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This invention relfates (v an inhulation devicc'incorporating navel moans
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 Hquid is sprayed through a small aperture, |

Devices of the second mentloned type which may provide the medicament

in unit dose or multidose form include the well known SPINHAYER (Registered

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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Devices of the first nmentioned type include nebubliser devices wherein a
fine respirable mst is forned by action of a conpressed gas on a sanpl e,
By vibration of a piezoelectric crystal or by other ultrasonic neans; also,
devi ces of. the type described in e.g. International Patent Application WO
.91/ 1446, where the liquid is sprayed through a snall aperture. Devices of.
Tthe second nmentioned type which may prpvide the nedicament in unit dose or -
mul ti dose forminclude the well known SPi NHALER ( Regi st ered Tradenark),

whi ch is descri ddwéver, KisRegaiaial piabled Avitli b6 abbBiliileEFhat the
efﬂqency of admlnistfa!mu of an sccurate dose of medlcnment to the lung is
severely Impanred in the absence of any coutrol of the nnw of air thmugh the >
device. In gencral, excessive inhalution velocity causcs a significant proportion of
4 the dose to impinge on the back éf the throat, with a resultant short dose reaching
ihe target asea in the lungs. This is known 10 be & particular problem of devices |
uf the diy puwder ype which are galinng Mumﬁty Uue to thelr eavironmentully
friendly attributes, | |
" One way of alleviating this problew in a dry powder device is described in
- 10 US patent 5,161,524 tGlaxo) wherein the inhalation devicc; Is provided with a
secondary air conduit s well as the primary air conduit which provides the path
for the inhatation medicament (o the fung. If the alr flow veiucily become wo
: gre.al thmugh the pritnary mr condui, then the secondazy air conduit upcns |
further thus decreasing the air velnmty In the primary air conduit,
1B B 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
- 20 Inhalation device dcs?ﬁbcd abave,
We have now invented an ﬁxhalalicm device wilh breath rate control

~ which overcumes or significantly mitigates these dilticulties.
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(Regi stered Trademar k) which is described in United States Patent
4,524,769, and the device described in European Patent Application 407028.

Pevices of the third nmentioned type,

whi ch general |y contain pressurised

feservoir of liquified propellant containing a suspension of the solid
‘medircanment and a netering valve for dispensing a suitable dose, are also

Tvery well known in the art and is not necessary to describe any particular
type here. i

Sooh

Thus. 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

'mm)ablc'obstrucling means adapted 10 reduce the cross-sectional azea 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 area 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 "obstructing means” we me_aﬁ any clement zﬁadg 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
metal, plastic, rubber or cther suitubly 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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2 However, it is a general problemwth the above devices that the
eff|C|ency of adm nistration of an accurate dose of nedicanent to the Iung
| g-severely inpaired in the absence of any control of the flow of air

t hrough the device. In general, excessive.inhalation velocity causes-a
signisficant proportion 5 of the dose to inpinge on the back of the
Throat, with a resultant short dose reaching the target area in the |ungs.
By contrast, a very |low inhalation -4-

compressed or stretched, for example, coll, 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 ihe air inl_el'k less than the maximum cross sectional area of the
puthway, We particulacly prefer that the air inlet comprises ong o more

p apei‘uues that have a total cross-sectional area of less than 25%, éspeciully 16%.

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

- Without prejudice to the gene rahty of the concept the following
combinutions of imcgers are preferred:

__1_5 (4} the obstructing means compriscs one or more partitions adapted (o stide
across thic pathway along an axis- perpendicular to the hnﬁt\ndimnl axdg of the
pathway thereby obstructing 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

20 mﬁnecls two porﬁ‘nns of the body. We particularly prefer that the.‘obstx.'uc(ing
means compriscs a segment of meubrane made of elastomeric material and the
biassing méans comprises the reéistance of the elastomeric materiul to stretching
in a direction perpendicular to the -longﬁudlnal axis of the pathway ur that that the

obstructing means comprises an anoular segment of meaibrane made of inclastic
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velocity results in poor dispersion of the nedicanment particles. This'is
known to be a particul ar probl em of devices of the dry powder type which
are gaining popularity due to their environnentally friendly attributes. 10
One way of alleviating the above problemin a dry powder device is _
described in US Patent 5,161,524 (d axo) wherein the inhalation device is
=provided with a secondary air conduit as well as the primary air- conduit
whi ch provides the path for the inhal a’i on nedi canent to the lung. |f the

air flow material and the binssing means provides a bias against movement of the two -
portions of the body {owurds each other along the longitudinal axis of the
pathway. In this {attcr case, wé prefer that the biassing means comprises a spring; | N
or | |
3 (¢} - the 6hsiructing means comprises a rigid grille or j)crtura(ed sheet fortaed
in a plune perpendicular ta the longitudina! axis of the pathway on the air inlet
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 .
10 1o the [ongitudinal axis of the pathway and the binssing micans comprises a spring
’ o 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 owards the air infet; or
(d) the blnﬁtructlng und blassing means together .cumprise twa of tore
13  cooperating flaps -made of resfiient clast(_;me’ric material which in the first pusition
are deflected towards the afr inlet and which iu the second jmsition are urged

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

~ The air flow segulating means described above are adapted to regulate
20 the maximum velocity of airflow Uuugh 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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15 vel ocity becones too greét through the primary air conduit, then the
secondary air conduit opens further thus decreasing the air velocity in the-

yimary air conduit. However, this arrangenent suffers from t.he

di sadvant age that whilst the 20 velocity of air in the primary conduit

may . be reduced, a large volume of non.drug-containing air is drawn in

-;_-',I hrough the secondary air conduit, wth the result that the breath of air

necessary to secure a proper dose can™econe very |long and drawn out.

. Furt hernore, theryRg "B J‘&Xmﬂ%pg_& ofihé MReftid it s provided u
device for the administration of an inlm!atioﬁ megicament, 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

| 3 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

18 response to 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

20 the elements described abéve a5 (a) to (d). We pgrlie;ﬂaﬂy prefer that the first

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

We peefer that the crass-sectionn! dres of the pathway when the second

abstructing mcans is in the first position is substantially zero.
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the types of inhal ation device described.previously. 25 GB-A-2104393
(d axo) relates to an inhal ation device conprising a housing for
nedi canents in an aerosol container. The device includes a valve located in
A passage between ‘the housing and an outlet. In use, the valve closes if
the:-rate of flow of air inhaled by a patient exceeds a pre-determ ned

« Anmount : o .

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,

5 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
fiow regulating means, characterised In that. the alf flow regulating meuns includes

Ja .a muvablc obsteucting means adapted ta reduce the cross-sectional area of the |
pathway at a l_acaricm between the air inlet and the means for dispensing
medicament, and biassing means, whereby the ubstructing means is biassed into a
first resting position in which the cmss-s;ctimml' area of the pathway is minimum

“and is adapled to move against the bias of the biassing means {o & second position

15  in which the cross-sectional area of the pathm;y {s maximunt in response to s
pressure fall at the nioutlipiece caused by inhaiation arul is adapted to 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;

or I
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3 However, .
t hrough-the device. W have now i nvented an inhalation device with breath

this arrangenent has no influence on the mninumflow rate

rate control 5 which overconmes or significantly mtigates these
difficulties. Thus, according to a first aspect of the invention we. prow de

a device for the adm ni stration of an inhalation nmedicament as def| ned in

Clalml

nTnfh

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

retained in the housing by means of a graove within the housing within which it
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 pa_thdvay; 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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10

‘By "obstructing neans"” we nmean any el enent made of a materi al

which is wholly or partially inpervious to air and which is suitable for
restricting the flow of air through the pathway. The obstructing neans nay
be manufactured froma netal, plastic, rubber or other suitably dense

mat eri al

and may be of entirely solid contruction, or it nmay be made -
spartially perneable to air by the 15 rovi si-on of channels. By "biassing
nmeans" we mean any neans for provjdinﬁf

bias on t haxiappiticqaitag, G R Ridy proviatd AR Wpkhlled Wik which some

TIT00

or all of said protrusions cooperate to resteiot or prevent the passage of air

_through the apertures. We prefer the protrusion(s) to be of conical shupe or tg

be of 2 shape consisting of a cone mounted on a cylinder, 'We prefer the

qpertutc(s) with whicly the protrusion(s) cooperate to be circular,  We prefer that
the upper and lower surfaces of the dinphragm are each provided with a single

prolrusion.

In the cuse of (A), (B) and (E) above, we prefer that the obstructing
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 ;m '

axis porpendicular to the longitudinal axis of the pathway.

We prefer that the crosy-scctional ares. 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
cirwlar or square cross-section, although the shape of the secliou may at least in

pént_ be determined by the nature af (he absteucting means.

The inhalation devive according to the invention is particulacly sultable for

desired air flows ig the range 20-250 imin, especially 30-120 Yimin, j:_articukwiy 40-
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provides a restoring force in the opposite direction on the rel ease of
pressure or suction. Suitable biassing neans include springs, where the
spring may be -4- conpressed or stretched, for exanple, coil, torsion or
| eaf 'springs; elastoneric materials which are reverS|ny defornable and
resilient curved materials.

Ty . _ ~10-
- 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.

s !t will be apparem that the nir flow rcgulatmb cans 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

10 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,

13 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.

Inhnlation devices for use in nccordance with the invention include any -
20 device conveationally used for dispensing powdered medicamcm for inbalation.
Sultable devices include single d§se dry powder inhalers e.g, the SPINHALER -
'- (Registered 'Ttadcti\axk)'inhalcr and -the DISKHALER (chis(créd Trademark)
inhalcr and multi-dose powder inhalers e.g. the TURBUHALER (chistered-'
' 'I'_rudcmark) inhaler and the device described in European Palc;l.\l
\\ .

This Sheet Has B

LT

7T - WIVTIA NETIOA 5 _ TOZZCCRGTTOXS  TI:ZT 96. 20/0%



(including those made or netal, rubber or plastic) where the curve may be
reversibly straightened. The pressure fall at the nouthpiece nmay desirably
be anplified by providing an air inlet which is constricted. Thus, we
prefer that the cross- sectional area of the air inlet is |ess than t he
maxi mum cross sectional area of the pathway. W particularly prefer that
‘Yhe air. inlet conprises one or nore 10sr-apertures that have a total
cross-sectional area of |less than 25% especially 10% nore expecially 5%
of the naxﬂﬂlﬂiﬁ!ms@jg@ctlonal area of the pathway. :

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.

De*ficcs 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 umfrollcd.'the patient i§ 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 subsequent figures the details of the inhalation device are omiticd for
mnvctiienée. |
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Wt hout prejudice to the generality of the concept; the fol | owi ng
.conbinations of .integers are preferred; 15 (a) t he obstructing nmeans
conprises one or nore partitions adapted to slide across the pathway al ong
‘an axi s perpendicular-to the |ongitudinal axis of the pathway thereby
obstructing the pathway.. W prefer in this case that the biassing neans
sconprises a spring; or (b) t he obstructing neans conprises an annul ar .
segrment of nenbrane which connects twp-portions of the body. W
particularly pr%fer that the obstructing

igute. 1(b) shows a lougitudinul 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 inv«_:nﬁon 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 maxivum, | |

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

15 with the air flow }égulaﬁhg mecans in 4 third pmit#.m in which the crass-sectional
area of the pathway is less than muzdnllim.

Figure 2(d) shows a plan view of the device of ﬁgurc 2(c) with the air-
flow trgulaung means in the third position taken from the 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 the invention withi the air flow reguluting means in the resting

position.

\\
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means conprises a segnent of nenbrane made of elastonmeric material and the
bi assi ng means conprises the resistance of the elastoneric material to
stretching in a direction perpendicular to the |ongitudinal axis of the

pat hwey on that that the obstructing means conprises an angul ar segenent of
menbt ane nade of inelastic mat eri al - and t he bi assi ng neans provides a
bfas agai nst movement of the two - -

-13.
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)

(V]

with the air flow regulatlng means in a third position in which the éross-scotional
area of the pmhvmy is less thun maximum.
Figurc 4(a) shows a fongitadinal section through a device -wc;ording to the
- third Qﬂpcht of the invention with the air ﬂ;vw regul.aﬂng means ia the fe;dng
position. o
10 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'
15 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)

20 with the air Agw regulating in ﬁ sccond position in which the cioss-sectivual 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 cmss-;'.i'.clional |

arca of the pathway is less than maximum.
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portions of .the body towards each other along the |longitudinal axis of the
pathway. In this latter case, we prefer that the biassing means conprises a
spring; or 5 (c) the obstructing neans conprises a rigid grille or .
perforated sheet forned in a plane perpendicular to the | ongi t udi nal axi s

of the pathway on the air inlet side of which rests a flap which inits
Yesting p05|t|on Is deflected towards the air inlet and in its second
position is urged agalnst the grille gy perforated sheet. W particularly
prefer that the flap is rigid and is hlnged about an_ axis perpendlcular

Fagure 6(a) shows a Jongirudinal section through a device according to the
second aspect of the invention with an air flow regulating means having first and
second ﬁbgtmcﬁng me:dns it the resting position.

Figure 6(b) shows a longitudinal section through the dcv)icc of figure 6(u)

3 when:in'th,c second o_bstructing means i§ in a second Mtioll in whick thi: CrO3s-
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 obstructing means is in & second puéition in which the c_rosa-'
sectional area of the pathway s fess than maximum.

10 Figure 7(a) ;hqws 2 lungltudinai 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 longit_udinal section thfough the Jdevice of figure 7(a)
with the air flow regulatiog means in 2 s;:cond psition 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 Bow regulating means in the re;(ing .
position. - |

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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10 to the longitudinal axis of the pat hWay and the bi assi ng nmeans

conprises a spring at the hinge of the flap;

a.resilient elastoneric nmaterial ‘and the bi assing neans consists of

curvature i-ntroduced into the flap,

the air

mat eri al

cross-sectional digpme di(a) skovacd Ringitudinal section through a device according 1o

1T

the first aspeet of the invention with the air flow regulating means in the resting
position, . |

| Figure 10(b) shows a loogitudinal section through the device of figuce _
10(2) 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
11(a) with the air fiow regulating mciﬂs between the first and second positions.

Figure 12(a) shows a longitudinal 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 1 longltudinal section through the device aof figure
12(-a) with the alr flow rcguléting means between the first and second positions.

Figure 13 shows the resulls of experimental tests perforated on
embodiments 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, |
iai:'] body wmpri#ing a moith picce porlig’n 1, a closure portivn 2 and an air-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

This Sheet Has Been Replaced
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or that the flap is made a of

sai.d curvature being directed towards
inlet; or (d) t he obstructing and biassi ng neans together
Teonprise two or nore 15 cooperating flaps made of resilient el astoneric
which in the first position age deflected towards the air inlet
and which in the second position are urged t oget her thus reducing the
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The air flow regul ati ng neans descri bed above are adapted to regulate 20
t he maxi mum and m ni mrum vel ocity of airflow through the device. We
peef er that the second novabl e abstructing nmeans is adapted to reduce the
cross-sectional area of the pathway at a | ocation between the first

T v

obstructing neans and the neans for di sper5| ng nedi canent .

~16-

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 - ,

Air flow regulator pottion 3, hnvfng. an air ink:t aperiurc 14 in first |

partition 15 is provided with a sccond partition 16 on the mouthpiece side of the

| first partition 1S in betwcen which two partitions is located a perforated

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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We prefer that- the second biassing neans conprises a spring biassed al ong

t he | ongitudinal axis of the device and the second obstructing neans

conpri ses a shutter nounted on the spring. W prefer that the first
obstructing neans and biasing nmeans conprise the el ements described above
as (a) to (d). We particularly prefer that the first .10 obstructing nmeans
has the construction described in (C) above. W prefer that the
cross-sectional area of the -pathway whdn t he second obstructing neans is |n

‘the first posit mﬂﬁﬁl‘ﬁas& gtu'rc‘?1 llto)f wﬁen the pressure at the mouthpiece is

further reduccd, protrusion 19 on the air owlet side of porforated diaphragm 17 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 arrangement 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
inlct side which cooperate with an equal number_ of apertures 14 in first pariitidn
iQ 15, In an alternative arrangement, there may exist 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_

15 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@) and 2(e))
_— |
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-7- As an alternative and preferred construction which has the benefit of
an econony of space, the first and second obstructing nmeans may be conbi ned
ifito a single element which may nove between 3 positions. Thus, according
to a second aspect of the invention, we provide a device for

T .

