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" device comprising: a closure
1 unit for causing the closure

(54) Title: NASAL DELIVERY DEVICE
{S7) Abstract

A delivery device (20,
22) for and a method of deliv-
ering a substance to the nasal
airway (1) of a subject, in par-
ticular the posterior region of
the nasal airway, the delivery

of the oropharyngeal velum
of the subject; and a delivery
unit for delivering a gas flow
entraining a substance to one
of the nosuils of the subject
at such a driving pressure as
to flow around the posterior
margin of the nasal septum

and out of the other nostril of
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the subject, wherein the de-
livery unit comprises a nose-
piece (30, 40, 58, 82, 102, '
132) which includes an out-
let through which the gas flow
is in use delivered to the one
nostril and a sealing member

28

for sealing the one nostril to
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the cutlet such as in use to pre-
vent the escape of the gas fiow
through the one nostril.
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to flow around the posterior margin of the nasal septum and out of the

ot her nostril of the subject, wherein the de- livery unit conprlses a
nose- piece (30, 40, 58, 82, 102, 132) which includes an>@RPbeEP03 nyough
which the gas flow is in use delivered to the one nostril and a sealing
menber for sealing the one nostril to the outlet such as in use to pre-
vent the escaEe of the gas flow through the one nostril ,?I% S} q§30tenber
2003 WO OBORMESE PCT/ | BOO/ 00273 1  NASAL DELIVERY DEVI CRSHIRS ’B sent
invention relates to a delivery device ffor and a nmethod of delivering a
substance, in particular one of a I|qU|d as a suspension or solution, or a
powder 5 containing a nedi camgpt,, [ h. epi cal pharmaceutical, a

cl eansi ng agent, or an |rr|g} i ST, as—¢ gui d, preferably conbi ned
with a cleansing agent, to the nasal alrmay of a subject In particular,
the present invention rel ate to th dellver medi cagent, to .and the
rrigation ofl 't RESFdBYenoR: ool degied gﬁnsna 85O0 SLOBRARDRR, ¢ he
paranasal si Qiisita88d, iiR pattidBlat HH@bf Qsﬁqhﬁl af at ipALdh (R sYIutibRES a BRI nus 10
t ubes, the audltory tubes, the tynpanic cavities and the paranasal sinuses.
Referring5to cmtga!rné a@ed@%@eﬂﬁawpmglgrwmw@l rhamnesusieal. @ Pleansing agem.ar 3Bavi ti es

separated by, % F&'S?Sﬁ%g&&ﬁ? préfia 6l BhbHRY with! GLAASES aSUATRE YeSnalsAt | 2,

such as the

auway of a subject. In particular, the present invention relates to the delivery of

medicament to and the irrigation of the nasal mucosa, the anterior region of

nasopharynx, the paranasal sinus ostia, the tubal ostia of the auditory tubes, the sinus
10 tubes, the auditory tubes, the tympanic cavities and the paranasal sinuses.

Referring to Figure 1, the nasal airway | comprises the two nasal cavities separated by
the nasal septum, which airway 1 includes numerous ostia, such as the paranasal sinus
ostia 3 and the tubal ostia 5, olfactory cells and is lined by the nasal mucosa. The nasal
15  airway 1 can communicate with the nasopharynx 7, the oral cavity 9 and the lower
airway 11, with the nasal airway 1 being in selective communication with the anterior
region of the nasopharynx 7 and the oral cavity 9 by opening and closing of the
oropharyngeal velum 13. The velum 13, which is often referred to as the soft palate, is
illustrated in solid line in the closed position, as achieved by providing a certain
20  positive pressure in the oral cavity 9, such as achieved on exbalation through the oral

cavity 9, and in dashed line in the open position.

