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Abstract

Purpose To test the tagging efficacy, patient acceptability, and accuracy of computed tomographic colonography (CTC)
with a reduced dose of laxative using a novel barium sulfate (BaSO,) contrast agent.

Materials and methods CTC followed by optical colonoscopy (OC) was performed on 73 patients with positive results in
fecal occult blood tests. They were administrated a BaSO, suspension and a magnesium citrate solution for bowel preparation.
Patients completed a questionnaire about the acceptability of bowel preparation. Tagging efficacy was estimated using a novel
categorization system, which classified all segments into 8 categories. The accuracy of detecting protruded lesions > 6 mm
was calculated from the comparison of CTC and OC results, using the latter as a reference standard.

Results Tagging efficacy was good in 77.3% of colonic segments where residue was observed. The acceptability of bowel
preparation for CTC was significantly higher than that for OC. The sensitivity, specificity, and positive and negative predic-
tive values were 0.778, 0.945, 0.824, and 0.929, respectively. All lesions > 7 mm were successfully detected by CTC.
Conclusion CTC with a reduced dose of laxative using a novel BaSO, contrast agent has a favorable tagging efficacy, patient
acceptability, and accuracy.

Keywords Computed tomographic colonography (CTC) - Barium sulfate - Accuracy - Patient acceptance - Tagging efficacy

Introduction

Computed tomographic (CT) colonography (CTC) has
recently received considerable attention as a novel imaging
technique for colorectal cancer (CRC). With the advance-
ment of CT scanners and computer processing, CTC use
has spread rapidly since its first report in 1994 [1]. CTC has
become the key CRC screening tool based on the results of a
large-scale national trial (ACRIN6664) in the United States
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[2], where per-patient sensitivities were reported to be 78%
and 90% for lesions sized > 6 mm and > 10 mm, respectively,
which are almost comparable to those of optical colonos-
copy (OC). Some multicenter studies have reported detec-
tion rates for colorectal neoplastic lesions using CTC rather
than OC [3-7].

Besides accuracy, patient acceptability determines the
effectiveness of CTC. Full cathartic bowel preparation leaves
few solid residues in the lower digestive tract, leading to
a high diagnostic accuracy, but the heavy burden on the
patient lowers the acceptability of CTC. In CRC screening,
bowel preparation has been reported to be a significant factor
affecting acceptability [8—10], with higher patient accept-
ancy being associated with higher participation rates. In
CTC, fecal tagging with an oral contrast agent and bowel
preparation with a reduced dose of laxative have been stud-
ied, and this bowel preparation is expected to reduce the
burden on the patients while maintaining diagnostic accu-
racy. However, different from the situation in Europe and
the United States, barium sulfate contrast agent for tagging
had not been approved in Japan and it could not be used in
daily clinical practice. Thus, a barium sulfate suspension
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was developed to be used as a tagging agent with approval
in Japan. The present study reports the tagging efficacy and
the accuracy of CTC with a reduced dose of laxative and
using a novel barium sulfate tagging agent, developed to
improve acceptability.

Materials and methods
Study design

Institutional review board approval was obtained for the
study. Between March 2013 and May 2014, 78 participants
aged 35-75 years who were scheduled to undergo OC due
to a positive fecal occult blood test results at our institu-
tion were recruited. Of these, 3 withdrew from the study for
personal reasons and 2 withdrew due to protocol violations.
Finally, 73 patients were included in the study. All patients
provided written informed consent before enrollment.

Bowel preparation

Patients had a low-fiber diet for breakfast, meals out of a
package (FG-one; S&B Foods, Tokyo, Japan) for lunch and
supper the day before the procedure, and for breakfast on the
day of the procedure. They took BaSO, contrast agent (8 g)
in an aqueous suspension (25% w/v, 32 mL; ColomforT;
Fushimi Pharmaceutical, Marugame, Japan) as a fecal tag-
ging agent after every meal the day before the procedure.
This novel formulation is easy to swallow and allows BaSO,
particles to be stably suspended in digestive fluid. Sennoside
(Senevacul; Seiko-Eiyo Yakuhin, Osaka, Japan) 24 mg and
magnesium citrate (Magcorol; Horii Pharmaceutical, Osaka,
Japan) 34 g in an aqueous solution (180 mL) were orally
administered to each patient at bedtime 2 days before the
procedure and between 19:00 and 21:00 on the day before
the procedure, respectively. Sodium picosulfate (Laxoberon;
Teijin Pharma, Tokyo, Japan) 7.5-15 mg was administered
at bedtime (Table 1).