-18.
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 tﬁe pressure at the mmthékxc‘.(not K

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 minimised.
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 t;nd is pmvided with an annular Gange 28 \;fhich
retains a disc 29 having a central chsmnel 20 and an outer gruove 3] in which the
2. flange 28 fits loosely. ‘The graove 3] i in disc 29 is biased agmmt the air mmet side
of flange 28 by means of spring 32 which 15 supporied by a protrusion 33 on
. flange 2R | |
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 o ' ' l
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the adm nistration of an inhalation nedi canent, including a body defining a
t hrough-goi ng air pathway having a longitudinal axis, an air inlet, an air
outlet form ng-a nouthpiece, nmeans for dispensing medicanent into the

pat hway and air flow regul ati ng neans, characterised in that the air flow
regul'ati ng neans includes 10 a anabIe obstructing means adapted to reduce
ffie cross-sectional area, of the pathway at a | ocation between the air

inlet and the nmeans for dispensing nquganent and bi assi ng neans, whereby
the obstructing means is biassed into-a first resting position in which the

Cross-sect o &h:aahga sphec Bawhai ih\éﬂlﬁuL&z&fhﬂd e 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
| 3 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
10 deviee comprises an air inlet E'and dmtah;z a partition 34 provided with a first
aperture 35. Aperture 35 i, in the resting position, closed by a shutter 36
' provided with 4 §econd aperture 37, which ahutler. is slidubly 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
15 whichis 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), whcn the p:'csslire #t the mouthplece (not
20 shown) is reduced on inhatatiun, 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
This Sheet Has Been R
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and is adaptﬁd_t_o_nDAAe;agai—nst——{ he bias of the biassing neans to a second

position 15 in which the cross sectional area of the pathway is maxi mumin
response to aThisé dthe nout hpi ece caused by inhalation and is
‘adapt ed to nove h| rd position in which the cross-sectional
arca'of the pat en maxi mumin response to a greater pressure
..fall at the nouthpi ece caused by inhal ation. The foll ow ng conbi nati on of
integers are preferred: (A) the obsjg.ucting neans is provided with an

outer groove which is retained
apertore 37 in shutter 3§ moves out of commumcation with the apc.rluze 3__ in

pattition 34, thus restricting the flow of air.

The relative dimcnsions of apcrtures 35 and 22 und thc distance of travel o
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_;halalioa
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 and un outer fla n'ge 45 around
“which the groove Q fits Jooscly., 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 p;rson
. skilied in the art. - | |
Rcfcmng aow to f‘lgute 5(h), whcn the pressure at the mouthpiece (not | B .
_shown) is reduced on inhalation, the dlsc 41 miuves against the bias of spring 46
20 thus _crcatlng a space between the flange 43 on the disc 43 and ttu: groave 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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WIVTH NATTNA ¢ TOZZGGGQTTO.Q. LT:2T 96. Z0/0Z

Zzo M



in the housing by neans of a flange within t he housi ng around which it fits

| oosel y;

T oy

cernih

or (‘B). the obstructing neans is provided with an outer
gl ange and whi (ihisiSeeet s BeandRalplacad t he housi ng

hou5| ng wit h| n v\”“m

oosely; or

T

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 _;Q on the air {ulet side of second partition 16 and in
which the curvature of the flup Q is dlrecied lowsrds the gir inlet,

~ Referring now 10 figuse 6(b). in use, when the prcssuru at the mouthpiece
(not shown) is reduced on inhalation, the shuticr 48 moves away from the air inled
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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(O t he. obstructi ng neans conprises a V-shabed vane, biassed at a hinge 5

formed at the apex of the V, which rotates about an axis-perpendiular to

that of the pathway; or (D) t he pat hway Ts—divided by a partition

shutter provided wth a second aperture slida

. provided with a first aperture and the obst rﬂ%&é&h@]{&%@%}{eﬁﬁé@” ses a

) 0 h the -
partition, which shutter is nmade to slide agai'ﬂm[umgm“krtition agai nst

the bias of the biassing nmeans by a pjgton in

t he nout hpi ece.

Ra

15

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

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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In the case of (A) to (D) above, we prefect that the biassing neans

conprises a spring. In the case of (C) abov refer that the biassing
peans corrprl ses a spring at the hinge. The foI | owi ng CO n of
_integers is also preferred 20 (B t he bi Shngt gns _and obstructing

‘nmeans toget her conprise a perforated di aphragm

“Tymaterial
pat hway .

dept el astoneri c

)/
formed in a plane perpendicul ar to th jﬂlllﬁﬁ .axi s of the
Ve particularly prefer that, ;he dilaphr ag

with an air inlct 22, contains two couperating ﬂnps 5,2, 54 of resilient elastomeric

mmcﬂal which are deflected towards the air intet

Referring to figure 9(b), when the pressure at the mouthpkce (not

shown) Is reduced on inhalation, the flow of air through the pathway causes flaps

S3and 10 be urged together, thus causing & reduction in the crass-sectional

area of the pathway. The flow of ait through the outlet is thus regulated in a

* similar manner to the embodiments shown in figures 7 and 8.

L.

Furthermore, a device similar to the embodiment shown in figure 9 may
be imagined in which flaps 33, §4 are replaced by a larger number of Naps in a
frustn-cunical 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

provided with a constricted air inlet 14, the two portions of the hausing being
connected by an annular segment of membrane made of thin elastomeric material
ﬂ held ngrd 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 mhalatmn. a pressure difference (umplified by the |
constriction at air mlet 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

10225564110
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~is provided with one or nore protrusions on its upper and | ower surfaces
and is |ocated between two partitions formed ima—ptane—perpendi cular to
1.he I ongi t udi nal -9- axis of the pathway, thg RArt ti ons being provided

T oy

W|th apertures with which sone or all of said pr Redate to
“restrict or prevent the passage of air ﬁ"ifﬁ ﬂ'fﬁ”’ "I :
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
3 embodiment in which.the elastomeric membeane is present not ag an annular
sepment, but as two part semi-angular segments Jocated diameuig:nlly. oppasite
_cach other and in which the supports 58 'arc formed as an intogral part of the
housing tube. - This variant on the tenth embodiment can be cxpected o opetate
- in the same manner as the tenth cmbodxmenl although it may have further .

10 advantages for examgile in ease of manufaclure

Refcrring now fo figure 11(a), air flow regulatar partion 3 of thé
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

B .housing being connected by an annular 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

20 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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A

through the apertures.” W prefer the protrusiuon(s) in be of coni cal’ shape

or to be of a shape consisting of a cone nmounted-onm a cytinder—We prefer
“the aperture(s) wth which the protru5| on(s) colzﬁ%& Bas'e ﬁ CI rcular. W

“pref er that the upper and |ower surfaces of the th provi ded
W|tha5|ngle protrusion. In the case of (A, ,m lﬂEm e, we prefer
-fhat the obstructing 10 nmeans i s of substanti a ect Il on al ong
an axis perpendicular to the | ongi tud-lzﬁ-al axi s of the pat hvvay 1n the case
of () and r.efer that
(© ln(ig)s \%) 4 in's [ manner lo the tenth embudimcm, the fow 0!‘ 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
'3 - square section separated by a segment of membrane made of inelastic thuterial
- 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.,

| 19 Referring now to figure 12(a), air'ﬂbiv régulalor pmtﬁm Jof thé
inhalation device, having constricted air inlct 14 contaias ainng its 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 perpendiculer to the longitudinal axis of the device, and are in gaseous
13~ communicajion with the outside of the lousing through airhales 2. Sprlngs [ix)
bias pmjtitions 80 into 1hcir. 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
.' | 2 mpendicumr to the longitudinal axis of the device against the bias of springs 63,
The pathwoy is obstructed and its cross-sectional area is reduccd.  As the
pressure téducﬁah 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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t he obstructing neans is of substantially squue or

rectangul ar section

al ong an axis perpendicular to the |ongitudi nmy 15
Ye prefer that the cross-sectional area of the pa t e obstructing
means is in the first position, is substantlally te body
~ defining the through going- pathway will be nade m erlal for
circul ar

z.exanpl e plastic or netal, and is prefegﬁply of s
or square cross-section, although the

pat be det gyt inkiaph WhitlRing'sie Bhy B0 © Bk thrbdsd8 (SRAEE its maximum

value, !n this way, the ﬂoui'ot air through the device is _rcguln(cd
Allhougﬁ it ia not preferred, it can be seen that a v;n‘iant ot the twelth
ermbodiment may be provided which compriscs only u 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 cnnvcntioﬁal 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 vulgm(ised 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.

10225565110

fZo B

YAVTO WALIOA ¥ 1022556STT0& . 12:21

aper -of the sectlon vvay at least in

96, 20/0%2



—————

4

The inhal ati on device according to the invention is particularl y'sui tabl e
for desired air flows in the range 20-250 |/mn, especially 30-120 |/ m n,
particul arly 40- -10- 80 I/mn. Pressure reduction that may be created

. between the air inlet and the nouthpiece in a device according to the

invention wll typi caIIy be in the range

I

eenRﬁPkmzd

— \\\\\\\\\\\\\\\\\\\\\\\\\

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 alrtight cooperation between protrusion 1§ aad
10 sperture 14 in the resting position was ensured by the provision of « 3 mm thick
foam rubber surround to uperture ;5 Diaphragmn 17 contained # six_zgle 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 helween partition 13 and diaphragns 17 : 2 nusv
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0.1-20 nmbar. It wll
provi ded as an-integral

be apparent that the air flow regul ati ng neans may be
part of the housing of the inhalation device or as

a separately manufactured .portion of the device which may be affixed to the

s, reamai nder of the inhal ation device by neansThisfShet HglBden

: !
connection, a screw thread or a nmechanical e iy af fi xati on may
be permanent, or-it may 10 provi de for the o0 be attached
- and detached as desired, for exanpl to facilla of the device,

W prefer that the air now regul ati means i s

Distance between partition 16 and dinphragm 17 : 11 mm,

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 digphiagm 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.showa ia 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 skiffed 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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adapted to be reversibly att ached to and detached from the renai nder of'the
device. As a third aspect of the invention, we provide an air flow

regul-ai_l_ng_maans_as_desnrl bed above adapt ed for use in conjunction with a

rat i on of an i nhal ation medicament- mhal ation
" n m rdance with the invengQp..iRagsud devi ce
orral Iy wse or di spensi ng powder ed haI ation.
devi ces include single dosezgdry povvd mﬁm t he SPI NHALER
Chims
L A device for the administration of an inhalation mcdicament, including a -

body defining a throt.gh-gumg air pathway having a long:tudmal fxis, an oir inlet,
an air outlet fnrming a mouthpicce, means for dhpem.ing medicament into the
pathway and alr flow regulating means, characterised 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
means for dispensing medicament, and biassing méémn whereby the :tﬁstructing
means is biassed into a first resting position in whnch the cross-sectional area of

the pathway is maximum and is adapted to mave against the bias of the blassmg

- means to a sccond position in which the cross-sectionz) area of the pathway is leas

'UEVIC
£ deV|c
conventﬁ
“Sui t abl e
S
10
15
20

than maximum In response to a pressure fall of the mouthpxece caused by
inhalation, ’

2. A devics according (o claim 1 whereln the cn)sa—#ecﬁonal area of the air
inlet is less than the mgximum cross-sectional ayea of the p&thway.

3. Adevice éccord!ng to claim 1 or claim 2 wherein the abstructing means
comprises uné or more partiﬂons'adapied to slide -ac.ros;s the pathway élong an
axis p_erpendicular to the lungitudinal axis of the psth\;:ay thereby obstructing the
pathway. -

4. A device according to claim 1 or claim 2 in which the Obstructing meuns
comprises an annular segment of membrane which connects 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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. f“‘~—-~——____~__“_~___~
(Regi stered Trademark) inhg]er and the DI SKHALER.( Regi st ered Tradenar k)
. inhaler and nulti-dose po E,e $B,qesReplaged the TURBUHALER (Regi st ered

S o N e
g

i nhal ation of a dry powdered
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 consisfs of curvature lnquduécd tnta.
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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medi canment or a WEW solution. We particularly prefer that
the 5 device is evice for pﬁep'\zmﬁal ation of a dry powdered nedicanent.
Devi ces for inhal ati qnis 8fe nt according to the invention are
- advant ageous in that t ffecti We a greater
< therapeutic benefit, easi er manufacture or
assenbl e 10 t han those of the pr| or art. mﬁﬂﬂ ageous in
“**that, in use, the flowof air to the patlent *I s¢moi
accuratel y controlled, the patient ri-abl e to obtain a | arger or mor e
consi st e, aﬁ’P&ﬁle%or%ﬁﬁd E%&B%%p:é’cfe hadGins fb?‘ﬁ%sp%n!?ﬁ{ mdBicEment into the
. pathway and air flow regulating means, characterised in that the aic fluw
regulating means includes a movable bbstrncting means adapted to reduce the
cross- scctional area of the pathwuy at & lobation ‘between the aif inlet and the
& means for dispensing medicament, and biassing means, wherebjr the cbstructing
means is biassed into a first resting position in which the cross-sectionaf area of
- the pathway i minimum atid iy adapted to mave against the bias of the biassing
means to a second position in which the cross-sectional area of the pathway is
maxirsem in response o 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 device according to claim 11 in which the obstructing means is provided
with an outer groove and which is retained In the housing hy means of « flange
1§ within the housing around which it fits Jooscly, ' |
13 A device according to claim 11 {n which the obsttucti'ng means is provided
with an outer flange and which is setained in the housing by means of a graove
within the housing within which it fits loosely,
14, A device according to claim 11 in which the biassing means and
20 obstructing means together comprise e 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 provided with

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

10225564110
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e

desirabl e properties than known inhalation devices.

-t

the present invention wll now be described, by way of exanple, with
reference to the accorrpaﬂ'il1 fdi‘daﬁxen lacnd whi ch the novenent of air is

shown by
illustrat

.. aspect of

arrows. Figure 1 nglt udi-ral—section through an

Preferred enbodi ment of

[ : I ve inhal ation d o the |Sstered -
Tr'ademar k) .i ncorporating air W regu ating Iﬁ to the second

the invention, in the resting p05|t|bnc
-32. :

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 pcrp_cndi_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 compriscs a spring. |

20. . A device according to %my one of ciaims 11 ta 19 in which the .crnss-

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

yco@

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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I n subsequent figures the detaits of the inhalation devi ce are omitted for

conveni ence. Figure 1(b) sh B@dp@p\gﬂedudl nal section through the device

"n which the aross. sectio Iggr*pat“hmme—mmneans MR ersdantiat
L i m\\m@ I

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 binssing means 10 a second posliion in
which the cross-sactional area of the pathway is more than minimum in response
3 toa prassure fall at the monm;;iccc caused by ishalation, |
2 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 clalm 21 or 22 in which the sross-scctional arca of
10 the pathway whea the second obstracting means is in the first position, is
| substantially zero. |
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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Figure 1(c) shows a | ongitudinal section through the device of figure 1(b)

with the air flowregulating means in a third position in which the
cross-sectional area of the pathway is |ess than maximum Figure 1(d) shows

;, a cross-section along line I-1 of Figure 1(a). Figure 2(a) shows a . _
| ongi tidinal section through a device accordi Wect of the
* invention show ng the air flow regulating neans 1 g
v+, position. Figure 2(b) shows a | ongi t udi nal sectmﬂsﬂeé}r h deV| ce of
figure 2(a) . _ :
g IIMII!I!lllllllllllllﬂl

There fa irmvided a device for the admsipistration of an inhxilaﬁon
medicament, including a body definiug a through-going air pathway having a
| 3 longitudine? axis, an air inlet, an alr outlet forming a mouthplece, méans for
 dispensing medicament into the pathway and air flow regulating means, |
characterised in that the air flow regulating means includes a movable ubsﬂudlng
‘means adapted to reduce the cro:s~secﬂ§nal area of the pathway at a location |
between the als inlet and ti:e mea:u-for dispensing mcdicament, and blassing
J0 - means, wheroby the obs!;qcling‘ means s binssed into n first restlhg position in |
which the cross-scctional area of the pathway is minimum and is adapted 10 move
against the bias of the biassing means to a second position in which the cross-
séction.nl area of the pathway is maiimum in response 10 a pressure fafl at the
. mouthpiece caused by inhulation and fs adapted to move further to a thizd
13  positlon in which the cross-sectional arca af the pathway is less than maximum in

. response (o a greater pressure fall at the mouthpiece ceused by inhalation.
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with the air flow regul ating means in a second positi_on' I n which the

cross-sectional ‘area of the air pat hway is mexi mum Figure 2(c) shows a
with the air

l.engi tudi nal section through the device of figure 2(a) 15
flowregulating nmeans in a third pesition in which Warea
of the pathway is l'ess than maxi mum Figure 2(d) sh plan view o hhe
“device of figure 2(c) with the.air- flow regulating ne nsskdaﬁtstwe‘t “g
position taken fromthe direction of arrowAand I'n wh ction
is circular. _ c\K\\“““\‘\ \t\ :
. 1/14
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20 Figure 2(c) is simlar to Figurc 2(d). save that the
cross-section is square. Figure 3(a) shows a |ongitudinal section through a

