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syndrome 3>’ Most authors believe preservation of
the whole anal sphincter and mucosa is crucial for
maintenance of good continence. APR thus repre-
sents a standard surgery when distance between the
lower edge of the tumor and the anal ring is <2 cm.38
However, in this study, 93 percent of patients showed
good or relatively good continence (Kirwan’s Grade
1-111) at 24 months after stoma closure. Mean
Wexner score was 7.8 at 24 months after stoma

closure. Bretagnol et al.'* and others have reported

similar results.”'®?? However, seven patients dis-
played worsened continence. In addition, three
patients could not undergo closure of the diverting
stoma because of anal dysfunction. Furthermore,
patients who underwent total ISR with or without
PESR displayed significantly worsened continence
compared with partial and subtotal ISR groups in our
experience. Information on the potential functional
adverse effects after total ISR should be provided to
patients preoperatively.

Fecal incontinence after ISR is primarily caused by
anal-sphincter insufficiency. Physiologic studies have
shown that removal of the internal anal sphincter is
associated with a significant decrease in resting
pressure.” %2 Anal sphincter insufficiency also may
be caused by injury of the external anal sphincter
during ISR. Furthermore, neorectal insufficiency may
facilitate fecal incontinence, as demonstrated by
randomized studies comparing straight and J-pouch
coloanal anastomoses.'**>% Anal functions in ISR
procedures need to be investigated to compare
straight, J-pouch, and transverse coloplasty coloanal
anastomoses. More careful intraoperative manage-
ment, additional surgery, such as colonic pouch,
biofeedback treatment, and careful patient selection
may facilitate improved outcomes in terms of anal
function.

CONCLUSIONS

Curability with ISR procedures was verified histo-
logically in patients with very low rectal cancer.
Acceptable oncologic and functional results were
obtained by using ISR procedures in patients with
very low rectal cancer <5 cm from the anal verge.
These procedures can be recommended for APR
candidate patients; however, information on poten-
tial functional adverse effects after ISR should be
provided to patients preoperatively.
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ORIGINAL ARTICLE

Polyethylene glycol solution (PEG) plus
contrast medium vs PEG alone preparation
for CT colonography and conventional
colonoscopy in preoperative colorectal

cancer staging

Abstract Purpose: This study eval-
uated the usefulness of combined
polyethylene glycol solution plus
contrast medium bowel preparation
(PEG-C preparation) followed by
dual-contrast computed tomography
enema (DCCTE) and conventional
colonoscopy. The main purpose of
these examinations is the preoperative
staging of already known tumors.
Materials and methods: One hundred
patients with colorectal tumors were
alternately allocated to either a poly-
ethylene glycol solution preparation
(PEG preparation) group (n=50) or a
PEG-C preparation group (#n=50)
before undergoing conventional co-
lonoscopy and computed tomographic
(CT) colonoegraphy. After conven-
tional colonoscopy, multidetector row
CT scans were performed. Air images
were reconstructed for both groups;
contrast medium images were addi-
tionally reconstructed for the PEG-C
preparation group. DCCTE images
were a composite of air images and
contrast medium images without use
of dedicated electronic cleansing
software. Quality scores (the presence

or absence of blind spots of the colon)
were compared between the two
groups. Results: Complete tumor
images were obtained by DCCTE for
all 50 (100%) lesions in the PEG-C
preparation group, as compared with
only nine of the 50 lesions (18%) in
the PEG preparation group (air-con-
trast CT enema). The overall quality
score in the PEG-C preparation group
was significantly better than that in
the PEG preparation group _
(P<0.0001). Conclusions: DCCTE
showed the entire colon without blind
spots in nearly all patients in the PEG-
C preparation group because the areas
under residual fluid were recon-
structed as contrast medium images.
DCCTE and conventional colonosco-
py after PEG-C preparation are fea-
sible and safe procedures that can be
used for preoperative evaluation in
patients with colorectal cancer.

