
agging was also assessed on a per-patient basis. In brief, the
otal colon of each patient was judged as having poor tagging
inadequate labeling of stool with severe difficulties in image
nterpretation), sufficient tagging (adequate labeling of stool
ith minor difficulties in image interpretation), and excellent

agging (homogeneous labeling of stool with clear differenti-
tion between fecal material and colonic mucosa).

Optical Colonoscopy

Optical colonoscopy was performed in all patients 3–7
ays after CTC (average, 4.2 days). Bowel preparation before
ptical colonoscopy comprised 2 L of polyethylene glycol
lectrolyte solution (Isocolan; Bracco, Milan, Italy) to be ini-
iated on the afternoon of the day before the examination. Once
he oral lavage solution was administered, each patient was
nstructed to ingest 10 mg of bisacodyl (Dulcolax; Boehringer
ngelheim, Ingelheim, Germany) on the evening before the
xamination. Bisacodyl was added to reduce the amount of
uid ingested by the patient because a high amount of fluid
an reduce patient compliance.32

A single experienced colonoscopist, who was initially
linded to the results of CTC, performed these examinations
sing a standard video colonoscope (Olympus C240; Olympus
ptical Co, Tokyo, Japan). The colonoscopist had performed
ore than 5000 colonoscopic examinations before this study.
he instrument was inserted into the cecum and sequentially
ithdrawn segment by segment for the detection of polyps.
ecal intubation was verified by identification of the appendix

rifice, triradiate cecal fold, ileocecal valve, and small bowel c
iopsy at terminal ileal intubation. The location and size of all
olorectal polyps were documented. Polyps were photographed
nd size was estimated with the use of a fully open biopsy
orceps (4 mm) pushed against the polyp or by direct compar-
son with the resected specimen before formalin fixation when
he polyp was retrieved in toto. All of the examinations were
erformed while the patients were under moderate sedation
ith intravenous administration of midazolam hydrochloride

Versed; Hoffmann-La Roche Inc, Nutley, NJ).
After the colonoscopist completed the evaluation of a given

olonic segment, a senior resident who was not involved in the
valuation of CTC data revealed the results of CTC for the
reviously examined segment. If a polyp was identified at CTC
ut not on optical colonoscopy, the endoscopist carefully re-
xamined that segment. This “segmental unblinding” has been
reviously adopted33–35 to minimize the possibility that false
egatives from optical colonoscopy would be recorded as false
ositives on CTC. When CTC results were negative, a second
ook was not performed. All polyps were retrieved or a biopsy
as performed for subsequent histologic evaluation. The same
athologist examined all specimens. Polyps were histologically
lassified as non-neoplastic (including hyperplastic, inflamma-
ory, and juvenile polyps) or neoplastic (including tubular,
illous, tubulovillous, serrated, and microtubular adenomas;
arcinoma in situ; and invasive carcinoma).36

At discharge, all patients were given a questionnaire to
omplete at home and return by mail. The questionnaire
valuated the levels of acceptance of fecal tagging before CTC
nd bowel preparation before optical colonoscopy as well as the
reference for the use of CTC or optical colonoscopy in the
uture (Table 1). To avoid the effects of sedation, patients were
nstructed to complete the questionnaire no sooner than 24
ours after optical colonoscopy.

Data Analysis

Results were calculated in 2 ways: (1) individual polyp
etection (per-polyp analysis) and (2) patient detection (per-
atient analysis). As elucidated by Pineau et al,33,34 the per-
olyp analysis is important to understand which polyps CTC is
ost likely to identify or miss. However, from a clinical point

f view, the per-patient analysis is of pivotal importance
ecause it determines which patients should undergo optical

able 1. Questionnaire

ince you had both the preparation with “Gastrografin” prior to CT
colonography and the preparation with “Isocolan and Dulcolax”
prior to colonoscopy: which preparation did you prefer?

“Gastrografin” (prior to CT colonography)
“Isocolan and Dulcolax” (prior to colonoscopy)
No preference

ince you had both CT colonography and colonoscopy: which exam
would you repeat in the future?

