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ABSTRACT

A device (20) is discllosed for dispensing a fluid supplied from &an external fluid source
(22). The device (200 comprises a transducer (32) adapted to r—eceive a fluid from the
fluid source, and a coollapsible linkage coupling the transducer (332) and the fluid source
(22). The linkage hass a collapsible joint (66) inhibiting discharge of the fluid source (22)
when in a locked ormentation. The device (20) further comprise=s a moveable member
coupled to the linkacye such that inhalation forces on the deviczse cause the linkage to
collapse thereby disccharging the fluid from the fiuid source (22 ). The device (20) may
further include a dosee counter coupled to the fluid source (22) forr registering the amount

of doses administere d from the fluid source.
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INHALER APPARATUS

[0001] This invention pertains generailly to metered dose inhalers and more
specifically, to a metered dose inhaler with a breath actuated delivery
mechanism and dose counter.

Inhalers are commonly used to deliver a wide range of medicaments to
the bronchial passages, lungs and bloodstream of the user. Typical inhalers
hold a container of pressurized medicament and propellant that is actuatable,
generally by compression, to deliver a dose of medicament through a
mouthpiece to the patient.

[0002] It is generally desirable for the dose of medication to be dispensed at
the same time that the patient inhales air to permit the majority of medication
to enter the lung rather than the mouth or esophagus. A number of inhalers
have been developed that use breath actuated devices to automatically
initiate the discharge of the medicamment from the container when the patient
inhales. Many of these devices, such as U.S. Patent No. 5,069,204 to Smith
et al., use latching mechanisms that require a considerable amount of air
pressure to release the medicament. These higher release pressures lead to
difficulty of use, and discharge at non-optimal points in the patient's breath
cycle.

[0003] it is therefore an object of thie present invention to provide a breath-
actuated inhaler having a controliable release mechanism that is sensitive to
the inhalation forces of the user to provide synchronous air entrainment and
medicament delivery. It is further an object of the present invention to provide
a simple and reliable dose counter responsive to discharge of the medicament
container.

According to one aspect of the invention, an apparatus is provided for
dispensing a first fluid supplied from an external fluid source comprising a
transducer adapted for receiving the first fluid from the fluid source, wherein
translation of a portion of the fluid source along a first axis releases the first
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fluid into the transducer. The apparatus will generaally have a loading member
coupled to the fluid source to impose a biasing force to the fluid source along
the first axis.

[0004] In all cases, the apparatus has a linkage co=upling the transducer and
the fluid source, the linkage having a collapsible jo int inhibiting translation of
the fiuid source in the first axis when the collapsibl e joint is oriented in a first
position, and allowing transiation of the fluid sourcee in the first axis when the
collapsible joint is oriented in a second position. T he apparatus further
comprises a moveable member coupled to the linl<age, the moveable member
responsive to an inhalation force exerted on the raoveable member, the
inhalation force causing the maveable member to shift the collapsible joint
from the first position to the second position, there=by allowing translation of a
portion of the fluid source in the first axis from a siowed positionto a
discharge position to discharge the first fluid into thhe transducer.

[0005] In preferred embodiments, the transducer further comprises one or
more vents to entrain the first fluid with a second luid. Additionally, there may
be a plug coupled to the transducer. Ideally, the polug is retained in a first
chamber of the transducer and has a biuff surfaces such that the axis of the
bluff surface is perpendicular to the first axis.

[0006] The apparatus of the present invention hass an inhalation horn coupled
to the transducer. The inhalation horn has a secosnd chamber positioned
along a second axis, wherein the second chambe-r is in communication with
the first chamber via an outlet positioned at a first end of the second chamber.
Suction on the inhalation horn by the user causes- an inhalation force on the
moveable member. In many embodiments, the seecond axis is perpendicular
to the first axis. Generally, the second chamber inas an internal cross section
that increases from the first end to a second end forming an opening in the
horn. In some embodiments, the internal cross sexction of the second chamber
is parabolic.

[0007] Typically, the moveable member comprise s a flap rotatably mounted to
the transducer, wherein the flap rotates in respon se to the inhalation force.
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[0008]

[0009]

[0010]

[0011]

The flap is generallys configured to rotate from a first orientation retaaining the
collapsible joint in tre first position, to a second orientation allowingg the
collapsible joint to move to the second position as a result of the force applied
in the first axis. Ustaally the device includes a flap spring coupled t=o the flap
and the transducer -to return the flap from the second orientation to the first
orientation after the inhalation force has subsided.

In a preferred embodiment, the linkage comprises an upper— link and a
lower link, the uppe=t link and the lower link rotatably attached to fo rm the
collapsible joint, a fiirst end of the lower link rotatably housed in the
transducer. A secosnd end of the lower link is coupled to the flap aund the
mating surfaces of the lower link and the flap are configured so th&at the lower
link contacts the fla p to retain the collapsible joint in the first positicon when the
flap is in the first or ientation. When the flap is in the second orien®ation, the
lower link is free to advance past the flap to allow the collapsible jooint to move
to the second posit ion. In a preferred embodiment, a reset spring is coupled
to the lower link to seturn the collapsible joint from the second pos ition to the
first position.

In some emibodiments, a container holder is configured to receive a
first end of the fiuidl source, wherein the container holder is couple=d to the
upper link. The comtainer holder further comprises one or more parotrusions.

