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ABSTRACT

A medical pump (1), comprising a reservoir (3) having a fluid enclosing portion and a
tubular element (7), the inside of which is arrangeable in fluid communication with the
fluid enclosing portion for allowing fluid (5) to pass into the tubular element (7). The fluid
enclosing portion contains a volume of fluid (5) sealed from communication with air and
the fluid enclosing portion is adapted to reduce in volume essentially to the same extent
as any volume of fluid (5) transferred into the inside of the tubular element (7). The

invention also relates to a method of delivering a medical fluid.
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A MEDICAL PUMP

Technical field

The present invention relates to a medical pump and
to a method of delivering a medical fluid. In this appli-
cation it is to be noted that the term fluid does not

only encompass liquide but also gels.

Background of the invention
Syringes and other injection devices have different

ranges of application. One of these is syringes for ad-
ministration of fluids with a viscosity above 1000 mPa*s,
such as a gel. For instance, a gel may be injected into
the skin of a human being or an animal in order to obtain
a volume augmentation of the skin. This application has
been used in the esthetics industry for e.g. smoothing
wrinkles and folds, shaping facial contours, lip
sculpting, etc. Such gels are, for example, marketed by
the applicant under the product trademarks Restylane and
Perlane which are based on the so called NASHA-gel (Non-
Animal Stabilized Hyaluronic Acid). Another application
is for treating female urine incontinence wherein an in-
jection of the gel is performed. The applicant markets
such gel under the product trademark Zuidex (also a
NASHA-gel) . Another NASHA-gel product under the trademark
Durolane is injected into the bone of a patient for
treatment of e.g. knee osteocarthritis.

When a large quantity of fluid is to be delivered
the syringe should have a large capacity, or should be
refilled or changed several times during the administra-
tion. The large gquantity generally makes the cross sec-
tion of the syringe large and thereby the area of the
plunger that transfers the applied pressure to the fluid
will be large as well. The larger the diameter of the
plunger is, the more pressure is needed to deliver the
fluid out from the syringe. If the fluid is viscous, such
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as in the form of a gel, this particular problem with
common syringes, containing a large quantity of fluid, is
becoming even worse.

US 5,496,284; US 6,132,400 and WO 96/10430 describe
syringes for administration of anesthetic. These syringes
avoid the problem of a large plunger area, by providing a
first smaller chamber having a plunger with a small area
and a second chamber used as a reservoir, wherein the
first chamber can be filled up with fluid from the second
chamber. The small plunger area reduces the force that
has to be applied during administration of the
anesthetic.

While these prior art syringes facilitate the
administration of an anesthetic in the form of a liquid
having low viscosity, they are unsuitable for the admini-
stration of relatively viscous fluids, such as gels. A
drawback of these prior art syringes is that the fluid
contained within the reservoir stands in communication
with air. The air ie introduced when fluid is drawn into
the delivery chamber during proximal movement of the
plunger. If a viscous fluid is mixed with air, there is a
risk that the air will be entrapped within the fluid and
by that administrated into the body of a human or animal
being. Another problem by mixing the fluid with air is
the contamination that may defect the fluid.

Summary of the invention

An object of the invention is to provide a medical
pump which is suitable for the administration of a rela-
tively viscous fluid, in particular for a fluid having a
viscosity of at least 1000 mPa*s, such as a gel, e.g. of
the product types mentioned under the Background section
of this description.

Another object of the invention is to provide a
medical pump that contains a fluid prevented from mixing
with air, and thereby reducing the risk of delivering a
fluid containing entrapped air.
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Another object of the invention ig to provide a
medical pump that prevents the fluid contained therein
from mixing with air in order to reduce the risk of con-
tamination of the fluid, and thereby reducing the risk of
delivering defected fluid.

vet another object of the invention is to provide a
medical pump that has the capacity to contain an essen-
tially large quantity of fluid and facilitate delivery of
a viscous fluid, such as a gel, with application of a re-
duced force.

Additionally, an object of the invention is to pro-
vide a method of delivering a medical fluid, such as a
vigecous fluid, in particular a gel.

These and other objects, which will become apparent
in the following description, are achieved by means of a
medical pump and a method having the features defined in
the appended claims.

According to a first aspect of the invention, a
medical pump is provided, comprising a reservoir having a
fluid enclosing portion;

a tubular element, the inside of which is
arrangeable in fluid communication with the fluid enclos-
ing portion for allowing fluid to pass into the tubular
element;

a inner seal movable inside the tubular element be-
tween an advanced and a retracted position, wherein the
inner seal is retractable from the advanced position to
enable the fluid to be transferred from the fluid enclos-
ing portion into an internal space defined by the tubular
element and the retracted inner geal, and wherein the
inner seal is advanceable from the retracted position for
delivering out of the pump fluid present in said internal
space;

wherein said fluid enclosing portion contains a
volume of fluid sealed from communication with air and
the fluid enclosing portion is adapted to reduce in
volume essentially to the same extent as any volume of
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fluid transferred into said internal space of the tubular
element.

The invention is based on the understanding that by
providing a fluid inside a fluid enclosing portion which
is capable of reducing in volume as the fluid is
administered, it is possible to geal the fluid from
communication with air. This is apparently a solution
that goes against the identified prior art, where the re-
duced volume of fluid in the reservoir is replaced by in-
troduction of air into the volume containing the fluid.

In this application the term reservoir is used to
define the volume that is intended to at least partially
contain a fluid. Further, the fluid enclosing portion is
defined as the volume of fluid contained within the
reservoir that is sealed from communication with air,
wherein the inside of the tubular element, such as the
volume of fluid contained within the internal space of
the tubular element, is not part of the fluid enclosing
portion. The delimitation surface of the fluid enclosing
portion may at least partially be the same as the delimi-
tation surface of the reservoir.

A particular advantage of the invention is that the
fluid contained in the fluid enclosing portion is pre-
vented from mixing with air. In particular, the risk of
introducing air that may be entrapped within the fluid is
reduced and thereby a medical pump is provided that fa-
cilitateg a more safe and reliable delivering of fluid.
Another advantage, with the medical pump containing a
fluid prevented from mixing with air, is a reduced con-
tamination of the fluid that reduce the risk of deliver-
ing defected fluid.

Another advantage of the invention is that a smaller
volume of fluid to be delivered out from the medical pump
is transferred from the fluid enclosing portion into said
internal space, the force needed for the delivery is re-
duced compared to a medical pump where the fluid to be
delivered is contained in one chamber comprising all the
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fluid. By transferring the fluid into said internal
space, the area of the means used to force the fluid out
from the medical pump may be reduced, and thereby the
force needed for the delivery is reduced. This is par-
ticularly advantageous for gels, which generally have
high viscosity.

