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This application is a continuation-in-part of our appli 
cation Ser. No. 251,760, ?led Jan. 16, 1963, now aban 
doned. 

In X-ray examination of the gastro-intestinal tract it 
is already known to use a contrast medium, a so-called 
radiopaque meal, which is swallowed by the patient. The 
X-ray contrast media generally used consist of e.g. a 
porridge or the like into which some substances with high 
X-ray absorbing capacity such as barium sulphate, bis 
muth subcarbonate, thorium oxide or an iodine-containing 
compound, have been stirred. However, these contrast 

edia are far from perfect and cause undesired effects 
as they are of high density because of the addition of the ' 
heavy X-ray absorber. 
The abdominal cavity is ?lled mainly with mobile 

organs of about the same density as water and usually 
the density of these mobile organs is about 1.03 to 1.06 
g./cm.3. The contents of the gastro-intestinal tract are - 
also of about the same density. Pressure measurements 
have shown that the abdominal cavity behaves like a 
closed cavity ?lled with water. Thus, with normal gastro 
intestinal contents the hydrostatic pressure acting on the 
inside and the outside of a given segment of the intestinal 
wall is about the same. 
The contrast media hitherto used for the X~ray exami 

nations of the gastro-intestinal tract are of high density 
(about 1.4 to 2.0 g./cm.3) and therefore the hydrostatic 
pressure within the gastro-intestinal tract when being 
?lied with such a contrast medium is higher than the 
hydrostatic pressure within the abdominal cavity but out 
side the gastro-intestinal tract. This difference in pressure 
distorts the gastrointestinal tract with the result that the 
contrast medium cannot readily pass through the gastro 
intestinal tract and possibly does not reach the parts of 
the stomach or intestine to be examined because the 
X-ray contrast medium sinks to those parts of the gastro 
intestinal tract which happen to be lowermost at the time 
of the examination. This disadvantageous eifect may 
cause di?iculties in examinations for e.g. hiatus hernia. 
Thus there is a need for an X-ray contrast medium 

of about the same density as that of the abdominal organs 
so that the X-ray contrast medium can pass through the 
gastro-intestinal tract like ordinary food in a physiologi 
cally correct way and independently of the patient’s pos 
ture. Hitherto it has, however, not been possible to pro 
duce such contrast media and as far as we know prior 
art contrast media all are of a density of at least 1.4 
g./cm.3, which density cannot be reduced by known 
methods. 
An object of the invention is to provide an X-ray con 

trast medium having such a density that it can pass 
through the gastro-intestinal tract like ordinary food in 
a physiologically correct way and independently of the 
patient’s posture. 
Another object of the invention is to provide an X-r'ay 

contrast medium having a density of 0.8 to 1.1 g./cm.3. 
Still another object of the invention is to provide an 

X-ray contrast medium consisting of an X-ray absorber, 
a particulate resin foam, water and a thickening agent, 
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the proportions of said components being such that the 
X-ray contrast medium has a density of 0.8 to 1.1 g./cm.3. 
A further object of the invention is to provide an 

X-ray contrast medium comprising a particulate, thera 
peutically acceptable resin foam, iodine chemically 
bonded to said resin foam, water 'and a non-toxic thick 
ening agent, the proportions of said components being 
such that the X-ray contrast medium has a density of 0.8 
to 1.1 g./cm.3. 
According to the invention, the X-ray contrast medium 

comprises an X-ray absorber comprising a memberof 
the group consisting of barium sulphate, bismuth subcar 
bonate, thorium oxide and iodine, a particulate, thera 
peutically acceptable resin foam comprising a member 
of the group consisting of polystyrenes, polyethylenes 
and urea resins, water and a non-toxic thickening agent 
of the group consisting of thickeners of seaweed origin, 
vegetable gums and water soluble cellulose esters, the 
proportions of said components being such that the X-ray 
contrast medium has a density of 0.8 to 1.1 g./cm.3. 
The X-ray absorber is preferably homogeneously in 