Keywords Colorectal neoplasms -
Bowel preparation - Computed
tomography - Colonography -
Virtual colonoscopy

Introduction

Computed tomographic (CT) colonography have recently
become a popular clinical examination tool with significant
improvements being made on the quality of the images due
to a rapid progress in computer technology. CT colono-
graphy is a minimally invasive examination [1-7] but
residual fluid and feces in the large intestine may

negatively affect diagnostic accuracy. Standard colonic
cleansing leaves residual fluid and feces. This makes
differential diagnosis or preoperative staging of colorectal
tumors difficult. With the administration of small amounts
of oral contrast medium, residual fluid and feces become
identifiable [8]. Most previous investigations used fecal
tagging as a bowel preparation before CT colonography for
screening of- colorectal tumor {2, 8-11]. These methods
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also require dietary restriction during bowel preparation for
1 to 3 days.

To cope with the problem of residual fluid and feces in
the large intestine, we recently developed a technique for
bowel preparation that combines polyethylene glycol
solution plus contrast medium preparation (PEG-C prep-
aration) and reconstructed CT colonography images with-
out the use of dedicated electronic cleansing software. We
refer to this technique as dual-contrast CT enema
(DCCTE). We previously reported that CT colonography
(air-contrast CT enema) images were useful for the
preoperative staging of colorectal cancer [12, 13]. Our
efforts have been focused on finding a technique that could
serve for the improvement of CT colonography images.
PEG-C preparation without dietary restriction could
possibly be used not only for CT colonography but also
for conventional colonoscopy in patients undergoing
preoperative assessment of colorectal cancer.

This study had two objectives. The first was to determine
whether PEG-C preparation can be safely used for
conventional colonoscopy, CT colonography, and surgical
operation. The second was to evaluate whether CT
colonography images produced by DCCTE were superior
to images obtained by air-contrast CT enema after poly-

. ethylene glycol solution preparation (PEG preparation).

Materials and methods
Patients

Between November 2002 and October 2004, a total of 100
patients with colorectal tumor (42 women and 58 men, age
- range 41-88 years, mean age+SD 66.3+11.0 years) were
enrolled. These patients were referred to our institution for
preoperative evaluation and treatment of colorectal tumor.
All patients were examined by conventional colonoscopy
and CT colonography and were not in need of screening of
the colon and rectum. The purposes of conventional
colonoscopy were pathological diagnosis and endoscopic
marking with clips or India ink for (laparoscopic) surgery.
The purposes of CT colonography were precise anatomical
localization of lesions and preoperative comprehensive
staging, with depth of cancer invasion, regional and distant
lymphadenopathies, and metastases [12].

Patients were alternately allocated to either a PEG
preparation group (n=50) or a PEG-C preparation group
(n=50) before preoperatively undergoing conventional
colonoscopy and CT colonography. The clinical character-
istics of the two groups are shown in Table 1. Patients with
acute bowel obstruction were excluded.

Before bowel preparation, two experienced gastroenter-
ologists (K. N. and S. E.) provided all patients with a
detailed description of the scheduled procedures and
possible complications, such as discomfort, radiation

Table 1 Patient’s characteristics

PEG (n=50) PEG-C (n=50) P value

Age, years£SD 68.0+ 104 645+114 0.114* (NS)
Gender, WM 22/28 20/30 0.839° (NS)
Tumor site 0.219® (NS)
Cecum/ascending colon 10 6

Transverse colon 4 2

Descending colon 1 0

Sigmoid colon 9 18

Rectum 26 24

Depth of invasion (T) 0.111% (NS)
pTis 5 1

pT1 6 12

pT2 13 8

pT3 26 29

Dukes 0.713 ® (NS)
A 19 17

B 13 11

C Y8 22

Surgical approach 0.412 ® (NS)
Laparoscopy 28 33

Open 22 17

SD Standard deviation, NS not significant
*Mann-Whitney U test
Chi-squared test

exposure, and urge to defecate. Written informed consent
was obtained from each patient before enrolment.

Safety analysis

The osmotic pressure of PEG-C solution and the metab-
olism of PEG-C solution by colonic bacteria were
examined to confirm the safety of the solution. The
osmotic pressure of PEG-C solution and the osmolarity
(PEG-C solution to physiological saline ratio) was mea-
sured six times with a freezing point depression osmometer
(OM802, Vogel, Germany). Hydrogen concentrations were
determined by gas chromatography using a molecular sieve
column and reduction detector (GC-8A, Shimadzu, Japan).

