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DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention relates to a catheter for administering anaesthetics to a
peripheral nerve site in a patient, and in particular to a catheter having an inflatable balloon
arranged at the end of the catheter placed at the peripheral nerve site during use.

BACKGROUND OF THE INVENTION

[0002] Administering of anaesthetics to a peripheral nerve site in a patient is relevant in a
number of situations including in order to relieve pain following a surgery; such a pain will
typically last for days. This is also referred to as a nerve block and results in a deliberate and
temporary interruption of signals travelling along a nerve with the purpose of pain relief. If the
anaesthetics is to be delivered over a period of time, it can be done by use of a catheter
inserted into the patient via a needle which is subsequently removed. The outer end of the
catheter is then fastened to the skin, but the patient's movement can easily result in the tip of
the catheter moving away from the nerve so that it no longer works as intended. Therefore, the
use of nerve catheters is diminished in favour of a single shot technique where one dose of
anaesthetics is injected through a needle which is then removed. This procedure is rather
simple in terms of e.g. sterility demands, but such a nerve block will typically last for no longer
than 4 to 12 hours depending on the type of anaesthetics used. In some cases this is long
enough whereas e.g. pain following a surgery often lasts for much longer.

[0003] It is known in relation to cardiac monitoring to use a catheter comprising an inflatable
balloon; such a catheter is known as a Swan-Ganz catheter. The balloon is transferred by the
bloodstream from the heart through the lung vessels. When the balloon reaches a location
where its size corresponds to the size of the blood vessels, the catheter is held in place, and it
is possible to perform measurements of the pressures in the heart. Such a catheter has two or
more injection ports, and it is introduced into the bloodstream by the Seldinger technique using
a guide wire and a dilator. For the introduction of a catheter for peripheral nerve block, the use
of a guide wire is not possible or very impractical because the catheter is placed in solid tissue
and not blood vessels. Furthermore, the dimensions of such catheters are too large to be used
in combination with the needles used for peripheral nerve blocks. Thus, this technique is not
suitable for the placement of nerve catheters.

[0004] When peripheral nerve catheters are placed through a needle, the advancement
through the patient and the positioning at the nerve site may be followed by use of ultrasound.
The needle and the local anaesthetics injected through it are visible on the ultrasound image,
but the catheter and especially the tip thereof is typically not. To make the catheter visible on
ultrasound, some recently developed catheters have small bubbles of air in the wall. The tip is
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to be placed close to the nerve, so great care is to be taken not to damage the nerve and to
ensure that the distance is still small enough to make the anaesthetics work as intended.
WO098/33547 discloses a formerly used technique used to ensure a correct insertion of a
catheter for peripheral nerve site anaesthetics. The method described therein uses a nerve
stimulator needle and a nerve stimulator electrode, which electrode is used to verify correct
insertion and placement of the catheter before the start of the local anaesthetics infusion. The
nerve stimulation technique is almost obsolete and very seldom used. The catheter disclosed
may further have an immobilizing structure in the form of an inflatable balloon which is
attached at some point along the shaft of the catheter, typically mid-shaft. Inflation thereof
results in the catheter becoming snugged against the posterior surface of the pectoralis minor
muscle tendon. Hereby the part of the catheter close to the balloon keeps its position, but there
is still some risk of the tip of the catheter moving away from the nerve site so that it does not
deliver the anaesthetics to the desired nerve site.

[0005] US 2011/0071497A1 discloses a balloon fixated catheter for the delivery of medication
for the relief of pain. It has the balloon placed at the distal end of the catheter tube, the balloon
being inflatable to a size sufficient to retain the catheter within the area of placement. The
catheter has one tube for inflation of the balloon and another tube for infusion of medication.
These two tubes are independently produced and then joined to provide a unitary catheter.

[0006] A further challenge with peripheral nerve blocks exists especially when the nerve to be
blocked is close to the skin. In that case, the local anaesthetics being injected will often go
backwards through the canal made by the needle instead of being placed around the nerve. It
may then end under the dressing used to fixate the catheter to the skin.

[0007] Hence, an improved catheter for administering anaesthetics to a peripheral nerve site in
a patient would be advantageous, and in particular a more efficient and/or reliable catheter
would be advantageous.

OBJECT OF THE INVENTION

[0008] It is an object of the present invention to provide a catheter for administering
anaesthetics to a peripheral nerve site in a patient with which the certainty that the tip of the
catheter at the peripheral nerve site stays at the desired position can be significantly increased
compared to known catheters.

[0009] It is another object of the present invention to provide such a catheter which is easier
and more secure to arrange precisely at the desired position at the peripheral nerve site
compared to known catheters.