" device according to the second aspect of the invention with the air flow
deqgulating neans in the resting position. Figure 3(b) shows a : -
Iongrtudlnal section through the device of flgure 3(a)

2/14
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with the air flow regulating means in a second position in which the
cross-sectional area of the air pathway i's maxi num Figure 3(c) shows a
longi t udi nal section through the device of figure 3(a) 5 with the air flow
fegul ating means in a third position in which the cross-sectional area of
=the pathway is |ess than maxi num Figure 4(a) shows a | ongi t udi nal section
through a device according to the second aspect of the invention with the

air flow1regulat|ng neans in the resting p05|t|on
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Figure 4(b) shows a |ongitudinal section through the device of figure 4(a)
with the air flow regulating means in a second position in which the -
oross-sectional area of the air pathway i s naxinum Figure 4(c) shows a

4 ongi tudi nal section through the device of figure 4(a) with the air flow
rregu]atlng nmeans in a third position in which the cross-sectional 15 area
‘of the pathway is |ess than maxi num Figure 5(a) shows a | ongitudinal
section through a device according to the second aspect of the invention
with the air flom1regulat|ng means, in

4/14
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the resting position. Figure 5(b).shows a |ongitudinal section through the
device of figure 5(a) 20 with the air flow regulating in a second position
i+ which the cross-sectional area of the air pathway is maxi mum Figure
p(c) shows a |ongitudinal section through the device of figure 5(a) with
the air fIOM/reguIatlng means in a third position in whi ch t he
‘cross-sectional area of the pathway is | ess than maxi mum

22 5/14
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Figure 6(a) shows a |ongitudinal section through a device according to the
first aspect of the invention with an air flow regul ati ng neans having
f4rst and second obstructing nmeans in the resting position. Figure 6(b)y
shows a |ongitudinal section through the device of figure 6(a) 5 . whereif
the second obstructing means is in a second position in which the Cross-
‘séctional area of the air pathway is nore than m ni num

6/14
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Figure 6(c) shows a |ongitudinal section through the device of figure 6(b)
wherein the first obstructing neans is in a second.position in which the
c~0Ss- sectional area of the pathway is |ess than maxi rum Figure 7(a)
shows a | ongitudinal section through a device outside the scope of the
invention with the air flow regulating nmeans in the resting position.
“Figure 7(b) shows a longitudinal section through the device of figure 7(a)
with the air flow regulating neans in a second position in which the

cross-sectional :
: 22 7/14
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15
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with the air fl ow regul ating means between t he first and second positions.
-15- Figure 10(a) shows a | ongi tudi nal section through a device outside the
scope of the invention with the air flow regulating means in the resting

position.
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Fi gure 10(b) shows a | ongitudi nal section through the device of figure 5
10(a) wwth the air flow regul ating neans between the first and second
positions. Figure 11(a) shows a |ongitudinal section through a device

out si.de the scope of the invention with the air flow regulating neans in.
the Testing position. Figure 11(b) shows a |ongitudinal section through the
“devi ce of figure 10 11(a) with the air flow regul ati ng neans between the
first and second positions. Figure 12(a) shows a |ongitudinal section

t hrough a devi ce outside
? .- 10714
2 P

iiiiaim

Fig. 9(a)

TN

. /1
»
. %
Y 4 .
]
534 t}ss,
'A 4
Fig. 9(b) | f
s L

L‘\\-\
T;\Y-\ N

10225565110

WIVTO WALYOL v 10222C6STTOS TE:¢T 96, 20/02

stof



the scope of the invention with the air flow regulating means in the
resting position. Figure 12(b) shows a | ongitudinal section through the -
dévice of figure 15 12(a) with the air flow regul ati ng nmeans bet ween the

:flrst and second positions. Figure 13 shows the results ©
-test’'s perforned on enbodi nents of the invention. REfemS@ﬁbe%\é"B&g[ﬁ

1(a) in nore detail, a dry powder inhal ation device co
cylindrical body defi ni ng a through-goi ng pat hway, mﬂmm,m"r
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said body conpr|5|ng a nmouth piece portlon 1, a closure portion 2 and
at its end

portion 3. Closure portion 2 is provi ded,

20
flange 4 within

an air-flow regul-ator
whi ch connects with nout hpiece portion 1, with a peri pheral
hich the end of nout hpiece portion 1 fits closely. Air flow regul ator
apertlon 3 is provided, at it end which connects with closure portion 2,

mnth a peripheral flange 5 mﬁthln whi ch , ,\\‘\\‘-\\\‘\\N\‘\\
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the end of closure 'portion 2 fits closely. At |ts end renDte fromair flow
regul ator portion 3, nouthpiece portion 1 is tapered to forma
tJUStOCOHIOa| nmout hpi ece 6. Wthin nouthpiece portion 1 a sinple bearlng 7
is supported by cross nmenbers 8. A spindle 2 is seated in bearing 7.
,Splndle 9 is provided with a cup 10 which is capable of closely receiving a
perforatéd capsul e 11 contai ning medi canent to be inhal ed, which together
form means for dispensing nedicanent. Spindle 9 is al so prOV|ded with rotor
vanes 12 which cause spi-ndle 9 to rgﬁizﬁa\m thin bearing 7 when air is drawn
t hrough-the device, as during inhal Cl osure .portion 2 s

This Sheet Has Been Replaced
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Fig. 12(b) |
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provi ded, at its end renote fron1the nout hpi ece portlon 1 with a perforated

grid Air flow regulator portion 3, having an air inle rst

partition 15 is provided with a second partition 16 ORmk B iece side
~=0f the first partition 15 in between which two partltlam Spjaced

.~ perforated di aphragm 17. Perforated di aphragm 17 i s pr
Y _protrusion 18 on the 15 I nl et .side which cooperates ]
“Vinlet aperture 14 in first partition 15 in the resting position and a

€.

air

protrysion 19 on the outlet sidé which is adapted to cooperate wth and
cl ose lan aperture 20 in second partltlon 16 in response to a
| 14/14
{9
m~ €
Q-
Q0
Q
- x\
O
«
% %
@ =
o E
. — 0 =
ap IR 1P )
v~ N «©
i 2
&.
N |
. et
% &
- .
t ©
Dot
(requi) eduaBHYIP ainssald
6464110
et jozzeceerTosy  £€:2T 96,

VT WALIO ¥
avom :

20702



Fonse-{ oS

pﬁgﬁu,rﬁ_dmp—apphe—n@ut hpi ece caused by inhal aton. Second partition 16
4l so cont ai ns further anertures 21. 20 Referring . nowto frgure

1(b) ThisiSheet Has ﬂsr SH t mout hpi ece { not: ghg -
i nhal a 1 rat echwg 38 7 is distorted and: prot. JUSL.
rmves in first part;/(ro ,15thu

air through the pathway via perforatiagn# i

Ay

atign device with b rate contr

' . T LIRS -«
his invention relates (w an inhulation device incorpocating novel mcans

for regnlatlng the rate of patient fnspiration.

Known inhalation devices suitable for the admmisuahou to the hung ot'
any inhalation medicament include devices which administor the medicament in
liquid form, in dry powder form OL3s a suspension of the solid medicament ln a
liquified propenant,

10 Devices of the first mentioned type include nebuhser devices wherein =
fine respirable mist is formed by action of a compresscd 808 on a sample, by -
vibrauon of a pn.melcctr!c crystal or by other ulirasaaic means; ako, devices of
the type described in e.g. Intecnational Patent Appllcat ion WO 91/14468, where
the liqufd is sprayed through a smail upcnure.

15 Devices of the second mentioned type which may provide the medicament
int unit dose or multidose form include the well known SP(NHAI ER (Regisiered
Trademark), which ig described in UK Patent 1122284, the TURBUIHALER
{Registcred Trademark) which js described in United States Patcat 4,524,769, and
the: device described in European Putent Application 407028,

20 Devices of e third. mentioned type, which generufly contain™a pressurised
reservalr of liquified propelunt comtaining u suspension of the solid medicament
and a melering valve faor disponsing a suitable dose, are aiso very well known in

the art and is not nccessary to describe any particular type herc.
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+17- Referring nowto figure 1(c), when the pI’EbbUIE at—the mouthpiece is
~ further reduced, protrusion 19 on the air outlet si %héQ{Ha?%EJn h&d

di aphragm 17 is urged agai nst aperture 20 in secon thus
reduci ng the cross-sectional area of the pathway an he fl ow
of air. Figurc 1(d) shows a possible arrangenent of
di aphragm 17.

_ 2

However, it is a general probluar with the above devices that the
efficiency of administration of an accurate dose of medicament to the king Is
severely impaired in the absence of any control of the flow oOf air through the
device. In general, excessive inhalution velocity causes a significant proportion of

3 the dose t0 impinge on the b#k of the throat, with a resultant short dosc reaching

the turget asen in the lungs. This is known (o be & particular probl;sm of devices
ol the diy powder ype which nrclgalmng pupulsnly due to thetr eavironmentally
fricndly attributes,

One way of alleviating this problew in a dry powder device is described in

10 " US Patent 5,161,524 (Gluxo) whereln the inhalation device Is provided with a

| sccondary &ir conduit as well as the primury air conduit which provides the path
for the inhalation medicament (o the lung. F the alr How velucity become o
great thrnugh the primary pir conduit, then the secondury air conduit opeuns
further thus decreasing the air veloeity ln the primary air conduit..

] Haowever, this arrangement suffess from the disadvantage that whilst the
veloci(y. of air in the primary conduit may be reduced, a Iarge' volume of non drug-
containing air is drawp in through the secondafy alr conduit, with the result that
the breath of air necessary (0 secure a2 proper dose can become very long and
drawn out. Furihermore, the arrangament muy not be suitable for all the types of

20 Inhalation device described above,

We have now iavenicd an inhalation device witl beeath rate control

which overcumes or significantly mitigates these difticulties.




As variants of the enmbodi ment shown in figure 1, perforated-diaphragm 17

“ may be provided with any nunber of protrusions 18 to its surfage.aon the air

inlet side which cooperate with an equal nunber of Th taskecy 2& cedfi rst
partition 10 15. In an alternative arrangenent, ther \
nunber of apertures 14 over the nunmber of protrusio

excess
perforated di aphragm 17 nmay be provided with one or nore protrusions 192 to
its surface on the outlet side which coopegate with an equal nunber of
apertures 20 in secongﬁﬁarti jon 16 or the nunber of apertures 20 in
partition 16 may exc&Ber fFRerding iR fisst wspest of theolaventipn we provide a device for

the administration of an inhalation medicament, including a body delining a

through-going air pathway having a luﬁgituwnnl axls, an air inlet, an alr outlel
forming a mouthpiece, means for dispensing medicament into the pathway and air
2 flow regnlatiné means, characterised in that the air fluw fegulaliﬂg means includes
movablc obstrucling means ndapted to reduce the crasssectional area of the
pathway at a location between the air inlet #nd the means for dispensing
medicament, and bivssing racans, whereby the obstaucting means i biassed into a
first resting position in which the cross-sectional arca of (he pathway is maxituum
10 and is adapted to move against the bias of the binssing means to a second position
in which the cross-scctional arca of the pathway fs tess than maximum in response

to a pressure fall al the mouthplece caused by inhalation.

By "'obstruc.tiug means” we mean any clemens suade of & material which is
15 wholly or partially Impervious w air and which is suitable for restricting the flow
of air through the pathway. The obstructing means may be manufactured from a
tﬁcta!, plastic, rubber or other suitubly densc wmaterial and may be of entirely solid
contruction, or it .may be made partially permeable to air by the provision of

channcls,

By "biassing raeans” we meau any means for providing a restratat 10
movemctit aguinst the bias on the application of pressure or suction which also
provides a restoring force in (he opposite dicection un the release of pressure or

suction. Suilable biassing mewns include springs, where the spring may be
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15 on perforated diaphragm 17.-In figures 2 to 12 which follow, the
- details of construction of portions and 2 of the inhalation device are
omtted but nmay readily be ascertained by reference to figure 1(a).
Referring now to figure 2(a) the air flow regulator portion 3 of the
i nhal ation device, conprises an air inlet 22 and contains a hinged V-shaped
vane 27 having two portions 23 and 24 which is able to rotate about an axis
perpendicular to the pathway at a hinge 25 f¢shown in figures 2(d) and
2(e))
compressed or siretched, for example, coil. torsion or leaf springs; elastomeric
muterials which sre reversibly deformable; and resilient curved matcriats
(including thuse made of metal, rubber ot plastic) where the curve may be

reversibly straightened.

The pressure fall at the mouthpiece may desirably be amplificd by
providing an air inler which is constricted.  Thus, we prefer that the cross-
sectional area of the air inlet k fess than the maximum cross sectionel area of the
pathway, We particulacly prefer that the air infet comprises one o1 more

10 apertures that have o total cross-sectional agea of less than 25%, especiully 10%,

more ospecially 5% of the maximum cross-sectional area of the pathway.

- Without prejudice to the generality of the concept, the following
combiputions of integers are preferred:

13 () the obstructing means coiuprise.q ont of more partitions adapted to slide
across the pathway along an axis perpeadicular to the Jongitudinal axis of the
pathway thcreby c'abs'trucliug the pathway, We prefer in this case that the biassing
means compriscs a spring; or
(b) the phstructing means comprises an annufar scgmesﬁ of membrane which

20 cannects two pactions of the body. We particularly prefer that the ob#trucling |
means compriscs a ségmcm of membrane made of elastomeric material and the
blassing means comprises the resistunce nf the clastomeric materiul to siretching
in a direction perpendicufar to the longitudinal axis of the pathway ur that that the

obstructing meuns comprises an aunular segment of membnune made of inelastic
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~-18- against the bias of spring 26. In t he resting 1aes+{—|—en——¢—he*__

cross-sectional area of the pathway is substantially Referrl n now to

figure 2(b), when the pressure at the nouthpiece (not '
i nhal ati on, vane 27 rotates about its axis against the I” '

malcrial and the binssing means provides a bias agalnst movement of the two.
portions of the body towurds each other along the longitudinal axis of the

pathway. In this lattcr case, we prefer that the biassing meaas camprises 8 spring;

or

7]

(c)  the obstructiog means comprises a rigid grille ‘or perforated sheet formed
ina p}uné pérpcndicular tu the longitudinal axis of the pathway on the air inlet
side of which rests a flap which in its resting position is deflected tawards the air
inlet and in iis second positinn is urged against the grille or perforutcd sheet. We
pasticulatly prefer that the flap s rigid and is hinged about an axis perpendicufar .
1% 10 the longitudinal uxis of the pathway and the ﬁassing means comprises a spring

at the hinge of the flap; or that the flap is made of a resilient efastomeric material

and the biassing means consiss of curvature {ntruduced into the fap, said

. curvature being directed towards the ait infet; or

(d)  the olstructing und biassiug means together cum;»rise twa or more
15 cooperating flaps made of resfiient elastomeric material which in the first pasition
aré deflected towérds the air inlet and which iu the second pqsitiéu are urged

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

The air flow zegulating means described above are adapted to regulate
20 the maximum velocity of airflow lh:uugh. the device. Huwever, it is frequently
desirable to provide menns not only for regulating the muxtmum velacity of air

flow but also to regutate minimum air flow s well.
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spring 26, thus increasing the cross-sectional area of the pathway and

allowing the flow of air. At a point at which the vane has

is maxi mum Referring nowto figure 2(c), Hethe pressure

the flow of air

at the nmouthpiece is further reduced, the vane 27 further r S\ paen) Replaged
Is unable-to rotate any further 10 at which point the flo I n
m ni msed. The two portions 23, 24 of vane 27 may be gas i

whi ch case the flow of air at rest and at mgi num pressure at the

] {

devico for the administration of an inhalation medicanient, according to the
invention, wherein the alr ﬂow'_rcgulatiug means further includes gecond movable
obstructing means adapted to reduce the cross-scciimml aten of the pathway t;t a |

3 location between the alr inlet and the means for dispensing medicament, ang
sccond biassing meaus, whereby the second obstructing means is biassed into a
fixst resting position in which the cross-sectional area of the pathway is minimum
and is adapted to move against the bias of the blassing means to a second Position
In which the cross-sactional area of the pathway is more than minimum iy

10 response w a presyure fall at the mouthpiece cavsed by inhalation

We prefer that the second movable obstructing means ig adapted 0
red |
uce the cross-sectional area of the pathway at a location between the firg(

obsiructing aicans and the menps for dispeﬁsing mcdicament,

We prefer thut the second biassing mcans cornprises a spring biasscd
along the longitudinal axis of the device and the secand obstructing means
comprises a shutter mounted o the spring.