Bowel preparation

Diet was unrestricted to either group until the day before
the procedures. On the day of the examination, no breakfast
was allowed, and both bowel preparations were performed
between 8:00 and 10:00 a.Mm.

PEG preparation group On the day of the examination,
patients were given 2 | of polyethylene glycol solution
(Niflec; Ajinomoto Pharma, Tokyo, Japan) over the course
of 2 h as standard colonoscopic cleansing.
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PEG-C preparation group On the day of the examina-
tion, patients were given 1,620 m! of PEG solution over the
course of 2 h, followed by 400 ml of PEG-C solution,
consisting of 380 m! of PEG solution plus 20 ml of water-
soluble contrast medium (Gastrografin, amidotrizoic acid
and diatrizoic acid, Nihon Schering, Osaka, Japan). We
used water-soluble contrast medium for residual fluid

tagging purposes.

Examination techniques

After PEG or PEG-C preparation, all patients underwent
conventional colonoscopy. The endoscopists were blinded
to the assigned preparation. When necessary, the intestinal
lumen was endoscopically marked with clips or India ink to
localize tumors precisely during laparoscopic or open
colorectal operations. The main tumor was clinically staged
by evaluating its morphologic characteristics on the
application of sprayed dye, endoscopic ultrasonographic
features, and pit pattern [14], assessed with the use of a
magnifying colonoscope (CF-Q240ZL/1, Olympus, Tokyo,
Japan). Any colonic tumors apart from the main tumor
underwent endoscopic polypectomy or endoscopic muco-
sal resection without reservation.

After conventional colonoscopy, multidetector-row CT
(MDCT) scans were obtained on the same day. The
patient’s large intestine was inflated gently with room air.
Immediately before MDCT scanning, a smooth muscle.

Fig. 1 Dual-contrast CT enema a
in PEG-C preparation group: :
a Air image (air-contrast CT
enema) shows blind spots in the
cecum and proximal descending
colon. Air images cannot detect
the lesion because it is con-

cealed by residual fluid in the
cecum (arrowheads). b Con- 'Y
trast-medium image can detect a
severe deformity in the cecum
(arrow). ¢ Dual-contrast CT
enema is a composite figure of

the air image and contrast me-
dium image. Dual-contrast CT
enema clearly demonstrates se-
vere deformity (so-called apple-
core-like deformity) (arrow) and
the course and length of the

entire large intestine, without

blind spots. d In transverse two-
dimensional CT image, residual
fluid is homogeneously tagged
throughout the cecum (arrow)

Yvy
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relaxant, 20 mg of scopolamine butylbromide (Buscopan,
Nippon Boehringer Ingelheim, Kawanishi, Japan) or 1 mg
of glucagon (Glucagon G Novo, Eisai, Tokyo, Japan), was
given intravenously. The adequacy of colonic distention
was assessed on the anteroposterior scout image. If the
colon was adequately distended, MDCT scanning was
performed. If not, additional air was insufflated.

Eight-detector row CT scans were performed with an
Aquilion M8 CT scanner (Toshiba, Tokyo, Japan). The
patients underwent single scans in a single position; dual
positioning was not used. One hundred milliliters of
nonionic iodinated contrast material (lopamiron 300,
iopamidol, Nihon Schering, Osaka, Japan or Omnipaque
300, iohexol, Daiichi Pharma, Tokyo, Japan) was injected
intravenously with a 90-s delay time and an infusion rate of
2 ml/s to evaluate the presence of metastases or invasion.
The entire region of the abdomen and pelvis was scanned in
a single run. CT images were acquired at 120 kVp and
250 mAs with the use of 8x2-mm collimation, a pitch of
7.0-13.0, and a 1-mm reconstruction interval. Air-contrast
images were reconstructed for both groups; contrast
medium images were additionally reconstructed for the
PEG-C preparation group. The DCCTE images were a
composite of air images and contrast medium images
(Fig. 1). We did not remove residual fluid electrically with
dedicated electronic cleansing software. Virtual three-
dimensional endoscopic display, i.e., virtual colonoscopy,
was not assessed in this study.




