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Is a Double Contrast Barium Enema Necessary in
Patients who Undergo a CT Colonography as a

Preoperative Work-up?*
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Hee Jung Kim, M.D."?, Ho Kyung Chun, M.D.?, Seong Hyeon Yun, M.D.?,
Seung Bae Park, M.D.*, Min Ju Kim, M.D.®

Purpose: To determine the efficiency of CT colonography (CTC), as compared with
the double contrast barium enema (DCBE) for the preoperative work-up of colorectal
neoplasms.

Materials and Methods: A total of 39 patients underwent both a CTC and DCBE before
surgery. Three abdominal radiologists and three colorectal surgeons retrospectively re-
viewed virtual double contrast (VDC) and DCBE images, regarding each examination
for localization, conspicuity, extent and morphology of neoplasms. We reviewed the ra-
diological reports of the CTC and DCBE for the polyps.

Results: In the case of both VDC and DCBE, 40 cancers were detected in 39 patients.
According to abdominal radiologists, VDC showed the same ability to identify DCBE
for localization of neoplasms (p < 0.001). However, DCBE was significantly superior
or equal to the VDC (p < 0.05) in conspicuity, extent, and morphology of the main
mass. According to colorectal surgeons, VDC was significantly superior or equal to
DCBE for all parameters (each p < 0.05). The ability to detect polyps was not signifi-
cantly different between the CTC and DCBE (p > 0.05).

Conclusion: The performance of the CTC is comparable to the DCBE for the localiza-
tion of main mass and polyps in patients with colorectal neoplasm. Barium enema

don't seem to be necessary for patients who undergo a CTC as preoperative work-up.
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Malignant tumors of the large bowel are a major
health concern worldwide, and constitute a significant
cause of cancer-related death. Most colorectal cancers
are believed to arise from preexisting adenomatous
polyps that remain clinically silent until presentation.
Therefore, early detection is very important (1, 2). The
conventional colonoscopy is unique among the diagnos-
tic tests in that it can be a diagnostic procedure to exam-
ine the entire colon, as well as allow for a biopsy of a le-
sion in the colon and facilitating therapeutic procedures
such as a polypectomy (3-5).

However, definite localization of the tumor is difficult
with a colonoscopy, especially in the tortuous redun-
dant colon. Furthermore, it is impossible to evaluate the
proximal portion of an obstructive lesion because of the
difficulty in getting the colonoscope to traverse the le-
sion (6, 7). Between 1.5% and 9.0% of patients with col-
orectal carcinomas have synchronous cancer; and, be-
tween 27% and 55% of them have multiple coexistent
adenomatous polyps (8-10). The preoperative evalua-
tion of the entire colon for patients suffering with col-
orectal cancer is widely recommended in order to im-
prove the disease-free survival rate following surgery
(11, 12).

In the cases of obstructive colon cancer and the exact
localization of the tumor, a double contrast barium ene-
ma (DCBE) is generally employed for the preoperative
examination of colorectal cancer.

The computed tomographic colonography (CTC) has
recently been investigated in many countries as a poten-
tial method of performing colon cancer screening (13-
17).

The CTC is used to complete the examination of the
entire colon before surgery, when a conventional
colonoscopy is incomplete. Virtual double contrast
(VDC) also has the ability to evaluate the luminal sur-
face, in the same manner as DCBE, by using the volume
rendering method. The aim of this study was to com-
pare the efficacy of CTC and DCBE to evaluate the main
tumor mass and the synchronous lesions and to deter-
mine whether CTC can replace DCBE in the preopera-
tive work-up of colorectal neoplasm.

Materials and Methods

Patients

A total of 258 patients underwent a CTC at our institu-
tion during 1 year. Of these, the study included 39 pa-
tients who underwent a DCBE, CTC, complete conven-

tional colonoscopy and colorectal neoplasms which
were confirmed by surgery at our institution. Of the 39
patients, 26 were men and 13 were women and ranged
in age from 39 to 73 years (mean: 57 years).