CT colonography
Colonoscopy
No preference
olonoscopy in case of a positive CTC examination.33,34
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With regard to per-polyp analysis, results of optical colonos-
opy for location and size were considered the reference stan-
ard in all cases. When CTC detected a polyp missed on initial
ptical colonoscopy, results of the second-look optical colonos-
opy after unblinding were used as a reference standard. In
hese cases, the location and size of the polyp documented by
he second-look optical colonoscopy were considered the ref-
rence standard.33,34 For a given polyp to be considered a
rue-positive match between CTC and optical colonoscopy,
oth the location and the size of the polyp were considered.
ndoscopic localization of colonic segments can be inaccurate
ue to the lack of clear landmarks separating the different
egments.37 Therefore, with respect to location, a polyp iden-
ified on CTC was considered concordant with one found on
ptical colonoscopy if it was located in the same or adjacent
olonic segment, except for cecal polyps, in which no margin
f error was allowed due to the presence of clear demarcating
orders within the cecum.33,34 Correlation of polyps by size
riteria would rarely be possible because of the known mea-
urement error associated with endoscopic measurement and
he unknown measurement error associated with CTC.33,34

herefore, for a given polyp to match the size criteria, the size
easured on CTC had to be within a 50% margin of error

rom the size determined by optical colonoscopy.33–35 After
ompletion of the comparison, a retrospective review of all
alse-negative and false-positive lesions at CTC was jointly
erformed by the 3 readers, together with a study supervisor,
o determine the reasons for diagnostic errors. In addition,
ecause of a potential range of size measurements for a given
olyp among the 3 readers, a consensus reading was performed
o establish the CT size of each polyp. Therefore, the average
esults given throughout this report refer to the size of polyps
s derived from this consensus reading.

With regard to per-patient analysis, the overall CTC exam-
nation results were compared with the overall optical colono-
copic examination results for each patient. A case was con-
idered true positive if CTC detected at least one polyp seen on
ptical colonoscopy based on the location and size criteria
escribed previously.

Statistical Analysis

With regard to per-polyp analysis, the sensitivities
ith confidence intervals (CIs) of CTC were calculated for both

otal polyps (neoplastic and non-neoplastic polyps combined)
nd for neoplastic polyps alone. Because a total number of
rue-negative polyps cannot be assessed, specificity for indi-
idual polyps cannot be calculated.34

With regard to per-patient analysis, the sensitivity, speci-
city, positive predictive value, negative predictive value, and
5% CIs were calculated.
Interobserver variabilities for both per-polyp and per-pa-

ient detection at CTC were evaluated by calculating the �
tatistic for multiple readers with the nonweighted binary �
tatistic. A � value between .01 and .20 was judged as minor

greement, between .21 and .40 as fair; between .41 and .60 as r
oderate, between .61 and .80 as high, and between .81 and
.00 as excellent.
Commercially available software (SPSS for Windows version

1.0.0; SPSS Inc, Chicago, IL) was used to perform all statis-
ical analyses.

Results

From April 2002 to September 2003, a total of
26 patients referred for optical colonoscopy met the
riteria for enrollment in the study. Of these, 204 de-
lined to participate. Of the 222 remaining patients, 9
atients were excluded because of incomplete optical
olonoscopy (for a completion rate of 96%) and 10
atients were excluded because of failure of the CT
canner on the day of the scheduled CTC examination.
he remaining 203 patients underwent complete CTC
nd optical colonoscopic examinations and thus consti-
uted the final study population. Demographic charac-
eristics and indications for optical colonoscopy of the
tudy population are shown in Table 2. Overall, 98
atients (48.3%) were scheduled to undergo optical
olonoscopy for the evaluation of symptoms. The remain-
ng 105 patients (51.7%) were asymptomatic.

Optical Colonoscopy

Only one patient (.5%) had a complication asso-
iated with optical colonoscopy (ie, gastrointestinal
leeding that required hospitalization). A negative opti-
al colonoscopy examination was observed in 124 pa-
ients (61%). A total of 162 polyps were detected in the

able 2. Demographic Characteristics and Indications for
Optical Colonoscopy of the Study Population

o. of male patients (%) 141 (69.4)
ge (y)
Mean 60.5
Range 36–80

thnicity (%)
White 100

ndication for optical colonoscopy, n (%)
Asymptomatic patients 105 (51.7)

Screening 46 (22.6)
Family history of colorectal cancer 32 (15.8)
Personal history of polyps 19 (9.3)
Abnormal screening testa 8 (3.9)

Symptomatic patients 98 (48.3)
Hematochezia 38 (18.7)
Change in bowel habits 23 (11.3)
Iron deficiency anemia 15 (7.4)
Abdominal pain 12 (5.9)
Weight loss 10 (2.1)