Computed tomographic colonography study
technique

A 64-row multi-slice CT (Aquilion 64; Toshiba, Tokyo,
Japan) was performed using the following parameters: tube
voltage, 120 kVp; X-ray tube current with automatic expo-
sure control (AEC), SD30; slice thickness, 0.5 mm; beam
pitch, 0.83; and reconstruction slice thickness, 0.5 mm. An
anti-spasmodic drug, timepidium bromide 7.5 mg (Sesuden;
Tanabeseiyaku Hanbai, Osaka, Japan) or glucagon 1 mg (G
novo; Novo Nordisk Pharma, Tokyo, Japan) if the former
was contraindicated, was injected intramuscularly before
insufflation of the colon. An automated carbon dioxide insuf-
flator (PROTOCO2L colon insufflator; Eidia, Tokyo, Japan)
was used for colonic distension.

Interpretation of computed tomographic
colonography

CTC readings were performed according to the indications
of the central reading committee. Three diagnostic radiolo-
gists, members of the committee who were board-certified
by the Japan Radiological Society and with experience in
reading over 500 CTC cases, performed the CTC readings.
They were blinded to OC results. Each radiologist indepen-
dently interpreted all CT images using a workstation (Zio-
station 2; Ziosoft, Tokyo, Japan) providing a simultaneous
3-dimensional (3D) endoluminal view and 2-dimensional
(2D) multiplanar reconstruction (MPR) view (Fig. 1). Seg-
ment (cecum, ascending, transverse, descending, sigmoid, or
rectum), location (distance from anus and xyz-coordinates),
size, and macroscopic classification were recorded for each
detected lesion. Lesion size was measured in the MPR view.

All readers independently interpreted all the images.
Next, they evaluated the size of the lesion and determined
the segment where it was detected. If 2 or 3 readers agreed
on the identity of a detected lesion, the segment and average
size of the majority were employed. If none agreed, adjacent

Table 1 Detailed schedule of bowel preparation and fecal tagging for CT colonography

2 Days before CTC 1 Day before CTC Day of CTC
Before bedtime Breakfast Lunch Dinner 7-9 pm Before bedtime Breakfast
Diet Regular diet ~ Low-fiber diet Low-fiber diet Low-fiber diet
Fecal tagging 32 mL of 32 mL of 32 mL of
BaSO, BaSO, BaSO,
suspension suspension suspension
Bowel preparation 2 tablets of sennoside 1 package of mag- Sodium
(24 mg) nesium citrate picosulfate
(349 solution
15-30 drops
(7.5-15 mg)
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Fig.1 Three-dimensional (3D)
simultaneous endoluminal view
and 2-dimensional (2D) mul-
tiplanar reconstruction (MPR)
view. Although it is difficult to
distinguish the polyp from a
residue using the 3D endolumi-
nal view alone, the 3D endolu-
minal view (a) and the 2D MPR
view (b) simultaneously enables
recognition of the pedunculated
structure as a residue due to its
high attenuation

segments were checked; if an unidentified lesion was
detected there, the identity of these lesions was determined
based on the segment, size, and macroscopic classification.

Assessment of tagging image quality

To evaluate the ability of the tagging agent in the differentia-
tion of residues from surrounding tissues, a new categori-
zation was designed specifically for this study: category 1
(residues/surrounding tissue differentiation, good; tagging
status, homogeneous), 2 (good; heterogeneous), 3 (good;
layered), 4 (poor; excessively tagged), 5 (poor; insufficiently
tagged), 6 (poor; heterogeneous), 7 (poor; layered), and 8
(no residue) (Fig. 2). Differentiation was considered good

regardless of heterogeneous (category 2) or layered (cat-
egory 3) tagging status, as long as the tagging agent served
its purpose, i.e., enabled readers to differentiate residues
from the surrounding tissue.