Of the remaining 219 patients that were excluded
from the study, 73 had colorectal neoplasms that under-
went conventional colonoscopy and 65 patients under-
went a DCBE at an outside institution. We excluded
these cases because the colonoscopic reports and radio-
logical imaging were inadequate. We also excluded 54
patients who only underwent a sigmoidoscopy (n = 29)
and incomplete colonoscopy (n = 25) due to luminal
narrowing by a mass, colonic redundancy or diverticu-
losis. The 20 patients who underwent a CTC to a screen
for a colorectal lesion or CTC after performing polypec-
tomy, were also excluded. The 7 remaining patients
were excluded due to nontumorous conditions such as
appendiceal disease (n = 2), familial adenomatous poly-
posis (n = 2), extrinsic compression from a lymphoma
of the small bowel, tuberculosis and pneumatosis coli (n
= 1, respectively).

This study was performed with the approval and un-
der the guidelines of our institutional review board.

Computed Tomographic Colonography

A CTC was performed within 1-28 days (mean: 6
days, n = 35) before and within 7-49 days (mean: 28
days, n = 4) after performing a DCBE. The bowel prepa-
ration method was the same as that used for a conven-
tional colonoscopy at our hospital, which consisted of a
low-residue diet for one day and fasting after the
evening meal, followed by a 4 L colonic lavage
(Colonlyte®, Meditech Korea Pharm, Seoul, Korea). The
CT scan was performed on multidetector-row computed
tomography (MDCT) scanners (Light Speed Ultra 8 or
16, GE Medical Systems, Milwaukee, WI). With the pa-
tient placed in the left lateral decubitus position, a rectal
tube was inserted and the colon was gently insufflated
with room air by means of an auto injector (Enema
Teleflator®, Kaigen, Japan) up to the patient’'s maximum
tolerance (about 1.5-2.0L). The patient was then turned
in the prone position and a standard CT scout film of the
abdomen and pelvis was acquired to assess the adequa-
cy of colonic distension. Additional air insufflation was
performed, if necessary. The MDCT scanning of the ab-
domen and pelvis was acquired during a single breath-
hold with the patient in the prone position, and then
was repeated in the supine position after confirming ad-
equate distension of the colon. The intravenous contrast
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media (Ultravist® 300, Shering, Germany) was adminis-
tered before scanning in the supine position for the
work-up of tumor staging. The images were acquired
with a 10-mm collimation beam, a table speed of 13.5
mm/rotation (pitch 1.35), a slice thickness of 1.25 mm,
an interval of 1.25 mm, a 512 X 512 matrix, 350 mA, 120
kV and a tube rotation of 0.6 sec. The breath-hold time
ranged from 22 to 25 seconds. None of the patients re-
ceived any antiperistaltic drugs or sedation.

Once acquired, the images were automatically trans-
ferred to a dedicated workstation (Advantage
Workstation 4.0, GE Medical Systems, Milwaukee, WI)
equipped with Navigator software. The two-dimension-
al and three-dimensional CTC were then performed on
this station. Two abdominal radiologists (L] and LSJ),
who both had over 7 years of experience in the gastroin-

testinal department, evaluated the multi-reformatted
two-dimensional axial, coronal and sagittal images to de-
tect the colorectal lesions. We also obtained a raysum
image of the colon after removal of the air-filled small
intestine. Next, we performed the VDC, which consist-
ed of overhead and multiple magnified images at vari-
ous rotational angles (Figs.1A-F). The virtual
colonoscopy (VC) images were simultaneously evaluat-
ed by threshold rendering.

Double Contrast Barium Enema

A DCBE was performed by a second level resident
who was under the supervision of an abdominal radiolo-
gist staff member (LS]J). Moreover, the DCBE was per-
formed by the usual method and room air was infused
using an automatic inflator (Enema Teleflator®, Kaigen,

F

Fig. 1.Virtual double contrast (VDC) imaging of sigmoid colon cancer.

A. The initial volume rendering image shows gas-filled structures, including the colon, small intestine, stomach and lungs.

B. The virtual double contrast image after removal of the small intestines, stomach and lungs appears like the over-head view of
DCBE.
C-F. The VDC images of each segment of the colo-rectum showed spots with an "apple-core” appearance in the sigmoid colon (ar-
rows), as did the images by DCBE, indicating colon cancer.
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Japan). An overhead image and ten or more spot images
were obtained. Colon preparation for the barium enema
was standardized for all the patients and included a 24-hr
liquid diet, oral hydration and 296 ml of magnesium cit-
rate the day before the examination. Next, two Bisacodyl
10-mg suppositories were inserted in the rectum at 6
a.m. on the morning of the examination. The diagnosis of
cancer was recorded if the report described a lesion as
"probable or suggestive of carcinoma’. In the case of
polyps, a "filling defect consistent with a polyp or suspi-
cious of a polyp” was regarded as a positive diagnosis.