We prefer that the first obstivcting means and biassing means comprise

20 theel ' d). We pat
elementy described ahove as (a) to (d). We pavticularly prefer that the first

obstructing means has the construction described in {c) above.

We prefer that the crass-sectional sres of the pathway when the second

abstructing means Js in the first position is substantially zero,
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——————E

énti rely p'revent ed, or either or both portions may be perforated, Tn which
case sonme flow of air will be allowed when the flgwd&eguhatolr, Bﬁdi on 3 of

the 15 inhalation device is in the first or thirdy . erring now
to figure 3(a), air flow regulator portion 3 of thﬂ'“lﬂ'ﬂﬂﬂiﬂ
conprises an air inlet 22 and is provided with an 28 whi ch

vi ce
retains a disc 29 having a central channel 30 and an outter groove 31 in
whi ch the 20 flange 28 fits |oosely. Thelgroove 31 in disc 29 is biased

against the air outlet side of. flange 28 by means of ring 32 which is
58IOIOOrt-ed by a prot r&i’&r?ﬂg’é““gﬁ‘ and g"’r‘"“"d x"m‘f“"““ﬂs which s the beuefit of an

economy of space, the finst and second obstructing mesns may be combined inlo a

single elcinent which muy move between 3 positions,

b Theat, according tu a third aspect of the invention, we provide a device for
the administration of an inhalation medicament, including a body defining a
through-going alr pathway having a longitudinul axis, an air infet, an air outlct
forming a mouthpiece, means for dispeusing medicament into the pathway and air
fiow regulating means, characterised In that the alr flow vegulating meuns inclodes

10 . a movahlc gbsteucting means adapied ta reduce the cross-sectional area of the
patbway at u location between the lair inlet and the means for dispensiog
medicament, and biassing means, whereby the obstructing meaus is biassed into a
first resting pbsition in which the éruss-sr,ctic)nal area of the pmhw@ is minifpura

“and is adapicd to move against the bias of the biassing meaans o a secead position

15 in which the cruss-sectiona) area of the pathwuy {s maximum in response to 8
pressure fall at the aoulliplece caused by inhalation amd is adupted to muve
further 10 a third position in which the cross-sectional area of the pathway is fess
than maximum in respoase 16 a grester pressure fafl at e mouihpicce causcd by

inhalation..

The lollawing caubination of integers are preferred:
(A} the obstructing means is provided with an outer groave which i retained
in the housing by means of a fAange within the housing around which it (its loosely;

of
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flange 28. Referring nowto figure 3(b), when the pressure at the

nout hpi ece (not shown) is reduced on inhalation, the di.sc 29 noves agai nst
the bias of spring 32 -19- thus creating a space between the flange 28
and the groove 31 on the disc 29 _

ry
- (B the obstructing means is provided with an outer Nange and which i

retalned in the housing by means of a groove within the housing within which it
fits looscly; or
(C)  the obstructing means compriscs & V<shuped vane, biassed at a hinge
3 formed ut the apex of the V, which ‘ro'tatcs about an exis pcrpendiculér to that of

the paihwgly; or
(D) - the pathwuy is divided by a partition provided with a first uperture and
the obstrucling meaus comprises a shutter provided with a second aperture
slidubly enguged with the partition, which shuiter is made to stide aguinst the -

10  puriition against the bias of the biassing means by a pistor in guscous

commuanication with the mouthplece.

In the case of (A) to (D) above, we prefer that the biussing means

comprises a spring.

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

spring ut the hinge,

The following combination of integers is also preferred:

20 B the birssing raeans and obstrycting mmeans tugether comprise a perforatcd
diaphragm made of resilicat elastomeric material furmed in a plane perpendicular
to the longiiudinal axis of the pathway. We particulacly prefor that the diuplicagin
{s pravided with one or more profrusions on ifs vpper and lower surfuces and is
locuted Uetween two pugj}jglj_&gm¢qr_hx a plane perpendicular to the Iuhgil udinal
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t hrough which air may flow. Referring nowto figure 3(c), when the pressure
at the nouthpiece is further reduced, the disc 29 noves further against the
bi as of spring 32 and the space forned between the flange 28 and the groove
31 on the disc 29 is closed. Thus the cross-sectional area of the pathway
Is decreased to that value in the restign position (figure 3(a)) Referring
now to figure 4(a), air flow regulator portion 3 of the inhalation 10

devi ce conprises an air inlet 22 and contathhs a partition 34 provided with

a first axis of the pathway, the portitions being provided with apertures with which some
of all of said protrusions cooperaix to restrlel or prevent the passage of air
through the apertures. We prefer the protrusion(s) ta b(. of contical shupe or o
be of & shape consisting of a cone mounted on a cylindes. We prefer the
2 eperturc(s) with which the protrusion(s) cooperate to be circular. We prefer thét
the upper and lower surfaces of the diaphragm are each provided with a single

protrusion.

In the case of (A), (B) and {E) above, we prefer that the obstructing
10 meuns is of substantially circular section along an axis perpendicular to the
‘longitudinal axis of the pathway, In the case of (C) and (D) above, we prefer that
the ohstructing means is of substentially squase or rectangular scction along an

axis perpendicular to the longitudinal axis of the pathway.

A We jnefcr that the eross-scetional area of the pathway when the

ubstructing means s in the First position, s shbstamially zera.

The device body definlng the through going-pathway will be made of a
rigid material, for example plastic or metal, and js preferably of substantially
20 circular or square cross-seetion, although the shape of the section may at least ia

pact be determined by the nature of the absteucting means.

The inhalation device aconrding 10 the invention is particularly suitable for

desired air flows in the range 20-250 Ymin, especially 30-120 Ymin, pasticulasly 40-
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aperture 35. Aperture 351is, in the restin'g position closed by a shutter 36

- provided with a second aperture 37, which shutter_is _slidably engaged with
the partition. Mwvenent of the shutter 37 is controlled by a piston 38

retained in. piston housing 39 which forms part of laced
regul ator portion 3 and 15 which is biased agai nst. I ngs 40.
The piston 38 is in gaseous comrunication with the ai e
mout hpi ece (not shown) by neans of a channgf- 41 connecting the piston
housi ng 39 andqe“&?.rtﬁf the air_flowregulator portion 1 on the air outl et
side of the shutter tagressure reduction that may be created hetween the air inlet and the

mouthpicce in a device according to the invention, will typically be in the range
0.1-20 mbar.

3 ¢ will be spparent that the air flow regulating mcaim may be provided as
an integral part of the housing of the inhalation device or as a scparately
manufactared portion uf the device which may be affixed to the temainder of the
jahalation device by means of a w&ld. a mule-female type connection, a screw-

- thread or a mechanical equivalent, The affixation may be permancnt, or it may
10 pravide for the two bortions {0 be attached and detached as desired, for example,
to facilitate cleaning of the de\}ice. Wc prefer that the air flow reguluting means is
adapted to be reversibly attached to and detached from the remainder of the

device,

13 ~ As a fourth aspect of the invention, we provide un air flow regulating
meuns as described above adapted for use in conjunction with a deviee for the

administration of an {thalation medicament.

Inhulation devices for use in m..-cmdancc with the invention include any -
20 device conventionally used for dispensing powdered medicament fof inbalation.
Sultable devices include singig dose dry pt':wder inhalers eg. the SPINHALER
. (Registered Trademark) inhater and the DISKHALER (Registcred Trademark)
inhalcr and multi-dose powder inhalers e.g. the TURBUHALER (chisiered.
Trademark) inhaler aud the device described in European Patent
REPLACEMENT SHEET
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Referring now to figure 4(b), when the pressure at the nouthpiece (not 20
shown) is reduced on inhalation, the piston 38 is urged against the bias of
spring(s) 40, and the shutter 36 noves bringi ng second aperture 37 into
comuni cation with first aperture 35. Referring nowto figure 4(c) as the
pressure at the nouthpiece is further reduced, th

further against the bias of spring(s) 40 ang the This Sheet Has Been Rep
, . . of §n cen

AN I

We prefer that the dcvkg is a device for the inhalation of a dry powdered

Application 407028,

medicament or a medicament in aqueous salution. We particulacly prefer that the

& device is a device for the inhalation of a dry powdered medicament.

Devices for inhnlutlon of a medicament uccording to the lnvention are
advantageous in that they are more effective o: cfficient, give a greater
therapeutlc henefit, ere safer, are easicr or cheaper to manufacture or assemble

10 than those of the prior art.  They are also advantageous in that, in usc, the flow
of air ta the patient is mace desirably or accurately controfted, the. paticat is abie
1o obtain a larger or more conslétem dose of medicament o they have other more

desirable properties than known inhalation devices.

15 Preferred embodiments of the present inventlon wiil now be described, by
way of example, with reference to the accompanying drawings in which 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 Tindeinark) incorparating aic flow

20 regulating nicana, according to the third aspect of the inveation, in the resting
position,

In subsequent figures the details of the inhalation device are omitted for

convenience.
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-20- aperture 37 in shutter 36 noves out of conmunication with the aperture
- 35 in partition 34, thus restricting the flow of air. The relative

di mensi ons of apertures 35 and 37 and and the distance of travel of piston
38 may be such that the pathway is conpl etely clTtSliecatiasiBestRephe@d- a 5

pressure drop is produced at the nouthpiece, or tm"”“"ml(mmrectlonal

area of the pathway under these conditions is sma
Figure 1(b) shows a longitudinu] section through the device of figure 1(s)

-12-

with the air flow regulating means in the second position in which the cross-
scctional arca of the air pathway is max(mum

Figure 1(c) shaws a lougitudinad section through the device of figure 1(b)

3 with the air flow regulating means in a third position In which the cross-scctional

area of the pathway is Jess than maximum.

Figure 1(d) shows a cross-section along line I-Y of Figure 1(a).

‘Figure 2(a) shows a Jongitudinal section through x device according to the
third aspect of the invention showing the air flow regulating means in the testixng

10" positiou.

- Figure 2(b) shows & longitudiaal section through the device of figure 2Z(a)
with the air flow regulating icans in a sccond position in-which the cross-sectionat
area of the air pethwéy is maximum,

Figure 2(c) shows & lungitudinal section through the device of figure 2(a)
15 with the air flow }cgu!aling mecaus {a a third pmiﬁ«in {n which the crass-sectional
area of the pathway is less than mwdmum,
Figure 2(d) shows & plan view of the device of figure 2(c) with the air-
flow regulating nicans in the third position taken from the direction of arrow A
and in which the cross-section is cilrcular.
20 * Figure 2(¢) is simifar to Figure Z(dj save that the crogs-section is squarse.
Figure 3(a) shuws a longitudinal scction tluough a device accurding to the'

third aspect of the invention with the air flow regulating mc¢ans in the rosting

position.
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Referring now to figuf - v_g; ﬁiﬂil ow regul ator partion 3 of the

“inhal ati on devi ce | Zgilnl et 22 and W
i retains a disg¢.43 having a central

d b5 10

circunferential gr } @

channel 44 and an eDGNQRg@? 5 fajound whi ch the HaslBZenfReplscehoosel
The flang 45 on dilsc| 43 i s bi ased {adai nst the inlet e 42 in
the housing by means—of spring g 46 wlich is supporte ugﬂ Base 47
illustrated as a gpille. howeveritdmay alfernatively conS|t|

protrusion into the pathway fromthe wall " the air flow regul ator.

portion g at @ Pol N Figled S(B) s ioRgAGnAlt sbhon AR e doilbe Ge 23 §(B‘ ece,
with the air flow regulating means In a sccond position in which the cross-sectional

area of the air pathwoy is maximum.

- Figore 3(c) shows a longitudinal section through the device of figure 3(a)

7]

with the air flow regulating means in a third position in which the eross-sectional
area of the pathway is less thun ma:gimum.

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 restiag ;
pwitioﬁ. |
10 Figure 4(b) a!iows - lougitudinal section through the device of Gigure 4(a)

with the air ﬂow'rcgulating means in a second position in whiclk the cross-sectional
area of the alr pathway is maximein,

Figure 4(c) shaws a longitudinal section through the device of figure 4(a)
with the air flow n:g-;ulming tucans i a third positlon in which the cross-sectional

13 area of the pathway is less than maxinﬁum.

Figure 5(a) shows a longitudinal section through a device according o the
third aspect of the invesstion with the air flow regulating means in the resting
position.

Figure 5(h) shows u lungifuniinsll section theangh the device of figure 5(a)

20 with the air Ogw reguloting it 8 sccond position in which the cioss-sectional area
of the ait pathway is maximum, |

Figure 5(c) shows a Jongitudinal section through the device of figure S(a)
with the air flow regulating means in a third position in which the cross-sectional

arca of the psthway is lesy than maximum.



constitute some other mechanical equivalent which will be apparent to a
“person skilled in the art. Referring nowto figure 5(b), when the pressure
at the nout hpi ece (not shown) is reduced on |nha+—&t—|—eﬁ——t—he—d4—ss_43 noves

against the bias of spring 46 20 t hus creating betmeen t hie flange
45 on the disc 43 and the groove 42 through which F errlng
now to figure 5(c), when the pressure at the nout hgi reduced
the disc 43 noves further against the blas of spri

Flgure 6(a) shows a longimdim! section through a device according to the
second aspect of the invention with an air flow cegulating means having first and
second obstructing meuns in the rosting position.

Figure 6(b) shows a longitudinal section through the device of figure 6(w)

2 wherein the second obstructing means i in a second position in which the cross-
soctionnl arcu of the alr pathway is more thun minimam.

Figure 6(c) shaws a longitudinal section through the device of figure 6(b)
wherein the first ubstructing means is in & second pusition in which the cross-
scctional area of the pathway is fess lhaﬁ maximum.

10 Figure 7(2) shaws 2 lotgitudinal section threugh a devfce according to the
first aspect of the inveation with the air Gow regulating means i.n the resting
pasition, |

Figure 7(b) shows a Jongitudinal sectivn through the Jevice of figure 7(a)
with the air ﬂow regulatiug means in a second position in which the cross-sectional

13 arca of the pathway is minimum,

Figure 8 shows a longitudinal section ihroug,h a device accurding to the
first aspect of the invention with the air ﬂoﬁ regulating means in the resting
position.

Figure 9(a) shows a lungitudinal section thrugh a device accurding to the

20 first aspéct of the invention with the air flow regulating mcahs in the resting
position. |

Figure 9(b) shows 8 longitudinal section through the device of tigue 9(a)

with the air flow regulating means betwaeen the {ist and second positions.
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space formed between the flange 45 on the disc 43 and the groove 42 is
cl osed. Thus th cros-sectional area of the paWo t hat .
value in the resting position (figure 5(a)). In figures pr ef er

that the air flow regulator portion 3 and disc 5 THOSHE HPBeeRREQL: -

circular sSection. However, they nay al so be of anot fm, I'mn””,”"l
S-

Figure 1{a) shows a Iongitudinal section through a device according 1o
::::': aspect of the inventiun with the air flow regulating means in the resting
Figure 10(b) shows a loagitudinal section through the device of figure
S 10(2) with the air flow regulating weans between the Sirst and second positions. |
Figure 11(a) shows a longitudinal section through a device uccording to
the first aspect of the invention with the air flow segulaling meuns In the resting:
posinon
Figure l!(b) shows a lungituding] section through the dé\ioe of figure
10 11{a) with the air flow regulating means between the first and second pasitions.
Figure 12(a) shows a longltudinal section dirough a device according td
the first aspect of the invention with the air flow reguluting means in the resting
position.
Figure 12(b) shows a longltudinul section through the device of {igure
15 12(a) with the alr flow regulating means between the rusl and second pasitions.
Figure 13 shows the results of experimental tests perloraied on
embbdlmcnts of the inveation.
Relereing now ta figure 1(a) in more dersil, a dry powder [nhalution
device compnscs a generally cylindrical body dcﬂnmg a through-going pathway,
20 said body cumprising a mouth picce portion 1, a closure poutivn 2 and an afr-flow
tegulator portion 3. Clpsufé portian 2 is pruvided, at its end which counects with
mouthpicce portion 1, with a peripheral flange 4 within which the cnd of
mouthpiece purtion ] fits closely, Air flow regulator portion 3 is provided, at ity

end which cunnects with closwe portion 2, with a peripheral flange 5 within which
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section, for exanple, of rectangul ar or square section. Futhernore, it wll
"be apparent to the skilled person that disc 29 or 45 may have any nunber of
channel s whi ch maybe arranged as desired. Alternatively, although this is
not preferred, they nmay be entirely solid in which 10 case the mni num
flowrate will be zero. Referring nowto figure 6(a), air flow regul ator
portion 3 of the inhalation device, having an air inlet aperture 14 in

first partition 15 is provided with a secetd perforated partition 16,
towards the outll‘et in between which is

the end of closure portion 2 fits closcly. At its end remote from air flow regulator
portion 3, mouthpicce portion 1 is tapered (o form & Gustoconical mouthplece 6.
Within mouthpiece portion 1 a simple beariug 7 is supported by cross members 8.
A spindle 9 is seated in bearing 7. Sﬁtxdle 9 is provided with a cup 10 which is