There are many nasal conditions which require treatment. One such condition is nasal
inflammation, specifically rhinitis, which can be allergic or non-allergic and is often
25  associated with infection and prevents normal nasal function. By way of example,
allergic and non-allergic inflammation of the nasal airway can typically effect between
10 and 20 % of the population, with nasal congestion of the erectile tissues of the nasal
concha, lacrimation, secretion of watery mucus, sneezing and itching being the most
common symptoms. As will be understood, nasal congestion impedes nasal breathing
30  and promotes oral breathing, leading to snoring and sleep disturbance. Worryingly, the

incidence of such allergic and non-allergic inflammatory diseases is increasing. Other



ostia 3 and the tubas ostia 5, olfactory cells and is lined by the nasal
mucosa. The nasal 15 airway 1 can conmunicate with the oph , the
oral cavity 9 and the lower airway 11, with the nasal gféﬁé?naég;%pig in
sel ective communi cation with the anterior region of the nasopharynx 7 and
the oral cavity 9 by opening and closing of the oropharyngeal velum 13.
The vel um 13, ichis often referred to as the soft pal ]

illustrat ei}f%io%’wsy(’) idline in the closed position, as ach?%@lggbj@§73provi di ng
a certain 20 positive pressure in the ozal cavity 9, such as achieved on
exhal ation through the oral cavity 9, and in dashed line in the open
position. There are, many, nasal conditions which require treatnent. One such
condi tion i sN3{s&Pnditiont | inflia |“6$?? ROp@e i Yhigh arije rfHmm the sparapsak WSt be

al l ergic or peRrdbhiebedneidaMorkRryXdthis hedr, SRR AGLAE 8Al Wiidid bifieshi on and
prevents normal nasal function. By way of exanple, allergic and

non-al lergic inflammation of the nasal airway can typically effect between
1Q and 20 % fthé {}@a %%kéé%ﬁli‘na\séﬁ‘ c%ﬁ'diﬁ(?h%?{he ?(g)% £ i%tr&‘onto? egfcglﬁ&{té €

ti ssues of the nasal concha, lacrinmation, secretion of watery mucus,
sneezi ng andisipratrablg, eiaulrly eherrothe nasabrmcasa $y/tip tpoine. patwlogickl patevay,

under st ood, fa %I .con estiron .‘i3 edes nasalt. brﬁaeifhi ng %}‘% nd .pr anot.es or al
breat hi ng, | &58i%A " F5RERT S I RERl EqregHtar | JpdsideOP ra%muﬁ n e

i nci dence of advasthgeahd & ghigindsioy Mg padsibly gide difaétk Bl AdbiaRGSFonl S

i ncreasing. O her 3 Septenber 2003 WO 00/51672 PCT/ | BOJ 00273 2 nasal
conditions i MefiGteentdif 50 Icomaonl; opically Seliveredrincivde sigpongastants, dffuses,
hyper t r ophi chigd@ies, dfomcpBeh®!, Sledbidlanl hiviRdi a, sinus di sease and reduced
ol faction. In the treatnent of certain nasal conditions, the topical

adni ni st &t | on of medicanents 5 is preferable, particularly where the
nasal mucosarhcc Lhe R M ARLIRKAOhGAbe PR Ms AHCMiflfenl Ruth! GL1 B9 OF
relieving nasal congestion. Indeéd, topical admnistration iIs dvant ageous
i N mini m si nphatthescepiowlsi tol relievie dgmpfofrsctsspcmfedswithh emiak caditions. s tAt girésom,

Medi ts that |y stopically delivered i.ngluyde.d tants,
anti - hi stantHes B RRSE JRadantietol; shymagmicalh, ohid, fgids fgve bean ™

shown to have an effect on nasal congestion. Topical decongestants have also been

15  suggested for use in relieving nasal congestion. The treatment of hypertrophic
adenoids and chronic secretory otitis media using topical decongestants, steroids and
anti-microbial agents, although somewhat controversial, has also been proposed.
Further, the topical administration of pharmaceuticals has been used to treat or at least
relieve symptoms of inflammation in the anterior region of the nasopharynx, the

20  paranasal sinuses and the auditory tubes.