The arrangeable fluid communication between the
fluid enclosing portion and the inside of the tubular
element is preferably made possible by the opening of a
gsealing, valve or other communication closing means.

In at least one embodiment the fluid communication
between the internal space of the tubular element and the
fluid enclosing portion is opened before the inner seal
is retracted from the advanced position towards the re-
tracted position. It may also be possible to open the
fluid communication between the internal space of the tu-
bular element and the fluid enclosing portion after the
retraction of the inner seal or when the inner seal is
partially retracted.

In at least one embodiment, the retraction of the
inner seal creates a negative pressure inside the tubular
element, wherein the negative pressure forces the fluid
in the fluid enclosing portion to be transferred into the
internal space of the tubular element. By enabling at
least parts of the delimitation surface of the fluid en-
closing portion to be movable or flexible, the volume of
the fluid enclosing portion is reduced to the same extent
as the volume transferred from the fluid enclosing
portion into the internal space of the tubular element,
without introducing air into the fluid enclosing portion.
This implies that the femaining volume of the fluid en-
closing portion is the difference between the volume of
fluid contained within the fluid enclosing portion before
transfer of fluid from the fluid enclosing portion and
the volume of fluid transferred into the tubular element.

The invention is also based on the understanding
that the volume of the fluid enclosing portion may be
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variable by providing a movable means within the reser-
voir, which means define a delimitation of the fluid en-
closing portion.

In at least one embodiment, the fluid enclosing por-
tion comprises an outer seal which is movable inside the
reservoir and which defines a delimitation of the fluid
contained in the fluid enclosing portion, the outer seal
being arranged to at least partially move relative to the
tubular element when the inner seal is retracted from
said advanced position.

Preferably, the reservoir is formed as a tubular
barrel and the outer seal, suitably cylindrical, is pro-
vided within the reservoir. The reservoir may be made of
a transparent plastic material, such as polycarbonate,
cyclo-olefin-copolymer (COC), polypropylene or other
suitable material. The outer seal is arranged to create a
sealing effect between the fluid contained within the
reservoir and the environmental air, wherein the fluid is
prevented from mixing with air. Preferably, the side of
the outer seal opposite to the fluid enclosing portion
stands in communication with air, in order to equalize
the pressure surrounding the outer seal when the outer
seal is moved due to transferring of filuid from the fluid
enclosing portion into the internal space of the tubular
element. Preferably, the outer seal is made of a flexible
material, such as a rubber material, in particular butyl
rubber. An alternative to rubber is thermoelastic
plastics. The outer seal is provided to fit tight against
the inner wall of the reservoir, in order to create the
sealing effect. Advantageougly, the outer circumferential
surface of the outer seal is provided with grooves or
channels for increased gealing effect.

Note that even if some embodiments including a
moveable outer geal have been described above, it is to
be understood that the fluid enclosing portion of the
medical pump may be made of a flexible material that will
collapse when the fluid 'is transferred out from the fluid
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enclosing portion into the internal space of.the tubular
element. This may be achieved by providing a fluid en-
closing portion formed as a flexible sealed portion, such
as a plastic bag. By collapsing the fluid enclosing por-
tion, the volume of the fluid enclosing portion is re-
duced to the same extant as the volume transferred out
from the fluid enclosing portion, wherein the fluid in
the fluid enclosing portion is prevented from mixing with
air.

As described above, the tubular element is provided
with a movable inner seal that abuts against the inner
wall of the tubular element in order to provide a sealing
effect. Preferably, the inner seal is made of a flexible
material, such as a rubber material, in particular butyl
rubber, or some other suitable material such as
thermoelastic plastics. Advantageously, the inner seal
has an outer cylindrical surface which is provided with
grooves or channels for increased sealing effect. The
inner seal creates a negative pressure inside the tubular
element when retracted from the advanced position towards
the retracted position, which negative pressure creates a
guction force that, after opening of the fluid communi-
cation between the reservoir and the internal space of
the tubular element, pulls the fiuid from the fluid en-
closing portion into the internal space of the tubular
element. The force created by the negative pressure is
also applied to the outer seal, wherein the outer seal
moves within the reservoir essentially the same distance
as the movement of the fluid surface within the reser-
voir. Thereby, the outer seal is moved a distance corre-
sponding to the volume transferred out from the fluid en-
closing portion into the internal space of the tubular
element. The movement of the outer seal makes it possible
to reduce the volume of fluid in the reservoir without
introducing air in the enclosed volume containing the
fluid.
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In at least one embodiment, the tubular element is
located inside the reservoir, wherein the outer seal ex-
tends from an inner surface of the reservoir to an outer
surface of the tubular element. The tubular element
preferably extends through a hole provided in the outer
seal, wherein the outer seal is suitably arranged to fit
snugly over the outer wall of the tubular element to pro-
vide a sealing effect between the outer seal and the
outer wall of the tubular element. Advantageously, when
assembled, the reservoir, the outer seal and the tubular
element are arranged concentrically within one another
along a common longitudinal axis.

It is to be noted that the tubular element and the
reservoir may be separated, wherein the fluid communica-
tion between the fluid enclosing portion and the internal
space of the tubular element preferably is arranged with
a passage in between, which advantageously is opened and
closed by a valve. It shall also be noted that the outer
seal is still movable within the reservoir relative to
the tubular element in such an embodiment.

In at least one embodiment, the tubular element is
movable between an advanced administering position and a
retracted filling position, wherein the outer seal is
adapted to move relative to the tubular element when the
tubular element is retracted from said administering po-
sition.

The term “filling position” is used to define the
position of the tubular element at which it is possible
to transfer fluid from the fluid enclosing portion into
the internal space of the tubular element or the soon to
be created internal space of the tubular element.
Accordingly, at thig filling position, the inner seal may
be retracted to create the internal space of the tubular
element and enable the fluid in the fluid enclosing
portion to be trangferred into the internal space of the
tubular element. The term “administering position” is
used to define the position where the internal space of
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the tubular element is sealed from fluid communication
with the fluid contained within the fluid enclosing
portion. At this administering position the inner space
of the tubular element is arrangeable in fluid communica-
tion with an outlet region, provided on the medical pump
for enabling delivery of the fluid out from the medical
pump .

It is to be noted that the fluid communication be-
tween the reservoir and the internal space of the tubular
element also may be established by use of a valve or
other fluid communication closure means.

