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ATOM SI NG DEVI,CES AND METHODS . .The-present invention relates to
nmet F ed .gose inhalers (NDI's) and, inits preferred fornB ains to

provi de sel f - cont ai ned e'{'ﬁés(ﬁem Geefor di spen?ﬁﬁ@; 1% y medi canment
as droplets -of a nean SII ‘a” ﬂ!lEout 10 to 12 micronetres vvrthout t he

use of pressurised gas o pel | ant's, and
admnistering fluid dro nments to the lu
MDI ' s It is knowy to apply nedi canents as sprays "
mouth so t hat they are absorbed through the walls of the Rasal passages or
t hrough the lungs. In order for the nedicanent to penetrate deep into the
| ung, for exanple into the alveolar sacs, it is
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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.

fin

BACKGROUND TO THE INVENTION:.

10 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

15 nmedicament particles or dreplets 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.

20 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

25 requires that the user have a source of large volumes of
compressed air available and this is impractical except in
a hospital environment. —

oy o

For self contained rhand néia. dev1ces, itiihés been the
common practice to dispense the medlcament as droplets or
30 . solid particles using a liquefied propellant medium to
dispense the droplets or particles from a pressurised
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Whi | st solid par cles can be prepared with a mean size of less than 5

m cronetres, pro @mR red in achieving such small sized
droplets in a qu Typi cal ly, such_ p—ha
di spensed by nean Iarge vol unes of 1¢mgggg§$g¢ggafNM'
entrain smal l anDunts of the partlculate sol i ds
atom se sone of a fluid to forma spray of fine @ :

method results in | osses of nedi canent and requrres that the user have a
source of Iarg& vol unes of conpressed air available and this is

i npracti cal Q31/1#468 3 hospital environment. For selRCTé@RMIA0EBd hand
hel d devices, it has been the common practice to dispense the nedi canent
as droplets or solid particles using a |iquétted propellant nediumto

di spense the «droplets or particles froma pressurised container through a -
mechani ca

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

s 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{eged effect on the ozone

10 layer of the atmosphere. However, despite this, it was
considered that there was no viable alternative to the use 'r
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
15 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
20 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
25 rapld evaporatlon 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:__
30 required to discharge material from the dispeﬁser.
) ) ¥, f} .
Despite these problems’with the use of CFCs, they are still
_considered by the pharmaceutical industry to be the oniy
practicable method for administering many forms of
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breakdown device, for exanple a swirl chanber and spray nozzl e orifice.:
Wi kst sech a systenlenables a “Sel'f_contained and readily portable devi ce

to be constructed, us |quef|ed propellants is inc
unaccept abl e from ot her grounds
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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.

ltn

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
10 polishes, hair lacquers and the like. In 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
is 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

20 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
3 into$§§e lungs of the user as stated above, and the amount
: 25 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._..
30 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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Mor eover, when such solutions are sprayed, the resultant droplets |ose
their CFC conponent through rapid evaporation. As a resul't, the user
inhaleﬁ dropl-ets of varying sizes travelling at different speeds as their
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l'iquefied propellants which enables themto™ generate the high pressures
within the di‘'spenser required to discharge material fromthe

an v

" 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 fluid held in the
pump, for example from the cylinder of the'pumﬁ as the

fn

10 piston of the pump is driven uﬁ 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

is 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

20 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

then.provides a consistent driving force when released to

25 drivethe 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

30 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 e
discharged, the fluid may be held under pressure within the

at—

" pump before the outlet valve is operated. This can result



di spenser.

Despite these problens with the use of CFCs, .they are

stikl conrsidered by the pharnaceutical industry to be the only practicable

1990 a conferencéh

met hod for adn1n|ster| of nmedicament. As recently as March
( erts inthis field, the "Respiratory Drug
Delivery I1" Cbnfe one, Col orado, USA, did not contenplate

that there was any nmet hod of deli Yo SUC
the wuse of CFCs or their close anal ogues, suc 'i iﬁ?
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the like. In

flexi ng di aphragmtype of punp is operated by depressing an axi al
or via a trigger type mechanismto force a fd.uid conposition through a

there

by/fiase ces a manual |y operated piston and edridsbefeess

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 Euantity 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.

_ have been many proposals to adapt the mechani cal
punp type dispensers used to spray furniture polishes, hair |acquers and

pl unger



mechani cal break _up device, for exanple a swrl chanber and fine-bore
nozzte ortifice, to forma spray of droplets without the use of a
propel  ant gas orrpfishét 1ifBen RePa@gner al , the droplets formed are of a

conparatively Iarg 1y 30to 200 mi cronetres

di aneter; and the m&mlﬂ nspray di scharged at _each _opera --=---—-=—*l
punp is of little e user. In or errH\égHEsue\h\S(ﬁ\El‘b

be suitable for use in dispensing a nedicanent, it ||s sg0AD t 0 C(
both the droplet size, notably where the spray is t__:p,eﬁet_q: : h

| ungs of the user as stated above, and the anmpbunt of nedi canent di spensed
so that each
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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

ltn

a simple self contained readily portable device is
10 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

15 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

20 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
eliminates the problems encountered with prior proposals

25 and" ﬁrovxdes 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
30 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:



actuation of the punp WilT delTveér a consistent dose of the nedi canent . |t
has therekore been lgglpe(e)ﬁdeto i.ncod' porate sone form of neasured dose

mechani sminto the cell B lac?)urrp spray devices. This is often
provided in the for mjmm Huﬂ ol une of the cylinder of the punp used
to di spense the fluio, | e US Patents 4,147,476 and

4,694,977 and PCT Application No. WO 87/04373. Ho HVARLS r
- does not for any reason operate the punp nechanis for itS e, the
anount of fluid dispensed can vary significantly t+emtIr HGED ed d@isage.
Furthernore, it has not hitherto been consi dered possible ’ =t he

required very small droplet size consistently. A conventional hand
operated punp tWE/HM¥hyer is typically operated by the usdCT/GBAIA0K3Z
depressing the free end of the punp housing or plunger or a trigger )
mechani smso as to discharge fluid held in td& punp, for exanple fromthe
cylinder of the punp as the piston of the punp is driven up the cylinder,
see for :

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.

j»n

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 with 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.

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.

Prefefably, said pressure chamber comprises a cylinder
within which a piston acting as the interface means is

30 slideably journalled. '

o



exanpl e US Patent Nos 3, 838,686, 4,693,675 and 4,694, 977. However, not only
is tHe pressure generated by the punp conparatlvely | ow, but the pressure
generated will depend ?ﬂ?&m&Qﬁs Qﬁﬁ 12kg Which the punp is operated and the
strength of the user. Aspml dropl et size inFthe=spray varies

i ,

fromoperation to operati the same perso
It has been proposed to
acts as fluid is-drawn into the punp on the sucklng S{TOK
for-exanple into the cylinder as the piston is retracted in a
pi ston/cylindér type of punp, see for exanple US Patent hbs 3,471, 065,
3,790, 034, 3, 79%p éfyaacét 260, 082, 4,183,449 and 4, 354, 718. éﬁ; sthen
provi des a consistent driving force when rel eased to drive the out
of thel punp. In these proposals, the punp is.gesigned so that fluid cannot
escape from

Preferably, said pulse generating means comprises an energy
storage means and a releasing means for releasing energy
from the energy storage means, thereby to generate 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 dispensed; ’
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, releaée a pre-determined amount of energy to the pre-
determined 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.



4 the cylinder until a release or outlet value is operated. Therefore,
fludis held wthin—the—punp under the pressure exerted by the conpressed

t he

spring. Wen the valve is erated the fluid is discharged fromthe punp
under the action ofThi T%ough this achieves a greater

uniformty of the prﬁ h the fluid is discharged, the fluid may
be hel d under pressu punp before the outfe : gper at ed.

This can result in a nunber of problens For exanpl e

and outlet valve nust be designed to resist the subgt

generated by the conpressed spring, otherw se |eakage hay O .
punp cylinder walls may.- rupture. Furthernore, where the pressure is

retained for alWOPEM46h of tinme, sone weepage of the PCT/GB91/00433
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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

i



fluid past the seals in the punp nechani sm for exanpl e past the seals
bet wEen the piston . and-the-cylinder-wall, will occur, resulting in a |oss
of fluid and pressure fron1the cyllnder This will affect the volune of

fluid dispensed and t ed n the spray mhich Is eventual ly
produced when the outl tuated. A furt —prob| [ I n

that the user nmay not np nechanisnlf' Thi s
will not only affect the volune of fluid dispense ect
t he peak pressure achieved and hence the droplet § ng

will not be fully conpressed. In an alternative forn1d?“aEV|
proposed in USL%@% RiggNo 4,892,232, the fluid is held und ?ﬁﬁﬁéﬁﬁwﬁ in a
mai n contai neriand a pre-determ ned quantity is transferre 0

di st endabl e rubber or simlar sleeve carriedy the valve actuator stem of
the outlet valve to the container. The stemis provided with suitable
porting so that the sleeve is connected to the rem nder of the contalner

when the stemis in_the raised position. Fluid
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

5 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 chanmber
during expansion of the spring on the discharge stroke of
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 a{pcrew, push or other fit. Part of the container can
be uséd to provide part of the operative mechanism of the
device of 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.

i
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will thus flow under—pressure from the container into the annular space
bet wen the sl eeve aﬁg lgt 0 expand the sleeve radially. Wen
de

h? SSt em la
the valve stemis RS ting to the remai nder of the container
[l mﬂg Fvingthefluidto escape fromthe
i the sleeve is stretched axially and

is closed and a port ii

annul ar space to a noz

col l apsed radially. Again, this device suffers ot s, |f

vari abl e dose and variabl e droplet size due to |[VdH%EHER HP‘%EfEI@' Hpeed and

force used by _ REPLAGE 5 the
user in the depression of the valve stemand the extent to the valve stem
I's noved. '
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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

|5,

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. If
10 desired, the spray outlet can incorporate a shroud or
mouthpiece to aid directionality of the spray.

