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TITLE: Wearable device and method for delivering intravenous solution

FIELD AND BACKGROUND OF THE INVENTION

The invention relates to a wearable device and a method for dehivering
an intravenous ("IV") solution from a flexible bag to tubing connected to an IV
delivery implement, such as a needle or a catheter. Intravenous
administration of a solution from an IV bag typically uses pressure resulting
from gravity. To maintain pressure resulting from gravity, the IV bagis
suspended at a level higher than the level range of the patient body, for
instance from a pole projecting from a foot or mounted to a bed. Such a pole
severely restricts the freedom of movement of the patient. I'V administration of
medication may be reguired for prolonged periods of time. Restricting mobility
of a patient for a prolonged period of time is inconvenient for the patient,
increases the need of nursery care and is particularly disadvantageous since 1t
has been found that physical exercise and mobility has a positive effect on
patient health, so that restricting patient mobility has an adverse effect on
patient health and tends to lead to longer stays in hospital.

Delivery of an I'V solution may be supported by a peristaltic or piston
driven IV pump. Use of such pumps is generally indicated if a specific amount
of a pharmacologic agent is to be administered and/or fluid overload is to be
prevented. However, such pumps are not suitable to be worn on the patient
body due to weight, size and certified use resirictions and usually mounted to
an 1V pole, so that no improvement regarding patient mobility is achieved.
Furthermore, such IV pumps are costly.

International patent application WO 88/38953 discloses an infusion
delivery device comprising a holder with, in the holder, a bag holding chamber
for holding an 1V bag for feeding an intravenous solution. The IV bag has first
and second opposite flexible walls and a port adapted for discharging the
solution along a flow path into tubing for delivery to a patient. The IV bag

holding chamber has opposite largest sides dimensioned for allowing the IV
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bag to be accommodated in the bag holding chamber with one of the first and
second opposite flexible walls arranged flat against a wall surface of one of the
largest sides and at least one opening for allowing ventilated communication
with ambient pressure of an environment of the holder. Also arranged in the
holder 1s a pressing member bounding a pressure chamber hermetically closed
for allowing generation of a pressure in the pressure chamber which is higher
than the ambient pressure. The pressing member has a pressure chamber wall
extending along a substantial portion of the largest sides of the bag holding
chamber. A pressurizer for generating a pressure in the pressure chamber
higher than the ambient pressure is also provided in the holder.

The pressure chamber wall in the form of a bellows 1s arranged for, in
response to an increasing pressure in the pressure chamber, displacing
towards one of the largest sides of the bag holding chamber on a side of the bag
gpposite of a side of the bag where the pressing member 15 located. Thus, IV 1s

pressed out of the IV bag as aiy 1s pumped into the pressure chamber.

SUMMARY OF THE INVENTION

It is an object of the invention to provide a device for delivering IV
solution from a flexible IV bag that is wearable on a patient body and reliably
delivers substantially the entive contents from an IV bag regardless
orientation of the device and accelerations to which the device is subjected as it
is worn on the patient body, while allowing the device to be of a more compact
size.

According to the invention, this object is achieved by providing a device
according to claim 1. The invention can also be embodied in a method
according to claim 15.

Substantially all of the solution in the IV bag is reliably pressed out of
the IV bag without leaving back a pocket in which solution is trapped in by

contact area portions where the walls of the IV bag are pressed against each
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other. Because the pressure chamber wall is flexible and arranged for
contacting the first or second wall of the IV bag and, as pressure in the
pressure chamber is increased, while solution is delivered from the IV bag,

causes the first and second wall of the IV bag to contact each other, first in an

W

initial contact area remote from the port and subsequently causing the contact
area to grow towards the port, the solution in the IV bag is rehiably urged
towards the port in the direction of growth of the contact area.

Because of the flexability of the flexible pressing member wall, the
pressing member shape can accommaodate to the shape of a full bag in the IV
10  bag holding chamber. Thus, the pressing member can temporarily be
compressed to a very small volume, which allows the device to be of a compact
size. Because the pressing member wall is flexible, 1t can bulge out as the
volume of the pressure chamber increases, allowing the contact area to grow
from the initial contact area towards the outlet port, which ensures driving out
15  of virtually all of the IV solution without leaving pockets of IV solution in the
IV bag. Because no separate mechanism is needed for this purpose space, costs
and weight are saved.

