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57 ABSTRACT

A drug delivery device comprising a pumping system (4)
and a liquid reservoir (7) fluidly connected to a delivery
system outlet (12), the liquid reservoir comprising an elastic
plunger (14) scalingly slidable within a container wall (13)
of the liquid reservoir for expelling liquid out of the reser-
voir. The pumping system comprises a piston pump (5)
comprising a plunger actuator arranged to displace the
plunger (14), and a dosing unit (6) arranged downstream of
the liquid reservoir (7) and fluidly connected to the liquid
reservoir. The dosing unit (6) comprises a chamber portion
(22) arranged between an inlet valve (24) and an outlet valve
(26), the chamber portion (22) arranged to receive from the
liquid reservoir a pump cycle volume of liquid under an
operational pressure greater than ambient pressure generated
by the piston pump, and to the deliver said pump cycle
volume of liquid to the delivery system outlet, said pump
cycle volume being dependent on the operational pressure.
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PATCH PUMP DEVICE FOR DRUG
DELIVERY

FIELD OF THE INVENTION

[0001] This invention relates to a drug delivery device, in
particular for the transcutaneous administration of a liquid
drug.

BACKGROUND OF THE INVENTION

[0002] Various drug delivery devices for transcutaneous
administration of a drug are available on the market. Certain
drug delivery devices are intended for use as a patch unit to
be worn by the patient. Typically, such devices comprise a
disposable unit with an adhesive patch that is arranged for
temporarily bonding against the skin of a patient, the dis-
posable unit having a needle, or catheter connected to a
needle, that is injected through the patient’s skin for trans-
cutaneous administration of a liquid medicament. Certain
devices comprise a reusable drive unit separably mounted to
the disposable unit for reuse with other disposable units, the
reusable unit containing an electrical motor drive for pump-
ing the liquid medicament and control electronics. There are
many drugs that may be administered using a patch pump
unit, one of the most widespread applications being for the
injection of insulin to diabetes patients.

[0003] It is generally advantageous to provide a drug
delivery device that is compact, but this advantage is par-
ticularly relevant for patch pump units that are worn by the
patient in order to increase comfort to the patient. In order
to decrease the size of wearable drug delivery devices,
certain drugs are provided in concentrated formulations. For
instance insulin may be provided in a concentrated formu-
lation. One of the difficulties associated with the adminis-
tration of concentrated drugs is however the increased need
for dosage accuracy per injection cycle as well as overall in
the case of multiple injection cycles, With a drug such as
insulin, there may be basal as well as bolus delivery of
insulin for instance after a meal.

[0004] One of the well-known pump designs used in drug
delivery devices are piston pumps. These typically comprise
a motor coupled to a linear actuator that pushes a plunger of
a cartridge reservoir containing the liquid medicament. The
displacement of the linear actuator may be very precise,
particularly considering the high reduction between the
motor and the linear displacement element, typically driven
by a screw coupled to a rotor of the motor. Linear piston
pumps are very accurate and reliable over a certain number
of pumping cycles, however there may be variations
between one pumping cycle and the next. These variations
occur due to the compressible nature of the plunger that is
driven by the actuator and the stick-slip effect due to friction
between the plunger which is typically made of an elasto-
meric material and the walls of the reservoir. In the case of
concentrated medicaments, such variations may not meet the
required accuracy taking into account the concentration of
the drug. In addition, many existing piston pump mecha-
nisms are too large to provide comfort to the user.

[0005] Other drug delivery pumps that do not rely on the
advancement of a plunger in a reservoir are known, for
instance pumps that draw in liquid from a reservoir where
the volume is determined by the flow of liquid through the
pump. Such pumps however also have drawbacks, for
instance while the variations between pumping cycles may
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be lower than in a plunger system, the overall accuracy over
a certain number of cycles may not be as good as in a
plunger pump and the negative suction required to draw the
drug may decrease the pumped volume and increase the
creation of bubbles in the liquid medicament, which is
undesirable. Also, such systems are often used with drug
reservoirs in which a medicament has been transferred from
a standard cartridge into a dedicated cartridge in the drug
delivery device.

[0006] In order to reduce risk of false manipulation and
increase safety and reliability, where possible, it is prefer-
able to provide a pumping system that does not require a
transfer of drug and that can be used with standard cartridges
or vials in which the medicament is typically supplied. It is
known for instance to provide vials that are equipped with
a plunger that can be displaced in order to allow delivery of
the medicament out of the vial.

SUMMARY OF THE INVENTION

[0007] In view of the foregoing, it is an object of this
invention to provide a drug delivery device that is safe and
reliable to use, and that is accurate over one cycle as well as
accurate over a large number of cycles.

[0008] It is advantageous to provide a drug delivery device
with a pumping system that minimizes the formation of
bubbles in a liquid medicament to be delivered to a patient.

[0009] It is advantageous to provide a drug delivery device
that is very compact.

[0010] Itis advantageous to provide a drug delivery device
that is economical to produce.

[0011] Itis advantageous to provide a drug delivery device
that may be used with pre-filled drug reservoir cartridges
equipped with a plunger.

