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This invention relfates (v an inhulation devicc'incorporating navel mcans
for regulating the raie_ of patient ixﬁpi_raikm.
- Known inhalation devices suitable for _thc administration to tﬁc hing of

any inhalation medicament include devices which administer the medicament in

Tiquid form, in dry powder form or as a suspension of the solid medicament in a

liquified propeRant.

Devices of the Iﬁrs! mentioned type include nebulisér devices wherein a
fine respirable mist is formed by action of a compressed gas on a sample, by
vibration of a picznelectric crystal or by other ultrasanic means; also, devices of
the type 8escribcd in e.g. ln!émaﬁdnal Patent Application WO 91/14468, where
the Uquid is sprayed through a small apcnure. |

Devices of the second mcnﬂnned type which may pmvzde thc medicament

in unit dose or multidose form include the welt known SPINHALER (Regisiered

Trademark), which is described in UK Patent 1122284, the TURBUHALER
(Regisicred 'Tradcmark)‘ which is descrihed in United States Patcat 4,524,769, and
the device described in European Patent Application 407028,

Devices of the third mentioned type, which generafly covitain a pressurised

reservolr of liguified propellunt containing u suspension of the solid medicament

and a melering valve for dispensing a suitable dose, are alsa very well known in’
the art and {5 not necessary to deseribe any particnlar type hesc. _—
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~ which overcumes or significantly mitigates these dilticulties.

2.

However, it is a genersl problent with the above devices that the

| effigiency of admlnistfa!mu of an sccurate dose of medlcnment to the lung is
severely Impanred in the absénce of any control of the nnw of air thmugh the .

device. In gencral. excessive inhalation velocity causcs a significant proportion of

the dese to impinge on the back of the throat, with a resultant short dose reaclung
the target asea in the lungs. This is knawn tobsa particular problem of devices
u( the diy puwder wype which arc galinng pupuzunty Uue ¥o thelr environmentidly
friendly attributes, | |

" One way of alleviating this problew in a dry powder device is described in
US patent 5,161,524 tGlaxo) \?hcrein the inhalation devicc; Is provided with a
secondary air conduit #s wel as the primary air conduit which provides the path

for the inhalation medicament (o the fung. If the air flow veiucily become oo

: gre.al thmugh the pritnary mr condiit, then the secondazy air conduit upcns

further thus decreasing the air velnmty In the primary air conduit,

Howcver, this arrangement suffers from the disadvantage that whilst the
velacity of air in the primary conduit may be reduced, a large volume uf non- drug-
containing air is drawn in through iha secondary air .c.ondail. with the result that
the breath of air lieccssaty to' secure a propet dose can become very long and
drawn out. Furthermore, the arraugemen( may not be suitable for all the types of

Inhalation device described above,

3

Wc have now inventicd an inhalation device willt breath rate control

This Sheet Has Been Repl

I I

10224965110

RAVID YALLOd iV T022SS6STTOR 90:21 86, 20/0¢



Sooh

-3-

'i‘hus. aceording to & first aspect of the invention we provide a device for
the administration of an inhalation medicament, including & body defining a
through-going air pathway having a longitudinal axls, an air inlet, an alr cudet
fo;ming  mouthpiece, means for dispensing medicament int.b_the pathway aod air

flow regulating means, characterised in that the air fluw regulating means includes

‘movablc obstructing means ndapted 1o reduce the cross-sectional area of the

pathway at a location between the air infet and the means for dispensing

. medicament, and bisssing means, whereby the obstucting means it biassed into a

first resting position in which the cross-sectional arca of the pathway is maxiuum
and is adapted to move aguinst the bias of the binssing means to a second position

in which the cross-scctional usca of the pathway is less than muximum in response

to a pressure fall at the mouthpiece taused by inhalation.

By "ohstructing means” we mean any clement swade of a material which is

wholly or partially impervious to air sad which is suitable for restricting the flow
of air through the pathway. The obstructing means may be manufuctured (rom a
mietal, plastic, rubber or other Suitl;!t\[}' dense material aﬁd may be of cutirely snlid
contruction, or it ‘may be muade partiatly permeable to air by the provision of .

channc!;..

By "biassing means” we meat any mcam for providing a restraiat 10
movemetit against the bias on the applucauon of pressure or suction which also
provides a restoring force in the oppusite xhrcc_mn on the release of pressure.or

suction. Suitable biassing means include springs, where the spring may be |
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4.
compressed or stretched, for example, coil, torsion or leaf springs; elastomeric

materials which src reveribly deformable; and resitient curved mntcrials

{including thuse made of metal, rubber or plastic) where the curve may be

- reversibly struightened.

The pressure fail at the mouthpiece may desivably be amplificd by
providing an air inlet which is constricted. Thus, we prefer that the cross-
sectional arca of the air inlet is [ess than the maximum cross sectionel area of the

puthway, We particulacly prefer that the air inlet comprises ong o more

: apei‘uues that have u total cross-sectional area of less than fS%, éspeciully 10%,

more especially 5% of the maximum cross-sectional area of the palhway.

- Without prejudice to the gene rahty of the conccpt the following
combinutions of imcgers are preferred:
(4} the obstructing means compriscs ont Or more partitions adapted to slide
across thic pathway along an axis- perpendicular to the hnﬁt\ndimnl axdg of the
pathway thereby v;:bstrucﬁng the pathway, We prefer in this casc that the biassing
means comprises a spring; or |

(b) the nbstructing means comprises an annular scgmest of membrane which

cannects two porﬁ“nns of the body. We particularly prefer that the.‘obstx.'uc(ing

means compriscs & segment of meubrane made of elustomeric materinl and the
biassing means comprises the resistance of the elastomeric materiul to stretching
in a direction perpendicular to thie longitudinal axis of the pathway or that that the

obstructing means comprises an anoular segment of meaibrane made of inclastic
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material and the binssing means provides a bias againsf movement of the two
portions of the body {owurds each other along the longitudinal axis of the

pathway, In this fattcr case, we prefer that the biassing means comprises a spring:

Ol'_

() - the obstructing means comprises a rigid grille or j)crtura(ed sheet farvaed

in a plunc pcrpchdicular tu the longitudinal axis f the pathway on the air inlct
side of which rests a flap which in its resting positon is deflected towards the air
inlet and in its ¢econd pos%tinu is urged againsi the grille or perfnratéd sheet. We
pasticularly prefer that the flap it rigid and is hinged about an axis pcrpcndicular .

to the [ongitudinal axis of the pathway and the binssing micans comprises a spring

4t the hinge of the flap; or that thc flap is made of a rcs:hent clastomeric material

and the biassing means consists of curvature {nicoduced into the flap, said

. curvature being directed towards the air inlet; or

(d) the blnﬁtructlng und bilassing means together comprise two or more
caopetating flaps made of resiiient elastomeric material which in the first pasition
aré deflected towards the air inlet zad which it the second pasition are urged

together thus reducing the cross-sectional area of the pathway.