The movement of the tubular element from said ad-
vanced administering position towards the retracted
filling position is, in at least one embodiment, estab-
lished by mutually contacting surfaces of the inner seal
and the tubular element that provide a first frictiomal
force F., wherein the tubular element is adapted to be
retracted from the administering position by application
of a retracting force on the inner seal. Further, the tu-
bular element may be adapted to be advanced from the
filling position by application of an advancing force on
the inner seal, wherein a frictional force, directed
opposite to the frictional force Fi, is created between
the mutually contacting surfaces of the inner seal and
the tubular element. The frictional forces, established
when the tubular element is advanced and retracted re-
spectively, are preferably in the same range. But the
forces may also be different from each other, the essen-
tial function of these embodiments being that the
frictional forces are sufficient to cause the movement of
the tubular element between the advanced and retracted
position.

It is to be noted that in this application the term
“mutually contacting surfaces” is used to define portions
of surfaces that abuts against each other for creation of
a sealing effect and/or a frictional force.
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Further, it is to be noted that the opening and
closing function of the fluid communication between the
fluid enclosing portion and the internal space of the tu-
bular element, by moving the tubular element, may be
separated from the retraction and advancement function of
the inner seal. This may be achieved by an arrangement
comprising separated control means for these two
features.

In at least one embodiment, mutually contacting sur-
faces of the tubular element and the outer seal provide a
gecond frictional force F, against advancing movement of
the tubular element towards its administering position,
and wherein mutually contacting surfaces of the outer
seal and the reservoir provide a third frictional force
F3 which is smaller than said second frictional force F;,
wherein the outer seal is advanced together with the
tubular element during advancement of the tubular element
towards its administering position.

Hereby, the outer seal preferably is arranged to at
least partially follow the movement of the tubular
element, when advanced from the retracted position
towards the advanced administering position. When the
outer seal is advanced at least partially together with
the tubular element, a pressure is created within the
fluid contained in the reservoir. When the created
pressure and the frictional force F; together apply a
force to the outer seal, that is esgentially in the same-
order as the frictional force F,, the advancing movement
of the outer seal is discontinued and the tubular element
starts to glide relatively to the outer seal. The at
least partial movement of the outer seal is obtained by
arranging a relation between the frictional forces where
the frictional force F, ig larger than the frictional
force Fj.

It is obvious for a person skilled in the art that
the medical pump may be arranged with an outer seal that
retains the position relatively to the reservoir when the
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tubular element is advanced towards the advanced adminis-
tering position. This is obtained by arranging a relation
between the frictional forces where the frictional force
F, is equal or smaller than the frictional force Fs.

By moving the outer seal at least partially together
with the tubular element, the created pressure increase
within the fluid contained in the fluid enclosing portion
facilitates additional retraction of the inner seal,
after delivery of fluid contained within the internal
space of the tubular element, in order to transfer fluid
into the internal space of the tubular element from the
fluid enclosing portion.

In at least one embodiment, mutually contacting sur-
faces of the outer seal and the reservoir provide a third
frictional force F;, and wherein mutually contacting sur-
faces of the tubular element and the outer seal provide a
fourth frictional force F, against retracting movement of
the tubular element towards its filling position, said
third frictional force F; being larger than said fourth
frictional force F,.

Herby, the outer seal retains its position rela-
tively to the reservoir when the tubular element is moved
from its advanced administering position towards the re-
tracted filling position. By retaining its position rela-
tively to the reservoir, when the tubular element is
moved from the advanced administering position towards
the filling position, the outer seal essentially keeps
the same level as the fluid within the fluid enclosing
portion.

Preferably, the medical pump is arranged with a
relationship between the frictional forces that satisfy
F, > F, > F3 > Fy. The frictional force F, defines the
frictional force created between the inner wall of the
tubular element and the inner seal for both retracted and
advanced movement of the inner seal. In order to enable
the tubular element to be lifted from the advanced
administering position towards the retracted filling
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position by the frictional force F, between the inner
seal and the tubular element, while enabling the outer
seal to remain in position relative to the reservoir and
to allow movement relative to the tubular element, the
relation between the frictional forces is F; > F3 > Fq.
Further, in order to enable the tubular element to be ad-
vanced from the retracted filling position towards the
advanced administering position by the frictional force
F, between the inner seal and the tubular element, while
enabling the outer seal to at least partially follow the
movement of the tubular element, the relationship between
the frictional forces is F1 > F2 > Fj.

The mutually contacting surfaces of the tubular ele-
ment, the outer seal and the reservoir may be provided
with surfaces and materials in such way that the relation
between the frictional forces may be obtained. In at
least one embodiment, the difference between the
frictional force F,, against advancing movement of the
tubular element towards its administering position, and
the frictional force F,, against retracting movement of
the tubular element towards its administering position,
is created by an uneven surface, such as protruding
means, provided to the outer wall of the tubular element.
This protruding means may be formed as splines, barbs or
edges, preferably provided on a rubber coating arranged
around the outer wall of the tubular element. As an
alternative, the difference between the frictional forces
F, and F, may be established by providing the surface of
the outer seal, which abutg against the outer wall of the
tubular element, in a similar way as described for the
tubular element. Note that even though in some embodi-
ments it may be preferred to dimension F; > Fy, these
frictional forces may also be equal or even have the re-
verse relationship.

Preferably, the reservoir comprises an abutment sur-
face provided with an outlet region for fluid delivery

out of the pump, wherein, in said administering position,
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an end portion of the tubular element abuts said abutment
surface in such a manner that said internal space of the
tubular element is in communication with said outlet
region.

The outlet region is preferably arranged in the geo-
metrical axis of the tubular element, even if the essen-
tial feature is that the internal space of the tubular
element, in said administering position, is in communica-
tion with said outlet region. Further, the tubular ele-
ment and the outlet region are preferably provided in the
geometrical axis of the reservoir.

The abutment surface provided in the reservoir may
act as a stop for the advancement of the tubular element
towards the advanced administering position. In this case
the advanced administering position may thus be defined
as the location of the tubular element when it abuts
against the abutment surface. However, the level of ad-
vancement of the inner seal defines the amount of fluid
to be delivered out from the medical pump, wherein the
inner seal e.g. may be advanced only half the way rela-
tive to the abutment surface in order to deliver a less
amount of fluid out from the medical pump.

Further, in at least one embodiment, the abutment
surface is a sealing surface preventing fluid from
flowing between the interior of the tubular element and
the fluid enclosing portion when the tubular element is
in said administering position. Preferably the abutment
surface is formed as a separate piece of material pro-
vided at the bottom of the reservoir. The abutment sur-
face is preferably made of a rubber material, such as
such as butyl rubber, or other suitable material such as
thermoelastic plastics. The abutment surface may be
attached to the reservoir by form fit, gluing or other
fastening methods, but it is also possible to provide the
abutment surface as a unattached piece of material. It
may also be possible to provide the abutment surface as
an integrated portion of the reservoir.
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The shape of the abutment surface may be provided in
several ways, e.g. as a plane surface or a as tapered
surface, wherein the essential features is the definition
of the administering position and the sealing effect be-
tween the internal space of the tubular element and the
fluid contained within the fluid enclosing portion.