Particular elaborations and embodiments of the invention are set forth
in the dependent claims.

20 Further features, effects and details of the invention appear from the

detailed description and the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1-3 ave schematic side views in cross-section of a first example of a

Fig. 4 is a schematic exploded view of the device shown in Figs. 1-3;
b o

Fig. 5 is a perspective view of a pressing member of a device according to

a second example according to the invention;
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Fig. 6 is a perspective view of a strip of wall material folded in a
configuration for manufacturing a pressing member of a device according to a
third example according to the invention; and

Fig. 7 is a perspective view of the pressing member of Fig. 7in

W

completed form.

DETAILED DESCRIPTION

The invention is first described with reference to the example shown in
10 Figs. 1-4. In these figures, a wearable infusion delivery device 1 with a holder
2 15 shown.

In the holdex 2, an IV bag holding chambey 3 for holding an IV bag 4 for
feeding an intravenocus (IV) solution is located. Such an IV bag 4 has fivst and
second opposite flexible walls 5, 6 and a port 7 adapted for discharging the

15  solution along a flow path 7 into tubing connected to the port 7 for dehivery to a
patient. Generally, such an I'V bag has a height of 20 - 26 cm, a width of
13.5 - 16 cm and a thickness when full of 4 - 6 cm and may contain for instance
250-500 ml of IV solution. The 1V bag holding chamber 3 has opposite largest
sides 8, 8 which are dimensioned so that the IV bag 4 can be accommodated in

20  the IV bag holding chamber 3 with one of the first and second opposite flexible
walls 5, 6 arranged flat against a wall surface 10 of one of the two largesi sides
8 of the IV bag holding chamber 3. A passage 11 for the port 7 is dimensioned
such that an opening is left between the passage 11 and the port 7 allowing

ventilated communication with ambient pressure of an environment of the

o
o

holder 1. Openings may also be provided elsewhere, for instance between
housing parts 12 and 13 or where a window 14 is mounted to housing part 12.
Also in the holding chamber 3, a pressing member 15 bounding a
pressure chamber 16 is provided. The pressure chamber 16 is hermetically
closed for allowing generation of a pressure in the pressure chamber 16, which

30 1s higher than the ambient pressure. The pressing member 15 has a flexible
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pressure chamber wall 17 bounding the pressure chamber 16 and extending
along a substantial portion of the largest sides 8, 9 of the IV bag holding
chamber 3 so that, in use, the flexible pressure chamber wall 17 contacts
substantially the entire surface area of the fivst or second wall 5, 6 of the IV
solution bag 4. Small edge areas of the contacted bag wall 5 or 6 of up to 5 or
10% of the distance to the opposite edge of the respective bag wall 3, 6 may be
left free without significantly reducing the effectiveness of the device. In Figs.
1-3, the pressing member 15 in uncompressed condition and with ambient
pressure in the pressure chamber 18 i1s shown in dash-and-dot lines.

For generating a pressure in the pressure chamber 16 higher than the
ambient pressure, a pressurizer in the form of a pump 18 is provided, which
communicates with the pressure chamber 16 via a pressure chamber port 19.

In Fig. 1, the IV bag 4 is pre-filled with a volume of solution. A valve
{(not shown) in the port 19 is open so that the pressing member 15 can be
compressed to some extent from an unloaded and unpressurized condition 13
as shown in dash and dot lines. Thus, when a full IV bag 4 is placed in the
holder 1, the pressing member 15 can be compressed easily and occupies very
Little space. Accordingly, the full TV bag 4 can be accommodated in a relatively
flat and accordingly compact housing 2. The valve at the port 19 to the
pressing member 15 may be a ventilating valve opening communicating with
the environment via a channel other than the channel leading to the pump 18,
or, if the pump allows fluid o flow back when not driven, a valve that can be
brought in a one way operating condition for allowing flow into the pressure
chamber 18 only and into an operating condition in which the valve is open in
two opposite directions for allowing outflow through the pumyp 18,

For delivering solution from the IV bag 4, the valve at the port 19 to the
pressing member 15 is closed for preventing fluid flow out of the pressure
chamber 16 and the puwmp 18 is activated for driving a pressure mediuwm into
the pressure chamber 16. As is best seen in Figs. 2, in response to an

increasing pressure in the pressure chamber 16, the flexible pressure chamber
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wall 17 displaces towards the one of the two largest sides 8 of the IV bag
holding chamber 3 on a side of the 1V bag 4 opposite to the side of the IV bag 4
where the pressing member 15 1s located.