~ The air flow segulating means described above are adapted to regulate
the maximum velocity of airflow Uisuugh ﬁlic devicel However, it is frequently
desirable ta provide meuus not only for rcgulnﬂng the muximum velacity of air

flow but also to regufate minimum air flow as well.
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Tﬁus, nccording to a second aspect of the Imenfinh. thcfc is provided a
device for the administration of an inhalation medicament, according to the
invention, wherein the alr flow regulating mcé;m further fncludes gecond movable
obstructing means adapted to seduce the cruss-scctional atea of the patﬁway ata
location bctwuén the air Inlet and the meuns for dispensing medicament, and
sccond biassing means, whereby the second obstructing me#ns is biassed into a
first resting position in which the cross-sectional area of the pathw.ay is minimuro
and is adapted to m;we against the bias of the blassing means w a second position
in which the cross;&octiohal _arezi of the pathway is more than minimum iu

response o a pressure fall at the mouthpiece caused by inhalation,

We prefer that the second maovable abstructing means ls adapted 0 -
reduce the cross-sectional area of the pathway at a location between the first

obstructing atcans and the means for dispeﬁsitig mcdicament,

We brefer that the second hinéing meaus coimprises a spring biassed
along the Iong;t\idiﬁal axis of the device and the secand obstructing mcans
comprises 4 sh_uttcr mousted oq the spring. |

We prefer that the first oﬁsu-uming means and biassing means. comprise

the elements described above as (a) to (d). We partienlarly prefer that the flrst

| obstructing means has the construction deseribed in (¢) abuve.

We peefer that the crass-sectional uree of the pathway when the second

abstructing mcans is in the first position is substantially zero.
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As an alternutive and preferred construction, which has the beaefit of an
coouomy of space, the (irst and second obstructing meuns may be combined into a

single element which may move between 3 positions,

Thus, according tu a thi.rd aspect of the invention, we provide a dcvice' for
the administration of an inhalation medicameat, including a body defining a
through-going alr pathway having a Itmgitudinai axis, an air iniet, An air outlet
forming a mouthpiece, means for dispensing medicz;lllcnt. into the péthway and air

flow regulating means, charactesised in that the aic flow regulating meuns includes

JO & muvable obstructing means adapted ta reduce the cross-sectional area of the

pathway at « location between the air inlet and the means for dispensiog
medicament, and biassing means, whereby the ubstructing means is biassed into a

first resting position in which the cruss-sections! area of the pathway is minimum

“and is adapled to move against the bias of the biassing means to & secead position

int which the cross-sectional area of the pathway {5 maximum in response o g
pressare fall at the mumhpiecc caused by inhajation ard is adapted ta muve
[d:l_her w0 ,‘a t'hfrd position :in which the cruss-sectional area of the pathway is lexs
than maximui in respouse 1o a greater pressure fall at ic mouihpicee caused by

inhatation.

The [ollawing coubination of integers dre prefesced:
(A)  the obstructing means is provided with an outer groave which is retained
in the housing by means of a fiange within the bousing around whiclt it Gits loosely;

ot -
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(B)  the obstructing means is provided with an outer Nange and which is

retained in the housing by means of a groove within the housing within which jt
fits loosely; or |

(C)  the obsiructing means compriscs & V-shuped vane, biassed at a hinge

. formed ut the apex of the V, which rotates about an exis perpendicular to that of

the pathway; or _ |

(D)  the pathway is divided by a- partitlon provided with a first aperture and
the obstructing means comprises a sl.\u{ter provided with a second apeﬁur¢
slidably cngageé wfth the paxtition, which shutter is made: to sllde aguinst the

puriition against the bias of the biassing means by a ptston ln guseaus

communication with the mouthplece.

In the case of (A) to (D) above, we prefor that the biassing mcans

comprises a 4pring.

In the case of (C) above, we prefer that the biassing means compriscs a

spring ut the hinge.

The fuﬂowiné combination of integers is' also preferred:
(B}  the birssing means and ohstwcting means together comprise a perforated
diaphragm made of r;-ﬂilitﬁt elastomeric material formed in a plane perpendicular
ﬁ: the longitudinal axis of the pathway, We particularly prefer ihai the diuphragm
{s provided with one or more profrusions on its upper and lower surfuces aud is -

located Uetween two partitions formed in a plane perpendicular Lo the longitudinal
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axls of the pathway, the pnrtitiun§ being provided with apertures with which some
or' all of said protrusions cooperate to restriot or prevent the passage of ait
.thx"ough the apertures. We prefer the protrusion(s) to be of conical shupe or to
_be of & shape consisting of a cone mounted on a cylindes. We prefer the
L] @pertutc(s) with whicly the protrusion(s) cooperate to be circular,  We prefer that
the upper and Jower surfaces of the diaphragm are each provided with a single

prolrusion.

In the cuse of (A), (B) and (E) above, we prefer that the obstructing
10 means is of substantially circular section along an axis perpendicular to the
longitudinal axis of the pathway. In e case of (C) aud (D) above, we pfefer that
the ohriructing means is of cubstantinlly square or rcctangult_ar scction afong an

axis porpendicular to the longitudinal axis of the pathway.

B We prefer that the crosy-scctional area. of the pathway when the

.ubstructing means is in the First position, is substantially zera.

The device body definlng e through going-pathway will be made of a
rigid material, for example plastic or metal, 2 is prefevably of substantially
20 cirwlar or square cross-section, although the shape of the secliou may at least in

pém be determined by.the nature of (he obstructing means.