OTE. n � 203.
Includes positive guaiac-based test of stool (n � 4), sigmoidoscopy
n � 2), or barium enema (n � 2).
emaining 79 patients; of these, 40 had a single polyp,
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8 had 2 polyps, and 21 had 3 or more polyps. Table 3
ummarizes the distribution of polyps according to size,
egmental location, and histology; these are the final
esults based on the unblinded optical colonoscopy. Of
he 162 polyps, 83 (51.2%) were 1–5 mm in diameter,
5 (33.9%) were 6–9 mm in diameter, and 24 (14.8%)
ere �10 mm in diameter.
All polyps were successfully classified histologically.
on-neoplastic histology was reported in 75 of 162 polyps

46.3%); all of these polyps proved to be hyperplastic. The
emaining 87 polyps were categorized as neoplastic and
ncluded 67 tubular adenomas (41.3%), 9 tubulovillous
denomas (5.5%), 2 serrated adenomas (1.2%), 3 carcino-
as in situ (1.8%), and 6 invasive carcinomas (3.7%).
A total of 5 polyps (3.1%) in 3 patients were missed by

ptical colonoscopy and were only found by the second-look
ptical colonoscopy after unblinding to the results of CTC.
ll of these polyps were tubular adenomas (diameter range,
–8 mm) situated behind a colonic fold.

CTC

Twenty-three of 203 patients (10.3%) reported ad-

able 3. Distribution of Polyps According to Size, Location,
and Histology

No. of polyps

Polyp size

�5 mm 6–9 mm �10 mm Any size

ectum
Neoplastic 3 3 2 8
Non-neoplastic 15 5 1 21
Total 18 8 3 29

igmoid colon
Neoplastic 11 8 6 25
Non-neoplastic 18 7 3 28
Total 29 15 9 53

escending colon
Neoplastic 4 4 4 12
Non-neoplastic 7 4 2 13
Total 11 8 6 25

ransverse colon/splenic
flexure

Neoplastic 3 2 2 7
Non-neoplastic 5 3 0 8
Total 8 5 2 15

scending colon/hepatic
flexure

Neoplastic 4 7 2 13
Non-neoplastic 9 2 1 12
Total 13 9 3 25

ecum
Neoplastic 1 8 1 10
Non-neoplastic 3 2 0 5
Total 4 10 1 15

ll colonic segments
Neoplastic 26 32 17 75
Non-neoplastic 57 23 7 87
Total 83 55 24 162
erse reactions during the fecal tagging regimen (diarrhea, P
� 13; abdominal cramps, n � 6; nausea, n � 3; vomit-
ng, n � 1). No complication was associated with the CTC
xamination. Average CT image interpretation time was
.8 minutes (range, 8–15 minutes). With regard to label-
ng of fecal material on a per-segment basis, fecal tagging
ielded an average labeling score of 82% for the cecum,
5% for the ascending colon, 80% for the transverse colon,
2% for the descending colon, 84% for the sigmoid colon,
nd 84% for the rectum. On a per-patient basis, fecal
aterial was judged to have excellent tagging (ie, homoge-

eous labeling with clear differentiation between fecal ma-
erial and colonic mucosa) in 200 of 203 patients (98.5%).
ue to a less homogeneous tagging of the fecal material, the

emaining 3 patients (1.5%) were judged to have sufficient
agging (ie, adequate labeling of stool with minor difficul-
ies in image interpretation).

Extracolonic findings were present in 28 of 203 patients
13.7%). Of these, 4 were categorized as of high clinical
mportance, 7 as of moderate clinical importance, and 17 as
f low clinical importance. Overall, further diagnostic im-
ging was recommended in 8 patients (3.9%).

Per-Polyp Analysis

The � values among the 3 observers showed high
greement regarding the presence or absence of individ-
al colorectal polyps (Table 4). Table 5 shows the results
f the 3 observers for individual polyp detection accord-
ng to polyp size. CTC had an average per-polyp sensi-
ivity of 64.4% (95% CI, 60.2%–68.7%; average sensi-
ivity, 72% for neoplastic polyps) (Figure 1A–C and
igure 2A and B). If the analysis was focused on polyps
8 mm, CTC had an average sensitivity of 95.5% (95%
I, 92.1%–99%; average sensitivity, 100% for neoplas-

ic polyps). If the cutoff size was reduced to polyps �6
m, CTC had an average sensitivity of 86% (95% CI,

1.7%–90.5%; average sensitivity, 90.5% for neoplastic
olyps).
The causes for false-positive and false-negative find-

ngs in individual polyp detection at CTC are shown in
able 6. CTC yielded 16, 16, and 21 false positives for

eaders 1, 2, and 3, respectively. At retrospective analy-

able 4. Agreement Between Readers Regarding the
Presence or Absence of Individual Colorectal
Polyps (Per Polyp) and Regarding the
Identification of Patients With Colorectal Polyps
(Per Patient)