This displacement of the flexible pressure chamber wall 17 causes IV

W

solution to be pressed out of the [V bag 4 and, accordingly, to be delivered from
the IV bag 4. The exeried pressure is preferably in a range that simulates
pressure in gravity driven IV delivery. As IV solution is delivered from the IV
bag 4, the volume of IV solution in the IV bag 4 decreases and the wall 6 of the
IV bag 4 in contact with the flexible pressure chamber wall 17 is pressed
10 towards the opposite wall 5 of the I'V bag 4. After an amount of IV solution has
been pressed out of the IV bag 4, the wall 6 of the IV bag 4 in contact with the
flexible pressure chamber wall 17 is pressed into contact with the opposite wall
5 of the IV bag 4. This opposite wall 5 of the IV bag 4 rests against the largest
side 8 of the IV bag holding chamber 3 on a side of the IV bag 4 opposite to the
15  side of the IV bag 4 where the pressing member 15 1s located. The first and
second walls 5, 6 of the IV bag 4 contact each other, first in an initial contact
area 20 remote from the port 7 and then the contact area grows towards the
port 7 until a condition as shown in Fig. 3 1s reached in which virtually all of
the IV solution has been pressed out of the IV bag 4.
20 To ensure that Hguid is reliably supplied from the IV bag until the bag
1s virtually empty, the contact area where the first and second walls 5, 6 of the
IV bag 4 contact each other preferably grows towards the port 7 until the
contact area extends over at least 70% and more preferably at least 75% or

80% of the size of the 1V bag 4 from the port 7 to an end 21 of the first and

o
o

second walls 5, 6 of the IV bag 4 most remote from the port 7.

Because the contact area grows from an initial contact area 20 remote
from the port 7 towards the port 7, it 1s reliably ensured that substantially the
entire volume of solution from an IV bag is delivered regardless of the
orientation of the device and accelerations to which the device is subjected

30 during wear. In particular, the formation of a pocket in which solution is
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trapped in by contact area portions where the walls 5, 6 of the IV bag 4 are
pressed against each other is avoided and the IV solution in the IV bag 4 1s
reliably urged towards the port 7 in the direction of growth of the contact area.

Formation of pockets is not only disadvantageous because IV solution is left in

W

the IV bag, but also because, on the one hand, energy is consumed for further
increasing pressure since not an entire hag volume of IV solution has been
delivered, while, on the other hand, no further IV solution is delivered since
the remaining volume is trapped in a pocket.
Because of the flexibility of the flexible pressing member wall 17, the
10  shape of the pressing member 15 adapts to the shape of a full IV bag 4 in the
IV bag holding chamber 3. Thus, pressing member 15 can temporarily be
compressed to a very small volume by allowing air to flow out. This allows the
daevice 1 to be of a compact size. Because the flexible pressing member wall 17
ensures driving out of virtually all of the IV solution, no separate mechanism
15  is needed for this purpose, which saves costs and weight.

The initial contact area 20 is located close to the end 21 of the first and
second walls 5, 6 of the IV bag 4 most remote from the port 7. This is also close
to an edge 22 of the pressing member 15 most remote from the port 7 and the
passage 11. Thus, the contact area can grow over virtually the entire distance

20  from the end 21 of the first and second walls 5, 6 of the IV bag 4 most remote
from the port 7 to the port 7. Although it is particularly advantageous if the
initial contact area 20 is located divectly adjacent to the end 21 of the first and
second walls 5, 6 of the IV bag 4 most remote from the port 7, a small distance

to that end 21 is usually not problematic, in particular if, as in the present

o
o

example, the initial contact area 20 does not extend to the edges 23, 24 of the
IV bag 4 perpendicular to the edge 21 of the IV bag 4 most remote from the
port 7, because 1V solution between the inmitial contact area 20 and the edge 21
of the IV bag 4 most remote from the port 7 can flow away around the ends of
the contact area as the contact areca grows towards the edge 21 of the IV bag 4

30 most remote from the port 7. There will then also be a clearance between the



W

10

20

o
o

S0

WO 2020/013691 PCT/NL2019/050429

o

initial contact area 20 and edges 25, 26 of the pressing member 15
perpendicular to the edge 22 of the pressing member 15 most remote from the
port 7 and the passage 11.

