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and an end part (2) of the tube(s) (1 ),
thereby fitting the membrane (3) to the
end part(s) (2). The fitting member(s) (4)
is/are made from a shrinkable material,
and it/they is/are fitted tightly around

the membrane (3) end part(s) (2). This
is obtained by causing the shrinkable
material to shrink, e.g. by heating the
material, while the fitting member (4) is
positioned around the membrane (3) and
the end part(s) (2). It is an advantage that

the fitting member (4) is made from a shrinkable material because this provides the possibility of fitting the membrane (3) tightly
to the end part(s) (2) in an easy and cost effective manner. The micro fluidic system is very suitable for use in a probe, such as a
dialysis probe. Also claimed is a method of manufacturing the micro fluidic system.
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A MICRO FLUIDIC SYSTEM AND A METHOD OF ATTACHING A
MEMBRANE TO A TUBE

FIELD OF THE INVENTION

The present invention relates to a micro fluidic system having a membrane
which is attached to a tube, in particular a capillary tube. The present
invention further relates to a method of attaching a membrane to a tube, in
particular a capillary tube, by shrinking a fitting member around the

membrane and the tube.

BACKGROUND OF THE INVENTION

Micro fluidic systems in which a semi-permeable membrane is attached to
one or more tubes are known per se. Such systems are, e.g., used in
dialysis probes. Previously the membrane has been attached to the
tube(s) by means of welding, melting or gluing the membrane to the
tube(s). This is disadvantageous because it is relatively difficult, and
thereby relatively expensive, to produce the micro fluidic systems in this

manner.

SUMMARY OF THE INVENTION

It is, thus, an object of the present invention to provide a micro fluidic
system which is easier to manufacture than the prior art micro fluidic

systems.

It is a further object of the present invention to provide a micro fluidic
system which is more cost effective to manufacture than prior art micro

fluidic systems.
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It is an even further object of the invention to provide a method for

attaching a membrane to a tube in an easy and cost effective manner.

It is an even further object of the invention to provide a probe which is

easy and cost effective to manufacture.

According to a first aspect of the invention the above and other objects are

fulfilled by providing a micro fluidic system comprising:
— atleast one tube,
— a membrane,

— at least one fitting member positioned around the membrane and
an end part of the tube(s), thereby fitting said membrane to said
end part(s),

wherein the fitting member(s) is/are made from a shrinkable material, and
wherein the fitting member(s) is/are fitted tightly around the membrane

and the end part(s).

In the present context the term ‘micro fluidic system’ should be interpreted
to mean a system having dimensions which are sufficiently small to at

least substantially prevent turbulence in a fluid flowing in the system.

In the present context the term ‘shrinkable material’ should be interpreted
to mean a material with the property that at least one dimension of an
object made from the material decreases in response to the influence of
an outer action, e.g. heat. This outer action should preferably be
controllable, whereby the size of an object made from the material will be

controllable.
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The fitting member is fitted tightly around the membrane and the end
part(s). This should be interpreted in such a way that the junction between
the membrane and the end part(s) should be at least as tight as the
membrane itself. Thus, it should preferably not be possible for substances
which can not pass the membrane to pass between the membrane and

the end part(s) at the position of the fitting member.

It is an advantage that the fitting member(s) is/are made from a shrinkable
material because this provides the possibility of fitting the membrane
tightly to the end part(s) of the tube(s) by means of shrinking the fitting
member(s). This is a very easy manner of attaching the membrane to the
tube(s), and the manufacture of the micro fluidic system is thereby easier
and more cost effective than the manufacture of prior art micro fluidic

systems.

The membrane may be semi-permeable, i.e. it may allow some
substances to pass while other substances are not allowed to pass. The
membrane may, e.g., comprise a polymer, such as a polyether-
polycarbonate block copolymer. The membrane may, e.g., be based on
polyvinylidene fluoride (PVDF) and a hydrophilic polymer, such as
copolymers of acrylonitrile or monomers containing sulphonic groups.
Such membranes are commercially available, and examples of such
membranes can, e.g., be found in US 4,935,140 and in US 5,145,583.