In at least one embodiment, said sealing surface is
configured as a non-return valve which allows fluid to
flow out from the pump through said outlet region but
which prevents external fluid to enter the pump through
said outlet region. As an alternative, the non-return
valve may be provided as a separate part not formed as a
portion of the sealing surface. It is also possible to
vary the location of the non-return valve along the
outlet region of the medical pump, wherein the non-return
valve does not have to be located in contact with the
abutment surface.

Preferably, the non-return valve is formed as a slit
in the sealing surface, wherein at least two flaps are
provided, which are enabled to open when the fluid is in-
tended to be transferred out of the medical pump. The
opening of the non-return valve is established when the
inner seal is moved towards the advanced position,
wherein the fluid contained within the internal space of
the tubular element forces the non-return valve to open.
Thereby, a fluid communication between the internal space
of the tubular element and the outlet region is opened.

A person skilled in the art realizes that the non-
return valve effect can be achieved in several ways.

The retracted f£illing position of the tubular ele-
ment may be determined by an end member of the reservoir
preventing the further retraction of the tubular element.
The end member, in at least one embodiment, is made up by
a cover provided at the end of the reservoir opposite to
the opening region of the medical pump. Additionally, the
cover is preferably provided to act as a stop member for
the retraction of the inner seal from the advanced
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position to the retracted position. In this embodiment,
the retracted position of the inner seal may thus be de-
fined as the location of the inner seal when it abuts
against the cover. However, the level of retraction of
the inner seal defines the amount of £fluid to be trans-
ferred into the internal space of the tubular element,
wherein the inner seal e.g. may be retracted only half
the way relative to the cover in order to transfer a less
amount of fluid into the internal space of the tubular
element.

In at least one embodiment, the inner seal is
connected to an elongate actuator movable inside the tu-
bular element, which actuator being controllable from the
outside of the reservoir. When the inner seal is
retracted from the advanced position due to a retracting
force acting on the actuator, the tubular element is re-
tracted to its filling position due to friction against
the inner seal. Further, the inner seal is adapted to
overcome the friction and move relative to the tubular
element when the tubular element is at its filling posi-
tion and the actuator is subjected to a retraction force.

Further, when the inner seal is advanced from the
retracted position due to an advancing force acting on
the actuator, the tubular element is advanced to its ad-
ministration position due to friction against the inner
seal, and when the tubular element is at its administer-
ing position and the actuator is subjected to a continued
advancing force, the inner seal is adapted to overcome
the friction and move relative to the tubular element.

The actuator is preferably provided with a control
means, located outside the reservoir, adapted for a one
hand grip for application of the retracting and advancing
force. The connection of the inner seal to the actuator
is preferably established by form fitting, but other
fastening methods are usable as well. The elongate
actuator may comprise a shaft or bar arranged between the
inner seal and the controller means. The shaft or bar
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preferably has a cross shaped cross-section in order to
among other things create a suitable connection interface
to the inner seal.

Preferably, a spring is provided and biased to exert
a force on the elongate actuator in the longitudinal
direction of the actuator. The spring may either be
arranged to transfer a retracting force to the actuator
for facilitating the retracted movement of the inner seal
towards its retracted position or arranged to transfer an
advancing force to the actuator for facilitating the
advancing movement of the inner seal towards its advanced
position. In a preferred embodiment, the spring is
arranged to facilitate the retracted movement of the
inner seal. The purpose of the spring is to make the
movement of the inner seal easier by transferring a force
to the actuator and make the movement of the inner seal
more smooth and controlled.

Preferably, the medical pump is provided as a
package in which the reservoir is pre-filled with a
medical fluid, such as a gel, having a viscosity above
1000 mPa*s, preferably above 10 000 mPa*s, in particular
between than 100 000 mPa*s and 1 000 000 mPa*s. The fluid
may be introduced to the medical pump under sterilized
conditions in order to avoid contamination of the fluid.
In order to avoid introduction of air at the assembly
moment, the medical pump is preferably assembled under
vacuum conditions. As a mere exemplifying comparison, it
may be noted that water has a viscosity of about 1 mPa*s.

Preferably, the medical pump is intended to be
disposable for one-time use. The medical pump is
advantageously provided with a safety sealing that keeps
the inner seal and the tubular element at the advanced
position until the safety seal is broken before use of
the medical pump. The safety seal is provided for safe
transportation and indicates that the medical pump is
used for the first time. Preferably, the safety seal is
arranged as a locking means that holds the elongate
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actuator at the retracted position until the safety seal
is broken, wherein the actuator may be retracted for
enabling fluid to be transferred from the fluid enclosing
portion into the internal space of the tubular element.
When the safety seal is unbroken, the fluid communication
between the reservoir and the internal space is closed,
wherein all the fluid remains in the reservoir.

According to an additional aspect of the invention,
a method of delivering medical fluid is provided,
comprising: providing a medical pump comprising a
reservoir having a fluid enclosing portion and a tubular
element, the inside of which is arrangeable in fluid
communication with the fluid enclosing portion;

reducing the volume of the volume of the fluid
enclosing portion by transferring a portion of said fluid
from the fluid enclosing portion into an internal space
of the tubular element, wherein the volume of the fluid
enclosing portion is reduced with essentially the same
volume as the volume of fluid transferred into the
internal space of the tubular element; and

delivering out from the pump the transferred fluid
contained in the internal space of the tubular element.

For further delivering of fluid from the pump, the
preceding steps described above may be repeated. This
procedure may be repeated until essentially all the fluid
contained within the fluid enclosing portion has been
transferred into and delivered from the intexrmal space of
the tubular element.

Suitably, the medical pump is assembled by:

providing a reservoir comprising at least one open
end;

introducing a medical fluid into the reservoir,
wherein the medical fluid being delimited by the outer
geal;

introducing a moveable outer seal via the open end
into the inside of the reservoir, wherein the outer seal



WO 2004/110530 PCT/SE2004/000723

10

15

20

25

30

35

18

abuts with sealing effect against the inner wall of the
reservoir; and

establishing a fluid enclosing portion free from air
by sealing the volume of medical fluid contained within
the reservoir by introducing a sealed tubular element
through a hole in the outer seal, wherein the outer wall
of the tubular element abuts with sealing effect against
the outer seal.

The fluid enclosing portion is defined by the outer
wall of the tubular element, the outer seal and at least
partially the inner wall of the reservoir. When the
medical pump is assembled, all the fluid is retained
within the fluid enclosing portion until the first time
the fluid communication is opened between the internal
space of the tubular element and the fluid enclosing
portion.