Image analysis

Conventional transverse CT colonographic images were
used for the detection of extracolonic abnormalities or
metastases and for preoperative staging. Using the data
obtained by MDCT, we reconstructed CT colonography
(air-contrast CT enema and DCCTE) images with the use
of a ZIO M900 workstation (Zio Software, Tokyo, Japan).
Air-contrast CT enema images after PEG preparation and
DCCTE images after PEG-C preparation were assessed
with regard to the ability to detect tumor, tumor localiza-
tion, and the presence or absence of blind spots of the large
intestine. Blind spots are defined as the spots of the large
intestine which cannot be reconstructed by air images or
contrast medium images. Although endoscopic marking
with metal clips was recognizable in conventional trans-
verse CT images, clips were not used for detecting tumor in
image analysis. Tumor location at surgery was regarded as
the gold standard against the results of air-contrast CT
enema and DCCTE. The imaging quality of CT colono-
graphy (the presence or absence of blind spots) was scored
according to a five-point scale (5, excellent—no blind
spots; 4, good—blind spot area only 25%; 3, fair—blind
spot area 50%; 2, poor—blind spot area 75%; and 1, very
poor—a given segment of the colon was completely
blinded by residual fluid). This analysis was performed for
five segments of the colon (1, cecum/ascending colon; 2,
transverse colon; 3, descending colon; 4, sigmoid colon;
and 5, rectum) by scrolling through the CT colonography
images (air-contrast CT enema and DCCTE). Two readers
[a gastroenterologist (K. N.) and a radiologist (T. L)]
separately and independently interpreted the air-contrast
CT enema images and DCCTE images. Additional colo-
rectal polyps missed by conventional colonoscopy were
not assessed.

The Hounsfield units (HU) values for residual fluid in
the cecum/ascending colon and the rectum were measured
for all patients in the PEG and PEG-C preparation groups.
The HU values were measured by manually circling
regions of interest. The mean HU values for residual fluid
were calculated.

Statistical analysis

The statistical significance of differences in patients’
characteristics was assessed with the use of the Mann—
Whitney U test and chi-squared test. The Mann—Whitney U
test was used to compare differences in quality scores
between the PEG preparation group and PEG-C prepara-
tion group according to segment, differences in inter-reader
quality scores, differences in HU values of residual fluid
between the PEG preparation group and PEG-C prepara-
tion group, and differences in HU values of residual fluid
between the cecum/ascending colon and the rectum.

Differences with P values of less than 0.05 were considered
statistically significant.

Results

The osmotic pressure of PEG-C solution was 384+3.3 mOsmy/1
(meantSD). The ratio of PEG-C solution osmolarity to
physiological saline osmolarity was 1.33740.012. The fecal
suspensions generated only 824 to 845 ppm hydrogen, an
explosive gas, when incubated with PEG-C solution for 2 h
(Table 2). This corresponds to 1/50 of the minimum explosive
concentration of hydrogen (> 40,000 ppm) [15].

The PEG and PEG-C preparations were completed
safely and successfully in all 100 patients. No side effects
(vomiting, bowel obstruction, or bowel perforation) were
associated with bowel preparation.

After PEG or PEG-C preparation, conventional colo-
noscopy was preoperatively performed in all 100 patients.
The quality of bowel preparation was satisfactory in all
patients for conventional colonoscopy. Colonoscopic ex-
amination and treatment were successfully performed after
PEG-C preparation, with no problem in any patient. To
localize tumors during surgery, endoscopic marking with
clips was used for 37 of the 50 cases in the PEG preparation
group and 35 of the 50 cases in the PEG-C preparation
group. The differences in frequency of clip usage were not
statistically significant. Preoperative staging by conven-
tional transverse CT colonographic images using MDCT
data was performed in all 100 patients without any
problem.

