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TITLE: ATOMISING DEVICES AND METHODS

The present invention relates to atomising devices and
methods, notably to self contained hand held devices for
dispensing a fluid medicament as droplets of a mean size
less than about 10 to 12 micrometres without the use of
pressurised gas or liquefied propellants, and to methods
for administering fluid droplets to a locus, notably
medicaments to the nasal passages or lungs.

BACKGROUND TO THE INVENTION:.

It is known to apply medicaments a sprays through the nose
or mouth so that they are absorbed through the walls of the
nasal passages or through the lungs. In order for the
medicament to penetrate deep into the lung, for example
into the alveolar sacs, it is considered necessary that the
medicament particles or dréplets have a mean size of less
than 12 micrometres, for example from 1 to 5 micrometres.
Whilst solid particles can be prepared with a mean size of
less than 5 micrometres, . problems are encountered in
achieving such small sized droplets in a fluid spray.

Typically, such medicaments can be dispensed by means of
bursts of. large volumes of compressed air which entrain
smal;§émounts of the particulate to form a dust cloud or
atomfée;some of a fluid to form a spray of fine droplets.
However, this method results in losses of medicament and
requires that the user have a source of large volumes of
compressed air available and this is impractical except in

a hospital environment. —
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For self contained rhand neld. dev1ces,_ 1t has been the

common practice to dispense the medicament as droplets or

. solid particles using a liquefied propellant medium to

dispense the droplets or particles from a pressurised
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container through a mechanical breakdown device, for
example a swirl chamber and spray nozzle orifice. Whilst
such a system enables a self contained and readily portable
device to be constructed, the use of liquefied propellants
is increasingly unacceptable from environmental and other
grounds.i

Thus, the use of chlorofluorocarbon type propellants (CFCs)
is to be phased out for most uses ‘under the Montreal
Protocol of 1987 due to their al{gged effect on the ozone
layer of the atmosphere. However, despite this, it was
considered that there was no viable alternative to the use
of CFC propellants for medicaments, and their use in this
field has been permitted to continue.

Furthermore, whilst it would be desirable to put up the
medicament in the form of a solution to aid absorption of
the active ingredient into the blood : stream, many
medicaments are insoluble in CFCs. In order: to achieve a
solution it is necessary to use co-solvents and surface-
active agents which may introduce undesirable secondary
components into the medicament formulation. Moreover, when
such solutions are sprayed, the resultant droplefs lose
their CFC component through. rapid evaporation. As a

result, the user inhales droplets of .varying sizes

travelling at different speeds as their. size changes. The
rapié%é&aporation of CFCs also gives: the disadvantage that
the user experiencing an uncomfortable chilling effect as
he inhales the spray. On the other hand, it is the very
rapid evaporation of liquefied propellants which enables

them to generate the high pressures within the dispense:__

-~

required to discharge material from the dispeﬁser.

i (X

Despite these problems’with the use of CFCs, they are still

_considered by the pharmaceutical industry to be the only

practicable method for administering many forms of
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medicament. As recently as March 1990 a conference of
leading experts in this field, the "Respiratory Drug
Delivery II" Conference at Keystone Colorado, USA, did not
contemplate that there ‘was ‘any other viable method of
delivery for such drugs except the use of CFCs or their
close analogues, such as the HFC and HCFC propellants.

In an attempt to overcome the problems associated with CFC
propellants, there have been many proposals to adapt the
mechanical pump type dispensers used to spray furniture
polishes, hair lacquers and the like. 1In such devices a
manually operated piston and cylinder or flexing diaphragm

- type of pump is operated by depressing and axial plunger or

via a trigger type mechanism to force a fluid composition
through a mechanical break up device, for example a swirl
chamber and fine bore nozzle orifice, to form a spray of
droplets without the use of a propellant gas or airstream.
In general, the droplets formed are of a comparatively
large size, typically 30 to 200 micrometres diameter; and
the volume of the spray discharged at each operation of the
pump is of little concern to the user.

In order for such devices to be suitable for wuse in
dispensing a medicament, it is necessary to control both
the droplet size, notably where the spray is to penetrate
into$§§e lungs of the user as stated above, and the amount
of'meéiéament dispensed so that each actuation of the pump
will deliver a consistent dose of the medicament. It has
therefore been proposed to incorporate some form of
measured dose mechanism into the design of such pump spray
devices. This is often provided in the form of the swept._..
volume of the cylinder of the pump used to dispense the

. fluid, see for example US Patents Nos 4,147,476 and

4,694,977 and PCT Application No WO B7/04373. However,
‘where the user does not for any reason operate the pump

£y
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" mechanism for its full stroke, the amount of £fluid

dispensed can vary significantly from the desired dosage.

Furthermore, it has hot hitherto been considered possible
to achieve the required very small droplet size
consistently. A conventional hand operated pump type
sprayer is typically operated by the user manually
depressing the free end of the pump housing or plunger or
a trigger mechanism so as to discharge fluld held in the
pump, for example from the cylinder of the pump as the
piston of the pump is driven up the cylinder, see for
example US Patents Nos 3,838,686, 4,693,675 and 4,694,977.
However, not only is the pressure generated by the pump
comparatively low, but the pressure generated will depend
upon the speed at which the pump is operated and the
strength of the user. As a result, the droplet size in the
spray varies from operation to operation, even with the
same person operating the pump.

It has been proposed to provide a spring against which the
pump mechanism acts as fluid is drawn into the pump on the
sucking stroke of the pump, for example into the cylinder
as the piston is retracted in a piston/cylinder type of
pump, see for example US Patents Nos 3,471,065, 3,790,034,
3,797,748, 4,260&082, 4,183,449 and 4,345,718. The spring
thénfprovides a consistent driving force when released to
drlv the fluid out of the pump. In these proposals, the
pump "is .designed so that fluid cannot escape from the
cylinder until a release or outlet valve is operated.
Therefore, the fluvid is held within the pump under the
pressure exerted by the compressed spring. When the valve
is operated, the fluid is discharged from the pump under
the action of the spring. Although this achieves a greater
uniformity of +the pressure at which the fluid is

discharged, the fluid may be held under pressure within the
" pump before the outlet valve is operated. This can result
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in a number of problems. For example, the pump mechanism
and outlet valve must be designed to resist the substantial
pressures generated by the compressed spring, otherwise
leakage may occur or the pump cylinder walls may rupture.
Furthermore, where the pressure is retained for any length
of time, some weepage of the fluid past the seals in the
pump. mechanism, for example past the seals between the
piston and the cylinder wall, will occur, resulting in a
loss of fluid and pressure from the chinder. This will
affect the volume of fluid dispensed and the droplet size
in the spray which is eventually produced when the outlet
valve is actuated. A further problem arises in that the
user may not operate the pump mechanism for its full
stroke. This will not only affect the volume of fluid

dispensed, but will also affect the peak pressure achieved.

and hence the droplet size, since the spring will not be
fully compressed.