Preferably, & dust cover is pivotably coupled to the transdus=cer. The
dust cover covers £he horn opening in a first orientation, and allowas access to
the horn opening ir a second orientation. Ina preferred embodinment, the
dust cover comprisses one or mare cams that are configured to cotntact the
one or more protru-sions on the container holder upon rotation of tahe dust
cover from the sec-ond orientation to the first orientation, thereby eadvancing
the container holdesr and fluid source from the discharge position &o the
stowed position.

In an alternatve embodiment, the moveable member comporises a
diaphragm mounte=d to the transducer, wherein a central portion oef the
diaphragm moves in response to the inhalation force. In this conf~iguration,
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the coliapsible joint is coupled to the cent ral portion of the diaphragm, so that
the inhalation force deflects the central poortion of the diaphragm to orient the
collapsible joint from the first position to t e second position.

[0012] In another aspect of the invention, the apparatus comprises a dose
counter coupled to the fluid source. Ideaully, the dose counter is responsive to
motion of the fluid source in the first axis 1o count each dose of fluid released
from the fluid source. .

f0013] In one embodiment, the dose cou nter further comprises a first wheel
having a plurality of teeth along its perim eter, the plurality of teeth positioned
to rotationally advance the first wheel in  response to movement of the fluid
source along the first axis. A second whaesl positioned adjacent the first
wheel, the second wheel having markings for indicating the number of doses
discharged from the fluid source. The fimrst wheel is preferably configured to
engage the second wheel such that the second wheel rotates at a scaled
movement in relation to the first wheel.

[0014] The apparatus may further compxise a sleeve configured to house a
portion of the fluid source, wherein the sleeve has a protrusion that contacts
the teeth of the first wheel to rotationallyr advance the first wheel as the fluid
source is advanced in the first axis. Thes loading member may also have a
spring coupled to the sleeve, wherein thwe spring provides a compressive force
to the fluid source to bias the fluid source to move in the first axis.

[0015] In some embodiments, the appawatus may further have a manual
release button. The button is coupled teo the collapsible joint to manually shift
the collapsible joint from the first position to the second position, thereby
releasing the first fluid into the transduc=er.

[0016] In another aspect of the inventio n, an inhaler for dispensing metered
doses of a medicament comprises a fiuaid source containing the medicament,
wherein the fluid source has a cylindric=al container having a nozzle located in
line with a discharge axis of the contairer. The noizle discharges the
madicament when the container is advaanced relative to the nozzle from a
stowed position to a discharge position along the discharge axis. The inhaler
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(00 T]

[00-18]

further includes a transducer having a surfa_ce configured to engage the
nozzle of the fluid source. The inhaler prefesrably has a loading member
coupled to the container, the loading membser imposing a biasing force to the
container to discharge the container along tthe first axis. A linkage couples the
transducer and the container, wherein the Iinkage has a collapsible joint
inhibiting translation of the container inthe first axis when the collapsible joint
is oriented in a first position, and allowing ta-anslation of the container in the
first axis when the collapsible joint is orient ed in a second position. The
inhaler also has a moveable member coup led to the linkage, the moveable
member responsive to an inhalation force, the inhalation force causing the
moveable member to shift the collapsible jeoint from the first position to the
second position, thereby allowing translation of the container in the first axis
from the stowed position to the discharge poosition to discharge the fluid into
the transducer.

The moveable member comprises & flap rotatably mounted to the
transducer, wherein the flap rotates in respoonse to the inhalation force. The
flap is configured to rotate from a first orie ntation retaining the collapsible joint
in the first position, to a second orientatior allowing the collapsible joint to
move to the second position as a result of" the force applied in the first axis.

The linkage preferably has an uppesr link and a lower link, the upper link
and the lower link rotatably attached to for-m the collapsible joint, a first end of
the lower link rotatably housed ‘in the transsducer. A container holder is
configured to receive a first end of the cortainer, wherein the container holder
is coupled to the upper link. In some embeodiments, the container holder
further comprises one or more protrusionss. A dust cover is pivotably coupled
to the transducer, wherein the dust cover covers a horn opening in a first
orientation, and allowing access to the hosrn opening in a second orientation.
The dust cover may also have one or moae cams configured to contact the
one or more protrusions on the container holder. Upon rotation of the dust
cover from the first orientation to the second orientation, the container holder
and container are advanced from the disczharge position to the stowed
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position.

[0019] in another aspect of the invention, a dose counter is coupled to the
container, wherein the dose counter is responsive to motion of the container
in the first axis to count each dose of fiuid discharged from the fluid source. in
one embodiment, the dose counter comprises a first wheel having a plurality
of teeth along its perimeter, the plurality of teeth positioned to rotationally
advance the first wheel in res ponse to movement of the fluid source along the
first axis, and a second whee| positioned adjacent the first wheel, the second
wheel having markings for indicating the number of doses discharged from
the fluid source. Preferably, the first wheel is configured to engage the
second wheel such that the ssecond wheel rotates at a scaled movement in
relation to the first wheel.

[0020]) in yet another aspect of the invention an inhaler for dispensing metered
doses of a medicament com prises a fluid source containing the medicament.
The fluid source has a nozzle and a container, wherein the nozzle discharges
the medicament when the container is advanced relative to the nozzle from a
stowed position to a discharge position along a firstaxis. Theinhaler has a
transducer having a surface= configured to engage the nozzle of the fluid
source and a loading memb»er coupled to the container, the loading member
imposing a force to the container to bias the container to discharge along the
first axis.