Readers

1 vs 2 2 vs 3 1 vs 3

er polyp .64 .74 .61

er patient .91 .79 .87
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November 2004 CTC WITHOUT CATHARTIC PREPARATION 1305
is, the most frequent cause of error was attributed to the
resence of thickened, polypoid-like colonic folds. Inter-
stingly, despite the absence of bowel cleansing, fecal
aterial accounted for only 4, 4, and 5 false-positive

ndings for readers 1, 2, and 3, respectively.
Overall, CTC yielded 54, 57, and 62 false-negative

ndings for readers 1, 2, and 3, respectively. Despite
areful retrospective analysis, no clear cause of error could
e determined for 49, 51, and 53 of these false negatives.
otably, only 1, 2, and 2 false negatives for readers 1, 2,

nd 3, respectively, were related to the presence of fecal
aterial (ie, unlabeled fecal material).

Per-Patient Analysis

The � values among the 3 observers showed high
o excellent agreement in the identification of patients
ith colorectal polyps (Table 4). With regard to the

dentification of patients with colorectal polyps, CTC
ielded an average sensitivity of 89.9% (95% CI, 86%–
3.7%), an average specificity of 92.2% (95% CI,
9.5%–94.9%), an average positive predictive value of
8% (95% CI, 83.3%–91.5%), and an average negative
redictive value of 93.5% (95% CI, 90.9%–96%). Table
summarizes the results of the 3 observers for identifi-

ation of patients with colorectal polyps according to
olyp size.

Questionnaire

A total of 162 of the 203 patients (79.8%) re-

able 5. Sensitivity of the 3 Readers for Individual Polyp Det

�5 �6 �

eader 1 45/83 68/79 57
Sensitivity for all

polyps (%)
54.2

(42.9–65.2)
86

(76.5–92.8)
9

(84–
eader 1 13/26 44/49 35
Sensitivity for

neoplastic polyps (%)
50

(29.9–70.1)
89.8

(77.9–96.6)
9

(81.8
eader 2 43/83 69/79 56
Sensitivity for all

polyps (%)
51.8

(39.4–61.8)
87.3

(78–93.8)
9

(81.9
eader 2 13/26 45/49 34
Sensitivity for

neoplastic polyps (%)
50

(29.9–70.1)
91.8

(80.4–97.7)
9

(78.1
eader 3 42/83 67/79 55
Sensitivity for all

polyps (%)
50.6

(39.4–61.8)
84.8

(75–91.9)
9

(79.8
eader 3 11/26 44/49 34
Sensitivity for

neoplastic polyps (%)
42.3

(23.4–63.1)
89.8

(77.8–96.6)
9

(78.1

OTE. Data are presented separately for all polyps (ie, neoplastic and
re presented in parentheses.
urned their questionnaires. Overall, more patients pre- p
erred fecal tagging before CTC compared with cathartic
owel preparation before optical colonoscopy: 143 pa-
ients (88.3%) preferred fecal tagging, 12 patients
7.4%) preferred cathartic bowel preparation, and 7 pa-
ients (4.3%) had no preference. In addition, more pa-
ients indicated that they would prefer CTC to optical
olonoscopy in the future: 99 patients (61.1%) preferred
TC, 57 patients (35.2%) preferred optical colonoscopy,
nd 6 patients (3.7%) had no preference.

Discussion

We prospectively compared the performance
haracteristics of low-dose multidetector CTC without
athartic bowel preparation with that of optical colonos-
opy for the detection of colorectal polyps. Our results
how that low-dose multidetector CTC without cathartic
owel preparation provides excellent results for the de-
ection of colorectal polyps �8 mm (average sensitivity,
5.5%; average sensitivity for neoplastic polyps �8 mm,
00%). Even when the cutoff size is reduced to polyps
6 mm, CTC maintains an average sensitivity of 86%,
value that approaches that of optical colonoscopy and is

n the upper range reported in the literature for CTC as
erformed with standard bowel cleansing.19,38–40 This
nding has important clinical implications, because pol-
ps �6 mm have the highest probability of containing
alignancy.41

By contrast, similar to what has been reported in

n According to Polyp Size

p size (mm)

