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(57) Abregé/Abstract:

The Invention relates to a device for producing a medical foam. Said device comprises a gas container (46) for holding a sterile gas
and an active ingredient container (48) for holding an active ingredient. The two containers are interconnected by means of a
connecting element (10). The device Is also equipped with a transport device for transporting the gas and the active ingredient
back and forth between the two containers (46, 48) Iin order to produce the medical foam. According to the Invention, the
connecting element (10) comprises a sealing element for sealing one of the two containers (46) in a sterile manner (34).
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(57) Abstract: The invention relates to a device for producing a medical foam. Said device comprises a gas container (46) for
holding a sterile gas and an active ingredient container (48) for holding an active ingredient. The two containers are interconnected
by means of a connecting element (10). The device is also equipped with a transport device for transporting the gas and the active
ingredient back and forth between the two containers (46, 48) in order to produce the medical foam. According to the invention, the
connecting element (10) comprises a sealing element for sealing one of the two containers (46) in a sterile manner (34).

& (57) Zusammenfassung: Eine Vorrichtung zur Erzeugung eines medizinischen Schaums weist einen Gasbehilter (46) zur Auf-
O\ hahme eines sterilen Gases und einen Wirkstoffbehilter (48) zur Aufnahme eines Wirkstoffs auf. Die beiden Behilter sind iiber ein

Verbindungselement (10) miteinander verbunden. Ferner ist eine Fordereinrichtung zum Hin- und Herf6rdern des Gases und des
Wirkstoffs zwischen den beiden Behdltern (46, 48) zur Erzeugung des medizinischen Schaums vorgesehen. Erfindungsgemall weist
das Verbindungselement ( 10) zum sterilen VerschlieBen einer der beiden Behilter (46) ein Verschlusselement (34) auf .
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Title of the invention

Device for producing medicinal foam
Background of the invention

Field of the invention

The invention refers to a device for producing in particular reproducible me-
dicinal foam or bubble suspension of a gaseous and a liquid medium. In par-

ticular, the invention refers to a mixing device for a reproducible preparation

and administration of injectables such as sclerosing agents, diagnostic agents,

therapeutic agents, homeopathic agents and autologous blood, for example.

Related prior art

Sclerotherapy means the planned elimination of intracutaneous, subcutaneous
and/or transfascial varices and the sclerbtization of subfascial vessels in case
of venous anomalies by injecting a sclerosing agent. The various sclerosing
agents cause damage to the endothelium of the vessels. Thereafter, a secon-
dary vascular occlusion occurs and, in the long term, the veins are trans-
formed into a strand of fibrous tissue, i.e. sclerosis occurs. It is the purpose of
the sclerotization treatment to definitély transform the veins into a fibrous
strand. This can not recanalize and, in its functional result, corresponds to the
surgical procedure for removing a varice. Besides a sclerotization with liquid
sclerosing agents, the sclerotization with foamed sclerosing agents becomes
ever more important. The foam remains in vein for a longer period. Here, sur-
factant sclerosing agents, such as Polidocanol, are most often made to achieve
a foamy state by pumping the agent back and forth between two pumps or by
shaking, whereafter it is injected in a conventional manner. At present, there
IS no approved technique that would allow a reproducible preparation of a

standardized foam.
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Further, a plurality of preparations suited for use as ultrasonic contrast media
are known, some of which contain surfactants that support the formation of
bubbles and stabilize these. The bubbles or a foam reflecting ultrasound are
the true contrast medium and are produced only immediately before being

administered.

A mixing device for producing medicinal foam or for producing bubbles is
known from EP 0 564 505. Here, a mixer with a helically shaped mixing ele-
ment is described. The mixer is an accessory element that may be perma-
nently connected to a syringe. When a liquid and/or gaseous medium is ex-
pelled from a second syringe, the medium reaches the mixer that contains the
gas in a defined volume and nature. Here, the gaseous phase and the liquid
phase are mixed along the helical mixing element. Thereby, a therapeutic
and/or diagnostic foam may be produced. Due to the helical mixing elements
arranged in the mixer, the mixer is a component that can only be produced as

an injection molded part with intricate injection molds.