[0021] The inhaler further has a means for collapsibly retaining the fluid
source from transiating alorg the first axis a means for releasably supporting
the collapsible retaining mesans, wherein the releasable support means
releases support of the coll apsible retaining means in response to an
inhalation force.

[0022] In many embodiments, the releasable support means has a first
orientation retaining the co Ylapsible retainer means in a first, locked position,
and a second orientation allowing the retainer means to collapse to a second
unlocked position, and wherein the inhalation force causes the releasable
support means to shift frorm the first orientation to the second orientation,
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thereby allowing translation of the container in the first axis from the stowed
position to the discharge position to discharge the fluid.

{0023] In another aspect of the invention, the inhaler also includes a means
for counting the number of dos-es of dispensed medicament, wherein the
counting means is responsive to the axial motion of the container. Preferably,
the counting means is responssive to both the motion of the container from the
stowed position to the discharged position, and the motion of the container
from the discharged position ack to the stowed position.

[0024] In many embodiments, the counting means comprises a gear means
for translating the axial motior of the container into a corresponding radial
motion, and a display means or displaying the number of doses based on the
radial motion of the gear mea ws. In praferred embadiments, the display
means may be scaled with resspect to the gear means to match the total dose
count of the fluid source.

[0025] In yet another aspect Ofthe invention, an inhaler for dispensing
metered doses of a medicam ent comprises a fluid source comprising a
cylindrical container having a nozzie located in line with a discharge axis of
the container, wherein the noszzle discharges the medicament when the
container is advanced relativee to the nozzle along the discharge axis. A
container sleeve is configure«d to house a portion of the container, the
container sleeve having a protrusion extending outward radially from the
container. The inhaler furthesr comprises a first wheel having a plurality of
teeth along its perimeter, thes plurality of teeth positioned to rotationally
advance the first wheel in ressponse to contact from the protrusion on the
container sleeve as the contaainer sleeve and container advance in the
discharge axis, wherein the wotation motion of the first wheel indicates the
number of metered doses di spensed from the fluid source.

[0026] In a preferred embod iment, a second wheel is positioned adjacent the
first wheel, the second whees! having markings for indicafing the number of
doses discharged from the Fluid source, wherein the first wheel is configurad
to engage the second whee1 such that the second wheel rotates at a scaled



WO 2005/007226 PCT/GB2004/003058

movement in relation to the first wheel. ~The first wheel has a plurality of
engagement surfaces for engaging the ssecond wheel, wherein the number of
engagement surfaces varies the rate of the movement of the second wheel
with respect to the first wheel.

{0027} Further aspects of the invention \wvill be brought out in the following
portions of the specification, wherein thes detailed description is for the
purpose of fully disclosing preferred em._bodiments of the invention without
placing limitations thereon. These prefearred embodiments will now be
described with reference to the accompanying drawings, in which:

[0028] FIG. 1A is an exploded view of &an upper portion and dose counter of
an embodiment of the present inventiomn;

[0029] FIG. 1B is an exploded view of the lower portion of the embodiment of
FIG. 1A, including a release mechanisam;

{0030} FIGS. 2A-C are perspective vie™ws of the exterior housing of the
embodiment of the inhaler of FIGS. 1A~-Bina fully assembled configuration;

[0031] EIG. 3A is a cross-sectional vie=w detailing the release mechanism of
FIG. 1B arranged in a stowed configur—ation;

[0032] FIG. 3B illustrates the device off FIG. 3A with a flap rotated as a result
of inhalation forces;

[0033] FIG. 3C illustrates the device o-f FIG. 3A witha collapsible knee in a
collapsed configuration and the fluid ssource discharged;

[0034] FIG. 3D illustrates the device of FIG. 3A witha flap returned to a
stowed position and the collapsible kimiee still in a collapsed configuration;

[0035] FIG. 3E illustrates the device of FIG. 3A with the release mechanism
returned to its stowed configuration;

[0036] FIG. 4A is a perspective view &of the flap of FIG. 1B;

[0037] FIG. 4B illustrates a cross-secstional schematic view the flap of FIG. 4A
with lower linkage retained by the flap in the stored configuration;

[0038] FIGS. 5A-B show schematic v-iews of the flap and transducer of the
embodiment;
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[0039] FIG.6Ais a perspective view of an embodiment of the transducer of
the embodiment;

[0040} FIG. 6B lllustrates a cross-sec=tional schematic view the transducer of
FIG. 6A with the fluld source in a stovwed configuration;

[0041] FIG. 7Ais a cross-sectional vi ew detailing the release mechanism of
the embodiment in a stowed configur—ation and a dust cover cut out to show
the release mechanism;

[0042] FIG. 7B illustrates the device of FIG. 7A with the dust cover rotated
away from a horn and the release m echanism in the stowed configuration
prior to breath actuation;

[0043] FIG. 7C illustrates the device of FIG. 7B with the release mechanism in
the discharged configuration after br-eath actuation;
[0044] FIG. 7D illustrates the device= of FIG. 7B with a cam of the dust cover

driving the release mechanism baci< to the stowed configuration;

[0045] FIG. 8A is a cross-sectional “wiew of an outer cover illustrating a dose
counting mechanism of the embodienent of the present invention in a stowed
configuration;

[0046] FIG. 8B illustrates the devices of FIG. 8A with a container sleeve
traveling part way through the disciharge of the fluid source;

[0047] FIG. 8C illustrates the devices of FIG. 8A with the container sleeve in a
fully discharged configuration;