In an alternative form of device proposed in US Pafent No
4,892,232, the fluid is held under pressure -in a main
container and a pre-determined quantlty is transferred to
a distendable rubber or similar sleeve carried by the valve
actuator stem of the outlet valve to the container. The
stem is provided with suitable porting so that the sleeve
is conﬁected to the remainder of the container when the
stem is in the raised position. Fluid will thus flow under
pressure from the container into the annular space between
the sleeve and the stem wall to expand the sleeve radially.
When the valve stem is depressed, the porting ‘to the
remainder of the container is closed and a port is opened

allowing the fluid to escape from the annular space to a™

nozzle orifice as the sleeve is stretched axially and

collapsed radially. Again, this device suffers from the

problems of variable dose and variable droplet size'dﬁe to

'variations in the speed and force used by the user in the.
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depression of the valve stem and the extent to which the
valve stem is moved.

We have devised a form of atomizer device which reduces the
above problems and does not use a liquefied propellant or
gas stream td”discharge the contents of the device. Whilst
the device is of particular use in the application of
medicament fluids to the nasal passages or to the lungs, it
can be used to apply a wide range of other materials where
a simple self contained readily portable device is
required. '

In a preferred embodiment of the device of the invention

the user imparts energy to an energy storage means which is
retained in the "loaded" state until required to act upon
a measured dose of- the fluid to discharge'it through a
mechanical break up device or other discharge means. The
fluid need not be held under pressure in the device, thus
reducing some of the problems associated with earlier
proposals. Since the "loading" of the energy storage means
can be interlinked with the measurement of the dose of
fluid, the operation of a latch or other means for
retaining of the energy storage means in its "loaded" state
can be used to ensure that the correct dose of fluid is
achieved. The device of the invention thus substantially
elim}pa;es the problems encountered with prior proposals
andfﬁrovides a2 simple and effective means for producing
sprays of fine sized ‘droplets without the need for
pressurised or liquefied propellant gasses.

¢

SUMMARY OF THE INVENTION:

According to a first aspect of the present invention, there

~is provided a device for delivering a metered quantity of

fluid as an atomised spray, preferably a spray of an

aqueous solution of a medicament, which device comprises:
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a. pressurising means for applying a predetermined amount
of energy to a metered quantity of fluid in order to
subject it to a predetermined increase in pressure} and

b. atomising means for atomising the pressurised fluid.

5 Preferably, the device incorporates metering means for
metering said gquantity of fluid, and the atomising means is
provided by a mechanical break up device through which the
metered quantity of fliid is passed to atomise it when it
is subjected to said increase in pressure.

10 In a preferred embodiment, the device of the invention -

comprises:
a. a pressure chamber provided W1th an inlet connection
to supply liquid to said pressure chamber, and an outlet
" connection to receive pressurised liquid from said pressure
15 chamber;-
b. atomising means provided at or adjacent said outlet
for causing said pressurised fluid to be atomised;
c. pressurising means comprising a pulse'génerating means
for generating one or more pulses to subject f£luid within
20 said pressure chamber to at least one pre-determined
increase in pressure; and
d. interface means which is acted upon by said pulse(s)
to vary the volume of said pressure chamber in order to
increase the pressure in the chamber.

wr

25 The device of the inventioﬁ may further corlprise one or
more control means for controlling f£fluid flow between said
pressure chamber, said inlet and said outlet.

- eog——

Prefefably, said pressure chamber comprises a cylinder
within which a piston acting as the interface means is
30 slideably journalled. '
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Preferably, said pulsé generating means comprises an energy
storage means and a releasing means for releasing energy
from the energy storage means, thereby to generaté at least
. one pulse from the energy storage means which acts on the
"5 interface means.

The device preferably'also comprises loading means for
loading the energy storage means; retaining means, for
example a latch or other detent means, for retaining the
energy storage means in a loaded_state; and release means

10 for releasing the retaining means, thereby to release the
energy storage means so as to cause the metered quantity of
fluid to be discharged through the atomising means as a
spray of droplets.

Accordingly, from a'preferred aspect, the present invention
1; provides-a device for dispensing a fluid as a spray of
droplets to a locus, which device comprises:
a. means for receiving a pre-determined quantity of the
£luid to be dispénsed; ’
b. break up means in communication with said fluid
20 receiving means and adapted to cause the fluid to be formed
into a spray of droplets;
c. an energy storage means adapted to be actuated by a
user of the device, preferably to store energy imparted
thereto by the user during operation of the device, and to
25, relégéé a pre-determined amount of energy to the pre-
deteéﬁined quantity of fluid in said fluid receiving means
so as to subject said fluid to one or more pulses of a pre-
determined increase in pressure; and
4. actuator means adapted to release said stored energy
30 to act upon said pre-determined guantity of fluid and to
cause said increase in pressure in said fluid so as to
discharge said quantity of fluid via said break up means so
as to form said spray of droplets of said fluid.

Jra.
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Prefefably, the device of the invention comprises a piston

.in cylinder type pump mechanism, at-least part of the bore

of the cylinder acting as the pressure chamber adapted to
receive a pre-determined quantity of fluid from a
reservoir, preferably corresponding to the swept volume of
the pressure chamber, upon actuation of the pump on its
suction stroke. The piston acts as the interface means to
transmit the energy pulse(s) to the fluid in the pressure
chamber. It is also preferred that the operation of the
pump be interlinked with the retaining of the energy
storage means in the loaded state so that the user is
required to operate the pump to its full or a pre-
determined extent in order to cause the retaining mechanism
to engage. However, it will be appreciated that the
retaining of the energy storage means may be transient and
that the operation of the device may pass through the fully
loaded state directly to the discharge cycle at which the
energy in the storage means is released to discharge the
fluid in the pressure chamber of the pump through the break
up means to form the desired spray.

Preferably, the energy storage means takes the form of a
compression spring. However, other forms of energy storage
means can be used, for example a tension spring or bellows
section to the wall of the cylinder, gas bulbs, motors,
solegbids or a flexible or deformable membrane or
diaphrégm. In some of such energy storage means, for
example a gas bulb 'or a motor or solenoid, éhe energy is
already stored in the means or a battery associated
therewith, and the user merely releases that energy when
required. In other forms, for example a spring or flexible
diaphragm, the user must impart energy to the energy
storage means, ie. must load the energy storage means,
which energy is then released during operation of the

. device. For convenience, the invention will be described

hereinafter in terms of a compression spring which is
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located substantially co-axially below the piston of a
piston in cylinder type of pump so that operation of the.
pump on its suction stroke causes the spring to be
compressed and thus store energy for the discharge stroke
of the pump. If desired, more than one spring may be used.
It is particularly preferred that the spring be at least
partially pre-compressed so that the force applied by the
spring as it expands does not vary greatly. The design and
construction of the spring can be selected in known manner
10 to achieve the pressure required in the pressure chamber

during expansion of the spring on the discharge stroke of

5]

the pump.