Especially in producing foams for medicinal use, especially for sclerotherapy,
it is necessary to produce a sterile foam. Should air be used to produce foam,
it is possible to aspire air through a sterile filter into a syringe and to use the
sterile air thus obtained to produce foam. However, this has the drawback of
requiring an additional step and an additional component in the form of the
sterile filter. This increases the costs. Further, the volume of waste is aug-

mented.

It is further known from GB 2 369 996 to close a syringe filled with sterile air
using a three-way valve. A second valve is filled with an active agent and is
also connected to the three-way valve so that the syringes are oriented under
an angle of 90° to each other. Thereafter, the three-way valve is rotated to a
position in which both syringes are in communication so that by pumping the

gas and the active agent back and forth, foam can be produced. Closing a sy-

ringe filled with sterile air using a three-way valve has the drawback that, for
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example, during transport or handling, inadvertent opening and thus a con-
tamination and/or a change in the gas volume can occur. Furthermore, the
handling of this system is complex, since after both syringes have been con-
nected to the three-way valve, the latter also has to be opened. Moreover, it is
difficult to produce a reproducible foam with this device, since the diameter of
the passage changes already at a slightly false position of the three-way valve.
This can cause the production of a foam with a different size of bubbles. Fur-
ther, the orientation of the two syringes under an angle of 90° is disadvanta-

geous, since this makes the handling more difficult.

Typically, after the production of foam both syringes contain foam. With the
device described in GB 2 369 996, for therapy, one of the syrihges filled with
foam has to be unscrewed from the three-way valve. In order to additionally
inject the foam remaining in the second syringe at a later time, if necessary, it
is required to close the three-way-valve so as to avoid contamination. To then
inject the remaining foam, the first syringe just used for therapy must be
screwed to the three-way valve again and the valve has to be opened, to then
transfer the remaining foam into the injection syringe, for example. Thus, this

procedure is extremely complex.

It is an object of the invention to provide a device for producing medicinal

foam from a gaseous and a liquid medium, the device being adapted to meet

high sterility demands.
Summary of the invention

The object is achieved according to the invention with the features of claim 1.

The present device for producing medicinal foam that is particularly suitable
for use in scleroscopy, comprises a gas vessel for holding a sterile gas, espe-
cially sterile air. Further, an active agent vessel for holding a usually liquid ac-
tive agent is provided. Preferably, both vessels are syringes, in particular dis-

posable syringes. Both vessels are adapted for fluidic connection to a connect-
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ing element. Moreover, a feed means is provided for conveying the gas and
the active agent back and forth between both vessels so as to produce the
medicinal foam. In a preferred embodiment, the feed means comprises two
feed elements, each feed element being connected with one of the two ves-

sels, respectively. Preferably, the feed elements are the syringe pistons.

According to the invention, the connecting element is connected with one of
the vessels, preferably the gas vessel. The connection is obtained for example
by screwing, especially by means of a Luer lock. Similarly, the connecting
element may be permanently connected with the vessel, e.g. glued thereto or
formed integrally therewith. Specifically, the hub with the opening of the sy-
ringe can be formed as a connecting element. Preferably, the connecting ele-
ment is surrounded by the Luer lock. According to the invention, the connect-
ing element comprises a closure element for the sterile closing of the vessel.
Thus, it is possible to provide a sterile gas, e.g. sterile air, in one of the two
vessels, especially in the gas vessel, which can not escape from the vessel be-
cause of the closure element provided. An undesired intrusion of non-sterile
air is also avoided because of the closure element provided according to the
invention. Thus, in a particularly preferred embodiment, the connecting ele-
ment is configured such that in the unconnected state, i.e. especially before
the gas vessel together with the connecting element is connected to the active
agent vessel, both an intrusion and an escape of gas and/or liquid into or from
the vessel closed by the closure element is prevented. This has the advantage
of ensuring a very good sterility of the medium contained in the vessel. Fur-
ther, it is ensured that an unintentional change of the gas volume is avoided.

