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(54) Title: THERAPEUTIC SCLEROSING FOAM MADE PREFERABLY XENON

o (57) Abstract: A foam for the treatment of varicose veins is disclosed, comprising a sclersosant solution, e.g. polidocanol, foamed
with a gas mixture which includes greater than 41 % of a lipid soluble gas such as xenon. The aim is to provide a foam which may
be injected into a varicose vein is large quantities because the gas component is dissipated quickly after the foam has acted on the
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Therapeutic foam

The present invention relates to a therapeutic foam e.g. for treatment of
variCose velns.

In recent years the use of sclerosing chemicals in the form of foams has
become a popular way of treating varicose veins. Foam is injected into the affected
vein whilst it progress is monitored using ultrasound scannming. The process causes
sclerosis and functional elimination of the vein. Other disorders such as venous
malformations may also be treated this way.

Most practitioners make foam extemporaneously using ambient air as the
gaseous component. As extensively discussed in copending patent applications nos.
PCT/GB04/004824, PCT/GB04/004831, PCT/GB04/004846 and PCT/GB04/004848,
the use of air foams is potentially harmful and, in the view of the inventors, is to be
avoided. The inventors have followed the key disclosure by the Cabreras in their
patent EP0656203B who first proposed a microfoam with oxygen or carbon dioxide
as the gas component. Carbon dioxide and oxygen are respectively dissolved blood
in or absorbed by haemoglobin, thus making both considerably more attractive than
air.

There are other gases which are very soluble, e.g. nitrous oxide. Helium has
also been considered since it passes easily across pulmonary gas exchange
membranes and hence is exhaled from the body quickly.

The inventors have now surprisingly realised that the gas need not be soluble
and need not necessarily be absorbed only by the blood: it is possible to overcome the
problem of foam treatment leaving residual gas in the body by using a gas component
which dissolves into tissue other than blood, e.g. the vein walls. In this context, they
have conceived of the possibility of using a lipid soluble gas, e.g. one or more of the
noble gases, as a substantial proportion (greater than 40%) of the gas component of
the foam. The higher molecular weight noble gases, especially xenon, are known to
dissolve in lipid, e.g. in cell walls. Thus it appears that these gases may be taken up
by the body quickly if injected into the venous system, both into the cells of the vein
walls and into the blood cells. This dual mode of uptake may give rise to very fast
absorption, especially if the gas also has a degree of solubility in water as well. Speed
of uptake is critical because if gas is taken up slowly, this may give the opportunity

for nitrogen which is already dissolved in the blood to diffuse into the foam,
-1 -



10

15

20

25

30

CA 02607500 2007-11-07

WO 2006/120469 PCT/GB2006/001754

potentially causing enduring bubbles. Again, this is discussed at length in the
copending applications mentioned above.

According to the present invention a foam 1s provided comprising a liquid
phase and a gas phase wherein the liquid phase comprises at least one sclerosing
agent and the gas phase comprises between 41% and 100% of a gas which is lipid
soluble, preferably between 50 and 100%, more preferably between 60 and 100%,
still more preferably between 70 and 100%, 80 and 100% or 90 and 100%.

The lipid soluble gas may be argon, krypton or xenon or a mixture of these.
The most preferred of these 1s xenon. Xenon 1s used as an anaesthetic, and 1its
behaviour in body tissue i1s well understood: see for example “Xenon Anesthesia™:
Lynch et al, Anesthesiology, v92, No.3, March 2000. Xenon has the further advantage
that it is moderately soluble in water (mole fraction solubility 7.9 x 10, which is
three times as soluble as oxygen).

If the lipid soluble gas does not make up 100% of the gas phase, then it is
preferred that the remainder of the gas phase consist essentially of oxygen, carbon
dioxide or a mixture of the two.

Example

A fume cupboard is filled with greater than 99% pure xenon gas, atter placing
in the cupboard a small (100ml) beaker containing 10ml 1% polidocanol solution,
together with a small hand held electric motor with a chuck in which is mounted a
small (10mm diameter) dental brush. The motor 1s switched on and the speed
adjusted to 12,000 r.p.m. The dental brush is then gently inserted into the liquid in
the beaker, such that a vortex is formed in the surface of the liquid in the beaker.
After a few seconds a foam forms, which becomes finer and more homogeneous as
time goes on. After 90 seconds the brush 1s removed. In the beaker 1s a stiff,
homogeneous foam whose bubbles are in the main part invisible to the naked eye (a
“microfoam™). The beaker may be inverted for a few seconds without the foam
falling out. 30ml of the foam is then drawn out of the beaker using a syringe for use
in the treatment of a human patient’s varicose veins using methodology which is

generally known 1in this field.
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Claims

1. A foam having a liquid phase and a gas phase wherein the liquid phase

comprises at least one sclerosing agent and the gas phase comprises between 41% and
100% of a gas which is lipid soluble

2. A foam as claimed in claim 1 wherein the gas phase comprises
between 50 and 100%, more preferably between 60 and 100%, still more preferably
between 70 and 100%, 80 and 100% or 90 and 100% of gas which is lipid soluble.

3. A foam as claimed in claim 1 or claim 2 wherein the lipid soluble gas

is a noble gas or mixture of noble gases.

4. A foam as claimed in claim 3 wherein the lipid soluble gas 1s argon,

krypton or xenon or a mixture of two or more of these gases.

5. A foam as claimed in any preceding claim wherein the remainder of

the gas phase is substantially made up by oxygen, carbon dioxide or a mixture of

oxygen and carbon dioxide.

6. A foam as claimed in any preceding claim wherein the sclerosing

agent 1s polidocanol solution.

7. A method of treating varicose veins comprising injecting into an

affected vein a foam as claimed in any of the preceding claims.

8. A method as claimed in claim 7 wherein substantially an entire greater

saphenous vein 1s treated 1n one injection.

0. A method as claimed in claim 7 or claim 8 wherein between 15ml and

50ml of foam are injected.
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