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
AS 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
20 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
25 the spring with continued opezation of the device to
discharge the fluid.
’
As indicated above, the device of the invention is of
especial use in the formation of a spray of droplets of a
medicament for inhalation by a patient. For such use it is—
30 desirable that the droplets have a mean diameter less than
about 12 micrometres. However, the invention can be
applied to spraying of a wide range of other materials in
.solution, emulsion, dispersion or suspension form to
produce droplets with sizes of up to 200 micrometres or

-
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GB Patent Application No. 2, 209,564 describes a device for dispensing
meter'ed cuantities of pressurlsed fluid nmedi canent. as an atom sed spray,
partlcularly for the ﬁﬁﬁehwﬂﬁdauml Replscad i on of insulin. The fluid nedi canent
i's held under pressure U by a propellant, the propellant and

the fluid nedi canent be by a novabl e = ;
metering valve on the ¢ ernlts a netered ﬁHEh@He ' BEEN:
pressurised fluid nedicanent to pass to a nozzle. PEBLAGERNt  Nojl
1, 239, 855 describes the "injection” of liquid froma chanber of
predeterm ned volume into a gas line via a spring-loaded non-return disc
val ue. Voo USweeiad68No. 4, 391, 621 descri bes a hi gh pressuprer/Gaor/éoassst
100 bar) reciprocating punp and nozzle for intermttently spraying a
coating of liquid lubricant onto a machine piazi, such as shears, which
comes into contact wwth glass in glass-form ng apparatus. The punp is
operated by a solenoid which is activated by discharge of a capacitor.
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.

5 For such use, the droplet size is desirably less than 10

. micrometres, typically 2 to 6 micrometres. Such small
g _ 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

10 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

‘A5 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

20 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

25 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

30 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.

——— -

Alternatlvely, the flow to and from the pressure chamber or
the pump cyllnder 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 already been done as when a
bulb -of pressurised gas or a motor is used to drive the
plston of the pump; and then releasing the energy to apply
one or more pressure pulses to the fluid in the pressure
chamber so as to eject it through the atom151ng 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

—c———

fluid in order to subject it to a predetermined increased

(



means to said chanber so as to subject the fluid therein to a predetern ned
increase ih pressure-te—ahigher pressure and to initiate di scharge of the
fluid fromsaid chanber; &ﬂkﬂlmﬂi atom sing neans for receiving the

met ered anmount of Tp id fromsaid chanber as a single

di schar ge fron1said “& for atom sing the netered anount  of
pressurised fl uid. ferred enbodi nent, fﬂﬁ %lln ris
provided with an inIet connection to supply I|qU|d §%§1 ﬁ§¥ﬁ%@§EN nd an
outl et connection to receive pressurised liquid fr [...amd the
atom sing neans is provided at or adjacent said outlet. © The

the i nvention conprise one or nore control neans
controlling flﬁﬁé p¥%§Fbetmeen sai d neterlng chanber, said I#Q#B%H%{§ald
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of

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

jin

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:
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 <5

portion 5 which sealingly engages within the pressure

chamber 4, by means of a plastic {e.g. PTFE or Nylon]



Preferably, the rret—eH—ng—ehanhEL-corrpri ses a cylinder within which a piston
is slidedbly jour Preferably, the energy storage neans is
adapted to be actu Pl ¢d the MDI, preferably to store energy
inparted thereto by g oper atlon of the NMDI. and has a _
rel easing or act uat | easi ng the prede :_' """""
energy fromthe energy storage nmeans in the form of
pul ses. The MDI preferably also conprises | oatli:g TorS ~_4,=ﬁ._.‘__._1ing
t he energy storage neans; retaining neans, for exanple a Iatch or ot her
detent nmeans, for retaining the energy storage neans in a | oaded state;
and rel ease neapsoiymaey el easi ng the retaining PCT/GB91/00433
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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.

5 A 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

10 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
AS 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 ;atch the rod 31 in a loaded
position, as illustrated in Figure 1. An actuating button
35 is provided, for releasing the latching means 33.

20 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

25 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

- ea——

30 atomising head 22, via a non-return valve 23 and a pressure
release valve 25. ) zn



means, thereby to rel ease the energy storage means so as to cause the
fluid to be dlschar ed through the atom sing neans as

This SReet H e MDI of the invention conprises a
pi ston-in-cylinder type p m at least part of the bore of the

met er ed quantity of
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the punp to its full

or a pr edet er m ned exten1t7 in order to

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

and 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

i on

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.

adapted to receive a predeterm ned

;i:



cause,the retaining nechanlsn1to engage. However, it will be éppreciatéd

that the et ai ni ng ofh ephe@d age neans may be tranS|ent and t hat
t he operation of the s through ths Ta =
directly to the dlscha ich the end gﬂE;gHgﬁpnggEgge means

I's rel eased to discharge the urd I'n the nmeteri hamﬂ@ngg; t he punp
through the atonising means to formthe desired SgFEEE== 2eeterabl y,
the energy storage neans takes the form of a conpression sprlng However
other forns of energy storage neans .can be used, for exanple a tension
spring or bellows section to the wall" of the cylinder, gas bul bs, notors,
sol enoi ds or @PHIHBE e or deformabl e nenbrane or di aphr afGu/GBN1H0R Of
such energy storage neans, for exanple a gas bulb or a notor or solenoid,
the energy may be already stored in the s, and the user nerely
rel eases that energy when required. In other fornms, for exanple a spring
or flexible diraphragm the user nust inpart energy to the energy .

To reload the MDI, the rod 31 is pulled back by means 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

10 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

fn

_ clear indication when piston 3 has completed the desired

15 travel within cylinder 2 and that the required 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

20 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
25 in Figyre 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 _
30 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

2
l".’
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particularly preferred that the spring be at | east partlally pre-conpre

so that the force

applied by the spring as it expands does not vary

greatly. The dgghg{y14g¢ construction of PCT/GB91/00433

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'ﬁa 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

ssed

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



the spring can be selected in known manner to achieve the pressure required

in the neferi.ng chanibs SteetitasBee &l on of the spring on the discharge
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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'ébened, 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 6f 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
férm 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 cpystructed along the lines illustrated in Figure 1 may
readiiy 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

mechani sm unit of the M
cont ai ner can



pi ston of the piston-in-cylinder punp. In order to achi'eve the high
pressures reqU|red,tn formvery fine droplets, for exanple |ess than 10
m cronetres nmean dlaneter |t mnll usual |y be necessary to provide sone

form of nechani calTh ener gy | oadi ng nmechani sm and/or in the
di scharge nechani s Thus, it wll usually be desired to
provide a | ever or to aid conpression of the spring; and/or

to step or otherw se reduce the dianeter of the predstre SIEm e
outlet fromthe punp cylinder so as to achi eve an. hydjr Ad\S & %ﬁ@é%BEéN
advantage at the inlet to the atom sing means. Typic#lly, PRB-PEGRS
mechani sm w || ociated with a trigger type nechanismwiich the use
oper at es S|ngI@KHﬂHg§§Iy with the spray outlet adjacent toPGHFBAIPUES ed
towards the locus to which the spray is to be applied. If desired, the
spray outlet can incorporate a shroud or nwflhpi ece to aid

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
5 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

10 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

15 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.

20 Another feature of the MDI of Figure 1 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

25 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 gquantity of liguid in the pressure chamber
4 causes the pressurised 1liquid to pass through the

';g atomising head 22, to be atomised thereby. This objective
is to be realised in all other illustrated embodiments on
"the invention described below.

- oo



directionality of the spray. .
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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.