[0010] It is an object of at least some embodiments of the present invention to provide such a
catheter with which the risk of the anaesthetics unintentionally leaking into the tissue
surrounding the peripheral nerve site can be decreased compared to known catheters.
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[0011] It is another object of at least some embodiments of the present invention to provide a
catheter with which it is easier to ensure that the medication can be delivered very close to the
nerve to be blocked.

[0012] It is another object of at least some embodiments of the present invention to provide a
catheter with which the risk of unintentionally blocking the delivery of the anaesthetics by the
balloon is lowered.

[0013] It is a further object of the present invention to provide an alternative to the prior art.

[0014] In particular, it may be seen as an object of the present invention to provide a catheter
for administering anaesthetics to a peripheral nerve site in a patient that solves the above
mentioned problems of the prior art.

SUMMARY OF THE INVENTION

[0015] The above-described objects and several other objects are intended to be obtained in a
first aspect of the invention by providing a catheter for administering anaesthetics to a
peripheral nerve site in a patient, the catheter comprising:

= a hollow, flexible catheter tube having a first inner lumen extending along a longitudinal
axis of the catheter tube from a proximal end to a distal end, the distal end being
arranged at the peripheral nerve site when the catheter is in use, and

« a balloon adapted to be inflated from a collapsed state to an inflated state by a fluid fed
through the catheter tube into an inner cavity of the balloon, wherein the balloon is
arranged at the distal end of the catheter tube, and the inner cavity of the balloon is in
fluid communication with the proximal end of the catheter tube via the inner lumen.

[0016] By "lumen" is preferably meant an open area inside an object. In the present context,
the lumen is the hollow cavity surrounded by the wall of the catheter tube.

[0017] "Fluid" may be a gas, such as air, or a liquid, such as salt water or the anaesthetics.

[0018] The specifying that the distal end of the catheter is to be arranged at the peripheral
nerve site is mainly made to define which end of the catheter that is called the distal end. By
"the peripheral nerve site" is preferably meant the region surrounding the nerve that is to be
blocked without stating a specific distance from the nerve itself. It will be well-known to a
person skilled in the art how close to the nerve the anaesthetics is to be delivered to work as
intended.
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[0019] By specifying that the balloon is arranged at the distal end is preferably meant
proximate to the distal end, such as having a surface close to but not necessarily touching the
end surface of the catheter. There may e.g. be a few mm of distance from the end of the
catheter and to the closest outer surface of the balloon. Since the balloon has a certain
extension, such as extending over 5 to 20 mm of the length of the catheter, it is clear that "at
the distal end" is not intended to refer to a point. The balloon may also be an elongate balloon
extending over more than 20 mm along the length of the catheter, such as extending from the
end and 25 to 40 mm along the length.

[0020] In a second aspect the invention relates to a needle-catheter kit for administering
anaesthetics to a peripheral nerve site in a patient, the kit comprising:

« a catheter according to the invention and having an outer diameter which allows for
advancement through the needle with the balloon in the collapsed state, and

« a needle adapted to be partly inserted into a patient and positioned so that it extends
from the outside of the patient and to the peripheral nerve site where the anaesthetics is
to be administered, the needle having a hollow shaft through which the catheter can be
advanced.

[0021] In an alternative embodiment, the second aspect of the invention relates to a needle-
catheter kit for administering anaesthetics to a peripheral nerve site in a patient, the kit
comprising:

» a catheter according to the invention and having an inner diameter of the catheter tube
which allows for insertion of the needle in the catheter tube and for removal of the
needle through the catheter tube after positioning the catheter in the patient, and

« a needle adapted to be partly inserted into a patient and positioned so that it extends
from the outside of the patient and to the peripheral nerve site where the anaesthetics is
to be administered, the needle having a hollow shaft over which the catheter can be
arranged.

[0022] In yet another alternative embodiment, the second aspect of the invention relates to a
needle-catheter kit for administering anaesthetics to a peripheral nerve site in a patient, the kit
comprising:

» an introducer comprising a hollow tubular introducer tube, the introducer tube having an
inner diameter which allows for insertion of the needle into the introducer tube and for
removal of the needle through the introducer tube after positioning at least part of the
introducer tube and part of the needle in the patient,

« a catheter as described above and having an outer diameter which allows for
advancement through the introducer tube with the balloon in the collapsed state, and

» a needle adapted to be inserted into the introducer tube and partly inserted into a patient
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and positioned so that it extends from the outside of the patient and to the peripheral
nerve site where the anaesthetics is to be administered.

[0023] Reference(s) to "embodiment(s)" throughout the description which are not under the
scope of the appended claims merely represent possible exemplary executions and are
therefore not part of the present invention.

[0024] A third aspect relates to a method of administering anaesthetics to a peripheral nerve
site in a patient; the method, which is not part of the invention comprising the following steps:

= inserting a needle into the patient and positioning it so that it extends from the outside of
the patient and to the peripheral nerve site where the anaesthetics is to be administered,

» advancing the distal end of a catheter as described above and in the following through
the needle to the peripheral nerve site,

+ inflating the balloon to maintain the distal end of the catheter at a desired position,

» removing the needle, and

« administering anaesthetics to the peripheral nerve site.