In the PEG preparation group, the detection rate of tumor
on air-contrast CT enema was 96% (48 of the 50 lesions).
One slightly elevated (pTis) lesion and 1 ulcerated (pT2)
lesion were not detected (Fig. 2) because of residual fluid.
Complete tumor images were obtained by air-contrast CT
enema for only nine of the 50 lesions (18%). In the PEG-C
preparation group, complete tumor images were obtained
by DCCTE for all 50 lesions (100%). Even when tumors
were hidden by residual fluid in the colon, the DCCTE
successfully detected all tumors not detected on air-contrast
CT enema (Fig. 1). The DCCTE showed regions of the
large intestine that would have been concealed by residual
fluid after PEG preparation (Fig. 1). Accurate tumor

Table 2 Hydrogen concentrations (ppm) after incubation of PEG-C
solution with human feces

No. of trials Time of incubation (h) 4

0 28 4 6 8
1 <500 824 1,269 1,412 1,306
2 <500 845 1,353 1,526 1,445

Minimum explosive concentration for hydrogen > 40,000 ppm
ppm Parts per million
*Time of the PEG-C preparation <2 h
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" Fig. 2 Air-contrast CT enema in PEG preparation group: a Air-
contrast CT enema shows a blind spot in the rectum. The ulcerated
lesion (p72) in the rectum was not detected (arrowheads). b In the
transverse two-dimensional CT image, the tumor was concealed by
residual fluid in the rectum (arrow).

localization by air-contrast CT enema and DCCTE were 96
and 100%, respectively.

Tables 3 and 4 show the quality of images obtained by CT
colonography after PEG preparation and PEG-C prepara-
tion, respectively. With PEG preparation, the average image
quality scores per segment ranged from 4.34+0.92 (trans-
verse colon) to 2.34+1.29 (rectum) for reader 1 and from
4.54+0.58 (transverse colon) to 2.62+1.24 (rectum) for
reader 2 (Table 5). With PEG-C preparation, the average
image quality scores per segment ranged from 5.0+0.0
(cecum/ascending colon) to 4.86+0.45 (rectum) for reader 1

and from 5.0+0.0 (descending colon) to 4.92+0.27 (sigmoid
colon and rectum) for reader 2 (Table 5). The DCCTE
demonstrated nearly all areas of the colon and rectum,
without blind spots. There were clear differences between
PEG preparation and PEG-C preparation in all segments.
The inter-reader differences in quality scores were not
statistically significant (Table 6).

Table 7 shows the HU values of residual fluid in the
cecum/ascending colon and the rectum for the PEG and
PEG-C preparation groups. In the PEG preparation group,
the HU values of residual fluid were 65 HU or less. In the
PEG-C preparation group, the HU values of residual fluid
were 130 HU or higher, and the mean HU value was
433 HU in the cecum/ascending colon and 329 HU in the
rectum.

Discussion

An accurate preoperative staging for colorectal cancer is
essential for a correct therapeutic plan, including surgery
(limited or extensive resection), radiotherapy, or chemo-
therapy (advanced stage disease). the increased popularity
of laparoscopic surgery for the treatment of colorectal
cancer has heightened the importance of preoperative
diagnosis. Accurate tumor localization is imperative
because the colon and rectum cannot be palpated
laparoscopically. A survey of the members of the American
Society of Colon and Rectal Surgeons reported that 18 of
278 respondents (6.5%) had previously chosen the wrong
segment of the colon for laparoscopic colectomy, requiring
conversion to standard laparotomy and an additional
resection [16].
- -An accurate preoperative diagnosis is also important
because laparoscopic approaches to colorectal tumor,
-including factors such as port positions, incision site and
size, and extent of resection, are based on lesion size and
location. Although the conventional colonoscopy has high
diagnostic accuracy for colorectal tumor, the error rate for
preoperative tumor localization ranges from 14 to 22% {12,
17]. By contrast, CT enema can precisely define. the

Table 3 Distribution of quality scores with PEG preparation (air-contrast CT enema)

Quality scores (presence or absence of blind spots of the large intestine)
1 (reader 1/reader 2) 2 (reader l/reader 2) 3 (reader 1/reader 2) 4 (reader 1/Reader 2) 5 (reader l/reader 2)

Cecum/ascending colon 312 8/6 15/6 19/29 511
Transverse colon 1/0 1/0 6/2 14/19 28/29
Descending colon 14/10 12/10 14/14 9/12 1/4
Sigmoid colon 1/1 4/4 5/4 917 3124
Rectum 17/8 1322 10/6 6/9 4/5
Total 36/21 38/42 50/32 57/86 69/69
Percentage (14.4/8.4) (15.2/16.8) (20.0/12.8) (22.8/34.4) (27.6/27.6)