[0012] Objects of this invention have been achieved by
providing a pumping system for a drug delivery device
according to claim 1, and a method of pumping a drug
according to claim 23.

[0013] Disclosed herein is a drug delivery device com-
prising a pumping system and a liquid reservoir fluidly
connected to a delivery system outlet, the liquid reservoir
comprising an elastic plunger sealingly slidable within a
rigid container wall of the liquid reservoir for expelling
liquid out of the reservoir. The pumping system comprises a
piston pump comprising an electrically driven plunger
actuator arranged to displace the plunger a predefined dis-
tance per pump cycle, and a dosing unit arranged down-
stream of the liquid reservoir and fluidly connected to the
liquid reservoir. The dosing unit comprises a chamber por-
tion arranged between an inlet valve and an outlet valve, the
chamber portion arranged to receive from the liquid reser-
voir a discrete pump cycle volume of liquid under an
operational pressure generated by the piston pump greater
than ambient pressure, and to the deliver said discrete pump
cycle volume of liquid to the delivery system outlet, said
pump cycle volume being dependent on the operational
pressure.

[0014] This very advantageously allows for an advanta-
geous self-adapting injection volume as the dosing unit
varies its displaced volume as a function of the input
pressure

[0015] In an advantageous embodiment, the dosing unit
comprises or is in the form of a peristaltic pumping unit.
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[0016] In an advantageous embodiment, the chamber por-
tion is elastically expandable at least in a state when filled
with a pump cycle volume of liquid.

[0017] In an advantageous embodiment, an elastic prop-
erty of the elastic expandable chamber portion defined by a
volume change AV multiplied by an operational pressure
greater than ambient pressure AP is in a range of: 5-107
8<AVxAP<1-10~> [m’ Pa], more preferably in a range of
5-105<AVxAP<1-10~* [m? Pa].

[0018] The operational pressure is in a range between 10
and 1600 millibars over ambient pressure, preferably in a
range of 100 to 1000 millibars.

[0019] In certain embodiments, the operational pressure
may advantageously be in a range of 500 to 1000 millibars.
[0020] In an advantageous embodiment, the dosing unit
comprises a flexible tube incorporating the chamber portion.
[0021] In an embodiment, the chamber portion comprises
top and bottom walls that lie against each other when the
chamber portion is empty, and that separate apart as the
chamber portion is filled with liquid, the bottom wall resting
against a base of the dosing unit.

[0022] The bottom wall may be bonded to the base along
at least portions of the perimeter of the bottom wall or at
least portions distributed over the surface of the bottom wall
such that when liquid is injected into the chamber portion
and the top wall moves away from the bottom wall, an
elastic tensile stress is generated in the top wall of the
chamber portion.

[0023] In an advantageous embodiment, the inlet and
outlet valves are in the form of pinch valves.

[0024] In an advantageous embodiment, the drug delivery
device comprises a pump chamber actuator arranged to bias
against the chamber portion to expel liquid out of the
chamber portion to deliver said pump cycle volume of liquid
to the delivery system outlet.

[0025] In embodiments, the pump chamber actuator may
be spring biased and/or actively driven by an electrical
actuator.

[0026] In an advantageous embodiment, the plunger
actuator comprises an actuation rod formed of a curved
spring sheet beam, the actuation rod being bent around a
U-shape.

[0027] Inan advantageous embodiment, the U-Shape bent
portion of the actuation rod is slidably guided in a housing
guide slot of the housing.

[0028] Inan advantageous embodiment, a housing portion
forming the housing guide slot in which the actuation rod
slides, is made of a polymer.

[0029] In an advantageous embodiment, the polymer is
Polytetrafluoroethylene (PTFE).

[0030] Inanadvantageous embodiment, the housing guide
slot comprises roller bearings mounted along the guide slot
on a convex side of the bent section.

[0031] Inanadvantageous embodiment, the housing guide
slot is made integrally with the housing of injected polymer.
[0032] In an advantageous embodiment, the actuation rod
is made of a tape of spring metal.

[0033] In an advantageous embodiment, the spring metal
is a stainless steel alloy.

[0034] In an advantageous embodiment, the plunger
actuator comprises a linear actuator and a bent actuation rod
coupled at a first end to the linear actuator and at a second
end to the plunger, the linear actuator being arranged parallel
and laterally adjacent to the liquid reservoir.
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[0035] In an advantageous embodiment, the linear actua-
tor comprises a linear screw and a nut blocked in rotation
and slidably movable upon rotation of the screw.

[0036] In an advantageous embodiment, the liquid reser-
voir, dosing unit, and drug outlet form part of a disposable
part of the drug delivery device connectable and separable
from a reusable part of the drug delivery device, the reusable
part comprising the plunger actuator, a control system for
controlling the pump system, and an electrical drive unit
coupled to the plunger actuator.