Total�8 �9 �10

44/45 30/30 24/24 108/162

)
97.7

(88.2–99.9)
100

(88.4–100)
100

(85.8–100)
66.6

(59.4–73.9)
28/28 21/21 17/17 55/75

3)
100

(87.8–100)
100

(83.9–100)
100

(80.5–100)
73.3

(61.9–82.9)
43/45 30/30 24/24 105/162

3)
95.5

(84.9–99.5)
100

(88.4–100)
100

(85.8–100)
64.8

(57.5–72.2)
28/28 21/21 17/17 55/75

3)
100

(87.7–100)
100

(83.9–100)
100

(80.5–100)
73.3

(61.9–82.9)
42/45 30/30 24/24 100/162

3)
93.3

(81.7–98.6)
100

(88.4–100)
100

(85.8–100)
61.7

(54.2–69.2)
28/28 21/21 17/17 52/75

3)
100

(87.8–100)
100

(83.9–100)
100

(80.5–100)
69.3

(57.6–79.5)

eoplastic polyps combined) and for neoplastic polyps alone. 95% CIs
ectio

Poly

7

/61
3.4
98.2
/37
4.6
–99.
/61
1.8
–97.
/37
1.9
–98.
/61
0.2
–96.
/37
1.9
–98.

non-n
revious studies,19,38–40 the performance of CTC sub-
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tantially decreased for the detection of polyps �5 mm
average sensitivity, 52.2%). In previous reports, some
nvestigators have hypothesized that, because most such
mall polyps have hyperplastic histology (and, therefore,
soft consistency), polyps �5 mm have a tendency to be

ffaced when the colon is distended with air and therefore
an be extremely difficult to detect at CTC.19,39 In our
tudy, with regard to polyps �5 mm, the sensitivity for
he detection of neoplastic polyps (37 of 78; sensitivity,
7.4%) was slightly inferior to the sensitivity for non-
eoplastic (hyperplastic) polyps (93 of 171; sensitivity,
4.3%). Thus, it is possible that polyps �5 mm, which

igure 1. Carcinoma of the cecum. (A) Transverse CT colonographic im
evel of the ileocecal valve (large white arrow). The lesion, an invasi
eaders. Notably, liquid fecal material within the cecum is homogeneo
ecal material (black arrow) and a tiny fecal residue adherent to the
ultiplanar CTC reconstruction along the sagittal plane provides exce
hite arrows) is homogeneously tagged throughout the colon. (C) T
eoplasm within the cecum.
enerate only minimal alteration of the colonic surface, p
re inherently difficult to detect at CTC, regardless of
istologic type. This consideration is corroborated by the
etrospective analysis of diagnostic errors at CTC. In-
eed, no clear cause of error could be found for the
ajority of false-negative findings at CTC (Table 6),
hich suggests that misdiagnosis of such polyps can
ost likely be attributed to the current limits of CT

mage spatial resolution. However, considering that only
minority of these small polyps are malignant42 and that

he adenoma-carcinoma transformation is estimated to
ake at least 10 years on average,1,43 the identification of
uch diminutive polyps is of controversial clinical im-

from supine acquisition shows a 4-cm mass within the cecum at the
rcinoma at histologic examination, was correctly identified by the 3
agged (small white arrow). At the level of the descending colon, solid
nic mucosa (black arrowhead) also are homogeneously tagged. (B)
depiction of the cecal mass (large white arrow). Fecal material (small
-dimensional endoluminal CTC image confirms the presence of the
age
ve ca
usly t
colo

llent
he 3
ortance.
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Although individual polyp detection (per-polyp anal-
sis) is extremely important to assess the performance of
TC, the identification of patients with colorectal polyps

per-patient analysis) is, from a clinical point of view, far
ore important. In this regard, the most impressive

esult of our study is the high negative predictive value
f CTC (average negative predictive value, 93.5%). In-
eed, as noted by Pineau et al,34 the negative predictive
alue of CTC represents the ability of this examination to
orrectly identify those patients who do not need to
ndergo optical colonoscopy. The clinical impact of this

igure 2. Polyp of the cecum and polyp of the sigmoid colon. (A)
ransverse CTC image from prone acquisition shows an 8-mm polyp
ithin the cecum (large arrow). Liquid fecal material is homoge-
eously tagged (arrowhead). Another 20-mm polyp is detected within
he sigmoid colon (small arrow). Although this polyp is completely
ubmerged by liquid fecal material, it can still be identified because of
he excellent tagging of the feces. Both polyps were correctly depicted
y the 3 readers. At histologic examination, the polyp within the
ecum was proven to be a tubular adenoma, whereas the sigmoid
olyp was proven to be a tubulovillous adenoma. (B) The 3-dimen-
ional endoluminal CTC image confirms the presence of the 8-mm
olyp within the cecum (arrow).
ssue can easily be understood, considering that 46%– w
5% of screening colonoscopies identify no clinically
ignificant pathology.44,45

Although Pickhardt et al35 have proposed a threshold
f 8 mm, the appropriate threshold of polyp size that
hould trigger a therapeutic optical colonoscopy is not
et known. Further studies are certainly warranted to
valuate this important issue.