Patient acceptability of bowel preparation

To compare patient acceptability of bowel preparations for
CTC and OC, a patient self-reported questionnaire survey
using the visual analog scale (VAS) was conducted [11],
with scores ranging from 0 (no burden) to 100 (worst pos-
sible burden). We also assessed ease in swallowing the
contrast agent (BaSO,) using the following 4 categories:

Fig.2 Categories of evaluation for fecal tagging

Category 1 2 [ 3 4
m | Discrimination
s | from surrounding Good Good Good Poor
c | tissue
2 - !
S :‘%ngwi?]%eneny of Homogeneous Heterogeneous Layered Excessively-tagged
Category 5 6 | 7 8
= | Discrimination ‘
s | from surrounding Poor Poor Poor
§ tissue No Residue
& | Homogeneity of
S taggin% Y Incompletely tagged Heterogeneous Layered
4
Example
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category 1 (very easy), 2 (easy), 3 (difficult), and 4 (very
difficult).

Optical colonoscopy

OC was conducted on the same day as the CTC, except for
the one conducted 10 days after CTC. For both of the OC
examinations, bowel preparation using 2 L of polyethylene
glycol solution was used. A board-certified specialist of the
Japan Gastroentrological Endoscopy Society blinded to the
CTC results performed the OC. The specialist observed
lesions while pulling an endoscope back, and recorded
lesions sized >2 mm. Segment, distance from the anus,
size, height, and macroscopic classification were recorded
for each detected lesion. Its size and height were measured
with a ruler attached to the endoscope. For lesions >6 mm,
a dye (indigo carmine) was sprayed; if the lesion was sus-
pected to be an advanced neoplasia or carcinoma, biopsy
was performed for histopathological evaluation.

Lesion matching between computed tomographic
colonography and optical colonoscopy

All lesions detected by both CTC and OC were mechanically
matched. A lesion in the same segment and with a size meas-
ured by CTC 50-150% of that measured by OC was consid-
ered matched; otherwise, it was considered unmatched. All
lesions detected by either CTC or OC alone were considered
to be unmatched. After the mechanical matching, the 3 radi-
ologists and the gastroenterologist reviewed the CTC data
(2D and 3D views) and OC data (videos and still images)
and arrived at a final conclusion.

Statistical analysis

Efficacy of tagging was defined as the ratio of well-differen-
tiated segments (categories 1, 2, and 3) to the number of seg-
ments with residues, which was obtained by subtraction of
the number of segments without residues (category 8) from
the total number of segments. Tagging efficacy was calcu-
lated per segment and per reader. The inter-reader agreement
of category was calculated as a ratio of the number of seg-
ments which 2 readers assigned the to the same category,
compared to the total number of segments. The inter-reader
agreement on efficacy was calculated in the same manner.

To evaluate patient acceptability for bowel preparation,
a two-sided paired ¢ test was conducted on log-transformed
VAS values.

Diagnostic results for each patient were determined based
on the results for each lesion for each patient. The per-lesion
results were defined as follows: the presence of a lesion in
both procedures (true positive), the presence of a lesion in
the CTC only (false positive); and the presence of a lesion
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in the OC only (false negative). True negatives for a lesion
cannot be defined, because the judgment cannot be carried
out without a lesion to be judged. The per-patient results
were defined as follows: for a patient with only 1 type of
per-lesion result, the per-patient result was determined to be
the same as the per-lesion result; otherwise, the per-patient
result was determined to be a “true positive” when there
was at least 1 true positive per-lesion result, as CTC would
appropriately lead to necessary OC. When a patient had false
positive and false negative per-lesion results, the per-patient
result was determined to be “false positive,” because CTC
would inappropriately lead to unnecessary OC. The remain-
ing results were defined as true negative.

Based on the per-patient results, per-patient sensitivity,
specificity, correct diagnostic rate, positive predictive value
(PPV), negative predictive value (NPV), and 95% confidence
interval (CI) for each parameter were calculated for lesions
with height >2 mm (protruded) and size > 6 mm. As second-
ary outcome measures, per-lesion sensitivity, the PPV, and
the 95% CI were calculated for each lesion size.

Results

The baseline characteristics of 73 patients were as follows:
62 males; 11 females; mean age, 49.6 (35-70) years. No
complications related to the procedures were observed. OC
successfully reached the cecum and allowed observation of
all segments for all patients.