5 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

10 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
i5 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
20 product 17 is forced into the pressure chamber 4 wvia 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
25 pressuré of the gas 18 should be sufficient to maintain a
pressure 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 liguid product 17 is used up. .
30 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

Y

provided, as to the level of product remaining.



to hold the spring transitorily in the desired state of conpre55|on during
the loadind cycle, buL_mthh_autonathally rel eases the spring with
conti nued operation of e device to discharge the fluid. As
i ndi cat ed above, the |on is used in the formation of a
spray of droplets of I nhal ati on by a patient For such

h .

use it is desirable t have a nean d

Iess than about
12 mcronetres. For convenlence, the invention mﬁl[ﬁﬁmée
e

hereinafter in terns of dispensing a spray of an ac
medi canment for inhalation into the lungs of a pati ért=w3
For such use, wbeiduwmpl ets size is desirably | ess than 10 npEr/gt

typically 2 to 6 mcronetres. Such small droplets sizes can be achteved by

atomising the fluid using a w de range of agem sing devices, for exanple

ultra sonic blades, inpingenent of two jets of fluid or inpaction of a jet

or spray onto a baffle or the |ike. However, we prefer to

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
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. -

(3]

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 S53. At the end of =

the nozzle/piston 52 there is incorporated a simple non-
return valve 54. A pressure chamber 55 is defined at the

i



form t he spray by

orifite, ™referabl
for causing a signi

in the art.

sing the fluid at high pressure through a small nozzle
%rin associatH wth a swrl chanber or other device

et Hasspgopdary flow in the fluid transverse to the
main flow at the noz ' opti mum pressure and nozzle orifice
shape and size can b ,ty lor any given case _using technigues known

cylinder or other netering chanber, for exanple 3

Thus,

where ve

pressures can bggﬁﬁgg ?%§§55é® punp
ACHED

conparatively large nozzle orifice dianeters can Re_used: -fo& : up to
100 m c¢ronetres,
oper¥@81/44468 \DI of the invention with pressures @FCTIGRMABG3t O
400 bar, preferably 100 to

prefer to

n

typically greater than 30 to 50 m cronetres. However,
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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 5een 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§ggby 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'

we



350 bar; ahd Wt h- zle orifice diameters of from1l to 12 micronetres,

notably 2 0o 6 micronetres. ‘“ﬁﬁSlred the MDI of the invention can

i ncor porate neans t SS a§b§m ure generated, for exanple by adjusting
the extent of conpr |ng, and/ or the dianeter of the nozzle
orifice. The pressu In are the absolute_ _press s——achi-eved
In the netering chanber ozzle orifice dI8W%hﬁ£§H§@th§@EEN
effective hydraulic dlaneters Preferably, tHe atomEynggmeans
conprises an outlet orifice nounted in or- on a bod—and =t he

invention further conprises a member which is noveable with respect to
said body to inptiate operation of said atom sing neans, the arrangenent
bei ng such tha ﬁuﬁhﬂhovenent of said nenber does not caus@ 33 of

said orifice. IT7is thus possible for a user, to operate the device wthout

nmovi ng an outlet nozzl e containing

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

'5 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.

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
;i; 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.



the orifices which is of benefit when applying a nedicament thfough the
mouth or nose. It 1§ afso"ﬁfe#eﬁxed-that the MDI is provided with a shroud
or nout hpi ece surr ogg Qgg the aton15|ng means so as to assist in

cont ai ni ng and dlrect @y into the nose =a—The shrou
or rmout hpi ece may al ser in inhaling the é@ﬁaﬁHEETHAS ey
of the invention pre orates one or nore valve REMACEp UL N§
control neans for regulatlng the flow into and out of the pufp—ey=tnd

other metering chanmber. Thus, it will usually be necessary to provide a
non-return valve on the |nlet and outlet to the cylinder so that fluid
flows into thewPl{Ik¥8r only during the suction stroke of RATeGRaangos3zand
fluid flows to the atom sing nmeans only when the pressure is applied to
the fluid in the punp cylinder. In order to26educe the risk of premature
escape of fluid fromthe MD, it nmay be preferred that the outlet be
provided wth a pressure release valve, typically set to open when a
pressure in excess of %feb@fbb&iment of Figure 4, liquid 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

it

which, in turn, communicates with an atomising head [not
10 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
s 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
20 "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
25 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
30 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.



achieved in the nmetering chanber. Alternatively, the flowto and from
the neteri’hg chamber can becontrolled by a rotary or other valve

mechani sm whi ch I%xdﬁ%&hﬁ?ﬁﬁ th the operation of a trigger or a |ever

ever and trigger
mounted on a shaft ch i ncorporates a Ve
the mechanismis progressively depressed it not Gaby. AQﬁgthe Bunp to
suck fluid into the punp cyllnder t hrough the valve but ] e

mechani sm whi ch ar dsed to oper at e deV|ce and to load the
energy storage ne ﬂ =5
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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

5 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

10 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

15 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 repeatable. Thus may apply to all
embodiments.

20 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
25 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.

30 TFigure 6 shows one example of an atomising orifice 90,
which is formed in.a plate 91 which may be positioned, for



al so conpresses the-spring to store energy, and which rotates the valve so
that the connection between the tytinder and the reservoir is shut off and
t he connection to ﬂhESMQgﬁghgm utIet opened prior to release of the spring,
for exanple as a ca aced  shaf t goes over [CERtre

al so preferred that the I nvention inco p6H§i$HEﬁﬁh
separati on menbers up nozzle orifice to,ggduc

bl ockage of the fine nozzle orlflce by particul ate nateTTat-L L
ot her sol utions of nedicairents to be applied to the |ungs. Thus i
mesh filter, a ceramc or fritted disc or the like can be incorporated
into a nozzle WRAM#M68or in the outlet to the metering charfS8YGBIMpmscal |y,
the filter will have an effective aperture or nesh size which is about half
the nozzle orifice dianmeter. - The pretéred MDI's of the invention
are operated by charging the netering

example, downstream of the atomising nozzle 86 in 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

5 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,

10 tapering at an angle of 20° from-an initial entry orifice
size of 70 micrometres. We have found that, surprisingly, q'

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

1s 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

20 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.

25 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

30 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
prifice 104 to impinge at high velocity upon an object such



chanber with the required quantity of fluid; I|oading the energy storage
nmeans wth the required. anmpunt-of—energy (where this has not already been
done as when a bulb of pressurised gas is used to drive a piston of a

punp); and then rehgiaSheadat Reen ey to apply one or_nore pressure pul ses
to the fluid in the er so as to eject i FOteHS e._
atom sing neans to f d spray of fluid. T HRS gkl T Rd
features of the invention are set out in the depende I : {
better understanding of the inventiion, and to show how t he Same<mays=ha.
carried into effect, it wll now be described, by way of illustration only,
W th reference wheifihgs acconpanyi ng di agranmati c drawi ngs, i b roass
Figure 1 is a sectional view of a Metered Dose | nhaler (MD) according to
the invention, with the fluid to be dispenseghcarried in a collapsible bag
renovably nmounted in the MDI; Figure 2 is a viewsimlar to Figure 1, but
with a product to be dispensed in : .

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.

jtn

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
10 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
is 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
20 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)

25 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

30 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. fhe reason for this is that drugs



a pressurised container; Figure 3 is a sectional view of part of an
alternative Metered Dose | nhal er, in which a prodyct to be dispensed is

contained in a colthaBeéeliA Bbdd ¥ placed [%“*“-_-_‘~hh
12 having a nozzl e as a piston; Figu e‘ﬂsﬂyg@r

Fi gure 3, show ng Wi{ﬂ pressurising arr -.enﬁnim .

enl arged detail vie | e of an atom sing OfF

. . . . \ —
Figure 6 is an enlarged detail view of one exanple of a mechani ca
break-up orifice; Figure 7'illustrates, .diagrammatically, an alternative

atom sing neans; and Figure 8 illustrates, diagrammtically, another

alternative at avosiriugsgeans. I n the Figures, |ike referencepatigmopbgssienot e
l'i ke or
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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

5 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

10 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

is 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
20 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
25 be in.an upright position.

M.l .

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. .
30 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



corresponding parts. The-MDI shown in Figure 1 conprise'a body in
which there is defined a cylinder 2 of a circular cross-section, in which

a piston 3 is nount skg&}ﬁgg&pk i ng novenent. The Cylinder 2
comuni cates with a m r 4 of reduceg cross-section. The

pi ston 3 has a reduc tion 5 which § g ges within
the nmetering chanber s of a plastics O Tta0n)
sealing cap or ring provided on the piston por#ts o BEER be
formed integrally with the reduced diameter port =506 _Di stjpn - for
exanple, as a cap, rib or bead. A pre-loaded conpression sp#ing 6 is
| ocated in the | - 2, between the enlarged head of the piston 3 and
an opposite engﬁ%gpPgﬁé the cylinder 2. An operating rod Sfmﬁgagﬁﬂﬂgﬁted
to the piston 3, and passes through the spring 6 and through a passageway

34 in the body 1, to protrude fromthe body T-—At or adjacent an end of the

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.

(5]

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
10 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
a5 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
20 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,

25 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).