A further advantage of our proposed fecal tagging
trategy is the reduction of diagnostic errors (either false
ositives or false negatives) related to fecal material, with
consequent increase in specificity compared with pre-

ious reports. In fact, fecal material may often either
bscure or mimic the presence of colorectal polyps and
herefore remains a major source of false-negative and
alse-positive diagnoses at CTC.46 In particular, tiny fecal
ebris is often indistinguishable from small polyps be-
ause it is adherent to the colonic mucosa (and conse-
uently does not change position from the prone to the
upine image) and is too small to contain gas bubbles (a
nding consistent with fecal material). This leads to
alse-positive findings, which translate into unnecessary
ptical colonoscopies and therefore may represent a po-
ential limitation of CTC.47 It is noteworthy that, in our
tudy, only a few false positives and false negatives were
ttributed to fecal material at retrospective analysis (Ta-
le 6). This result is correlated to the fact that the use of
n effective fecal tagging strategy in our study helped the
eaders in the differentiation between fecal material and
olonic polyps.

Moreover, our study shows that CTC images without
athartic bowel preparation are interpreted with high
nterobserver agreement on a per-polyp basis and with
igh to excellent interobserver agreement on a per-pa-
ient basis, thus suggesting the reproducibility of our
esults. This result correlates with the findings of other
nvestigators35,48 but is in contrast to the recent findings
f Johnson et al.49 Two possible factors, namely the use
f fecal tagging strategy and thin-section multidetector
T acquisition, might have minimized interobserver
ariability in our study compared with the study from
he Mayo Clinic.49

Notably, in our study, average image interpretation
ime was 9.8 minutes, which is substantially lower than
he reading time reported by Pickhardt et al (average
eading time, 19.6 minutes).35 This difference can be
xplained with our primary 2-dimensional approach for
he analysis of CTC examinations, in which coronal and
agittal multiplanar reconstructions as well as 3-dimen-
ional images are used to confirm and better characterize
uspected polyps. By contrast, Pickhardt et al35 based
mage interpretation primarily on 3-dimensional images,

hich can be potentially more time consuming. Specific
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tudies are needed to compare a primary 2-dimensional
ith a primary 3-dimensional reading to better under-

tand the specific advantages and limitations of each
ethodology.

able 6. Causes for False-Positive and False-Negative Findin

Total no.
Perceptual

error
Fec

mate

alse positives
Reader 1 16 0 4
Reader 2 16 0 4
Reader 3 21 0 5

alse negatives
Reader 1 54 2 1
Reader 2 57 3 2
Reader 3 62 5 2

The polyp could not be seen retrospectively in a well-distended colo

able 7. Results From the 3 Readers for Identification of Pat

�5 �6

eader 1 27/31 44/48
Sensitivity (%) 87.1

(70.2–96.4)
91.6

(80–97.7) (8
eader 2 27/31 45/48
Sensitivity (%) 87.1

(70.2–96.4)
93.7

(82.8–98.7) (8
eader 3 27/31 43/48
Sensitivity (%) 87.1

(70.2–96.4)
89.6

(77.3–96.5) (8
eader 1 172/172 129/138 1
Specificity (%) 100

(97.8–100)
93.5

(89.4–97.6) (9
eader 2 172/172 130/138 1
Specificity (%) 100

(97.8–100)
94.2

(88.9–97.5) (9
eader 3 172/172 126/138 1
Specificity (%) 100

(97.8–100)
91.3

(86.6–96) (9
eader 1 27/27 44/53
Positive predictive value (%) 100

(87.2–100)
83

(70.2–91.9) (7
eader 2 27/27 45/53
Positive predictive value (%) 100

(87.2–100)
84.9

(72.4–93.3) (7
eader 3 27/27 43/55
Positive predictive value (%) 100

(87.2–100)
78.2

(65–88.2) (7
eader 1 172/176 129/133 1
Negative predictive value (%) 97.7

(94.3–99.1)
97

(92.5–99.2) (9
eader 2 172/176 130/133 1
Negative predictive value (%) 97.7

(94.3–99.1)
97.7

(93.6–99.2) (9
eader 3 172/176 126/131 1
Negative predictive value (%) 97.7

(94.3–99.1)
96.2

(94.5–97.9) (9
OTE. 95% CIs are presented in parentheses.
In our study, to obviate the need for cathartic bowel
reparation, fecal material was labeled by adding an
odinated contrast agent (diatrizoate meglumine and dia-
rizoate sodium) to regular meals. Clearly, the ideal

Individual Polyp Detection at CTC

Collapsed
bowel

Thick
fold

Motion
artifact

No clear
causea

0 8 3 1
0 9 2 1
0 9 4 3

2 0 0 49
1 0 0 51
2 0 0 53

egment with adequate labeling of the fecal material.

