(12) STANDARD PATENT

(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

(74)

(56)

Title
Inhaler spacer

International Patent Classification(s)

AG61M 11/00 (2006.01) A61M 15/06 (2006.01)
A61M 13/00 (2006.01) A61M 16/00 (2006.01)
A61M 15/00 (2006.01) A61M 16/10 (2006.01)
Application No: 2017271493 (22) Date of Filing:  2017.05.19

WIPO No: WO17/203538

Priority Data

Number (32) Date (33) Country
201621017672 2016.05.23 IN
Publication Date: 2017.11.30

Accepted Journal Date: 2020.03.05

Applicant(s)
Cipla Limited

Inventor(s)
Malhotra, Vidur;Janardhanan, Srinivasan

Agent / Attorney
Griffith Hack, Level 29 Northpoint 100 Miller Street, Sydney, NSW, 2060, AU

Related Art

US 2007/0006876 A1
US 6394085 B1

US 2004/0094148 A1
WO 02074371 A1
WO 2006040585 A1

(11) Application No. AU 2017271493 B2




wo 20177203538 A1 | 000000 O OO0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
30 November 2017 (30.11.2017)

(10) International Publication Number

WO 2017/203538 Al

WIPO I PCT

(51) International Patent Classification:

A6IM 11/00 (2006.01) A61M 15/06 (2006.01)
A6IM 13/00 (2006.01) A61M 16/00 (2006.01)
A6IM 15/00 (2006.01) A61M 16/10 (2006.01)

(21) International Application Number:
PCT/IN2017/050187

(22) International Filing Date:
19 May 2017 (19.05.2017)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

201621017672 23 May 2016 (23.05.2016) IN
(71) Applicant: CIPLA LIMITED [IN/N]; Cipla

House,Peninsula Business Park, Ganpatrao Kadam Marg,
Lower Parel, Mumbai 400 013 (IN).

(72) Imventors: MALHOTRA, Vidur; 3403 Springs, Island
City Centre, Next to Wadala Telephone Exchange, G. D
Ambekar Marg, Dadar (East), Mumbai 400 014 (IN). JA-
NARDHANAN, Srinivasan; Plot 6, Tharachand Nagar
Main Road, Virugambakkam, Chennai 600 092 (IN).

(74) Agent: SINGH, Manisha; LEXORBIS, 709-710 Tolstoy
House, 15-17 Tolstoy Marg, New Delhi 110 001 (IN).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH,CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN, KP, KR,
KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM,KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

(54) Title: INHALER SPACER

42
&3 ———— .
@ ~x~w“:>\'x:;\:;~‘”»\$\\\
R -
~‘\§§.\‘$$Qn = *
g -
.:\Wﬁ“ E
3

U S8 QR e
N e \
S ‘
S = | 1
o o

48

b 82

%

preitrr??

%
<

Fig 3
8

(57) Abstract: The invention relates to an inhaler spacer (1)
comprising an inlet (2) for connection to an inhaler and an outlet
(4) through which a user can inhale. The inhaler spacer (1) com-
prises a duct (6) extending between the inlet (2) and the outlet
(4).The duct (6) is defined by a wall (8) which extends around
a first axis (10) and comprises a diffuser portion (12) extending
along the first axis away from the inlet. The wall (8) of the duct
(6) in at least a part of the diffuser portion curves outwardly away
from the first axis with increasing distance away from the inlet
such that the cross sectional area of the diffuser portion perpen-
dicular to the first axis increases with increased distance from
the inlet along the first axis.

[Continued on next page]
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Inhaler Spacer

Field of the Disclosure:
The present disclosure relates to an inhaler spacer and to a method of using such an inhaler

spacer.

Background and Prior art:

Inhaled medicaments are commonly prescribed to patients for treating diseases such as
asthma and viral induced wheeze. Inhaled medicaments may be administered via a number of
means, including metered dose inhalers (MDIs) and nebulizers. MDIs may be the most

commonly prescribed means for administering inhaled medicaments.

In order to properly use an inhaler, a number of coordinated actions may be required
(pressing down on the inhaler, breathing in deeply as the medication is released, holding your
breath and exhaling). Some patients, for example the very young or elderly, may have

difficulty completing the required actions in the correct order and at the correct times.

Patients who experience difficulty using an MDI may commonly be provided with a spacer
device. Generally, spacers may be known to reduce coordination difficulties and reduce
oropharyngeal deposition thereby considerably increasing the drug delivery in the lungs.
Spacer devices may connect a drug delivery canister (for example, an MDI) to a mask or
mouthpiece. Pressing of the drug canister may release the drug into a chamber of the spacer
device. The medicament may be held within the chamber by an appropriate means, which
upon inhalation, may allow the patient to inhale the treatment in his/ her own time through

the mouthpiece/ mask.