Quality scores: 5, excellent—no blind spots; 4, good—blind spot area only 25%; 3, fair—blind spot area 50%; 2, poor—blind spot area
75%; and 1, very poor—a given segment of the colon was completely blinded by residual fluid
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Table 4 Distribution of quality scores with PEG-C preparation (dual-contrast CT enema)

Quality scores (presence or absence of blind spots of the large intestine)

1 (reader 1/reader 2) 2 (reader l/reader 2) 3 (reader l/reader 2) 4 (reader 1/reader 2) 5 (reader 1/reader 2)

Cecum/ascending colon  0/0 0/0
Transverse colon 0/0 . 0/0
Descending colon 0/0 0/0
Sigmoid colon 0/0 0/0
Rectum 0/0 0/0
Total 0/0 0/0
Percentage (0/0) (0/0)

0/0 0/1 50/49
0/0 1/1 49/49
0/0 2/0 48/50
1/0 0/4 49/46
2/0 3/4 45/46
3/0 6/10 2411240
1.2/0) (2.4/4.0) (96.4/96.0)

Quality scores: 5, excellent—no blind spots; 4, good—blind spot area only 25%; 3, fair—blind spot area 50%; 2, poor—blind spot area
75%; and 1, very poor—a given segment of the colon was completely blinded by residual fluid

anatomical locations of lesions. We previously reported
that accurate tumor localization by air-contrast CT enema
was 97.3% [12]. This study shows that DCCTE is expected
to enhance the accuracy of tumor localization because the
imaging of complete tumor is superior to that on air-
contrast CT enema.

An accurate assessment of the course and length of the
large intestine also plays a key role in deciding the optimal
approach for laparoscopic treatment as well as the type of
anastomosis, extent of resection, and stoma site. The
DCCTE delineated the course and length of nearly the
entire large intestine without blind spots because the areas
under residual fluid were reconstructed as contrast medium
images. One of the major advantages of PEG-C preparation
is the induced difference in HU values between the residual
fluid and the colonic wall. Callstrom et al. [8] used a
threshold value of 150 HU for the electronic removal of
well-tagged stool. With PEG-C preparation, the contrast
medium was diluted by residual fluid, but nearly all HU
values of residual fluid in the colon remained higher than
150 HU. The values were high enough to differentiate the
residual fluid from the colonic wall and tumors (Table 7).
The variability of the HU values of residual fluid in the
PEG-C group was relatively low (Table 7).

For well-tagged residual fluid, enough amounts of
contrast media are needed. Fewer amounts of contrast
media are preferred for patient acceptability because water-
soluble contrast medium tastes bitter. We used only 20 ml
of water-soluble contrast medium in PEG-C preparation. In
the PEG-C preparation group, the HU values of residual
fluid were high enough to reconstruct good contrast

medium images (Table 7). PEG-C preparation is also safe
for conventional colonoscopy, CT colonography, and
surgery. Intracolonic explosions are rare complications of
electrocautery during endoscopic treatment or surgery.
These explosions result from the ignition of hydrogen or
methane, two products of colonic bacterial fermentation.
The PEG-C solution is virtually unfermented by colonic
bacteria. The PEG-C preparation is, therefore, useful in
cleansing the large intestine of patients who undergo CT
colonography as well as conventional colonoscopy before
surgery for colorectal tumor. In addition, the PEG-C
preparation does not require any dietary restrictions.
However, the administration of 2 1 of PEG with PEG-C
solution is of less volume than that of European standard
bowel preparation and it warrants further examination.

The DCCTE does not require removal of residual fluid
from the large intestine before examination and can be
performed before conventional colonoscopy. However,
conventional colonoscopy procedures immediately after
CT colonography are technically difficuit even for
experienced colonoscopists owing to the presence of air
in the colon [12]. Such air makes examinations time-
consuming and uncomfortable for patients. MDCT scans
are, therefore, performed after conventional colonoscopic
examination at our hospital.

