
The stomach and small bowel are
two of the most challenging organs
to be assessed radiologically. The
stomach is variable in shape and is
often not distended. The small bowel
is a long, tortuous, and tubular organ
whose loops often overlap and are
variable in their position (1). With the
introduction of multidetector-row CT
(MDCT), the entire abdomen and
pelvis can be scanned during a short
breathhold such that blurring due to
motion is minimized. Furthermore,
spatial resolution is improved and
isotropic with the use of thin collima-
tion (2). However, regardless of the
technique used, the stomach and
small bowel need to be distended for
their lumen and walls to be evaluat-
ed (1, 3). The stomach can be exam-
ined fluoroscopically; and the small
bowel with enteroclysis, a relatively
invasive method using fluoroscopy
or CT, that requires infusing contrast
medium directly into the small
bowel via a nasojejunal tube (4). 

and acceptable to patients (2, 10).
Because the luminal fluid is hypo-
dense, the enhancing wall can be
visualized (2). However, water is
absorbed rapidly by the stomach
and proximal small bowel; as a
result, the distal small bowel is
rarely distended (2). A neutral
 barium sulphate suspension (0.1%
w/v BaSO4- VoLumen®, EZEM, Lake
Success, NY) has been developed
for abdominal and pelvic CT with the
purpose of providing a solution that
results in luminal fluid attenuation
that is close to water. Initial study
with this agent showed good disten-
tion in patients with known or
 suspected pancreatic or biliary tract
disease (14). 
The purpose of this study was to

determine if, when examining
patients with abdominal and pelvic
contrast-enhanced multidetector-
row CT, the stomach and small
bowel are visualized and distended
better with a neutral barium sulphate
suspension than with positive bari-
um sulphate suspension or water.

Materials and methods

Patients and oral contrast media

From September 2004 to
September 2005, outpatients
 scheduled for intravenous contrast-
enhanced abdominal and pelvic
MDCT were asked to participate in

Positive oral contrast material is
currently used for abdominal and
pelvic CT scans, typically barium
 sulphate suspension (2.1%w/v).
However, it often obscures the bowel
wall and does not allow the
enhanced bowel wall to be discrimi-
nated from dense luminal fluid. Also,
positive oral contrast material may
obscure other dense structures of
interest, such as blood vessels and
the urinary tract (2, 5-8). As a result,
positive oral contrast material is
 typically not used during CT angio -
graphy and CT urography (9, 10).
However, when oral contrast agent
is not used, the small bowel is often
collapsed and, therefore, the small
bowel cannot be evaluated for mass-
es and other abnormalities. At times,
collapsed small bowel may mimic or
obscure an abdominal mass or an
abscess (11).
Water has been used as a neutral

oral contrast agent for abdominal
and pelvic CT (2, 12, 13) . It is safe
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Objective: When examining patients with contrast-enhanced multidetector-row CT, we determined if the stomach
and small bowel were visualized and distended better with a neutral barium sulphate suspension than with positive
barium sulphate suspension or water.
Materials and methods:After obtaining approval from our institutional review board, 156 patients (women: 84; mean
age: 54 yrs) with no history of gastrointestinal tract disease were randomized prospectively to receive orally either
900 ml of neutral (0.1%w/v) barium sulphate suspension (n = 53), 900 ml of positive (2.1%w/v) barium sulphate
 suspension (n = 53), or 900 ml of water (n = 50), prior to undergoing contrast-enhanced abdominal and pelvic multi-
detector-row CT. Two independent radiologists evaluated the stomach, and small bowel, for luminal distension and
wall visualization, using a five point scale. Results were compared using Kruskal-Wallis and Mann-Whitney U tests. 
Results: The walls of the stomach, and small bowel were visualized better in patients who were administered
neutral barium sulphate suspension than those who were administered either positive barium sulphate suspension
(p < 0.01) or water (p < 0.01). In patients who received neutral barium sulphate suspension, the stomach and small
bowel were distended better compared to patients administered water (p < 0.01); the stomach, duodenum, and ileum
were distended better compared to patients administered positive barium sulphate suspension (p < 0.05).
Conclusions:When examining patients with intravenous contrast-enhanced abdominal and pelvic multidetector-row
CT, orally administered neutral barium sulphate suspension allows the gastrointestinal tract to be visualized and dis-
tended better than either positive barium sulphate suspension, or water.
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this study. Written informed consent
was obtained from each enrolled
patient. Inclusion criteria included
patients who were 18 years of age or
older, and without a history of gas-
trointestinal tract disease. The exclu-
sion criteria included women known
to be pregnant or lactating, patients
known to be allergic to barium sul-
phate suspension, or patients on a
restricted fluid diet or unable to drink
fluid.
One hundred and fifty six consec-