Use of the spacer device may avoid timing issues experienced with MDIs. Indeed, a patient
may generally be encouraged to breathe "normally" when using a spacer device, rather than
to adopt a particular, abnormal, breathing pattern. Further, aerosol may generally be issued to
the patient from the spacer device more slowly than when issued directly from the MDI, and
may result in less of the drug impacting on the back of the mouth and more of the drug
reaching the lungs of the patient. For children, spacer devices may be particularly useful, and
may allow them to gain the benefit of inhaled drugs in a way that they can use at home,

without the use of hospital nebulizers and masks. In fact, studies have shown that used
1
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correctly, these devices may match the efficacy of hospital nebulizers in treatment of
asthmatic children.
Various spacer devices are known in the art from a tube spacer with a volume of < 50ml to

holding chambers with a volume of up to 750 ml.

WO000/33902 discloses a spacer device for administering orally a medicament by inhalation,
the spacer has two conical members made of anti-static material and coupled at their wider
ends. A measured dose of medicament is injected into the spacer through an inlet and inhaled

from the spacer via the outlet.

WO02006/040585 discloses a spacer having a similar design to that disclosed above, but

which further includes a butterfly valve to prevent loss of medicament prior to inhalation.

Other example of a commercially known spacer includes AeroChamber Plus® which is

shown at www.aerochambervhc.com.

The present inventors have now identified that the spacers described in the prior art and those
commercially available to date may not be entirely satisfactory for all uses and users. In
particular, spacers may tend to be quite bulky and therefore may be inconvenient to carry.
Given that patient compliance may be important, there may exist a need for an improved

spacer.

It is to be understood that, if any prior art publication is referred to herein, such reference
does not constitute an admission that the publication forms a part of the common general

knowledge in the art, in Australia or any other country.

Summary of the Disclosure:

According to one aspect of the present disclosure, there is provided an inhaler spacer
comprising an inlet for connection to an inhaler and an outlet through which a user can
inhale, the inhaler spacer comprising a duct extending between the inlet and the outlet, the
duct being defined by a wall which extends around a first axis and comprising a diffuser

portion extending along the first axis away from the inlet, the wall of the duct in at least a part
2

12095246_1 (GHMatters) P110228.AU


http://www.aerochambervhc.com
P110228.AU

07 Feb 2020

2017271493

25

30

of the diffuser portion curving outwardly away from the first axis with increasing distance
away from the inlet such that the cross sectional area of the diffuser portion perpendicular to
the first axis increases with increased distance from the inlet along the first axis. The diffuser
portion has a substantially circular cross section perpendicular to the first axis and the radius
of the cross section increases with increased distance from the inlet along the first axis within
the outwardly curving portion and the rate of increase of radius increases with increased

distance from the inlet

According to another aspect of the present disclosure, there is provided an entry section for
coupling to an exit section to form an inhaler spacer, wherein the exit section may comprise a
reducer portion and the entry section may comprise an inlet and a diffuser portion wherein
the wall of at least a part of the diffuser portion may curve outwardly away from the first axis
with increasing distance away from the inlet such that the cross sectional area of the diffuser
portion perpendicular to the first axis increases with increased distance from the inlet along

the first axis.

According to another aspect of the present disclosure, is disclosed a method of preparing a
medicament dose for use, the method comprising the steps of:

a) providing a pressurised metered dose inhaler having an inhaler mouthpiece;

b) providing an inhaler spacer as claimed in any of the preceding claims;

c) fitting the inhaler mouthpiece to the inlet of the spacer; and

d) dispensing a dose of medicament into the spacer from the pressurised metered dose

inhaler.

The inhaler spacer of the present disclosure comprises a diffuser portion which, at least in a
part, may curve outwardly away from the first axis with increasing distance away from the
inlet. The inventors of the present disclosure have surprisingly found that such a shape may
be advantageous as it may increase the Fine Particle Dose (FPD) of medicament which may
be drawn from the outlet of the inhaler spacer, for example by inhalation when compared to
an inhaler spacer of similar overall length and maximum diameter. An increased FPD may
result in increased deposition within the lungs of a patient when the spacer is used to deliver
medicament and this may enhance the efficacy of delivery of a medicament, or may reduce
the required dose. Alternatively, the increased FPD made possible by the new shape of at
least a part of the diffuser portion may result in a smaller inhaler spacer being able to deliver
3
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FPD performance which may be substantially similar to the performance of a larger device.
It should be understood that the length and maximum diameter of an inhaler spacer may
typically determine how easily portable and / manoeuvrable the inhaler spacer is for a user or
caregiver. It has been found that reducing one, or both, of these dimensions of a known
inhaler spacer may result in the FPD of the inhaler spacer being reduced. This means that,
although a reduction in size may be possible which may improve compliance as the patient
may be more likely to use the device, the FPD may be reduced and this may adversely affect
the therapeutic performance of the inhaler. However, modifying an existing spacer based on
the new shape for the diffuser portion of the present disclosure may improve the FPD such
that therapeutic performance may be enhanced, or therapeutic performance may be retained