[0037] In an advantageous embodiment, the dosing unit is
configured such that a minimal number of 100 cycles must
be performed for the dosing unit to empty the cartridge.
[0038] Also disclosed herein is a method of operating a
drug delivery device as set forth above comprising the steps
of:

[0039] a) operating the plunger actuator to advance the
plunger and create an overpressure in the liquid reser-
voir,

[0040] D) opening the inlet valve while the outlet valve

and operating the plunger actuator to advance the
plunger and fill the chamber portion with a pump cycle
volume of liquid thus creating an operational pressure
in the chamber portion that is greater than ambient
pressure,

[0041] c¢) closing the inlet valve, opening the outlet
valve, and emptying the chamber portion by actuation
of the pump chamber actuator either passively or

actively,

[0042] d) closing the outlet valve,

[0043] e) optionally repeating steps b) to d),

[0044] 1) optionally operating first steps b) to d) and
then a),

[0045] g) optionally operating steps a) and b) to d)

simultaneously.
[0046] In an advantageous embodiment, the operational
pressure is greater or smaller than a target pressure due to a
predefined target volume of liquid being filled in the cham-
ber portion, said target volume being considered as the fill
volume of the chamber portion at a target pressure without
any pressure exerted by a pump chamber actuator.
[0047] In certain embodiments the target pressure is ambi-
ent pressure, whereby when the chamber portion is filled
with a predefined target volume, the chamber walls are not
elastically stressed and do not exert per se any compression
on the liquid therein. In this embodiment the operational
pressure is always greater than said target pressure.
[0048] In another embodiment, the chamber portion wall
is under elastic tension already from the initial filling of
liquid such that at a predefined target volume, the chamber
portion wall exerts pressure on the liquid within the chamber
portion. In this embodiment, the operational pressure may be
situated around the target pressure, either less than the target
pressure, or greater than the target pressure.
[0049] In an advantageous embodiment, the operational
pressure in the chamber portion in step b) is in a range of
between 10 and 1600 millibars over ambient pressure,
preferably in a range between 100 and 1000 millibars over
ambient pressure. In certain embodiments the operational
pressure is advantageously in a range between 500 and 1000
millibars over ambient pressure.
[0050] In an embodiment where the target pressure is
ambient pressure, said pump cycle volume of liquid is in a
range of 1% to 50%, preferably in a range of 2% to 30%
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greater than a predefined the maximum volume of the
chamber portion at ambient pressure. This additional vol-
ume over the maximum volume is obtained by elastic
expansion of the wall of the chamber portion.

[0051] It may be noted that in variants the chamber portion
may be pressed flat by the pump chamber actuator, for
instance by a pre-stressed spring biased pump chamber
actuator, such that the volume at ambient pressure inside the
chamber is essentially zero due to the pressure exerted by the
pump chamber actuator.

[0052] Further objects and advantageous aspects of the
invention will be apparent from the claims, and from the
following detailed description and accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0053] The invention will now be described with reference
to the accompanying drawings, which by way of example
illustrate the present invention and in which:

[0054] FIG. 1 is a perspective view of a drug delivery
device according to embodiments of the invention;

[0055] FIG. 1a is a perspective view of the drug delivery
device of FIG. 1 showing the disposable and reusable parts
separated;

[0056] FIG. 2 is a perspective view of a portion of the drug
delivery device of FIG. 1, showing in particular a pumping
system according to an embodiment of the invention;
[0057] FIG. 2a is a perspective view illustrating an actua-
tion rod of the pumping system according to an embodiment
of the invention;

[0058] FIG. 3 is a schematic perspective view of a dosing
unit of a pumping system according to an embodiment of the
invention;

[0059] FIG. 3a is a cross-sectional view of the dosing unit
illustrated in FIG. 3 showing a plunger in an uncompressed
state;

[0060] FIG. 35 is a view similar to FIG. 3a showing the
plunger in a compressed state and the liquid inside the
reservoir at a pressure higher than atmospheric pressure;
[0061] FIGS. 4a to 4H illustrate the dosing unit of FIG. 3
in different pumping steps;

[0062] FIGS. Sa, 56 and 5c¢ are graphs illustrating the
delivery volume of the pumping system as a function of the
relative pressure at the inlet of the dosing unit, according to
various embodiments of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

[0063] Referring to the figures, starting with FIGS. 1 to 3,
a drug delivery device 1 according to an embodiment of this
invention includes a delivery system outlet 12 comprising a
transcutaneous needle or a catheter tube for connection to a
transcutaneous needle, a liquid reservoir 7 containing a
medicament to be administered to a patient, a pumping
system, and an electronic control and power supply system
(not shown). The pumping system according to the invention
comprises a piston pump 5 acting upon the liquid reservoir
7 and a dosing unit 6 interconnecting the liquid reservoir 7
to the delivery system outlet 12.

[0064] The drug delivery device according to an advan-
tageous embodiment may comprise a multi-use reusable
portion 2 and a single-use disposable portion 3 separable
from the reusable part.
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[0065] The drug delivery device according to an advan-
tageous embodiment may be in the form of a patch pump
device for mounting against the patient’s skin with a trans-
cutaneous needle fixed directly to the disposable parts and
injectable through the patient’s skin.

[0066] The drug delivery device according to the inven-
tion however includes embodiments that are not in the form
of patch units, for example in the form of a portable
autonomous device that may be carried by the patient on a
belt, in a pocket or bag, or placed on a table and connected
for instance via a catheter to the patient. Embodiments may
also include a drug delivery device for bolus administration
of a medicament that is temporarily placed against a
patient’s skin at the time of administering the bolus dose and
removed from the patient after or between administrations of
a dose.