[0025] In an alternative embodiment, the third aspect relates to a method of administering
anaesthetics to a peripheral nerve site in a patient, the method comprising the following steps:

¢ inserting a catheter as described above and in the following into a needle,

« inserting the needle with the catheter into the patient and positioning it so that it extends
from the outside of the patient and to the peripheral nerve site where the anaesthetics is
to be administered,

« inflating the balloon to maintain the distal end of the catheter at a desired position,

¢ removing the needle, and

» administering anaesthetics to the peripheral nerve site.

[0026] In another alternative embodiment, the third aspect relates to a method of
administering anaesthetics to a peripheral nerve site in a patient, the method comprising the
following steps:

e inserting a needle into the catheter tube of a catheter as described above and in the
following,

« inserting the needle with the catheter into the patient and positioning it so that it extends
from the outside of the patient and to the peripheral nerve site where the anaesthetics is
to be administered,

+ inflating the balloon to maintain the distal end of the catheter at a desired position,

» removing the needle through the catheter tube, and
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» administering anaesthetics to the peripheral nerve site.

[0027] Such a method where the needle is inserted into the catheter tube is typically referred
to as an "over the needle" technique. The step of inserting the needle into the catheter tube
may take place as part of the manufacturing, or it may be performed by the person performing
the nerve block or an assistant preparing the nerve block. To enable the inflation of the
balloon, it is typically necessary to put a connector onto the proximal end of the catheter tube
through which connector the catheter tube is connected to the supply of fluid used for the
inflation. In order to be able to remove the needle, it is in some embodiments of the invention
necessary to remove the connector again which may cause at least partial deflation of the
balloon. After removal of the needle, the catheter tube is connected to the supply of
anaesthetics, typically via a connector. By inflating the balloon before the needle is removed, it
can be carefully checked that the tip of the catheter is arranged at the desired position at the
peripheral nerve site, before the administering of the anaesthetics is initiated.

[0028] The balloon may be kept inflated during part of the removal of the needle, e.g. until the
end of the needle reaches the connector, to help maintaining the catheter in place during
retraction of the needle.

[0029] In embodiments where the needle is inserted into the patient before the catheter is
advanced through needle, a small amount of anaesthetics is typically injected through the
needle before the catheter is advanced through the needle. Since the needle is visible on
ultrasound, the tip of the needle is typically placed at the desired positon of the catheter during
infusion, before the advancement of the catheter is initiated. This means that the needle
covers the catheter when in place so that the needle has to be slightly retracted to expose the
balloon to enable it to be inflated. Then the correct position is checked again before removal of
the needle.

[0030] In yet another alternative embodiment, the third aspect relates to a method of
administering anaesthetics to a peripheral nerve site in a patient, the method comprising the
following steps:

« providing a needle inserted into an introducer tube of an introducer,

» inserting the needle together with the introducer tube into the patient and positioning it
so that it extends from the outside of the patient and to the peripheral nerve site where
the anaesthetics is to be administered,

» removing the needle while keeping the introducer tube inside the patient,

« advancing the distal end of a catheter as described above through the introducer tube to
the peripheral nerve site,

« inflating the balloon to maintain the distal end of the catheter at a desired position,

« retracting the introducer to the outside of the patient, and

» administering anaesthetics to the peripheral nerve site.
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[0031] Such a method may further comprise fastening the introducer to a connector of the
catheter after the retraction, the connector being a part where two lumen of the catheter divide.

[0032] The details and advantages of embodiments of the invention comprising an introducer
are described in relation to figure 7.

[0033] The actual anaesthetics used in relation to the present invention will be well known to a
person skilled in the art.

[0034] In relation to surgery, a primary injection of anaesthetics will typically be injected via the
needle without the catheter inserted to provide the peripheral nerve block necessary for the
surgery. In this respect, it may be relevant to move the needle tip to inject anaesthetics at more
points around the location of the surgery to be performed. The needle tip is then arranged at
the correct position for the placement of the catheter, and the distal end of the catheter is
advanced through the needle as described above to prepare for the post-surgery pain relief.
With such a method it may be obtained that the first injected local anaesthetics provides a
volume of liquid inside the tissue which may ease the inflation of the balloon.

[0035] An advantage of having the balloon arranged at the distal end of the catheter is that the
inflation thereof results in the distal end being kept at the desired position inside the patient so
that the administering of the anaesthetics is maintained at the peripheral nerve site even if the
patient moves. Known catheters are typically fastened to the skin of the patient at the proximal
end which means that it may still move at the distal end. The possibility of ensuring that the tip
of the catheter stays in place enables continuous infusion of the local anaesthetics close to the
nerve so that the patient can be kept free from pain for as long as needed, even for days.