while the length and / or maximum diameter may be reduced.

In some embodiments, the inhaler spacer may comprise a duct extending along a first axis
between the inlet and the outlet. The duct therefore may provide, or define, a chamber
between the inlet and the outlet. In some embodiments, the duct may substantially surround
the first axis such that a medicament introduced into the chamber via the inlet may be
substantially prevented from leaving the inhaler spacer except via the outlet. The duct may
have any suitable cross section, but in some embodiments it may be preferred that the cross
section perpendicular to the first axis is substantially circular as this substantially matches the

shape of a plume of medicament ejected from a pMDI.

In some embodiments, the inhaler spacer may be fabricated from any suitable material and
may include transparent, translucent and / or opaque materials. In some embodiments, at
least some, and in some embodiments, possibly all, of the wall of the duct may be fabricated
from an antistatic material, for example polyamide. In some embodiments, a transparent
material for the duct may be preferred to enable a user to see the cloud of medicament within
the spacer prior to inhalation and to facilitate visual inspection of the device for cleanliness or

foreign objects that may have entered the spacer.

In some embodiments, the diffuser portion may be substantially circular cross section
perpendicular to the first axis and the radius of the cross section may increase with increased
distance from the inlet along the first axis. In some embodiments, the increasing cross section
may cause a plume of medicament emitted from a pMDI through the inlet to slow within the

spacer so that it may be more easily inhaled through the outlet. In some embodiments, the
4
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slowing of the plume may effectively temporarily store the medicament plume within the
spacer to help reduce coordination issues which may occur with the use of a pMDI. In some
embodiments, the shape of the diffuser section may be designed to produce a minimal gap
between the wall of the duct and the plume of injected medicament, particularly adjacent the
inlet. This may ensure that there may be minimal non-aerosol air in the flow and may also aid

evacuation of the chamber during inhalation.

In some embodiments, the outward curve of the diffuser portion may be a substantially
continuous curve, or may comprise a plurality of curved and / or conical segments that may
result in an outwardly curving shape of the diffuser portion. For example, a sequence of
substantially frustoconical sections, each having an increased angular offset from the first
axis may produce such a curved shape. In some embodiments, some, or all, of the sections
noted above may include a curve. In some embodiments, at least two conical segments may
be required in order to be regarded as a curve. In some embodiments, there may be more
than three conical segments, and in some embodiments, more than four conical segments in
the diffuser portion. In some embodiments, the conical segments may be separated by
tubular segments or constant diameter, but an outwardly curving shape for at least part of the
diffuser portion may still be achieved as long as the overall trend is an outward curve in at

least a portion of the diffuser portion.

In some embodiments, the rate of increase of radius of a circular diffuser portion, or the rate
of increase of a dimension of a non-circular diffuser portion, may increase with increased
distance from the inlet so that the diffuser flares outwards. In some embodiments, the
increase in the rate of increase may be substantially continuous, or in some embodiments,

may be discontinuous along the curve.

In some embodiments, the wall of the diffuser portion proximal the inlet may extend at an
angle of less than 5 degrees away from the first axis, less than 3 degrees away from the inlet

or may extend substantially parallel with the first axis.

In some embodiments, the wall of the at least part of the diffuser portion which curves
outwardly that is distal from the inlet may extend at an angle of more than 15 degrees away
from the first axis, more than 18 degrees away from the first axis or substantially 20 degrees

from the first axis.
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In some embodiments, the outward curve may comprise the majority, or substantially all, of
the diffuser portion in some embodiments. In other embodiments the wall of the duct in at
least part of the diffuser portion may curve inwardly towards the first axis with increasing
distance away from the inlet, the outwardly curving portion being arranged between the inlet
and the inwardly curving portion such that, in the diffuser portion having inwardly curving
walls, the cross sectional area of the diffuser portion perpendicular to the first axis may
continue to increase with increased distance from the inlet along the first axis, or at least does

not decrease within the diffuser portion.