30 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
Ppr



rod 3L there is provided-a handle neans 32 for noving the rod 31 and the
piston 3. If desired, the end of rod 31 can be connected to a nechani sm

such as a | ever mechanf apedg a nechani cal age so that t he
user can readily operat galnst the co eof
spring 6. A latching ne on the body 1

31, to latch the rod 31 in a Ioaded p05|t|on as ill F
An actuating or trigger button 35 is provided, for relea5|ng t he™ =
means FB. Al so defined within the body 1 is a cavity 15 in which
t here | ocated a col |l apsible bag 10 containing the product to be
di spensed (e. dYO¥/I446Rii d drug). A door 16 on the side of PEE/ARIUYOLE3 may be
opened; in order to exchange the collapsible bag 10. By

=32-

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

jon

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. -

10 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.

15 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.

20 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
exampiq_a strip of foil or plastics material (or other

25 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,

30 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

serom—

e

fed successively to a' pressure chamber or other



13 means of. a connector 12, the interior of the bag 10 conmunicates with an
inlet passage 11 which, in turn, communicates with the chanber 4 via a
non-return val ve 13. : At-so—conmected to the chanber 4 is an outlet
passage 21 which exten s§ﬂe9trﬂa2ﬁ€enk apgber 4 to an atom g 22 via a

non-return valve 23 an ease value 25.
Eﬂ“ﬁ&“‘ 0, which affords
In use of tH

body 1 is provided with
chanber around the atom

T es

when the piston 3 is in the | oaded position as illustrated ]n Fld“?ﬁE%EER_
the nmetering chamber 4 is full of liquid which has been supplied fromthe

bag 10, via thgoRagasase 11 and non-return valve 13. The. conp&ﬁggbg&r§prlng
y

10, as nentioned above, is already pre-|loaded when fitted in the cylinder

2. The | oading -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
10 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

15 combinations where at lease some of such features and/ox
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

20 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
25 foregoing embodiment(s). The invention extends to any

novel one, or any novel combinatibn, 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
30 process so disclosed.

1Y
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of the spring is increased further by w thdraw ng the rod 31 and t her eby

t he plstoh 3 to the loaded position that is illustrated in Figure 1.

The rod 31 is latched in }4{%4%ﬁﬁﬁﬁ$1ﬁﬁﬁﬂﬂﬂmT'aS illustrated in F|gure 1 by
the latching means 33. Up ctuating bytton. 35 the :

| at ching neans 33 is relew llmwngthe pi $

suddenly forward under the reSS|on spili |

sudden pressure pulse to-the I|qU|d |n t he chanber 4. e T

the liquid in the chanber 4 therefore quickly builds up to exceed the
limt value of the pressure release valve 25, and the liquid is then

ej ect ed under W 914468 essure through the outl et passage 21PCH/GBIY0GB3dNI Si ng
head 22, via the one-way valve 23. During the forward travel of the piston
3, the non-return valve 13 prevents I|qU|é——Fron1be|ng returned to the bag
10, via the inlet passage 11. As the liquid is ejected through the

atom si-ng head 22, it is atomsed into a fine spray, which can then be

' CLAIMS:

1 A device for delivering a metered quantity of fluid as
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

Jun

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
10 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

15 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;

20 c. pressurising means comprising a pulse geherating means
for generating pulses to subject fluid within said pressure
chamber to at least ene' pre-determined increase in
pressure; and
d. inﬁerface means adapted to be acted upon by said

25 pulses to vary the volume of said pressure chamber in order
to increase the pressure in said pressure chamber.

4 A device eccording to claim 3, characterised in that
it comprises means for controlling fluid flow between said
pressure chamber, said inlet and said outlet.

P

heet Has Been RTllaced
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inhal ed. The optional nouthpiece 40 provides an atonisation chanmber within
which the fine spray is enclosed, and facilitates the inhalation of the
spray. To rel oad the Rﬁi*‘_TT‘TanﬁEbﬁﬁ}—pulIed back by neans of the
handl e 32 agai nst the reS|I| spring 6 and, at the end of
its travel, the latching nea ﬂﬂ%ﬂ"" rﬁ |1y latches the rod 31 into a
| at ched end position. During this trawe he

14 piston 3, the liquid is sucked out of t he col | apsi bl e_hag

pressure chanber 4, via the inlet passage 11 and the onsg
this time, the one-way valve 23 prevents air being suckegp
pressure chanbgpof/iydeg t he outl et passage 21. Due to

-35-
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,

5 characterised in that said interface means comprises a
piston.

7 A device qccording to any one of the preceding claims,

characterised in that the pressurising means comprises an
. energy storage means, and releasing means for releasing
10 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

is 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:

20 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;

25 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 '

30 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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the latchipg of rod 31, the liquid in pressure chanber 4 is held at ambient
pressure and there is litt l oss of liquid fromthe

chanber. The operation of Ia provi des the user with a clear
i ndi cati on when piston 3 has @ mm m!‘gm esired travel, within cylinder
2 and that the required dose as been taken up. If the user

fails to wthdraw rod 31 to a sufficient extent, the |atching (11
not engage and the user will detect the spring bias Wl
know to withdraw rod 31 further. The | atchi ng neans Ef%;p[ﬁggﬂes bait h
the means for holding liquid in chanber 4 under anbi ¢ NI S SSHE-e—SRH=E
means for al eMQ@Mgl4¥fe -user to inconplete operation o th@Cdm!’t/@M?ahence
reducing the risk of variable operation of the device. Thus, the M
is again in a | oaded position, as illustraf®®in Figure 1, ready for
firing. It wll be appreciated that, in use of the DI illustrated in
Figure 1, a netered

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

5§ 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 ‘

10 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.

15 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,

20 charqqtérised in that the atomising means or break up means
compriées an outlet orifice mounted in or on a body, and
the dgvice further comprises a member which is moveable

" with respect to said body to initiate operaEiQnubf said
atomising or break up means, the arrangement being such

235 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

ThﬁflTiﬁ]iT LN
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dose of l'iquid product is pressurised and atonised in a highly accurate and
repeatable manner. When the rod 31 and piston 3 are withdrawn to their

| oaded position, an exact netered quantity of liquid product is drawn into
t he pressure chanber 4. Upon releasing the |atching nmeans 33, the piston 3

is urged forwardly to inp m d anount of energy to the
liquid, and thereby i ncregmm‘t“u l lmlmn y a predeterm ned ‘amount. Thus,
as the pressurised liquid i*s ttheh e]"ec’t ed*through t he at{on

predet ermi ned atomi sing characteristics, the liquid is #‘, FIOHAS BER
spray of. predeterm ned nean particle size wi t hout the fﬁP |
propel | ant or other gases. In order to atom se the I|qU|d to a very
fine spray - Hvoroim4ssspl e, having a nean particle size in poe/gpofygessd to 12
m cronmetres - a very high pressure has to be applied to the liquid in the
chanber 4. By way of exanple, the capacity-3- the chanber 4 may be 20
mcrolitres; the dianeter of the small end-5 of the piston 3 may be 2 nm

- the ' ..

m i
—"""l-'m::

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. '

len

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
a0 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.

15 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.

20 22 A method according 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
25 in the range 1 to 12 micrometres.

o -

24 A method of delivering a metered quantity of fluid as
" an atomised spray substantially as.hereinbefore described
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di amet er 8f the cylinder 2 may be 15 mm the force of the sprlng 6 may be
100

15 Newtons; and the
atom sing head 22 may havem a dianmeter of 3 to 15
m cronetres. In such an arr mumm ure of the are of 400 bar may
be generated in the liquid ﬁ'ﬁ The | . : €
open to atnosphere and at: at m)spherl 2 pFesSure In an g ]
enbodi ment, the cavity 15 may be pressurised above atno :
whi ch helps to force the contents of the collapsible bag 10 into the

chanber 4, wthout the need to create sub-atnospheri C pressures in the
chanber 4. ThW® 84488el p to avoid PCT/GB91/00433

-38-

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.

jn
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the formation of gas bubbles in |liquid sucked into the chamber 4. The

pressurexrel ease valve 25 is optional; it may be omtted if desired. The
pressure rel ease valve 25 and non-return valve 23 may al so be conbi ned as a
single unit (not. shown). It will be appreciated that the illustration of
‘Figure 1 is essentially diagrammtic igg nature. Eéﬁé anu t may
be of different construction; for exanple, a Iever 0 &
mechani sm may be enpl oyed to assist |oading of the nst jjhe

force of the spring 6. In one exanple, the MD may be prOV|ded wtha
cover which, when opened, automatically | oads the piston 3 and | atches the
| at chi ng neans 33, so that the MDI is then ready for firing. The MD woul d

be fired by actuating t @Nﬁ ‘?@ﬁugﬁy gas open. In an
alternative arrangenent, %61;1 § %on |oageg agai nst the spring 6
and the | atching neans 33 Iatched whilst a cover of the MD is being

cl osed. Thus, the MDI would be pre-|loaded and may be fired

ABSTRACT

A metered dose inhaler comprises a piston (3) which is mounted in a cavity (2) within a
f)ody (1), and is urged by a pre-loaded spring (6) into a reduced cross-section pressure
chamber (4). The piston (3) may be loaded by means of an actuating rod (31) having a handle
(32), and may be latched in a loaded position by a latching means (33). A liquid drug (e.g. in
aqueous solution) is contained in a collapsible bag (10). Metered quantities of the drug are
successively presented in the pressure :chamber (4), and then subjected to a sudden and great
increase in pressure, to éject the liquid drug through an atomising head (22), to reduce it to a
fine atomised spray of sniall mean_par'ticle size - for example, less than 30 micrometres. Non-
return valves (13 and 23) control the flow of liquid through the device. The sudden pressure
pulse is caused by releasing the spring loaded biston (3), upon depressing an actuating button
(35) connected to the latching means (33).