Thereby, a good reproducibility of the medical foam is ensured.

Preferably, the closure element comprises a resilient rubber stopper. The
stopper may comprise a 'slit- serving to open the closure element. The slit is
configured such that the slit walls abut each other in the unconnected state
and close the vessel tightly, such that an intrusion or an escape of gas and/or

liquid is avoided.
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Preferably, the cIosUre element is opened automatically upon connecting the
connecting element with the second vessel, in particular the second syringe. In
a preferred embodiment, this guarantees that by opening in the manner prb-—
vided by the invention contamination is avoided by the connection, other than
when removing a closure element in the form of a lid or the like. Further, no
additional step such as removing a lid or opening a valve is required. Accord-
ing to the invention, this specifically allows to provide a closure element with a

significantly lower risk of contamination.

The present device for producing medicinal foam has the particular advantage
that the sterile gas is preferably already present in a sterile condition and does
not have to be obtained first through a sterile filter. Further, due to the auto-
matic opening, the gas remains sterile so that an inadvertent contamination by
aspiration is avoided. Moreover, it is guaranteed that the exactly defined vol-
ume of gas, and thus the mixing ratio of gas and agent, will not be corrupted
for example by an unintentional escape of gas. Thus, it is possible to produce

a reproducible foam and to create a standard.

Creating a high standard or a high uniformity of the foam producible with the
present device can be improved further by also prefilling the second vessel. To
this effect, the second vessel, which is especially the active agent vessel, is
closed by a closure member. The closure member may be configured similar to
the closure element, in particular as a membrane or a.plastics stopper. When
two prefilled vessels are provided, one of which is closed with the connecting
element including the closure element, this is further advantageous in that a

further process step, i.e. filling the still empty vessel, usually the active agent

vessel, can be omitted.

Preferably, the closure element is opened by penetrating a membrane of the
closure element. The penetration of the membrane may be effected by a hub
on the second vessel, especially provided at the syringe, in particular the hub
of a Luer lock. In particular, the closure element is opened such that the proc-

ess is reversible and the closure element therefore closes the vessel again,



10

15

20

25

30

CA 02582568 2007-04-04

6

when in the unconnected state. Specifically, the membrane or the plastics
stopper are configured such that it has a slit which may be spread open by

means of a tubular element, for example, and closes again when the tubular

element is withdrawn.

In a particularly preferred embodiment, the connecting element comprises 'a
tube element. When connecting the second vessel with the connecting ele-
ment, the membrane is penetrated by the tube. For this purpose, the closure
element and/or the tube element are preferably arranged for displacement in
the connecting element. Here, the tube element is preferably held fixed in the
connecting element so that a displacement of the closure element causes a
penetration of the membrane by the tube element. The closure element is
preferably displaced by a hub of the vessel, in particular the Luer lock hub of a

syringe.

As soon as the vessels are connected through the connecting element, the gas
and the active agent can be pumped back and forth between the two vessels,
in particular the two syringes, to produce the sterile foam. In doing so, the gas
and the active agent preferably flow through the tube element. Specifically,
there is no flowing around the closure element. This is advantageous in that
clearly defined flow paths and thus a clearly predeterminable flow behaviour

are given. This increases the reproducibility of the medicinal foam.