[0067] In a patch unit embodiment of the drug delivery
device, the disposable part 2 may comprise a housing
support with an adhesive base for bonding to the patient’s
skin. The electronic control and power supply systems (not
shown) may advantageously be mounted in the reusable part
2. Further, a drive unit 11 comprising an electrical motor 42
for driving a plunger actuator of the piston pump 5 may be
mounted in the reusable part 3. The components mounted in
the disposable part may include the liquid reservoir 7, the
dosing unit 6, the delivery system outlet 12 and the liquid
flow channels fluidly interconnecting the aforesaid compo-
nents.

[0068] Inan embodiment, the liquid reservoir 7 comprises
a container wall 13, in particular a cylindrical container wall,
hermetically sealed at one end by a plunger 14 that is
sealingly and slideably movable within the container wall 13
as liquid medicament contained within the liquid reservoir is
expelled. The other end of the container wall 13 may be
provided with a cap 15 comprising a septum arranged to be
pierced by a hollow needle. In variants of the invention,
instead of a cap with a septum, other fluidic connection
systems such as a cap with a valve or other devices allowing
liquid to flow out of the reservoir into a downstream liquid
flow channel that are per se known may be provided.
[0069] In preferred embodiments, the liquid reservoir 7
including the plunger 14 and cap 15 may be a standard vial
of a drug manufacturer assembled in the reusable part 3 or
disposable part 2, or a custom reservoir integrated in the
disposable part 2 during manufacture of the disposable part.
[0070] The piston pump 5 comprises a plunger actuator
arranged to push the plunger 14 into the container 13 thus
applying pressure on the liquid contained within the reser-
voir 7. In the illustrated embodiment, the plunger actuator
comprises a linear actuator 16 comprising a screw 17
coupled to and driven in rotation by a motor 42 of the drive
unit 11, and a nut 19 coupled to the screw 17, the nut 19
being blocked in rotation by a housing linear guide 38 but
skiable in an axial direction A corresponding to the axis of
rotation A of the screw 17.

[0071] In the illustrated embodiment, the screw 17 is
advantageously arranged essentially parallel and laterally
adjacent to a central axis of the liquid reservoir 7 as defined
by the direction of displacement of the plunger 14. An
actuation rod 30 interconnects the nut 19 to a piston plate 32
pressing against the plunger 14.

[0072] In a preferred embodiment, the actuation rod 30 is
a bendable rod comprising a bent section 30a forming a U
shape between straight sections 305.
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[0073] The parallel adjacent arrangement of the linear
actuator 16 and liquid reservoir 7 allows to provide a
particularly compact piston pump and reservoir arrange-
ment, in particular reducing the overall length L. of the piston
pump arrangement so that it may be conveniently mounted
within a patch pump housing in a compact arrangement.
[0074] Inanadvantageous embodiment, the bent actuation
rod 30 may comprise a curved profile in an unbent state,
when viewed in cross section orthogonal to the plunger
displacement direction A.
[0075] The actuation rod may be made of a spring sheet
metal beam configured to generate an essentially flattened
profile in cross-section along a portion of the rod that is bent
around a U shape as illustrated in FIG. 2. This configuration
allows the actuation rod to be rigid in the direction of a
buckling force aligned with the linear sections 304, yet
flexible in a transverse direction to allow bending into the U
shaped bent portion 305 such that a force may be transmitted
by the nut 19 in the plunger displacement direction A to the
rod 30, the force being transmitted in the rod around the
U-bend to the piston plate 32.
[0076] The bent portion 30a may be guided in a housing
guide slot 34 in a housing portion of the pumping system.
[0077] The housing portion forming the housing guide slot
34 may advantageously be made of a low friction polymer
such as Polytetrafluoroethylene (FIFE) to guide the flattened
profile bent portion 30a of the actuation rod 30 as it slides
in the slot 34 when the nut 19 is advanced or retracted by
rotation of the screw 17.
[0078] Other low friction guide mechanisms may be pro-
vided in variants, for instance comprising roller bearings
mounted along the guide slot on a convex side of the bent
section 30a.
[0079] The actuation rod 30 may advantageously be made
of a tape of spring metal such as a stainless steel alloy.
[0080] In an advantageous embodiment of a drug delivery
device, the tape of spring metal may have the following
parameters:

[0081] Tape metal thickness h between 40 and 60

micrometres (107° m)

[0082] Width w between 5 and 12 mm
[0083] Bending height B between 0.5 and 2 mm
[0084] Radius R between 4 and 10 mm

[0085] The drive unit 11 may be actuated in a reverse

direction to retract the nut 19 from the fully extended
position P1 to the fully retracted position P2 to allow the
liquid reservoir 7 and disposable part 2 of the drug delivery
device to be disconnected and separated from the reusable
part 3 of the drug delivery device and for coupling a new
disposable part to the reusable part. Once the disposable part
has been coupled to the reusable part, the piston plate 32
may be advanced until it abuts the rear end of the plunger 14
invention.