utive patients who met the eligibility
criteria were randomized prospec-
tively to drink either 900 ml of low
attenuation barium sulphate suspen-
sion (VoLumen®, EZEM, Lake
Success, NY) (n = 53), 900 ml of high
attenuation barium sulphate suspen-
sion (ReadCat®, EZEM, Lake
Success, NY) (n = 53), or 900 ml of
filtered tap water (n = 50) over
approximately one-hour time period,
prior to the multidetector-row CT
scan. The initial randomization list
included a larger number of patients
to be examined. However, due to
significant results on our periodic
assessment the study was terminat-
ed earlier. At this time there was a
smaller number of patients in the
water group, which explains the
small discrepancy between the
3 groups. 
Both barium sulphate suspen-

sions were fully prepared by the
manufacturer in advance of the day
of the scan, this including dilution
with citric acid, natural gum, benzoic
acid, sodium citrate, artificial blue-
berry flavor, potassium sorbate,
purified water, saccharin sodium,
simethicone emulsion, sodium
 benzoate, and sorbitol. 
Patients who received neutral bar-

ium sulphate solution included
28 women and 25 men; 45 patients
were white, 5 were black, and 3 were
from other racial backgrounds.
Indications for the MDCT scan
included: staging cancer (n = 42),
suspected liver lesion (n = 6),
abdominal pain (n = 2), and 3 were
performed for other indications (sus-
pected pancreatic lesion, gluteal
mass, and trauma). Mean age was
53 years (range: 21-80 years); mean
weight was 78 kg (range: 43-127 kg,
standard deviation: 19 kg); and mean
height was 171 cm (range: 150-
191 cm, standard deviation: 9 cm).
Patients who received high-densi-

ty barium sulphate suspension
included 31 women and 22 men; of
whom 46 were white, 3 were black,
and 4 were from other racial back-
grounds. Indications for the study
included: staging cancer (n = 36),

with the readers was conducted by
the study coordinator to review
 classification criteria and practice
reading 10 cases that were not used
for the study. Anatomic landmarks
were used to define stomach, duode-
num, and small bowel. 
Bowel wall visualization and

bowel distention were estimated.
Bowel wall visualization (identifica-
tion of bowel wall as a separate
structure from the lumen content
and adjacent structures) was graded
as: 1.0 = not identified; 1.5 = identi-
fied in < 30% of the assessed seg-
ment; 2.0 = identified in 30-60% of
the segment; 2.5 = identified in 61-
80% of the segment; 3.0 = identified
in > 80% of the segment. Distension
was defined as separation of the
lumen and was graded based on an
estimate of both the amount of dis-
tention and the length of the distend-
ed segment. Bowel distention was
graded as: 1.0 = no distention (lumen
not visible in any portion of the seg-
ment); 1.5 = distended lumen identi-
fied in < 30% of the segment; 2.0 =
distended lumen identified in 30-
60% of the segment; 2.5 = distended
lumen identified in 61-80% of the
segment; 3.0 = distended lumen
identified in > 80% of the segment.