To ensure a secure closing of the first vessel prior to the connection with the
second vessel, the closure element is preferably spring-loaded. Upon opening
the closure element, the closure element is preferably urged against the spring
force. The spring force may be caused, for example, by a coil spring or an-
other resilient element. The provision of such a closure element guarantees
that the filling amount in the vessel remains constant and is not changed, e.qg.,
during transport or handling. Further, the gas vessel can be closed again and

has good sterility.
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Preferably, the connecting element comprises a mixing element. It is particu-
larly preferred that the tube serving to open the membrane is designed as a
mixing element. It is sufficient to provide a tubule with a small cross section
so that turbulences are generated by the change in cross section, which turbu-
lences serve to intermix the active agent with the gas. The tube element,
preferably made of stainless steel or having a coating resistant against the
active agent, has an inner diameter of up to 3 mm, for example. One of the
openings of the tube may have its cross section reduced directly or indirectly
by providing an additional element. The cross section is preferably reduced to
a cross section of 0.3 — 2 mm. Tests have shown that a medicinal foam of very
high quality can thereby be obtained with a very good reproducibility. In addi-
tion, barriers, deflecting elements and the like may for example be provided

within the mixing element to ensure the generation of sufficient turbulences.

- The ‘present device has the particular advantage that, due to the design of the

connecting element, it is not necessary, for example after the production of a
foam, to close a valve or the like, to avoid contamination of foam remaining in
one of the syringes, for example. This is not necessary since an automatic clo-
sure is performed by the closure element when the syringe is removed from
the connécting element. In particular for a later removal of the foam remain-
ing in the syringe, a simple and safe reconnection of the syringe used for in-
jection and the connecting element Can be made. The handling of the present

device is thus very simple while ensuring great safety.

Further, the invention refers to a vessel, such as a syringe, particularly useful

‘in the present device. The vessel, preferably filled with gas, is connected to a

connecting element comprising a closure element. The connecting element,
particularly adapted to be connected with a second vessel, especially a second

syringe, is preferably embodied as described above.

The invention further refers to a kit for producing medici’n'al foam comprising
the above described first vessel, in particular filed with gas and closed with

the connecting element. Moreover, the kit.comprises a second vessel which, as
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the first vessel, is a syringe, in particular. In addition, the kit may comprise an
active agent vessel, such as an active agent ampoule containing a sclerosing
agent, for example. To produce the medicinal foam, the active agent is filled
from the active agent vessel into the second vessel. Preferably, this is done by
suction into the second vessel configured as a syringe. Possible, the kit my

additionally comprise a needle for that purpose.

In an alternative embodiment of the kit, the second vessel, in particular the
second syringe, instead of the active agent vessel is already filled with an ac-

tive agent and closed with a closure means as described above.

In a particularly preferred embodiment of the kit the two vessels, which are
conventional syringes in particular, are prefilled and connected with each other
through the connecting element. However, the connection is such that the clo-
sure element of the connecting element is not yet open. This may be achieved,
for example, by the fact that the second vessel, especially the second syringe,
is not yet fully screwed to the connecting element using the Luer lock. The
connection between the two vessels is then established by fully screwing or

connecting the second vessel with the connecting element.

Such a kit has the particular advantage that the medicinal foam can be pro-
duced very quickly. Not tome consuming preparatory steps are required. This
Mmay increase acceptance with practitioners. Further, the risk of contamination

while connecting individual components is avoided.
BRIEF DESCRIPTION OF THE DRAWINGS

A full and enabling disclosure of the present invention, including the best mode
thereof, to one of ordinary skill in the art, is set forth more particularly in the

remainder of the specification, including reference to the accompanying draw-

ings in which

In the figures:
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Fig. 1 is @ schematic sectional side view of the connecting element,
Fig. 2 IS a schematic sectional side view of the connecting element con-
nected with two vessels,
Fig. 3 is @ schematic sectional partial view of the connecting element

together with the closure element of another embodiment,

Fig. 4 a schematic top plan view of the embodiment illustrated in Fig. 3,

and

Figs. 5-7 schematic sectional partial views of the connecting element to-

gether with the closure element of other embodiments.
Description of preferred embodiments

A connecting element 10 comprises a cylindrical hub 12 with an inner thread
14. A channel 18 is formed within the hub 12 by a tube element 16, especially
of circular cross section. A tube 20 is arranged in the channel 18, extending
over almost the entire length of the connecting element. At one end face 22,

the tube element 16 has an opening 24 opening into the channel 18.