Conventional Colonoscopy and Pathology

A conventional colonoscopy was performed within 4-
5 hours after a CT scan in 13 patients, within 4-30 days
after CT scan in 2 patients, and within 1-32 days before
a CT scan in 24 patients. Two skilled endoscopists, who
were "blinded” to the results of the CTC examination,
performed the colonoscopies. Electronic video endo-
scopes (CF-2401, Olympus, Tokyo, Japan) were used for
the observation of the lower gastrointestinal tract during
the study. An antiperistaltic drug (Buscopan®, Seoul,
Korea, 1 cc intramuscularly) and sedation (Midazolam®,
Seoul, Korea, 0.035 mg / kg intravenously) were routine-
ly administered prior to an endoscopy unless the patient
had a contraindication. Immediately after performing
the colonoscopy, the endoscopist reported the presence,
location and size of all identified colon lesions.

The conventional colonoscopy detected 40 colorectal
neoplasms in the 39 patients. The colorectal neoplasms
were located in the rectum (n = 27), sigmoid colon (n =
11), ascending colon (n = 1) and cecum (n = 1). The
pathological examination that followed the colectomy
revealed 36 adenocarcinomas, 2 adenocarcinomas with
underlying tubulovillous adenomas and 2 villous adeno-
mas. For one patient with rectal cancer, a villous adeno-
ma was identified in the cecum. The mean size of the
neoplasms was 3.7 cm (range: 2.0-6.7 cm).

An additional 53 polyps were detected in 27 of the 39
patients. Thirteen (24.5%) were 10.0 mm in diameter or
larger, 18 (34%) were between 5.0 and 9.0 mm in diam-
eter, and 22 (41.5%) were 4.0 mm in diameter or small-
er. The mean size of the polyps was 6.0 mm (range: 2—-
15 mm). The polyps were located in the descending
colon (n = 14), sigmoid colon (n = 12), transverse colon
(n = 12), rectum (n = 8), ascending colon (n = 6) and ce-
cum (n = 1). Of these 53 polyps, 50 (94%) were resected
endoscopically, and of these, 32 were tubular adeno-
mas, 12 were hyperplastic polyps, 4 were tubulovillous

adenomas, 1 was villous adenoma and 1 was an inflam-
matory polyp. The remaining 3 polyps were removed at
surgery along with a coexisting colorectal carcinoma. Of
these 3 polyps, 2 were tubular adenomas and 1 was a
carcinoid.

Image Analysis

For the first step of imaging analysis, three abdominal
radiologists (L], CD and KM]) working in consensus ret-
rospectively reviewed the VDC and DCBE images with
respect to their aptitude for determining the localization
(defined as 5 segments as the ascending, transverse, de-
scending and sigmoid colon and rectum), conspicuity
(defined as the ability to clearly distinguishing the mar-
gin between the lesion and the normal area), the extent
(defined as the length of the involved segment), and the
morphology (defined as the configuration of the lesion)
of the main mass. We defined the main mass as being
greater than 2.0 cm. Three colorectal surgeons then re-
viewed these images using the same methods. We cate-
gorized the images into three levels based on their con-
sensus reading: the same, higher or at a lower level be-
tween the two studies. We sorted them into large two
groups. One group, defined as VDC, showed an equal or
greater ability; whereas, the other group, defined as
VDC, showed only lower level compared with DCBE
for variables. We used the Chi-square test for evaluating
the superior, equal or inferior ability to determine the lo-
calization, the conspicuity, the extent and the morpholo-
gy of the masses on the basis of two resorted groups be-
tween VDC and DCBE.

In the second step, an abdominal radiologist (L]) retro-
spectively reviewed the radiologic reports of the CTC
(including the multi reformatted two-dimensional axial,
coronal and sagittal images and the virtual colonoscopy)
as well as the DCBE with regards to the evaluation of
the polyps and compared it to the conventional
colonoscopy as the gold standard. The general estimat-
ing equation test was used to investigate the relationship
between the abilities of the two modalities for detecting
polyps.