corporated in the resin foam and in this case it is pos 
sible to prevent the X-ray absorber from coming in direct 
contact with the contents of the gastro-intestinal tract. 
Thus, as an X-ray absorber one may use an element or a 
compound that is toxic per se. 
The X-ray contrast medium according to the inven 

tion may be prepared by preparing a thixotropic suspen 
sion of the X-ray absorber, e.g. barium sulphate, water, 
a suitable amount of a carrier material comprising par 
ticulate therapeutically acceptable resin foam and a non 
toxic thickening agent, the relative ‘amounts of the said 
components being such that the ?nal X-ray contrast me 
dium has a density of 0.8 to 1.1 g./cm.3. 
Another possibility of preparing the X-ray contrast 

medium according to the invention is to melt the resin 
and incorporate the X-ray absorber ‘by mixing it with 
the molten resin. The mixture may then be treated with 
air or gas, whereupon the mixture is allowed to set. 
The set material is ground and sieved to the desired parti 
cle size. The particles are then expanded in a well known 
way by heating them for a short period to about 90° C. 
so that the resin softens and the enclosed air or gas 
expands. Instead of melting the resin it is 'also possible 
to prepare a solution of the resin in a suitable solvent 
e.g. ethyl acetate and to suspend the X-ray absorber in 
the solution. ‘Next, the suspension is spread in a thin 
layer and dried and then the dried material obtained is 
ground and sieved to the desired particle size. The par 
ticles are placed in a suitable ?uid such as petroleum 
ether or pentane, for a period of e.g. 12 hours. During 
this time the particles swell. Excess fluid is then sucked 
off and the swollen particles are stirred in water at 90° 
C., thereby expanding. 
The expanded particles prepared in either of the two 

above mentioned methods from a molten mass or a solu 
tion of the thermoplastic resin material, contain the bulk 
of the X-ray absorber within the particles. Any X-ray 
absorber on the surface of the particles can be washed 
off by arti?cial gastro~intestinal juice so that all X 
ray absorber substance is contained within the resin par 
ticles and withdrawn from the gastro-intestinal juices in 
the patient’s stomach and intestines. Thus, when using 
these methods of preparing the X-ray contrast medium 
it is possible to use X-ray absorbers which because of 
their toxicity could not hitherto with safety be considered 
as components of X-ray contrast media. Thus the inven 
tion has made it possible to use bismuth subcarbonate 
and thorium oxide as X-ray absorbers in X-ray contrast 
media for X~ray examination of the gastrointestinal tract. 

Still another possibility of preparing the X-ray con 
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trast medium according to the invention is to prepare 
a solution of a volatile liquid and a ?lm forming sub 
stance insoluble in the stomach comprising a member 
of the group consisting of shellac and cellulose acetate 
phthalate and to suspend the X-ray absorber in the solu 
tion. The foamed resin particles are then coated with 
the resultant mixture and the volatile liquid driven off. 
Any X-ray absorber not contained in and covered by 
the coating is removed eg. by washing with arti?cial 
gastric juice. The coated particles are then suspended in 
a gel of water and a thickening agent in such a quantity 
that the ?nal X-ray contrast medium has a density of 0.8 
to l.=l g./cm.3. This X-ray contrast medium is especially 
suitable in the X-ray examination of the ventricle and 
esophagus. 
When iodine is used as the X-ray absorber it is pos~ 

sible to incorporate the absorber with the particulate res 
in foam by modifying the starting monomer from which 
the resin is prepared. In this case the iodine is chemically 
bonded to the monomer in a ?rst stage and then the 
monomer is polymerized in well known manner. This 
modi?ed iodine containing resin in a third stage is ex 
panded in a manner well known in the art to produce 
particulate modi?ed resin foam which is mixed with 
water and the non-toxic thickening agent, the proportions 
of the particulate modi?ed resin foam, the water and the 
thickening agent being such that the ?nal X-ray contrast 
iedium has a density of 0.8 to 1.1 g./cm.3. 
As the particulate resin foam in the X-ray contrast 

medium of the invention it is possible to use a poly 
styrene, polyethylene and urea resin. However, the pre 
ferred resins are the polystyrenes. All these resins can 
be prepared by methods well known in the art. 
As a non-toxic thickening agent for use in the X-ray 

contrast medium of the invention it is possible to use 
vegetable gums. water, soluble cellulose esters and thick 
eners of seaweed origin e.g. alginates, agars and car 
rageens. 