[0036] A further advantage of the balloon is that it can provide a plugging effect by preventing
that the anaesthetics runs into the tissue surrounding the point of administration, such as an
end hole of a known catheter.

[0037] The way the needle is inserted in the patient, the way the primary block for surgery is
done, and the subsequent advancement of the catheter inside the needle is considered to be
known to a person skilled in the art.

[0038] The fluid used for inflating the balloon from the collapsed to the inflated state may
typically be air or salt water, but it may also be the anaesthetics itself. These possibilities will be
described in more details in the following and in relation to the drawings.

[0039] In presently preferred embodiments of the invention, the first inner lumen may be the
only lumen extending along the longitudinal axis of the catheter tube. In such an embodiment,
this lumen is used both for the fluid used to inflate the balloon and for the subsequent
administering of anaesthetics. Such a catheter tube may be easier to manufacture, especially
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for small diameters, than one having two lumen as will be described below. First the balloon is
inflated carefully, and then it is connected to an infuser system for the administering of the
anaesthetics.

[0040] The catheter tube may further comprise perforations in a wall along a section near the
distal end and surrounded by the balloon so that the anaesthetics can flow from the catheter
tube and into the balloon through the perforations. Hereby it is possible to use injected
anaesthetics to inflate the balloon so that no further types of fluid needs to be injected into the
patient.

[0041] In embodiments comprising such perforations in the wall, the catheter tube may further
comprise at least one end hole at the distal end, the end hole being significantly smaller than
the perforations in the wall and not surrounded by the balloon so that injection of the
anaesthetics results in inflation of the balloon until a certain pressure therein is reached where
after the subsequently administered anaesthetics leaves the inner lumen through the end hole.
A catheter with only one lumen and functioning as described above has the advantages of
being simple to design and produce because of the catheter on its own and because only one
connector will be needed. This is an advantage over catheters with two lumen made from
individual tubes that are subsequently joined, thus adding an extra manufacturing step.
Furthermore, the appearance will resemble those of a traditionally used catheter which may be
of importance to the users.

[0042] In an alternative embodiment of the invention, the balloon may be made from a material
having permeability properties enabling that liquid anaesthetics can permeate the balloon
when the pressure inside the balloon exceeds a certain value. Such permeability properties
may be obtained via the materials from which the balloon is made, or they may be obtained via
very small perforations in the wall of the balloon. When this is used in combination with the
catheter tube comprising perforations in a wall along a section near the distal end and
surrounded by the balloon so that the liquid anaesthetics can flow from the catheter tube and
into the balloon through the perforations, it can be obtained that the injected anaesthetics first
inflates the balloon until a certain pressure is obtained in the balloon. Hereby the balloon is
fixated at the desired position in the patient. Then the anaesthetics starts penetrating the
balloon to spread into the tissue at the peripheral nerve site. Hereby it is obtained that the
anaesthetics is delivered over a larger area than in the embodiment where it only leaves the
catheter through an end hole. If the infusion rate of the anaesthetics is increased, the size of
the balloon may increase slightly until a new equilibrium state is reached.

[0043] In both of the two last-mentioned embodiments it is obtained that the balloon can
provide a blocking of the canal made by the needle during insertion, so that anaesthetics is
prevented from running into the canal and away from the peripheral nerve site where it is
intended to work.

[0044] A catheter tube as described above may further comprise a second inner lumen
arranged substantially parallel to the first inner lumen and extending from the proximal end to
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the distal end of the catheter tube. In such embodiments comprising two lumen, they may be
arranged next to each other or so that the one surrounds the other. One of the lumen can then
be used to inflate the balloon, and one can be used for the anaesthetics. WWhen the balloon has
been inflated e.g. by use of air, the lumen used for the inflation can be plugged-off so that the
anaesthetics can be injected under very low pressure through the other lumen without risking
that the balloon collapses unintentionally as might have happened with a catheter with only one
lumen. Such an unintended collapse of the balloon would result in a risk of movement of the
distal end as is a problem with some known catheters without a balloon as described in relation
to the background of the invention. The method used to plug-off the lumen and the balloon will
be well-known to a person skilled in the art.

[0045] In the embodiments having a second lumen, the catheter tube may be impermeable to
the anaesthetics along the whole length so that the anaesthetics is to leave the catheter tube
through an end hole at the distal end, the end hole not being surrounded by the balloon.

[0046] In preferred embodiments as described above, the balloon may be arranged closer to
the proximal end of the catheter tube than a point where the anaesthetics is to leave the
catheter tube when the catheter is in use. In such a preferred embodiment, the point of
delivery of the anaesthetics is at the outer surface of the balloon facing away from the proximal
end of the catheter tube. Hereby the risk of the balloon unintentionally blocking the delivery of
the anaesthetics is lowered. Such unintentional blocking with catheters having the hole through
which the anaesthetics is delivered located before the balloon could e.g. happen if a pulling
force was applied to the proximal end of the catheter. Such pulling could e.g. be due to the
person having the catheter inserted moving around or the catheter being caught by something.