[0048] FIG. 8D illustrates the devicee of FIG. 8A with the container sleeve
returning to the stowed position;

[0049] FIG. 9 is a schematic view of the container sleeve and a biasing spring
of the embodiment;

{0050] FIG. 10 illustrates a dose coounter wheel of the embodiment;

[0051] FIGS. 11A-C illustrate an ermbodiment of the display wheel of the
embodiment;

[0052] FIGS. 12A-E are schematics views of the dose counter whesi and
display whesl! through various coumting configurations;

[0053]) FIG. 13 is a cross-sectionall view of an alternative embodiment of the
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present invention having a releaase mechanism using a diaphragm;

[0054] FIG. 14 is a perspective Wiew of an alternative embodiment of the
present invention having a releaase mechanism above the fluid source;

[0055] FIG. 15 is an exploded v iew of the embodiment of FIG. 14

{00561 FIGS. 16A-D are schematic views of the embodiment of FIG. 14

traveling through its range of m ofion from the stowed position, to the
discharge position, back to the stowed position;

[0057] FIG. 17 illustrates the ermbodiment of FIG. 14 having an electronic
dose counter;

[0058] FIG. 18 is an alternative embodiment of the present invention with a
portion of an outer cover remowed to show a release mechanism and a
mechanical dose counter with & vertically mounted display wheel;

{00591 FIGS. 19A-B illustrate the release mechanism of the embodiment of
FIG. 18; and

[0060} FIGS. 20A-B illustrate the dose counter of the embodiment of FIG. ‘E 8.

[0061] Referring more specificailly to the drawings, for illustrative purposes the

present invention is embodied in the apparatus generally shown in FIG. 1A througrh
FIG. 20B. It will be appreciated that t he apparatus may vary as to configuration amnd
as to details of the parts, and that the- method may vary as to the specific steps ard
sequence, without departing from the basic concepts as disclosed herein.

[0062] Referring first to FIGS. 1A and 1B, an inhaler 20 of the present
invention is shown in an exploded vieew with a breath actuation assembly 100 and a
dose counter assembly 130. The brezath actuation assembly 100 and the dose
counter assembly 130 are housed along with medicament fluid source 22 inside fwront
cover 42, back cover 44, and top caps 54, all preferably comprising medical grade
plastic or other suitable materials known in the art. Fluid source 22 may comprisez a
conventional Metered Dose Inhaler (fMDI) container or other propeliant based
medicament readily available in the aart. Fluid source 22 generally comprises
container 108 holding a mixture of meedicament and propellant, and nozzle 110,
which is in line with the discharge axis 86 of the container 108, as shown in FIG. &B.

10
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When the container 108 is advanced relative 1o the nozzle 110 in the direction of the
discharge axis 86 (i.e. the nozzle 110 is pushead into the container 108), the
medicament is discharged out the nozzle 110 i nthe direction of the discharge axis
86.

[0063) Tuming now to FIGS. 2A throughw 2C, inhaler 20 is shown inan
assembled configuration with dust cover 40 piwotally mounted to cover inhalation
horn 58. The dust cover 40 may be rotated awwray from horn 58 to expose opening
60, as shown in FIG. 2B. A manual release bratton 62, as shown in FIG. 2C, may
also be incorporated into the back cover 44. T op cap 54 has an opening 56 to give
visual access to display wheel 52.

{0064} Referring also to FIGS. 1B and 3-A through 3E, the breath actuation
assembly 100 comprises a transducer 32 that arotatably houses lower link 28 at pivot
78. Lower link 28 is connected to upper link 26 at collapsible joint 66. Reference
may also be made to FIGS. 5A-6B, wherein thee transducer is illustrated in greater
detail. Container holder 24 is shaped to receiv-e the nozzle end of container 108
such that the nozzle 110 passes through to comtact surface 112 of the transducer 32.
Container holder 24 also has a pair of guides # 22 having slots 90 sized to house a
pair of bosses 92 as shown in FIG 7A at the upper end of upper link 26.

[0065) As shown in FIGS. 3A through 483, flap 34 is rotatably mounted to the -
transducer 32 via peg 98, which extends acros=s the top surface of flap 34, and holes
114 in the sidewalls of transducer 32. The bottom and side extremities of flap 34 are
sized to fit within the internal surface of transdticer 32 to form gap 76. The flap 34
has an upper surface 72 configured to retain awm 74 of lower link 28 when the flap is
in its nominal position shown in FIG. 3A.

[0066] As illustrated in FIGS. 6A and 688, the transducer 32 is configured to
receive nozzle 110 of fluid source 22 at surfacez 112. The transducer also comprises
an inlet 106 that spans from surface 112 to a #irst chamber 102. The inlet 106 is
configured to be in lins with the nozzle 110 andl discharge axis 86 such that
medicament discharged from the fluid source 222 is received through the inlet 106
and downstream into first chamber 102.

{0067] The transducer 32 is also configLared to receive plug 38 having bluff

11



WO 2005/007226 PCT/GB2004/003058

surface 104. Fiuid entering chamber 102 through inlet 106 is dispersed and
redirected by plug 38 and into outlet 124 that terminates downstream at section 68 of
second chamber 64. The fluid dispersion characteristics of transducer 32 can be
seen in greater detail with reference to U.S. Pratent 4,972,830 and EP3085248,
which are expressly incorporated by referenc=e herein.