Speci?c examples of thickening agents that have been 
used in X-ray contrast media of the invention are sodium 
alginate, potassium alginate, propylene glycol alginate, 
ammonium alginate, agar-agar, sodium carrageenate, po 
tassium carrageenate, gum acacia, gum guar, gum locust, 
gum tragacanth, sodium carboxyl methyl cellulose, ethyl 
hydroxy ethyl cellulose and methyl cellulose. 
The following examples will serve to illustrate the in 

vention without limiting the same. In these examples all 
percentages and ratios refer to percentages and ratios 
by weight. 

Example 1 

Foamed polystyrene particles prepared in a known 
manner and having a diameter of about 0.5 mm. and 
a bulk density of about 0.1 to 0.2 g./cm.3 were stirred 
into a 1% sodium alginate solution in water to provide 
them with a coating of sodium alginate. The particles 
were then removed from the sodium alginate solution and 
washed with water. Thereafter, the coated particles were 
suspended in a 0.1 N calcium chloride solution in water. 
Excess calcium chloride solution was allowed to drain 
off. In the meantime, barium sulphate (grade U.S.P.) 
had been suspended in the remainder of the original so 
dium alginate solution, and into this suspension the 
coated particles treated with calcium chloride were sus 
pended. The calcium ions act as a stabilizer for the so 
dium alginate coating of the polystyrene particles and 
thus prevent the suspended barium sulphate and poly 
styrene particles from separating too rapidly when the 
X-ray contrast medium passes through the gastro-in 
testinal tract. The relative amounts of the ingredients 
were chosen in such a way that the ?nal X-ray contrast 
medium had a bulk density of about 0.95 to 1.05 g./cm.3. 
Since the density of the X~ray contrast medium was about 
the same as that of the organs in the abdominal cavity 
the X-ray contrast medium could pass rapidly through 
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4 
the stomach, the small intestine and large intestine in a 
physiologically correct way without it being necessary 
for the patient to be in a recumbent position and without 
any extraneous in?uence by pressure or turning of the 
patient. The X-ray contrast medium spread successively 
and in a thin even layer over the inner surfaces of the 
organs. 

Example 2 

The preparation of the X-ray contrast medium was 
carried out as described in Example 1 except that foamed 
polyethylene particles with a diameter of about 0.5 mm. 
and ammonium alginate were used instead of the poly 
styrene particles and the sodium alginate, respectively. 
The resulting X-ray contrast medium was found to act 
in a physiologically correct way when passing through 
the stomach, the small intestine and the large intestine, 
whereby the barium sulphate suspension spread succes 
sively and was distributed in a thin even layer over the 
inner surfaces of the organs. 

Example 3 

A 10 to 15% alcoholic solution of schellac or cellulose 
acetate phthalate was prepared. In this solution barium 
sulphate was suspended. Spherical foamed polystyrene 
particles having a diameter of about 0.1 mm. and pre 
pared in a manner well known in the art were added to 
the suspension under stirring in such a quantity that the 
ratio of polystyrene particles to barium sulphate was about 
1:2.5 by Weight. The formation of large conglomerates 
of particles was prevented by means of talc or colloidal 
silica. Thereafter the material was dried and sieved and 
any unabsorbed barium sulphate was removed. The poly 
styrene particles thus coated with barium sulphate incor 
porated in a shellac or cellulose acetate phthalate layer 
were suspended in a 1% solution of ethyl hydroxy ethyl 
cellulose in water in such a quantity, that the ?nal X-ray 
contrast medium had a density of about 0.8 to 1.1 g./cm.3. 
The X-ray contrast medium prepared in this way was 
found to be an excellent X-ray contrast medium for 
the X~ray examination of the gastro-intestinal tract. 