Fig. 1.
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si.rai-ght away, upon opening the cover. In another variation,'opening of a
cover of 'the MDD may automatically |oad the piston 3 against the force of
the spring 6, latch the |I|atching neans 33, and then automatically rel ease,

the latching neans 33 at the end of the action of the opening of the cover

so that the latching is only transient. The MDI of Figure 1 is
preferably of small, pocket size. Since, in contrast to known MJs, it
does not have to provide an appreciable vollume to contain a |iquefied gas
propel I ent under pressure it can-readily be nmade of snall dinensions.
Despite this, the product container, in the formof the collapsible bag

10, can contain nmuch nore nedicanent than conventional MJs. For exanple, .

wher eas convemo siakes\VDl s ni ght PCT/GB91/00433
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16° be Tinmited to 200 to 400 doses, an MDI constructed al ong t'he lines
illustrated in Figure 1 may readily contain 1,000 or nore doses, in the
col | apsible bag 10. As will be appreciated, the contents of the bag 10 are
protected fromcontam nation by the atnosphere and the operation of the
MDI of the invention is by way of atom zation of the liquids in chanber 4
w thout the use of an air blast, i.e. the device of the invention operates
as an airless sprayer. When the bag 10 is enpty, it may sinply be
removed fromthe cavity 15 and replaced with a fresh bag. Preferably, the
bag 10 includes a seal to prevent the escape of product fromthe bag 10,
unl ess the bag 10 is connected to a connector such as 12. In
alternative ent8aMi#88s, part of the piston and/or val ve arRGIVGESTEIOE33NBY be
made di sposable, together with the product container such as the -

col | apsi bl e bag 10.
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It is=to be appreciated that, in use of the illustrated MD, there is

not hing (short of catastrophic failure of the apparatus) to stop the

di scharge of the contents of the chanber 4 as an atom sed spray, once the
actuating button 35 has been depressed to rel ease the |atching nmeans 33
and thereby rel ease the spring 6. Thus, the anount of energy applied by
the spring 6 to the netered quantity of liquid in the pressure chanber 4 is
absolutely predeterm ned, so that the increase in pressure to which the
metered quantity of liquid is subjected is |ikew se absolutely
predeterm ned. This objective is to be realised in all other illustrated
enbodi nent s Oﬂmﬁ 1dafvention described bel ow. Anot hempcrmessinea3sf t he
MDI of Figure 1 1s that the nmetered quantity of liquid in the chanber 4 is
subjected to an increase in pressure only when the actuating button 35 has
been depressed to release the |atching neans 33 and thereby rel ease the
spring 6. This has the advantage that no seals or other neans are required

to constrain highly 317
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pressurised liquid prior to the atoni zation stroke. The increase in
pressure applied by spring 6 and piston 3 to the netered quantity of
liquid in the chanber 4 causes the pressurised liquid to pass through the
atom sing head 22, to be atom sed thereby. This objective is to be
realised in all other illustrated enbodi mrents on the invention described
bel ow. : 17 Anot her

i nportant advantage of the MDI of Figure 1 is that, upon depressing the
actuating button 35 to release the | atching neans 33 and spring 6, the
atomsing head 22 does not nove within the body 1 - only the button 35

noves. This favobiA#kes accurate PCT/GB91/00433
417
76/-\
A <
~1
7S NZZ R 7 ’_‘\ ,
\"\_ ——1\'}"{ 1- -1
\ ——— 1 !'L""'-:?— - 75u
| — - Pl H- -~
79 ——.——.—__:HA.__
N s e [
ST ONT
NSl
RN NEAN \
78
%—" [
' 3 73
72 - —
\ [ |
| |
| |
| N
N—"7_ .—__ —_ 25\/70
| 1
N~ A
Fig.4 —

i

L ' SUBSTITUTE SHEET



di rection of the atom sed spray, and contrasts with a conventi onal
vertical-axis finger punp arrangenent, in which the atom sing nozzle
itself is depressed to initiate atonization. This would be inconvenient in
a nedical inhaler, since it would be deficient to direct the spray
accurately. Again, this objective is to be realised in all other
illustrated enbodi ments of the invention described bel ow. The MD
illustrated in Figure 2 is generally simlar to that of Figure 1. However,
in Figure 2, the pressure release valve 25 is not provided. Al so, the
product contai ner conprises a long tube 16 in which liquid product 17 is
st ored under Rfﬁﬁﬁ@yﬁ which is created by a reservoir of pggeifBemsored
behi nd t he Ilqﬁ) As the piston 3 is pulled back to a | oaded position,
liquid product 17 is forced into the chanber 4 via the inlet passage 11
and non-return valve 13, under the pressure of the gas 18. As the liquid
product 17 is used, the gas 18 expands into the tube 16, pushing the liquid
product 17 ' 5/7
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ahead=and | osing sone pressure. The initial pressure of the gas 18 should
be sufficient to maintain a pressure above atnospheric, until all of the

|l iquid product 17 is used up. The pressure tube 16 nay be nade as a
repl aceable item for exchange in the MD when the liquid product 17 is
used up. Alternatively, the whole MD 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 fromthe outside of the MD, a visual
check may be provided, as to the |level of product remaining. In the
enbodlnents of Figures 1 and 2, the spray action is initiated by actuating
t he bUtton 35. In an alternative arrangenent, the Iatchlngcgﬁﬁg@&h§g133 may
be released‘ﬂ@?ﬂhﬁ@?cally in response to a user inhaling adjacent the

atom sing head 22. For exanple, a nouthpiece such as 40 may be connected
to a vane that is caused to nove by pressure difference across |t when a
user inhales, and thereby rel ease the |atching

Fig. 6
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mechami sm 33 to initiate the spray. Such automatic actuating nmechani sns are
known in thenselves, in existing MIs. In the enbodi nents of Figures
1 and 2, the stroke of the piston 3 is fixed. If desired, neans may be
provi ded for varying the stroke of the piston. Preferably, such neans is
calibrated, so that a user may optionally adjust the MD to dispense
differing quantities of spray. However, it will be appreciated that, in
every-case, once the adjustnment means has been set to a particul ar val ue,
the MDI will then provide a netered dose of spray in a highly repeatable
manner, just as if the stroke of the piston were fixed. It will be
appreci ated t ¥R IVId68/evi ces of Figures 1 and 2 have been ®ETEGBIBHBM3AbOVE

7

!SLHBEYTFTLFTE!SkiEE?r

37



kn tefms of an MDI in which the cylinder of the pu mis static
and the piston noves axially therein. However, it
cylinder upon the rod 31 and to have the piston f
enbodiment- illustrated in Figure 3, a liquid prod
a collapsible tube 51 which is formed i'ntegrally 2 1P o
52 which services as a piston. . The nozzle/piston 52 | STTo52
reci procati ng novenent Wy ' ' d of
nozzl e/ pi ston 52 there i?hﬁﬁ@%$gﬁg§@%gﬂgké?ﬁ%?@hﬁg?@PQ urn valve 54. A
netering champgd pessehf ifRintidRdreddted H6 BBEredl dbre iMaldrOdMDP3), aAf in its
comuni cates via a sinple non-return valve 56 with an atom sing head 57.
The cyl i nsteferfed, fornms, sigisuorprodide sefiGonathed iani SellOMINAfdy /diggepsiab|a fluid

- contained within a casing 58, which is formed with annular ribs 59, which
serve t o medieamenttas dropistsruf domeam size léss thanrabout b ¢by 1D aritrofiidtres without the

nechani s
o d]

DOSSI=L

use of pressurised gas or liquefied propellants, and methods for administering fluid
droplets of medicaments to the lungs, using such MDI's.

It is known to apply medicaments as 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 medicameﬁt to penetrate deep into the lung, for example into the alveolar sacs, it is
considered necessary that the medicament particles or droplets 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 encouniered_ 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 small amounts of the particulate solids to form a dust
cloud or atomise 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.

For self contained hand held devices, it 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 container through a mechanical
breakdown device, for example a swirl chamber and spray nozzle orificé. Whilst such a
systém enables a self contained and readily portable device to be constructed, the use of
liquefied propellants is increasingly unacceptable from environmental and other grounds. |

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 alleged effect on the ozone

layer of the atmosphere. However, despite this, it was considered that there was no
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f the product tube 51 is formed with an annular rib 61, which
| ocate the tube 51 in a second nmain body past—62—~Resi-tept—
provided for wurgent the two nmain body part§ REPLACEMENT SKEET S
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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 droplets 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 rapid evaporation of CFCs also gives the disadvantages that the user
experiencing an uncomfortable chilling effect as he inhales the spray. On the 6ther
hand, it is the very rapid evaporation of liquefied propellants which enables them to
generate the high pressures within the dispenser required to discharge material from the
dispenser.