All statistical analyses were performed using SPSS
10.0 (SPSS, Inc., Chicago, IL). A p value < 0.05 is consid-
ered to be significant.

Results

Colorectal Neoplasms
All of the radiologists and surgeons detected 40 col-
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orectal neoplasms in the 39 patients for both the VDC
and DCBE. For the results reviewed by the abdominal
radiologists on the basis of having an equal or superior
ability of VDC to DCBE (Table 1), the VDC was signifi-
cantly equal or superior to DCBE concerning the local-
ization of the main mass (39/40, p < 0.001, Chi-square
test) (Fig. 2). According to the extent, conspicuity, and

morphology of the main mass, VDC was not significant-
ly equal or superior to the DCBE (Fig. 3) (22/40, 22/40,
14/40, each p > 0.05, Chi-square test). Conversely, the
DCBE showed an equal or superior ability to VDC for
the localization, extent, conspicuity, and morphology of
the main mass (39/40, 35/40, 30/40, 35/40 each p <
0.001, Chi-square test).

Table 1. The Ability of CTC (VDC) and DCBE to Depict Main Mass by Abdominal Radiologist Interpretation (n = 40

tumors/39 patients)
DCBE > VDC DCBE = VDC DCBE < VDC pvalue*
Localization 1 38 1 < 0.001
Extent 18 17 5 > 0.05
Conspicuity 18 12 10 > 0.05
Morphology 26 9 5 > 0.05

* For superiority or equality of CTC, each p value was calculated using the Chi-square test. CTC = computed tomog-
raphy colonography; VDC = virtual double contrast; DCBE = double contrast barium enema.

Fig. 2. A 56-year-old man with rec-
tosigmoid colon cancer. The VDC (A)
and DCBE (B) reveal a similar mor-
phology, extent and localization for the
adenocarcinoma (arrows) in the rec-
tosigmoid colon.

Fig. 3. A 68-year-old woman with vil-
lous adenoma located in the proximal
ascending colon. DCBE (A) shows the
velvety surface of the villous adenoma
(arrows), but VDC (B) does not allow
visualization of the surface detail.
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For the results reviewed by the colorectal surgeons
(Table 2), the VDC was significantly superior or equal
ability to the DCBE in terms of the localization, extent,
conspicuity, and morphology of the main mass in 39/40,
33/40, 30/40 and 30/40 cases, respectively (each p <
0.05, Chi-square test) (Fig. 4).

Polyps

The conventional colonoscopy diagnosed 53 polyps in
the 39 patients, but the CTC achieved thediagnosis of 54
polyps. The overall sensitivity of the CTC for polyp de-
tection, as compared to conventional colonoscopy (as
the gold standard) was 37% (20/53). On the basis of the
size of the polyp, the sensitivities of CTC were 18% (< 4
mm), 39% (5-9 mm), and 69% (> 10 mm). Thirty-three

of the 53 polyps were missed by the CTC and 34 polyps
were diagnosed only with the CTC, which probably in-
dicated false positive diagnoses.

Twenty-one polyps were diagnosed on the DCBE. The
overall sensitivity of DCBE for the polyp detection, com-
pared to conventional colonoscopy, was 23% (12/53).
On the basis of the size of the polyp, the sensitivities of
the DCBE were 5% (< 4 mm), 33% (5-9 mm) and 38%
(= 10 mm). On DCBE, 41 of the 53 polyps were missed
and nine polyps were only diagnosed by DCBE.

According to the results of the generalized estimating
equation analysis, the detectability of the polyps was not
significantly different between CTC and DCBE (p >
0.05), regardless of their size (Table 3).

Table 2. The Ability of CTC (VDC) and DCBE to Depict the Main Mass by Surgeon Interpretation (n = 40 tumors/39

patients)
DCBE > VDC DCBE = VDC DCBE < VDC p value*
Localization 1 33 6 < 0.001
Extent 7 18 15 0.004
Conspicuity 10 13 17 0.039
Morphology 10 16 14 0.039

* For superiority or equality of CTC, each p value was calculated using the Chi-square test. CTC = computed tomog-
raphy colonography; VDC = virtual double contrast; DCBE = double contrast barium enema.