Statistical analysis

Differences in demographic infor-
mation between the groups were
evaluated with chi-square test
 (gender and race) and ANOVA (age,
weight, and height). Differences were
considered statistically significant if
p < 0.05. ANOVA was also employed
to analyze differences in mean time
interval between the MDCT scan and
the start of ingestion.
For each reader, statistical analy-

ses of the differences in mean scores
for wall visualization and distention
were performed using Kruskal-
Wallis and Mann-Whitney U tests for
each segment. Differences were con-
sidered significant if p < 0.05.
Interobserver agreement for wall
visualization and distention of each
segment was evaluated using linear-
weighted kappa statistics. Kappa
 statistics results were classified as:
less than chance agreement (< 0),
slight agreement (0.01-0.20), fair
agreement (0.21-0.40), moderate
agreement (0.41-0.60), substantial
agreement (0.61-0.80), and almost
perfect agreement (0.81-0.99) (15).

Results

There were no significant differ-
ences among the three groups

suspected liver lesion (n = 4),
abdominal pain (n = 10), and 3 were
performed for other indications
 (suspected pancreatic lesion, pan-
creatitis, and follow-up of enlarged
perihepatic lymph nodes). Mean age
was 53 years (range: 27-77 years);
mean weight was 78 kg (range: 41-
147 kg, standard deviation: 21 kg);
and mean height was 169 cm (range:
150-191 cm, standard deviation:
11 cm).
Patients who received water

included 25 women and 25 men; 43
of whom were white, 5 were black,
and 2 were from other racial back-
grounds. Indications for the study
included: staging cancer (n = 37),
abdominal pain (n = 4), hematuria
(n = 3), follow-up of renal mass
(n = 2), suspected liver lesion (n = 1),
and in 3 patients there were other
indications (suspected pancreatic
lesion, splenic lesion, and lym-
phadenopathy). Mean age was
57 years (range: 28-78 years); mean
weight was 78 kg (range: 39-125 kg,
standard deviation: 19 kg); and mean
height was 172 cm (range: 157-
198 cm, standard deviation: 11 cm).
Adverse reactions to one of the 3
oral contrast agents used were doc-
umented if reported by the patients.

Abdominal and pelvic MDCT scan
technique

Patients underwent MDCT scans
of the abdomen and pelvis with
commercially available multidetec-
tor-row CT scanners (Sensation 4
and Sensation 16; Siemens Medical
Solutions, Erlangen, Germany). All
scans were performed 70 seconds
after the IV administration of 100 ml
of iopromide 300 mg I/mL (Ultravist
300®, Berlex, Wayne, NJ), at a flow
rate of 2-3 ml/sec using a mechanical
power injector. Images were recon-
structed as five mm axial sections
with no overlap.

Image analysis

Images were evaluated independ-
ently by two radiologists with 18 and
7 years of experience in reading
abdominal and pelvic CT scans,
respectively; they were not informed
about the type of oral contrast agent
administered. Using a picture archiv-
ing and communication system
(PACS) workstation (AGFA-Gevaert
AG, Belgium) with monitor’ resolu-
tion of 1280 × 1024 pixels, wall
 visualization and distension of the
stomach, duodenum, jejunum and
ileum, were assessed using a quali-
tative five point scoring scale. Prior
to the image analysis, a test session
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regarding patients’ gender and race,
mean age, weight, and height. Using
ANOVA, mean time interval between
the MDCT scan and the start of
ingestion of neutral barium sulphate
(81 min), positive barium sulphate
(91 min), and water (84 min) were
not significantly different. None of
the patients reported adverse reac-
tion to the oral contrast media
administered.

compared to patients administered
water; stomach, duodenum, and
ileum were distended better
 compared to patients administered
positive barium sulphate suspension
(Tables I and II).
For reader 1, when comparing

patients who were administered
neutral barium sulphate suspension
with those who were administered
positive barium sulphate suspen-

The walls of the stomach, duo -
denum, jejunum, and ileum were
visualized better in patients who
were administered neutral barium
sulphate suspension than in patients
who were administered either posi-
tive barium sulphate suspension or
water (Fig. 1-3). Stomach and small
bowel were also distended better in
patients who were administered
neutral barium sulphate suspension
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Fig. 2. — 51-year-old woman with prior history of lymphoma. Intravenous contrast-enhanced transverse CT scans of the abdomen
and pelvis after oral administration of positive barium sulphate  suspension. Both readers graded the stomach (A) wall visualization
as 1.5, and distention as 2.0. Jejunal (B) wall visualization was graded as 1.5, and distention as 2.0. Ileal (C) wall visualization was
graded as 1.0, and distention as 1.5.