[0047] In presently preferred embodiments of the invention, an outer diameter of the catheter
tube may be at most 1 mm. This will resemble the typical size of a known catheter used for
peripheral nerve blocks. Hereby it will be possible to advance a catheter according to the
present invention inside a known needle typically having an inner diameter of around 1.2 mm,
such as 1.219 mm. However, other dimensions are also covered by the present invention.
Such dimensions may be an outer diameter of 1 to 5 mm, suchas 1.5t0 3 mmor 2 to 4 mm.

[0048] The first, second and third aspects, of the present invention may each be combined
with any of the other aspects. These and other aspects of the invention will be apparent from
and elucidated with reference to the embodiments described hereinafter.

BRIEF DESCRIPTION OF THE FIGURES

[0049] The catheter according to the invention as well as the intended use thereof will now be
described in more detail with regard to the accompanying figures. The figures show one way of
implementing the present invention and is not to be construed as being limiting to other
possible embodiments falling within the scope of the attached claim set.
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Figure 1 shows schematically the overall idea of having an inflatable balloon arranged at a
distal end of a catheter for administering anaesthetics to a peripheral nerve site in a patient.

Figure 2 shows schematically an embodiment of the invention wherein the catheter comprises
perforations in a wall along a section near the distal end and surrounded by the balloon.

Figure 3 shows schematically an embodiment of the invention wherein the catheter tube
comprises an end hole at the distal end through which the anaesthetics can flow after the
balloon has been inflated.

Figure 4 shows schematically an embodiment of the invention wherein the catheter tube
comprises two lumen.

Figure 5 shows schematically a needle for use in a needle-catheter kit according to an aspect
of the present invention.

Figure 6 is flow charts showing three methods according to the present invention.

Figure 7 shows schematically the use of a needle-catheter kit comprising an introducer
according to some embodiments of the invention.

DETAILED DESCRIPTION OF AN EMBODIMENT

[0050] Figure 1 shows schematically the overall idea of having an inflatable balloon arranged
at a distal end of a catheter for administering anaesthetics to a peripheral nerve site in a
patient. The balloon is in this figure shown as being arranged so that it surrounds the distal end
of the catheter. It may also be arranged so that the catheter tube extends beyond the balloon.
It may e.g. end at the outer surface of the balloon, or the balloon may be arranged so that
there is a small distance to the end of the catheter. With an embodiment where the balloon is
located closer to the proximal end of the catheter tube than the hole through which the
anaesthetics leaves the inner lumen, the risk of the balloon unintentionally blocking the hole is
lowered. Such unintentional blocking with catheters having the hole where the anaesthetics is
delivered located before the balloon could e.g. take place if a pulling force was applied to the
proximal end of the catheter. The balloon is shown as having a round shape, but it may also
have an elongate shape. The catheter 1 comprises a hollow, flexible catheter tube 2 having a
first inner lumen 3 extending along a longitudinal axis of the catheter tube 2 from a proximal
end 4 to a distal end 5. The distal end 5 is the end which will be arranged at the peripheral
nerve site when the catheter 1 is in use. The catheter 1 further comprises a balloon 6 arranged
at the distal end 5 of the catheter tube 2. The inner cavity 7 of the balloon 6 is in fluid
communication with the proximal end 4 of the catheter tube 2 via the inner lumen 3. The
balloon 6 is adapted to be inflated from a collapsed state to an inflated state by a fluid fed
through the catheter tube 2 into the inner cavity 7 of the balloon 6; figure 1 shows the inflated
state. In the embodiment shown in figure 1, the first inner lumen 3 is the only lumen extending
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along the longitudinal axis of the catheter tube 2.

[0051] The catheter tube 2 can be made from a number of flexible materials, such as silicone,
latex, polyamide, Teflon® or polyurethane. It may also be made from two materials, such as
having an inner layer of polyamide and an outer layer of polyurethane. The outer surface of
the catheter tube 2 should preferably be smooth enough to ease the removal of the needle
used for the insertion of the catheter 1. The balloon may e.g. be made from a rubber material,
such as silicone or latex.

[0052] Figure 2.a shows a catheter 1 with the balloon 6 in the collapsed state. In the
embodiment in figure 2, the catheter tube 2 comprises perforations in a wall along a section
near the distal end 5 and surrounded by the balloon 6. As shown in figure 2.b, the liquid
anaesthetics LA can flow from the catheter tube 2 and into the balloon 6 through the
perforations 8 in the wall resulting in an inflation of the balloon 6 due to the higher pressure in
the liquid anaesthetics than in the surrounding tissue at the peripheral nerve site. As shown in
figure 2.c, the balloon 6 is made from a material having permeability properties enabling that
liquid anaesthetics LA can permeate the balloon 6 when the pressure inside the balloon 6
exceeds a certain value. These permeability properties can both be the related to material
from which the balloon 6 is made, or they can be because of very small perforations (not
shown) in the wall of the balloon 6.