Aside from the delivery of medicaments, the irrigation of the nasal mucosa with
liquids, in particular saline solutions, is commonly practised to remove particles and
secretions, as well as to improve the mucociliary activity of the nasal mucosa. These

25  solutions can be used in combination with active pharmaceuticals.

Furthermore, medicaments are now increasingly systemically delivered through the
nasal pathway, the nasal pathway offering a good administration route for the systemic
delivery of pharmaceuticals, such as hormones, for example oxytocin, and anti-
30  migraine compositions, as the high blood flow and large surface area of the nasal

mucosa advantageously provides for rapid systemic uptake.



There are now an increasing nunber of adults and children who rely on

" pharnmaceuticals to relieve synptons associated with nas%l @9@@ Ebg@f At
! np1 ; eptenjbe
c«present, anmong the known anti-inflammatory pharmaceutical’s,” topica

steroi ds have been shown to have an effect on nasal congestion. Topical
decongestants have al so been 15 suggested for use in relieving nasal
congestion. The treatnent of hypertroph3c adenoids and chronic secretory
otitis media using topical decongestants, steroids and anti-m crobial
agents, although sonewhat controversial, has al so been proposed. Further,
the topical administration of pharmaceuticals has been used to treat or at
| east reli . ] f.anfl tion in the anterior region of the
nasophar yn>1<6,? V?’r‘f’;"y %gggfpﬁlerrgﬁ%% s E%’F?E@f@g dskelopstbtoadaliven sybstanbessto thsindeal f r om
the del i vemjrwafs ofibpaments, the irrigation of the nasal nmucosa with
liquids, in particular saline solutions, is commonly practised to renove
particles and secretions, as well as to inprove the nucociliary activity
of the nasg@  fqucosa, These 2@ ﬁ{%l utions can be used in conbination wth
active phar PR LRy, SPE, boles have, berm disedte ndddiver e medichmerteRataighy

systeni cal lijuidedriavierRdihfigudlo {H%%asﬂ%grr@}ayﬁg% Qyﬁ%@nf ew%gi%%gigttrg)n?ign

offering a gé{)egd?.dn‘i BI stration route
phar maceut @ lelyarcd sabstmoeningsticd|Qr toak@ BB ULRG ] JF1, Li 30
i graine c ng s t.i %ﬂs, as the high bl ood f?gw and %fg’ﬁgdgtgeﬁfr} gggmg?yedsof t he
nasal mucod &r‘ﬂ\}g 2GEEHRYY/ Infhe ¢rsge of tenderatpant seysteamissl dbptradtRon. 3This
Sept enber 208343t [ 0 el Lver tens have been devel oped to
_del i ver sugst anlgtgs%u%igﬂ ?fée’ﬁ%naélgﬂgr ﬁﬁﬂﬁ%’f}%ﬁ}y 3 ghietiishaling theovgh dhaindsal spray
"bot t] es haviewhpduringsdsliviesy, deld ofth e%ﬁﬁ&&%ﬂ%ﬁ #EAPE & UG ok lGuid or an
irrigating. liquid to the nasal ai r_I\?/i\‘/ays of su }atetglggfl%lﬁ\ll/\lﬁ%e@? Squf‘émce to
di stri but i B Pasterior gegien pf thearpsal disvan ciadedd) apamidusi bfthd QubkRBRcPOR] BE 1 OF
regi on of aj i | ess than jdeal, especially in the cases of
noder ate an @gng\ﬁ;%fgh enasg?xf)ﬁ‘g@%ﬁ’&n‘?acgtﬂ veryo $thich equld batrrolemstiotn en
further expaelidteit adbjbits af BiePinesitarh&akin asal, _airway. during
del i very, as. is often prescribed, in gr? g?t%lgv 8éé§§F?!]v§?°ht?Fea§E$é‘@ance to
_ which has to be administered frequently. In addition, the spray is frequently directed
against the nasal septum which can undesirably lead to localised deposition. Further,

the mechanical action of the delivery mechanism of the spray bottles can cause
irritation and bleeding.