[0086] The drive unit 11 may comprise an electrical motor
42 connected to a reduction gear system 44 driving the screw
17 at a reduced rate of rotation speed compared to the rotor
of the motor. The electrical motor may include a reduction
system within the motor housing. The reduction gear system
may also be formed of a first stage gearbox within the motor
and a second stage gearbox outside of the motor, coupled to
an output of the motor as illustrated in FIG. 2 for instance.
Such linear actuators are per se known in the art and need not
be described in further detail. It may be noted however that

Mar. 28, 2024

the linear actuator 16 may comprise other configurations per
se known in the field of linear actuators, connected to the
bent actuation rod 30.

[0087] The cap 15 of the liquid reservoir 7 is fluidly
connected to the dosing unit 6. In the illustrated embodi-
ment, the dosing unit comprises a hollow needle 36 that
pierces through a septum of the cap 15. The hollow needle
36 is connected to a liquid conduit 9 of the dosing unit 6. The
liquid conduit 9 comprises an inlet portion 18, an outlet
portion 20, and therebetween a chamber portion 22. The
dosing unit further comprises an actuation system 10 com-
prising an inlet valve 24 acting upon the inlet portion 18, an
outlet valve 26 acting upon the outlet portion 20, and a pump
chamber actuator 28 acting upon the chamber portion 22 of
the liquid conduit.

[0088] Inan advantageous embodiment, the liquid conduit
may be formed of a flexible tube 9, for instance a tube made
of a plastic material.

[0089] The dosing unit further comprises a base 29 on
which the chamber portion is mounted. The pump chamber
actuator 28 may be configured to bias upon the chamber
portion towards the base 29, thereby pressing the chamber
portion 22 against the base 29. The valves 24, 26 may also
be configured to bias upon the inlet and outlet portions
respectively, thereby pressing them against the base 29.

[0090] In an embodiment, the chamber portion 22 may
comprise top and bottom walls 33, 31 that may be in an
essentially flat planar form lying against each other when the
chamber portion is empty, for instance as illustrated in FIG.
4b, and that separate apart as the chamber portion is filled
with liquid, for instance as illustrated in FIG. 4d. The bottom
wall may rest against a base 29 of the dosing unit. In an
embodiment, the bottom wall may be bonded, for instance
by welding or adhesive, to the base 29.

[0091] In an embodiment the bottom wall 31 may be
bonded to the base 29 in an arrangement configured such
that when liquid is injected into the chamber portion and the
top wall 33 moves away from the bottom wall 31, an elastic
tensile stress is generated in the top wall 33 of the chamber
portion. This elastic tension in the top wall 33 of the
chamber portion 22 exerts a pressure on the liquid contained
within the chamber portion. The bottom wall 31 is this
embodiment may be bonded to the base 29 along its outer
perimeter, or along portions of the outer perimeter, for
instance along opposed lateral edges of the bottom wall. The
bottom wall, in variants may also be bonded to the base 29
over essentially the whole surface of the bottom wall 31 or
at discrete spots or portions distributed over the bottom wall.
Any bonding configuration may be employed that serves the
purpose of keeping the bottom wall bonded to the base as the
top wall is being tensioned by the liquid filling the chamber
portion 22.

[0092] The inlet valve, outlet valve and pump chamber
actuator 24, 26, 28 may be actuated independently of each
other and are configured to move between a position where
the fluid channel inside the tube is closed, thus preventing
flow of liquid through the tube, to an open state in which the
channel in the tube is open allowing through-flow of liquid.

[0093] In an advantageous embodiment, in which the
liquid conduit 9 comprises a flexible tube, the inlet and
outlet valves 24, 26 may be in the form of pinch valves,
comprising an actuator operable to bias against the flexible
tube until the liquid channel inside the tube is in squeezed
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closed state, or to bias away from the squeezed closed state
to allow liquid to flow through the channel in the flexible
tube.

[0094] It may be noted however that within the scope of
the invention other types of valves, per se known in the art
of fluid flow systems, such as ball valves, butterfly valves,
and disc check valves may be used to open and close the
liquid channel.

[0095] The chamber portion 22 of the liquid conduit 9 in
a fully expanded operational state contains a pump cycle
volume of liquid that determines the volume of liquid
medicament that may be pumped in each cycle of the dosing
unit 6 as will be better described hereinafter.

[0096] The chamber portion 22 comprises some elasticity
in its expanded operational state, that allows the pump cycle
volume to vary as a function of the inlet pressure that is
generated by the upstream piston pump 5.

[0097] Referring now in particular to FIGS. 4a to 4/ initial
pumping steps of the pumping system will now be
described.

[0098] Starting with FIG. 4a, in an initial state when the
drug delivery system comprises a new full liquid reservoir 7,
the plunger 14 is initially in an uncompressed state.