The inhalation device. aconrding to the invention is particularly suitable for

desired air flows ig the range 20-250 imin, especially 30-120 Yimin, j:_articukwiy 40-
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- 80 llmm. Pressure reduction that may be creatr.d between the air intet and the

mo«.:thpwce in a device accurdmg to the invention, will typically be in the range

0.1-20 mbar.

!t will be apparem that the nir flow rcgulatmb fcans may be provided as
an mtcgral part of the housing of the ndmlatmn device or as a separately
manufactared portion uof the device which may be affixed to the :emainder of the
Inhalation device by means of a weld, a mule-female type conneétlon, a screw-
thread or a mechanical equ‘ivah:nt The affixation may be permancn, or it may
pravide for the two portions to hc aftached nnd detached as desired, for example,
to facilitate cleaning of the device, we prefer that l.hc ait flow rcgulatmg meaus is
adapted 10 be reversibly attuched to and detached fmm the remainder of the

device,

As g fouith aspect of the invention, we. provide an air flow wegulating
means as described above adapted for use ilt conjunction with a device for the

adminlstration of an lnhalation medicament.

Inhalation devices for use in nccordance with the invention include any -
device conventionally used for dispeusing powdered medicament for inbatation.

Sultable devices include single dote dry powder inhalers e.g. the SPINHALER -

- (Registered 'Ttadcri\axk)'inhalcr and the DISKHALER (Registered Trademark)
inhaler and molti-dose powder inhalers e.g. the TURBUHALER (Registered

" Trademark) inhaler aud the device described in European Patemt

I
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Application 407028. |

We prefer that the device is a device for the inhalation of a dfy powdered
medicament or 8 medicament in aqueous solution. We particularly prefer that the

S. deviccisa device for the inhalation of a dry powdered medicament.

Deyiécs for inhalutlon of a medicament acﬁoxding fo the invention are
advantageous in that they are more cﬁ'cctivc ot cfficiem, give a greatek
therapeutle henefit, are safer, are easicy or cheaper to manufaciure or assemble

10 than those of the prior art.  They are alko advantageous in that, in use, the flow
of air to the patient is mace desirably or accuratcely controlied, the patient is able
10 obtain a iargcr Qr more consiétent dose of medicament of they have ullml' muore

desirable properties than known inhalation devices.

15 Preferred embodiments of the present inventlon wiil now be deseribed, by
way of example, with reference to the ﬁécompanying drawings in whicl the
mavement of air is shown by atrows, |

- Figure 1(a), shows a longitudinal section through an Dlustrative inhalation
device similar to the SPINHALER (Registered Tindemnark) incur;;otaling ait flow

20 regulating nieam, according to the third aspect of the inveation, in .il;e-; rmﬁng
position, | |

| In subscquent figures the details of the inhalation device are omitted for
mnvctiienée. |
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Figute 1(b) shows a bx@tmdina1 section through the device of figure 1(n)
with the air flow regulating means in the second position in which the cross-

sectional arca of the ajr pathway is mu(mm.

Figure 1(c) shows a lovgitudine! section through the device of figure 1(b)

fn

with the air flow regulating means in 4 third position In which the cross-scctional
area of the pathway ig Jess than maximum. | |

Figure 1(d) shows a cross-section alm_;g line I of Figure 1(a).

Flgure 2(n) shows .a longitudinal section thraugh u device according to the
third aspect of the invention showing the air flow r'égulmiug Mm in the restiug
10 position. |

Figure 2(b) shows & longitudlnﬁl section through the device of figure 2(a)
with the air flow regulating means in a sccond position In which the cross-sectional
area of the air pathwéy s maximum, | |

Figuré 2(c) shows & lungitudinal section tluﬁugb the device of figure 2(a)

15 with the air flow }égulaﬁhg means in a third pmit#.m in which the crasg-sectional
area of the pathway is less than muzdnllim.

Figure 2(d) shaws a plan view of the device of figure 2(c) with the air-
flow tcgulaﬁng nicans iﬁ the third position taken from thé direction of arrow A
and in which the cross-section is clrcular. |

20 ~ Figure 2(¢) is similar to Figure 2(U) save that the m-sccﬁun is squure.
. Figure 3(a) shows a longitu;linnl scction through a device according to the

third aspect of e invention with the air flow reguluting means in the rosting

position.

T
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Figure 3(b) shows a longxtudma! section through the device of figure %(a)
with the air flow rcgulatmg means In a sccond position In which the cross-sectional
area of the air pathway is maximum.
Figore 3(c) shows a longitudinal section through the device of ﬁguré 3(a)
with the air flow regulating means in a third posi.t_lnn in which the ¢ross-sectional
area of the pmhvmy is less thun maximum.

Figure 4(a) shows a longitudinal section through a device according to the

- third aspect of the invention with the air fow regulating means in the resting

pusition.

Figure 4(b) shows a luugitudinal section thréugll the device of figure 4(a)
with the air flow regulating means in a second pusition in which the cross-sectional
area of the alr pathway is maximorn,

Figure 4(c) shaws a longitudinal sectivn through the device of figure 4(a)
with the air flow rcﬁulnﬁng :h;ans in a third posltion in wl:m,h the doss—sectiOIIal'
area of the pathway is less than maxii-num.‘ '

Figure 5(a) shows a longitudinal section through a device according to the ‘
third aspect of the inveation with the air flow regulating means in the rcs;ting
position. . _ |

Figure 5(b) shows u longit-udinul section through the device of figure 5(a)
with the air fgw regulating in ﬁ sccond position in which the cross-sectivnal area
of the ait pathway is maximum, |

Figure 5(c) shows a Jongitudinal section -!hrr'mgh-.(he device of figure S(a)
with the ais flow regulating means in a third position in which the cross-sectional |

arca of the pathway is lesy than maximum.

STo @
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_Fl'gure 6{a) shows a longimﬁinal section through a dc;'ice, according to the
second aspect of the invention with an air flow regulating means having first and
second ﬁbgnuciing mc:ims it the resting position.