3 capabic of clbscly receiving a perforated capsule 11 ennaining medicament to be
inhaled, which together furm meuus for dispensing medicament. Spindle § is aleo
provided with rotor vancs 12 which cause spindle 9 to rotgte within bcarihg 2
when air is drawn through the device, as during inhalation. Clasure portion 2 is
providcd. at its end remote fram the mouthpiece portion L, with & perforated grid

10 13 :

Air flow regulator portion 3, having an air inket aperture 14 io first
partition 15 is provided with a sccond pertition 16 on the mouthplece side of the
first partition 18 in beiwcen which two purtitions is located a perfarated
dhphragﬁ 17. Perforated dinphragm 17 is pmvfded with a protrusion 18 on the

3 inlct side which cooperates with and closcs air Inlct aperturc 14 In first partition
15in the rcStlng position and a protrusion 19 an the outlet side which is adapted
to cooperute with and clﬁee an sperture 20 in second partition 16 in responsc to a
pressure drop at the mouthpiece caused by inhalation. Second parttion 16 also
contains further apertuces 21,

20 Refcrring now to ﬂgure' 1(b), In use, whew the pressure at the mauthpicce
-{nat shown) is reduced on inhatation, the perforated diaphragm 17 is distoried and
protrusion 18 moves away from air inlet aperture 14 in first partitlon 13 thus

allowing the flow of air through the pathway via perforations ip the diaphragm 17.
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15 located a shutt effNlSalBRNis

the bias of spring 4%
which rests
second partition 16 g
‘towards the air inlej
pressure at the nout
shutter 48 noves away fromthe air

mat eri al

1 agai nst air inlet aperture 14 by
nd a curved ripg|!ient flap 50 nade of elastoneric
i RRIPId ipartition 16 on the air inlet side of
in which thej curvature of the flap 50 is directed

: ferrrmy~Tow tp figure 6(b), in use, when the
pi ece 20 (not_sholm) is reduced on inhalation, the

agai nst the bias of P?prln 49 thus allowing air to be drawn through the

devi ce.

clerring now to fAigure 1(c), when the pressure at the mouthpiece is

further feduced, protrus!on 12 on the alr outlet side of porforated diaphragm 17 is
urged against aperture 2Q in second partition 16 tﬁus reducing the cross-sectional
trea of the pathway and restricting the flow of air.

Figure 1(d) shows u possible arrangement of perforations in diaphiragm
17,

As variaats of the eﬁhodimcnt shuwn in figure 1, perforated diaphragm
17 may be provided with any number of protrusions 18 to its surface on the alr
inlet side which couperate wlth. an cqual number of apertures }4 in first partition
15, In an alternative émngement, there may cxist an excess aumber of apertures
14 over the number of protrusions 18. Equally, perforated diaphragm 17 may be
provided with on¢ or more protrusions 19 to its surface on the outlet side thich
cooperate with an equal number of apertures 20 in second partition 16, or the

number of apertures 20 in partition 16 may exceed the number of protrusions 19

‘on perforated dlaphragm 17.

In figures 2 to 12 which follow, the details of construction of portions |
and 2 of the inhalation device ate amitted but may readily be ascertained by

re{erence to figure 1(a).

Refeniag now 1o figure 2(s) the air fiow regulalor portion 3 of the

_ inhalation device, comprises aq air inlet 22 and contuins & hinged V-shaped vane

22 having two portions 23 and 24 which {s able to rotate atrout an axis

perpendicular to the pathway at a hinge 25 (showa In figures 2() and 2(e))

inlet apprture 14 in first partition 15



of

its

r educed,

"Referring nowto figure 6(c), when the pressure at the nout hhi ece is
further

the flap 50 is urged against partition 16 with | essening

-22- curvature thereby reducing the cross-sectional area of the
pat hway and restricting the flow of air. Should the suction applied at the
nout hpi ece be reduced, the

-18-
agalnst the blas of spring 26. In the resting position, the cross-sectional area of
the pathway {s substantially 2era.

Referting now to figure 2(b), when the pressure at the mouthplece (not
shown) is reduced on inhalation, vune 27 rotates about its axis against the bias of
spring 26, thus incrensing the cross-sectional area of the pathway and alfowing the
flow of alr. At a polnt at which the vine has half rotated, the flow of sir is
mnximum.'

Refgning now o figure 2(c), whea the pressure ut the mouthpiece is
further reduced, the vane 27 further rotates until it 3¢ unable 0 rotate any forther
at which point the flow of air is again minimised.

The two portions 23, 24 of vane 27 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 portions may be perfarated, in which case
some fow of air will be allowed when the flow regulator portion 3 of the

inhalation device is in the first or third pasitions.

Referding nuw 1o figure 3(a), air flow regulator portion 3 of the inhalation
device comprises an air inlet 22 and is pruvided with an annular Gange 28 wﬁich
retains a disc 29 huving o central chaﬁnel 30 and an outer graave 31 in which the
flange 28 fits loosely. The groove 3] in disc 29 is biased againal the air outlet side
of flange 28 by means of spring 32 which is supported by a protrusion 33 on
flange 28.

Referring aow to figure 3d>), when the pressure at the mouthplece (not

shown) is reduced on inhalation, the disc 29 moves against the bias of spring 32
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curvature of the flap is restored and the cross sectional area through

which the air
the device is

may pass is increased. In this way the flow of air through
regul ated. Referring nowto figures 7(a) and 7(b), air flow

regul ator portion of the inhalation device having an air.inlet 22 is

provi ded with
which rests a
t he curvature
of the device
nout hpi ece is

agrille or perforated partition 16 on the air inlet side of
curved resilient flap 50 nade of 10 el astoneric materi al,
of which flap is directed towards the air inlet. Th operation
in response to a varying str’é’ngth suction applied at the

TRl Wapde BEIRED REDARELR hlnd pRMLE 1 0 he ARI ()
through which air muy flow. '

Referring now to figars 3(c), when the pressure at the mouthpicce ix
further reduced, the disc 29 moves furcher against the bius of spring 32 and the
space formed hetween the flange 28 and the groove 31 on the disc 29 is closed.
Thus the cross-sectional area of the pathway is decreased to (hat value In the

resting position (figure 3(a)).

Referting now to figure 4(»), air flow regulatar pottion 3 of the inhalation
device comprises an air inlet 22 and cantains a partition 34 provided with a first

aperture 35, Aperture 33 is, in the resting position, closed by a shutter 36

' provided with a second aperture 37, which shutter is slidably engaged with the

partition. Movement of the shutter 37 ia controlled by & piston 38 retuined in

ﬁslon housing 39 which forms part af the bousing of Bow regulator portion 3 and

which is biased against one or more speings 40. The piston 38 is in gascous

_communication with the afr outlet at the mouthpiece (not shown) by means of a

channel 41 connecting the piston hausing 39 and a part of the air flow regulator
boninn 3 on the alr outlet side of the shutter 36 - ' _
Referring now to figure 4(b), when the pressure at the mouthplece (not
shown) is reduced on Inhalation, the piston 38 is urgéd against the bias of
spring(s) 40, and the shutter 36 moves brihgmg second aperture 37 jmo |
communication with first aperture 35. |
Referring now ta Agure 4(c), as the pressure at the mouthpiece is further

reduced, the piston 38 is urged further against the bias of spring(s) 40 and the
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In figure 8, the curved resilient flap 50 of figure 7 is replaced by a 15
rotatable rigid flap 51 which is hinged at the wall of the housing of the
“air flowregulator portion 3 such that the axis of rotation is
perpendicular to the direction of air flow At rest, the rigid flap 51 is
bi assed towards the air inlet by spring 52 |located at the hinge. As the
pressure at the nouthpiece (not shown) is reduced, rigid flap 51 is urged
agai nst' perforated partition 16 thereby re Hcing the cross- 20 sectional
area of the air pathway and restricting th&tlow of air. In figure 9(a),

the housing of apestuse B7 i stwitsee 3f nives 0RO doBiinshiSltiohRGth the aperture 35 in
~ pattition 34, thﬁs restricting the flow of air,
| The relative dimensions of apertures 35 and 37 and the distunce of teavel
of pision 38 may be such that the pathway is cumplcteiy closed at rest when a

& pressure drop is produced at the mouthpiece, or that the cross-scctional urea of

the pathway under these conditions is emall,

Referring now to figure 5(n), air flow regulator portion 3 of the inbalavion
device comprises ar; alr nlet 22 and Is provided with a circumferential groove 42
10 which retains a disc 43 having a4 ceatral channel 44 and uﬁ outer ﬂan'ge 43 sround
“which the groave 42 .ﬁls_looscly. The flange 45 on disc 43 is bli_lscd against the
inlet side of groove 42 in the hou?ing by means of spring 46 which is aupported by
a buse 47, Base 47 s llustrated as a grille; however it mﬁy alternatively
cansititute « protrusion {ato the puthway from the wall of the air fluw regulator )
13 portion 3 at a point on the outlct side of the groove 42, or a cruss-plece, ot 1t may
constitute some other mechanical equivalent which will be npparcﬁt to 3 person
skilled in the arL
Referting now to figure 5(h), when the pressure at the mouthpiece (not
shown) is reduced on inhalation, the disc 43 muves against the bia# of spring 46
20 thus creating a space between (he flange 43 on the disc 43 and the groave ¢2
through which air may fow.
Refersing now to figure 5(c), when the pressure at the mouthpiece is
farther reduced, the disc 43 mwves further against the blas of spring 46 and the

space fonmed between the flange 43 on the disc 43 and the groove 42 is closed.

REPLACEMENT SHEET
0 4 MAR 1997




I nhal ati on device, which we prefer to be of square section, and which is
provi ded with an air inlet 22, contains two cooperating flaps 53, 54
resilient elastonmeric material which are deflected towards the air inlet.
Referring to figure 9(b), when the pressure at the nouthpiece (not shown)
I's reduced on inhalation, the flow of air through the pathway causes fl aps

21-
Thus the cross-sectional area of the pathway is decreased {0 that value in the

resting position (figure 5(a)).

In figures 3 and 3, we prefer that the air flow i'egulalor poction 3 and disc
2 23 or 43 ure of circular section. However, they may alsa be of anather shaped
section, for example, of rectungular or square section.
Furthermore, it will be apparent to the skilled person that disc 29 or 43
may have any number of chunnels which may be arrnaged as desived.
Alternatively, although this {s not preférred. they muy be entirely solid in which

10 case the minimum fow rate will bo zero.

Refetring now to figure 6(u), air flow regulator portion 3 of the
inhulution device, having an air inlet aperture 14 in first purtition 135 is provided
with a second perforated partition 16 towards the outley, in between which is ~

13 located a shutter 48 which is urged against air inlct aperture 14 by the hias of
spring 49 and » curved resilient flap 30 made of elastomeric material which rests
against second partition 16 on the air lolet side of second partitioq 16 and in
which the corvature of the flup 30 is directed townrds the air inlet, ‘

Referring now 10 figure 6(b). in use, when the pressurc at the mouvthpiece

20 (not shown) is reduced on inhalation, the sheticr 48 moves away from me'air inlet
aporture }4 in first partition 13 against the bins of spring 49 thus allowing air lo be
drawn through the device.

Referting now to figure 6(c), when the pressure 31 the movihpiece is

furthes reduced, the flap 30 is urged against partition 16 with lessening ol its
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5 53 and 54 to be urged together, thus causing a reduction in the

- cross-sectional area of the pathway. The flow of air through the outlet is

thus regulated in a sinmlar manner to the enbodi nent shown in figures 7 and
8. Furthernore, a device simlar to the enbodi nent shown in figure 9 nmay be
i magi ned in which flaps 53, 54 are replaced by a larger nunber of flaps in

a 10 ‘frusto-conical arrangenent in which case the cross-section of the air
flow regulator portion 3 is desirably ciréijar.-Referring now to figure

10(a), air flow regulator portion 3 of th
curvature thereby reducing the cross-sectional area af the pathway and restricting

the flow of air, Should the suction applied at the mouthpiece be reduced, the
cucvature of the Qap is restured and the cross sectional arca through which the air

may pass is increased, In this way the fow of alr thcough the device & regulated.

R

Referring now to figures 7(a) and 7(b), air faw regulator portion 3 of the
inkafation devicr having an air fnfet 22 is provided with a grifie or perforated
partition 16 on the air inlet side of which rests a curved resitient flap 30 made of

10 elastomeric maierial, the curvature of which (lep is directed towards the air inlet,
The opesution of the device in responsc to a varying strength auction applied at -

the mouthpiece is essentially as described above for figures 6(b) and 6{c).

In figure 8, the curved resilient flup 3Q of figure 7 is replaced by a
13 mtﬂtaivic rigid flap J1 which is hinged at thc wrll of the housing of the uir flow
tegulator portion 3 such that the axis of rotation is perpendicular to the direction
of uir flow. At rest, the digid flap 3] is biassed towards the air inlet by sprlné 32
| focated at the ﬁng& As the pressuse at the monthpiece (not shown) is reduce'-d,_
righd flap 31 is urged against peiforated pariition 16 thereby reduclog the cross-

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

In figure 9(a), the housing uf the alr flow regulétor'pnrtiun A of the

inhalation device, which we prefer (0 be of syuare sectiom, and which is provided
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I nhal ati on devi cegeonststs-gftwn-portions 55 and 56 the former of which
"is 15 provided wRHPhAﬁEMéHgEI ir inlet 14, the tw portions of the
housi ng bei ng conrjedTe€d By an anndil.ar segnment of nmenbrane made of thin
el astoneric materijall 5@ gA1AR 1991 y the presence of two or nore solid
supports 58. Referjriijng now to figyré 10(b), as the pressure at the
nout hpiece (not sHho ' : on inhalation, a pressure difference

(amplified by the 20 constriction gt air * nlet 14) is created across the
menbr ane 57 causi ngTTtTTTT STtretch agai nst“i"ts bias into the air pathway.

The air pat ey s sl FeL L oIS thd BodPe?tip flaps 33, 54 of resilient elsstomerke

maferial which are deflected tawards the air inlet.

iy

Referring to figure 9(b), when the pressure at the mouthpicce (not

shown) is reduced on inhalation, the flow of uir through the pathway causes flaps
3 33 and §4 10 be vrged together, thus causing a reduction in the cross-sectiosal

area of the pathway. The flow of aie llnrodgh the outlet is thus regulated in a

similar pranner to the embodiments showa in figures 7 and B. |

| Furthermore, a device similar to the embodiment shown in figure 9 may
be imagined in which flaps 33, §4 are rc.ptneed by a larger number of (aps in a
10 fmsm-.cunlcal arrungement in which cuse the cross-section of the alr flow regulator

portion 3 Is desirably circular.

Referting now tu figure 10(a), air flow regulator portion 3 of the
inhalation device, consists of two poctions 3§ und 56, the former of which iy
13 pravided with a constricted aie ialet 14, the two portions of the housing being
connected by an apnular segment of membrane made of thin elastomeric material
31 held rigid by the presence of two or more solid supports 38. -
Referring now to figuro 10(b), as the pressure at the mouthpicee (oot
shown) is reduced an 'mhalatin_n. a prc#ure difference (umplified by the
20 consuiction at air inlet )4) s created across the membiane 57 csusing it to stecich
against its bias Into the ait pathway. The air pathway i obstrucled and its cross-
sectionul area is in this way reduced. As the pressure drop at the mouthpicee Is
reduced, the membrane 57 relaxcs towards its rest position and the cross-scctional

arca of (e pathway heough which the air may pass Is increased towards its



secti onal

area is in this way reduced. As the pressure drg
nmout hpi ece i s reduced, the nmenbrane 57 rel axes towards it sﬁEHSACEMEfo SHEET
and the cross-sectional area of the pathway through whichjtfearTmay pas

IS increase towards its -24- maxi num val ue. The stretchihg @ in
of the nenbrane 57 is sensitive to MWﬂM

[(®pnv)

24

maximum value. ‘The streiching and relaxing of the membrane 57 is sensitive to
the suction applied ai tha momlnpieée, aad thus the flow of alr thraugh (he device
is regulated, |

As a variant of the embudiment shown in figure 10 we envisage a further
embxxliment in which the elastomeric membrane is present not as an annulac
scgment, but us two part semb-antiular segments located dinmenically opposite
cach other and in which the supports 38 are formed as an integral part of the
housing tube..  Thix vatiant on the tenth embodiment can be cxpected (o operate
in the same manner as the tenth embodiment, although it may have further

advaatages far example in ease of manufacture.