The membrane may be a dialysis membrane. Such membranes are
typically permeable to specific substances or particles, e.g. glucose,
present in a body fluid, typically blood. However, the membrane is typically
not permeable to perfusion liquid flowing in the interior of the micro fluidic
system. The perfusion liquid may, e.g., be or combrise a isotonic saline

solution.
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In one embodiment the micro fluidic system may comprise two or more
tubes. At least two of the tubes may be arranged parallelly, e.g. co-axially,
i.e. with one tube inside the other. Alternatively two or more tubes may be
arranged side-by-side, e.g. with one centre tube and a number of tubes
arranged circularly around the centre tube. The two or more tubes may

thereby form a so-called multi-lumen tube.

Alternatively or additionally, at least two of the tubes may be arranged at
least substantially along a common axis and with their end parts facing
each other. In this embodiment the membrane preferably connects the two

end parts facing each other along the common axis.

Alternatively, the micro fluidic system may comprise only one tube with the

membrane attached thereto.

In one embodiment the tube(s) may be capillary tube(s), such as glass
capillary tubes. In the present context the term ‘capillary tube’ should be
interpreted as a tube with inner dimensions which allow a capillary effect

to occur when the tube is used in combination with a predefined fluid.

Preferably, a transversal dimension for at least one of the capillary tube(s)
is within the interval 0.5 ym to 500 um, such as within the interval 1 ym to
200 um, such as within the interval 50 ym to 100 ym.

The fitting member(s) is/are preferably made from a heat shrinkable
material, i.e. from a material which is shrinkable in response to heating the
material to a temperature within a specific temperature interval. This will
be described further below. The heat shrinkable material may, e.g., be or
comprise polyethylene. An example of such a material is UL 224, MIL-I-
23053/5, which is a highly flexible material with a shrinking temperature of
approximately 120°C. When subjected to heat, a tube made from this

material will shrink to approximately half the original diameter. Another
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example of a heat shrinkable material is ‘Krympeflex'. This material shrinks
when it is heated to a temperature within the temperature interval 120°C to
200°C.

The micro fluidic system may further comprise a substantially rigid hood
positioned at or near the end part(s) and between the tube(s) and the

membrane. Such a substantially rigid hood may help in defining a cavity
between the membrane and the tubes. This is advantageous in case the

micro fluidic system is to form part of a probe, such as a dialysis probe.

The membrane may be shaped with one closed end and one open end. In
this case the open end will be slid over the end part(s) and attached
thereto by means of one fitting member. Alternatively, the membrane may
be shaped as a tube, i.e. with two open ends. In this case both ends of the
membrane will need to be fitted to the end part(s) by means of a fitting
member. However, since the process of fitting the membrane to the end
part(s) by shrinking the fitting member(s) is relatively easy, this is not a big
disadvantage. On the other hand, the tube-shaped membranes can easily
be mass produced by simply cutting them in a desired length from very
long tubes of membrane material. Therefore this embodiment is very
advantageous, since the advantages arising from the easy manufacture of
the membrane by far exceeds the minor disadvantages arising in

connection with the attaching procedure.

According to a second aspect of the invention the above and other objects
are fulfilled by providing a probe comprising a micro fluidic system
according to the first aspect of the invention. Such a probe will be easier,
and thereby more cost effective, to manufacture than similar prior art

probes.

The probe may preferably be a multi-lumen probe, i.e. a probe comprising
two or more tubes in which fluid may flow.
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The probe may be a dialysis probe, such as a micro dialysis probe. In this
case, and in case the probe is a multi-lumen probe, perfusion liquid will
typically flow through some of the tubes towards the membrane region
where it will collect substances or particles (e.g. glucose) from a body fluid,
e.g. blood, in which the probe is inserted. The perfusion liquid, as well as
the collected substances or particles, will subsequently flow away from the

membrane region along the remaining tubes.

According to a third aspect of the invention the above and other objects
are fulfilled by providing a method of attaching a membrane to a tube, the

method comprising the steps of:

providing a tube having an end part,

— positioning a membrane at said end part of said tube,

— positioning a fitting member around the membrane and the end
part, said fitting member being made from a shrinkable material,
and

— shrinking said fitting member, thereby providing a tight fit between
the tube, the membrane and the fitting member.

It should be noted than any feature described in combination with the first
aspect of the invention may also be combined with the second or third
aspects of the invention, any feature described in combination with the
second aspect of the invention may also be combined with the first and
third aspects of the invention, and any feature described in combination
with the third aspect may also be combined with the first and second

aspects of the invention.
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As described above, it is an advantage that the fitting member is fitted to
the membrane and the end part(s) by shrinking because this provides an

easy and cost effective manner of attaching the membrane to the tube(s).