Fig. 1. — 22-year-old man with prior history of testicular cancer. Intravenous contrast-enhanced transverse CT scans of the
abdomen and pelvis after oral administration of neutral barium sulphate suspension. Both readers graded the stomach (A) wall visu-
alization and distention as 3.0. Jejunal (B) wall visualization was graded as 2.5, and distention as 2.5 and 2.0. Ileal (C) wall visualiza-
tion was graded as 2.5, and distention as 2.5 and 2.0.

A B C

A B C

Fig. 3. — 48-year-old woman for follow-up of suspected splenic lesion. Intravenous contrast-enhanced transverse CT scans of the
abdomen and pelvis after oral administration of water. Both readers graded the stomach (A) wall visualization and distention as 2.0
and 1.5. Jejunal (B) wall visualization was graded as 2.0 and 1.5, and distention as 1.5. Ileal (C) wall visualization and distention were
graded as 1.0.

A CB
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sion, the wall of all segments (stom-
ach, duodenum, jejunum, and ileum)
were visualized better, and the stom-
ach, duodenum and ileum distention
were superior in patients who were
administered neutral barium sul-
phate suspension. When comparing
patients who were administered
neutral barium sulphate suspension
with those who were administered
water, the walls of the stomach, duo-
denum, jejunum and ileum were
visualized better, and there was
improved distention of the stomach,
duodenum, jejunum and ileum with
neutral barium sulphate suspension.
There were no differences for jejunal

patients who were administered
positive barium sulphate suspen-
sion, the walls of the stomach, duo-
denum, jejunum, and ileum were
visualized better; moreover there
was improved distention of the
stomach, duodenum, and ileum in
patients who received neutral bari-
um sulphate suspension. When com-
paring patients who were adminis-
tered neutral barium sulphate sus-
pension with those who received
water, the wall of all segments
(stomach, duodenum, jejunum, and
ileum) were visualized better, and
there was improved stomach, duo-
denal, jejunal and ileal distention

distention between patients admin-
istered neutral and positive barium
sulphate suspensions. When com-
paring patients who were adminis-
tered positive barium sulphate sus-
pension with those who were
administered water, jejunal and ileal
distention were better in patients
who received positive barium sul-
phate suspension; and no differ-
ences were demonstrated in stom-
ach and duodenum distention, and
in wall visualization of all segments
assessed.
For reader 2, when comparing

patients who received neutral bari-
um sulphate suspension with
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Table I. — Comparison of mean scores for wall visualization and distention of anatomic segments assessed with
contrast enhanced MDCT for reader 1.

CT Images Assessment Barium Sulphate Water p value #

Suspensions

0.1% 2.1%

Wall Stomach 2.60 1.99 1.98 < 0.01 < 0.01 0.88
visualization Duodenum 2.31 1.87 1.85 < 0.01 < 0.01 0.83

Jejunum 2.36 2.05 1.92 < 0.01 < 0.01 0.07
Ileum 2.46 2.07 1.96 < 0.01 < 0.01 0.21

Distention Stomach 2.48 2.10 1.95 < 0.01 < 0.01 0.24
Duodenum 2.22 1.97 1.87 0.01 < 0.01 0.39
Jejunum 2.25 2.07 1.84 0.09 < 0.01 0.01
Ileum 2.32 2.15 1.87 0.03 < 0.01 0.01

Note. - Mean values of a 5-point scoring scale (1.0 = not identified; 1.5 = < 30%; 2.0 = 30-60%; 2.5 = 61-80%; 3.0 =
> 80%)
# p values comparing neutral 0.1% barium sulphate suspension with positive 2.1% barium sulphate suspension;
neutral 0.1% barium sulphate suspension with water; and positive 2.1% barium sulphate suspension with water,
respectively.