Referring now to figure 11(a), air flow regulator portion 3 of the
inhalation device is of circular section and consists of two portions 53 and 56, the
farmer of which is pravided with « constricted air inlet 14, the two portions of the
housing being connected by an annular segment of membrance made of in¢lastic
material 37 held rigid and extonded by the prescnce of spring 39, |

Refeccing now to figure 11(h), as the pressure at the moulkplece (not
shown) is teducéd an inhalation, a pressure difference iy crested scross the
membrane J] causiog it (o crumple fnto the pathway, As.the membrane 37 is
irtclastic, the two portions of the housing are drawn together against the bias of
spring §9. The pathway is obstructed gnd its cross-sectionul urea is in this wuy
reduced.  As the pressure drop at the outlet is reducced, the spring 39 relaxes and
the membrane 57 retutns tov)ﬂrds 1s rest position, The eross-scetional s;.rca of the

pathway through which alr giay pass s thus increased towsds its maximum vafue.




the suction applied at the nouthpiece, and thus the flow air through the’
device is regulated. As a variant of the enbodi nent shown in figure 10 we
envisage a further 5 enbodinment in which the el astoneric nenbrane is
present not as an annul ar segnent, but as two part sem -annul ar segnents

| ocated dianetrically opposite each other and in which the supports 58 are
formed as an integral part of the housing tube. This variant on the tenth
enbodi ment can be expected to operate in 2% sane nmanner as the tenth

enmbodi nent, al tl}ﬂ%ﬁh i t have further
: way, andin a lar manner ta the teath embudiment, the Qow of gas

through the outlet is regulated.
As a ‘variantlo[ the embodiment shown in figure 11, we enw'&age a further
embodiment in which the two portions of the air flow regulator portion 3 have
3 square section separated by a segmieat of membrane made of inelastic muterial
wherteln this s‘egment vontalus creases so that it is capable of compressing |
concerting fashion with simultancous reduction In its crass-sectional area in the

mannce of an old-fashioned camera bellows.

10 - Relerring now to figure 12(a), air flow regulator portion J of the
inhalation device, having constricted ait infet 14 contalns alang its length two
partitions ) retained in pockets 61 in the housing of the air flow regulator portion
3, with which they foﬁn an alriight seal. Partitions 50 are adapted to slidc along
an axis perpendicular to the lougitudinal axis of the de&lce,. and are in gaseous -

13 communicagion with the outside of the housing through airhales §2.. Springs G3
bias partitions 80 into ﬂ'leir.tc.kﬁng pasil!nﬁ within packets 1.

Referring siow to figure 12(b), as the pressure at the mouthpiece (not
shawn) is reduced on inhalation, a pressure difference is created between the
inside and vutside fuces of the partitions 6 causing them to slide in a direction

) perpendicular to the longlfudinal axis of the device against the blas of springs 63,
The pathway is obstructed and its cross-sectional area is reduced. As the
pressure reduction at the sutlet is veduced, the springs 63 velax and the partitions

61 veturn to dheir rest positions within pockets §1. The cross-sectlonal area of the
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10 advantages for exanple in case of manufacture. Referring nowto figure
11(a), air flow regulator portion 3 of the inhalation device is of circular
section and consists of two portion; 55 and 56 the forner of which is
provided with a constricted air inlet 14, the two portions of the 15
housi ng bei ng connected by -an annul ar segnent of nenbrane made of inelastic
material 57 held rigid and extended by theHgiesence of spring 59. Referring
nowto figure Il (b), as the pressure at t nout hpi ece (not shown) is

reduced on 1 N3} Bafll GRRH'Go de'ohly SIF% e beriah S e ki
value, In this way, the flow of air through the device is r'cgulntcd.
Although it ia not preferred, it can be seen that a variant on the twelth
embodiment may be provided which compriscs only a single partition 60, but

3 which will nevertheless opesute in & simitur manner.

| It may be envisaged in the cubodiments showt in figures 1, 5, 6, 7 and 8
in ardet 10 improve compactness of the device that perforated grid {3 may be
omitted from the construction, particularly if the closure portion Z and the afr flow

10 regulator postion 3 arc moulded as one plcce rather than two,

Embodiments wece tested experimentally (o investigate their air flow
characleristicsas follows: | |
Experimental Test 1

13 An inhalation device according to the invention was constructed which
comprised a conventional SPINHALER (Registercd Tradcmark‘) 4nd an air fow
regulator portion as llustrated in figure 6 in which the size of aﬁcrtutc 14 was 6.3
mm, the inside diameter of the houting of the air flow regulator portion was 20.7
mm, the clastomeric flap §0 was ciroular and mroufactured of vulcanised rubber
20 and tﬁe spring 49 consistad of a sjugle turn of fine steel wire.

The device was 1csted using a vacoum generator to simulate patient

inhalation. A maximum flow-rate was obtainad at 41 Umin, which flow rate is

known to be in the desirable range for efficicnt Inhatation of dry-powdered

medicament.
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rrénbr ane 57 causing it to crunple into the pathway. As, the nmenbrane 57 is
- 20. inelastic, the two portions of the housing are drawn together against .
the bias of spring 59. The pathway is obstructed and its cross-sectional
area is in this way reduced. As the pressure drop at the outlet is reduced,
the spring 59 rel axes and the nmenbrane 5727.eturns towards its rest
position. The cross-sectional area of the pathway through which air my
pass is thus iBxpetiments] Testd ds its maxi num val ue.
A air flow regulator portion for an inbalation device according to the
invention was constructed as Hllustrated in figure 1 in which the inside diameter of
the air flow regulating portion i'w 50 mm, the diameter of the aperture 14 was
2 5 mm, diaphragm 17 was constructed of silicone rubber of thickness 0.95 pm and
protrusions 18 and ]2 were manufactured of a rigid plastics material (acetal).
Pratrusians 18 and 19 wete affixed to the d!#phragm by means of a screw fixture
on protrusion 18 which passed through the diaphragm 17 into a threaded socket
within protrusion 19. An alrtight cooperation betweea protrusion 18 and
10 aperture 14 in the resting position was ensured by the provision of 2 3 mm thick
foam rubber surround to upeniare 14. Diaphragm 17 contained 1 single circular
perforation of diamefer S mat.
'l‘htee tests were perfarmed with ather dimenslons as follows: .
Test 2
13 Diameter of the aperture 20 : 6 mm;
Protrusion 18 consisted of a cone of height 10 mm and conical angle 40 ° sitting
on cylindtical basé. of height 3 mm;
Pmtrusion' 19 consisted of & cone bf height 4 mm and conical angle 45 ° sitting on
& ¢ylindrical base of height 3 mm;
20 Distance between partition 15 and diaphragns 17 : 3 mum;
Distance between partition 16 aﬁd diaphragm 17 ¢ 13 mm.
Dimensions as with Test 2(a} except for the following:

Distance hetween partition 13 and diaphragm 17 : 2 nuer
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In this way, and in a simlar manner to the tenth enbodi nent, the flow of
gas through the outlet is regulated. As a variant of the enbodi nent shown
in figure 11, we envisage a further enbodi nent in which the two portions of
the air .flow regul ator portion 3 have square section separated by a segnent
of menbrane nmade of inelastic material wherein this segnent contains
creases so that it is capable of conpressing concertina fashion with

si mul t aneous reduction in its cross-sectional area in the

_ -28-
Distance between partition 16 and dinpheagm 17 : 11 mm,
Partition 15 was pmﬂdcd with & second aperture of diameter § mm.
Test 2(6)
Dimensions as with ‘Test 2(b) except foc the fallowling:

S Distance between pactition 15 and dﬁphmgm 17 : 3 mm;
Distance between partition 16 and disphragm 17 : 13 m.

The characteristics of the gir flow regulator paction of the device were
tested by application of a vacoum. A proflle of flow rate deliverad agalnst
10 pressure drop across the portion is shown in figure 13,
The S-shuped p_roﬁles of testy 2(u), 2(b) and 2(c) illustrate minirum and

maximum flow control characteristics of the device according to the invention.

It Is 40 be expected that a person skitled in the art could wuh routine
13 experimentation optimise the paramcicrs ahove to obtaln flows in responss (o a
pressure drop within a desired range.
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manner of an ol d-fashi oned canera bel| ows. 10 Referring now to

- figure 12(a), air flow, ! 3 of the inhalation device, having
constricted air inlet &m@m@m&mrts | ength two partitions 60
retained in pockets 61}ifh the housing pfjthe air flow regulator portion 3,

with which they formah i r@4MAR ¥ .| Partition 60 are adapted to slide
al ong an axi s perpendi ¢ular to the | on udlnal axi and are

in gaseous 15 comuni ¢atTon wth the ouf e of H’,ﬂmm
airhol es 62. Springg 63 _bias partitio 0 int E'mﬁ" 03|t|on

W t hin packets@iﬂ

1 A device for the administration of an inhalation medicament, including a

body defining a through-going air pathway having a longitudinal axis, an alr inlet,
an air outlet {orming a mouthpicce, means foc dispensing medicament into the

2 pathway and alr flow regulating means, charactérised in that the air flow
regulating means includes & movable obstructing means adapted to reduce the
cross. sectional ares of the pathway at a location between the air {alet and the
means for dispensing micdicament, and biassing meanz, wherchy the ahstructing
teans is biussed into a first resting position in which the crossw«sectional area of |

10 the pathway is maximum and is adapted to mave against the bias of the blassing
mieans to 2 second position fn which the cross-sectional area of the pathway is less
than maximum n. response to & prossure fall at the mouthpiece caused by
inhalu(lon. | |
2. A device aocording to claim 1 where!n The cross-sectional ares of the air

‘15 inlet is less than the maximum cross-sectional urea of the pathway.
3 A device according to claim 1 or claim 2 wherein the obstructing teans
comprises one or mare partitions adapéed to slide across the pathway along an
" axis perpendicular to the longitudinal axjs of the path\;my thereby gbstructing the
~ pathway.

20 4. A device according to claim 1 of claim 2 in which the obstructing meuns
comprises an annular scgment of membrane which connects two portions of the
body..

S, A device according 1o clim 4 in which the membrane is made of

clastomeric matcrial, and the biassing means comprises the resistance of the

Been Replaced
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Referring now to figure 12(b), as the pressure at the nout hpi ece (not

- shown) is reduced on inhalation, a pressure difference is created between
.the inside and outside faces of the partitions 60 causing themto slide in
a direction 20 perpendi cul ar to the |ongitudi i ce

agai nst the bias of springs 63, The pathway i g Hmmmmm

cross-sectional area is reduced. As the pressur M’”‘!’e outlet is
reduced, the springs 63 relax and the p% titions"60°réturMn to #heir rest
positions within pockets 61. The cross®Sectional area of the

clastomeric material to stretching in & dircction perpendicular to the Jongitudinal
axis of the pathway.

6. - A device according to claim 4 in which the obstructing means conprises
an annulur segment of membrane made of inclastic materisl and the biassing

' 2 Tacans provides a blas agalnst mavement of the two portions of the body towards
each other along the longitudinal axls of the patbway,
7. A device according to claim 1 or clalm 2 in which the o&tn:uhg means
compriscs a rigid grille or perforated sheet formed in & plime perpendicufar to the
longitudinal axis of the pathwuy on the air inlet side of which rests & flup which in

10 its resting position is deflected towards the air tnlet and in its second position Is

urged against the grille or perforated sheet. .

& A device according to claim 7 in which the flap Is rigid and is hinged
about an axis perpendiculur to the longitudinal axis of the pathway and the
biassing means comprises 2 spring at the hlage of the fiap.

1s 9 A device according to claim 7 in which the Oup is mads of a vesllient
clastomeric material and the blaéalng means consists of curvature introduced into
the flap sald curvature being directed towards the air inlet.
10. A device according to claim 1 or claim 2 in which the obstructing and
biassing means wogether comprise two or mare cot:petaiing flaps of resilient

20 elastomeric material which in the first position are deflected towards the gir inlet
and which in the second position are urged together thus reducing the cross-
sectional area of the pnthway.
11. A device for the administration of 5n inhalation medicament, including «

bady dcfining a through-going air pathway having a longitudinsl axis, an air inlet,
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-26- pathway through which the air may pass is thus increased towards its
*maxi mum value. In this way, the flow of air through the device is

regul ated. Although it is not preferred, it can be seen that a variant on
the twel th enbodi nent may be provided which conprise

partition 60, but 5 which will neverthel ess Ommﬁmnner

31
an air outlet forming & mauthpicce, means for dispensing medicument into the
- pathway and air flow regulating means, characterised in sthat the aic fuw
regulating means includes a movable obstructing means adapted to reduce the
' cross- sectional area of the pathway at & Jocation between the air inlet and the
S means for dispensing medicament, and biassing means, whereby the obstructing
ceans s biassed into @ first resting poition fn which the cross-sectional area of
the pathway i minimum and iy adapu:d ta mave against the bias of the biassing
means to 2 sccond position in which the ¢ross-sectional area of the pathway is
maxirom §n response ta a pressire fall at the mouthpiece caused by inhalation
10 and is adapted to move further 10 a third position in which the crosssectional
aren of the pathway Is less than maximum in response to a greater pressure falf at
. the mouthpiece causcd by inhalation.
12. A device according to claim 11 in which tho ohsrructing means Is provided
with an outer groove and which I8 retained In the housing hy meaus of u fiange
© 15 within the housing around which it fits looscly., |
13. A device according to claim 11 [n which the obsteucting means is providcd
with sn outer flange and which i8 setaincd in the housing by means of a groove
within the housing within which It fits loosely.
18, A device according to claitn 11 in which the biassing mcans snd
20 obstructing means together comprise a perforated diaphragm made of resilient
clastomeric material formed §n a plane perpendicular 0 the Tongitudinal axls of
the pathway.
1S. A device according to clalm 14 in which the diaphragm is provided with

one or more protrusians on its upper and lower surfaces and is located between

- 7
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I1 may be envisaged in the enbodi mrents shown in figures 1, 5, 6, 7 and 8 in
order to inprove conpactness of the device that perforated grid 13 nay be
omtted fromthe construction, particularly if.the closure portion 2 and

the air flow 10 regulator portion 3 are noulded-as—ere—ptecerather than
two. Enbediments were tested experinmentally t r air flow
characteristicas follows: An inhal ati on devi cg “ﬂlﬁm “ﬁﬂﬂl’tﬂm i nvention
was constructed which conprised a conventlonal SPINHALER ( Regf stered
Trademark) and an air flow <32
two partitions formed in a plane pcrpcndlcuiar to the longitudinal axis of the
pathway, the pariitions being provided with apertures with which some or all of
the protrusions cooperate to restrict or ptMt the passsge of alr through the
apertures,
3 16. A device sccording to any ane of claims 11 to 15 in which the obstructing °
means s of suhstﬁntiaﬂy cireular section along an axis perpendicular to the
longitudinal axis of the pathway. _
17. A device according to claim 11 in which the obstructing means comprises
& Vghaped vare, biassed at 2 hinge formed at the apex of the V, whlch. rotates
10 about ag axts perpendicular o that of the pathway.
18, A device according to claim 11 in which the pattway Is divided by a
partition piqvldcd with first apierture and the obatructing means comprises a
- shuttet pravided with a second aperture slidubly engaged with the partition, which
shutter is made to ﬁide aguinst the partition agafnst the blas of e blassing means
1S by @ piston in gaseous communication with the mouthplece,
19. - A device according to any one of claims 1, 2, 3, 6, 11, 12, 13,17 and 18 in
which the biassing means comprises a spring.
20. A device according to any one of claims 11 10 19 in which the eross-
sectional arca of the pathway when the obstrucling means is in the first position, is
20  substantially zero. |
21. A device according o uny one of cigins {'to 10 wherein the air flow
regulating means further includes second movatle obstructing means adapted 1o
reduce the cross-sectional urea uf the puthway et u locativn bervcer: the air infet

and the means for dispeasing medicament, and secand biassing

cen Replaced
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regul ator portion as illustrated in figure 6 in which the size of aperture

14 was 6.3 nm the inside dianeter of the housing of the air flow regul ator
portion was 20.7 mm the elastoneric flap 50 was circular and nmanufactured

of wvul cani sed rubber and-the spring 49 conS|sted‘BT‘Hﬁmﬂﬂ¥4Li¢ﬂiLﬁg fine

steel wire. The device was tested using a vacuum | at e
pati ent inhalation. A maximumflowrate was obtai IM’ @ WV\hi ch
flowrate is known to be in the desirable range for éffFC|en si | ati on of
dry- powder ed nedi canent . 3%

means, whereby the second obstructing means is biassed into a flest resting

p@ftimx In which the cross-sectional area of the pathway is minimum and is

adapted to mave against the bius of the._biassing mean o a second position in

which the crots-sectional area of the pathway is more than minimum in response

3 to. a pressure fall at the mouthpiece caused by inhalation.