Example 4 

Example 3 was repeated except that thorium oxide 
was substituted for the barium sulfate and that gum 
tragacanth was substituted for the ethyl hydroxy ethyl 
cellulose. The final X-ray contrast medium having a 
density of about 0.8 to 1.1 g./cm.3 was found to be an 
excellent X-ray contrast medium in the X-ray examination 
of the gastrointestinal tract. 

Example 5 

100 g. polystyrene were dissolved in 300 ml. ethyl ace 
tate. The solution was ?ltered and 200 g. bismuth sub 
carbonate were stirred into the ?ltrate. The solution was 
homogenized and spread in a thin layer on a polyethylene 
foil, where it was allowed to dry. After drying the ma 
terial was ‘ground in a mill with rotating knives until the 
material passed through a 50 mesh sieve (U.S. standard 
sieve). The powder was covered with petroleum ether 
and was allowed to stand for about 12 hours during which 
it was occasionally stirred. Afterwards excess petroleum 
ether was sucked off and the powder was sieved through 
a coarse sieve into water having a temperature of about 
90° C. and in which the powder was vigorously stirred. 
The powder particles were thereby expanded and then 
they were immediately removed from the hot water, 
rinsed in cold water, dried and aired for some days. 50 g. 
of this material were stirred in about 100 ml. of a 1% 
solution of sodium carrageenate in water. The material 
thus prepared was an excellent X-ray contrast medium in 
X-ray examination of the gastro-intestinal tract. 

Example 6 

Example 5 was repeated except that thorium oxide 
was substituted for the bismuth subcarbonate. The ?nal 
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suspension was found to be an excellent X-ray contrast 
medium in X-ray examination of the gastrointestinal tract. 

Example 7 

100 g. of a mixture of ortho and para iodine styrene 
monomer were polymerized in some well known manner 
e.g. through storing the monomer at 60° C. for a few 
hours with a small quantity of benzoylperoxide added. 
The obtained product containing 55% iodine was crushed 
into small particles and expanded as described in Example 
5. The expanded iodine-containing resin particles were 
stirred into a 1% solution of methyl cellulose in water 
in such a quantity that the ?nal product had a density of 
0.95 to 1.05 g./cm.3. This product could be used as an 
X-ray contrast medium in X-ray examination of the 
gastro-intestinal tract. 

Example 8 

100 g. barium sulphate were thoroughly mixed into 
50 g. of a urea resin premix. A curing agent solution was 
added and the mixture was whipped to obtain a foam 
with small homogeneous cells. After curing the product 
was ground and sieved and the fraction with a particle 
size between 0.1 and 0.5 mm. was used. This fraction 
was mixed with a 1% solution of potassium carrageenate 
in water in such a quantity that the ?nal X-ray contrast 
medium had a density of 0.8 to 1.1 g./cm.3. This X-ray 
contrast medium was suitable for use in X-ray examina 
tion of the gastro-intestinal tract. 

Example 9 

100 g. polyethylene granules prepared in a known man 
ner and containing an incorporated organic blowing agent 
were mixed with 100 g. barium sulphate. This material 
was extruded in thin sheets which during the extrusion 
expanded to a cellular product. This product was com 
minuted into particles about 0.5 mm. in diameter and was 
used in preparing an X-ray contrast medium by stirring 
the particles into an agar-agar gel in such a quantity that 
the ?nal X-ray contrast medium had a density of about 
0.95 to 1.05 g./cm.3. This X-ray contrast medium was 
suitable for use in X-ray examination of the gastro 
intestinal tract. 
The foregoing detailed description has been given for 

the purposes of illustration only and is not intended to 
limit the scope of the present invention which is to be 
determined from the appendant claims. 
What we claim and desire to secure by Letters Patent 