A housing element 26 is connected with the hub 12. The connection may be
obtained along a contact surface 28 by glueing. Similarly, the two parts may
be screwed together or connected otherwise. A circular cylindrical cavity 35 is
formed in the housing 26. A coil spring 32 is arranged in the cavity 30, which
urges a closure element 34, also provided in the cavity 30, outward against a
stop 36 which, in the embodiment illustrated, is a chamfer. The closure ele-
ment 34, which comprises a membrane 42 and a sleeve in the embodiment
illustrated, is a resiliently deformable element which can be pushed into the
housing element of Fig. 1 from the right in a compressed condition, restores to

its original shape within the housing 26 and is then held in the housing 26 be-
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cause of the stop 36. Similarly, it is possible to design the housing 26 as two
parts to facilitate the mounting of the closure element 34. in this instance, the

housing 26 can be separated such that the closure element 34 is possible from
the left in Fig. 7.

The closure element, as well as the housing 26 and the hub 12, is rotational
symmetric to a center line 38 of the closure element 10. The front side 10 of
the closure element 34 is closed by a membrane 42. The membrane 42 has a
slit 44. The slit 44 is illustrated in the drawing for the sakes of 'c.larification.
Actually, the membrane portions abut each other in the state illustrated in

Fig.1 so that the slit 44 is closed, yet may be opened easily (Fig. 2).

The connecting element 10 may be connected with a gas vessel 46 and an ac-
tive agent vessel 48, the two vessels 46, 48 preferably being conventional Sy-
ringes with Luer lock connections 50 or 52, respectively. For transport and
prior to mixing the gas in the gas vessel 46 with the active agent present in
the active agent vessel 48, only the gas vessel 46 is connected to the connect-
iIng element. To do this, the Luer lock connector 50 of the gas vessel 46 is
screwed into the hub 12. Because of the opening 24, a fluidic connection exists
between the inner space 54 of the gas vessel 46 and the channel 18 in which

the tube 20 is arranged.

Prior to inserting or screwing the liquid vessel 48 or the Luer lock 52, respec-

tively, the vessel 46 is closed tigh'tly due to the closure element 34.

By screwing or inserting the Luer lock 52 into the housing 26, the closure- ele-
ment 34 is pushed into the connecting element 10 in the direction of the arrow
>6. Here, the slit 44 of the membrane 42 is opened or the membrane 42 is
penetrated. Because of the opening 58 provided in the tube, the inner space

60 of the active agent vessel 48 is also fluidically connected with the channel
18.
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By actuating the syringe pistons or a feed means, the active agent may be
pumped from the inner space 60 through the tube 20 or the channel 18 into
the inner space 54, and the gas may be pumped from the inner space 54
through the tube 20 into the inner space 60. This causes an intermixing of the
gas and the active agent and then the gas and the active agent are pumped
back and forth together between the two spaces 54, 60. Thus, the medicinal
foam is produced. This has the advantage that the force exerted for example
on the syringe piston, as well as the pump rate can be adjusted or are defined.

Thereby, the standardization of the foam produced is further enhanced.

The tube 20 serves as the mixing element and may possibly comprise addi-

tional deflecting or mixing elements inside. Further, deflecting or mixing ele-

‘ments can also or additionally be arranged at the inlet and/or the outlet of the

tube 20. Possibly, in addition to or instead of the above described mixing ele-
ments, mixing elements may also be provided in other regions of the devices
through which the active agent and the gas flow. Moreover, the length off the
pipe 20 is selected feasibly, in particular empirically. According to the inven-
tion, the change in cross section caused by the opening 24 and the opening 58

is sufficient for intermixing.

Figs. 3 to 7 illustrate further embodiments of the present connecting element
with different closure elements. In Figs. 3 - 7, identical or similar components

are given the same reference numerals.