It should be understood that by the term outwardly curving it is meant that the angular offset
of wall (a tangent from the wall at the point being measured) from the first axis increases
with distance from the inlet along the first axis. In some embodiments, the angular offset may
vary between 0 degrees (parallel with the first axis) and 90 degrees (perpendicular to the first

axis), although in some embodiments, it may be preferred that 90 degrees is not reached.

It should be further understood that by inwardly curving it is meant that the angular offset of
wall from the first axis decreases with distance from the inlet along the first axis. In some
embodiments, the inward or outward curve may be determined by the change in the angular
offset of the wall from the first axis moving away from the inlet along the first axis. If the
angular offset increases then it may be called an outward curve, but if the angular offset
decreases then it may be an inward curve. If the angular offset does not change over a

portion of the first axis the wall may define a cylinder, or a part of a cone.

In some embodiments, the maximum angular offset of the wall within the diffuser portion
may be less than 60 degrees. In some embodiments, less than 45 degrees. In some

embodiments, less than 35 degrees. In some embodiments, less than 30 degrees.

In some embodiments, the outward and then inward curve of the duct wall in the diffuser
portion may form a substantially continuous curve, such as an elongated ‘S’ curve. A
substantially continuous curve may be one which includes substantially no significant
discontinuities, such as sharp corners. In some embodiments, discontinuities along the wall
of the duct may result in turbulence or settling of the medicament on the wall which may

reduce the FPD that may be delivered to a patient. In some embodiments, medicament
6
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settling of the wall of the inhaler spacer may also result in an increased cleaning burden for a

user.

In some embodiments, the diffuser portion may be substantially rotationally symmetrical

about the first axis.

In some embodiments, the diffuser portion may extend for between 5 cm and 14 cm along the
first axis, or in some embodiments, for between 6 cm and 12 ¢cm along the first axis. In some
embodiments, the outwardly curving part of the diffuser portion may extend for between 2
cm and 12 cm along the first axis. In some embodiments, an inwardly curving portion of the

diffuser may extend for between 2 cm and 10 cm along the first axis

In some embodiments, the minimum cross sectional area of the diffuser portion perpendicular
to the first axis may be between about 5 cm? and 9 cm?. In some embodiments, the maximum
cross sectional area of the diffuser portion perpendicular to the first axis may be between

about 12 cm? and 50 cm”.

In some embodiments, the maximum diameter of a substantially circular diffuser portion may

be between 4 cm and 8 cm, or between 5 cm and 7 cm.

In some embodiments, the inlet of the inhaler spacer may be shaped to receive and retain a
mouthpiece of an inhaler, and in some embodiments, particularly an actuator of a pressurised
metered dose inhaler. In some embodiments, the inlet may include ribs or other protrusions
such that when the actuator mouthpiece is inserted into the inlet air channels may exist
between the inlet of the spacer and the mouthpiece. In some embodiments, these air channels
may assist in emptying the spacer during inhalation. In some embodiments, it may be
preferred that the mouthpiece of an inhaler retained in the inlet should be arranged as close to
the duct walls as possible. In some embodiments, the widest dimension of the mouthpiece of
the inhaler may be less than 5 mm smaller than the diameter of the duct at the start of the
diffuser portion. In some embodiments, less than 3mm smaller than the diameter of the duct
at the start of the diffuser portion. In some embodiments, substantially equal to the diameter
of the duct at the start of the diffuser portion. This may help to reduce the amount of air

between the plume of medicament emitted and the duct.
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In some embodiments, the inhaler spacer may include a reducer portion between the diffuser
portion and the outlet. In some embodiments, the wall of the duct in the reducer portion may
extend towards the first axis with increasing distance away from the inlet such that the cross
sectional area of the reducer portion perpendicular to the first axis may decrease with
increased distance from the inlet along the first axis. In some embodiments, the reducer
portion may be substantially conical, or in some embodiments, the wall of the duct in at least
a part of the reducer portion may be continuously curved such that the wall may curve
inwardly from a wide end of the reducer portion and outwardly near a narrow end of the

reducer section.

In some embodiments, the inhaler spacer may include a transition portion between the
diffuser portion and the reducer portion. In some embodiments, the transition portion may
comprise a releasable coupling allowing the diffuser portion to be separated from the reducer
portion. In some embodiments, the releasable coupling may comprise a bayonet type
releasable coupling, or in other embodiments, could be a friction fit, or press fit coupling, a
screw fit coupling, a separate ring clamp or strap coupling or any other type of coupling
suitable for joining two parts of a duct together. Including a releasable coupling in the
transition portion may allow the inhaler spacer to be separated into an entry section, including
the diffuser portion and the inlet, and an exit section including the reducer section and an
outlet. In some embodiments, the separation of the portions facilitates cleaning of the inhaler
spacer and also facilitates manufacturing as changes to one section need not impact the other.
This may mean that an entry section including the new diffuser shape may be coupled to an

exit section of an existing inhaler spacer.