The step of shrinking the fitting member may comprise heating at least the
fitting member to a predefined temperature. The predefined temperature
will, of course, depend on the material of the fitting member. However, the
temperature should be sufficient to cause the fitting member to shrink.
Furthermore, the temperature should not be so high that permanent
damage is caused to the fitting member and/or to other parts, such as the
membrane or tube(s). This is an advantageous embodiment because the
fitting member(s) in this case is/are fitted tightly to the membrane and the
end part(s), simply by subjecting at least the fitting member(s) to heat. This
is much easier than melting, welding or gluing the membrane to the end
part(s).

In one embodiment the step of shrinking the fitting member may comprise

" heating at least the fitting member to a temperature with the interval 80°C

to 300°C, such as within the interval 100°C to 250°C, such as within the
interval 120°C to 200°C. As described above, the material ‘Krympeflex’ will
shrink when heated to a temperature within the interval 120°C to 200°C.

The method may further comprise the step of removing part of said tube
prior to the step of positioning the membrane, thereby forming a cavity
between the remaining part of the tube and the membrane. In case the
resulting tube(s)/membrane forms part of a probe, such as a dialysis
probe, perfusion liquid can flow towards the cavity where it will remain for
a while collecting substances or particles which have penetrated the
membrane. The perfusion liquid will subsequently flow away from the
cavity along with the collected substances or particles. This has already

been described above. The cavity will increase the contact volume
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between the perfusion liquid and the substances or particles, thereby

improving the collection of these.

The step of providing a tube may comprise providing a capillary tube. This

has already been described above.

A capillary tube may be provided in the following manner. Initially, a
desired configuration of glass tubes is formed. This may, e.g. be just a
single tube, two or more tubes arranged side-by-side, two or more tubes
arranged co-axially, a centre tube surrounded by a number of tubes
arranged in a circular pattern, or any other desired configuration.
Subsequently the tube(s) may be heated and simultaneously pulled along
an axial direction. As a consequence, the dimension of the tubes is
increased along the axial direction while it is decreased along a
transversal direction. However, the desired configuration is maintained.
Thereby very thin tubes, preferably capillary tubes, are formed. This
method is very similar to the method which is used when manufacturing

optical fibres.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be further described with reference to the

accompanying drawings in which:

Fig. 1 shows a micro fluidic system according to one embodiment of the
invention and having two tubes with end parts facing each other before

shrinking the fitting members,

Fig. 2 shows the micro fluidic system of Fig. 1 after shrinking the fitting

members,
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Fig. 3 shows a micro fluidic system according to another embodiment of

the invention in the form of a multi-lumen probe,

Fig. 4 shows a multi-lumen tube during its manufacturing,

Fig. 5 shows one arrangement of tubes in a multi-lumen probe, and

Fig. 6 shows an alternative arrangement of tubes in a multi-lumen probe.
DETAILED DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a micro fluidic system according to one embodiment of the
invention. The micro fluidic system comprises two tubes 1, each having an
end part 2. The end parts 2 of the two tubes 1 are facing each other, and
the tubes 1 are arranges substantially along a common longitudinal axis.
The micro fluidic system further comprises a semi-permeable membrane 3
which is arranged in such a way that both of the end parts 2 are positioned

in an interior part of the membrane 3.

Enclosing the membrane 3 and the end parts 2 are two fitting members 4.
The fitting members 4 are made from a shrinkable material, i.e. their
dimensions may be decreased. However, Fig. 1 shows the micro fluidic
system prior to shrinking the fitting members 4, and the fitting members 4
are therefore not fitted tightly to the membrane 3 and the tubes 1. This
makes it very easy to position the membrane 3 and the fitting members 4

around the end parts 2.

Fig. 2 shows the micro fluidic system of Fig. 1. However, in Fig. 2 the
fitting members 4 have been caused to shrink, preferably by heating the
fitting members 4. As it is clear from Fig. 2 the fitting members 4 are now
fitted tightly around the membrane 3 and the end parts 2.

PCT/DK2006/000455
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Fig. 3 shows a micro fluidic system according to another embodiment of
the invention. The micro fluidic system of Fig. 3 comprises two tubes 1
arranged co-axially. A part of the outer tube 1a has been removed,
thereby exposing the inner tube 1b. The micro fluidic system is further
provided with a rigid hood 5 positioned near the end part 2b of the inner
tube 1b. Between the end parts 2 of the tubes 1 a membrane 3 is attached
by means of two fitting members 4 which have been subject to shrinking
as described above. Due to the fact that part of the outer tube 1a has been
removed, a cavity 6 is formed between the membrane 3 and the inner tube
1b. The rigid hood 5 is used for stabilising the micro fluidic system as well

as for attaching the membrane 3 by means of the fitting members 4.