Figure 6(b) shows la longitudinal section through the dcs)icc of figure 6(u)

8 when:in'th,c second o_bstructing means i in a second poéitimu in whick thi: CrO38-
sectional areu of the alr pathway is more than minimum.

Flgure' 6(c) shows & l'ongltudma-]‘ section through ihe device of Hgure 6(b)
wherein the first obsiructing means is in & second puéition in whiclﬁ the c_rosa-'
sectional area of the pathway s fess than maximum.

19 Figure 7(3) shaws a ldngltudinai section through a.device according o the
first aspect of the invcniiun.wlth the air flow regulating means in the resting
bnsition.

Figure 7(b) shows a Jongitudinal section through the Jevice of figure 7(a)

with the air flow regulating means in a second pasition in which the cross-sectional '

15 areaof the pathway is minimum,
Figuore 8 shows a longitudinal section through a device according to the
first asfm:t of the invention with the air low regulating means in the resting .
position. - N
Figure 9(a) shows a lungitudinal section through a device accﬁrdiug to the
20 fiest aspéct of the invention with the nir-ﬂlow. regulating means in the resting
position. |
| Figure 9(b) shows a longiludina) section thu;u'gh the device of tigwe 9(a)
with the air flow 1egulating means betwctm';he {irst and secand pasitions.
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Figure 1{a) shaws a longitudinal section through a device ac'cording 10
the first aspect of the inveation with the =i flc;w regulating means in the resting
position, . |

| Figure 10(b) shows a loogitudinal section through the device of figuce _

S 10(a) with the air flow reguimiﬁg tneans between the first and second pasitions.

Figure 11{(a) shows a Jongitudinal section through a device uccording w

- the first aspect of the invention with the air flow regulaling meuns In the resting
position. |

Figure 11(b) show§ a lungitudinal section througﬁ the device of figure

10 11(a) w;’th the air fiow regulating mciﬂs between the first and second positions.

Figure 12(a) shows a Iongiludinai section through a device ancording to
the first aspect of the invention with the air flow regulating means in the resting
position.

Figﬁre 12(b) shows a longltudinal section through the device af ﬁguré

15 12(-a) with the air ﬂuw rcguléting means between the first and second positions.

Figure 13 shows the resulls of experimental tests perforated on
embod.{mcnts'of the invention.

Referting now ta figure 1(a) iv more x;!t:tail, a dry powder inhalstion
device comprises & gencrally cylindrical bady defining a through-going pathway, |

20 ian] body wmpri#ing a ﬁmu‘th picce porlig’n 1, a closure portivn 2 and an afr-flow
regulator portion 3. Closure poriion 2 is pruvided, at its end which connects with
mouthpitce portion 1, with a pﬁripheml flange 4 within which the 'cud. of
fnoulhpiece purtion ] fits closely. .Air flow regufator portion 3 is provided, at its

end which cunaccts with closuie partion 2, with a peripheral flange 3 within which
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the end of closure portion 2 fits closcly. At its end remote from air flow regulator

| portion 3, mouthpiece portion 1 is 'tapered to form & Fustoconical mouthplece §.

Within mouthpiece portion 1 a simple beariug 7 is supported by cross members §.
A spindle @ is seated in bearing 7. Spindle 9 is provided with a cup 10 which is

capable. of closely receiving a perforated capsule 11 eontalning medicament 10 be

inhaled, which tngelhcr furm means for dispensing medicﬁment. Spindie 9 is also
prowded with rotor vanes 12 which cause spindle 9 to rotste within bcaring yi
when alr is drawn through the device, as during inhalatlon. Clasure portion z is
provided, at its end remate from the mouthpicce portion 1, with a perforated gria
B o

Air flow regulator pottion 3, huvﬁxg. an air inket aperiurc 14 in first |

parmion 15 pr(mded with a sccond partition _L_ on the mouthpiece side of the

| first partition 15 in betwocn which two pamuous is located a perfarated

dlaphragm 17. Perforated diaphragm 17 fs provided with a protcusion®18 on the °

inlct side which cooperates with and closcs air inlct aperiurc 14 In first partition -

15 in the resting position and a protrusion 19 on the outlet side which is adapted
to cooperate with and ‘close an aperture 20 in second partition 16 in response to a
pressure drop at the mouthpiece caused by inhalation. Sccond partition 16 aiso
contains further apertures 21.

Refcriing now to figure 1(b), in use, when the pressure at the mauthpicce

-{nat shown) is reduced on inhalation, the perforated diaphragm 17 is distoried and

protrusion 18 moves away from air inlet aperture 14 in Grst partidon J chos

allowing the flow of air through the pathway via perforations ip the diaphragm 17.

'\
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Referring now to figure 1(c), when the pressure at the mouthpiece is

further reduced, protrusion 19 on the air outiet side of porforated diaphragm }7 is

urged agahist aperture 20 in second partition 16 thus reducing the cross-sectional
‘area of the pathway and restricting the flow of air. |

Figure 1(d) shows u possible arrangehem of perforations in diapliragm
1. |

As variants of the embodiment shuwn in figure 1, perforated diaphragm
17 may be provided with any number of ptotruéions 18 1o its surface on the alr
inlét side which cooperate with an equal number_ of apertures 14 in first pariitidn
15, In an alternative arrangement, there may exi& an excess number of apertures
14 over the number of protrusions 18. Equally, perforated diaéhmgm 17 may be )
provided With ané or morge protrusions 19 to its surface on the outlet side which
couperate with an equal number of apertures ZQ in secbn_d pariitian 16, or the
number of apertures 20 in partition J6 may exceed the nomber of protrusions ]_9_

on perforated diaphf_ag;n 17.

In figures 2 to 12 which faliow, the detafls of construction of poitions 1
am:'i_ 2 of the inhalation device are amitted but may readily be ascertained by

re{erence to figure 1(a).