[0099] In a first step, as illustrated in FIG. 46 (further
considering FIG. 2), the drive 11 is powered to displace the
nut 19 and actuation rod 30 in a pumping direction such that
the piston plate 32 presses against an outer face of the
plunger 14 pushing it into the reservoir container 13 and
compressing the liquid contained therein. In this initial
compression of the liquid in the reservoir, the inlet valve 24
is closed and prevents liquid flowing therethrough. In an
embodiment comprising a pinch valve, the pinch valve
actuator pinches the inlet section 18 of the flexible tube 9
such that the liquid channel inside the inlet section is closed.
[0100] The inlet valve 24 is then opened as illustrated in
FIG. 4¢ while the plunger 14 is being pressed into the
reservoir by the plunger actuator. In an embodiment com-
prising a pinch valve, the pinch valve actuator biases away
from the inlet section 18 of the flexible tube 9 such that the
liquid channel inside the inlet section is opened.

[0101] Liquid is thus forced into the chamber portion as
illustrated in FIG. 4d, either by actively biasing the pump
chamber actuator 28 away from the closed position to an
expanded position, or by passively allowing the pump
chamber actuator 28 to elastically bias away from the closed
position to an expanded position due to the pressure of the
liquid pumped by the upstream piston pump 5 into the
chamber portion 22. In this regard, the pump chamber
actuator may comprise an active electrical actuator, or may
comprise a spring biased actuator that presses on the cham-
ber portion 22 of the flexible tube.

[0102] The chamber portion 22 comprises some elasticity
in its full state configured to allow the chamber portion 22
in its full state to expand elastically as a function of the
pressure that is applied to the liquid. An example of the
elastic expansion characteristic of the chamber portion in its
full state is illustrated in FIG. 5a, whereby the dosage
volume of one pump cycle at ambient pressure (at rest) is
less than the dosage volume of one pump cycle at an
operational (working) pressure greater than ambient pres-
sure.

[0103] In the embodiment in which the bottom wall 31 is
bonded to the base 29 such that the top wall is already under
tensile elastic stress when liquid starts being injected in the
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chamber portion, the elastic expansion characteristic of the
chamber portion 22 may have a characteristic as illustrated
in FIG. 556 or 5c¢. In this embodiment, the dosage volume of
one pump cycle at a predefined target pressure that is greater
than ambient pressure taking into account the compression
provided by the wall of the chamber portion, is less or more
than the dosage volume of one pump cycle at an operational
(working) pressure that determines the dosage per cycle. In
other words, the operational (working) pressure may be at a
value above the predefined target pressure, or at a value
below the predefined target pressure.

[0104] Inan embodiment comprising a flexible tube form-
ing the liquid conduit, the elasticity may in part or in whole
be provided by the material of the flexible tube. In variants
however, the elasticity may be provided in whole or in part
by a spring biased actuator mounted against, or elastic sleeve
mounted around, the chamber portion 22.

[0105] As illustrated in FIG. 4d, liquid goes into the
chamber portion 22 and the volume contained therein
depends on the pressure in the reservoir 7. In subsequent
steps as illustrated in FIGS. 4e followed by FIG. 4/, the inlet
valve 24 is closed and the outlet valve 26 is opened to allow
liquid to flow out through the outlet section 20 of the liquid
conduit 9 as illustrated in FIG. 4f'thus fluidly connecting the
chamber portion 22 to the delivery outlet 12 of the drug
delivery device.

[0106] Liquid is ejected from the chamber portion 22,
either by applying pressure on the pump chamber actuator
28 by means of an electrically driven actuator or by means
of a passive spring biased element applying pressure on the
pump chamber actuator 28 until the pump chamber is empty
or essentially empty as illustrated in FIG. 4g. The output
valve 26 is then closed such that the outlet section 20 of the
liquid conduit 9 is closed and a new pump cycle may be
started with the steps illustrated in FIGS. 45 to 4.

[0107] It may be noted that the order for carrying out the
pumping cycles of the piston pump and the dosing unit can
also be reversed or simultaneous. For instance, in a variant,
a single motor may be used for actuating both simultane-
ously.

[0108] After the initial pump cycle described above, there
is a certain pressure in the liquid reservoir 7 and the plunger
14 is in at least a partially compressed state. It may be noted
however that during the first step of opening the inlet section
and filling the pump chamber portion 22, due to the stick-
slip effect on the elastic plunger 14 the degree of compres-
sion of the plunger may vary within a certain range that may
lead to the pressure in the reservoir after the first cycle not
being completely stabilized within an accurate pre-defined
pressure range, for instance within a range of 30% above or
below a desired pressure. A second, third, fourth or more
cycles of pumping going through the steps illustrated in
FIGS. 45 to 41 may be performed in order to ensure that the
plunger 14 is compressed within a stabilized range of
compression that is independent of the initial uncompressed
state. It is also possible in a variant to operate dissimilar
numbers of pumping cycles for the piston pump and the
dosing unit depending on their respective calibrated pump-
ing volumes.

[0109] The first or the first and subsequent second, third,
fourth or more initial pumping cycles may constitute an
initialization or priming operation for the drug delivery
device prior to first use by the patient.
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[0110] In an embodiment, the initialization procedure may
comprise the following steps:

[0111] 1. the cartridge 7 is inserted and locked into the
reusable part 3, whereby the outlet is not yet connected
to the disposable part 2,

[0112] ii. a series of pumping cycles are operated to
build a minimal pressure in the cartridge 7,

[0113] iii. the disposable part 2 is assembled to the
reusable part 3 and thus the cartridge 7 is now fluidi-
cally connected to the disposable part

[0114] iv. a few pumping cycles involving both the
piston pump 5 and the dosing unit 6 are done in order
to fill the system up to the outlet 12 of the disposable
part 2,

[0115] v. the drug delivery device may, according to a
variant, be connected to an infusion set.