Table II. — Comparison of mean scores for wall visualization and distention of anatomic segments assessed with
contrast enhanced MDCT by reader 2.

CT Images Assessment Barium Sulphate Water p value #
Suspensions

0.1% 2.1%

Wall Stomach 2.57 1.89 1.94 < 0.01 < 0.01 0.76
visualization Duodenum 2.36 1.89 1.80 < 0.01 < 0.01 0.32

Jejunum 2.33 2.00 1.93 < 0.01 < 0.01 0.23
Ileum 2.38 1.94 1.90 < 0.01 < 0.01 0.42

Distention Stomach 2.56 2.05 1.91 < 0.01 < 0.01 0.31
Duodenum 2.36 2.02 1.86 < 0.01 < 0.01 0.16
Jejunum 2.35 2.17 1.93 0.47 < 0.01 < 0.01
Ileum 2.41 2.11 1.91 < 0.01 < 0.01 0.01

Note. - Mean values of a 5-point scoring scale (1.0 = not identified; 1.5 =  < 30%; 2.0 = 30-60%; 2.5 = 61-80%; 3.0 =
> 80%)
# p values comparing neutral 0.1% barium sulphate suspension with positive 2.1% barium sulphate suspension;
neutral 0.1% barium sulphate suspension with water; and positive 2.1% barium sulphate suspension with water,
respectively.
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with neutral barium sulphate sus-
pension. When compared to patients
who received water, those adminis-
tered positive barium sulphate sus-
pension showed better jejunal, and
ileal distention. No differences were
demonstrated between patients
administered positive barium sul-
phate suspension and water for
stomach and duodenum distention,
as well as for wall visualization of the
stomach, duodenum, jejunum, and
ileum. 
Interobserver agreement for dis-

tention and wall visualization ranged
from substantial to almost perfect
between both readers (kappa = 0.63
to 0.83). 

Discussion

Our results show that the walls of
the stomach and small bowel were
visualized better in patients who
were administered neutral barium
sulphate suspension than those who
were administered either positive
barium sulphate suspension or
water. The results of our study are in
accordance with previous investiga-
tors who demonstrated that bowel
wall was visualized better with other
neutral oral contrast agents, such as
lactulose (16), mannitol (17, 18),
 cellulose (19), methylcellulose (20),
mucofalk diluted in water (Falk,
Feiburg, Germany) (1, 21), and poly-
ethylene glycol (2, 22). Some of
these solutions are widely used, par-
ticularly in Europe. However, unlike
the neutral barium sulphate suspen-
sion used on our study, these agents
caused either side effects such as
abdominal cramping, gas and
 diarrhea, or tasted poorly (2).
Our results showed that the stom-

ach, duodenum, and ileum were
 distended better in patients who
received neutral barium sulphate
suspension, compared to patients
administered positive barium sul-
phate suspension. Similar results
were found in a recent study of
patients with known or suspected
pancreatic or biliary tract disease, in
which patients received neutral bari-
um sulphate suspension, water with
methylcellulose and positive barium
sulphate suspension (14). However,
this study had some important limi-
tations. First, patients who received
positive barium sulphate suspension
were not enrolled in a randomized
fashion at the time the other two
groups were enrolled. Furthermore,
patients who ingested positive bari-
um sulphate ingested the contrast
material over a longer period of
time, and received water in addition

attenuation oral GI contrast agents in
abdominal-pelvic computed tomog-
raphy. Abdom Imaging, 2006, 31: 48-
53.

3. Ajaj W., Goehde S.C., Schneemann H.,
Ruehm S.G., Debatin J.F., Lauenstein
T.C.: Oral contrast agents for small
bowel MRI: comparison of different
additives to optimize bowel disten-
sion. Eur Radiol, 2004, 14: 458-464.

4. Rajesh A., Maglinte D.D.: Multislice
CT enteroclysis: technique and clini-
cal applications. Clin Radiol, 2006, 61:
31-39.

5. Stehling M.K., Lawrence J.A.,
Weintraub J.L., Raptopoulos V.: CT
angiography: expanded clinical
applications . AJR, 1994, 163: 947-
955.