The device of the invention is preferably put up in the
form of a unit containing the operating mechanism of the

is device, for'example the atomising means, the energy storage
means and.the fluid metering and pressure chambers; which
unit can be mounted upon or can contain a removable
reservoir for the fluid to be dispensed. Typically, the
fluid will be contained in a collapsible container

20 removably connected to the inlet to the pressure chamber or
pump cylinder. - Where large volumes of fluid are to be
discharged, the reservoir can take the form of a
discardable can, tube or the like onto the outlet of which
the operative mechanism unit of the device of the invention

.25 is agpcrew, push or other fit. Part of the container can
be dégaato.provide part of the operative mechanism of the
deviéé bf the invention. For example, the outlet tube of
the container can be used to provide the piston, of the
piston in cylinder pump.

30 In order to achieve the high pressures required to form
very fine droplets, for example less than 10 micrometres
mean diameter, it will usuélly be necessary to provide some
form of mechanical advantage in the energy loading

-mechanism and/or in the diécharge mechanism of the pump.

F%]
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Thus, it will usually be desired to provide a lever or cam
mechanism to aid compression of the spring; and/or to step
or otherwise reduce the diameter of the pressure chamber or

the outlet from the pump cylinder so as to achieve

an

hydraulic pressure advantage at the inlet to the atomising
means. Typically, the lever mechanism will take the form
of a trigger type mechanism which the user operates single
handedly with the spray outlet adjacent to and directed

towards the locus to which the spray is to be applied.
desired, the spray outlet can incorporate a shroud
mouthpiece to aid directionality of the spray.

If
or

As indicated above', the lever or other mechanism preferably

incorporates a latch or other retaining mechanism for

retaining the spring or other energy storage means in the

compressed or energy loaded state prior to initiation

of

the discharge cycle of the device. Such a retaining means
can be a simple mechanical detent or latch which physically
engages the spring or the pump mechanism and prevents
release of the compression in the spring until some further
operation is initiated. However, the retaining means may

be provided by a stepped cam or over centre type

of

mechanism which bears against the spring so as to hold the

spring transitorily in the desired state of compression
during the loading cycle, but which automatically releases

the spring with continued opezation of the device
discharge the fluid.

12

As indicated above, the device of the invention is

to

of

especial use in the formation of a spray of droplets of a

medicament for inhalation by a patient. For such use it is—

desirable that the droplets have a mean diameter less than

about 12 micrometres. However, the invention can
applied to spraying of a wide range of other materials

.solution, emulsion, dispersion or suspension form

produce droplets with sizes of up to 200 micrometres

be

#
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more. For convenience, the invention will be described
hereinafter in terms of dispensing a spray of an aqueous
solution of a medicament for inhalation into the lungs of
a patient via the mouth.

For such use, the droplet size is desirably less than 10
micrometres, typically 2 to 6 micrometres. Such small
droplet sizes can be achieved by atomising the fluid using
a wide range of atomising or mechanical break up devices,
for example ultra sonic blades, impingement of two jets-of
fluid or impaction of a jet or sﬁfay onto a baffle or the
like. However, we pfefer to form the spray by passing the
fluid at high pressure through a small nozzle aperture,
preferably in association with a swirl chamber or other
device for causing a significant secondary flow in the
fluid transverse to the main flow at the nozzle orifice.
The optimum pressure and nozzle orifice shape and size can
be determined for any given case using techniques known in
the art. Thus, where very high pressures can be generated .
in the pump cylinder or pressure chamber, for example 300
to 500 bar, comparatively large nozzle orifice diameters
can be used, for example up to 100 -micrometres, typically
greater than 30 to 50 micrometres. However, we prefer to
operate the device of the invention with pressures of from
50 to 400 bar, preferably 100 to 350 bar; and with nozzle
orifice of from 1 to 12 micrometres, notably 2 to 6
micrqﬁéﬁres. If desired, the device of the invention can
incofﬁbrate means to vary the pressure generated, for
example by adjusting the extent of compression of the
spring, and/or the diameter of the nozzle orifice. The
pressure guoted herein are the absolute pressures achieve@
in the pressure chamber; and the nozzle orifice diameters
are the effective hydraulic diameters.

Preferably, the atomising means comprises an outlet orifice
mounted in or on a body, and the device of the invention

———
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further comprises a member which is moveable with respect
to said body to initiate operation of said atomising or
break up means, the arrangement being such that such
movement of said member does not cause movement of said
orifice. It is thus possible for a user to operate the
device without moving the outlet nozzle, which is of
benefit when applying a medicament through the mouth or
nose. It is also preferred that, where the device of the
invention is to be used as a Metered Dose Inhaler (MDI) for
the application of a medicament to the lung, the device is
provided with a shroud or mouthpiece surrounding the
atomising nozzle so as to assist in containing and
direction of the spray into the nose or mouth. The shroud
or mouthpiece may also assist the user in inhaling the

spray.

The device of the invention preferably incorporates one or
more valve means or other control means for regulating the
flow into and out of the pressure chamber or the pump
cylinder. Thus, it will usually be necessary to provide a
non-return valve on the inlet and outiet to the cylinder or
pressure chamber so that fluid flows into the cylinder or
pressure chamber only during the suction stroke of the
pump; and fluid flows to the atomising means only when the
pressure is applied to the fluid in the pressure chamber or
pump  ¢cylinder. In order to reduce the risk of premature
escape of fluid from the device, it may be preferred that
the outlet be provided with a pressure release valve,
typically set to open when a pressure in excess of 50 bar
is achieved in the pressure chamber or the pump cylinder.

Alternatively, the flow to and from the pressure chamber or
the pump cylinder can be controlled by a rotary or other
valve mechanism which is interlinked with the operation of

~the trigger or other lever mechanism which is used to

operate the pump and to'ioaa the energy storage means.

i
Pt
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Thus, the operating trigger can be'pivotally mounted on a

shaft which incorporates a rotary valve so that as the
trigger is progressively depressed it not only operates the
pump to suck fluid into the pump cylinder throudh the
valve, but also compresses the spring to store energy, and
rotates the valve so that the connection between the
cylinder and the reservoir is shut bff én& the connection

' to the nozzle outlet opened prior to release of the spring,

for example as a cam carried on the shaft goes over centre.

It is also preferred that the device of the invention
incorporate one or more separation members upstream of the
nozzle orifice to redcuce the risk of blockage of the fine
nozzle orifice by particulate material in agueous or other
solutions of mec=dicaments to be applied to the lung.
Thus, a fine mesh filter, a ceramic or fritted disc or the
like can be incorporated into the nozzle chamber or in the
outelt to the pressure chamber. Typically, the filter will
have an effective aperture or mesh size which is about half
the nozzle orifice diameter,

The device of the invention is operated by charging the
pressure chamber with the required quantity of fluid;
}qading the energy storage means with the required amount
of energy where this has not aiready been done as when a
bulbuof_pressurised gas or a motor is used to drive the
piston-'of the pump; and then releasing the energy to apply
one 6} niore pressure pulses to the fluid in the pressure
chamber so as to eject it through the atomising means to
form the desired spray of fluid. ’

In a yet another aspect, the invention therefore provides~_“-
a method of delivering a metered quantity of fluid as an
atomised spray, comprising the steps of applying a pre-
determined amount of energy to the metered quantity of
fluid in order to subject it to a predetermined increased

(
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in pressure, and passing the pressurised fluid through an
atomising means, thereby to atomise the fluid.