In some embodiments, the outlet may take any suitable form, but may comprise a
mouthpiece. In some embodiments, the mouthpiece may protrude from the spacer such that a
user may place their lips around the mouthpiece to create a substantial seal during inhalation
of a medicament from the spacer. In some embodiments, the inhaler spacer may further
include a movable mouthpiece cover which may be coupled to the inhaler spacer and may be
moved between a closed position in which mouthpiece cover substantially covers the

mouthpiece and an open position in which the mouthpiece may be exposed for use.

In some embodiments, a valve, for example a one way valve may be provided adjacent the

outlet which may close (or be closed) so that a user may be hindered from exhaling into the
8

12095246_1 (GHMatters) P110228.AU


P110228.AU

07 Feb 2020

2017271493

(&)}

o

25

30

spacer through the outlet and open (or be opened) to allow inhalation from the inhaler spacer
through the outlet. There are many suitable valves known to those skilled in the art, for
example a butterfly valve of the type disclosed in WO2006/040585 may be suitable in some

embodiments.

The disclosure also provides a method of preparing a medicament dose for use, the method
comprising the steps of:

a) providing a pressurised metered dose inhaler having an inhaler mouthpiece;

b) providing an inhaler spacer, the inhaler spacer being as described above;

c) fitting the inhaler mouthpiece to the inlet of the spacer; and

d) dispensing a dose of medicament into the spacer from the pressurised metered dose

inhaler.

Preparing a dose of medicament in this way may allow separation of the act of dispensing the
dose and the subsequent inhalation of the medicament. In some embodiments, if desired, the
dose may be held, at least temporarily within the chamber of the spacer with the medicament

suspended in the air within the spacer prior to inhalation.

In some embodiments, in order to deliver the medicament to a patient the dose may be
prepared as above and the patient caused to inhale through the outlet of the inhaler spacer. In
some embodiments, substantially simultaneous dispensing of the dose into the spacer and

inhalation from the inhaler may also be possible.

The disclosure also extends to an entry section for coupling to an exit section to form an
inhaler spacer, the entry section including a diffuser portion and the exit section including a
reducer portion. The inhaler spacer may be substantially as described above and the entry
section may include an inlet and the wall of at least a part of the diffuser portion may curve
outwardly away from the first axis with increasing distance away from the inlet such that the
cross sectional area of the diffuser portion perpendicular to the first axis increases with

increased distance from the inlet along the first axis.
Brief Description of the Figures:
The disclosure will now be described by way of example only with reference to the following

figures in which:
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Figure 1 shows a cross section through a first inhaler spacer;

Figure 2 shows a cross section through a second inhaler spacer;

Figure 3 shows a cross section through the inhaler spacer of Figure 2 coupled to a

pMDI actuator; and

Figures 4 and 5 show an inhaler spacer separated into an entry section (Figure 5) and

an exit section (Figure 4).

Detailed Description of an Embodiment of the Disclosure:

Figure 1 shows an inhaler spacer 1 comprising an inlet 2 for connection to an inhaler,
particularly a pMDI (shown in Figure 3) and an outlet 4 through which a user can inhale.
The inhaler spacer 1 comprises a duct 6 extending between the inlet 2 and the outlet 4. The
duct 6 is defined by a wall 8 which extends around a first axis 10 and comprises a diffuser
portion 12 extending along the first axis away from the inlet 2. The wall 8 of the duct 6 in at
least a part 14 of the diffuser portion 12 curves outwardly away from the first axis 10 with
increasing distance away from the inlet 2 such that the cross sectional area of the diffuser
portion 12 perpendicular to the first axis 10 increases with increased distance from the inlet 2

along the first axis 10.

The inlet 2 is located in an inlet portion 16 and the outlet 4 in an outlet portion 18. The
diffuser portion 12 forms part of an entry section 26 comprising the inlet portion 16, diffuser
portion 12 and a part of a transition portion 20. The transition portion 20 couples the entry
section 26 to an exit section 22 which comprises the outlet portion 18 and a reducer portion
24 and a part of the transition portion 20. The inhaler spacer 1 is substantially circular in
cross section perpendicular to the first axis 10, although it should be noted that the inlet
portion 16, outlet portion 18 and potentially the transition portion 20 may not be exactly

circular as they are intended to fit with other elements.