The assembling of the medical pump is preferably
executed in an environment free from air, such as a
vacuum area. After the medical pump is assembled, the
medical pump may be enclosed in a sterilized package or a
gsimilar arrangement. The medical pump is preferably
disposable for one time use only.

The filling up of the reservoir with the medical
fluid may either be executed before the introduction of
the outer seal into the reservoir or after the
introduction of the outer seal into the reservoir. When
the medical fluid, the outer seal and the sealed tubular
element are introduced into the reservoir, the fluid
enclosing portion contained within the reservoir is
essentially free from air and sealed from mixing with
environmental air.

When the outer seal is introduced into the reservoir
before the medical fluid, the tubular element is
preferably introduced into the reservoir together with
the elongate actuator and the cover. In the case of
introducing the medical fluid before the outer seal, the
outer seal is preferably introduced together with the
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sealed tubular element, the elongate actuator and the

cover.

Brief description of the Drawings
By way of examples, embodiments of the invention
will now be described with reference to the accompanying

drawings in which:

Fig. 1 shows a schematic perspective view, partially
in cross section, of a medical pump comprising a medical
fluid.

Fig. 2a - 2e show, in cross section, a method of
delivering fluid from the medical pump in Fig. 1.

Fig. 3a - 3e show, in cross section, a method of

assembling the medical pump in Fig. 1.

Detailed description of the Drawings
An embodiment of a medical pump according to the

invention will now be described in more detail with
reference to figures 1 - 2e.

The medical pump 1 comprises a reservoir 3 intended
to contain a fluid 5, a tubular element 7 arranged within
the reservoir 3 and an outer seal 9 extending between the
inner wall 11 of the reservoir and the outer wall 13 of
the tubular element 7. The tubular element 7 is provided
with an inner seal 15, movable inside the tubular element
7 between an advanced position (see figures 1 and 2a) and
a retracted position (see figure 2c). The inner seal 15
is retractable from the advanced position to the
retracted position for enabling fluid 5 to be transferred
from the portion of the reservoir 3 surrounding the
tubular element 7 into an internal space 21 (see figure
2c) defined by the retracted inner seal 15 and the
tubular element 7. Further the inner seal 15 is
advanceable from the retracted position to the advanced
position for delivering of fluid 5 out from the medical
pump 1.
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Tn the illustrated preferred embodiment the
reservoir 3 is formed as a tubular barrel, and is
preferably made of a transparent plastic material, such
as polycarbonate or cyclo-olefin-copolymer. The reservoir
3 includes a front end 23 comprising an opening 25
through which the fluid 5 is intended to be delivered out
from the medical pump 1 via a tubular end portion 27. The
opening 25 is preferably placed in the geometrical axis
of the reservoir 3 and the tubular end portion 27 may be
adapted for receiving a needle 29 of generally standard
type. Opposite to the front end 23 the reservoir has an
open rear end 31l.

The outer seal 9 is movably provided within the
reservoir 3, intended to follow the level of fluid 5
contained inside the reservoir 3. The cylindrical outer
surface of the outer seal 9 is in sealing contact with
the inner wall 11 of the reservoir 3. Preferably, the
outer seal 9 is made of a rubber material, such as butyl
rubber, and said cylindrical outer surface of the outer
seal 9 may be provided with grooves or channels 33 for
increased sealing effect. Further, the outer seal 9 is
arranged with a concentric hole 35 extending in the axial
direction of the medical pump 1, which hole 35 is adapted
to receive the tubular element 7 provided within the
reservoir 3. The tubular element 7 extends through the
hole 35 of the outer seal 9, and a sealing contact
between the mutually contacting surfaces of the tubular
element 7 and the outer seal 9 is established by letting
the outer seal 9 fit snugly over the tubular element 7.

The circular inner seal 15 is provided inside the
tubular element 7 and abuts against the inner wall 37 of
the tubular element 7 to provide a sealing effect between
the inner seal 15 and the tubular element 7. Hence, the
outer seal 9 and the inner seal 15 define an enclosed
volume inside the reservoir 3 intended to contain a fluid
5 essentially free from air.

~
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The tubular element 7 is movable in relation to the
reservoir 3 between an advanced administering position
(see figures 1, 2a, 2d and 2e) and a retracted filling
position (see figures 2b and 2¢). Further, the tubular
element 7 is movable also in relation to the outer seal
9. At the front end 23 of the reservoir 3 is an abutment
surface 43 provided to receive the end face 45 of the
tubular element 7 in its advanced administering position.
The abutment surface 43 is preferably made of a rubber
material, such as butyl rubber. At this advanced
administering position the internal space 21 of the
tubular element 7 is sealed against the abutment surface
43, wherein the fluid communication between the reservoir
3 and the internal space 21 of the tubular element 7 is
closed. In said advanced administering position of the
tubular element the internal space 21 of the tubular
element 7 is in fluid communication with the opening 25
located at the front end 45 of the reservoir 3, wherein
it is possible for the fluid 5 contained inside the
internal space 21 of the tubular element 7 to be
delivered out from the medical pump 1 through said
opening 25. When the tubular element 7 is in its
retracted filling position the internal space of the
tubular element 21 is in f£luid communication with the
rest of the reservoir 3 for enabling fluid S5 to be
transferred from the reservoir 3 to said internal space
21.

It is further preferred that the outer wall 13 of
the tubular element 7 is provided with an uneven surface,
such as protruding means 47 in the form of splines, barbs
or edges. The protruding means may be provided on a
rubber coating arranged around the outer wall 13 of the
tubular element. The protruding means 47 is arranged in
such a way that the frictional force between the tubular
element 7 and the outer seal 9 is larger when the tubular
element 7 ig advanced from the retracted £illing position
towards the advanced administering position, compared to
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the frictional force when retracted from the advanced
administering position towards the retracted filling
position 41.

The inner seal 15 provided within the tubular
element 7 is preferably made of a rubber material, such
as butyl rubber, for providing a sufficient sealing
effect against the tubular element 7. Further, the
circular circumferential surface of the inner seal 15 is
preferably provided with grooves or channels 49 for
increasing the sealing effect. Said inner seal 15 is
attached to an elongate actuator 51 comprising a bar or
ahaft 55 which is movable inside the tubular element 7,
wherein the shaft 55 of the actuator 51 extends to the
outside of the reservoir 3. The actuator 51 is
controllable from the outside of the reservoir 3 to allow
the inner seal 15 to be moved between an advanced and
retracted position within the tubular element 7. At the
end of the shaft 55, outside the reservoir 3, the
actuator 51 is provided with an control means 53, formed
to be handled with a one hand grip. The shaft 55
extending between the operation means 53 and the inner
seal 15 has a cross shaped cross section.