Table 3. The Detectability of Polyps on CTC and DCBE

All < 4mm 5-9mm >10 mm
Colonoscopy 53 22 18 13
DCBE 12 (23) 1(5) 6 (33) 5(38)
CTC 20 (37) 4(18) 7(39) 9 (69)
p value* > 0.05 > 0.05 > 0.05 > 0.05

Note. To determine the degree of detection of polyps on CTC and DCBE, the *p value was calculated using the gener-
alized estimating equation. The numbers in parentheses are percentages. CTC = computed tomorgraphy colonagra-

phy, DCBE = double contrast barium enema.

Fig. 4. A 70-year-old man with distal
rectal cancer. VDC (A) shows an over-
hanging edge and the exact extent of
the mass and narrowing of the lumen
(arrows). The DCBE (B) does not allow
for the evaluation of the lower margin
of the mass due to a collapsed segment
(arrows).
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Discussion

The preoperative evaluation of the entire colon is gen-
erally recommended for patients suffering with colorec-
tal cancer (9, 10). Failure to identify a synchronous can-
cer or a precancerous lesion before surgery may not on-
ly result in failed curative resection, but this also expos-
es the patient to the additional risk of morbidity and
mortality associated with a second surgical procedure.
Those patients with colorectal cancer who undergo a
preoperative total colon examination have a longer dis-
ease-free survival rate (11, 12).

Although a conventional colonoscopy is regarded as a
good method for evaluating the colon before surgery,
prospective studies have shown that colonoscopy allows
the entire colon to be visualized in only 42-60% of the
patients with colorectal cancer (12, 18, 19). In other re-
ports, it was stated that failure to visualize the entire
colonic surface occurs in 5-30% of colonoscopic exami-
nations (7, 20). Those lesions that were overlooked via a
colonoscopy showed a tendency to be situated behind
flexures and folds, in the rectum and in the angulated
areas of the colon, as well as the cecum and the ileocecal
valve (21, 22). Furthermore, the ability to localize tu-
mors by conventional colonoscopy is not perfect.
Vignati et al. reported that the endoscopic localization
was incorrect for 14% of colorectal cancers (6).

Until recently, the DCBE has usually been used to pin-
point the exact localization of the colorectal mass before
radical surgery and for evaluation of the entire colon in
the case of an incomplete colonoscopy. We performed a
barium enema before surgery in all the patients with
colorectal cancer to evaluate the exact localization and
configuration of the entire colon and to detect any syn-
chronous colorectal lesion. Yet, this type of examination
requires one day or more before surgery to adequately
cleanse the colon and; in addition, is associated with an
increased risk of barium inspissation.

The CTC is a minimally invasive diagnostic method of
screening for colorectal cancer, and; it is also used for a
post-polypectomy follow-up as well as a first diagnostic
test for patients suffering from colorectal disorders (13,
14, 23). The CTC usually emphasizes the luminal im-
ages, similar to a colonoscopy to detect polyps in the
colon. For the evaluation of the size and morphology of
colorectal tumors, a raysum image was shown to be
more accurate than a virtual colonoscopy or muliplanar
reformatted images (24). A raysum image is similar to

the image of the mucosal phase in double contrast bari-
um enema. Particularly, this technique has an estab-
lished role in the preoperative evaluation of patients
with occlusive colorectal cancers (15, 25).

We obtained raysum images in all patients for the ex-
act tumor localization and to examine colorectal tumors.
We could detect and evaluate all of the colorectal tu-
mors on VDC, including one synchronous lesion. Our
abdominal radiologists reported that VDCs, as a whole,
have a similar ability for DCBEs for the localization of
main mass, but VDCs showed an overall low ability to
DCBEs for the extent, conspicuity, and morphology of
the main mass. Colorectal surgeons prefer to examine
VDCs rather than DCBEs for the pre-operative work-up
of colorectal cancer. The DCBE has segments of the
small intestine overlapped with the colon. However, on
VDC, all the small intestines were erased with only the
colo-rectum remaining; therefore, the surgeons could
easily interpret the VDC. We placed a lot of emphasis
on determining exact localization of main mass as a role
of VDCs or DCBEs for the preoperative work up of col-
orectal tumors. Hence, DCBEs could be replaced by
VDC:s for the localization of the main mass.