Because the initial contact area 20 1s clongate in a divection transverse
to a divection towards the port 7, it can grow predominantly towards the port
7. which is advantageous for reliable displacement of IV solution towards the
port 7.

After an IV bag 4 has been emptied to such an extent or almost such an
extent that no further solution is delivered, the housing 2 can be opened and
the IV bag 4 can be removed and be replaced by a full one. Priox to closing the
housing 2, the valve in the port 19 is opened to allow fluid used to pressurize
the pressing member 15 to flow out of the pressing member 15, so that the
pressing member can easily be compressed by the new, full IV bag 4.

In the present example, the location of the initial contact area 20 and
the growth of the contact area towards the port 7 1s achieved by providing that
the flexible pressure chamber wall 17 is arranged such that displacement
towards the opposite wall 8 of the IV bag holding chamber 3 causing the first
and second walls 5, 6 of the IV bag 4 to contact each other requures
deformation which is smaller at the initial contact area 20 than in areas closer
to the port 7.

H pressure in the pressure chamber 16 1s equal to ambient pressure, at
the initial contact area 20 the flexible pressure chamber wall 17 is at a first
distance from the opposite wall 8 of the IV bag holding chamber 3 while closely
adjacent to the port 7 the flexible pressure chamber wall 17 18 at a second
distance from the opposite wall 8 of the IV bag holding chamber 3, which
second distance is larger than the first distance. The distance of the flexible
pressure chamber wall 17 to the opposite wall of the I'V bag holding chamber 3
increases, preferably continuously, from the initial contact area 20 to the area
closely adjacent to the port 7. Thus, when pressure in the pressure chamber is

increased, causing the flexible pressure chamber wall 17 to bulge out, the walls
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5, 6 of the IV bag 4 are pressed against each other and rest against the
opposite wall 8 of the IV bag holding chamber 3 first in the initaal contact avea
20 remote from the port 7. As the flexible pressure chamber wall 17 bulges out

further, the contact area grows towards the port 7.

W

In the present example, the gradual increase of the distance from the
non-deformed pressing member 15 with ambient pressure in the pressure
chamber 16 to the opposite wall 8 of the IV bag holding chamber 3 is obtained
in a simple manner by providing that, in cross-sectional view along a plane
perpendicular to the flexible pressure chamber wall 17 and oriented from the
160 port 7 to the initial contact avea 20, the pressure camber 16 is elongate in a

direction from the arvea closely adjacent to the port 7 to the initial contact area
20 and has a width which decreases from the initial contact area 20 to the area
closely adjacent to the port 7. Such an essentially triangular cross-sectional
shape of the pressure chamber 16 also allows the IV bag holding chamber 3 to
15  be of an essentially rectangular cross section, seen in the same plane, so that
the housing 2 can tightly fit around a full IV bag 4 pressing the pressing
member 15 into a flat configuration in the IV bag holding chamber 3.
For causing the opposite walls 5, 6 of the IV bag 4 to be initially pressed
against each other and against the opposite wall 8 of the IV bag holding
20  chamber 3 in an avea 20 remote from the port 7, the difference between
pressure exerted by the pressing member 15 in the initial contact area 20 and
pressure exerted by the pressing member 15 closely adjacent to the port 7
should be larger than the difference in pressure in the IV bag 4 due to the

difference in height between the area closely adjacent to the port 7 (usually at

o
o

the top) and the initial contact area 20. To achieve this, the pressing member
15 is preferably of a material that is sufficiently stiff for causing a difference in
retaiming forces against bulging out to press the IV bag wall 5, 6 against the
opposite wall 8 of the IV bag holding chamber 3, that is larger than the
difference in liquid pressure in the IV bag due to the difference in height

30 between the arvea closely adjacent to the port 7 (wsually at the top) and the
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initial contact area 20. To this end, the pressing member 15 may for instance
be formed of resilient polymeric or elastomeric materials, such as PET, PVC or
silicon rubber with a wall thickness of 0.1 — 8.5 mm for stiff materials {e.g.
modulus of elasticity of 1.5-3 GPa), 0.5 - 3 mm for flexible and elastic materials
{e.g. modulus of elasticity of 0.005 — 1 GPa) and 0.4 — 1 mm for intermediate
materials (e.g. modulus of elasiicity of 0.5 - 1 GPa).