‘GB-A-408856 discloses a delivery device, which in one mode of use, allows for the
inhalation of separate air flows entraining medicament into respective ones of the nasal
lcavities of a subject. This delivery device comprises a chamber 'containing a sponge
saturated with medicament, a mouthpiece connected to the chamber and first and
second nosepieces connected to the chamber. In one mode of use, the nosepieces are
fitted into respective ones of the nostrils of a subject, and, on inhalation through the
nosepieces, air flows entraining medicament are drawn into the lungs of the subject. In
another mode of use, the mouthpiece is taken in the mouth of a subject, and, on

inhalation through the mouthpiece, an air flow entraining medicament is drawn into the
lungs of the subject.

W0-A-98/53869 discloses a delivery device for delivering a powder containing a

medicament to the nasal mucosa in one of the nasal cavities of a subjéct. This device



the posterior region of the nasal airway. |ndeed, an anobunt of the
" substance can be drawn into the lungs or swallowed in %ﬂgh dq;iéﬁgy, whi ch
could be problematic in paediatric subjects if the nedic LAt pot ent
" pharnmaceutical, such as a steroid, which has to be adninistered
frequently. In addition, the spray is frequently directed against the
nasal septum which can undesirably | eadito |ocalised deposition. Further,
t he nechani cal action of the delivery mechanismof the spray -bottles can
cause irritation and bl eedi ng. GB-A-408856 di scloses a delivery device,
whi ch in OYRERTiSE® adnbularesection wivichfoontaither meteral dust of polvdsRBaR@E@nRInE. || OWS

entrainin iganent kpto respective ones of the nasal cavities of a
subj ect . ‘gr[ﬁlir%gﬁtg'fgie\l}g? 9{- glg\}}l@'ga&?ﬁ%‘?’? g Jespeetivehh kacated rin shannostriloofapende
sat ur at ed e hlsareshiga Bt LRE o 0 the chanber and first
and second nosepi eces coﬂr}?\glcc{ﬁgg&ﬂ‘t%htﬁﬁ%t’%ﬁg% 5?‘5%{%%#%&}?&& ""Btfﬁ“‘fg’@ﬁ t he
nosepi eceshiaoe het moutthersxbaled siremmitiaite the powadred RMeedRQsichi ki afli@rsSii ect .

and, on inhal at {th@et hrogsgdgf:t he nosepieces, air flows entral ni ng nedi cament

are drawn THEG" O0R g&sas Favifye With e exthaledrair baskflowingwdef tie areenostrlie
MUt Pl e Qurbiind e @Rbiir delior Il She Uil FE BT Koo 1o dligec A h oM T oudh

the nout hpi ece, an air flow entraining udesiaotlenille | ungs
of the suljosien up¥BreamOftha86& diippelderdsmaticheldny ©THe JRNASS £ 'Sdﬁé)éi[\)/l ring a
powder cont ?_%nl gﬂ a t{redl canment to the nasal mucosa’ i n one of thée hdsal

cavi ties diPTRORaHPwEthe Fabisctalovelete thesmbulanisestior0f3a pobmmsizees & thebul ar

section i & i d 0 efed nedi canent. I n use, the
_ends of m@%g{g a?édégc |tbrr§I1 gélggrc ex %P{OV?%\O@Q’PE@&O@HW duxipg exfdation) aof one
cof the naak xploshicasr oW chiisinifihtioime MIRELed 380 @418 ragtg' n by the

subj ect ttﬂlough his or her nmouth the exhaled air entrarns er ed
medi canentn A7qthge empedimant dhe sadref ithet tubuube sectionnbsated dRVhE Yiostl bl bhe

exhal ed ai f l.oW out of the ane.nostril , around the tubular section.
In one enggﬁﬁtacfweﬂgﬁﬁgl?ea?lggléﬁchgﬂni“h('% PaEQn A theaigstil avhighvaliavenfoupst r eam
of the doske d?époﬁi@ibﬂ%lfﬁd:MCF@rﬁéﬁicaﬂl{thRg%\é{ﬁQ%%%a_t his flexible portion