' DESCRIPTION OF THE DRAWINGS:

For a better understanding of the invention, and to show
how the same may be carried into effect, it will now be
deséribed, by way of illustration only, with reference to
the accompanying diagrammatic drawings, in which:

jin

Figure 1 is a sectional view of a Metered Dose Inhaler
(MDI) according to the invention, with the fluid to be
a0 dispensed carried in a.collapsible bag removably mounted in
the device; Figure 2 is a view similar to Figure i, but
with a product to be dispensed in a pressurised container;
Figure 3 is a sectional view of part of an alternative
Metered Dose Inhaler, in which a product to be dispensed is
1s contained in a collapsible tube having a nozzle which
serves as a piston; Piqure 4 is a view similar to Pigure
3, showing an alternative pressurising arrangement; Figure
5 is an enlarged detail view of one example of an atomising
orifice assembly: PFigure 6 is an enlarged detail view of
20 one example of a mechanical break-up orifice; Figure 7
illustrates, diagrammatically, an alternative atomising
means; and Figure 8 illustrates, diagrammatically, another
alternative atomising means. In the Figures, 1like
reference.numerals denote like or corresponding parts.

25 DESCRIPTION OF THE PREFERRED EMBODIMENTS: '

The MDI shown in Figure 1 comprises a body in which there

is defined a cylinder 2 of circular cross-section, in which—-

a piston 3 is mounted for reciprocating movement. The

cylinder 2 communicates with a pressure chamber 4 of
30 reduced cross-section. The pistbn 3 has a reduced diameter

portion 5 which sealingly engages within the pressure

chamber 4, by means of a plastic {e.g. PTFE or Nylon]
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sealing cap or ring provided on the piston portion 5. The
seal may be formed integrally with the reduced diameter
portion 5 of the piston - for example, as a cap, rib or
bead.

2 pre-loaded compression spring 6 is located in the
cylinder 2, between the enlarged head of the piston 3 and
an opposite end wall of the cylinder 2. An operating rod
31 is connected to the piston 3, and passes through the
spring 6 and through a passageway 34 in the body 1, to
protrude from the body 1. At or a&jacent an end of the rod
31 there is provided a handle means 32 for moving the rod

31 and the piston 3. If desired, the end of rod 31 can be.

connected to a trigger mechanism or lever mechanism
incorporating a mechanical advantage so that the user can
readily operate the device against the compressive force of
spring 6. A latching means 33 provided on the body 1
engages with the rod 31, to latch the rod 31 in a loaded
position, as illustrated in Figure 1. An actuating button
35 is provided, for releasing the latching means 33.

Also defined within the body. 1 is a cavity 15 in which
there is 1located a _collapsible bag 10 éontaining the
product to be dispensed {[e.g. a liquid drug). A door 16 on
the side of the body 1 may be opened, in order to exchange
the collaps;ble bag 10. By means of a connector 12, the
1nterior of the bag 10 communicates with an inlet passage
11 which in turn, communlcates,w;th the pre§sure chamber
4 via a non-return valve 13.

Also connected to the pressure chamber 4 is an outlet
passage 21 which extends from the pressure chamber 4 to an
atomising head 22, via a non-return valve 23 and a pressure
release valve 25.
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Optionally, the body 1 is provided with a mouthpiece 40,
which affords an atomization chamber around the atomising
head 22,

In use o% the MDI of Figure 1, when the piston 3 is in the
loaded pésition as illustrated in Figure 1, the pressure
chamber 4 is full of liqﬁid which -has been supplied from
the bag 10, via the passage 11 and non-return valve 13.
The compression spring 6, as mentioned above, is already
pre-loaded when fitted in the cyrinder 2. The loading of
the spring is increased further by withdrawing the rod 31

land thereby the piston 3 to the loaded position that is

1llustrated in Figure 1.

The rod 31 is latched in its loaded position -as illustrated
in Figure 1} by the latching means 33. Upon depressing the
actuating button 35, the latching means 33 is released,
thereby allowing the piston 3 to move suddenly forward
under the force of the compression spring 6, to impart a
sudden pressure pulse to the liquid in the pressure chamber
4.

The pressure in the 1liquid in the pressure chamber 4
therefore quickly builds up to exceed the limit value of
the pressure,release valve 25, and the ligquid is then
ejected under high pressure through the outlet passage 21
to the atomising head 22, via the one-way valve 23. During
the forward travel of the piston 3, the non-return valve 13
prevents liquid from being returned to the bag 10,  via the
inlet passage 11. As the liquid is ejected through the

atomising head 22, it is atomised into a fine spray, which™

can then be inhaled. The optional mouthpiece 40 provides
an atomization chamber within which the fine spray is
e: .losed, and facilitates the inhalation of the spray.

;i:
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To reload the MDI, the rod 31 is pulled back by meaﬁs of
the handle 32 against the resilient bias of the spring 6
and, at the end of its travel, the latching means 33
automatically latches the rod 31 into a latched end
position. During this travel of the piston 3, liquid is
sucked out of the collapsible bag 10 into the pressure
chamber 4, via the inlet passage 11 and one-way valve 13.
At this time, the one-way valve 23 prevents air being
sucked into the pressure chamber 4 via the outlet passage
21. Due to the latching of rod 31, the fluid in pressure
chamber 4 is held at ambiént presEure and there is little
or no risk of loss of fluid from the chamber. The
operation of latching means 33 provides the user with a
clear indication when piston 3 has completed the desired
travel within cylinder 2 and that the reguired dose of
fluid has been taken-up. If the user fails to withdraw rod
31 to a sufficient extent, the latching means 33 will not
engage and the user will detect the spring bias from spring
6 and will know to withdraw rod 31 further. The latching
means 33 thus provides both the means for holding fluid in
chamber 4 under ambient pressure and a means for alerting
the user to incomplete operation of the device, hence
reducing the risk of variable operation of the device.

Thus, the MDI is again in a loaded position, as illustrated
in Figure 1, ready for firing.

It will be appreciated that, in use of the MDI illustrated
in Figure 1, a nmetered dose of liquid 'product is
pressurised and atomised in a highly accurafe and
repeatable manner. When the rod 31 and piston 3 are
withdrawn to their loaded position, an exact metered
quantity of liguid product is drawn into the pressure
chamber 4. Upon releasing the latching means 33, the
piston 3 is urged forwardly to impart a predetermined

“amount of energy to the liguid, and thereby increase its

a———
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pressure by a predetermined amount. Thus, as the

pressurised liquid is then ejected through the atomising
head 22 of predetermined atomising characteristics, the
ligquid is atomised. to a fine spray of predetermined mean
particle size without the use of liquefied propellant oxr
other gases.