For facilitating compressing the pressing member 15 to a flat shape, side
walls 27 connected to the flexible pressure chamber wall are each provided
with a fold 28 extending along a side of the flexible pressure chamber wall 17
for facilitating folding flat of the pressure chamber 15, Instead of a single fold
2%, also a plurality of such folds may be provided.

If deformation of the flexable pressure chamber wall 17 causing the first
and second walls 5, 6 of the IV bag 4 to be in contact with each other in areas
20 remote from peripheral edges of the fivst and second walls 5, 6, includes
elastic stretching of the Hexible pressure chamber wall 17, it is veliably
ensured that the first and second walls 5, 6 of the IV bag 4 ave initially pressed
against each other only in the imitial contact area 20 remote from the port 7.

In Fig. 5, an example of a different pressing member 65 1s shown in
which the sidewalls 77 are part of a rigid frame 79 to which the flexible
pressure chamber wall 67 1s attached along its peviphery. When mounted in a
housing of the delivery device, the rigid frame 67 1s at a distance from an
opposite wall of the IV bag holding chamber, which distance increases from the
initial contact area towards the port. Thus, deformation of the flexible pressure
chamber wall 67 required to press the IV bag walls against the opposite wall of
the IV bag holding chamber is smaller at the initial contact area then at the
port and increases towards the port, s¢ that when the pressure in the pressing
member 65 is increased, it reaches the opposite wall of the IV bag holding
chamber mitially at the initial contact area and then the contact area grows

towards the port.
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For efficient manufacturing, it is advantageous if the flexible pressure
chamber wall 67 1s arranged for deforming under influence of increasing
pressure 1n the pressure chamber to a shape that 1s, at least imtially,
symmetrical about a first plane oriented perpendicular to a second plane in
which the frame extends and transverse to a direction along the second plane
towards the port. The flexible pressure chamber wall 67 may then for instance
be of a substantially constant thickness.

However, for ensuring particularly effective displacement of solution
from peripheral portions of the IV bag, it is advantageous if the flexible
pressure chamber wall 67 1s more elastic in zones 82 and 83 along at least
sides of the frame 79 closest to and most remote from the port than in an area
between these zones 82, 83. Also more elasticity in other zones 80, 81 along the
frame 79 than in an area between the zones is advantageous for particularly
effective displacement of solution from peripheral portions of the IV bag.

Pressurizing the pressing member 13, 85 may for instance be carried out
by pumping a gas or ambient air into the pressing member 15, 65. However, it
may also be provided that a iguid is pumped into the pressing member for
driving solution out of the IV bag. Furthermore, for pressurizing the pressing
member, also other solutions than a pump may be provided, such as a high
pressure gas cartridge with a valve for allowing controlled flow from the
cartridge into the pressing member or a bellows or eylinder having a stroke
volume that is sufficient for displacing sufficient fluid into the pressing
member for delivering all solution from an IV bag.

In Figs. 6 and 7, a pressing member 115 of a third example of a device
according to the invention is shown in partially completed form and,
respectively, in completed form. The pressing member 115 has a flexible
pressure chamber wall 117 bounding the pressure chamber. If the pressing
member is positioned i the TV bag holding chamber, the pressure chamber
wall 117 extends along a substantial portion of the largest sides 8, 9 of the IV

bag holding chamber 3. In use, the flexible pressure chamber wall 117 contacts
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substantially the entive surface area of the first or second wall 5, 6 of the IV
solution bag 4. Small edge areas of the contacted bag wall 5 or 6 of up to 5 or
10% of the distance to the opposite edge of the respective bag wall 5, 8 may be

left free without significantly reducing the effectiveness of the device. At the

W

top of the bag, an opening 1s provided to which a port can be mounted or
connected.