[0116] In an exemplary embodiment, the pressure in the
reservoir 7 at the end of a priming operation may be
stabilized, for instance in a range of between 200 and 300
millibars, for instance around 250 millibars.

[0117] In an advantageous embodiment, the dosing unit is
configured such that a minimal number of 100 cycles must
be performed for the dosing unit to empty the cartridge. The
delivered volume of one cycle is linked to the smallest
delivered volume of the drug delivery device.

[0118] Advantageously, the overpressure in the liquid res-
ervoir 7 ensures that the pump system delivers accurate
volumes of liquid at each cycle with a very low variation of
volume from one cycle to the next because of the auto-
calibration between the dosing unit 6 and the piston pump 5.
[0119] This auto calibration is a consequence of the elas-
ticity of the chamber portion in its expanded operation state
compared to the elasticity of the plunger 14, whereby the
volume variation of the chamber portion as a function of the
pressure variation, is smaller than the volume variation in
the liquid reservoir 7 (due to the elasticity of the plunger 14)
for the same pressure variation. The dosing unit thus has acts
a damping system on possible pressure variations of the
liquid reservoir due to the variable position of the elastic
plunger subject to a stick slip effect in it’s displacement.
[0120] Another advantage of the overpressure within the
reservoir 7 is the reduction of formation of bubbles due to
the increased vapour saturation temperature of the liquid at
pressure.

[0121] For instance, in the case of insulin, the saturation
temperature with 250 millibars of overpressure corresponds,
at ambient temperatures, to an increase of about 15° Celsius.
[0122] For the sake of completeness, the term “ambient
pressure” is considered to be the air pressure in the envi-
ronment of use of the medical device, which is around 1 bar,
and “ambient temperature” is considered to be the ISO
standard ambient temperature of 20° C.

[0123] In one example for use with concentrated insulin,
a volume of liquid injected per cycle corresponds for
instance to about 0.5 microliters with 250 millibars pressure
(over ambient pressure) delivered by the piston pump,
whereas at ambient pressure, namely when the dosing unit
6 functions as a micropump without overpressure at the
inlet, the pump cycle volume is about 10% lower, for
instance around 0.45 microliters per pump cycle. This last
value does not need to be very accurate which is of great
advantage for economical high volume production.

[0124] In another example for use with concentrated insu-
lin, a volume of liquid injected per cycle corresponds for
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instance to about 0.25 microliters with 650 millibars pres-
sure (over ambient pressure) delivered by the piston pump,
whereas at the target pressure of 750 millibars, the pump
cycle volume is about 10% higher, for instance around 0.275
microliters per pump cycle. This last value does not need to
be very accurate which is of great advantage for economical
high volume production.

[0125] With the pressure provided by the piston pump 5
after the priming operation, the dosing unit achieves a
stabilized (calibrated) volume of liquid delivered at each
cycle that has a very low variation from one cycle to the
next. The effects of the variable compression of the plunger
14 due to its elastic properties and the stick-slip effect of
friction between the plunger and the reservoir container wall
are significantly reduced by the dosing unit 6 because of the
stabilized overpressure in the reservoir 7 after each pumping
cycle. The overall volume delivered by a plurality of cycles
will however depend on the displacement of the plunger 14
by the linear actuator 16 which is very accurate. Thus the
drug delivery is accurate both over short and long term use.
Moreover, the overpressure provided by the combination of
the piston pump and dosing unit reduces the formation of
bubbles in the liquid.

[0126] In the illustrated embodiments the dosing unit is
essentially in the form of a peristaltic pumping unit, in
particular a shuttle peristaltic pump however within the
scope of the invention, the dosing unit can be in the form of
various volumetric incremental pumps with the property that
the delivered volume per cycle varies as a function of the
inlet pressure. For instance the dosing unit may comprise a
membrane type of pump, whereby the elastic membrane of
the pump unit has the property that the delivered volume per
cycle varies as a function of the inlet pressure. Other
membrane, peristaltic or tube pumps with elastic properties
may be implemented for the dosing unit.
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What is claimed is:

1. A patch pump for pumping liquid from a liquid reser-
voir to a subject for transcutaneous delivery of the liquid, the
patch pump comprising:

a first portion comprising a pump and a first cavity

configured to receive a first end of the liquid reservoir,
the pump comprising a piston pump comprising a
plunger actuator configured to push a plunger into the
liquid reservoir at the first end to cause the liquid to be
expelled out the liquid reservoir;

a second portion comprising a second cavity configured to
receive a second end of the liquid reservoir, the second
portion configured to be coupled to the first portion
such that the liquid reservoir is held within the first
portion and the second portion coupled together, the
second portion configured to be separable from the first
portion, the second portion comprising a tube config-
ured to be fluidly connected to the liquid reservoir
downstream from the liquid reservoir to, responsive to
pumping by the pump that pushes the plunger into the
liquid reservoir at the first end, receive the liquid
expelled out of the liquid reservoir for supplying a dose
of the liquid transcutaneously to the subject; and

a housing support with an adhesive base configured to
bond to the subject’s skin for supporting the first
portion and the second portion coupled together at the
subject’s skin.