A cover 57 is arranged at the rear end 31 of the
reservoir 3, containing a hole 59 preferably provided
concentrically in relation to the reservoir 3 for guiding
the shaft 55 of the actuator 51. Advantageously, the hole
59 in the cover 57 has a similar cross shaped form as the
shaft 55, in order to provide a suitable guiding of the
shaft 55. The cover 57 also act as a stop member for both
the tubular element 7 and the inner seal 15, when moved
from the advanced administering position to the
retracted filling position. The cover 57 is preferably
attached to the reservoir 3 by snap locking effect, but
can also be attached with adhesive or other fastening
methods.

The tubular element 7 has a length that is shorter
than the distance between the abutment surface 43 and the
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cover 57, wherein the tubular element 7 is free to move
between the abutment surface 43 and the cover 57 for
enabling opening and closing of the fluid communication
between the internal space 21 of the tubular element 7
and the rest of the reservoir 3. When assembled, the
outer seal 9, the tubular element 7 and the inner geal 15
f£it concentrically within one another along a common
longitudinal axis.

A spring 61 may be arranged between the cover 57 and
the control means 53 on the actuator 51, in order to
transfer a retracting force to the actuator 51. This
retracting force will make the movement of the inner seal
15, from the advanced position towards the retracted
position, easier as well as more controlled and smooth.
As an alternative, the spring 61 may be biased in a
reverse manner towards its compressed state, i.e.
transferring an advancing force to the actuator 51,
making the forward movement easer when delivering fluid
out from the medical pump 1.

Further, the abutment surface 43 preferably includes
a non return valve 63 provided between the inside of
regservoir 3 and the opening 25 at the front end 23. The
non return valve 63 prevents the fluid 5 from mixing with
air, or other fluids, when the inner seal 15 is moved
from the advanced position towards the retracted position
for enabling fluid 5 to transfer from the reservoir 3
into the internal space 21 of the tubular element 7. When
the tubular element 7 is in the advanced administering
position and the inner seal 15 is moved from the
retracted position towards its advanced position, for
delivering of the fluid 5 out from the medical pump 1,
the non return valve 63 opens allowing fluid
communication with the opening 25 at the front end 23 of
the reservoir 3. The non-return valve 63is suitably
formed as a slit in the abutment surface, wherein two
flaps are provided for opening and closing the fluid
communication between the reservoir 3 and the opening 25.
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When the inner seal is moved from the retracted position
towards the advanced position for delivering of fluid 5
from the medical pump 1, the fluid 5 forces the flaps to
geparate, thereby opening the non-return valve 63.

In order to use the medical pump 1, the tubular
element 7 and the inner seal 15 is first located in the
advanced position as seen in figure 2a. At this point all
the fluid 5 remains within the reservoir 3, since the
internal space 21 of the tubular element 7 is sealed
against the abutment surface 43 and thereby cloged from
fluid communication with the reservoir 3.

The medical pump 1 is preferably delivered in this
condition, wherein a safety gsealing (not shown) is
arranged to keep the tubular element 7 and the inner seal
15 at the advanced position. Advantageously, the safety
seal is provided to secure the advanced position of the
actuator 51 relative to the medical pump 1. The medical
pump 1 is preferably disposable for one time use, wherein
the safety seal indicates whether the medical pump has
been used or not. The safety seal is suitably broken
immediately before administration of medical fluid 5.

In figure 2b, a retracting force Fr is applied to
the control means 53 on the actuator 51. The retracting
movement of the actuator 51, and thereby the inner seal
15, creates a frictional force F; between the inner seal
15 and the tubular element 7. This frictional force F.
cause the tubular element 7 to be displaced in a
retracting direction towards the cover 57 at the rear end
31 of the reservoir 3. When the tubular element 7 is
moved from the advanced administering position to the
retracted filling position fluid communication into the
tubular element 7 is made possible as soon as the inner
seal 15 is further retracted to create the internal space
21 of the tubular element 7. Additionally, when the
tubular element 7 is moved towards the retracted £illing
position, a frictional force F; is created between the
outer seal 9 and the inner wall 11 of the reservoir 3,
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and a frictional force Fi ig created between the outer
seal 9 and the outer wall 13 of the tubular element 7.
The frictional forces Fi and F, are dimensioned to
essentially retain the position of the outer gseal 9 in
relation to the reservoir 3 during the movement of the
tubular element 7, but allowing the tubular element 7 to
be displaced relative the outer seal 9. To obtain this
the relation between the frictional forces is Fi > Fq.
Hence, the outer seal 9 ig retained in position to have
the same level as the fluid 5 within the reservoir 3.
Furthermore, in order to also enable the tubular element
7 to be lifted due to the frictional force F; between the
inner seal 15 and the tubular element, while allowing the
outer seal 9 to remain in position relative to the
reservoir 3 but allow movement relative to the tubular
element 7, the relation between the frictional forces is
F, > F3 > Fy.

After the tubular element 7 has been retracted to a
position where it contacts the cover 57 and is thus
prevented from further backwards movement, continued
retraction of the inner seal 15 creates a reduced
pressure inside the tubular element 7. This reduced
pressure transfers or draws fluid 5 from the reservoir 3
into the internal space 21 of the tubular element 7. As
shown in figure 2c¢ the fluid 5 will pass through the gap
between the tubular element 7 and the abutment surface 43
into the internal space 21 of the tubular element 7. The
retraction of the inner seal 15 is limited by the cover
57 at the rear end 31 of the reservoir 3. When the inner
seal 15 is retracted completely to the retracted position
and abuts against the cover 57, about 3 ml of fluid will
be contained in the internal space 21 of the tubular
element 7.

When fluid 5 is transferred from the reservoir 3
into the internal space 21 of the tubular element 7, the
outer seal 9 is following the reduced level of fluid 5 in
the part of the reservoir 3 outside the tubular element
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7. The reduced pressure in the regervoir 3 that arise
when the fluid 5 is transferred from the reservoir 3 into
the tubular element 7 creates a suction force, which
makes the outer seal 9 follow the level of fluid 5 in the
reservoir 3. By moving the outer gseal 9 the level of
fluid 5 outside the tubular element 7 is decreased
without introducing any air into the fluid 5. At the side
of the outer seal 9 opposite to the fluid air is
introduced either through an opening (not shown) in the
cover 57 or underneath the cover 57 , in order to
equalize the pressure surrounding the outer seal 9.