[0053] Figure 3 shows schematically an alternative embodiment resembling the one described
in relation to figure 2, but without the balloon 6 being permeable. Thus, figure 3.a shows the
liquid anaesthetics LA flowing into the balloon 6 via perforations 8 in the wall of the catheter
wall. In the embodiment in figure 3, the catheter tube 2 further comprises at least one end hole
9 at the distal end 5. The end hole 9 is significantly smaller than the perforations 8 in the wall
and it is not surrounded by the balloon 6. Hereby it is obtained that injection of the anaesthetics
results in inflation of the balloon 6 until a certain pressure therein is reached, as shown in
figure 3.a. Hereafter the subsequently administered anaesthetics leaves the inner lumen 3
through the end hole 9 as shown in figure 3.b.

[0054] Figure 4 shows schematically an embodiment of the invention wherein the catheter
tube 2 comprises two lumen. The second inner lumen 10 is arranged substantially parallel to
the first inner lumen 3 and extends from the proximal end 4 to the distal end 5 of the catheter
tube 2. The two lumen 3,10 could also be arranged so that the one surrounds the other. Figure
4.a shows the catheter 1 with the balloon 6 in the collapsed state, and figure 4.b shows a
close-up of the area around the balloon 6 in the inflated state. Figure 4.c shows schematically
the cross-section of the catheter tube 2. One of the lumen 10 is used for the inflation of the
balloon 6, and the other lumen 3 is used for the administration of the anaesthetics. In the
embodiment shown, the upper lumen 10 (with respect to the orientation of the figure) is for
inflation of the balloon 6 via one or more holes 8 in the wall of the catheter tube 2. The other
lumen 3 may be arranged so that the catheter tube 2 is impermeable to the anaesthetics along
the whole length, so that the anaesthetics is to leave the catheter tube 2 through an end hole 9
at the distal end 5, the end hole 9 not being surrounded by the balloon 6.
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[0055] Figure 5 shows schematically a needle for use in a needle-catheter kit according to an
aspect of the present invention. The kit comprises a catheter 1 as described above and a
needle 11 to be used for the arrangement of the catheter in the patient. The catheter 1 may be
dimensioned to be advanced inside the hollow shaft of the needle 11. However, in other
embodiments, the needle 11 may be arranged inside the catheter 1 during insertion thereof.
Apart from this difference, the features of such two embodiments are the same. The needle 11
for such a kit may be identical for one used for traditional nerve blocks.

[0056] Figure 6 is flow charts showing three method of administering anaesthetics to a
peripheral nerve site in a patient according to the present invention. Further details and
advantages of the method are given in the section "Summary of the invention” above. In the
embodiment shown in figure 6.a, the method comprises the following steps:

» inserting 12 a needle 11 into a patient and positioning it so that it extends from the
outside of the patient and to the peripheral nerve site where the anaesthetics is to be
administered,

» advancing 13 the distal end 5 of a catheter 1 as described above through the needle 11
to the peripheral nerve site,

¢ inflating 14 the balloon 6 to maintain the distal end 5 of the catheter 1 at a desired
position,

* removing 15 the needle 11, and

» administering 16 anaesthetics to the peripheral nerve site.

[0057] In the embodiment shown in figure 6.b, the method comprises the following steps:

» inserting 17 a catheter 1 as described above into a needle 11,

= inserting 12 the needle into a patient and positioning it so that it extends from the outside
of the patient and to the peripheral nerve site where the anaesthetics is to be
administered with the catheter 1 inserted therein,

« inflating 14 the balloon 6 to maintain the distal end 5 of the catheter 1 at a desired
position,

« removing 15 the needle 11, and

« administering 16 anaesthetics to the peripheral nerve site.

[0058] In the embodiment shown in figure 6.c, the method comprises the following steps:

« inserting 18 a needle 11 into the catheter tube 2 of a catheter 1 as described above,

» inserting 12 the needle 11 with the catheter 1 into a patient and positioning it so that it
extends from the outside of the patient and to the peripheral nerve site where the
anaesthetics is to be administered,

» inflating 14 the balloon 6 to maintain the distal end 5 of the catheter 1 at a desired
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position,
« removing 15 the needle 11 through the catheter tube 2, and
e administering 16 anaesthetics to the peripheral nerve site.