aliows the subject. to close the tubu Ion at d point upstream of the

Whilst this delivery device is simple in construction, thé operation of the device still
does not provide for the effective delivery of substances, in particular one of a liquid or
powder containing medicament, to the posterior region of the ﬁasal- May, since
medicament is delivered separately to each of the nasal cavities and the -air flow into
- and out of each nasal cavity is through the same opening, namely the respective nostril,
with the closed posterior region of the respective nasal cavity acting as a pressure
reflecting suﬁace which causes the exhaled air to backflow ouf of the one nostril
before ever adequately reaching the posterior region of the respective.nasal cavity.
Further, in providing a short explosive burst of air flow into one of the nasal cavities, it
. is not possible to achieve a sustained and controlled bi-directional air flow throﬁgh the

nasal cavities which has been found necessary to deliver a substance effectively to the

posterior region of the nasal airway.



medi canent, such that, on release of the closed flexible portion during
exhal ation, a short explosive air flow entraining nedicanent is delivered
into the one nasal cavity. |n another enbodi nent the end of the tubul ar
section located in the nostril can be shaped to act to |DBeitembdreVUsibul ar
section in a position in the nostril which allows for the deposition of

t he powdered nedi canent on the nasal nucosa. Wiilst this delivery device is
Si npl € i Fof aR kiiiednce o bk HBIIPHEH RbkOivay td I SRYI S8wSF, it s higmgsae@?amer ovi de
for the effective delivery of substances, 1n particular one“of a lirquid or
powder ctimtahe pdgimeiiattementfficient tand spopteer iHowewey) thercotarn be pradeinsanr way,

o1 noe - TRHLSATERL, havdel hNersd. BERRARLBLY: Suifgbhich dBeloopkara ik s o
openi ng, nAIShHahifiticdssed hURikIORhtidd of sﬁ\ﬁsttﬁhéeg,es&hqoar%el 18§ b HoRdef£9i ON

of the respective nasal cavity acting as a pressure reflecting surface
whi ch catréeky, pargicalanl te dhapostertoriyegion lofthouasabsirw e anh therpostarior mayginsr e

ever ade t el eaching the,posterior region the respective n I

Cnet t o O tsel SRRENPG, | dRABSE o§ st rie b S eirTer B R Bt R o one
of the nagabwahiyiike assakés inl the RAtal RASEDPHRsS PasREdisBeBoRe PftiaAyRE IR
controlled bi-directional air flow through the nasal cavitie$S which has

been f oufidhepdbesgsal ynuceseés inflamed andoeanassted cnpking the distributioreof mwpicadr i or
region o i . Se: er 20W For any substance to be
deliverehh‘l’eljf]‘?“é’g'??@eﬁ@ﬂ{‘%ﬁ%ﬁlegﬁ‘i%yaﬁ%?%‘?“%y, it is highly desirable that the

admnistration is efficient and sinple. However, there can be problens in
attenpting to achieve this goal. In particular, the pathol ogical changes
obser ved IS s aajE of the passral nyentieade Piavidp asidinetysievire foupad amabod such

o5 8RS oY MM 1At DB, ERE SRR O

nasal airway an asa ures. eed, as
a conseqifhaneadtichls, 0othel wasabenway| paicutdrly theagostavic depidn &Ptheasaapes in
t he nasal . airway,. t hese passages. becone rtially occluded, when. the nasal
mucosa i &IVAYy %%5&5@@@&9f W%@P f?lﬁélaa@mwh@ﬁ the adeeid and

phar maceyty¢ads: 40 1édagegnasal airway difficult. It is thus an aimof the
present invention to provide a delivery device for and a met hod

Accordingly, the present invention provides a nasal delivery device for delivering a
substance to the nasal airway of a subject, comprising: a closure unit for causing the
closure of the oropharyngeal velum of the subject; and a delivery unit for delivering
a substance to one of the nostrils of the subject wherein the delivery unit comprises
a nosepiece which includes an outlet through which the substance is in use delivered
to the one nostril and a sealing member for providing a fluid tight seal between the

outlet and the one nostril,

In a preferred embodiment, the nasal device is capable of delivering a gas flow
enfraining a substance to one of the nostrils of the subject at a driving pressure which
would be such as to cause the gas flow to flow around the posterior margin of the nasal

septum and out of the other nostril of the subject.