In use, the pressing member 115 bulges out in essentially the same
manner as the pressing member 15 shown in Figs. 1-3, except that the flexible
pressure chamber wall 117 bulges out less and later along the side edges 131,

10 132. This results in the contact area growing from the initial contact area more

areas are initially left along the side edges 131, 132 from and through which
IV solution can easily and reliably be urged out of the IV bag.
The flexible pressure chamber wall 117 1s quadrangular (preferably
15  generally rectangular or trapezium shaped) and sealed to an opposite wall 129
along an edge 130 at a side most remote from the initial contact area (seam
139) and along mutually opposite side edges 131, 132 (seams 140 and 141) .
The flexible pressure chamber wall 117 and the opposite wall 129 are of
generally identical dimensions and flexibility. A bottom panel 133 of the same
20 or similar flexibility as the pressure chamber walls 117, 129 connects to the
flexible pressure chamber wall 117 and the opposite wall 129 along bottom
edges 134, 135 extending between ends 136, 137 of the side edges 131, 132
closest to the mitial contact area. The bottom panel 133 extends from the

flexible pressure chamber wall 117 to the opposite wall 129 and is provided

o
o

with at least one fold 138 extending centrally between the bottom edges 134,
135 for facilitating folding flat of the pressure chamber 115.

The pressing member 115 of this third example of a device according to
the invention can be manufactured from a strip of wall material by folding as
shown in Fig. 6, sealing along the edge 130 at the side most remote from the

30 initial contact area and along the mutually opposite side edges 131, 132, In the
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shown pressing member 115, further seams 142, 143 have been made along
folds extending along the bottom edges 134, 135 {0 ensure that the boitom
panel 132 pleas inwardly when the pressing member 115 is emipty and the
pressing member 115 easily folds to a very flat configuration. For the same
purpose, a seam may be provided along the fold 138 extending centrally
between the bottom edges 134, 135.

Another advantage of a pressing member 115 of the device according to
this example is that it is very flat when empty, because of the absence of side
panels between the walls 117, 129, but nevertheless reliably causes the contact
area to grow from the initial contact area towards the port 5 of the IV bag and
cutwardly to the side edges, thereby avoiding that IV solution remains trapped
in pockets between the walls of the IV bag.

Several features have been described as part of the same or separate
embodiments. However, 1t will be appreciated that the scope of the invention
also mcludes embodiments having combinations of all or some of these
features other than the specific combinations of features embodied in the

examples.
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Claims

1. An infusion delivery device comprising:
a holder with, in the holder:
— a bag holding chamber for holding an 1V bag for feeding an
intravenous solution, the IV bag having first and second opposite
5 flexible walls and a port adapted for discharging the solution
along a flow path into tubing for delivery to a patient, wherein the
IV bag holding chamber has opposite largest sides dimensioned
for allowing the IV bag to be accommedated in said bag holding
chamber with one of said first and second opposite flexible walls
10 arranged flat against a wall surface of one of said largest sides
and at least one opening for allowing ventilated communication
with ambient pressure of an environment of the holder:
— a pressing member bounding a pressure chamber hermetically
closed for allowing generation of a pressure in said pressure
15 chamber which 1s higher than said ambient pressure, the pressing
member comprising a pressure chamber wall extending along a
substantial portion of the largest sides of said bag holding
chamber; and
a pressurizer for generating a pressure in said pressure chamber higher
20  than said ambient pressure;
wherein said pressure chamber wall is arranged for:
in response to an increasing pressure i said pressure chamber,
displacing towards one of said largest sides of said bag holding chamber on a
side of said bag opposite of a side of said bag where said pressing member is
25  located;
characterized in that,

said infusion delivery device is wearable on a patient body;
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said pressure chamber wall is flexible, arranged for contacting said first
or second wall of said bag and for, while solution 1s delivered from said bag,
causing said first and second walls of said bag to contact each other, first in an
initial contact area remote from said port and subseguently causing said

contact area to grow towards said port.

2. A device according to claim 1, wherein said initial contact area is
located close to an end of said fivst and second walls of said I'V bag most remote

from said port.

3. A device according to claim 1 or 2, wherein said initial contact area is

elongate in a direction transverse to a direction towards said port.

4. A device according to any one of the preceding claims, wherein said
flexible pressure chamber wall is arranged such that displacement towards the
opposite wall of the IV bag holding chamber causing said first and second walls
of said bag to contact each other requires deformation which is smaller at said

initial contact area than in areas closer to said port.

5. A device according to any of the preceding claims, wherein, if pressure
1n said pressure chamber 1s equal to ambient pressure, at said iniiaal contact
area said flexible pressure chamber wall is at a fivst distance from said
opposite wall of the IV bag holding chamber and closely adjacent to said port
said flexible pressure chamber wall is at a second distance from said opposite
wall, said second distance being larger than said first distance and said
distance of said flexible pressure chamber wall to said opposite wall increasing

from said initial contact area to said area closely adjacent to said port.