Referriag now 1o figure 2(s) the air flow regulator portion 3 of the
inlialation device, comprises an air inlet 22 and contains & hinged V-ghaped vane
22 having two portions 23 and 24 which is able to otate abt:out an axis

perpendicular to the pathway at a hinge 25 (shown In figures 2(d) and 2(e))
_— |
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agalnst the bias of spring 26. In the resting position, the crdss-secﬁioﬁnl area of
the pathway is substantially 2era. |

.Rcferting now ta figure 2(b), when tﬁg pressure at the mouthplece.(not
shM) is reduced on inhatation, vane 21 rotates about its axis against the bias of

3 spring 26, thus in¢reasing the cross-sectional aren of the bathway and aﬂowlng the .

flow of afr. At a point at which the vune has half rovated, the flow of air is
maximurm. |

- Referring now to figare 2(c), when the pressure ut the mouthpiece is
further mdu_ced, the vane 2_1 further rotates until it is unable 10 rotate any fur_thér

10 st which point the flow of air is again minimiseil. c

The two portions 23, 24 of vane Z7 may be gas impermeable, in which
casc the flow of air at rest and at minlmum pressure at the mouthpiece will be
entirely prevented, or either or both porlic;na may be perforated, in which case
some ﬂm) of air will he alloﬁcd when the flow regulatar po.nlon 3 of the

13 inhalation device is in the first or third positions,

Refercing now to figure 3(a), air flaw regulator portion 3 of the inhalation
device _compri.;cs an air inlet 22 ;;nd is pruvided with an annular Gange 28 which
retains a dise 29 having a4 central channel 30 and -an outer gruove 31 in which the
2. flange 28 fits loosely. ‘The groove §1 m disc 29 is biased againat the air 6mlet side
of flange 28 by meens of spring 32 which is supported by a protsusion 33 6:1_
- flange 28. |
Referring now to figure 3(b), when the pressure at the mouthpieee ('nht
. shown)' is reduced 6;\ inhalation, the disé 29 moves against the bias of spring 32 |
. This Sheet HasB - ' ’ l
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thus ctcgtlng 4 space between the GQange .m-and the groave 31 on the disc 29
through which air muy flow., |
Referring now to figure 3(c), when the pressure at the mouthpicce is
further reduced, the disc 29 moves furcher against the bins of spring 32 and the
space formed hel_v.vt-;cn the flange 28 and the giouve 31 on the disc 29 is cloved.

. 'Thus the cross-sectional area of the pathway is decreased to that valuc in the

resting position (figure 3(a)). -

Referring now to figure 4(n), air flow regulatar pottion 3 of the inbalation
device comprises an air inlet 22 and contalns a partition 34 provided with a first

aperture 35. Aperturc 35 is, in the resting position, closed by a shutter 36

. provided -with 4 second aperture 37, which shutter i3 slidably engaged with the

partition. Movement of the shutter }1 is controlled by a piston 38 retuined in.
pi.slt_m housing 32 which forms paﬁ af the housing of Bow regulatar portion 3 and
which is biaséd against onc or more springs 40. The piston 38 is in gascous
communicafion with the a{r oullet at the muulhpiece (noi shown) by means of a
channel 41 connecting the piston hausing 39 and a part of the air flow tegulator
ponmn 3 on the air outlet side of the shutter 36.

Referring now to ﬁgure 4(b}, when the p:'csslire #t the mouthplece (not
shown) is reduced on Inhalativn, the pi:f.t_on s ufqu against the bias of
spring(s) 40, and the shutter 3¢ moves bringing second aperture 37 __intd
communication with first aperture 3S. |

Referring now o figure 4(c), as the pressure al the mouthpiece is further

| reduced, the piston 38 is urged further sgeinst the bias of speing(s) 40 and the

-
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aperture 37 in shutter 3§ moves out of communication with the aperture 35 in

pattition 34, thus restricting the flow of air.
The relative dimcnsions of apcrtures 35 and 22 und thc distance of travel
of plston 38 may be such that the pathway is completely closed at rest when 8
2 puessure drop is pmduced at the mouthpiece, or that the cross-scctions} urca of

- the pathwey under these 'condiﬁons is small,

" Referring now to figure 5(a), air flow regulator portion 3 of the h_;halalioh
device comprises _ar; alr Inlet 22 and is provided with a circumferential groove 42
10 which retains a disc 43 having a central ch#nnél M émd un outer fla n'ge ﬂ-mmm
“which the groave 42 fits Jouscly, The flange 45 on disc 43 is blsscd against the
inlet side of groove 42 in the housing by né:cans_nr spring 46 which is supported by
a base 47. Base 47 s Mllustrated as a grille; however it may alternutively
cansititute s protrusion into the pmhway from the wall of the afr fuw regulator ‘
15 portion 1 at a point on the outlet side of the groove 42, or a eross-plece, or it fay
constitute some other mechanical equivalent which will be apparent to 3 pc-:rson
. skilled tn the art. | | |
Rcfénin‘g aow to F@re 5(h), w'hcn_ the pressure at the mouthpiece (not | B .
_shown) is reduced on inhalation, the cilsé 41 miuves against the bias of spring 46
20 thus _cfcatlng a space between the flange 43 on the disc 43 and the émovc 42
lhmugh which air may flow. |
Referrlng now to ﬁgurc S(c) when the pressure at the mouthylew is
further reduoed, the disc 43 mawes further against the blas of spring 46 and the

space fonued botween the flange 45 on the disc 43 and the groove 42 is closed.
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Thus the cross-sectional area of the pathway is decreased {o that value in the

resting position (figure 5(a)).

In figures 3 and 5, we prefer that the air flow regulator partion 3 and dise
22 or 43 ure of circular section. However, they may alsa be of another shaped
scction, for example, of rectangular or square section.

Funhcrmore-, it will be apparent to the skitled peisun that disc 29 or 43

‘may have any number of chunnels which maif'be arrnaged as desired. .

Altcrnatively, althuugh this {s not preferred, they miy be entcrely solid in which

cass the mlnlmum ftow rate will be 2ec0.