Marked on Figure 1 are some lines a, b and ¢ indicating the direction in which the duct wall 8

extends at particular locations 30a, 30b and 30c in the diffuser portion 12. The lines a, b and

c share a letter with their respective locations 30a, 30b and 30c. It can be seen that at an end
10
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of the diffusion portion 12 proximal the inlet portion 16 the wall extends substantially parallel
with the first axis 10 (30a). As the duct extends along the first axis the angular offset from
the first axis 10 of the duct wall 8 within the part 14 of the diffuser portion 12 increases (30b
and 30c).

The reducer portion 24 is substantially frustoconical in shape and reduces the diameter of the
duct 6 from the transition portion 20 to the outlet portion 18 as the duct 6 extends along the

first axis 10.

The Fine Particle Dose (FPD) delivered by an inhaler spacer following the design of the
inhaler spacer 1 of Figure 1 was tested and compared to known inhaler spacers. The FPD was
defined to be the dose of drug having an aerodynamic particle size below Sum (allowing
inhalation into the lungs) that was drawn from the inhaler spacer as tested by Cascade
Impactor. The new inhaler spacer had a diffuser portion 12 that was about 9cm long and
varied from having a wall that was substantially parallel with the first axis 10 adjacent the
inlet portion 16 to extending away from the first axis 10 at an angle of about 20 degrees at the
end distal from the inlet portion 16. This resulted in a diameter increase over the diffuser

portion from about 3cm to about 6.3cm.

It can be seen from the table that the new inhaler spacer 1 of Figure 1 achieved a significantly
higher FPD than the prior art. This means that the present disclosure can provide inhaler
spacers that have significantly improved FPDs for their size, or the present disclosure can

allow a smaller physical size for a FPD comparable to the prior art inhaler spacers.

Figure 2 shows an inhaler spacer 101 having a FPD comparable to the prior art inhaler
spacers, but having a reduced physical size. Features substantially identical to those of
inhaler spacer 1 of Figure 1 are marked with the same reference numeral. Features that are
functionally similar to those of the inhaler spacer 1 of Figure 1 are marked with the same

reference numeral incremented by 100.

In this case, a key difference between the inhaler spacer 101 and the inhaler spacer 1 is that
the part 114 of the diffuser portion 112 that has an outward curve does not occupy
substantially the entire diffuser portion 112 of the intake section 126. There is an inwardly

curving part 28 of the diffuser portion 112 between the outwardly curving part 114 and the
11
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transition portion 20. In the inwardly curving portion the wall 8 of the duct 6 curves inwardly
towards the first axis 10 with increasing distance away from the inlet 2. Since this follows
the outwardly curving section 14, the inwardly curving section returns the wall to a
substantially parallel with the first axis 10. This means that in the inwardly curving section
28 the cross sectional area of the diffuser portion 112 perpendicular to the first axis 10 still
increases, or at least does not decrease, with increased distance from the inlet 2 along the first
axis 10. The dual curving parts, outward 114 and then inward 28, results in a continuous
curve that increases the diameter of the duct, but does not introduce any significant

discontinuities, such as sharp corners, into the duct 6.

The reducer portion 124 has a similar continuously curving profile with an initial inward
curve moving away from the transition portion 20 and then an outward curve approaching the
outlet portion 18 such that the diameter of the duct is reduced without introducing any

significant discontinuities, such as sharp corners, into the duct 6.

Marked on Figure 2 are some lines d, e, f, g and h indicating the direction in which the duct
wall 8 extends at particular locations 30d, 30e, 30f, 30g and 30h in the diffuser portion 112.
The lines d, e, f, g and h share a letter with their respective locations 30d, 30e, 30f, 30g and
30h. It can be seen that at an end of the diffusion portion 112 proximal the inlet portion 16
the wall extends substantially parallel with the first axis 10 (30d). As the duct extends along
the first axis the angular offset from the first axis 10 of the duct wall 8 within the part 114 of
the diffuser portion 112 increases (30e) to a maximum (30f). The wall 8 then curves
inwardly in the part 28 of the diffuser portion 112 such that the angular offset from the first

axis is reduced from the maximum (30g) and returns to substantially parallel (30h).

The inhaler spacer 101 also includes a movable mouthpiece cover 32 coupled to the spacer by
a tether 34. The mouthpiece cover 32 is adapted to be moved between a closed position in
which mouthpiece cover 32 substantially covers the outlet 104 (shown in Figure 3), in this
case a mouthpiece 36 (shown in Figure 3) and an open position in which the mouthpiece 36 is

exposed for use.