In one embodiment the substance comprises a dry powder.

In another embodiment the substance comprises liquid droplets.



of achieving a nore optinmally distributed deposition of a substance,
especially topical Pharmaceuticals, in the nasal airvva.¥3 %grtlcgbﬁ%ly t he
posterior region of the nasal airway, and in particula %

regi on of the nasopharynx where the adenoid and tubal ostia are |ocated.
Accordingly, the present invention provides a nasal delivery device for

del i veringyd goiydst ance to the nasal airway of a subject pcgaBRfbsss Ng: @
closure unit for causing the closure of the oropharyngeal velum of the
subject; and a delivery unit for delivering a substance to one of the
nostrils of the subject wherein the deIivery unit conprises a nosepiece
whi ch incl ud r stance. i.s ivered
to the one ngit?ﬁﬁf) (i’tan%{elasﬁ%%mnﬁgoﬂhe Suprovr pnnmgalh mt{%" faflée fvseal
bet ween t he zmumnablamdrthe one nostril. In a preferred enbodi nent, the
nasal device is capable of delivering a gas flow entraining a substance to
one of the nostrils of the subject at a driving pressure which would be

such as to CaH%fe thiSodiAsnt iHeQ\ibdtihct b PHBH IS, B%Eﬁ&lr}ororméwatﬂre&f the
nasal septunrand out of the other nostril of thé subject. I'n one

enbodi ment’ t I sl tcapdiion opt preiasted canbpdipenibe pattinlezsinst digribwioh ofliteent  t he

substance co r Q0/Rl
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subst ance i s gboutriQitpad hup, ami préferablgmythe odnge afabotit 2D t6 60 ih. pm I n one

enbodi nent the substance contains a nedicanent, particularly for the
treatnent 5 of a nasal condition. In a preferred enbodi nent the particle
si ze di stri buhiofar @hbddiRerfdths bidRGEGaN b NElkAER: ARk h powddr ac i fof | ar ger
particles, typically in the range of about 10 to 30 m and preferably in
the r angel of %Bﬂrgé‘enﬁ%l HOVGYN?T 4 liauish waich sy paferahly sonisiea slepnsingmerntcan be a
cl eansi ng ageht rm%a%ngﬂﬁ%ﬁgﬁ reurﬁﬁ | Bﬂ%f of &x@p 131191&1% hdite claﬁg%@%ééd ai rvway,
or a liquid, referably ctontain a Pct eansin agent Irrigating
t he nasal ai rtﬂmﬁml@gﬁer ingpr efhghprletions He titehdselegipwayetei remosoparticlreands ed

secretions, in particular from the posterior region of the nasal airway, which resulting

solution could be analysed for diagnostic or research purposes. In a preferred
15 embodiment the particle size distribution of the cleansing or irrigating agents can
include a fraction of larger particles, particularly in relation to the mechanical action of

the particles.

The present invention also provides a method of delivering a substance to the nasal
20  airway of a subject, comprising the steps of: sealing one of the nostrils of a subject to
an outlet of a delivery unit such as to prevent the escape of a gas flow through the one
nostril; closing the oropharyngeal velum of the subject; and delivering a gas flow
enfraining a substance through the outlet at such a pressure as to flow around the
posterior margin of the nasal sepfum and out of the other nostril of the subject.
25
In one embodiment the closure of the velum is achieved directly by the use of an
instrument for pressing against the velum to close the same or a bung for temporarily

closing the opening behind the velum between the nasal airway and the oral cavity.