In oxrder to atomise the liquid to a very fine spray - for
example, having a mean particle size in the range 1 to 12
micrometres - a very high pressure has to be applied to the
liquid in the pressure chamber 4. By way of example, the

. capacity of the pressure chamber 4 may be 20 microlitres;

the diameter of the small end 5 of the piston 3 may be 2
mm; the diameter of the cylinder 2 may be 15 mm; the force
of the spring 6 may be 100 Newtons; and the atomising head
22 may have an exit orifice of a diameter or the order of
3 to 15 micrometres. In such an arrangement, a pressure of
the order of 400 bar may be generated in the liquid in the
pressure chamber 4.

The cavity 15 may be open to atmosphere and at atmospheric
pressure. In an alternative embodiment, the cavity 15 may
be pressurised above atmospheric pressure, which hélps to
force the contents of the collapsible bag 10 into- the
pressufe chamber 4, without the need to create sub-
atmospheric pressures in the pressure chamber 4. This can
help- to avoid the formation of gas bubbles in liquid sucked
into the pressure chamber 4. s

The pressure release valve 25 may be optional; it may be

omitted if desired. The pressure release valve 25 and non-"

return valve 23 may be combined as a single unit (not
shown) . It will be appreciated that the illustration of
Figure 1 is essentially diagrammatic in nature. A
practical embodiment may be'of different construction. for
example, a lever or other gearing mechanism may be employed
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to assist loading of the piston 3 against the force of the
spring 6. In one example, the MDI may be provided with a
cover which, when'cbened, automatically loads the piston 3
and latches the latching means 33, so that the MDI is then
ready for firing. The MDI would be fired by actuating the
button 35, when the cover was open. In an alternative
arrangement, the piston 3 may be loaded against the spring
6 and the latching means 33 latched, whilst a cover of the
MDI is being closed. Thus, the device would be pre-loaded
and may be fired straight away, upon opening the cover. In
another variation, opening of a cover of the device may
automatically locad the piston 3 against the force of the
spring 6, latch the  latching means 33, and then
automatically released the latching means 33 at the end of
the action of the opening cover so that the latching is
only transient.

The MDI cf Figure 1 is preferably of small, pocket size.
Since, in  contrast to known MDIs, it does not have to
provide an appreciable volume to contain a liquified gas
propellent under pressure it can readily be made of small
dimensions. Despite this, the product container, in the
fcrm of - the collapsible bag 10, can contain much more
medicament than conventional MDIs. For example, whereas
conventional MDIs might be limited to 200 to 400 doses, an
MDT constructed along the lines illustrated in Figure 1 may
readlly contain 1,000 or more doses, in the collapsible bag
10. As will be appreciated, the contents of the bag 10 are

protected from contamination by the atmosphere -~and the

operation of the device of the invention is by way of
atomization of the fluid in chamber 4 without the use of an
air blast, ie. the device of the invention operates as an
airless sprayer. '

When the bag 10 is empty, it may simply be removed from the

'cavity 15 and replaced with a fresh bag. Preferably, the
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bag 10 includes a seal to prevent the eséape of product
from the bag 10, unless the bag 10 1is connected to a
connector such as 12.

In alternative embodiments, part of the piston and/or valve
arrangement may be made disposable, together with the
product container such as the collapsible bag 10.

It is to be appreciated that, in use of the .illustrated
MDI, there is nothing [short of catastrophic failure of the
apparatus) to stop the discharge of the contents of the
pressure chamber 4 as an atomised spray, once the actuating
button 35 has been depressed to release the latching means
33 and thereby release the spring 6. Thus, the amount of
eﬁergy applied by the spring 6 to the metered quantity of
ligquid in the ©pressure chamber 4 is absolutely
predetermined, so that the increase in pressure to which
the metered quantity of liquid is subjected is likewise
absolutely predetermined. This objective is to be realised
in all other illustrated embodiments of the invention
described below.

Another feature of the MDI of Figure i is that the metered
quantity of liguid in the pressure chamber 4 is subjected
to an ihcrease in pressure only when the actuating button
35 has*been depressed to release the latching means 33 and
thereby release the spring 6. This has the advantage that
no seals or other means are required to cdnstrain the
highly pressurised liguid, prior to the atomization stroke.
The increase in pressure applied by spring 6 and piston 3

to the metered guantity of liguid in the pressure chamber

4 causes the pressurised liquid to pass through the
atomising head 22, to be atomised thereby. This objective
is to be realised in all other illustrated embodiments on

“the invention described below.

B
4
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Another important advantage of the MDI of Figure 1 is that,
upon depressing the actuating button 35 to release the
latching means 33 and. spring 6, the atomising head 22 does
not move within the body 1 - only the button 35 moves.
This facilitates accurate direction of the atomised spray,
and contrasts with a conventional vertical-axis finger pump
arrangement, in which the atomising nozzle itself is
depressed to initiate atomization. This would be
inconvenient in a medical inhaler, since it would be
difficult to direct the spray accurately.  Again, this
objective is to be realised in all other illustrated
embodiments of the invention described below.

The MPI illustrated in Figure. 2 is generally similar to
that of Figure 1. However, in Figure 2, the pressure
release valve 25 is not provided. Also, the product
container comprises a long tube-16 in which liguid product
17 is stored under pressure, which is created.by a
reservoi; of gas 18 stored behind the liquid 17. As the
pistén 3 is pulled back to a loaded position, liquid
product 17 is forced into the pressure chamber 4 via the

inlet passage 11 and non-return valve 13, under the_

pressure of the gas 18. As the liguid product 17 is used,
the gas 18 expands into the tube 16, pushing the liquid
product 17 ahead and losing some pressure. The initial
presqu;éﬂof the gas 18 should be sufficient to maintain a
pressﬁie above atmospheric, until all of the liquid product
17 is used. up.

The pressure tube 16 may be made as a replaceable item, for

exchange in the MDI when the liquid product 17 is used up..

Alternatively, the whole MDI may be manufactured quite
cheaply of principally plastics parts, such that it may be
a throw-away item. If the tube 16 is at least partly
visible from the outside of the MDI, a visual check may be
provided, as to the level of product remaining.

Y
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In the embodiments of Figures 1 and 2, the spray action is
initiated by actuating of the button 35. In an alternative
arrangement, the latching mechanism 33 may be released
automatically in response to a user inhaling adjacent the

(3]

atomising head 22. TFor example, a mouthpiece such as 40
may be connected to a wvane that is caused to .move by
pressure difference across it when a user inhales, and
thereby release the latching mechanism 33 to initiate the
spray. Such automatic actuating mechanisms are known in
A0 themselves, in existing MDIs. -

In the embodiments of Figures 1 and 2, the stroke of the
piston 3 is fixed. If desired, means may be provided for
varying the stroke of the piston. Preferably, such means
is calibrated, so that a user may optionally adjust the MDI
1s to dispense differing quantities'of spray. However, it
will be -appreciated that, in every case, once the
adjustment means has been set to a particular value, the
MDI will then provide a metered dose of spray in a highly
repeatable manner, just as if the stroke of the piston were
20 fixed.