Despite these problems with the use of CFCs, they are still considered by the
pharmaceutical industry to be the only pracﬁcable method for administering many forms
of 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 dispensérs used to spray
furniture polishes, hair lacquers and the like. In such devices a manually operated piston
and cylinder or flexing diaphragm type of pump is operated by depressing an 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
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Jhe enbodi ment of Figure 3 operates as foll ows:
the M is in an unloaded or "fired" condition
| oadi ng mechani sm such as a | ever nmechani sm

62 are noved away from one - another, to_cause t
wi thdraw rel ative to the cylinder 53 TRe depr ¢isSHTISALI-C .
55 thereby causes the |iquid product 50 to be sucked out of the tube 51,

via the n u f Clsl o
t he non- rgiturﬁe&va ve SX@lgE;ﬁvoefs@lfoépHyegg %@?Qfeéag% ﬁ%&?%t&ﬁgﬁ frsrber 55

fromthe ligle@ohsdrido AxeS@eR! v 57. At the end of the |oading stroke,
the latching nmeans operates to hold the main body parts 60, 62 apart at-
pr edet er m nedln 6xdet ifviesuphsddvice®to beuitailelfenasenin disgensiapehimedicamants it iy t he
actuating neans, the nozzle/piston 52 is suddenly urged under the action of
t he r esi hécessarpicasontmeh bethi the draphet sizg| notdely vdRre the sppayl is te penktratpinds ther e t o
the |iquid product

a lungs of the user as stated above, and the amount of medlcament 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 87/04373. However, where the
-user does not for any reason operate the pump mechanism for its full stroke, the amount
of fluid dispensed can vary significantly from the desired dosage.

Furthermoré, it has not 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 fluid 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 Patent 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
Patent Nos 3,471,065, 3,790,034, 3,797,748, 4,260,082, 4,183,449 and 4,354,718.
The spring then provides a consistent driving force when released to drive the fluid out

of the pump. In these proposals, the pump is designed so that fluid cannot escape from



30 in’the chamber 55, in a manner generally simlar to that in the
enbodi ments of Figures 1 and 2. The pressurised |iquid _prody ==
ej ected under pressure into the atom sing assenbl é%%h!\agﬂﬁt\i!ﬂgﬁm-
valve 56, and is then atonmised into a fine spray |py the atonising agsenbly
57. The MDI is then rel oaded by tHe |oading 4 l@,‘ﬂ. NED.. epart
again the two main body parts 60, 62 against the jLgLce dj
bi as mean ; vral ] of .
Fi guro. 3 e iinder il relchodby qufdfyAR8 Fsgfeﬁ*aﬁezﬂ ?fogi}ék &.‘s_ﬁjﬂ% $gn
Figures 1 p UiRMeE | i e S Is \ -
pa?t I cul a?f%gﬁl(l:%lr)lveni e\rﬁ% r%raér?ﬁgrg ?ér?htﬁ%}ypr od%%n?ﬁrteugg gl %\,hi X\ﬁ{eﬁ %hog‘g'[l?]%rlsaw th
the nozzl eperatetipthePid ildiséiardud fromithe puriphaddtahe hGion oF tu@kpi%gf?‘mtﬁau%lﬁe
exchanged as a conplete throwaway unit. It will be appreciated that e
product t thie aclti¢vearal greater ivmifogmity ofcthe IpeesSite aat dwlrictn thiee fluidnis Vdischarded, Ry
readily be panufactured in a

fluid may be held under pressure within the pump before the outlet valve is operated.

_ This can result 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
cylinder. 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 Patent No 4,892,232, the fluid is
held under pressure in a main container and a pre-determined quantity 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
connected to the reminder 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 due to variations in the speed and force used by
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GB Patent Application No. 2,209,564 describes a device for dispensing metered
quantities of pressurised fluid medicament as an atomised spray, particularly for the nasal
administration of insulin. The fluid medicament is held under pressure in a container by
a propellant, the propellant and the fluid medicament being separated by a movable wall.
Operation of a metering valve on the c(‘mtainer permits a metered amount of the pre-

pressurised fluid medicament to pass to a nozzle.

-----

GB Patent No. 1,239,855 describes the "injection" of liquid from a chamber of '

predetermined volume into a gas line via a spring-loaded non-return disc value.

US Patent No. 4,391,621 describes a high pressure (at least 100 bar) reciprocating
pump and nozzle for intermittently spraying a coating of liquid lubricant onto a machine
part, such as shears, which comes into contact with glass in glass-forming apparatus.
The pump is operated by a solenoid which is activated by discharge of ai capacitor.

We have devised an MDI for supplying medicament fluids to the lungs, which
reduces the above problems and does not use a liquefied propellant or gas stream to
discharge the fluid. The MDI can be a simple self-contained readily portable device.

- In a preferred embodiment of the MDI 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 atomising 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.

According to the present invention, there is provided a metered dose inhaler for

dispensing a metered amount of a fluid as a spray having droplets of a size suitable for
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means for applying a predetermined amount of energy to said energy storage
means;

means for releasing said predetermined amount of energy from said energy storage
means to said chamber so as to subject the fluid therein to a predetermined increase in
pressure to a higher pressure and to initiate discharge of the fluid from said chamber;
and

atomising means for receiving the metered amount of pressurised fluid from said
chamber as a single discharge from said chamber, and for atomising the metered amount
of pressurised fluid.

In a preferred embodiment, the metering chamber is provided with an inlet
connection to supply liquid to said chamber; and an outlet connection to receive
pressurised liquid from said chamber, and the atomising means is provided at or adjacent
said outlet.

The MDI of the invention may further comprise one or more control means for
controlling fluid flow befween said metering chamber, said inlet and said outlet.

Preferably, the metering chamber comprises a cylinder within which a piston is
slideably journalled.

_ Preferably, the energy storage means is adapted to be actuator by a user of the
MDI, preferably to store energy imparted thereto by the user during operation of the
MDI, and has a releasing or actuator means for releasing the predetermined amount of
energy from the energy storage means in the form of one or more pressure pulses.

The MDI 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 for releasing the retaining
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mechanism, at least part of the bore of the cylinder acting as the metering chamber

adapted to receive a predetermined quantity of fluid from a reservoir, preferably
corresponding to the swept volume of the metering chamber, upon actuation of the pump
on its suction stroke. The piston acts as an interface means to transmit the energy
pulse(s) to the fluid in the chamber. It is also preferred that the operation of the pump
be interlinked with the retaining of the énergy storage means in the loaded state so that
the user is required to operate the pump to its full or a predetermined 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 discharée the fluid in the metering chamber
of the pump through the atonﬁsing 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, solenoids or a flexible
or deformable membrane or diaphragm. In some of such energy storage means, for
example a gas bulb or a motor or solenoid, the energy may be already stored in the
means, 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 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
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The MDI of the invention is preferably in the form of a unit containing the
operating mechanism of the device, i.e. the atomising means, the energy storage means
and the fluid metering chamber; 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 removably connected to the inlet to the metering 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 MDI of the invention is a screw, push or other fit. Part of the :
container can be used to provide part of the operative mechanism of the MDI of the
invention. For example, the outlet tube of the container can be used to provide the
piston of the piston-in-cylinder pump.

In order to achieve the high pressures required to form very fine droplets, for
example less than 10 micrometres mean diameter, it will usually be necessary to provide
some form of mechanical advantage in the energy loading mechanism and/or in the
discharge mechanism of the pump. _

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 achiéve an hydraulic
pressure advantage at the inlet to the atomising means. Typically, the lever -mechanism
will be associated with 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. If desired, the spray outlet can incorporate a shroud or mouthpiece to aid

directionality of the spray.
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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 operation of the device
- to discharge the fluid.

As indicated above, the MDI of the invention is used 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 di.ameter less than about 12 micrometres. For convenience, the
invention will be descriibed 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 droplets size is desirably less than 10 micrometres, typically 2 to
6 micrometres. Such small droplets sizes can be achieved by atomising the fluid using a
wide range of atomising devicés, for example ultra sonic blades, impingement of two jets
of fluid or impaction of a jet or spray onto a baffle or the like. However, we prefer to
form the spray by passing the fluid at high pressure through a small nozzle orifice,
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 other metering 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 MDI of the invention with pressures of from 50 to 400 bar, preferably 100 to



For exanple, the filter 84 may be nmade of stainless
mesh size in the range 1 to 10 mcronetres - prefer
Figure 6 shows one exanple of an atom sing orifice
91 which nay be positioned, for exanple, dov
nozzle 86 in the assenbly of Figure 5,1%s shown by chain- dot
Fi gure.

pl ate

11 ust 1 at ggy | 'er apd Yith Qozdl

) USt et st bl T BB Bl oF rfi#i??ﬂ@?r'@?°rﬁgt9#§§%§b dio's

i nvardly hﬁ&%ﬁieﬁ‘és.t i QRbired2 tBL MBI of the invention can incorporate 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 pressures quoted herein are the absolute
pressures achieved in the metering 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 MDI of the invention further comprises a member which is moveable with
respect to said body to initiate operation of said atomising 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 an outlet nozzle containing
the orifice, which is of benefit when applying a medicament through the mouth or nose.
It is also preferred that the MDI is provided with a shroud or mouipim surrounding
the atomising means 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 MDI of the invention preferably incorporates one or more valve means or
other control means for regulating the flow into and out of the pump cylinder or other
metering chamber. Thus, it will usually be necessary to provide a non-return valve on
the inlet and outlet to the cylinder so that fluid flows into the cylinder 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 pump cylinder. In order to reduce the risk of
premature escape of fluid from the MDI, 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 metéring chamber.