Figure 3 shows the inhaler spacer 101 of Figure 2 coupled to a pMDI inhaler 38 for use by a
user. The pMDI inhaler 38 comprises an actuator 40 and a pressurised canister 42 containing

a medicament formulation. The canister 42 incudes a valve 44 and valve stem 46 and is

12

12095246_1 (GHMatters) P110228.AU


P110228.AU

07 Feb 2020

2017271493

operable to dispense under pressure a metered dose medicament formulation through the

valve stem 46 when the valve stem 46 is pressed into the valve 44

The actuator 40 comprises a body 48 which houses an actuator block 50 into which the valve

stem 46 is fitted. The actuator block 50 includes a conduit to conduct medicament emitted

(&)}

from the valve stem 46 to an outlet 52 and thereby aerosolise the medicament formulation for

inhalation.

The outlet portion 18 (shown in Figure2) includes a valve, in this case a butterfly valve 54

o

which hinders a user from exhaling into the inhaler spacer 101. The outlet portion 18 in this
case is in the form of a protruding mouthpiece 36 intended to facilitate a user forming a seal

around the outlet 104 with their lips during use.

The results of the comparative tests are presented in Table 1 below:

Fine Particle Dose (FPD) by Cascade Impactor using different inhaler spacers

(Using Fluticasone Propionate Metered Dose Inhaler - 110 mcg/dose)

Spacer Used FPD (mcg) out of 110 mcg
Zerostat — VT 73
Aerochamber 58

Able Disposable Spacer 35
Inhaler Spacer of Figure 1 | 94
Inhaler Spacer of Figure 2 | 61

Table 1

20 Table 2 below provides comparative FPD and size data from those tests for various inhaler
spacers. In particular, data is included in Table 2 for a reduced size version of the Zerostat

VT (the Zerostat VT Small) and data for the inhaler spacers of Figures 1 and 2.

Spacer Volume | Length | Diameter | FPD

Zerostat VT 280ml | 175mm | 75 mm 73 mcg

Zerostat VT Small 240 ml | 145 75 mm 62 mcg
mm

Aerochamber 150 ml | 150 50 mm 58 mcg
mm

13
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Inhaler Spacer of 240 ml | 175 65 mm 94 mcg
Figure 1 mm
Inhaler Spacer of 160ml | 124 63 mm 61 mcg
Figure 2 mm

Table 2

It can be seen that the FPD for the Zerostat VT Small is about 11mcg lower than for the full
sized version and this is as a result of shortening the inhaler spacer by about 30mm. By
comparison, the Inhaler spacer of Figure 2 is a further about 20mm shorter and has a smaller

diameter than the Zerostat VT Small, but has a substantially similar FPD.

The tables above demonstrate that, using the present disclosure, it is possible to create an
inhaler spacer having an enhanced FPD for a particular length when compared with prior
designs, see for example the comparison between Zerostat VT and the Inhaler Spacer of
Figure 1. The tables also shows that it is possible to create a short inhaler spacer, for example

one of less than 125mm in length, which has an acceptably high FPD.

Figures 4 and 5 show the entry section 126 (Figure 5) and exit section 122 (Figure 4) of the
inhaler spacer 101 separated from one another using the releasable coupling in the transition
section 20. In this case the releasable coupling is provided by a bayonet style coupling
comprising one or more protrusions 56 on one part which engage in one or more shaped
recesses 58 in the other part. In this inhaler spacer the protrusions 56 are carried by the exit
section 122 and the recesses are carried by the entry section 126, although it could be the

other way around, or possibly a combination of the two.

In the claims which follow and in the preceding description of the invention, except where
the context requires otherwise due to express language or necessary implication, the word
“comprise” or variations such as “comprises” or “comprising” is used in an inclusive sense,
i.e. to specify the presence of the stated features but not to preclude the presence or addition

of further features in various embodiments of the invention.
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Claims:

1. An inhaler spacer comprising an inlet for connection to an inhaler and an outlet
through which a user can inhale, the inhaler spacer comprising a duct extending between the
inlet and the outlet, the duct being defined by a wall which extends around a first axis and
comprising a diffuser portion extending along the first axis away from the inlet, the wall of
the duct in at least a part of the diffuser portion curving outwardly away from the first axis
with increasing distance away from the inlet such that the cross sectional area of the diffuser
portion perpendicular to the first axis increases with increased distance from the inlet along
the first axis, wherein the diffuser portion has a substantially circular cross section
perpendicular to the first axis and the radius of the cross section increases with increased
distance from the inlet along the first axis within the outwardly curving portion and the rate

of increase of the radius increases with increased distance from the inlet.