[0059] Figure 7 shows schematically the use of a needle-catheter kit comprising an introducer
20 according to some embodiments of the invention. The catheter shown in figure 7
corresponds to the embodiment in figure 4, but an introducer 20 can also be used for other
embodiments of the catheter. The introducer 20 comprises a hollow tubular introducer tube 21
which has an inner diameter that allows for insertion of the needle 11 into the introducer tube
21 as shown in figure 7.a. Such a needle 11 is shown in figure 5. The combination of the
needle and the introducer may thus also be referred to as an introducing device for the
arrangement of the catheter 1 in the patient. The needle 11 is placed in the introducer tube 21
as shown in figure 7.a, and they are inserted into the patient and positioned so that they
extends from the outside of the patient to the peripheral nerve site where the anaesthetics is to
be administrated in the same way as described above. A small amount of anaesthetics can be
administered to the peripheral nerve site through the hollow needle in the introducer 20 to
make room for the balloon-tipped catheter to be inserted. The needle 11 is removed again via
the introducer tube 21 leaving only the introducer 20 in position in the patient. Then the distal
end 5 of the catheter 1 is advanced through the introducer 20 to the peripheral nerve site
where the small amount of anaesthetics has been administered. The balloon 6 is inflated via
the second inner lumen 10 as described above to maintain the distal end 5 of the catheter 1 at
the desired position; this is shown in figure 7.c. After the balloon 6 has been inflated, the
introducer 20 is retracted, i.e. passed backwards along the catheter 6, and fastened at the
connector 23 of the catheter 1 where the two lumen 3,10 divide. The manual movement of the
introducer 20 is made easy by the introducer handle 22 which is also used for the fastening to
the connector, e.g. by interference fit or a snap-lock mechanism (not shown). Then the
anaesthetics is administered through the first inner lumen 3 in the catheter 1 to the peripheral
nerve site. A characteristic of the embodiment in figure 7 is that the introducer 20 does not
need to be removed but can be left at the position outside the patient as shown in figure 7.d.
The introducer tube 21 is made from a material which is stiff enough for the advancement of
the catheter 1 there through and still flexible enough to not cause any disadvantage or risk to
the patient as would have been the case if the sharp and stiff needle had not been removed.
An advantage of this embodiment comprising an introducer is that it is not necessary to de-
couple the connections at the connector 23 from the catheter 1. This would be necessary in
order to remove the needle 11 with other embodiments, because the needle cannot pass the
connector 23.

[0060] Any of the methods described above may typically further comprise a step of injecting
an amount of local anaesthetics through the needle to provide a primary block for the surgery.
This step may for some embodiments of the invention be performed before advancing of the
catheter through the needle.
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[0061] The investigations made in relation to the present invention included the following test
of an embodiment comprising an introducer as described in relation to figure 7. A two-lumen
balloon-tipped catheter was inserted in the thigh of the test person. It was inserted into the
Adductor canal, where the Saphenus nerve can be blocked. It was inserted under ultrasound
guidance and filmed both from the outside and the inside; the inside part by use of ultrasound
video. The purposes of the test were not to block the nerve but to show that the balloon at the
distal end of the catheter was seen clearly on the ultrasound image and that it would stay in
place after hours of walking around. These two things were accomplished and documented on
film. Furhtermore, it was also tested that the catheter was not displaced even when having
some pulling force applied from the outside. It was showed that this pulling caused slight
movement of the balloon and the surrounding tissue, but when the force was released, the
balloon was still at the intended position in relation to the peripheral nerve site. Hereby the test
showed that the idea of using a catheter for administering anaesthetics to a peripheral nerve
site comprising the use of an inflatable balloon provides the desired improvement over prior
art.
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Patentkrav

1. Kateter (1) til afgivelse af anaestetika til et perifert nervested i en patient,
hvilket kateter (1) omfatter:

- en hul, fleksibel kateterslange (2) med et fgrste indre lumen (3) der
straekker sig langs en langsgaende akse af kateterslangen (2) fra en
proksimal ende (4) til en distal ende (5), idet den distale ende (5) er

anbragt ved det perifere nervested nar kateteret (1) er i brug, og

- en ballon (6) indrettet til at blive oppustet/oppustet fra en
sammenklappet tilstand til en oppustet tilstand af en fluid tilfgrt gennem

kateterslangen (2) ind i et indre hulrum (7) af ballonen (6),

hvor ballonen (6) er anbragt ved den distale ende (5) af kateterslangen (2), og
det indre hulrum (7) af ballonen (6) er i fluidforbindelse med den proksimale ende
(4) af kateterslangen (2) via det indre lumen (3),

hvor kateterslangen (2) yderligere omfatter et andet indre lumen (10) anbragt i
det vaesentlige parallelt med det fgrste indre lumen (3) og streekker sig fra den
proksimale ende (4) til den distale ende (5) af kateterslangen (2), og

hvor ballonen (6) er anbragt taettere pa den proksimale ende (4) af kateter-
slangen (2) end et punkt hvor anaestetika skal forlade kateterslangen (2) nar
kateteret er i brug.