It will be appreciated that the devices of Figures 1 and 2
have been described above in terms of a device in which the
cylinder of the pump mechanism is static and. the piston
moves axially therein. However, it is within the scope of

25 the present invention to carry the cylinder upon the rod 31
and to have the piston fixed. - '

In the embodiment illustrated in Figure 3, a liquid product

50 is contained within a collapsible tube 51 which is-

formed integrally with an extended nozzle 52 which serves
30 as a piston; The nozzle/piston 52 is located for
reciprocating movement within a cylinder S3. At the end of
the nozzle/piston 52 there is incorporated a simple non-
return valve 54. A pressuie chamber 55 is defined at the

Fd
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end of the cylinder 53, and communicates via a simple non-
return valve 56 with an atomising head 57.

The cylinder 53, non-return valve 56 and atomising head 57
are all contained within a casing 58, which is formed with

- annular ribs 59, which serve to locate the casing 58 in a

first main body part 60.

The top of the product tube 51 is formed with an annular
rib 61, which serves to locate the tube 51 in a second main
body part 62. Resilient bias meaﬁs is provided for urging
the two main body parts 60 and 62 towards one another. A
latching means is provided for latching the two main body
parts 60, 62 at a predetermined distance apart, in a loaded
condition, and actuating means is provided for releasing
the latching means: In the interests of clarity, the
resilient'bias means, latching means and actuating means
have not been shown in Figure 3, but, of course, examples
of these have already been shown in Figures 1 and 2.

The embodiment of PFigure 3 operates as follows: as
illustrated in Figure 3, the MDI is in an unloaded or
"fired" condition.. By means of a-suitable.mechanism, the
main body parts 60 and 62 are moved away from one another,
to cause the nozzle/piston 52 to withdraw relative to the
cyliﬁggr.53. The depressurisation in the pressure chamber

55 tﬁ§§gby causes the liquid product 50 to be sucked out of -

the tube 51, wvia the non-return valve 54, to fill the
pressure chamber 55. During this action, tﬂe non-return
valve 56 serves to prevent air from entering the pressure
chamber 55ffrom the atomising assembly 57.

At the end of the loading stroke, the latching means
operates to hold the main body parts 60, 62 apart at
predetermined relative positions. Upon releasing the

latching means by the actuating means, the nozzle/piston-SZ'
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is suddenly urged under the action of the resilient bias
means into the cylinder 53, to apply sudden pressure to the
liquid product 50 in the pressure chamber 55, in a manner
generally similar to that in the embodiments of Figures ‘1
aﬁd 2. The pressurised liquid product is then ejected
under pressﬁre into the atomising assembly 57, via the non-
return valve 56, and is then atomised into a fine spray by
the'atomising assembly 57.

i

The MDI is then relcaded by the respective lever mechanism
10 to move apart agaiQ the two main body parts 60, 62, against
the force of the resilient bias means.

Thus, it will be appreciated that the embodiment of Figure
3 operates in a generally similar manner to the embodiments
of Figures 1 and 2.. However, in Figure 3, the product 50
;ié is provided in a particularly convenient manner in the
. product tube 51 which, together with the nozzle/piston 52
and the built in simple non-return valve 54, may be
exchanged as a complete throw-away unit. It will Dbe
appreciated that the product tube 51 and its integral
20 nozzle 52 and non-return valve 54 may readily be
manufactured in a relatively economical manner out of
plastics materials. The user is protected from- contact
with the ligquid product 50, except when the MDI is properly
actuated. Features of the embodiments of Figures 1 and 2,
25 including variations as discussed above, may be provided,
where appropriate, in combination with features of the
embodiment of Figure 3.

In the embodiment of Figure 3, either of the parts 60, 6§2-—
may be fixed in relation to a main body of the MDI, the

30 other of the parts 60, 62 then being moveable with respect
to the fixed part. Alternatively, both parts 60, 62 may be
moveable with respect to a main body of the MDI.
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In Ehe embodiment of Figure 4, ligquid product 70 is
contained within a collapsible tube 71. A nozzle 72 of the
tube 71 connects with an inlet passage 73 which contains a
non-return valve 74. The non-return valve 74 communicates
with a flexible tube 75, which may flex between a "full"
position [illustrated in solid lines] and an "empty"
position 75a [illustrated in broken lines]). The flexible
tube 75 communicates with another non-return valve 76
which, in turn, communicates with an atomising head [not
shown].. The flexible tube 75 _is contained within a
pressure chamber 77 which is filled with a secondary liquid

78. The secondary liguid 78 communicates with a pressure

pulse generator [not shown] via a passage 79.

' The embodiment of Figqure 4 operates as follows: when a

flexible tube 75 is'in its *full" positioﬂ, it is full of
ligquid product 70 sucked from the collapsible tube 71.
Upon applying a pressure pulse to the secondary liquid 78,
the pressure in the pressure chamber 77 suddenly increases,
and this causes the flexible tube 75 to be urged into its
"empty" position 75a, during which action the 1liquid

product within the tube 75 is expelled out of the non-

return valve 76 to the atomising head [nof shown] -under
high pressure, such that the atomising head atomises the
liquid- product into a fine spray, generally as in the
precg@ing embodiment.
E

At the end of the pressure pulse, the flexible tube 75
resumes its initial "full" position and, 'during this
action; liquid product 70 is sucked up from the collapsible
tube 71, via the non-return valve 74, into the spaée_within
the flexible tube 75. The flexible tube 75 may return to
its "full" position under its own natural resilience.
Alternatively or additionally, it may be assisted in this
by the application of a negative or reduced pressure pulse
to the secondary liquid 78 'in the pressure chamber 77.

AS BEEN
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The pressure pulses in the secondary liquid 78 may be .

generated by any suitable means. However, it is important
that the pressure pulses are of a predetermined amplitude
and duration to ensure that a metered dose of liquid is
repeatedly sucked into the flexible tube 75 and
subsequently expelled therefrom wunder a predetermined
pressure increase, to produce a repeatable spray through
the atomising head.

By way of example, the pressure pulse generator may include
a piston and cyliﬁder arrangement, together with latching
and actuation means, of a type generally similar to that
illustrated. in Figures 1 and 2.

Typically,, the pressure pulses may be of substantially
square wave form. However, if desired, the pressure pulses
may be of any predetermined shape - for example, if a time-
varying spray spectrum were deliberately chosen. The
important factor is that whatever the shape of the pulses,
they are accurately xrepeatable. Thus may apply to all
embodiments.

Figure 5 shows, in enlarged detail, one example of an
atomising head assembly 80. An inlet passage 81 formed in
a body 82 leads to an inlet chamber 83. Interposed between
successive sections of the inlet chamber 83 is a filter 84.
The final section of the inlet chamber 83 leads to swirl
chamber 85 which, in turn, leads to a nozzle,86.

The purpose of the filter 84 is to prevent particles from

blocking the final orifice. For example, the filter 84 may.

be made of stainless steel mesh, having a mesh size in the
range 1 to 10 micrometres - preferably, 3 micrometres.