Refertring now ta figure 6{u), air flow rcgu'lalor portion 3 of tic

inhulation device, having an air inlet aperture 14 in First partition 13 is provided

with a second perforated partition 16 towards the 'nuilci, in between which is

“located a shutter 48 which is yrged against air nlet aperture 14 ty the hias of

spring 49 and = curved resilent flap 30 made of elastomeric material whick resls

against second partition 16 on the air inet side of second partition'ﬁ and in
which the curvature of the flap 58 is directed 1ownrds the air inlet,
~ Refesring now 10 ﬁgum. 6(b). in .use, when the prcssuré at the mouthpiece
(na{ shown) is xéduced on inhalation, the shulier 48 moves .awa.y from the air in'!e.i
apcrture 14 im first partltiun ]_5 against the bias of spﬂnb 49 thus allowing air 1o he
drawn through the device.
Referting now to figure 6(c), when the pressure al. the mouthpiece is

fusther reduced, the flap 30 is urged against partition 16 \ﬁth lessening ul its

10229565110
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curvature thereby reducing the cross-sectional area af the pathway and restricting B

the flow of air. Should the suctlon applied at the mouthpiece be reduced, the
curvaturc of the fiap is resturcd and the cross sectional area through which the air

may pass is increased. In this way the flow of alr through ihe device is rcguiatcd.

Referring now to figures 7(a) and 7(b), air fow regulator portion 3 of the
inkalation device lem an air inlet 22 is provided with a grille or i)c:fo(med
partition 16 on the air Julet side of which resis a curved resitient flap 30 made of

elastomeric material, the curvature of which flap is dirocled towards the air inlet,

* The opesation of the device in responsc to a varying strength suction applied at

the mouthpicce i essentially as described above for figures 6(b) and 6(c).

In figure. 8§, the curved resilient flap 30 of .ﬁgure 7 is replaced b_y a
rolatable rigid ﬂap 31 which is iﬁngcd at the wall of the housing of the .mir flow
regulator portion 3 such that the axis of rotation is perpendicular to the direction
of ir flow. At rest, the rigid flap 31 is biassed towards the air inlet by' ;pﬂng 2
located at the hinge. As the p"msmu'é:-at the mouthpiece (not showny) is r;:duce.d.
Tigid flap 31 Is urgéd against perfurated pariition 16 thcrebj reducing the crosy-

scctional area of the air pathway and restricting the flow of air.

In figure 9(a), the housing Gf the alr flas regulator portion 3 of the

inhalatinn device, which we prefer (o be of square scctiom, and which is provided

102249965110
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with an air inlct 22, contains two couperating ﬂnps 5,2, 54 of resilient elastomeric
mmcﬂal whith are deflected towards the air intet
| Referring to figure %(b), when the pressure at the mouthpkce (not .
shown) fs reduced on inhalation, the flow of alr tluough the pathway causcs flaps
3 Bandjdio be urged together, thus causing & reduction in the cross-sectioual
area of the pathway. The flow of ait through the outlet is thus regulated in a
' similar manner to the embodiments shown in ﬁgnres Tand B,

- Furthermore, a device similar to the emWimcnt shown in figure 9 may |
be imagined jn which flaps 33, §4 are rc.plnccd by a larger number of Naps in a

16 Gustoconical arcungement in which cuse the cross-scction of the gir flow regulator

portion 3 is desirably circutar.

Referring now to ﬁgure 10(a), air flow regulator purtion 3 of the
‘inhulation device, consists of two portions 55 und 56, the farmer of which is
15 provided with a constricted air inlet 14, the two portions of the housing being
connected by an annular segment of membrane made of thin elastomeric material
ﬂ held ngid by the presence of two of mare sotid supports. 38.
Referring naw to Ggurs 10(b), as the pressurce ot (he mouthpicce (not
shown) is reduced on inhalation, a pressure difference ( umplified by the
Z0 constriction at air inlef .1_) is created across the membtam’ S7 causing it to stretch
against its bias Into the ait pathway. The air pathwuy is obstructed and its cross-
sectionul area is in this way reduced. As the prcs.sure dmp at the mnllﬂ'lplt‘(.c is
reduced, the membrane 37 relaxcs towards its rest pnsiuon and the cross-sectional

arca of 1t:¢ pathway thcough which the air may pass Is increased towards ils
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maximum value. - The stretching and relaxing of the membrane 37 is sensitive to

" the suction applied a1 the mouthpiece, and thus the flow of alr through (he device

it regulated,
As a variant of the embudiment shown in figure 10 we e:ivisage a further
embodiment in which. the elastomeric membeane is present not ag an annular

scgment, but as two part semi-angiular segments located dinmenically oppasite

. cach other und in which the supports 38 are formed as an intcgral part of the

housing tube. - This variant on the tenth embodiment can be cxpected to apetate

- in the same manner as the tenth cmbodxmenl although it may have further .

B

advaatages far example in easc of manufaclure

Refcrring now o {igare 11(a), air flow regulator partion 3 of the
inhalation device is of circular section and consists of two porunm ;_z and 3¢, the

farmcr of which is provided with 4 constricted air inlet 14, the two portions of the

housing being connected by an annulat segment of memhnuc made of méiasuc

matetial 37 held ngnd and extcuded by the presence of spring 39,

Referring now to figure Il(h) s the pressure at the mouthpiece (nat
shown) is reduced on inhalation, & pressure difference is created gcross the
memﬁrane 57 causing it o crumiple inio the pathway. As the membrane 57 is
inclastic.‘ the two poﬁions of the l\ousix\g are drawp together against the bias of
spring 59. The pathway is cbstructed and its cross-sectionul area is in this wuy
?eduoed. Ax the pressure drop at the outlet is redﬁccd, the spring 39 relaxes and
the membrane 57 retnins towards i1s 1est position. The ctoss-sgcrtini\al arca of the

patbway through which air may pass is thas jncreased towards its tnaximum vatue,

.
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In this way, and in a similag manner to the tenth enibudimcm, t_he fow of gas

through the outlet is regulated.

As a variant of the cmbodiment shown in Ggure 11, we envisage a further

embadiment it which the two portions of the air flow _rejulntor portion 3 have
- 8quare section separated by a segment of membrane made of inelastic tiwterial

- wherein this segment vontalus cresses go that it is capable of mmprm(ng

conecrtlna fashmn with simultancous reduction in its crrm-sectimlal area in the

manncr of an old-fashmned camera bellonws.,

Referring now to fgure 12(a), air'ﬂbiv régulalor pmtﬁm Jof the

inhalationt device, having constricted ait inlet 14 contains alang {1s length two

 partitions 60 retained in fockets 61 in the housing of the air flow regulamr portion

3, with which they fonn an airiight seal, Partitions 6Q are adapted to slide nlnng

an axis perpendiculor tv the longitudinal axis of the device, and are in gaseous

* communicaion with the outside of the housing through airhales (2. Sprlngs 1]

bias pmjtitions 80 into their resting position within packets 61.