The CTC detected 8 (15%) more polyps than did the
DCBE, when comparing the conventional colonoscopy
as a gold standard. Johnson et al. reported the sensitivity
of polyp detection on CTC was 29-79% for polyps of 5~
9 mm in diameter and 56-79% for polyps larger than 10
mm in diameter (26). In comparison, the sensitivity of
the DCBE varied from 29-58% for the polyps 5-9 mm
in diameter and from 39-56% for the polyps larger than
10 mm in diameter. All the readers of the study detected
more polyps on the CTC than on the DCBE, which is
consistent with our study. We found no statistical signif-
icance between the two methods when testing polyp de-
tection. The overall ability to detect polyps via a CTC, in
our study, was inferior to the other reported series (16,
23, 26). Hara et al. (23) and Laghi et al. (16) detected
92.8-100.0% of all polyps larger than 10.0 mm, 71.0-
84.6% of polyps 5-9 mm, and 24.0-28.0% of polyps
smaller than 5 mm. This discrepancy may be attribut-
able to poor bowel preparation in some cases or due to
poor distension due to occlusive colorectal cancer.

Additionally, the CTC has several advantages over the
DCBE. It requires little additional air insufflation for op-
timal images to be obtained after an incomplete
colonoscopy, and it is more comfortable for the patient
than is the DCBE. The CTC can be performed on the
same day as a conventional colonoscopy. Hence, it re-
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duces the time from diagnosis to surgery. It allows bari-
um inspissation to be avoided in patients with severe ob-
structive cancers. It is also possible to simultaneously
evaluate the extraluminal pathology, including the pres-
ence of local tumor spread, distant metastasis and other
organ abnormalities. Unlike a barium enema and con-
ventional colonoscopy, the CTC has the ability to evalu-
ate the colon wall thickness and to visualize lymph
nodes and liver involvement; thus, it is possible to assess
the preoperative stage of colorectal cancer.

Our study had several limitations. First, we had a bias
for the analysis of our results of the CTC (VDC) and
DCBE, to depict the main mass according to localiza-
tion, extent, conspicuity, and morphology. If the CTC
had a superior or equal ability for the detection of the
main mass compared with DCBE, we considered that
DCBE was replaced by CTC for the preoperative work
up in colorectal tumors. Even if DCBE was better at
identifying the CTC for the extent, conspicuity, and
morphology of main mass (18 vs. 5, 18 vs. 10, 26 vs. 5,
DCBE vs. CTC, respectively, Table 1), we laid less em-
phasis on the results. We thought that the localization of
main mass was more important than the extent, con-
spicuity, or morphology of main mass on the role of the
VDCs or DCBEs for the preoperative work up of col-
orectal tumors. Second, we could not evaluate the effect
of radiation on the patient during acquisition of both the
CTC and DCBE. Hara et al. (27) reported that the calcu-
lated effective radiation dose in a patient when scanning
both in the prone and supine positions at a tube current
of 70 mA (374 mrad for men, 570 mrad for women) is
50% lower than the dose used for a standard abdominal
and pelvic CT scan and this is comparable with the dose
used for a barium enema examination (343 mrad for
men, 638 mrad for women). Third, the total times re-
quired for the entire CTC and DCBE were not formally
investigated. The total times required were estimated to
be about 20-60 minutes for image acquirement, recon-
struction and image post processing in the case of CTC
and 10-15 minutes for image acquirement, verification
and interpretation in the case of DCBE. It is most impor-
tant to save time during the image post-processing step
so that an experienced radiologist will have approxi-
mately 20 minutes for the entire CTC interpretation.
Finally, conventional colonoscopy was used as the gold
standard for the detection of polyps. Rex et al. (28)
demonstrated that conventional colonoscopy has an
overall 24% miss rate for adenomas.

In conclusion, CTC can compare favorably with

DCBE for the preoperative work-up for localizing and
examining the main mass and also for the detection of
polyps in those patients harboring colorectal neoplasms.
Barium enema does not seem to be necessary for pa-
tients who undergo CTC as a preoperative work-up.
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