[0068] The fluid source 22 is biased tos discharge along axis 86 by
compressing biasing spring 48 between the t-op cap 54 and container sleeve 46,
which is adapted to receive the other end of ‘&he container 108 opposite the nozzle
110. Biasing spring 48 preloads the contain er 108 to move in the direction of
surface 112 of transducer 32 along the disctmarge axis 86.

{0069} In the stowed configuration shown in FIG. 3A, the fluid source

container 108 is retained from translating along axis 86 by a collapsible linkage
comprising upper link 26 and lower link 28.  Upper link 26 and lower link 28 are
rotatably coupled at a coltapsible knee-type goint 66. As illustrated in FIG. 3A, the
downward force imposed by biasing spring &8 is restrained when joint 66 is held
over-center by flap 34.

[0070] FIG. 3B illustrates the initiatior of the breath actuation mechanism 200
caused by inhalation by a patient through the opening 60 of hom 58. As shown im
FIGS. 3B-3C and 4A, an outward airflow 80 is created in the second chamber 64,
which pulls through a plurality of slots 70 in ~the transducer. Suction of air through
slots 70 creates a small pressure differentizal 82 across the inner surface of flap 34,
causing the flap to rotate about peg 98 and into the cavity of the transducer 32, as
illustrated in FIGS. 3A and 3B. The gap 76 Dpetween the flap 34 and the transducser
32 provides enough clearance to allow the ¥iap to rotate into the cavity of the
transducer, while also being small enough t-o allow a pressure differential with
minimal suction on the hom. As the flap 348 rotates, arm 74 of the lower link 28 iss no
longer retained by the upper surface 72 of &he flap, and the arm 74 clears the flagp 34
through recess 88 as the lower link 28 is al¥owed to rotate about pivot 78.

[0071] With rotation of the lower link< 28 as shown in FIG. 3C, the collapsible
joint 66 moves over center, allowing the co: ntainer holder 24 and container 108 to
translate downward along axis 86, forcing & portion of the nozzle 110 into the

%2
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container 108 to stimulate discharge of” the medicament from the container 108.
The medicament travels through the first chamber 102 and into the second chamber
64 where it is entrained with air flowings through slots 70, as described in further
detail in U.S. Patent 4,972,830, previowssly incorporated by reference. in the
embodiment shown, the second chamioer 64 has an internal cross section that is
shaped like a parabola. The entrained medicament flows through the second
chamber 64 and out of the opening 60 of horn 58 to be inhaled by the patient.
Therefore, the release of the metered dose of medicament is timed to be inhaled by
the patient at an optimal moment durirmg the inhalation phase of the patient's breath
cycle.

[0072] After the inhalation of thes dose by the patient, the flap is returned to its
nominal position shown in FIG. 3D by areturn force exerted by flap spring 36. Flap
spring 36 is a metallic rod or wire assexmbled between retention arms 96 of the
transducer 32 and flange 94 on the flap 34. Rotation of the flap bends the spring to
create a return force to retum the flap 94 toits nominal position after the inhalation
forces have subsided.

[0073] The upper and lower links 26, 28, container holder 24, and container
108 remain in the collapsed discharge position as seen in FIG. 3D due to the force
imposed by the biasing spring 48. Thee return of the dust cover 40 (described in
greater detail with reference to FIGS. 7A-7E below) to cover the horn 58 manually
forces the container holder 24 and comtainer 108 to return to the stowed position
under compression from biasing sprirag 48. Retumn torsion spring 30 is mounted on
lower link 28 to engage the transducesr 32 such that a torsional force is exerted on
the collapsible linkage to return to the- locked configuration. The collapsible joint 66
is thus retained from collapsing once the dust cover 40 is again opened.

[0074] Turning to FIGS. 7A- 7E, the operation of the dust cover 40 will now be
described. In the present embodimexnt, the dust cover 40 not only serves as a
shield to cover horn entrance 60, but it also serves to reset the container to the
stowed position after discharge of the medicament. FIG. 7A illustrates inhaler 20 in
a stowed configuration with the dust cover 40 shielding the entrance 60 to horn 58.
The dust cover 40 is pivotably connected to the transducer 32 such that it can be

13
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rotated out of place to allow acces sto the hom opening 60. In alternative
embodiments, the dust cover may be pivotably connected to either the front or koack
covers 42, 44. The dust cover 40 has two cams 120, which are configured to
engage the bottom surface of guicles 122 of container holder 24 through its entire
range of motion along axis 86. W hen the dust cover 40 is rotated about pivot 1 18
(shown in FIG. 7B), the cams disengage guides 122. The container holder 24 zand
container 108 remain in the stowexd position from the over-center orientation of the
collapsible linkage.

[0075] FIG. 7C illustrates the breath actuation assembly 100 in the colla. psed
configuration with the container holder 24 and container 108 in the discharge

position. The breath actuation asssembly 100 is biased to remain in this configtration
due to the compressive force of the biasing spring 48. When the dust cover is
rotated back toward the horn opesning 60, as shown in FIG. 7D, the cams 120

engage the bottom surface of guiide 122, pushing the container holder 24 and
container 108 upward along axis 86. When the dust cover 40 is in its final stowed
position covering the horn entrance 60, the cams 120 have pushed the contairer
holder 24 to the stowed position, as shown in FIG. 7A. In this configuration, the
return spring 30 has reset the breath actuation assembly 100 to the locked possition,
and movement of the container ‘108 will be retained by the collapsible linkage
independent of the dust cover cams.