2. Adevice according to claim 21 whereln the second biassing means

comprises & spring biassed along the longitudinal axis of the device and wherela

the second obstructing means comprises 2 shutter mounted ao the spring.

23. A device accocding to clalos 21 or 22 in which the crassssoctional erea of

10 the 'pathway wheq the second obstracting means is in the first position, is
| substantially zero. .

24, A device according to arty ane of diatms 1 to 23 in which the air flow

:uguhﬁngnumnskzukumuiu:bercwnﬁbyanuﬁmcdtoand<kmumodﬁmnnthe

remalader of the device.

13 25. A air flow regulating means as defincd in claim 1, 11 or 21, adapted for
use in conjunctinn with a device foc the administration of an Inhalation

medicament.

_—
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-27- An air flow regulator portion for an inhalation device according to
the invention was constructed as illustrated in figure 1 in which the
i nside dianmeter of the air flow regulating portion 3 was 50 nm the

di aneter of the aperture 14 was 5 nm di aphragm 17 was constructed of
silicone rubber of thickness 0.95 nm and

-34-
ABSTRACT

INHALATION DEVICE BREATH RATE CONTROL

Thero {a provided a device for the adulnistcation of ag inhalation
mcdicament. includiog a body definiag a through-going air pathway having a
longitudinal axis, an air inlet, an air outict forusing a mouthplece, means for
dispensing medicament futo the pathway and alr flow reguiatlng meane,
cheracterised in that the zir flow regulating means includes a movable obstructing
means adapted to reduce the cross-sectional ares of the pathway at a location

between the air inlet and the means for dispensing mcdicament, and biassing

- means, whereby the obstracting moans s biassed into a first resting position in

which the cross-scctiotial area of the pathway is minimum and {s adapted 1o move
sgainst the hias of the blassing means to a second position in thich the cross-
sectionpl area of the pathway is maximurn in response 10 a pressuge ﬁll at .thc
mouthplece caused by inhdation and I sdapted to move further 1o o third
position in which the cruss-sectional eres of the pathway is less tﬁan maximum in

response (o 2 greater pressure fall at the mouthpicce ceused by inhatation.

FIGURE 1(a)
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protrusions 18 and 19 were manufactured of a rigid plastic materi al
Protrusions 18 and 19 were affixed to the di aphragm by neans of a

(acetal).
screw fixture on protrusion 18 -which passed through the diaphragm 17 into a
t hreaded socket within protrusion 19. An airtight cooperation between
protrusion 18 and 10 aperture 14 in the resting position was ensured by

the provision of a 3 mmthick foamrubber surround to aperture 14.

Di aphragm 17 contained a single circular perforation of dianmeter 5 nm

Three tests were perfornmed with other dinensions as foll ows:
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15 Di aneter of the aperture 20 : 6 nm Protrusion 18 consisted of a cone
of height 10 mm and conical angle 40[err] sitting on cylindrical base of
hei ght 3 nm Protrusion 19 consisted of a cone of height 4 mmand coni cal
angle 45[err] sitting on a cylindrical base of height 3 mm 20 Distance
between partition 15 and di aphragm 17: 3 - nm D stance between partition 16
and di aphragm 17:13 mm Dinensions as with Test 2(a) except for the
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.Di stance between partition 15 and di aphragm 17 : 1 nm D stance between
partition 16 and di aphragm 17:11 mm Partition 15 was provided with a
second aperture of diameter 5 mm Dinensions as with Test 2(b) except for

the followng: 5 D stance between, partition 15 and di aphragm 17: 3 nmm
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Di stance between partition 16 and diaphragm 17: 13 mm The
characteristics of the air flow regulator portion of the device were tested
by application of a vacuum A profile of flow rate delivered agai nst
pressure drop acros the portion is shown in figure 13. The S-shaped
profiles of Test 2(a), 2(b) and 2(c) illustrate m ni nrum and maxi num f| ow
control characteristics of the device according.t.a.the invention. It is to

be expected that a person skilled in the art %EPI’%@EMENﬂPSﬁEE@ 15

experinmentation optimse the paraneters above|t g~ebtatf-++owsy i n response
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.pressure drop within a desired range. 29 Clainms 1. A device for the
adm ni stration of an inhalation nedicanent, including a body defining a
t hrough-goi ng air pathway having a |ongitudinal axis, an air inlet (14),
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and air outlet formng a nouthpiece (1), neans for dispensing nedi canent
(11) into the pathway and air flow regul ati ng nmeans (3) Wwhich includes
novabl e obstructing neans (50) adapted to reduce the cr@ss~sesctienrat—arean

of the pathway at a | ocation between the air inlet (14)'ﬁﬁﬂigﬁﬁwﬁﬁﬁhSHﬁﬁT
di spensi ng nmedi canent (11), and bi assing nmeans, whereby |th Ct
means (50) is biassed into a first resting position in whilc
cross-sectional area of the pathway is maxi numand is acartgghpgq%ﬁﬁz
agai nst the bias of the biassing nmeans to a second positji an_in-which {
cross-sectional area of the pathmay-isﬁyfas than nmaximumin

Fig. 4(a) 4
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response to a pressure fall at the nouthpiece (1) caused by inhal ation,
characterised in that the air flow regulating neans (3) 'f |

second novabl e obstructing neans (48) adapted to reduce §RBPLAQ H§%§E§§g§§

area of the pathway at a |ocation between the air inlet (1

for dispensing nedi canent (11), and second bi assi ng nean 435, @Qfﬁ@ﬁy h
second obstructing neans (48) is biassed into a first re$tin 63 Mt i

U

=

whi ch the cross- sectional area of the pathway is mnininu [t p
nove agai nst the bias of the biassing neans (49) to a se¢ond position in




of the pathway is nore than minimumin response to a pressure fall at the
nmout hpi ece caused by inhalation. 2. A device according to claim1 wherein
the cross-sectional area of the air inlet (14) is Iess than the maxi mum

cross-sectional area of the pathway. 3. A device accordi ngﬁe—eﬂp{{%ﬁ———?
RERL: 1tSHES

claim2 wherein the obstructing nmeans (50).conprises one o
adapted to slide across the pathway al ong an axi s perpendipufar-to The
| ongi tudi nal axis of the pathway thereby obstructing the ppt hvwlly4 MAR 1997
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4. A device according to claiml or claim2 in which the obstructing neans
(50) conprises an annul ar segnent of nenbrane (57) which connects two
portions of the body (55, 56). 30 5. A device according to claim4 in

whi ch the nenbrane (57) is made of el astoneric REPLACEMENT SHEET
04 MAR 1997
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material, and the biassing neans conprises the resistance of the
to stretching in a direction perpendicular to the

el astonmeric materi al

| ongi tudi nal axis of the pathway. 6. A device according te;ctai-m4 i-n-vwieh

t he obstructing means (50) conprises an annul ar segnent o Rﬁ@hﬁqbﬁﬁﬁﬁ3§3”“l
1 bras— agar nst

made of inelastic material and the biassing means provide
novenment of the two portions of the body towards each other aI@ﬂin;@ng
larm 1l or cra

| ongi tudi nal axis of the pathway. 7. A device according t
2 in which the obstructing neans conpri ses : .
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a rigid grille or perforated sheet (16) fornmed in a plane perpendicular to

the longitudinal axis of the pathway on the air inlet sid
flap (50) which in its resting position is deflected towal
(14) and in its second position is urged-against the gri

sheet (16). 8. A device according to claim7 in which the
rigid and is hinged about an axis perpendicular to the |ophg
t he pat hway and the biassing nmeans conprises a spring (52
the flap (51). 9. A device according to claim7 in which:

made of a resilient
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el astoneric material and the biassing nmeans consists of curvature
I ntroduced into the flap (50) said curvature being directed towards the air

inlet (14). 10. A device according to claiml or claim2 in
nor e

whi ch t he
cooper ati ng

obstructing and bi assi ng neans together conprise two or
flaps (53,54) of resilient elastoneric material which ingﬁigaimmagggﬁxl

are deflected towards the air inlet (14) and which in t

11. A device according to any one of claims 1 to 10 whefr e

are urged together thus reducing the cross- sectional areja of the pat hway.
i n Ok MABSI8H d
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freans conprises a spring (49)'biassed al ong the | ongitudinal axis of the
devi ce and wherein the second obstructing nmeans conprises a shutter (48)

nount ed on 31 the spring (49). 12. A device according to any one of
claims 1 or 11 in which the cross-sectional area REPLAKXHWENT‘SHEET
- 0 4 MAR 1997
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.of the pathway ﬁhen-Lh§~§§ggggbggiéructing means (48) is jin the first
position, is substantially zero: . A device for the ad I N EIID

i nhal ati on nedi'caﬂmﬁhseetH&CHe&Hﬂe g g body defining a through- %Aq M] ET%H@ET
pat hway having a | AN S, and air inlet (14), hi r_ out | et
form ng a nout hpie If or dispensing nedi cament| (L1904 NAR 1982
pathway and air flowr nmeans (3), characterised jin that the air

fl ow regul ati ng means (3) i ncl udes a novabl e obstructi ng jmeans (1/) adapte
to reduce the cross-sectional

ar ea tyre pathway at a | dcation between the
air inlet _ f‘{lld] P y _

u3
aQ

Flow rate (Vmin)

-
(3]

~ Test 2(a) +Test 2(b) * Test 2(0)J

N
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GRS . . : . : v aroS
(14) and the means. for dispensing nedi canent (11), and biassing rreaW
wher eby the obstructing neans (17) is biassed into a first resting position
in which the cross-sectional- area of the pathway is mninumand is adapted
to nove agai nst the bias of the biassing neans to a second position in
whi-ch the cross- sectional area of the pathway is maxi mumin response to a

pressure fall

at the nout hpiece (1) caused by inhalation and is adapted to

move further to a t hiHdhd¥es & PR geflerdhprdbld Wil @8 abBe6 deoieas tift@Re Of the
pathway is less than maximumin response to a greater pressure fall at the
nout hpi ece causHitigneynobiadminisiration of an accurate dose of medicament to the lung is

10

15

20.

25

severely impaired in the absence of any control of the flow of air through the
device. In general, excessive -inhalation velocity causes z{ signiﬁcant proportion
of the dose to impinge on the back of the throat, with a resultant short dose
réaéhing: the targét area in the lungs. By contrast, a very low inhalation’ |
velocity results in poor dispersion of the medicament particles. This is known
to be a particular problem of devices of the dry powder type which are gaining
popularity due to their environmentally friendly attributes.

One way of alleviating the above problem in a dry powder device is
described in US Patent 5,161,524 (Glaxo) wherein the inhalation device is
provided with a secondary air conduit as well as the primary air conduit which
provides the path for the inhalation medicament to the lung. If the air flow
velocity becomes too great through the primary air conduit, then the secondary
air conduit opens further thus decreasing the air velocity in the primary air

conduit.

However, this arrangement suffers from the disadvantage that whilst the
velocity of air in the primary conduit may be reduced, -a large volume of non-
drug-containing air is drawn in through the secondary air conduit, with the -
result that the breath of air necessary to secure a proper dose can become very
long and drawn out. Furthermore, the arrangement may not be suitable for all

the types of inhalation device described previously.

GB-A-2104393 (Glaxo) rclates to an inhalation device comprising a
housing for medicaments in an aerosol container. The device includes a valve
focated in a passage between the housing and an outlet. In use, the valve closes

if the rate of flow of air inhaled by a patient excceds a pre-determined amount.
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14. 'A~device according to claim 13 in which the obstructing neans is
provided with an outer groove (31) and which is retained in the housing by
nmeans of a flange (28) within the housing around which it fits | oosely. 15.
A devi ce according to claim13 in which the obstructing nmeans is provided
with an outer flange (29) and which is retained in the housing by neans of
a groove within the housing within which3it fits |oosely. 16. A device
according to claim 13 in which the biassing nmeans and obstructi ng nmeans
toget her conprise a perforated diaphragm (17) made of ,resilient _
However, this arrangement has no influence on the minimum flow rate through

the device.

. We have now invented an inhalation device with breath rate control

5  which overcomes or significantly mitigates these difficulties.

Thus, according to a first aspect of the invention we provide a device

for the administration of an inhalation medicament as defined in Claim 1.

10 - By "obstructing means" we mean any element made of a material which
is.wholly or partially impervious to air and which is suitable for restricting the
flow of air through the pathway. The obstructing means may be manufactured
from a metal, plastic, rubber or other suitably dense material and may be of
entirely solid contruction, or it may be made partially permeable to air by the

15  provision of channels.

By "biassing means" we mean any means for providing a restraint o
movement against the bias on the application of pressure or suction which also
provides a restoring force in the opposite direction on the release of pressure or

suction. Suitable biassing means include springs, where the spring may be
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el astorferic material formed in a plane perpendicular to the |ongitudinal
axi s ‘of the pat hway. 32 17. A device according to claim 16 in which the
di aphragm (17) is provided with one or nore protrusions (18, 19) on its
upper and |l ower surfaces and is |ocated between

5.

mafcriaf and the binssing means provides a bias against movement of the two
portions of the budy towards each otlier along the longitudinal axis of the

pathway, In this fattcr case, we prefer that the biassing meaas comprises 8 speing;

oc

0%}

(c) the obstructing means comprises a rigid grille or perforuted sheet (armed
in u plunc perpendicular tu the fongitudinal axis of the pathway on the air inlet
side of which rests & flap which in its resting positon is deflected tawards the air
inlet and in lts tecond positinn is utécd agrinst the grille or perfocated sheet. We
particularly prefer that the flap is rigid and s tinged xbout an axis perpendicular .
30 to the longitudinat 'axis of the pathway and the binssing means comprises a spring
4t the hinge of the flap; or that flie flap is made of « resilient efastomeric material
and the blassing means consisis of cutvature lntcoduced inta the flap, said
curvature being dicected towacds the air inlet; or
(d) the obstructing und biassing means together cumprise two or tore
15 cooperating flaps wade of resilient elastomeric material which in the first pasition
are deflected towards the air inlct and which in ¢he second position are urged

together thus reducing the cross-sectional arca of the pathiway.

The alt flow regulating means described abave are adapted to regulate '

20 the maximum and minimum velocity of airflow through the device.
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two partitions (15, 16) formed in a plane perpendicular to the |ongitudinal
axis of the pathway, the partitions (15, 16) being provided wth apertures
(14, 20, 21) with which some or all of the protrusions cooperate to
restrict or prevent the passage of air through the apertures. 18. A device
according to any one of clainms 13 to 17 in which the obstructing neans (17)
Is of substantially circular section along an axis perpendicular to the

| ongi tudi nal axis of the pathway. 19. A device according to claim13 in
whi ch the obstructing neans conprises a Vg,

We prefer that the second mavable abstructing means Ig adapted t©
reduce the ctoss-sectional urca of the pathway at a location between the first

obstructing atcans and the menns for dispensing medicament.

h] We prefer that the second biassing means comprises a spring biassed
along the longitudinal axis of the device and the second obstructing meaas
comprises 8 shutter mounted oa the spring.

We prefer (hat the first obstiucting means and biassing means compiise
the elements described above as (a) to (d). We pavticularly prefer that the firet

10 obstructing means has the construction described in ©) abmfe.

We prefer that the cross-sectional area of the pathway wheo the second

abstructing means js in the first position is substantially zero.
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shaped ‘'vane (27), biassed at a hinge (25) forned at the apex of the V,

whi ch rotates about an axis perpendicular to that of the pathway. 20. A
device according to claim13 in which the pathway is divided by a partition
(34) provided with first aperture (35) and the obstructing nmeans conprises
a shutter (36) provided wth a second aperture (37) slidably engaged with
the partition (34), which shutter (36) is ngde to slide against the
partition (34) against the bias of the biassing nmeans (40) by a piston (38)

in gaseous communi cat iR iiletndiRE aRB BrEIREE Codstehiction, which has the beaefit of an

ecanomy of space, the {irst and second obstructing meuns may be combined into a

single clement which may move between 3 positions,

3 Thos, according o aseaond aspect of the inventicn, we provide a device for
the administration af an inhalation medicameat, including a body defining a
through-going alr pathway having a Tonghtudinal axis, an air inlet, an air outlet
fofming a mouthpiece, meavs for dispeusing medicament into the pathway and air
fiow regulating means, characterised in that the alc flow regulating means includes

JO a movable obsteucting means adupted ta reduce thie cross-sectionat area of the
pathway al a location between the air inlet and the means for dispensiag
medicament, and biassing means, whereby the obstructing meaus is bjassed into a
first resting position in which the cross-sectional area of the pe.fhwa} is minimuro

“and is adapted to move agaiust the bias of the biassing tmeaas (o a second position

13 in which (he cross-scctivaal area of the pathway {s maximum {n response o &
pressure fall at the moutlipiece caused by inhalation aad is adapted to move
{urther to a third position in which the cross-sectianal arca of the puthway is less
than maximum in cesponse to a greater pressure (all at the mouthpiece caused by

inhalation.

