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The objective of this study wasto
develop a safe, cheap, and easily prepared
dilute barium mixture as an oral contrast
agent for abdominal computed topography
examinations which is currently not available
in Taiwan at this time. The barium mixture
we developed consists of alow concentration
of barium sulfate and resistant starches
including Xanthan gum and gelose 50. Anin
vitro study was performed and it showed that
the stability of this newly developed formula
is excellent. Further in vivo studies revealed
that the opacification of this agent in various
parts of the bowel loops is adequate and
without the formation of sedimentation or
perturbing artifacts. No immediate or delayed
side effects were found after the ingestion of
this barium mixture.
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INTRODUCTION

Opacification of the bowel loopsis
important in abdominal computed
tomography (CT) to prevent
misinterpretation. Both a dilute water-
soluble iodinated contrast agent and dilute
barium can be used for this expressed
purpose [1-3]. Typicaly, dilute barium
needs suspending agents to decrease the
rapid sedimentation of barium sulfate.
Although there are various kinds of
suspending agents available on the market,
they are usually expensive and the chemical
formulae are not readily known to
physicians. Recently, we developed our own
barium mixture which is very inexpensive
and can be easily prepared. The motivation
for us to develop our own mixtureis that
commercialy manufactured dilute barium is
not available in Taiwan. Moreover, we
intended to find a formula of dilute barium
which islower in price than current products
available on the market.



MATERIALSAND METHODS
Composition

This new barium mixture consists of a
low concentration of barium sulfate, Xanthan
gum and gelose 50. Both Xanthan gum and
glose 50 are high molecular weight "resistant
starches' commonly used as food additives.
Studies show that they are stable in an acid
environment such as those involving gastric
secretion, and that they can not be digested
by most human gastrointestinal tract enzymes.
The preparation of this newly developed
mixture is simple: various concentrations of
barium sulfate (0.5 -2 wt/vol), Xanthan
gum (0.3 -0.5 wt/vol) andgelose (3 -5

wt/vol) were mixed electrically for 30

seconds to form a viscous barium mixture.
In vitro Study

Four different ratios of barium mixture
were tested in vitro. Formula 1 consisted of
2 barium sulfate, 0.5 Xanthan gum and 4

gelose 50. Formula 2 consisted of 1.2

barium sulfate, 0.35 Xanthan gum and 5
gellse 50. Formula 3 consisted of 1.5
barium sulfate, 0.4 Xanthanand 3 gelose
50. Formula 4 consisted of 0.5% barium
sulfate, 0.3% Xanthan gum, and 3% gelose
50. The sedimentation rates, homogeneity
and density of these four formulae were
evauated at one hour, two hours, and four
hours after the preparation.
In vivo Study

Over aperiod of six months, 50 patients
who received a CT examination of the
abdomen due to various conditions such as
cervical carcinoma, lymphoma and colon
carcinoma, were included randomly to this
study. All of these patients were fully
notified before the study and informed

consents were obtained. Four different ratios
of the barium mixture listed above were
applied to the first 20 patients (each formula
for 5 patients). The other 30 patients received
Formula 2 only. All the studies were
undertaken in either a Picker PQ2000 CT
scanner (Picker International, Cleveland,
Ohio) or a Siemens Somaton DR3CT scanner
(Siemens, Erlangen, Germany). When the
study was erformedm,600 ml of the mixture
was taken one and a half hours before,
followed by 300 ml taken immediately
before the CT examination. The
sedimentation, density measurement,
opacification of the bowel loops, transit time,
and safety after ingestion were evaluated. To
evauate the feasibility of the barium mixture,
the images of these 30patients and other 30
patients who received the 2.6  vol/vol
diluted water soluble mixture (Telebrix 38)
asthe oral contrast agent for the abdominal
CT examination were compared. The artifact
formation was later evaluated blindly by two
senior radiologists. The artifacts were
classified as "no artifact”. "dight artifact” or
"marked artifact”. The palatability of the
mixture to the patients was evaluated
immediately after ingestion. Side effects
were evaluated immediately and at the next
day of the examination whenever possible.

RESULTS
In vitro Study

The barium mixture remained
homogeneous without sedimentation in all of
the four formulas. Formula 2 was evaluated
72 hours after the preparation and at that time
it still showed no evidence of sedimentation.
The density measurement appeared to be



different in the four formulas (Table 1) and
seemed to be primarily dependent on the
concentration of the barium sulfate and
possibly, aso by the small air bubblesin the
mixture.
Optimization of Dilute Barium Mixture

After thein vitro and in vivo tests using
the different ratios of these three constituents,
Formula 2 was found to be adequate for
clinical usage. Our results showed that when
we increased the concentration of the
Xanthan gum, the viscosity was increased,
and the transit time in the bowel 1oops was
slowed down.
In vivo Study

Our new barium mixture appeared to fill
the stomach and most of the small bowel
loopswell (Fig 1-3). The density of this
new mixture in the stomach and the small
bowel 1oops ranged from 250 to 800 H.U.
depending on the location and the individual
patient’s condition including the presence of
gastric secretion or abundant bowel fluid. In
our mixture, there was no evidence of
flocculation or sedimentation.  Also, there
were no disturbing streaking artifacts which
might affect our diagnosis (Table 2). The
labeling of the bowel loops is especialy good
in the duodenum and proximal jejunum. The
transit time from the stomach to the right
hemicolon ranged from 1.5t0 2.5 hours. In
our study of 50 patients, no patient suffered
from immediate or delayed reactions like
vomiting, diarrhea, or abdominal pain.
Although no artificial flavors or sweeteners
were added, its pal atability was acceptable to
most patients. Only one patient having
nauseous sensation did not take the mixture.