1s: 

1. An X-ray contrast medium comprising an X-ray 
absorber comprising a member of the group consisting 
of barium sulphate, bismuth subcarbonate, thorium 
oxide and iodine, a particulate, therapeutically acceptable 
resin foam comprising a member of the group consisting 
of polystyrenes, polyethylenes and urea resins, water, and 
at most 1% based on the X-ray contrast medium of 
a non-toxic thickening agent of the group consisting of 
thickeners of seaweed origin, vegetable gums and water 
soluble cellulose esters, the proportions of said com 
ponents being such that the X-ray contrast medium has 
a density of 0.8 to 1.1 g./cm3. 

2. The X-ray contrast medium according to claim 1, 
in which the proportions of said components are such 
that the X-ray contrast medium has a density of 0.95 to 
1.05 g./cm3. 
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3. An X-ray contrast medium comprising a particulate, 

therapeutically acceptable resin foam comprising a mem 
ber of the group consisting of polystyrenes, polyethylenes 
and urea resins, an X-ray absorber comprising a member 
of the group consisting of barium sulphate, bismuth 
subcarbonate, thorium oxide and iodine, said X-ray 
absorber being homogeneously incorporated in said par-, 
ticulate resin foam, water and at most 1% based on the 
X-ray contrast medium of a non-toxic thickening agent 
of the group consisting of thickeners of seaweed origin, 
vegetable gums and water soluble cellulose esters, the 
proportions of said components being such that the X-ray 
contrast medium has a density of 0.8 to 1.1 g./cm.3. 

4. The X-ray contrast medium according to claim 3, 
wherein said X-ray absorber is barium sulphate and 
said resin foam is a polystyrene. 

5. An X-ray contrast medium comprising a particulate, 
therapeutically acceptable polystyrene resin foam, iodine 
chemically bonded to said resin, water and at most 1% 
based on the X-ray contrast medium of a non-toxic thick 
ening agent of the group consisting of thickeners of sea 
weed origin, vegetable gums and water soluble cellulose 
esters, the proportions of said components being such 
that the X-ray contrast medium has a density of 0.8 to 1.1 
g./cm.3. 

6. An X-ray contrast medium comprising an X-ray 
absorber comprising a member of the group consisting of 
barium sulphate, bismuth subcarbonate, and thorium 
oxide, a particulate, therapeutically acceptable resin foam 
comprising a member of the group consisting of poly 
styrenes, polyethylenes and urea resins, said particulate 
resin foam being coated with said X-ray absorber, water 
and at most 1% based on the X-ray contrast medium of 
a non-toxic thickening agent of the group consisting of 
thickeners of seaweed origin, vegetable gums and Water 
soluble cellulose esters, the proportions of said compo 
nents being such that the X-ray contrast medium has a 
density of 0.8 to 1.1 g./cm.3. 

7. An X-ray contrast medium comprising a particulate, 
therapeutically acceptable resin foam comprising a mem 
ber of the group consisting of polystyrenes, polyethylenes 
and urea resins, an X-ray absorber comprising a member 
of the group consisting of barium sulphate, bismuth 
subcarbonate, and thorium oxide, a ?lm forming sub 
stance insoluble in the stomach comprising a member 
of the group consisting of shellac and cellulose acetate 
phthalate, said ?lm forming substance substantially cov 
ering each particle of said particulate resin foam and said 
X-ray absorber being distributed in and covered by said 
?lm forming substance, water and at most 1% based on 
the X-ray contrast medium of a non-toxic thickening 
agent of the group consisting of thickeners of seaweed 
origin, vegetable gums and water soluble cellulose esters, 
the proportions of said components being such that the 
X-ray contrast medium has a density of 0.8 to 1.1 g./cm.3. 
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