2. Kateter (1) til afgivelse af anaestetika til et perifert nervested i en patient,
hvilket kateter (1) omfatter:

- en hul, fleksibel kateterslange (2) med et fagrste indre lumen (3) der
straekker sig langs en langsgaende akse af kateterslangen (2) fra en
proksimal ende (4) til en distal ende (5), idet den distale ende (5) er

anbragt ved det perifere nervested nar kateteret (1) er i brug, og

- en ballon (6) indrettet til at blive oppustet fra en sammenklappet tilstand
til en oppustet tilstand af en fluid tilfgrt gennem kateterslangen (2) ind i et

indre hulrum (7) af ballonen (6),
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hvor ballonen (6) er anbragt ved den distale ende (5) af kateterslangen (2), og
det indre hulrum (7) af ballonen (6) er i fluidforbindelse med den proksimale ende
(4) af kateterslangen (2) via det indre lumen (3),

hvor kateterslangen (2) yderligere omfatter perforeringer (8) i en vaeg langs en
sektion naer den distale ende (5) og omgivet af ballonen (6) sa at ansestetikaet
kan strgmme fra kateterslangen (2) og ind i ballonen (6) gennem perforeringerne
(9), og

hvor kateterslangen (2) yderligere omfatter mindst et endehul (9) ved den distale
ende (5), idet endehullet (9) er signifikant mindre end perforeringerne (8) i
vaeggen og ikke er omgivet af ballonen (6) sa at injektion af anaestetikaet
resulterer i oppustning af ballonen (6) indtil et vist tryk deri er ndet, hvorefter
efterfglgende administreret anzestetika forlader det indre lumen (3) gennem
endehullet (9).

3. Kateter (1) ifglge krav 1 eller 2, hvor det fgrste indre lumen (3) er det eneste

lumen der straekker sig langs den langsgdende akse af kateterslangen (2).

4. Kateter (1) ifglge krav 1, hvor kateterslangen (2) er impermeabel for
anaestetikaet langs hele laengden sa at anaestetikaet skal forlade kateterslangen
(2) gennem et endehul (9) ved den distale ende (5), idet endehullet (9) ikke er

omsluttet af ballonen (6).

5. Kateter (1) ifglge et hvilket som helst af de foregdende krav, hvor en ydre

diameter af kateterslangen (2) er hgjest 1 mm.

6. Nal-kateter-kit til afgivelse af anaestetika til et perifert nervested i en patient,
idet kittet omfatter:

- et kateter (1) ifglge et hvilket som helst af de foregdende krav og med en
ydre diameter der tillader fremfgring gennem nalen (11) med ballonen (6) i

den sammenklappede tilstand, og

- en nal (11) indrettet til at blive delvist indsat i en patient og positioneret

sa at den straekker sig fra uden for patienten og til det perifere nervested
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hvor anaestetika skal afgives, idet ndlen (11) har et hult skaft gennem
hvilket kateteret (1) kan fremfgres.

7. Nal-kateter-kit til afgivelse af anaestetika til et perifert nervested i en patient,
idet kittet omfatter:

5 - kateter (1) ifglge et hvilket som helst af kravene 1-5 og med en indre
diameter af kateterslangen (2) der tillader indsaetning af nalen (11) i
kateterslangen (2) og fjernelse af nalen (11) gennem kateterslangen (2)
efter positionering af kateteret (1) i patienten, og

- en nal (11) indrettet til at blive delvist indsat i en patient og positioneret
10 sa at den straekker sig fra uden for patienten og til det perifere nervested
hvor anaestetika skal administreres, idet nalen (11) har et hult skaft over

hvilket kateteret (1) kan anbringes.

8. Nal-kateter-kit til afgivelse af anaestetika til et perifert nervested i en patient,
hvilket kit omfatter:

15 - en indfgringsindretning (20) der omfatter et hult rgrformet
indfgringsindretningsrgr (21), indfgringsindretningsrgret (21) har en indre
diameter der tillader indsaetning af nalen (11) ind i
indfgringsindretningsrgret (21) til fijernelse af ndlen (11) gennem
indfgringsindretningsrgret (21) efter positionering af mindst en del af

20 indfgringsindretningsrgret (21) og en del af nalen (11) i patienten,

- et kateter (1) ifglge et hvilket som helst af kravene 1-5 og med en ydre
diameter der tillader fremfgring gennem indfgringsindretningsrgret (21)

med ballonen (6) i den sammenklappede tilstand, og

- en nal (11) indrettet til at blive indsat i indfgringsindretningsrgret (21) og
25 delvist indsat i patienten og positioneret s at den straekker sig fra uden for

patienten og til det perifere nervested hvor anastetikaet skal afgives.
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