In the embodiment shown in Figs. 3 and 4, a plastics or rubber stopper 62 is
provided as a closure element in the housing 26. The plastics stopper 62 may
be mounted as described above with reference to the closure elemént 34. the
plastics stopper 62 has a slit 64 which is spread apart when the plastics stop-
per 62 is moved in the direction of the arrow 66. When the plastics stopper 62
Is pushed back into the position shown in Fig. 3 by the spring 32, the slit 64 is

closed again automatically.
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In the embodiment illustrated in Fig. 5, the plastics stopper 62 additionally
comprises a recess 68 directed towards the tube 20, so that the tube 20 is

positively guided and a secure opening of the slit is guaranteed.

In the embodiments shown in Figs. 6 and 7, the plastics stopper 62 is not
opened with the aid of the tube 20, but with a needle 70 or 72, respectively.
In this case, the needle 70 is either open in the direction of the stopper or the
needle 72 has a lateral opening 74. By providing the lateral opening 74 turbu-
lences are created which, depending on the active agent used, allow for an
enhanced production of foam. When needles 70, 72 are provided, the slits 64

may be omitted.

Although the invention has been described and explained with reference to
specific illustrative embodiments thereof, it is not intended that the invehtion
be limited to those illustrative embodiments. Those skilled in the art will rec-
ognize that variations and modifications can be made without departing from
the true scope of the invention as defined by the claims that follow. It is there-
fore intended to include within the invention all such variations and modifica-

tions as fall within the scope of the appended claims and equivalents thereof.
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Claims

1.

A device for producing medicinal foam, comprising
a gas vessel for holding a sterile gas,
an active agent vessel for holding an active agent,

a connecting element for connecting the gas vessel with the active

agent vessel, and

a feed means for feeding the gas and the active agent back and forth

between the two vessels to produce the medicinal foam,
characterized in that

the connecting element is connected with one of the vessels and com-

prises a closure element for a sterile closure of the vessel.

The device of claim 1, wherein the closure element may be opened by

connecting the connecting element with the second vessel.

The device of claim 2, wherein the opening is effected by penetrating a

membrane provided in particular at the closure element.

The device of claim 3, wherein the connecting element comprises a tube

which penetrates the membrane when the two vessels are connected.

The device of claim 1, wherein the closure element is displaceable within

the connecting element.

The device of claim 1, wherein the closure element is spring-loaded.



10.

11.

12.

13.

14,

15.

16.
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The device of claim 1, wherein the connecting element comprises a mix-

ing element.

The device of claim 7, wherein the mixing element is the tube provided

in the connecting element.

The device of claim 1, wherein the feed means comprises one feed ele-

ment per vessel.

The device of claim 1, wherein the closure element is configured such
that in the unconnected state both an intrusion and an escape of gas

and/or liquid into or from the vessel is prevented.

The device of claim 1, wherein the closure element comprises a resilient

plastics stopper.

The device of claim 1, wherein the closure element comprises a slit for

being opened.

The device of claim 4, wherein, in the connected state, the active agent

and the gas flow through the tube element.

The device of claim 1, wherein the first vessel, closed by the closure

element of the connecting element, is prefilled.

The device of claim 1, wherein the second vessel is closed by a closure
member and is prefilled, the closure member preferably being config-

ured corresponding to the closure element.

A vessel, in particular a syringe, for a device of claim 1, the vessel being
filled with gas and closed by a connecting element, said connecting ele-

ment comprising a closure element for sterile closure.



17.

18.

19,

20.
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A kit for producing medicinal foam. Comprising
a first vessel according to claim 16, and
a second vessel, in particular a syringe.

The kit of claim 17, wherein an active agent vessel is additionally pro-

vided containing an active agent for the second vessel.

The kit of claim 17, wherein the second vessel is prefilled with active

agent and closed.

The kit of claim 19, wherein the first vessel is connected with the second
vessel through the connecting element, whereas the closure element is

still unopened.
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