. In addition to the creation of CT colonography images,
preoperative MDCT data can be used for the detection of
extracolonic abnormalities or metastases and for clinical
staging in patients with colorectal cancer [18-20]. Because
patients with colorectal cancer usually undergo preopera-
tive staging by abdominal and pelvic CT and conventional

Table 5 Mean quality scores of CT colonography (presence or absence of blind spots)

Cecum/ascending colon Transverse colon Descending colon Sigmoid colon Rectum
PEG PEG-C PEG PEG-C PEG PEG-C PEG PEG-C PEG PEG-C
Reader 1 3.30 5.00 434 4.98 2.42 4.96 4.30 4.96 234 4386
P< 0.0001 P<0.0001 P<0.0001 P< 0.0001 P< 0.0001
Reader 2 3.66 4.98 4.54 4.98 2.80 5.00 418 492 262 492
P<0.0001 P<0.0001 P<0.0001 P<0.0001 P< 0.0001
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Table 6 Differences in inter-reader (reader 1 and reader 2) quality scores

Cecum/ascending colon Transverse colon Descending colon Sigmoid colon Rectum
PEG preparation P =0.065 P =0.540 P=0.140 P=10.359 P=0.236
PEG-C preparation P =0.863 P >0.999 P=10730 P=10.615 P=0.842
colonoscopy, the integration of CT data with a CT Conclusion

colonography imaging system would most likely enhance
the accuracy of preoperative diagnosis.

The common accepted technique of CT scans for
preoperative clinical staging is single positioning. By
contrast, dual positioning is the commonly acknowledged
technique of CT colonography. Many studies have reported
that dual positioning helps to distend the colon, thereby
facilitating the detection of polyps [21-25]. There were
several limitations of this study because dual positioning
was not performed. We cannot compare which techniques
were better for CT colonography but warrant examination.
However, there were some reasons for not using dual
positioning at CT scans in our study. The DCCTE with
single positioning could visualize nearly the entire large
intestine because the colon was distended enough not only
by air but also much amount of tagged fluid of PEG-C
preparation. Another advantage is decreased exposure to
diagnostic radiation. Radiation dose is an important
consideration [26). The intrinsic high contrast between
the colonic wall and the air insufflated to distend the colon
allows low-radiation dose protocols [27, 28]. Such low-
radiation dose protocols provide adequate colonic detail for
colorectal polyp screening but result in very limited views
of extracolonic organs. Low-radiation dose protocols are
intuitively attractive for screening but may not be
appropriate for preoperative staging of patients with
colorectal cancer in whom extra colonic findings assume
a high degree of importance [29].

Table 7 Distribution of Hounsfield unit values of residual fluid

In conclusion, DCCTE after PEG-C preparation produces
much superior images to that of air-contrast CT enema after
PEG preparation. Our results show that DCCTE and
conventional colonoscopy after PEG-C preparation are
feasible and safe procedures that can be used for preop-
erative evaluation in patients with colorectal cancer.
Because DCCTE is useful for tumor localization and can
visualize the course and length of the colon without
additional preoperative examinations, we feel that it will
ultimately help in contributing to the optimal use of MDCT
data for preoperative evaluation. The question whether it
might have effects on tumor staging and post-surgical
outcome remains opens and warrants further examinations.

Further studies for single or dual positioning, radiation
dose, and related costs have to be needed if DCCTE after
PEG-C preparation will have a more impact on preoper-
ative staging for colorectal tumor.
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HU values P value
PEG preparation PEG-C preparation
Cecum/ascending colon
Mean+SD 19.749.1* 433.2£176.9° <0.0001
Range 865 170-890
Rectum
Mean+SD 20.6£9.1° 328.6+137.5° <0.0001
Range 10-62 130-717

SD Standard deviation

“P value=0.555 on comparison of the cecum/ascending colon with the rectum in PEG preparation, Mann-Whiiney U test
P value=0.0005 on comparison of the cecum/ascending colon with the rectum in PEG-C preparation, Mann~Whitney U test
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For the advanced cancer of the lower rectum or anal canal which is extremely near to an anus, abdominoperineal resec-
tion which creates a stoma is common. To avoid a stoma as much as possible, we perform an ultimate anus-preserving
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