In OC, 89 lesions were detected in 36 patients (49.3%,
36/73). Among these lesions, 59 protruded lesions were
found in 30 patients (41.1%, 30/73), and of these patients,
26 lesions sized > 6 mm were found in 18 patients (24.7%,
18/73). Of the latter, 16 and 2 lesions were histopathologi-
cally diagnosed as adenoma and carcinoma, respectively.
Table 2 shows the classification of the 26 lesions endoscopi-
cally sized > 6 mm following segment and macroscopic clas-
sification, respectively. They were observed more frequently
in the sigmoid colon; sessile and pedunculated lesions
predominated.

Tagging image quality

The mean tagging efficacy was 0.773 (95%
CI=0.730-0.816) (Table 3). Tagging efficacy by segment
was lower in the cecum (0.630) and the ascending colon
(0.683), but was higher in the transverse (0.871), descending
(0.868), and sigmoid colons (0.852). Almost all cases with
low efficacy resulted from heterogeneous and insufficient
tagging, with the latter more frequently observed in the deep
colon. Tagging efficacies for the three readers were 0.735,
0.745, 0.839, respectively (Table 3), while the inter-reader
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Table 2 Number of protruded lesions detected on optical colonoscopy according to size, location, macroscopic type, and histopathological clas-

sification
Segment Size (threshold)
>6 mm >7 mm >8 mm >9 mm >10 mm

Total 26 17 15 11 11
Segment Rectum 4 4 3 3
Sigmoid 15 9 9 6 6
Descending 1 0 0 0
Transverse 3 2 1 1 1
Ascending 1 1 1 1 1
Cecum 0 0 0 0 0
Macroscopic Sessile 16 9 8 6 6
features Pedunculated 8 8 7 5 5
Flat 0 0 0 0
Histopathologi- Carcinoma 2 2 2 2 2
cal  clas-  Advanced adenoma 10 10 9 8 8
sification Low-risk adenoma 4 3 0 0
N/A 1 1 1 1

N/A not applicable

agreement for tagging evaluations for each pair of readers
was 0.829, 0.845, and 0.845 (Table 4).

Patient acceptability of bowel preparation

The mean and standard deviation (mean + SD) values of
VAS were 49.7 +23.3 for OC and 33.2 +22.4 for CTC. The
95% CI of the log-transformed ratio of the VAS value for
OC to that of CTC (log VASy/VAS1c) was log 1.32 to
log 2.47, with its antilogarithm exceeding 1, showing sta-
tistically significant difference (P =0.0003). Thus, bowel
preparation for CTC was more acceptable than that for OC.

The efficacy of the contrast agent (BaSO,) in improving
the ease of swallowing was 0.986 (95% CI=0.926-1.000),
when the responses “very easy” and “easy” were regarded
as indicators of efficacy. This indicates that administration
of BaSO, contrast agent was less burdensome.

Per-patient and per-lesion assessment

Table 5 shows the overall diagnostic accuracy of CTC
for detecting at least 1 protruded lesion sized >6 mm.
Per-patient sensitivity, specificity, correct diagnostic rate,
PPVs and NPVs were 0.778 (95% CI=0.524-0.936), 0.945
(0.849-0.989), 0.904 (0.837-0.972), 0.824 (0.566—0.962),
and 0.929 (0.827-0.980), respectively. The sensitivity by
lesion size threshold (PPV) was 0.808 (0.875), 1.00 (0.850),
1.00 (0.938), 1.00 (0.917), and 1.00 (0.917) for protruded
lesions sized >6,>7,>8,>9, and > 10 mm, respectively;
thus, all protruded lesions sized > 7 mm were detected by
CTC (Table 6). Invasive carcinomas were detected in 2

patients (Fig. 3). There were 5 false-negative patients with 1
lesion each undetected by CTC but detected by OC: 3 lesions
in the sigmoid, and 1 each in the transverse and descending
colons. None of the lesions were found in poorly tagged
segments. On macroscopic classification, 3 lesions were pro-
truded sessile lesions and 2 were flat, protruded lesions. All
lesions had relatively low tumor heights and were as small
as 6 mm in diameter.