[0076] The inhaler 20 preferably includes a dose counter for automaticzally
 counting the remaining doses leftin the container after each discharge of the
medicament. The inhaler may be configured with a dose counter having a nu mber of
different configurations, including mechanical or electrical counters. The oper-ation of
a preferred embodiment utilizing a mechanical dose counter assembly 130 wi Il be
described with respect to FIGS. 8A to 12E.

[0077] FIG. 8A illustrates inhaler 20 with dose counter assembly 130
configured above the container sieeve 46. The container sleeve 46 is sized teo©
recelve the non-dispensing end of the container 108. The container sleave

preferably has one or more tabs 132 having a boss 136 configured to engages the
teeth of first wheel 50 disposed just above the container sleeve 46. The emi>odiment
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shown in FIG. 9 has two tabs 132 and bosses 136. However, it will be appreciated
that any number of tabs and bosses may be employed.

[0078] Referring back to FIG. 8A, first wheel 50 is a gear rotatably mounted in
a horizontal orientation to top cap 54. W/heel 50 has a plurality of lower testh 140
and upper teeth 138 disposed along the outer perimeter of wheel 50.

[o079] in a preferred embodiment, display wheel 52 is also rotatably mounted
to top cap 54 in a horizontal orientation between first wheel 50 and the top cap.
Display wheel 52 has an opening 154 to» allow clearance for column 142 of first
wheel 50 that is vertically disposed to m ount to top cap 54. Display wheel 52 has
markings 150 to indicate the number of doses left in the container 108 based on the
position of the display wheel 52. As seen in FIG. 2A and 2B, the markings 150 that
are showing through opening 56 in top cap 54 indicate the number of remaining
doses.

[0080] FIGS. 8A-8D illustrate the interaction between the container sleeve 46
and the first wheel 50 upon discharge o the fluid source 22. When the container
108 is in the stowed position, boss 136 lines up on the perimeter of wheel 50
between two of the upper teeth 138. Ass the container 108 and container sleeve 46
moves downward along the discharge aaxis as a result of the breath actuation
mechanism, boss 136 contacts the upper incline of one of the lower teeth 140, as
shown in FIG. 8B. The boss 136 contirues its transiation along axis 86, forcing the
first wheel 50 to turn clockwise (looking down from the top) until the container 108
reaches the discharge pdsition, as showvn in FIG. 8C. When the dust cover 40 is
closed to return the container 108 to thes stowed position, boss 136 translates
upward until contacting the lower incline of upper tooth 138, as shown in FIG. 8D.
The boss 136 continues its upward trarslation, forcing the wheel 50 to further turn
clockwise until the container 108 reachess the stowed position, shown in FIG. 8A.
When another dose is dispensed, the cycle repeats.

[0081] The lower wheel 50 may ke configured to vary the number of doses
required to tumn the lower wheel 360 de grees by varying the number of teeth. In the
above embodiment, a 40-tooth index was used. However, this number may be
varied depending on the number of doses included in the container.
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[0082] FIGS. 12A-12C illustrate the interaction petween the display wheel 52
and the tower wheel 50. As shown in Figure 10 and in hidden line in FIGS 12A-12C,
the lower wheel 50 has a drive peg 144 disposed on the upper surface of the lower
wheel. Display wheel 52 has a plurality of semi-circular receiving pegs 152
disposed on the lower surface of the display wheel. As first wheel rotates about
column mount 142, drive peg 144 engages a firs t of the receiving pegs 152 and
causes the display wheel 52 to rotate about mount 156 a specified distance along
mark 150, the specified distance indicating the range of doses left (e.g. "full 200 to
160") (see FIG. 12A). At a portion of first wheel's rotation, the drive peg 144 slips
past the first of the receiving pegs 152 (see FIG. 12B) and continues to complete
one full rotation (40 doses) until contacting the second of the receiving pegs 152
(FIG. 12C). The cycle repeats itself until all the receiving pegs 152 are driven such
that the "empty” indicator is displayed at window 56 when the specified number of
doses has been dispensed.

[0083] The effect of the gearing as shown in FIGS. 12A-C is to scale the
motion of the display wheel 52 with respect to the first wheel 50. To change the
scale of the motion, one or more additional driving pegs 144 may be disposed on the
upper surface of the first wheel 50. For exampl e, a second driving peg (not shown)
may be disposed 180 degrees from the first such that the display wheel would
advances twice as fast relative to the first wheel for a container having 100 total
doses.

[0084] FIG. 13 illustrates an alternative embodiment showing an inhaler
having a breath actuated release mechanism 200 using a diaphragm 202 rather than
the flap 34 shown in FIGS. 1-7E. The diaphragm 202 is configured to mount to
transducer 204 and be sized so that a portion of the diaphragm deflects in response
to inhalation forces from the patient. Release imechanism 200 further includes a
catch 204 coupled to the diaphragm and the lower link 208 to retain the collapsible
linkage comprised of the lower link 208 and the upper link 210.

[0085]) During use, inhalation forces frorn the patient deflect the portion of the
diaphragm in communication with catch 204. Motion of the catch 204 allows lower
link 208 to rotate past the catch, thereby allowing the 208/210 linkage to collapse
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and discharge fluid source 22.

[0086] FIGS. 14-17 illustrate another altemative embodiment of inhaler 300
having a load lever 302 and a breath actuated release mechanism 350 on top of fluid
source 22. By placing the release mechanism above the MDI container, the
mechanism can be applied to any MD! actuator with m inimal mold modification.
Inhaler 300 has a lower portion 304 housing fluid source 22 and a transducer (not
shown) for dispersing the medicament. Middle body 3 08 interfaces with lower
portion 304 and slideably houses plunger 318 to selec-tively advance fluid source 22
downward to discharge the medicament.