Alternatively, the flow to and from the metering chamber can be controlled by a
rotary or other valve mechanism which is interlinked with the operation of a trigger or a
lever mechanism which are respectively used to operate the device and to load the energy

storage means. Thus, a lever and trigger mechanism can be pivotally mounted on a shaft
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91 - for eoarplontlebgpened 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 reduce the risk of blockage of the
fine nozzle orifice by particulate material in aqueous or other solutions of medicaments
to be applied to the lungs. Thus, a fine mesh filter, a ceramic or fritted disc or the like
can be incorporated into a nozzle chamber or in the outlet to the metering chamber.
Typically, the filter will have an effective aperture or mesh size which is about half the
nozzie orifice diameter.

" The preferred MDI's of the invention are operated by charging the metering
chamber with the required quantity of fluid; loading the energy storage means with the
required amount of energy (where this has not already been done as when a bulb of
pressurised gas is used to drive a piston of a pump); and then releasing the energy to
apply one or more press;lre pulses to the fluid in the metering chamber so as to eject it
through the atomising méans to form the desired spray of fluid.

Other preferred features of the invention are set out in the dependent claims.

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

Figure 1 is a sectional view of a Metered Dose Inhaler (MDI) according to the
invention, with the fluid to be dispensed carried in a collapsible bag removably mounted
in the MDI; Figure 2 is a view similar to Figure 1, 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 contained in a collapsible tube
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Illustrated herein have proved to be surprisingly effectlve readlly
alternative atomising means; and Figure 8 illustrates, diagrammatically, another

alternative atomising means. In the Figures, like reference numerals denote like or
corresponding parts.

The MDI shown in Figure 1 comprise a body in which there is defined a cylinder 2 .
of a circular cross-section, in which a piston 3 is mounted for reciprocating movement.
The cylinder 2 communicates with a metering chamber 4 of reduced cross-section. The
piston 3 has a reduced diameter portion 5 which sealingly engages within the metering
chamber 4, by means of a plastics (e.g. PTFE or Nylon) sealing cap or ring provided on
the piston portion 5. The seal may be fonﬁed integrally with the reduced diameter
portion 5 of the piston - for exanhple, asa cap,i rib or bead.

A 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 adjacent 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 mechanism such as a 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 providéd 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 or trigger button 35 is provided, for releasing the latching means 33.

Also defined within the body 1 is a cavity 15 in which there is located a collapsible
bag 10 containing 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 collapsible Bag 10. By
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chamber 4 to an atomising head 22, via a non-return valve 23 and a pressure release
value 25.

Optionally, the body 1 is provided with a mouthpiece 40, which affords an
atomisation chamber around the atomising head 22.

‘In use of the MDI of Figure 1, when the piston 3 is in the loaded position as
illustrated in Figure 1, the metering chamber 4 is full of liquid which has been supplied
from the bag 10, via the passage 11 and non-return valve 13. The compression spring
10, as mentioned above, is already pre-loaded when fitted in the cylinder 2. The loading
of the spring is increased further by withdrawing the rod 31 and thereby the piston 3 to
the loaded position that is illustrated 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 chamber 4.

- The pressure of the liquid in the chamber 4 therefore quickly builds up to exceed
the limit value of the pressure release valve 25, and the liquid 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 atomisation chamber within which the
fine spray is enclosed, and facilitates the inhalation of the spray.

To reload the MDI, the rod 31 is pulled back by means 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
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there is little or no risk of loss of liquid 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 required dose of liquid 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 liquid
in chamber 4 under amt;ient 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 metered
dose of liquid product is pressurised and atomised in a highly accurate and repeatable
manner. When the rod 31 and piston 3 are withdrawn to their loaded position, an exact
metered quantity of liquid 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 liquid, and thereby increase its pressure by a predetermined amount.
Thus, as the pressurised liquid is then ejected through the atomising head 22 of
predetermined atomising characteristics, the liquid is atomised to a fine spray of
predetermined mean particle size without the use of liquefied propellant or other gases.

In order to atomise the liquid to a very fine spray - for example, having a mean
particle size in the range 1 to 12 micrometfes - a very high pressure has to be applied to
the liquid in the chamber 4. By way of example, the capacity of the 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
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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 helps to force the contents of the collapsible bag 10 into the chamber 4, without
the need to create sub-atmospheric pressures in the chamber 4. This can help to avoid
the formation of gas bubbles in liquid sucked into the chamber 4.

The pressure release valve 25 is optional; it may be omitted if desired. The
pressure release valve 25 and non-return valve 23 may also 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 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 opened, 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 MDI would be pre-loaded and may be fired
straight away, upon opening the cover. In another variation, opening of a cover of the
MDI may automatically load the piston 3 against the force of the spring 6, latch the
latching means 33, and then automatically release the latching means 33 at the end of the
action of the opening of the cover so that the latching is only transient.

The MDI of 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 liquefied
gas propellent under pressure it can readily be made of small dimensions. Despite this,
the product container, in the form of the collapsible bag 10, can contain much more

medicament than conventional MDIs. For example, whereas conventional MDIs might
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atmosphere and the operation of the MDI of the invention is by way of atomization of
the liquids in chamber 4 without the use of an air blast, i.e. the device of the invention
operates as an airless spray;er.

When the bag 10 is empty, it may simply be removed from the cavity 15 and
replaced with a fresh bag. Preferably, the bag 10 includes a seal to prevent the escape of
product from the bag 10, unless the bag 10 is 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
catas;trophic failure of the apparatus) to stop the discharge of the contents of the 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 energy applied
by the spring 6 to the metered quantity of liquid in the pressure chamber 4 is absolutely

predetermined, so that the increase in pressure to which the metered quantity of liquid is

' sﬁbjected 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 1 is that thé metered quantity of liquid in the
chamber 4 is subjected to an increase 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 nb seals or other means are required to copstrain highly
pressurised liquid prior to the atomization stroke. The increase in pressure applied by
spring 6 and piston 3 to the metered quantity of liquid in the 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.
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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
deficient to direct the spray accurately. Again, this objective is to be realised in all other
illustrated embodiments of the invention described below.

| The MDI 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 liquid product 17 is stored under pressure, which is
created by a reservoir of gas 18 stored behind the liquid 17. As the piston 3 is pulled
back to a loaded position, liquid product 17 is forced into the chamber 4 via the inlet
passage 11 and non-return valve 13, under the pressure of the gas 18. As the liquid
product 17 is used, the gas 18 expands into the tube 16, pushing the liquid product 17
ahead and losing some pressure. The initial pressure of the gas 18 should be sufficient to
maintain a pressure 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 wp. 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.

In the embodiments of Figures 1 and 2, the spray action is initiated by actuating
the button 35. In an alternative arrangement, the latching mechanism 33 may be
released automatically in response to a user inhaling adjacent the atomising head 22. For
example, a mouthpiece such as 40 may be connected to a vane that is caused to move by

pressure difference across it when a user inhales, and thereby release the latching
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In the embodiments of Figures 1 and 2, the stroke of the piston 3 is fixed. If
desired, means may bé provided for varying the stroke of the piston. Preferably, such
means is calibrated, so that a user may optionally adjust the MDI 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 rebeatable manner, just as if the stroke of the piston were fixed.

It will be appreciated that the devices of Figures 1 and 2 have been described above
in terms of an MDI in which the cylinder of the pump mechanism is static and the piston
moves axially therein. However, it is possible 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 contamed within a
collap'sible tube 51 which is formed integrally with an extended nozzle 52 which services
as a piston. The nozzle/piston 52 is located for reciprocating movement within a
cylinder 53. At the end of the nozzle/piston 52 there is incorporated a simple non-return
valve 54. A metering chamber 55 is defined at the 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 means is provided for
urgent 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
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such as a lever 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 cylinder 53. The
depressurisation in the chamber 55 thereby causes the liquid product 50 to be sucked out
of the tube 51, via the non-return valve 54, to fill the chamber 55. During this action,
the non-return valve 56 serves to prevent air from entering the chamber 55 from 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 52 is sﬁddenly urged under the action of the
resilient bias means into the cylinder 53, to appl;iz sudden pressure to the liquid product
50 in the chamber 55, in a manner generally similar to that in the embodiments of
Figures 1 and 2. The pressurised liquid product is then ejected under pressure into the
atomising assembly 57, via the non-return valve 56, and is then atomised into a fine
spray by the atomising assembly 57.