DISCUSSION

Abdomina CT examinations require
opacification of the gastrointestinal tracts, as
non-opacified loops might be mistaken for a
soft tissue mass or alymph node. Apart from
iodinated contrast agents, dilute barium
sulfate can aso be used for this purpose.
Barium sulfate has, over along time, been
used for studies of the gastrointestinal tract.
It has been found to be non-absorbable, is
inert to the bowel 1oops and does not affect
the peristalsis or cause osmotic change.

To act as a contrast agent for CT
examinations, barium sulfate needs adequate
suspending agents to avoid its fast
sedimentation and streaking artifact.
Although there are already various kinds of
commercialy available products, they are
usually expensive. Moreover, the key
constituent of suspending agentsin dilute
barium mixture is always kept as a company
secret that is known only to the
manufacturers. Our in vitro study showed
that even alow concentration of barium
sulfate, when mixed only with water, settled
down rapidly within seconds and can cause
disturbing artifactsin CT. It appears that
whatever is used as a suspending agent for
barium mixture in abdominal CT
examinations, it needs to be pH resistant, and
digestively enzyme-resistant. In our study,
we found that Xanthan gum and gelose 50
fulfil these requirements well. Xatnan gum,
which is produced from Xanthomonas
campestrisand is considered a resistant
starch, consists of D-glucose, D-mannose,
and D-glucuronic acid. The molecular
weight of this starch is about one million. It
can be found as afood additive for products



we find in our daily life such as bread,
canned soup, spaghetti, breakfast cereals,
dairy desserts, pastries, and pasta. The
solubility of Xanthan gum is equal at
temperatures ranging from20  t0 95
,which makes the preparation of the
barium mixture with this suspending agent at
room temperature quite easy. Xanthan gum
not only remains stable when the pH value
ranges from 2 to 13, but also resistant to the
digestion of proteinase, lipase, and
collagenase. Gelose 50, coming from a
specially developed breed of maize, bears the
similar characteristics as Xanthan gum. The
opacification of adilute barium mixture for
bowel loops in CT has been shown to be
comparable to that of adiluteiodinated
contrasting agent [3]. The palatability of
barium mixtrue including taste and ease of
seallowing was also similar or even superior
to that of water soluble contrast agents.
Although no artificial flavors or sweeteners
were added to the formula, our newly
devel oped barium was acceptable to most
patients. However, its palatability can be
expected to be much improved when the
formulais further refined with flavor or
sweetener additives. An important point
worth mentioning about this newly
developed mixtureisits low cost. The cost
to produce 900 ml mixture for one patient
ISNT 10. Thiscost isthree to fifty times
cheaper than currently available water-
soluble contrast agents or dilute barium on
the market [4]. In the preliminary in vivo
study, although mild artifacts were observed
in about one third of our patients, it did not
reduce our diagnostic ability. The artifacts
were not necessarily related to the barium

mixtureitself. Bowel movement and air-
fluid interface might also account for this
finding. Furthermore, the artifacts noted in
our patients using the barium mixture were
similar to that caused by the dilute water
soluble contrast agent. Although the
preliminary results are promising, thereis
still one problem left to be resolved. The
transit time of this new barium mixtureis
slower when compared with that of water
soluble agents and barium mixtures on the
market which are stated to have atransit time
of less than one and a half hours from the
stomach to the right hemicolon. The reason
for the difference might be the motility-
promoting agents, like sorbitol, which have
been added to the products.

In conclusion, we have developed a new
dilute barium formulawhich is safe,
inexpensive and easily prepared for use with
abdominal CT examinations. Our preliminary
results show that Xanthan gum and gel ose 50
act very well as suspending agents for barium
sulfate. Further studies based on alarger
patient population are needed to evaluate its
clinica potential as aroutine oral contrast
agent for abdominal CT examinations.
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Table 1. Sedimentation and density
measurement of four barium mixturesin
vitro

Table2. Evaluation of artifactsin 30
patients using barium mixture or Telebrix 38
asoral contrast agent for abdominal CT
examination

Time after preparation
Formula onehour twohours four hours Artifact Telebrix 38 Barium mixture
1 No/288* No/260 No/250 No 17 18
2 No/192  No/190 No/220 Slight 13 12
3 No/220 No/200 No/230 Marked 0 0
4 No/83 No/72 No/107 CT: computed tomography.

*The unit of density measurement is HU.
No: no sedimentation
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