[0087] Plunger 318 is retained from moving relaxtive to middle body 308 by a
collapsible linkage comprising lower link 320 and uppesr link 322. Plunger 308 is also
configured to receive biasing spring 312 at its up extrexmity. The biasing spring 312
is shaped to receive spring cap 310 which may be deporessed to compress spring
312 against plunger 318in a downward discharge direxction, as shown in FIG. 16A.
To depress spring cap 310, load lever 302 is rotatably attached to top shell 306 such
that rotation of load lever 302 to a vertical orientation —forces the spring cap 310 down
to bias the plunger to discharge fluid source 22.

{o088] Motion of the collapsible link 320, and limnkage 320/322, is restrained by
flap 316. Flap 16 is pivotably mounted such that inhaalation forces cause it to rotate
as illustrated in FIG. 16B, thereby allowing the lower Link 320 to rotate downward
such that linkage 320/322 collapses. The biasing for-ce from spring 312 forces the
plunger downward as illustrated in FIG. 16C. The loaad lever 302 is then reset to the
first position, allowing the fluid source 22 to translate back to the stowed position
illustrated in FIG. 16D.

[0089] FIG. 17 illustrates an embodiment of th-e inhaler 300 incorporating an
electronic dose counter 324. Insucha configuration ., flap 316 is coupled to trigger
326, which depresses a sensor in dose counter 324 each time the flap is tripped to
dispense a dose of medicament. Dose counter 324 sgenerally comprises a printed
circuit board (PCB) and other electronic components such as an LCD to digitally
display the dose count. Alternatively, a mechanical dose counter may instead be
incorporated into inhaler 300 in much the same way -as the inhaler disclosed in FIGS.
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9-12.

[0096)] Figures 18 through 208 illustrate another alternative embodiment of the
presexnt invention with inhaler 400 having a mechanic al dose counter 420 that has a
vertically mounted display wheel 422. inhaler 400 ha s a load lever 402 that
manually biases the fluid source 22 discharge upon diownward motion.

[009 1] As illustrated in FIG. 19A, fluid source 22is retained from discharging
by collapsible joint 416, which is formed by the juncticon of upper fink 406 and lower
link £108. Lower link is coupled to horizontally oriente d flap 410. Inhalation forces on
horn 404 cause air flow through port 412 into negativ e pressure chamber 414 such
that a negative pressure is exerted on flap 410 to forece flap 410 to rotate downward,
as sTown in FIG. 198. With collapsible joint 416 away from the locked position, the
fiuid sourcs is free to translate downward and dischaarge the medicament.

[002] Figures 20A and 20B iliustrate an altermative embodiment of using a
dose counter 420 with a vertically oriented display wlheel 422. Container sleeve 426,
adagpted to receive the non-dispending end of contaimer 22, has a plurality of
protrusions 434. When the container cycles downward upon discharge, translation
of the container sleeve 426 causes protrusions 434 €0 strike the teeth 432 of gear
424 _, forcing the gear 424 to rotate clockwise. The clockwise rotation of gear 424
engaages vertically oriented sprocket 430 of display vvheel 422, causing the display
whe=el 422 to turn. Sprocket 430 may be configured to engage gear 424 at specified
intewvals o vary the rate of rotation of the display whaeel 422 with respect to the rate
of roOtation of the gear 424.

[00933] Although the description above contairs many detalls these should not
be construed as limiting the scope of the invention but as merely providing
illusstrations of some of the presently preferred embodiments of this invention.
The=refore, it will be appreciated that the scope of the present invention fully
encompasses other embodiments which may becorme obvious to those skilled in the
art, and that the scope of the present invention is acccordingly to be limited by nothing
otheer than the appended claims, in which reference to an element in the singular is
not intended to mean "one and only one" unless expolicitly so stated, but rather "one
or rnore." All structural, chemical, and functional ecguivalents to the elements of the
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above-desczribed preferred embodiment that are known to those of ordinary= skill in
the art are esxpressly incorporated herein by reference and are intended to toe
encompasssed by the present claims. Moreover, it is not necessary for a device or
method to =address each and every problem sought to be solved by the pre=sent
invention, feor it to be encompassed by the present claims. Furthermore, nO element,
component:, or method step in the present disclosure is intended to be dediicated to
the public r egardless of whether the element, component, or method step i s explicitly
recited in the claims. No claim element herein is to be construed under the
provisions eof 35 U.S.C. 112, sixth paragraph, unless the element is expres=sly recited
using the p hrase "means for."
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CLAIMS

1. An inhaler for dispenssing metered doses of a medicament , the inhaler comprising a
fluid passageway for receivirng inhalation breath of a user, the fl uid passageway extending
between an inlet and an outlet; and the inhaler further comprising —ollapsible retaining means
movable between a first configuration, in which a container of mmedicament is retained in a
stowed position, and a second- configuration, in which the retaining means is collapsed so as to
permit movement of a medicament container from the stowed position to a discharge position
wherein medicament is dispe nsed from the medicament container into said passageway at a
point between said inlet and cutlet; the inhaler being characterised by a latch for latching the
collapsible retaining means in_ the first configuration, wherein the lamtch is operable in response

to a flow of inhalation breath mn the fluid passageway.