2. The patch pump of claim 1, wherein the first portion is

a reusable portion and the second portion is a disposable
portion.

3. The patch pump of claim 2, wherein the reusable
portion is configured for multi-use and the disposable por-
tion is configured for single-use.

4. The patch pump of claim 1, wherein the housing
support is configured to be disposable.

5. The patch pump of claim 1, further comprising a
transcutaneous needle configured to be fixed directly to the
disposable portion for transcutaneous delivery of the dose.

6. The patch pump of claim 1, wherein the liquid is
insulin.

7. The patch pump of claim 1, wherein the first portion
further comprises a motor configured to drive the pump.

8. The patch pump of claim 1, wherein the first portion
further comprises a controller configured to control the
pump.

9. The patch pump of claim 1, wherein the second portion
comprises a dosing unit fluidly connected to the tube, the
dosing unit configured to generate the dose of the liquid for
transcutaneous delivery to the subject.
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10. The patch pump of claim 9, wherein the dosing unit
comprises a chamber portion configured to receive from the
liquid reservoir a discrete pump cycle volume of liquid
under an operational pressure generated by the pump greater
than ambient pressure, and to deliver the pump cycle volume
of liquid to a delivery system outlet, the discrete pump cycle
volume being dependent on operational pressure.

11. The patch pump of claim 10, wherein the dosing unit
comprises a flexible tube incorporating the chamber portion.

12. The patch pump of claim 9, wherein the dosing unit
comprises a chamber portion with a top wall and a bottom
wall that separate apart as the chamber portion is filled with
liquid,

wherein the bottom wall is bonded to a base, the bonding

arranged along at least portions of a perimeter of the
bottom wall such that when liquid is injected into the
chamber portion and the top wall moves away from the
bottom wall, an elastic tensile stress is generated in the
top wall of the chamber portion.

13. The patch pump of claim 9, wherein the dosing unit
comprises a plurality of pinch valves configured to move to
generate the dose of the liquid with a predefined volume.

14. The patch pump of claim 1, wherein the plunger
actuator comprises a curved actuation rod configured to
move, responsive to pumping by the pump, in a linear
manner at a first end of the curved actuation rod, in the linear
manner at a second end of the curved actuation rod, and to
bend in a mid-section of the curved actuation rod,

wherein the movement of the curved actuation rod in the

linear manner causes the plunger actuator to push the
plunger into the liquid reservoir to cause the liquid to
be expelled out the liquid reservoir and into the tube.

15. The patch pump of claim 14, further comprising a
motor in the first portion and a reduction gear mechanism
between the motor and the curved actuation rod, the motor
configured to cause rotation, the reduction gear mechanism
configured to cause a reduced rate of rotation compared to
the rotation caused by the motor for movement of the curved
actuation rod.

16. The patch pump of claim 14, further comprising a
motor and a linear actuator, the linear actuator comprising a
screw and a nut coupled to the curved actuation rod and
slideably movable along the screw upon rotation of the
screw responsive to rotation of the motor to cause movement
of the curved actuation rod.

17. The patch pump of claim 14, wherein the curved
actuation rod comprises a curved spring sheet beam, the
actuation rod having a portion bent in a U-shape between
straight sections.

18. The patch pump of claim 1, wherein the tube is a
needle configured to pierce a cap at the second end of the
liquid reservoir.

19. A method of using a patch pump for pumping liquid
from a liquid reservoir to a subject for transcutaneous
delivery of the liquid, the method comprising:

inserting a first end of the liquid reservoir into a first

cavity of a first portion comprising a pump;

coupling a second portion to the first portion such that a

second cavity of the second portion receives a second
end of the liquid reservoir and the liquid reservoir is
held within the first portion and the second portion
coupled together, the second portion comprising a tube
configured to be fluidly connected to the liquid reser-
voir;
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adhering the first portion and the second portion coupled

together to skin of the subject; and

activating the pump to cause a plunger actuator to push a

plunger into the liquid reservoir at the first end to cause
the liquid to be expelled out the liquid reservoir to
supply a dose of the liquid via the tube for transcuta-
neous delivery of the dose to the subject.

20. The method of claim 19, further comprising:

after the dose has been transcutaneously delivered, sepa-

rating the first portion from the second portion;
disposing of the second portion; and

reusing the first portion.

21. The method of claim 19, further comprising a dosing
unit in the second portion and fluidly connected to the tube,
the dosing unit comprising a chamber portion, an inlet valve,
and an outlet valve, wherein supplying the dose of the liquid
comprises:

opening the inlet valve while the outlet valve is closed and

operating the plunger actuator to advance the plunger
and fill the chamber portion with a pump cycle volume
of the liquid;

closing the inlet valve, opening the outlet valve, and

emptying the chamber portion by actuation of a pump
chamber actuator; and

closing the outlet valve.

#* #* #* #* #*

Mar. 28, 2024