Discussion

Image quality in CTC has generally been evaluated based on
parameters such as the size of residual stool and the amount
of residual fluid in each segment, absorbance (CT values) of
residual fluid and residual stool, and ratio of tagged residual
stool to residual fluid [12, 13]. Herein, we assumed that the
most important role of the tagging agent is the precise differ-
entiation of residual stool and fluid from colonic structures
like lesions and folds. Thus, we devised a novel method that
considered tagging performance as effective, even when a
small amount of residue was present or if the absorbance
was somewhat low or heterogeneous, as long as precise dif-
ferentiation was possible. Tagging efficacy was high in all
colonic segments (77.3%); inter-reader agreement was above
80%, which was favorable. Hence, the tagging regimen used
in this study is a useful bowel preparation for CTC and has
high reproducibility.

As BaSO, is insoluble, a potential concern may be het-
erogeneous tagging statuses such as “layering”, which is
composed of tagged stool and/or fluid and weakly tagged
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Table 4 Inter-reader agreement for tagging evaluation

Pair of Readers

A-B B-C C-A

Total No. of Segments 438 438 438

Agreed by Category Segments 295 261 264
Rate® 0.674 0.596 0.603

Agreed by Efficacy Segments 370 363 370
Rate® 0.845 0.829 0.845

*Rate=Agreed segments/total number of segments

supernatant fluid. Herein, layered areas were only 3.6%. Fur-
thermore, almost no excessively tagged areas were detected
(category 4). It is speculated that this regimen is appropriate
to ensure that the colon is sufficiently dry to remove excess
fluid, and yet wet enough to prevent excess concentration of
BaSO,. The tagging efficacy of the right colon tended to be
lower than other sites. In the proximal colon, residues are
generally likely to remain, and it is thought that residues that
are not tagged remain not excreted by laxatives.

A key issue in CRC screening is how to reduce the patient
burden associated with bowel cleansing to improve accepta-
bility [14]. Thus, CTC in combination with reduced laxative
regimens or no laxative has been investigated [15-19]. How-
ever, in the case of not using any laxatives, to tag all residues

Table 5 Estimated per-patient accuracy in detecting protruded lesions on CT colonography

Performance measure

Size (threshold)

>6 mm >7 mm >8 mm >9 mm >10 mm
Sensitivity Value 0.778 1.000 1.000 1.000 1.000
95% CI 0.524-0.936 0.768-1.000 0.753-1.000 0.692-1.000 0.692-1.000
n 18 14 13 10 10
Specificity Value 0.945 0.949 0.983 0.984 0.984
95% CI 0.849-0.989 0.859-0.989 0.911-1.000 0.915-1.000 0.915-1.000
n 55 59 60 63 63
Correct diagnostic rate Value 0.904 0.959 0.986 0.986 0.986
95% CI 0.837-0.972 0.885-0.991 0.926-1.000 0.926-1.000 0.926-1.000
n 73 73 73 73 73
Positive predictive value Value 0.824 0.824 0.929 0.909 0.909
95% CI 0.566-0.962 0.566-0.962 0.661-0.998 0.587-0.998 0.587-0.998
n 17 17 14 11 11
Negative predictive values Value 0.929 1.000 1.000 1.000 1.000
95% CI 0.827-0.980 0.936-1.000 0.939-1.000 0.942-1.000 0.942-1.000
n 56 56 59 62 62

If n(1 — p) was 5 or larger, the 95% confidence interval (CI) was calculated by using approximation to the normal distribution. Otherwise, the
95% CI was calculated using approximation to the F-distribution

n number of patients

Table 6 Per-lesion analysis
of the sensitivity and positive
predictive value on CT

colonography

Performance measure Size (threshold)
>6 mm >7 mm >8 mm >9 mm >10 mm
Sensitivity Value  0.808 1.000 1.000 1.000 1.000
95% CI 0.606-0.934 0.805-1.000 0.782-1.000 0.715-1.000 0.715-1.000
n 26 17 15 11 11
Positive predictive value Value  0.875 0.850 0.938 0.917 0.917
95% CI 0.676-0.973 0.621-0.968 0.698-0.998 0.615-0.998 0.615-0.998
n 24 20 16 12 12

If n (1 — p) was 5 or larger, the 95% confidence interval (CI) was calculated using approximation to the
normal distribution

If not, 95% CI was calculated by using approximation to the F-distribution

n number of lesions
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Fig. 3 Early asymptomatic
carcinoma detected in the
rectum of a 70-year-old male.
computed tomographic colo-
nography image shows a sessile
polyp with well-circumscribed
depression (a). Endoscopic
image confirms the presence
and morphology of the 15-mm
lesion, which contained a focus
of invasive carcinoma at biopsy