With Colorectal Polyps According to Lesion Size

olyp size (mm)

Total�8 �9 �10

7 27/28 23/23 17/17 71/79
6
9.3)

96.4
(81.7–99.9)

100
(85.2–100)

100
(80.5–100)

89.9
(81–95.5)

6 28/28 23/23 17/17 72/79
2
9.3)

100
(87.7–100)

100
(85.2–100)

100
(80.5–100)

91.1
(82.6–96.4)

7 27/28 23/23 17/17 70/79
6
9.3)

96.4
(81.7–99.9)

100
(85.2–100)

100
(80.5–100)

88.6
(79.5–94.7)

49 155/158 161/163 186/186 115/124
6
8.9)

98.1
(94.6–99.6)

98.8
(95.6–99.9)

100
(98–100)

92.7
(86.7–96.6)

49 155/158 162/163 186/186 116/124
6
8.9)

98.1
(94.6–99.6)

99.4
(96.6–99.9)

100
(98–100)

93.5
(87.7–97.2)

49 155/158 161/163 186/186 112/124

7.6)
98.1

(94.6–99.6)
98.8

(95.6–99.9)
100

(98–100)
90.3

(85.1–95.5)
0 27/30 23/25 17/17 71/80

5
5.8)

90
(73.5–97.9)

92
(74–99)

100
(80.5–100)

88.7
(79.7–94.7)

0 28/31 23/24 17/17 72/80
5
5.8)

90.3
(74.3–98)

95.8
(78.9–99.9)

100
(80.5–100)

90
(81.2–95.6)

1 27/30 23/25 17/17 70/82
4
4.4)

90
(73.5–97.9)

92
(74–99)

100
(80.5–100)

85.4
(75.8–92.2)

46 155/156 161/161 186/186 115/123
6
9.6)

99.3
(96.5–100)

100
(97.7–100)

100
(98–100)

93.5
(87.7–96.7)

45 155/155 162/162 186/186 116/123
3
9.9)

100
(97.6–100)

100
(97.7–100)

100
(98–100)

94.3
(88.6–97.7)

45 155/156 161/161 186/186 112/121
6
9.6)

99.3
(96.5–100)

100
(97.7–100)

100
(98–100)

92.6
(86.4–96.5)
gs in

al
rial
ients

P

�7

35/3
94.

1.8–9
35/3
97.

1.8–9
35/3
94.

1.8–9
44/1
96.

2.3–9
44/1
96.

2.3–9
43/1

96
1.4–9
35/4
87.

3.2–9
35/4
87.

3.2–9
35/4
85.

0.8–9
44/1
98.

5.1–9
44/1
99.

6.2–9
43/1
98.

5.1–9
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agging agent should be well tolerated, not absorbable,
eadily available, and inexpensive. Diatrizoate meglu-
ine and diatrizoate sodium meet the criteria for an ideal

agging agent. It is widely used to create an artificial
ontrast in the gastrointestinal tract in standard CT
xaminations and to treat small bowel obstruction.50

ecause of its iodine content, possible adverse reactions
10.3% of patients in our experience) can occur, includ-
ng nausea, vomiting, skin reactions, and diarrhea. More-
ver, in rare cases, delayed hypersensitivity reactions have
een described,51 although none occurred in our series. A
urther disadvantage of diatrizoate meglumine and dia-
rizoate sodium is that its iodine content precludes its
se in patients allergic to iodine-containing contrast
gents.

In several previous reports with35 or without22,25,26

athartic bowel preparation, fecal tagging has been com-
ined with electronic subtraction of the tagged fecal
aterial. Although this technique can lead to artifacts at

he level of the colonic mucosa,26 it offers the advantage
f preserving 3-dimensional navigation even when sub-
tantial fecal material is present in a given colonic seg-
ent. In our series, electronic subtraction of tagged fecal
aterial could not be performed because this feature is

ot available on the software used in the present study.
urther investigations are therefore needed to evaluate
he potential improvement in performance of CTC with-
ut cathartic bowel preparation using subtraction of
agged fecal material.