When the internal space 21 of the tubular element 7
ig filled, an advancing force Fa is applied to the
operation means 53 of the actuator 51 for delivering out
of the medical pump 1 the fluid 5 contained inside the
internal space 21. The advancing movement of the actuator
51 as seen in figure 2d, and thereby the inner seal 15,
creates a frictional force F, between the inner seal 15
and the tubular element 7 in the same way as when the
inner seal 15 was retracted. This frictional force Fi
cause the tubular element 7 to be displaced in a
advancing direction towards the abutment surface 43 at
the front end 23 of the reservoir 3. When the tubular
element 7 is moved from the retracted filling position to
the advanced administering position the f£luid
communication is closed between the regervoir 3 and the
internal space 21 of the tubular element 7 by the sealing
effect created between the end face 45 of the tubular
element 7 and the abutment surface 43. additionally, when
the tubular element 7 is moved towards the advanced
administering position, a frictional force F; is created
between the outer seal 9 and the inner wall 11 of the
regervoir 3, and a frictional force F: is created between
the outer seal 9 and the outer wall 13 of the tubular
element 7. The frictional forces F; and F, are dimensioned
to permit the outer seal 9 to at least partially follow
the translation of the tubular element 7. To obtain this
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is the relation between the frictional forces is F2 > Fi.
Thus, it is to be noted that in this case the frictional
force between the outer seal 9 and the outer wall 13 of
the tubular element 7 is different during advancement
(F,) and retraction (F4) of the tubular element, wherein
F, > Fq. This difference can be achieved by the previously
discussed uneven rubber surface on the outer wall 13. The
movement of the outer seal 9, following at least
partially the movement of the tubular element 7,
relatively to the reservoir 3 creates a pressure in the
fluid 5, and in case the pressure together with the
frictional force F; generates a force, directed upwardly
to the outer seal 9, larger than the frictional force Fa,
the movement of the outer seal 9 is discontinued. For a
person skilled in the art ig it obvious that the medical
pump according to the invention can be arranged with an
outer seal 9 that essentially retains the position in
relation to the reservoir 3 during the movement of the
tubular element 7 towards the advanced administering
position. To obtain this the relation between the
frictional forces would be F: > Fi.

After the tubular element 7 is advanced to a
position where it contacts the abutment surface 43,
further advancing movement of the inner seal 15 forces
the fluid 5 from the internal space out through the
opening 25 at the front end 23 of the reservoir 3, as
seen in figure 2e. The inner seal 15 is advanced until it
bottoms the abutment surface 43 at the front end 23 of
the reservoir 3, wherein the inside of the tubular
element 7 is drained from fluid 5 as the internal space
21 diminishes. In the embodiment with a non return valvé
63 provided between the reservoir 3 and the opening 25,
the fluid 5 forces the non return valve 63 to open, and
thereby a fluid communication with the tubular end
portion 27 is opened.

When the fluid 5 contained within the internal space
21 of the tubular element 7 is delivered out from the
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medical pump 1, the internal space 21 may be recreated
and refilled by repeating the procedure described. This
procedure may be repeated until essentially all the fluid
5 has been transferred into and delivered out from the
tubular element 7.

In order to assemble the medical pump 1, a reservoir
3 is first provided (as seen in figure 3a), wherein the
outer seal 9 is introduced into the reservoir 3 (as seen
in figure 3Db) .The circumferential outer surface of the
outer seal 9 abuts against the inner wall 11 of the
reservoir 3 to provide a sealing effect. After
introduction of the outer seal 9, the fluid 5 is
introduced into the reservoir through the hole 35 in the
outer seal 9, as seen in figure 3c. The complete volume
delimited by the outer seal 9 is essentially filled up
with fluid 5. When the fluid 5 is introduced, the tubular
element 7 comprising the inner seal 15 is introduced
through the hole 35 in the outer seal 9 (as seen in
figure 3d), wherein the volume of fluid 5 contained in
the reservoir 3 is sealed from communication with the
environment (as seen in figure 3e).

Preferably, the tubular element 7 comprising the
inner seal 15 is introduced together with the elongate
actuator 51 and the cover 57 as an pre-assembled unit.

Tt is obvious for a person skilled in the art that
the same result is achieved by introducing the fluid 5
into the reservoir 3 before the introduction of the outer
seal 9. In the case where the fluid 5 is introduced
before the outer seal 9, the outer seal 9 is preferably
introduced in the reservoir 3 together with the tubular
element 7 comprising the inner seal 15, the elongate
actuator 51 and the cover 57 as an pre-assembled unit.

Preferably, the assembling of the medical pump 1 is.
executed in a environment free from air, such as a vacuum
area, for avoiding introduction of air into the fluid
enclosing portion in the reservoir 3. When the medical
pump 1 is assembled, the medical pump 1 is preferably
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encompassed in a sterilized package to avoid

contamination.
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1. A medical pump, comprising

a reservoir having a fluid enclosing portion;

a tubular element, the inside of which is
arrangeable in fluid communication with the fluid
enclosing portion for allowing fluid to pass into the
tubular element;

an inner seal movable inside the tubular element
between an advanced and a retracted position, wherein the
inner seal is retractable from the advanced position to
enable the fluid to be transferred from the fluid
enclosing portion into an internal space defined by the
tubular element and the retracted inner seal, and wherein
the inner seal is advanceable from the retracted position
for delivering out of the pump fluid present in said
internal space;

wherein said fluid enclosing portion contains a
volume of fluid sealed from communication with air and
the fluid enclosing portion is adapted to reduce in
volume essentially to the same extent as any volume of
fluid transferred into said internal space of the tubular

element.

2. The medical pump as claimed in claim 1, wherein
said fluid enclosing portion comprises a outer seal which
is movable inside the reservoir and which defines a
delimitation of the fluid contained in the fluid
enclosing portion, the outer seal being arranged to move
relative to the tubular element when the inner seal is

retracted from said advanced position.

3. The medical pump as claimed in claim 2, wherein
the tubular element is located inside the reservoir,
wherein the outer seal extends from an inner surface of
the reservoir to an outer surface of the tubular element.
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4. The medical pump as claimed in any one of claims
2-3, wherein the tubular element is movable between an
advanced administering position and a retracted filling
position, wherein the outer geal is adapted to move

. relative to the tubular element when the tubular element

is retracted from said administering position.

5. The medical pump as claimed in claim 4, wherein
mutually contacting surfaces of the inner seal and the
tubular element provide a first frictional force Fy,
wherein the tubular element is adapted to be retracted
from the administering position by application of a
retracting force on the inner seal.

6. The medical pump as claimed in claim 5, wherein
the tubular element is adapted to be advanced from the
filling position by application of an advancing force on

the inner seal.