6. Raptopoulos V., Steer M.L.,
Sheiman R.G., Vrachliotis T.G.,
Gougoutas C.A., Movson J.S.: The
use of helical CT and CT angiography
to predict vascular involvement from
pancreatic cancer: correlation with
findings at surgery. AJR, 1997, 168:
971-977.

7. McNicholas M.M., Raptopoulos V.D.,
Schwartz R.K., et al.: Excretory phase
CT urography for opacification of the
urinary collecting system. AJR, 1998,
170: 1261-1267.

8. Raptopoulos V., Prassopoulos P.,
Chuttani R., McNicholas M.M.,
McKee J.D., Kressel H.Y.: Multiplanar
CT pancreatography and distal
cholangiography with minimum
intensity projections. Radiology,
1998, 207: 317-324.

9. Akbar S.A., Mortele K.J., Baeyens K.,
Kekelidze M., Silverman S.G.:
Multidetector CT urography: tech-
niques, clinical applications, and pit-
falls. Semin Ultrasound CT MR, 2004,
25: 41-54.

10. Kawamoto S., Horton K.M.,
Fishman E.K.: Opacification of the
collecting system and ureters on
excretory-phase CT using oral water
as contrast medium. AJR, 2006, 186:
136-140.

11. Shirkhoda A.: Diagnostic pitfalls in
abdominal CT. Radiographics, 1991,
11: 969-1002.

12. Winter T.C., Ager J.D., Nghiem H.V.,
Hill R.S., Harrison S.D., Freeny P.C.:
Upper gastrointestinal tract and
abdomen: water as an orally adminis-
tered contrast agent for helical CT.
Radiology, 1996, 201: 365-370.

13. Gossios K.J., Tsianos E.V.,
Demou L.L., et al.: Use of water or air
as oral contrast media for computed
tomographic study of the gastric wall:
comparison of the two techniques.
Gastrointest Radiol, 1991, 16: 293-
297.

14. Megibow A.J., Babb J.S., Hecht E.M.,
et al.: Evaluation of bowel distention
and bowel wall appearance by using
neutral oral contrast agent for multi-
detector row CT. Radiology, 2006,
238: 87-95.

15. Viera A.J., Garrett J.M.: Under -
standing interobserver agreement:
the kappa statistic. Fam Med, 2005,
37: 360-363.

to the oral contrast media; both
 factors may have interfered with
gastrointestinal tract distention and
wall visualization in the positive bar-
ium sulphate group. In our study, all
patients were randomized, and all
patients received the same amount
of oral contrast material over the
same period of time prior to scan-
ning. Our results therefore validate
that neutral barium sulphate suspen-
sion improves bowel distention.
Our results also demonstrated

that barium sulphate suspensions
(neutral and positive) are better than
water in distending the small bowel.
Stabilizing agents within the barium
sulphate suspensions improve tran-
sit and limit absorption across the
intestinal wall (14), leaving more
contrast material to distend the dis-
tal small bowel. 
The stomach and small bowel

walls were visualized poorly with
positive barium sulphate suspension
and water. Positive barium sulphate
suspension does not allow the
enhanced bowel wall to be discrimi-
nated from dense luminal fluid. The
stomach and small bowel walls were
not visualized well with water
because of the lack of distention.
Our study was limited because

the readers could not be blinded to
all types of contrast agents used; the
positive barium sulphate suspension
could be identified by its appear-
ance. However, the readers were not
able to differentiate neutral barium
sulphate suspension from water.
Furthermore, our assessment was
semi-quantitative. However, our
study included 2 blinded independ-
ent readers and interobsever agree-
ment was substantial to almost per-
fect. Also, bowel diameters typically
vary in each patient due to peristalsis
making a quantitative analysis inac-
curate to some degree too. 
In summary, when examining

patients with intravenous contrast-
enhanced abdominal and pelvic
multidetector-row CT, orally adminis-
tered neutral barium sulphate sus-
pension allows the gastrointestinal
tract to be visualized and distended
better than either water, or positive
barium sulphate suspension. 
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