Fig. 4 shows a multi-lumen tube during its manufacturing. A part of the
tube has been broken away for clarity. The tube comprises an outer tube
1a and an inner tube 1b. The outer tube 1a and the inner tube 1b are
arranged co-axially. Initially a tube as shown in the upper part 7 of the
Figure is made. Thereby a desired mutual position of the outer tube 1a
and the inner tube 1b is established. Subsequently the tube is pulled,
while heating the tube, along an axial direction indicated by the arrow.
Thereby a narrow tube with the same mutual position of the outer tube 1a
and the inner tube 1b is obtained, as shown in the lower part 8 of the
Figure.

Fig. 5 shows one arrangement of tubes 1 in a multi-lumen probe. The
tubes are arranged with a centre tube 1c¢ surrounded by seven outer tubes

1a arranged in a circular pattern.

Fig. 6 shows an alternative arrangement of tubes 1 in a multi-lumen probe.

In Fig. 6 two tubes 1 are arranged parallelly side-by-side.
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CLAIMS

1. A micro fluidic system comprising:

— atleast one tube (1),

-~ a membrane (3),

5 - at least one fitting member (4) positioned around the membrane (3)
and an end part (2) of the tube(s) (1), thereby fitting said membrane
(3) to said end part(s) (2),

wherein the fitting member(s) (4) is/are made from a shrinkable material,
and wherein the fitting member(s) (4) is/are fitted tightly around the
10 membrane (3) and the end pari(s) (2).

2. A micro fluidic system according to claim 1, wherein the membrane (3)

is semi-permeable.

3. A micro fluidic system according to claim 2, wherein the membrane (3)

is a dialysis membrane.

15 4. A micro fluidic system according to any of claims 1-3, the micro fluidic

system comprising two or more tubes (1).

5. A micro fluidic system according to claim 4, wherein at least two of the

tubes (1) are arranged parallelly.

6. A micro fluidic system according to claim 5, wherein at least two of the

20 tubes (1) are arranged co-axially.
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7. A micro fluidic system according to any of claims 4-6, wherein at least
two of the tubes (1) are arranged at least substantially along a common
axis and with their end parts (2) facing each other.

8. A micro fluidic system according to any of the preceding claims, wherein
the tube(s) (1) is/are capillary tube(s).

9. A micro fluidic system according to claim 8, wherein at least one of the

capillary tube(s) is a glass capillary tube.

10. A micro fluidic system according to claim 8 or 9, wherein a transversal
dimension for at least one of the capillary tube(s) is within the interval 0.5
um to 500 ym.

11. A micro fluidic system according to any of the preceding claims,
wherein the fitting member(s) (4) is/are made from a heat shrinkable
material.

12. A micro fluidic system according to any of the preceding claims, further
comprising a substantially rigid hood (5) positioned at or near the end
part(s) (2) and between the tube(s) (1) and the membrane (3).

13. A probe comprising a micro fluidic system according to any of claims
1-12.

14. A probe according to claim 13, wherein the probe is a multi-lumen

probe.

15. A probe according to claim 13 or 14, wherein the probe is a dialysis
probe.

PCT/DK2006/000455
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16. A method of attaching a membrane to a tube, the method comprising

the steps of:

I

providing a tube having an end part,

— positioning a membrane at said end part of said tube,

— positioning a fitting member around the membrane and the end
part, said fitting member being made from a shrinkable material,

and

- shrinking said fitting member, thereby providing a tight fit between
the tube, the membrane and the fitting member.

17. A method according to claim 16, wherein the step of shrinking the
fitting member comprises heating at least the fitting member to a

predefined temperature.

18. A method according to claim 17, wherein the step of shrinking the
fitting member comprises heating at least the fitting member to a
temperature with the interval 80°C to 300°C.

19. A method according to any of claims 16-18, further comprising the step
of removing part of said tube prior to the step of positioning the
membrane, thereby forming a cavity between the remaining part of the

tube and the membrane.

20. A method according to any of claims 16-19, wherein the step of

providing a tube comprises providing a capillary tube.
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