A further difference between our study and many
revious reports on CTC19,34,35,38,39 is the use of hyo-
cine-N-butylbromide in the majority (93.1%) of our
atients. This antiperistaltic drug is currently unavail-
ble in the United States (where glucagon hydrochloride
s often administered before CTC) but is widely used in
urope. Due to the fact that, at present, the effects of this
rug on colonic distention are controversial52,53 and the
mpact on patient tolerance is unknown, the reproduc-
bility of our results in terms of quality of colonic dis-
ention and patient tolerance to CTC without cathartic
owel preparation needs confirmation in future studies
sing glucagon hydrochloride (or no premedication).
With regard to patient acceptance, more patients

79.8%) preferred fecal tagging before CTC compared
ith cathartic bowel preparation before optical colonos-

opy. Although a formal assessment of the reasons for
his result was not performed, a possible explanation
ight be attributed to the absence of laxative effects

ssociated with the fecal tagging regimen (at least for the
ajority of our patients). In addition, more patients

61.1%) indicated that they would prefer CTC to optical

olonoscopy in the future. However, it is noteworthy that C
substantial proportion (35.2%) of patients still opted
or optical colonoscopy, despite the need for cathartic
owel preparation. A possible explanation for this result
ould be attributed to the inherent therapeutic capabil-
ties of optical colonoscopy (namely, patients could still
pt for a test that allows for both detection and removal
f polyps in a single session).54

Several potential limitations of our study merit con-
ideration. First, a potential criticism of our study could
e related to the use of a fixed total amount of 200 mL
f fecal tagging agent (ie, diatrizoate meglumine and
iatrizoate sodium). Notably, in our series, 13 of 203
atients (6.4%) reported episodes of diarrhea. Such lax-
tive effects are probably related to the ingestion of an
xcessive amount of tagging agent. In addition, 3 of 203
atients (1.5%) were judged to have only sufficient tag-
ing of the feces, which indicates the ingestion of an
nsufficient amount of tagging agent. Indeed, the use of
00 mL of tagging agent did not take into account
everal variables, including differences in bowel transit
ime, body weight, and eating behavior. Our current
esearch is focused on the optimization of the fecal tag-
ing regimen to individualize the total amount of tag-
ing agent for each patient.
In addition, similarly to what has been reported for

ptical colonoscopy and the expertise of endoscopists,55

he effectiveness of CTC depends on the expertise of the
adiologist.56 In our study, the 3 readers had higher-
han-average experience in CTC data interpretation (ap-
roximately 300, 200, and 100 examinations with en-
oscopic correlation). Therefore, because CTC has a high
earning curve,57 the results of CTC without cathartic
owel preparation in the hands of less experienced read-
rs may be different.

Furthermore, one potential criticism of our research
ould be related to the fact that 51.7% of the patients
ere symptomatic. Indeed, some authorities58 have em-
hasized that the major limitation of the published
esults on CTC is that the performance of the examina-
ion was often evaluated in “polyp-enriched” popula-
ions. However, taking into consideration the definition
f “advanced disease” (ie, adenoma �10 mm, or villous
eatures, high-grade dysplasia, or invasive cancer),44 the
revalence of advanced disease in our study was 8.3%
with a prevalence of polyps of any histologic type of
8.9%). Notably, this value is lower than that reported
y Lieberman et al in the colonoscopic screening of
symptomatic patients (prevalence of advanced disease,
0.5%; prevalence of polyps of any histologic type,
8.9%).44 Therefore, although further studies on larger
eries are needed to confirm our promising results before

TC without cathartic bowel preparation can be pro-
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osed for screening purposes, we believe that the preva-
ence of disease in our patients cannot be construed as a
ajor limitation to our research.
Finally, the questionnaire used for the assessment of

atient acceptance was completed by patients no sooner
han 24 hours after optical colonoscopy (which had to be
erformed after CTC to allow patients to undergo bowel
leansing). Therefore, the questionnaire was completed
loser to the time when optical colonoscopy was per-
ormed rather than when CTC was performed. Thus, it is
ossible that, after a few days, the discomfort experienced
uring the fecal tagging regimen and CTC was less
learly remembered than the discomfort experienced dur-
ng bowel cleansing and optical colonoscopy. Therefore,
e are unable to rule out the possibility that there might
ave been a certain bias in favor of the fecal tagging
egimen (versus bowel preparation) and the preference for
TC (versus optical colonoscopy).
In conclusion, our study shows that the performance of

ow-dose multidetector CTC without cathartic bowel
reparation compares favorably with that of optical
olonoscopy for the detection of colorectal polyps and
hat, given its high negative predictive value, this exam-
nation can be useful in identifying patients without
olorectal polyps, thus potentially obviating the need for
any unnecessary endoscopic examinations.
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