Referring now'h to figure 12(b), as the pressure at the mouthpiece (no(
shawn) is reduced on {nhalation, a preisu,re difference is created belwe_;:n the
inside and vutside fuces 'u[ the partitions 80 causing 'lhcm' to slide in a direction
petpendicular to the longitudinal axis of the device against the bias of springs 63,
The pathwoy is obstructed and its cross-sectional area is reduccd. Asthe
pressure réductiah at the outlet is reduced, the springs 63 relax and the par tiﬁnns

61) return to their rest poslt«ms within pockets Q_L The cross-sectlonal area of the
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pathway theough Which-ﬂm air may pass Is thus increased towards its maximum
value, !n this way, the ﬂoui'ot air through the device is _lr'cgulh(cd

Allhougﬁ it ia not preferred, it can be seen that a variant on the twelth
erbodiment may be provided which comprlscs only a single partition 60, but

which will nevectheless opei ate i & similar munner.

It may be eavisaged in the embodiments shown in ﬁguies 1,5, 6, 7and 8

 in order 10 improve compacmess of the device that perforated grid {3 may be

omitted from the construction, particularly if the closure portion 3 and the air flow

regulator portion 3 are moulded as one picéc rather than two,

Embodiments were tested experimentally to investigate their air flow
characleristicsas follows: |
Experimental Test 1
. " An inhalaﬁﬁu device according to'th-e. invention was constructed which
compriscd a canventionzl SPINHALER (Rég‘mcrcd Trademark) and an air flow
reguiatm portion as illustrated in ﬁgure & in which the size cf apcrture 14 was 6.3

mm, the inside diameter of the houting of the air flow regulator portion was 20.7

- mm, the elastomeric flap §) was circular and manufectured of vulcanised rubber

and the spring 49 consisted of & sique turn ot fine steel wire.

The device was 1csted using a vacowm generator 10 slmﬁ!au: patient
inhalation, A ma}(imum_ flow-rate was obt_ainad at 41 Umin, which flow rate is
known to be in the desirable range for tﬁlﬁcient inhatation of dq-Mered

hedicament.
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An &ir flow regulator portion for an mhalatlon devn.c accordmg to the
invenuon was constructed as tlustrated in figure 1 in which the inside diameter of |

the air flow regulating portion §'was 50 mm, the diameter of thc sperture 14 was

o

5 mm, diaphragm 17 was constructed of silicone rubber of thickness 0.95 oun and
protrusions 18 and 19 were manufaciured of a rigid plasties material (acetal).
Pratrusions _1_5 and 19 were affived to the diaphragm ‘by means of a screw fixture
on protrusion 18 which passed through the diaphragm 17 into a threaded socket
 within protrusion 19.  An airtight coaperation betweea protrusion 1§ 2ad
10 sperture 14 in the resting position was ensured by the provision of « 3 mm thick
foam rubber surround to uperture ;5 Diaphragm 17 contained u single circulur
perforation of diameter S .

*

Thfee teats were performed with other dimensions as follows:
13 | Diameter of the sperture 20 : 6 mmg;
Protrusion 18 consisted of a cone of tieight 10 mm and conical angle 40 ° sitting
on cylindrical buse of height 3 mm; | |
Protrusion 19 consisted of a cone of 'héight 4 mm and conical angle 45 ° sitting on
a ¢ylindrical base of helght 3 mm; |
20 Diswnce' be_tween‘ partition 15 and diaphragm: 17.: 3 mmy;
D_i.stancc l\ctﬂn‘ccn partition 16 and d?aiahragm 17+ 13 mm,
Test Ub) |
Dimensioﬁs as with Test 2(a) excépt for the following:
Distance heween partition 13 and diaphragns 17 : 2 r;mi-
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Distance between pértitian 16 and diaphragm. 12 :11 om,

Partlﬁon 15 was pravided with 4 sccond aperture of diameter 5§ mm.
Tet2e)

Dimensions as with Test 2(b) except for the foflowing:

Distance between parﬁtlnn' 15 and diaphragm 17 : 3 nmy; ._

Distance beiween partition 16 aud disphaagm 17 : 13 mm.

The characteristics of the air flow iegulamr portion of the device were

tested by application of 2 vacoum. A profile of fiow rate delivered agalnst

pressure drop across the portion is shown in figure 13
The S-shaped profiles of tests 2(a), 2(b) and 2(¢) iliwstrate minimum and

maximum flow. control 'ch_aractetistiés of the device according to the invention.

~ It Is to be expected that a person skiifed in the art could with routine
experimentation Optimise the paramelers above 1o obtain flows In responss to a

pressure drop within a desired range.
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L Adevice for the administration of an inhalation medicament, including a -

body defining a through-puing air pathway having a longitudinal axis, an air inlet,
an air outlet fnrﬁwing a mouthpicce, mlcans for dlsp.en.r.ing'medicameht into the
5 pathway and air flow regulating means, charzcterised in that the air flow
regulating means includes a movable obstructing means adapted to reduce the
cross- sectional nrea of the pathway at a location between the air inlet and the
teans for dispensing medicament, and biassing means, whereby the nﬁstructing
means is biassed into a first resting position in whnch the cross-sectional area of
.10 the pathway is maximum and is adapted 1o mave against the bias of the blassmg
means to a second pusition in which the cross-sectional area of the pathway is leas
than maximum In response to a pressure fall of the mouthpxece caused by
inhalation, ’
i. A device according o cdlaim 1 wherein the cn)sa—#ecﬁonal area of the air
15 inletis le.ss than thc maximum cross-sectional aren of the p&thway.
3. Adevice acmrd!ng to claim 1 or claim 2 whcrem the obstructing means
comprises one or mare partitions’ adapted to slide across the pathway a!ong an
axis perpendicular to the longitudinal axis of the pathway thereby obstructing the
pathway. -