2. The inhaler spacer as claimed in claim 1, in which the outward curving of the duct

wall in the diffuser portion is a substantially continuous outward curve.

3. The inhaler spacer as claimed in any one of the preceding claims, in which the wall of
the diffuser portion proximal the inlet extends at an angle of less than 5 degrees away from

the first axis.

4. The inhaler spacer as claimed in claim 3, in which the wall of the diffuser portion

proximal the inlet extends substantially parallel with the first axis.

5. The inhaler spacer as claimed in any one of the preceding claims, in which the wall of
the diffuser portion distal from the inlet extends at an angle of more than 15 degrees away

from the first axis.

6. The inhaler spacer as claimed in any one of claims 1 to 4, in which the wall of the
duct in at least part of the diffuser portion curves inwardly towards the first axis with
increasing distance away from the inlet, the outwardly curving portion being arranged
between the inlet and the inwardly curving portion such that, in the diffuser portion having
inwardly curving walls, the cross sectional area of the diffuser portion perpendicular to the

first axis increases with increased distance from the inlet along the first axis.
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7. The inhaler spacer as claimed in claim 6, in which the outward and then inward curve

of the duct wall in the diffuser portion forms a substantially continuous curve.

8. The inhaler spacer as claimed in any one of the preceding claims, in which the

diffuser portion is substantially rotationally symmetrical about the first axis.

9. The inhaler spacer as claimed in any one of the preceding claims, in which the

diffuser portion extends between 7 cm and 12 cm along the first axis.

10. The inhaler spacer as claimed in any one of the preceding claims, in which the
minimum cross sectional area of the diffuser portion perpendicular to the first axis is between

5cm? and 9 cm?.

11. The inhaler spacer as claimed in any one of the preceding claims, in which the
maximum cross sectional area of the diffuser portion perpendicular to the first axis is between

20 ¢cm? and 35 cm?.

12. The inhaler spacer as claimed in any one of the preceding claims, in which the inhaler
spacer includes a reducer portion between the diffuser portion and the outlet, the wall of the
duct in the reducer portion extending towards the first axis with increasing distance away
from the inlet such that the cross sectional area of the reducer portion perpendicular to the

first axis decreases with increased distance from the inlet along the first axis.

13. The inhaler spacer as claimed in claim 12, in which the wall of the duct in the reducer

portion is substantially conical.

14. The inhaler spacer claimed in claim 12, in which the wall of the duct in at least a part
of the reducer portion is continuously curved such that the wall curves inwardly from a wide

end of the reducer portion and outwardly near a narrow end of the reducer portion.

15. The inhaler spacer as claimed in any one of claims 12 to 14, in which the inhaler

spacer includes a transition portion between the diffuser portion and the reducer portion, the

16
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transition portion comprising a releasable coupling allowing the diffuser portion to be

separated from the reducer portion.

16. The inhaler spacer as claimed in any one of the preceding claims, in which the outlet

comprises a protruding mouthpiece.

17. The inhaler spacer as claimed in claim 16, in which the spacer includes a movable
mouthpiece cover which is coupled to the inhaler spacer and can be moved between a closed
position in which the mouthpiece cover substantially covers the mouthpiece and an open

position in which the mouthpiece is exposed for use.

18. The inhaler spacer as claimed in any one of the preceding claims, in which a one way
valve is provided adjacent the outlet so that a user may be hindered from exhaling into the

spacer through the outlet.

19. The inhaler spacer as claimed in any one of the preceding claims, in which the inlet is
shaped to receive and retain a mouthpiece of an actuator of a pressurised metered dose

inhaler.

20. A method of preparing a medicament dose for use, the method comprising the steps
of:

a) providing a pressurised metered dose inhaler having an inhaler mouthpiece;

b) providing an inhaler spacer as claimed in any one of the preceding claims;

c) fitting the inhaler mouthpiece to the inlet of the spacer; and

d) dispensing a dose of medicament into the spacer from the pressurised metered dose

inhaler.

21. A method of delivering a medicament to a patient comprising the steps of preparing a
medicament dose for use as claimed in claim 20 and causing the patient to inhale through the

outlet of the inhaler spacer.

22.  An entry-section for coupling to an exit section to form an inhaler spacer, the entry
section including a diffuser portion and the exit section including a reducer portion, the
inhaler spacer as claimed in claim 16 and the entry section including an inlet and the wall of

17
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the diffuser portion curving outwardly away from the first axis with increasing distance away
from the inlet such that the cross-sectional area of the diffuser portion perpendicular to the

first axis increases with increased distance from the inlet along the first axis.

18
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