7. The medical pump as claimed in any one of claims
4-6, wherein mutually contacting surfaces of the tubular
element and the outer seal provide a second frictional
force F, against advancing movement of the tubular
element towards its administering position, and wherein
mutually contacting surfaces of the outer seal and the
reservoir provide a third frictional force F; which is
smaller than said second frictional force Fp, wherein the
outer seal is advanced together with the tubular element
during advancement of the tubular element towards its
administering position.

8. The medical pump as claimed in any one of claims
4-6, wherein mutually contacting surfaces of the outer
seal and the reservoir providé a third frictional force
F;, and wherein mutually contacting surfaces of the
tubular element and the outer seal provide a fourth
frictional force F, against retracting movement of the
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tubular element towards its filling position, said third
frictional force F; being larger than said fourth

frictional force F,.

9. The medical pump as claimed in claim 4, wherein
- mutually contacting surfaces of the inner seal and the
tubular element provide a first frictional force Fi;
- mutually contacting surfaces of the tubular element and
the outer seal provide a second frictional force F;
against advancing movement of the tubular element towards
its administering position;
- mutually contacting surfaces of the outer seal and the
reservoir provide a third frictional force F;3; and
- mutually contacting surfaces of the tubular element and
the outer seal provide a fourth frictional force Fy
against retracting movement of the tubular element
towards its filling position,

wherein said frictional forces satisfy the
relationship F1 > F; > F3 > F4.

10. The medical pump as claimed in any one of claims
4 - 9, wherein the reservoir comprises an abutment
surface provided with an outlet region for fluid delivery
out of the pump, wherein, in said administering position,
an end portion of the tubular element abuts said abutment
surface in such manner that said internal space of the
tubular element is in communication with said outlet

region.

11. The medical pump as claimed in claim 10, wherein
the abutment surface is a sealing surface preventing
fluid from flowing between the interior of the tubular
element and the reservoir when the tubular element is in
said administering position.

12. The medical pump as claimed in claim 11, wherein
said sealing surface is configured as a non-return valve
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which allows fluid to flow out from the pump through said outlet region but

which prevents fluid to enter the pump through said outlet region.

13. The medical pump as claimed in any one of claims 4 — 12, wherein
the retracted filling position of the tubular element is determined by an end

member of the reservoir preventing further retraction of the tubular element.

14. The medical pump as claimed in any one of claims 4 — 13, wherein
said inner seal is connected to an elongate actuator movable inside the tubular
element, the actuator being controllable from the outside of the reservoir,
wherein, when the inner seal is retracted from the advanced position due to a
retracting force acting on the actuator, the tubular element is retracted to its
filling position due to friction against the inner seal, and wherein the inner seal
is adapted to overcome the friction and move relative to the tubular element
when the tubular element is at its filling position and the actuator is subjected

to a retraction force.

15. The medical pump as claimed in claim14, wherein a spring is
provided and biased to exert a force on the elongate actuator in the

longitudinal direction of the actuator.
16. The medical pump as claimed in any one of the claims 1 — 15,
wherein the pump is provided as a package in which the reservoir is pre-filled

with a medical fluid in the form of a gel having a viscosity above 1000 mPa*s.

17. A medical pump, comprising a reservoir containing a fluid

enclosing portion;
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a tubular element, the inside of which is
arrangeable in fluid communication with the fluid
enclosing portion for allowing fluid to pass into the
tubular element, the tubular element having an advanced
fluid administering position;

an inner seal movable inside the tubular element
between an advanced and a retracted position, wherein the
inner geal is retractable from the advanced position for
enabling fluid to be transferred from the fluid enclosing
portion into an internal space defined by the tubular
element and the retracted inner seal, and wherein the
inner seal is advanceable from the retracted position for
delivering out of the pump fluid present in said internal
space;

wherein the reservoir is provided with a movable
outer seal disposed between an outside surface of the
tubular element and an inside surface of the reservoir,
the outer seal preventing air from mixing with fluid
contained in the fluid enclosing portion and being
arranged to move relative to the tubular element when the
tubular element is retracted from said administering

position.

18. A method of delivering a medical £luid,
comprising: b

providing a medical pump comprising a reservoir
having a fluid enclosing portion and a tubular element,
the inside of which is arrangeable in fluid communication
with the fluid enclosing portion;

reducing the volume of the fluid enclosing portion
by transferring a portion of said fluid from the fluid
enclosing portion into an internal space of the tubular
element, wherein the volume of the fluid enclosing
portion is reduced with essentially the same volume as
the volume of fluid transferred into the internal space
of the tubular element; and
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delivering out from the pump the transferred fluid
contained in the internal space of the tubular element.

19. The method according to claim 18, wherein the
act of providing a pump comprises providing the fluid
enclosing portion with an outer seal which is movable
inside the reservoir and which defines a delimitation of
the fluid contained in the fluid enclosing portion to
prevent the fluid from mixing with air, wherein the act
of reducing the volume comprises moving the outer seal
relative to the tubular element by transferring a portion
of said fluid from the fluid enclosing portion into an

internal space of the tubular element.

20. The method according to claim 18 further
comprising:

repeating the preceding steps for further delivering
of fluid from the pump.

21. The method according to claim 19 further
comprising:

moving the outer seal relatively to the tubular
element by moving the tubular element from an advanced
administering position towards a retracted filling

position.

92. The method according to claim 21 further
comprising:

retaining the position of the outer seal relatively
to the reservoir when the tubular element is moved from
the advanced administering position towards the retracted
filling position.

23. The method according to claim 22, further
comprising:
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advancing the outer seal together with the retracted tubular element by
moving the retracted tubular element towards the advanced administering

position.

24. The method according to claim 19, wherein the act of moving the
outer seal comprises establishing a negative pressure inside the tubular
element, which negative pressure forces the fluid and the outer seal to be

moved.

25. The method according to claim 24, wherein the act of providing a
pump comprises providing a movable inner seal inside the tubular element,
wherein the act of establishing the negative pressure comprises moving said
inner seal inside the tubular element from an advanced position to a retracted
position, thereby transferring a portion of said fluid from the reservoir into the

internal space of the tubular element.

26. A method according to claim 25, wherein the act of delivering
fluid out from the pump comprises moving said inner seal from the retracted
position to the advanced position, thereby delivering out from the pump the

transferred fluid contained in the internal space of the tubular element.

27. The medical pump as claimed in claim 16, wherein the gel has a

viscosity above 10 000 mPa*s.

28.  The medical pump as claimed in claim 27, wherein the gel has
a viscosity between 100 000 mPa*s and 1000 000 mPa*s.

29. A medical pump substantially as herein illustrated and

exemplified with reference to the accompanying drawings.
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30. A method of delivering a medical fluid substantially as herein

illustrated and exemplified with reference to the accompanying drawings.
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