2. An inhaler as claimed in claim 1, wherein the latch is opoerated by an actuator, the

actuator being located in the fuid passageway so as to be acted upomn by inhalation breath.

3. An inhaler as claimesd in claim 2, wherein the actuator is located in the fluid

passageway upstream of said gpoint at which medicament is dispense=d into said passageway.

4. An inhaler as claimed in claim 3, wherein the actuator is loc-ated at the inlet of the fluid
passageway.
5. An inhaler as claimed 1in any of claims 2 to 4, wherein mean s are provided for allowing

the actuator to be acted upon boy a force applied by a finger of a user—.

6. An inhaler as claimed in any of claims 2 to 5, wherein said aactuator comprises a hinged
flap.
7. An inhaler as claimed in any of the preceding claims, wheresin the collapsible retaining

means comprises an upper lin'k pivotally connected to a lower link.
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8. An inhaler as claimed in any of the preceding c laims, further comprising a holder for
receiving a portion of a container of medicament, wherein medicament is dispensed in
response to a translation of said portion of container along a first axis; and a loading member
a dapted to be coupled with the container received by th € holder, wherein the loading member

applies a biasing force to the container of medicament al ong the first axis.

9. An inhaler as claimed in claim 8, wherein the collapsible retaining means is coupled to
said holder.
1 0.  An inhaler as claimed in claim 9, wherein the collapsible retaining means comprises a

c ollapsible joint such that, in said first configuration of the collapsible retaining means, the
c ollapsible joint is oriented to inhibit translation of the Tholder along the first axis, and in said
second configuration of the collapsible retaining mearas, the collapsible joint is oriented to

a llow translation of the holder along the first axis.

1 1. An inhaler as claimed in any of the preceding «<laims, wherein the fluid passageway
comprises an inhalation horn adapted for receipt in the rmouth of a user and having an internal
cross-section area that increases along the length of the horn in the direction of flow of

irhalation breath,

12.  An inhaler as claimed in claim 11, wherein the i nhalation horn is integral with a body

o fthe inhaler.

13.  An inhaler as claimed in any of the preceding c laims, further comprising reset means
for moving the collapsible retaining means to the first configuration, and for moving the

container of medicament to the stowed position.

1<4.  An inhaler as claimed in claim 13, wherein the reset means comprises a cam

amrangement.
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15.  An inhaler as claimed in claim 13 or 14, wherein the reset means is operated by
movement of a pivotally mounted dust cover, the dust cover- being movable between a first
position, in whichh the outlet of the fluid passageway is closed, and a second position, in which

the outlet of the fluid passageway is open.

16. An inhalesr as claimed in claim 15, wherein movement of the dust cover from the
second position t.o the first position drives said cam arrangemeent so as to move a container of

medicament to thue stowed position.

17. An inhaler as claimed in claim 16, wherein the reset means comprises a spring
arrangement for -moving the collapsible retaining means from the second configuration to the

first configuratiom as the medicament container is moved to the stowed position.

18.  An inhalexr as claimed in any of the preceding claims, fuarther comprising a dose counter
adapted for coupling to a container of medicament, the do se counter being responsive to
movement of the= medicament container from the stowed position to the discharge position so

as to count each close of medicament dispensed from the medicament container.

19.  An inhalesr for dispensing metered doses of a medicaoment comprising a fluid source
containing the meedicament, the fluid source comprising a con®&ainer having a nozzle located in
line with a disclharge axis of the container, wherein the nozzle discharges the medicament
when the contairer is advanced relative to the nozzle along the discharge axis; a container
sleeve configured to house a portion of the container, the container sleeve having a protrusion
extending radially inward from the container sleeve; and characterised by a first wheel having
a plurality of teetch along its perimeter, the plurality of teeth positioned to rotationally advance
the first wheel in response to contact from the protrusion on the container sleeve as the
container sleeve sand container advance in the discharge axis, ~wherein the rotational motion of

the first wheel indicates the number of metered doses dispense«d from the fluid source.

20. An inhaler- as claimed in claim 19, wherein the teeth are irclined to the discharge axis.
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21.  Aninhaler as claimed in claim 19 or 20, wherein the plurality ot teeth comprises a first set

of upper teeth and & second set of lower teeth.

22. An inhaler as claimed in claim 21, wherein the first set of teeth are inclined at an angle to

the second set of teeth.

23.  An inhaler as claimed in any of claims 19 to 22, wherein the firsst wheel advances from the
motion of the cont ainer from the stowed position to the discharge posktion and the motion of the

container back to the stowed position.

24.  Aninhaler as claimed in any of claims 19 to 23, wherein a seecond wheel is positioned
adjacent the first wheel, the second wheel having markings for indic ating the number of doses
discharged from the fluid source, wherein the first wheel is configiared to engage the second

wheel such that th e second wheel rotates at a scaled movement in relaation to the first wheel.

25. An inhaler as claimed in claim 24, wherein the second wheel is rotated through
engagement of an engagement surface, provided on a drive peg which i s disposed on a flat surface
of the first wheel, ~with each one of a plurality of semi circular receivirag pegs which are disposed

on a flat surface of ™ the second wheel.

26.  An inhaler as claimed in claim 24 or 25, wherein the first wheel has a plurality of
engagement surfaces for engaging the second wheel, the number- of engagement surfaces

varying the rate of movement of the second wheel with respect to the= first wheel.

27.  An inhalexr for dispensing metered doses of a medicamert substantially as herein

described with reference to any one of the illustrated embodiments.
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