20 4 A gdevice according to claim 1 or claim 2 in which thé Obstructing meuans
comprises an annular segment of membrane which conpecty two portions of the
bady. |
5. A device according ta claim 4 in which the membrane fs made of

clastomeric maicrial, and the biassing means comgrises the resistance of the
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eclastomeric material to stretching in g direction pexpcndiculai to the longitudinat
axis Of the pathway, | o

6 A dévice according to clmm 4 in which the obstructing meanz comprises
an annﬁ_!ar segment of membrar;e made of inclastic material and the binssing

.5 means provides a bias aga!ngt ;novemﬁﬁt of the two portions of the body towards
each other along the longitudinal axis of the pathway. |
7. A device according to claim 1 or claim 2 in which the obstructing means
compriscs a rigid grille or perforated sheet .formed in a plane perpendicuiéx to the
longitudinal axie of the pathwuy on the air ihlet side of which rests & flap which in

10 its regting pnsition is deflected towards thc air inlet and in its second position Is
urged against the grille or perforated sheet. |
8 A devicc aecordmg to clzum 7 in which the ﬂap !s rlgld and is hinged
about an axis perpendiculir to the longitudingi axis of the pathway and the
_biéssing means compﬁses.a spring at the hinge of the flap.

15 .9 A device according to claim 7 in which thy Rap is madc'm‘ @ resifient
elastomeric material and the i)iasaiug means coasists of curvature lnquduécd inta.
the flap said curv::tur& being dirécted towards the air inlet. |
10. A device according to claim 1 or claim 2 in which the obstructing and

| biassing means together comprise two or mare cooperating flaps of resilicnt '

20 éelastomeric material which in. the first positiqn are deflected towards the six inlet
and whicﬁ in the second pgsitibn are urged togeiher thus reducing the ¢cross-
sectionat area of the pathway; | |
1. A dewice for the administration of an inhalation medicament, mctumng 4

bady dcf‘nmg 8 thxough-gomg sir pathway having a longitudinel axis, an air m!ct,
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an air outles forming a mouthpicce, means for dispensing medicument into the

L)
«

. pathway and air flow regulating means, charactetised i;l that the air fuw
regulating means includes a mavable bbstrnéting means a&apted to reduce the
cross- scctional ates of the pathway at & Jocation between the aif inlet and the

& means for dispensing medicament, and biassing means, wherebjr the obstructing
means is biassed into o ﬁ&t festing position in which the cross-sectionaf area of
- the pathway is minimum atid is adapted to mave against the bias of the biassing
means to a second positi;‘m in which the cross-sectional area of the pathway is
it in respaﬁse to k'pressure fall at the mouthpiece caused by inhalation
10 and is adapted to move further 10 a third position in which the cross-sectional -
aren of the pathway Is less than maximum in response to a greater pressure fall at |

. the mouthpiece causcd by inbalation. _

12. A dovice according to claim 11 in which_ the ghatructing means i§ provided

.wit.h an outer groove and which is retained In the housing hy means of  flange |

1§ wit!ﬂn ‘the housing around which it fits Jooscly, ' |
13. A device according to claim 17 in which the obsttucti'ng means is provided
with an outer flange and which is retained iu the ho{:sing by means of a groove
within the housing within which it fits loosely,
13, A device ack:ordi_!\g ta claim 11 in.wﬁich the biassing means and‘

20 obstructing means together comprise & perforated diaphrdgm made of resilient
elastomcric material formed in a plane perpendicular 10 the longitudinal axds of

- the pathway. |

15. A device according to claim 14 in which the _diaphragm is pravided with

one or more protrusions on its wpper and Jower surfaces and is located between

10225564110
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two partitions formed in a plane perpendicular to the Jongitudinal axis of the

pathway, the partitions being provided with apertures with whii_:h some or all of
the protrusions cooperate to restrict or prevent the passsge of afr through the

apertures,

16. A device according to any ane of claims 11 to 15 in which the obstructing

moans §s of substantially ciscular section along an uxis pcrpcndi_é’ular to the
longitudinal exis of the pathway.
17. A device according to claim 11 in which the obstructlng means eomprises

& V-shaped vane, biassed at 2 hinge formed at the apex of the V, which rotates

- about an axfs perpendicular 10 1hat of the pathway.

18 A device according to claim 11 in which the pathway Is divided by 2

partition provided with first aperture and the obstructing meagé comprises a
shutter provided with a second aperture stidubly éngage'd with the partition, which
shutter is made to slide aguinst the partition against the bias of the blassing means
by @ piston in gaseous commnunication with the mouthpiece.

19. A device according tw any one of claims 1, 2, 3, 6, 11, 12, 13, 17 and 18 in
which the biassing means compriscc a spring. |

20. . A device according to any one of claims 11 10 19 in whxch the £ross-

sectional arca of the pathway when the obsiructing means is in the first position, is

. substantially zero.

© 2L A device according to any oae of claims { to 10 wherein the air flow

RSN
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regulating means further includes second smovable vbstructing means adapted 10
reduce the cross-sectional area of the patbway et u location borween the air infet

and the means for dispensing medicament, and second biassing
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as Been Replaced
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. 3%
means, whereby the secoﬁd obsteucting means is biassed into a ﬂrr.t resting
position In which the cross-sectional area of the ;}a:hway is minimum and is
adapted 1o mnvé against the bius of the bisssing means 10 @ second posltion in
which the cms—secuonal area of the pathway is more than minimum in response
3 toa prassurc fall at the monthp;ccc caused by ishalation,
22. A device according to dlaim 21 wherein the second biassing means
comprises & spring biassed along the {ongitudinal axxs of the device and whereia
the second obstructing means enmpﬂses a shutter mounted oo the spring.
23. A device according to claim 21 or 22 in which the cross-scctional area of
A ~ the pathway when the sccond obstructing means is in the first position, is
| suﬁmnnﬁaﬂyzenx

24, ; A device aceording 1o any ane of ciaims 1 ta 23 in-which the air How |
regulating means is édaptcd to be reversibly attached to and detached from the
remainder of the dev}ice. _ |

13 25 Anair fow regulating means as defined in claim 1, 11l or 21, adapted for

. use In conjunctinn with a device for the administration of an inhalation

medicament.
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