6. A device according to claim 5, wherein in cross-sectional view along a

plane perpendicular to said flexible pressure chamber wall and oriented from
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said port to said initial contact area, said pressure chamber is elongate in a
divection from said area closely adjacent to sand port to said inihial contact area
and has a width which decreases from said initial contact area to said area

closely adjacent to said port.

7. A device according to claim 3 or 8, wherein, if pressure in said
pressure chamber is equal to ambient pressure, in cross-sectional view along a
plane perpendiculay to said flexable pressure chamber wall and oriented from
said port to said initial contact area, said pressure chamber is of triangular
shape, a top of said triangular shape forming an end of said pressure chamber

closely adjacent to said port.

8. A device according to any of the preceding claims, wherein said
flexible pressure chamber wall 1s quadrangular and sealed to an opposite wall
along an edge at a side most remote from saad initial contact avea and along
mutually opposite side edges, wherein said flexible pressure chamber wall and
said opposite wall arve of generally identical dimensions and flexibility and
wherein a bottom panel connects to said flexible pressure chamber wall and
said opposite wall along bottom edges extending between ends of said side
edges closest to said initial contact area and wherein said bottom panel
extends from said flexible pressure chamber wall to said opposite wall and 1s
provided with at least one fold extending centrally between said bottom edges

for facilitating folding flat of said pressure chamber.

9. A device according to any of the preceding claims, wherein
deformation of said flexible pressure chamber wall causing said first and
second walls of said bag to be in contact with each other in areas remote from
peripheral edges of said first and second walls of said bag, includes elastic

stretching of said flexible pressure chamber wall.
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10. A device according to claim 9, further comprising a rigid frame to
which said flexible pressuve chamber wall is attached along its peviphery,
wherein said rigid frame is at a distance from an opposite wall of said bag

holding chamber, said distance increasing from said initial contact area

W

towards said port.

11. A device according to claim 10, wherein said flexible pressure
chamber wall 1s arranged for deforming under influence of increasing pressure
in said pressure chamber to a shape that is, at least mmtially, symmetrical

10  about a first plane perpendicular to a second plane in which said frame
extends and transverse to a divection along said second plane from said initial

contact arvea towards said port.

12. A device according to any of the preceding claims, wherein said
15  flexible pressure chamber wall 1s more elastic in zones along at least sides of
said frame closest to and most remote from said port than in an area between

said zones.

13. A device according to any of the claims 9-12, wherein said flexible
20  pressure chamber wall is more elastic in zones along said frame than in an

area between said zones.

14. A device according to any of the preceding claims, wherein the

contact area where the fivst and second walls of the IV bag contact each other

o
o

grows towards the port until the contact area extends over at least 70% and
preferably at least 75% or 80% of a distance from the port to an end of the first

and second walls of the 1V bag most remote from the port.

15. A method of delivering intravenous solution from an I'V bag having

30 first and second opposite flexible walls and a port from which the solution is



WO 2020/013691 PCT/NL2019/050429
18

delivered into tubing for delivery to a patient, using an infusion delivery device
comprising a holder with, in the holder:
a bag holding chamber holding the IV bag, wherein the IV bag is

accommodated in said bag holding chamber with one of said first and second

W

opposite flexible walls arranged flat against a wall surface of one of saad
largest sides and the IV bag holding chamber 1s in open communication with
ambient pressure of an environment of the holder;
a pressing member bounding a pressure chamber, the pressing member
comprising a pressure chamber wall forming a boundary of said pressure
18 chamber; and
a pressurizer generating a pressure in said pressure chamber which is
higher than said ambient presswe;
wherein:
in response to an increasing pressure m said pressure chamber, said
15  pressure chamber wall displaces towards one of said largest sides of said bag
holding chamber on a side of said bag opposite to a side of said bag where said
pressing member 1s located;
characterized in that,
said infusion delivery device is wearable on a patient body;
20 said pressure chamber wall is flexible and contacts substantially an
entire surface area of said first or second wall of said bag; and
while solution is delivered from said bag, said first and second walls of
said bag contact each other, first in an initial contact area remote from said

port, said contact area subsequently growing towards said port.

o
o
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