The lollawing combination of integers are preferred:

(A) the obstructing means is provided with an outer groave which i retained
in the housing by means of a flange within the housing around which it fits loosely:

ot
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21." A device according to any one of clains 1, 2, 3, 6, 13, 14, 15, 19 and
20 in which the biassing neans conprises a spring (32,40, 46,49). 22. A
devi ce according to any one of clains 13 to 21 in:which the cross-sectional
area of the pathway when the obstructing neans (17) is in the first
position, is substantially zero. 23. A device according to any one of
clains 1 to 22 in which the air flowregulating neans (3) is adapted to be
reversibly attached to and detached from tH& remainder of the device.

80 llmi.n. Pressure reduction that may be created hetween the air inlat and the

mouthpicce it a device according to the invention, will typically be in the range
0.1-20 mbax.

3 It will be spparent that the gir flow rcguiating weans may be provided as
an integral part of the housing of the inlialation device or as a separately
maaufactared portion of the device which may be affixed to the femalnder of the
iatalation device by meuns of a weld, a male-female type connection, a screw-
thread or 5 mechanical equivalent. The affixatlon may be permancat, or it may

10 pravide for the two portions (0 be attached and detached as desired, for example,
to facilitate cleaning of the device, We prefer that the sir flow regulating meaus is
adapted 10 be reversibly attached to and detached from the remeainder of the

device.

13 As g third aspect of the invention, we provide an ait (ow ceguladng
meuns as described abave adapted for use inn conjunction with a device for the

adminlstration of an lnhalation medicament.

Inhalation devices for use in accordance with the invention include auny -
20 device conveationally ust-:d for dispeusing powdered medicament for inbalation.
.Sultable devices include single dose dry powder inhaloes e.g. the SPINHALER
(Registered Trademark) inhatcr and the DISKHALER (Registcred Tradcmark)
| inhalcr and multi-dose powder inhalefs e.g. the TURBUHALER (Registered

Trademark) inhaler and the device described in Eurgpean Patent
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33 24. An air flow regul ating-nmeans (3) as defined in any preceding claim
adapted for use in conjunction with a device for the adm nistration of an
i nhal ati on nmedi canent.

11-
Application 407(28.

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

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

Devices for inhalution of & medicament according $o the fnvention are
advaatageous in that they are more effective or efficiem, give a greater
therapeutlc benefit, are safer, are casier or cheaper to manufacture or assemble

10 than thosc of the ptior art.  They are also advantageous in that, in usc, the flaw
of gir ta the patient is moce desirably of accurately controfied, the patieat is able
to obhtain & farger or more consistent dose of medicament ot they have other more

desirable properties than known inhalation devices.

15 Preferred embodiments of the present inventlon wiil now be described, by
way of exaniple, with reference to the accompanying drawings in which the
mavement of &ic is shown by atrows,

'Figure 1(a), shows a longitudinal section through an flustrative inhalation
device similar to the SPINHALER (Registered Trademark) incorporating aic flow

20 regulating means, according to the second aspect of the invention, in the
resting position. |

In subsequent figures the details of the inhalation device are omitted for

conveience.




Figure 1(b) shows a fougitudiaul section through the device of figure 1(x)
with the air flow regulating means in the second position in which the cross-
scctional arca of the air pathway is maxi.mum.

Figure 1(c) shaws @ longitudined section through the device of figure 1(b)
with the ait flow regulating meats i a third position ln which the cross-scctional
area of the pathway i¢ less than maximunt. |

Figure 1(d) shows a cross-section aloag line LY of Figure 1(a).

Flgure 2(n) shows a longitudinal section through & device according to the

second aspect of the invention showing the air flow regulating means
in the resting position.

Figure 2(b) shaws & longitudlual section theough the device of figure 2{a)
with the #ir flow regulating means in a sccond position In which the cross-sectioual
area of the air pathway is maximum,

Figure 2(c) shows & lungitudinal scction through the device of figure 2(u)
with the air flow _}egulaling mceaas {u a third paosition in which the crass-sectivaal
area of the pathway is less thaa muximum,

Figure 2(d) shows & plan view of the device of figure 2(c) with the air-

flow regulating micans ia the third position taken fram the dicection of arrow A

and {n which the cross-section Is circular.

Figure 2(c) is similar 10 Figure 2(J) save that the cruss-section is square.

Figure 3(a) shows a longitwdinal scction tlwough a device according to the

second aspect of the invention with the air flow regulating means in

the resting position.
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Figure 3(b) shows & langitudinal section through the device of figurc 3(a)
with the &ir flow regulating meaas in a secand position {n widch the cross-sectional
area of the air pathway s maximum.

Figure 3(c) shows a longitudinal scction through the device of figure 3(a)
with the air flow regulating means in a thied position in which the ¢ross-sectional
area of the pathway is less (haa maximum.

Figuce 4(2) shows a longitudinal section through a device according to the

second aspect of the invention with the air flow regulating means

~in the resting position.

Figure 4(b) shaws a longitudinal section through the device of figure 4(a)
with the alr flow regulating means io a second pusition in whicld the cross-sectional
area of the alr pathwuy is caximut, .

Figure 4(c) shaws a longitudinal section through the device of figure 4(a)
with the air flow n:éulating tucans ia o third posfdon in which the cross-sectional
area of the pathway s less than maximun.

Figure 5(a) shows a longitudinal section through a device according to the
second aspect of the invention with the air flow regulating means in
the resting position.

Figure 5(b) shaws & lungifudina! section through the device of figute 5(a)
with the air low regulating in & second position in which the cross-sectioual arca
of the ait pathway is maximum,

Figufe 5(c) shows a longitudinal section through the device of figure 5(a)
with the it flow regulating meaas fo a third positon in which the cross-sectional

area of the pathway is fess than maximurn.




J4-

Figure 6() shows a longitudinal section through & device according to the
first. aspect of the invention with an air flow cegulating means having first and
second abstfucting means in the resting position.

Figure 6(b) shows & fongitudinal section through the device of figure 6(g)
wherein the second obsteucting means i in a second position ia which the croésa
scctionul area of the alr pathway Is more than minimum.

Figure 6{c) shaws a longitudinal section through the device of tigure 6(b)
whereln the first obstructing means is in & second pusition in which the cross-
sectional area of the pathway is fess than maximum.

Figure 7(2) shaws a longltudinallsectlon through a device outside the
scope of the invention with the air flow regulating means in the
resting vosition.

Figure 7(b) shows a longitudingl section through the device of figure 7(a)
with the air flow rcéuiati(tg means in g second position in which the cross-scctional
arca of the pathway is minimum,

Figure 8 shows a loagitudinal section through a device outside the.
scope of the invention with the air flow regulating means in the
resting position. |

Figure 9(a) shows a loagitudinal section through a device outside the
scope of the invention with the air flow regulating means in the

restin position.
Figuze 9(b) shows & longitudinal section through the device of figuie 9(a)

with the air flow tegulating means between the first and second pasitiots.
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Figure 1Kq) shows a longitudinal section tlirough a device- outside

the scope of the invention with the air flow.regulating means in

the resting position.

Figure 10(b) shows & loagitudinal section through the device of figuce

A

10(a) with the air flow regutating means between the first and second paositions,
Figure 11{a)} shaws a longitudinal sectian through a device outside
the. séope of the.inventio.n with the air flow.n regulating means in
the resting position.
Figuce 11(b) shows a fongitudinal section through the device of figure
10 11(a) with the air Bow regulating means between the first and second pasitions.
Figure 12(a) shows a longitudinal section through a device -outside
the scope of the invention with the air flow regulating means in
the resting position.
Figure 12(b) shows & loogltudindl secton through the device of tiguce
15 12(a) with the air flow regulating means between the first and secand pasltlons.
Figure 13 shows the results of experimental tests performed on
embodiments of the inveation.
Refercing naw ta figure 1(a) in moce detil, 2 dry powder inhalatioan
device comprises a generally cylindrical bady defining a through-going pathway,
20  ¢aid body comprising & mouth piece poction 1, & closure portion 2 and an air-flow
regulatoe portion 3. Clasure portion 2 is provided, at is end which coniects with
mouthpicce partion 1, with a peripheal (lange 4 wichin which the end of
mouthpiece portion § fits closely, Air flow regulator portion 3 is provided, at its

end which cunncets with closuie poction 2, with a peripheral flange 3 within which
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Claims

1. A device for the administration of an inhalation medicament, including a body
defining a through-going air pathway havmg a Iongltudlnal axis, an air inlet, (14),
and air outlet forming a mouthpiece (1), means for dispensing medicament (11)
into the pathway and air flow regulating means (3) which includes movable
obstructing means (50) adapted to reduce the cross-sectional area of the pathway
ata Iocation. between the air inlet (14) and the means for dispensing medicament
(11), and biassing means, whereby the obstructing means (50) is biassed into a
first resting position in which the cross-sectional area of the pathway is maximum
and is adapted to move against the bias of the biassing means to a second
position in which the cross-sectional area of the pathway is less than maximum in
response to a pressure fall at the mQﬂthpiece (1) caused by inhalation,
characterised in that the air flow regulatiné means (3) further includes second

~ movable obstructing means (48) adapted tcl_)"}}f__educe the cross-sectional area of the
pathway at a location between the air inléf ('14) and the means for dispensing
medicament (11), and second blassmg means (49), whereby the second
obstructing means (48) is biassed into a f rst resting position in which the cross-
sectional area of the pathway is minimum: a__nd is adapted to move against the bias
-of the biassing means (49) to a second pt_iféiiion in which the cross-sectional area
of the pathway is more than minimum'_.-'}:f;p' response to a pressure fall at the
mouthpiece caused by inhalation.

2. A device according fo claim 1 wherein théj;fc_r_gss-sectional area of the air inlet (14)

is less than the maximum cmssésectional.;érea of the pathway.

3. A device according to claim 1 or claim"*:72"wherein the obstructing means (50)
comprises one or more partitions adapted to slide across the pathway along an
axis perpendicular to the longltudlnal axxs's‘ef the pathway thereby obstructing the
pathway.

4. A device according to claim 1 or claim*if':zf;'in which the obstructing means (50)
comprises. an annular segment of memb_rane (57) which connects two portions of
the body (55,56). o
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A device according to claim 4 in which the membrane (57) is made of elastomeric
material, and the biassing means comprises the resistance of the elastomeric
material to stretching in a direction perpendicular to the longitudinal axis of the

pathway.

A device according to claim 4 in which the obstructing means (50) comprises an
annular segment of membrane (57) made of inelastic material and the biassing
means provides a bias against movement of the two portions of the body towards

~ each other along the longitudinal axis of the pathway.

10.

11.

A device according to claim 1 or claim 2 in which the obstructing means comprises
a rigid grille or perforated sheet (16) formed in a plane perpendicular to the
longitudinal axis of the pathway on the air inlet side of which rests a flap (50)
which in its resting position is deflected towards the air inlet (14) and in its second
position is urged against the grille or perforated sheet (16).

A device according to claim 7 in which the flap (51) is rigid and is hinged about an
axis perpendicular to the longitudinal axis of the pathway and the biassing means
comprises a spring (52) at the hinge of the flap (51).

A device according to claim 7 in which the flap (50) is made of a resilient
elastomeric material and the biassing means consists of curvature introduced into
the flap (50) said curvature being directed towards the air inlet (14).

A device according to claim 1 or claim 2 in which the obstructing and biassing
means together comprise two or more cooperating flaps (53,54) of resilient
elastomeric material which in the first position are deflected towards the air inlet
(14) and which in the second position are urged together thus reducing the cross-
sectional area of the pathway.

A device according to any one of claims 1 to 10 wherein the second biassing
means comprises a spring (49) biassed along the longitudinal axis of the device
and wherein the second obstructing means comprises a shutter (48) mounted on



12.

13.

14.

15.

16
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the spring (49).

A device according to any one of claims 1 or 11 in which the cross-sectional area
of the pathway when the second obstructing means (48) is in the first position, is
substantially zero.

A device for the administration of an inhalation medicament, inciuding a body
defining a through-going air pathway having a longitudinal axis, and air inlet (14),
an air outlet forming a mouthpiece (1), means for dispensing medicament (11) into
the pathway and air flow regulating means (3), characterised in that the air flow
regulating means (3) includes a movable obstructing means (17) adapted to
reduce the cross-sectional area of the pathway at a location between the air inlet
(14) and the means for dispensing medicament (11), .and biassing means,
whereby the obstructing means (17) is biassed into a first resting position in which
the cross-sectional area of the pathway is minimum and is adapted fo move
against the bias of the biassing means to a second position in which the cross-
sectional area of the pathway is maximum in response to a pressure fall at the
mouthpiece (1) caused by inhalation and is adapted to move further to a third
position in which the cross-sectional area of the pathway is less than maximum in
response to a greater pressure fall at the mouthpiece cause by inhalation.

A device according to claim 13 in which the obstructing means is provided with an
outer groove (31) and which is retained in the housing by means of a flange (28)
within the housing around which it fits loosely.

A device according to claim 13 in which the obstructing means is provided with an
outer flange (29) and which is retained in the housing by means of a groove within
the housing within which it fits loosely.

. A device according to claim 13 in which the biassing means and gbstructing

means together comprise a perforated diaphragm (17) miade of resilient
elastomeric material formed in a plane perpendicular to the longitudinal axis of the
pathway.



M REPLACEMENT SHEET

17 AUG 1999

32

17. A device according to claim 16 in which the diaphragm (17) is provided with one or
more protrusions (18, 19) on its upper and lower surfaces and is located between
two partitions (15, 16) formed in a plane perpendicular to the longitudinal axis of
the pathway, the partitions (15, 16) being provided with aperturés (14, 20, 21) with
which some or all of the protrusions cooperate to restrict or prevent the passage

of air through the apertures.

18. A device according to any one of claims 13 to 17 in which the obstructing means
(17) is of substantially circular section along an axis perpendicular to the
longitudinal axis of the pathway.

19. A device according to claim 13 in which the obstructing means comprises a V-
shaped vane (27), biassed at a hinge (25) formed at the apex of the V, which
rotates about an axis perpendicular to that of the pathway.

20. A device according to claim 13 in which the pathway is divided by a partition (34)
- provided with first aperture (35) and the obstructing means comprises a shutter
(36) provided with a second aperture (37) slidably engaged with the partition (34),
which shutter (36) is made fo slide against the partition (34) against the bias of the
biassing means (40) by a piston (38) in gaseous communication with the

mouthpiece (1).

21. A device according to any one of claims 1, 2, 3, 6, 13, 14, 15, 19 and 20 in which
the biassing means comprises a spring (32, 40, 46, 49).

- 22. A device according to any one of claims 13 to 21 in which the cross-sectional area
of the pathway when the obstructing means (17) is in the first position, is
substantially zero.

23. A device according to any one of claims 1 to 22 in which the air flow regulating
means (3) is adapted to be reversibly attached to and detached from the
remainder of the device.
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24. An air flow regulating means (3) as defined in any preceding claim, adapted for
use in conjunction with a device for the administration of an inhalation

medicament.
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INHALATOR WITH BREATH FLOW REGULATION

This invention relates (0 an inhulation device incorpocating novel moans

for regulating the rate of patient inspiration.

Known inhalation devices suitable for the administration o the hung of
ahy inhalation medicument include devices which administer the medicament in
liquid form, {n dty powder form or as a suspension of the solid medicament in a-
lignified propeftant,

Devices of the first mentioned lype include nebuliser devicos whetein &
ﬁ'nc respirable mist is formed by action of a compressed gas on a sample, by
vibration of a picznelectric crystal ;vr by other ultrasoaic means; alko, devices ol
the fype described in ez Intecnational Patent Application WO 91/14468, where |
the liquki is sprayed through a small sperture, |

| Devices of the second mentlnaed type which may pnMde the medicument
int unit dose or multidose form include the well known SPINHATER (Registered
Trademark), which Is described in UK Patent 1122284, the TURBUHALER
(Registered Trademark) which is described in United States Patcnt 4,524,769, and
the device described in European Pauteat Applicution 407028.

Devices of the third mcntioncd.!ype, which generafly contain™a pressurised
reservolr of liquified propellant containing u suspension of the solid medicament
and & melering valve for disponsing a suitable dose, are alsa very well known in

the art and is not necessacy to describe any perticulay type hese.
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