Figure 6 shows one example of an atomising orifice 90,
which is formed in.a plate 91 which may be positioned, for
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example, downstream of the atomising nozzle 86 iﬁ the
assembly of Figure 5, as shown by chain-dot lines in that
Figure. '

As may be seen in Figure 6, the final exit orifice 90 has

a diameter of 6 micrometres, and an overall length of 30
micrometres, to include an inwardly tapering throat 92 at
an angle of 30° to normal and an outwardly flared mouth 93.
The orifice plate 91 has a thickness of the order of 1 mm,
and a .tapering inlet passage has a length of about 1 mm,
tapering at an angle of 20° from-én initial entry orifice
size of 70 micrometres. We have found that, surprisingly,
using a final atomising orifice of the order of 6
micrometres, together with a high pressure applied to the
liguid to he atomised [by means of the energy store such as
the compression spring 6, etc], can lead to a very
effective and uniform mean particle size of the eventual
spray. Tests with an exit orifice of the order of 6
micrometres, as illustrated in Figure 6, together with a
liquid pressure of the order of 300 bars, has produced a
uniform spray of mean particle size of the order 5-8
micrometres. Preferably, the diameter of the exit orifice
90 is less than 100 micrometres. The preferred range for
its diameter is 1 - 20 micrometres and the most preferred
range is 3 -~ 10 micrometres.

The exit orifice 90 may be formed by piercing the plate 91
- fof'example, by means of a tungsten carbide needle [e.g.
similar to those used in forming spinarettes in the textile
industry] or by any other suitable method.

Although it is preferred to use a small bore nozzle orifice
to achieve atomization of the fluid, it is possible to use

———

alternative atomising means. For example, as shown in

Figure 7, a liquid jet 102 may be produced through an exit
orifice 104 to impinge at high velocity upon an object such

(
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as a metal ball 106, which then causes the 1liquid to
atomise. Another alternative arrangement is shown in

Pigure 8, where two liquid jets 110 at high velocity and

pressure are caused to meet, such that the ligquid becomes
atomised at their meeting point.

Initial experiments with MDIs having constructions along
the lines of at least some of the embodiments illustrated
herein have proved to be surprisingly effective, readily
providing repeatable spray doses of drugs having a mean
particle size less that 30 micrometres and typically of the
order of 3-10 micrometres. Mean particle sizes in the
range 2 - 8 micrometres or less than 5 micrometres may be
preferred. A particularly important aspect of such
embodiments of the invention is that the drug can be used
immediately in its water soluble form. Many drugs used at
present have two formulations - one for use in an ‘MDI, and
the other for use in nebulizers usually used in hospitals.
The latter formulation is almost always an aqueous solution
of the drug, so such formulations are immediately available
for use with embodiments of the present invention.

By enabling application of drugs in agqueous solution with
MDIs embodying the invention, new drug development may be
accelerated. This is because much of the present long term
testing is to ensure that the propellant (typically CFC)
does not degrade or affect the drug aﬁd its effect and, of
course, in the illustrated embodiments, ,no additional
propellant agent is required.

Many of the drugs presently administered by MDIs are—

concerned with bronchodilators and similar drugs for
treating asthma, allergies and congestive disorders.

‘However, it is becoming increasingly important to be able

to treat other conditions (such as pneumonocystes carinii)
by inhalation therapy. The reason for this is that drugs

1Y
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taken via the stomach are often 'destroyed by stomach
secretions, or that which does get into the blood stream is
taken out by the liver ("first pass metabolism"). In other
cases, side effects can be severe. Some of these new drugs
are difficult to micronise and, until'now, they have been
administered only be nebulization in hospitals, because a
portable delivery method has not previously been available.
Hospital nebulizers typically comprise gas blast devices in
which small quantities of liguid product are added to large
quantities of gas blasted under high pressure. Large gas
cylinders are required for such apparatus, which |is
therefore distinctly non-portable. (Certainly in the sense
of a pocket-sized device, or the like). Embodiments of the
present invention may readily apply such drugs to readily
portable devices and an important advantage is that such
embodiments may be- used immediately to administer drugs
that are already tested and available for nebulizer
application.

Another particularly useful advantage of the illustrated
embodiments is that they may be used guite satisfactorily
in an orientation. 1In contrast to this, existing sprayers,
both the propellant type (eg CFC) and pump action type will
work only in one (usually upright) oriéntation; It will be
appreciated that patients can not always be relied upon to
be inﬁgp upright position.

iéwu.éﬁggested above in the foregoing : description,
embodiments of the present invention may include product
container which are a least partially transparent, so that

the level of the contents may be visually checked.

A further advantage of illustrated embodiments of the
invention is that they may be constructed quite
satisfactorily without the use of any elastomeric sealing
members. This is in contrast to all known MDIé of which we

h
3
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are aware, which use resilient sealing members which may
possible degrade in contact with products to be dispensed,
and/or in which extractable from the elastomers (eg
rubbers) may leach into the products to be dispensed.

One reason why preferred embodiments of the invention can
function well without the need for elastomeric seals is
that the products are not stored under high pressure. High

'preséure exists only for a very short time, during the

atomization cycle, Therefore,- in the embodiments of
Figures 1 and 2, for example, only a sealing cap or ring on
the piston end portion 5 is required and, as mentioned
above, this can be of PTFE or Nylon. In fact, it is both
'ﬁossible and desirable to manufacture the embodiments of
Figures 1 and 2 entirely from stainless steel and approved
plastics materials -(eg polypropylene, PTFE, Nylon) which
are entirely safe and non-reactive with the products to be
dispensed.

If there is need for a seal at the connectors 12, this can
be provided by a sealing ring or gasket of approved
plastics (eg PTFE). Alternatively or additionally, the
connectors such as 12 may include parts which screwthreadly
engage, and at least onmne 6f which is of an approved
plastic.

In the embodiment of Figure 4, it is possible if desired,
to employ elastomeric seals in the pressure pulse generator
{not shown). This is because the product 70 is completely
isolated from such seals by the flexible tube 75 and
secondary liquid 78. The flexible tube 75 is of an-
approved plastics (eg polypropylene, PTFE, Nylon).

In the embodiment of Figures 1 and 2, a mechanical piston,
urged by a strong spring, is used to create a pressure
pulse which is applied to the liquid in the pressure

i
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chémber 4. Alternative means may be employed to produce -

such pressure pulses. For example, gas spring 5, electric
motors, solenoids or other means may be employed.

Although above described embodiments of the invention
utilize a liguid product which may typically comprise an
agqueous solution of a drug, alternative fluid products may
be used, For example, a fluid which is a suspension,
emulsion or solution in water, alcohol or other llquld may
be used. -

As mentioned above, the illustrated embodiments of the
invention may emit a spray at much less velocity than
conventional MDIs. For example in a conventional CFC
repellant MDI, the cloud or bolus of spray that is emitted
may travel at a speed of the order of 30 metres per second.
Preferred embodiments of the present invention may release
an equivalent amount of spray at a quarter of this speed.
In fact it is possible to design embodiments of the present
invention to match the optimum inhalation rate of the user
at a figure of the order of 60 litres per minute.