(b)

remaining in the colon, it is necessary to take the contrast
agent over multiple days according to the defecation cycle
of the patient, so that the regimen would become cumber-
some. In addition, because individual differences are large
for bowel conditions, there is a possibility that performing
bowel preparations without any laxatives could not guaran-
tee the quality of the examination at present. Therefore, we
examined bowel preparation with a small amount of laxative
and the novel barium sulfate contrast agent. Taylor et al.
also reported the usage of barium sulfate as a tagging agent
for bowel preparations using 18 g of magnesium citrate and
13 g of senna [12]. In this study, we used 34 g of magnesium
citrate and a small amount of senna, sodium picosulfate.
Using CTC with the conditions mentioned above, OC with
2 L of polyethylene glycol solution was carried out in a short
term, and then the patient’s acceptability was compared.
Bowel preparation used for CTC had significantly higher
patient acceptability than that used for OC. Furthermore,
98.6% of respondents reported that the BaSO, contrast agent
was easy to swallow. Meglumine diatrizoate is used widely
as an oral contrast agent for fecal/fluid tagging in current
CTC practice, but it has an unpleasant taste and may cause
adverse effects such as nausea, diarrhea [20, 21], or abdomi-
nal cramps owing to its high osmolality and potential for
allergic reactions [22, 23]. We believe that CTC with BaSO,,
which is easy to swallow and has fewer adverse effects, can
be valuable in increasing the screening rate for CRC.

In a meta-analysis of CTC diagnostic accuracy based
on aggregate results of 6 CTC screening studies in asymp-
tomatic patients, the per-patient sensitivities for detecting
lesions sized >6 mm and > 10 mm were 80% and 88%,
respectively [2, 3, 24-27]. Similarly, in a study in which
diagnostic accuracy and patient acceptability of bowel
preparation for CTC were investigated with reduced laxa-
tive regimens using BaSO, as a tagging agent, the per-
patient sensitivity, specificity, PPV, and NPV for lesions
sized > 6 mm were 96%, 97%, 0.90, and 0.96, respectively
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[12]. A meta-analysis of CRC detection showed that the sen-
sitivities of CTC, of CTC using laxative and tagging agents,
and of OC were 96.1, 100.0, and 94.7%, respectively [28].
Herein, the per-patient sensitivities for protruded lesions
sized >6 mm and >7 mm were 77.8% and 100%, respec-
tively. The former is comparable to and the latter equiva-
lent to or greater than previous results. CTC successfully
detected all the 2 invasive carcinomas found by OC. Five
lesions, 2 of which were adenomas, were found to be false
negative; all were as small as 6 mm and had relatively low
tumor heights compared to their diameters. There was no
lesion sized > 10 mm with false-negative result. As dem-
onstrated in the ACRIN 6664 trial [2], in which the size of
lesions to be detected was limited to> 10 mm, CTC is useful
for detecting adenoma and cancer. Similar conclusions may
be drawn in this study.

This study has a few limitations. First, this study differs
greatly in the amount of laxative used for bowel preparation
the day before CTC, from the previous study by Taylor et al.,
who used BaSO,-based fecal tagging. We administered
34 g of magnesium citrate, according to its indication for a
hyperosmolar solution, and administered sodium picosulfate
solution orally at bedtime. Further studies are required to
elucidate the relationship between bowel preparation regi-
mens and colonic conditions. Second, we did not conduct
histopathological evaluation for any lesion sized >6 mm
detected by OC. Colonoscopists can determine empirically
the clinical significance of a lesion based on its size, mor-
phology, color, and surface structure, after the application of
spraying dye [29, 30]. In this study, all lesions sized >6 mm
were sprayed with a dye and then carefully inspected with
OC. For lesions suspected to be hyperplastic polyps, biopsy
was not performed to avoid the risk of bleeding.

In conclusion, bowel preparation using a combination of
areduced dose of laxative and a novel 25% BaSO, contrast
agent has favorable tagging efficacy, reproducibility, and
patient acceptability. Furthermore, the diagnostic accuracy
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of CTC with this regimen for detecting protruded lesions
sized > 6 mm was as high as that of OC.
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