The MDI is theﬁ reloaded by the loading mechanism to move apart again 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 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 be appreciated that the product tube
51 and its integral 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 liquid product 50, except when the MDI is properly actuated. Features
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respect to the fixed part. Alternatively, both parts 60, 62 may be moveable with respect
to a main body of MDI.

In the embodiment of Figure 4, liquid 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 liquid 78 communicates with a pressure pulse
generator (not shown) via a passage 79.

The embodiment of Figure 4 operates as follows: when a flexible tube 75 is in its
"full" position, it is full of liquid 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 liquid product within the tube 75 is
expelled out of the non-return valve 76 to the atomising head (not sh'ovs}n) under high
pressure, such that the atomising head atomises the liquid product into a fine spray,
generally as in the preceding embodiment. |

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 space within the flexible tube 75. The flexible

tube 75 may return to its "full" position under its own natural resilience. Alternatively
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means, provided that it includes an epergy storage means for retaining and applying a
predetermined amount of energy. 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 under 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 cylinder
arrangement, together with latching and actuation means, of a type generally similar to
that illustrated in Figures 1 apd 2. |

Typically, the pressure pulses may be of substantially square wave form.
However, if desired, the p;'essure 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 repeatable. This 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 Imay 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 example, downstream of the atomising nozzle 86 in the

assembly of Figure 5, as shown by chain-dot lines in that Figure.
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As illustrated 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 about 1 mm, and a tapering inlet passage has a length of about 1 mm,
tapering at an angle of 20° from an initial entry orifice size of 70 micrometres. We have
found that, surprisingly, using a final atomising orifice of about 6 micrometres, together
with a high pressure applied to the liquid to be 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 about 6 micrometres, as
illustrated in Figure 6, together with a liquid pressure of about 300 bars, has produced a
uniform spray of mean particle size of about 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 pieréing the plate 91 - for example, by
means of a tungsten carbide needle (e.g. similar to those used in forming spinnerets in
the textile industry) or by any other suitable method.

Although it is preferred to use a small bbre nozzle orifice to achieve atomization of
the fluid, particularly with means for causing a significant secondary flow in the fluid
transverse to the main flow at the nozzle orifice, 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 as a metal
ball 106, which then causes the liquid to atomise. Another alternative arrangement is
shown in Figure 8, where two liquid jets 110 at high velocity and pressure are caused to
meet, such that the liquid 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 than 30

micrometres and typically of the order of 3-10 micrometres. Mean particle sizes in the
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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 aqueous 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 and 1ts effect and, of course, as described, no additional
propellant agent is required.

My 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 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 by nebulization in hospitals, because a portable
delivery method has not previously been available. Hospital neubilzers typically
comprise gas blast devices in which small quantities of liquid product ate 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 pdcket—
sized device, or the like). Embodiments of the present invention may readily apply such
drugs and are 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.
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may be used quite satisfactorily in any orientation. In contrast to this, existing sprayers,
both the propellant type (eg CFC) and pump action type will work only in one (usually
upright) orientation. It will be appreciated that patients cannot always be relied upon to
be in an upright position.

As suggested above in the foregoing description, embodiments of the present
invention may include ﬁroduct containers or reservoirs which are at 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 MDIs of which we are aware, which use resilient sealing
members which may possibly degrade in contact with products to be dispensed, and/or in
which compounds extractable from the élastomer (e.g. 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 pressure 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 possible and desirable to manufacture the embodiments of Figures 1
_and 2 entirely from stainless steel and approved blastics materials (e.g. 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 (e.g. PTFE).  Alternatively or additionally, the
connectors such as 12 may include parts which screwthreadly engage, and at least one of

which is of any approved plastic.
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flexible tube 75 is of an approved plastics (e.g. 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
chamber 4. Alternative means may be employed to produce such pressure pulses. For
example, gas springs, electric motors, solenoids or other means may be employed,
provided that they include energy storage means for retaining and releasing a
predetermined amount of energy. __ |

Although the above described embodiments of the invention utlize a liquid product
which may typically comprise an aqueous 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 liquid 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
repellent 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 punctured 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
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1. A metered dose inhaler for dispensing a metered amount of a fluid as a spray
having droplets of a size suitable for inhalation into the lungs, by discharging the
metered amount of fluid under pressure through an atomising means, wherein the
metered dose inhaler comprises:

a chamber for containing the metered amount of the fluid;

an energy storage means;

means for applying a predetermined amount of energy to said energy storage
means;

means for releasing said predetermined amount of energy from said energy storage
means to said chamber so as to subject the fluid therein to a predetermined increase in
pressure from a lower pressure to a higher pressure and to initiate discharge of the fluid
from said chamber; and

atomising means for receiving the metered amount of pressuraised fluid from said
chamber as a single discharge from said chamber, and for atomising the metered amount
of pressurised fluid.
2. A metered dose inhaler as claimed in claim 1, wherein the higher pressure is 50 bar
or more.
3. A metered dose inhaler as claimed in claim 2, wherein the higher pressure is in the
range of 100 to 400 bar.
4. A metered dose inhaler as claimed in claim 1, 2 or 3, wherein the atomising means
comprises an outlet aperture having an hydraulic diameter which is 100 micrometres or
less.
5. A metered dose inhaler as claimed in claim 4, wherein the outlet aperfure has an
hydraulic diameter in the range 1 to 20 micrometres.
6. A metered dose inhaler as claimed in claim 5, wherein the outlet aperture has an

hydraulic diameter in the range 1 to 12 micrometres.
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8. A metered dose inhaler as claimed in any preceding claim, wherein a means is
provided to retain said energy storage means in a state retaining said predetermined
amount of energy, and actuation means is provided for releasing said predetermined
amount of energy from said energy storage means.

9. A metered dose inhaler as claimed in any preceding claim, wherein said energy
storage means operates a piston arranged to act on the chamber to pressurise the metered
amount of fluid.

10. A metered dose inhaler as claimed in claim 9, wherein said energy storage means
is provided by a spring loaded pump mechanism and said chamber is provided as the
cylinder space in the pump mechanism beyond the pump piston. |

11. A metered dose inhaler as claimed in claim 10, wherein the pump mechanism is
provided with a mechanism whereby the pump can be held in the cocked state prior to
release of the energy from the spring. ‘

12. A metered dose inhaler as claimed in any one of claims 9 to 11, wherein the piston
is hollow and provides a channel for fluid to enter the chamber.

13. A metered dose inhaler as claimed in claim 12, wherein the channel is provided
with a non-return inlet valve means for the chamber.

14. A metered dose inhaler as claimed in claim 12 or 13, wherein the piston extends
from a fluid reservoir.

15. A metered dose inhaler as claimed in any one of claims 1 to 13, including a fluid
reservoir from which said chamber can be charged with fluid.

16. A metered dose inhaler as claimed in claim 14 or 15, wherein the reservoir is

replaceable.
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17. A meter dose inhaler as claimed in claim 14, 15 or 16, wherein the reservoir is
collapsible.-

18. A metered dose inhaler as claimed in any preceding claim, wherein said chamber is
a variable volume chamber with non-return inlet valve means and non-return outlet valve
means to permit repeated charge of fluid into said chamber and discharge of fluid from
said chamber.

19. A metered dose inhaler as claimed in any preceding claim, wherein said atomising
means comprises an outlet aperture arranged to form a jet of the fluid and an
impingement body which is located in the line of trajectory of the jet of fluid and which
is arranged to cause break up of the jet of fluid into a spray of droplets.

20. A metered dose inhaler as claimed in any one of claims 1 to 18, wherein said
atomising means forms a spray of droplets by providing jets of the fluid which impinge
upon one another.

21. A method of discharging a metered amount of fluid-as a spray of droplets in which
there is employed a metered dose inhaler as claimed in any preceding claims.

22. A method as claimed in claim 21, wherein the droplets have a mean size in the

range 1 to 12 micrometres.
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ATOMISING DEVICES AND METHODS
ABSTRACT

A metered dose inhaler compriseg a piston (3) which is mbﬁnted in a cavity (2) within a
body (1), and is urged by a pre-loaded spring (6) into a reduced cross-section pressure
chamber (4). The piston (3) may be loaded by means of an actuating rod (31) having a handle
(32), and may be latched in a loaded position by a latching means (33). A liquid drug (e.g. in
aqueous solution) is contéined in a collapsible bag (10). Metered quantities of the drug are
successively presented in the pressure chamber (4), and then subjected to a sudden and great
increase in pressure, to eject the liquid drug through an atomising head (22), to reduce it to a
fine atomised spray of small mean particle size - for example, less than 30 micrometres. Non-
return valves (13 and 23) control the flow of liquid through the device. The sudden pressure
pulse is caused by releasing the spring loaded piston (3), upon depressing an actuating button

(35) connected to the latching means (33).

Fig. 1.