The illustrated embodiments of the invention include means
for metering a quantity of fluid to be atomised. In
alternative embodiments atomiSing devices may be provided
with pre-metered quantities of fluid to be atomised. For
example a strip of foil or plastics material (or other
material) may contain individual pre-metered doses of
liquid product and the strip could be punc%ured locally
prior to or as part of a pressurising operation, following
which the liquid is atomised to a fine spray. To this end,
the strip may be pre-weakened at pre-determined locations,
to promote correct rupturing of the strip material when
required. ~ Alternatively pre-metered doses of liquid
product may be contained in individual capsules which are
fed successively to a' pressure chamber or other

serom—

N
e



nd

WO 91/14468

Sheet Has Been Replaced

TR

THIS SHEET Ha
REPLAH&

e

D

PCT/GB91/00433

-33-

pressurizing location where the capsules are then ruptured.
The strip material or capsules may be designed to rupture
at a pre-determined pressure -applied by the atomising
device, such that a pressure release effect is created in
the liquid product upon rupture.

The reader's attention is directed to all papers and
documents which are filed concurrently with or previous to
this specification and which are open to public inspection
with this specification, and the contents of all such
papers and documents are incorporated herein by reference.

All of +the features disclosed in this specification
{({including any accompanying claims, abstract and drawings)
and/or all of the steps of any method or process so
disclosed, may be -combined in any combination, except
combinations where at lease some of such features and/o:
steps are mutually exclusive.

Each feature disclosed in this specification (including any
accompanying claims, abstract and drawings) may be replaced
by alternative features serving the same, equivalent or
similar purpose, unless expressly stated otherwise. Thus,
useless expressly stated otherwise, each feature disclosed
is one example only of a generic series of equivalent or
similar features.

The invention is not restricted to the dgtails of the
foregoing embodiment(s). The invention extends to any
novel one, or any novel combination, of the features

disclosed in the specification (including any accompanying-

claims, abstract and drawings), or to any one novel one, or
any novel combination, of the steps of any method or
process so disclosed.
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CLATIMS:
1 A device for delivering a metered quantity of fluid as

Jun

an atomised: spray, .characterised in that the device
comprises:

a. pressurising. means for applying a pre-determined
amount of eﬁergy to a metered gquantity of fluid on order to
subject it to a pre-determined increase in pressure; and
b. atomising means for atomising the pressurised fluid.

2 A device according to claim 1 characterised in that
it comprises metering means for meterlng said quantity of
fluid.

3 A device according to either of claims 1 or 2,
characterised in that it comprises:

a. a pressure chamber provided with an inlet connection
to supply'fluid to said pressure chamber and an outlet
connection to receive pressurised fluid from said pfessure
chamber;

b. atomising means provxded at: or adjacent said outlet
for causing said pressurised fluid to be atomised;

c. pressurising means comprising a pulse geherating means
for generating pulses to subject fluid within said pressure
chamber to at least dne' pre-determined increase in
pressure; and

d. inﬁerface means adapted to be acted upon by said
pulses to vary the volume of said pressure chamber in order
to increase the pressure in said pressure chamber.

4 A device 5ccording to claim 3, characterised in that
it comprises means for controlling fluid flow between said
pressure chamber, said inlet and said outlet.
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5 ‘A device according to either of claims 3 or 4,

&)

characterised in that said pressure chamber comprises a
cylinder.

6 A device according to any one of claims 3, 4 or 5,
characterised in that said interface means comprises a
piston.

7 A device according to any one of the preceding claims,
characterised in that the pressurising means comprises an

. energy storage means, and releasing means for releasing

energy from the energy storage means thereby to generate at

least one pulse of increased pressure.

8 A device according to claim 7, characterised in that
it comprises loading means for loading the energy storage
means, retaining means for retaining the energy storage
means in a.loaded state, and release means for releasing
the retaining means, thereby to release energy from the
energy storage means. ’

9 A device for dispensing a fluid as a spray of droplets

to a locus, characterised in that the device comprises:

a. means for receiving a pre-determined quantity of the

fluid to be dispensed;

b. break up means in communication with said £luid
receiving means and adapted to cause the fluid to be formed
into droplets;

c. an energy storage means adapted to be actuated by a
user of the device to impart a pre-determined amount of
energy to the fluid in said fluid receiving means so as to
subject said fluid to one or more pulses of a pre-
determined increase in pressure; and

o -

d. actuator means adapted to release said stored energy

to cause said increase in pressure in said fluid so as to

1
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discharge said quantity of fluid via said break up means so
as to form said spray of droplets of said fluid.

10 A device according to any one of claims 7, 8 or 9,
charcacterlsed in that said energy storage means comprises
a spring.

11 A device according to any one of the preceding claims,
characterised in that it comprises a source of the fluid to
be dispensed.

12 A device according to claim 11, characterised in that

said source is a reservoir containing a medicament.

13 A device according to any one of the preceding claims,
characterised in that the atomising means compriées an
atomising nozzle orifice having a diameter of 100
micrometres or less.

14 A device according to any one of the preceding claims,

characterised in that the pressurising means is arranged to

raise the absolute pressure of the metered quantity of
fluid to 50 bar or more. )

15 ~A.device according to any one of the preceding claims,
charactérised in that the atomising means or break up means

comprises an outlet orifice mounted in or on a body, and

the device further comprises a member whlch is moveable

" with respect to said body to initiate operatlgnuof said

atomising or break up means, the arrangement being such
that such movement of said member does not cause movement
of said orifice.

16 A' device as claimed in any one of the preceding
claims, characterised in that one or more separation means
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are provided for separating solids from the fluid upstream
of the atomising or break up means. '

17 A device as claimed in claim 16, characterised in that
the separation means is a filter mesh. :

18 A device substantially as hereinbefore described with
reference tb any one of Figures 1 to 8 of the accompanying
drawings.

19 A method of delivering a metered quantity of fluid as
an atomised spray, characterised in that the method
comprises the steps of applying a pre-determined amount of
energy to the metered quantity of fluid in order to subject
it to a pre-determined increase in pressure, and passing
the pressurised fluid through an atomising means, thereby
to atomise the fluid.

20 A method according to claim 19 characterised in that
sald fluid is a medicament.

21 A method according to either of claims 19 or 20,
characterised in that the fluid is pressurised and atomised
by means of a device according to any of claims 1 to 18.

22 A method accofding to any one of claims 19 to 21,
characterised in that said fluid is atomised to droplets
having a mean size of 100 micrometres or less'.

23 A method according to claim 22, characterised in that
the said fluid is atomised to droplets having a mean size

in the range 1 to 12 micrometres.

24 A method of delivering a metered quantity of fluid as

" an atomised spray substantially as.hereinbefore described
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with reference to any of Figures 1 to 8 of the accompéﬁying
drawings.

25 A method as claimed in any one of claims 19 to 24,
characterised in that the f£luid contains a medicament to be
applied into the lungs of a user; and in the the method is
carried out to dispense the medicament as a spray of
droplets having a mean particle size less than 10
micrometres to the mouth of the user.
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