30 In a preferred embodiment the closure of the velum is achieved indirectly by the

creation of a positive pressure in the oral cavity, or more correctly a positive pressure



to adm nister saline or other solutions to the nasal airway to renove

particles and secretions, in particular fromthe poster)Qr . regi f the
nasal airway, which resulting solution could be anal ysegdg‘?pé?ne%rgg%%sti c or

research purposes. In a preferred 15 enbodi nent the particle size
distribution of the cleansing or irrigating agents can include a fraction

of | arger %J& 8, particularly in relation to the rrecllgé?m‘o?)o?ﬁ tionm of
the particles. € present invention also provides a nethod o elivering a

substance to the nasal 20 airway of a Subject, conprising the steps of.
sealing one of the nostrils of a subject to an outlet of a delivery unit

such as to prgvent.the escape of a gas flow through the one .nostril;
cl osing the dﬁ%ﬁﬁ%@@%ﬁ%ﬂ § SRl 0Py @n‘it}gﬁ &A% AN Ay AV ég?éfs fl ow
entraini ng a «&ulsiicance through the outlet at such a pressure as to flow

around the posterior margin of the nasal septum and out of the other
nostril of the subject. 25 In one enbodi nent the closure of the velumis

achi eved di r egtfedbRY tHeNRIuS & Qbse@RimulBRobsiFih hObnRf 68 HeNBIiRGRALPH. t he
velumto close the sane or a bung for tenporarily closing the opening

behi nd t hé vembsiansetabenselairwagsal airway and the oral cavity. 30 In a
preferred enbodi nent the closure of the velumis achieved indirectly by the
creation of a positive pressure in the oral cavity, or nore correctly a
positive predsur preBnSeé pimdoibiaren? ClOSud\Gf Qe odland As REHiEteBQOtMBRIEBly /by the

differential between.the oral .cavity and the nasal ai[wa uch as ,achi eved
on | exhal at 1 GHEePEEPLaRegaste AT fitdhn Ve fige BEREr wiy PRI SFoaf ™ ne
onset of the idel fubahysedfiord hed bbweth HedRg e ftife bdbfecNaIhd flaiwrraastor ¢an
preferred enbodinent closure of the velumis achi eved automatically by the
subj ect ebhalSoREEUEAIOPETVIde the 1SariFed dnter il POSEVERFeTSIGw r esi stor nmay be
operably connected to a tubular section held between the |ips of the

subj ect. The flow resistor can be 10 configured to provide the required
intra-oral pdéibes \peerpeatalighad that flow rates of about 1 to 20 litres per minute, an

particularly about 3 to 15 litres per minute, can be easily achieved by a subject and that
and a fairly constant air flow can be maintained for up to 20 seconds depending on the
15  flow rate. For some freatment regimes, it is important that a stable flow of relatively
high flow rate be maintained for a period of a few seconds, preferably 3 to 10 seconds,
in order to enable the substance to penetrate to the more remote parts of the nasal

airway.

20 In one embodiment the air flow of exhalation by a subject is used to power a
mechanism which disperses the substance into a volume of air and delivers that

dispersed substance into the nasal airway.

Preferably, the mechanism is so arranged that the substance is delivered into the nasal
25  airway after the velum has been closed or simultaneously with velum closure. In this
respect, it will be understood that bi-directional flow through the nasal cavities is
possible only when the velum is closed and that any substance delivered prior to

closure of the velum would undesirably be delivered to the lower airway or the gut.

30  Preferably, the release of the substance into the nasal airway is triggered by the air flow

created on exhalation.



It has been established that flow rates of about 1 to 20 litres per m nute,
and particularly about 3 to 15 litres per mnute, can §$ egsl‘ﬁilllﬁe% ﬁ@_{]i eved
by a subject and that and a fairly constant air flow c ®E % ned for
up to 20 seconds depending on the 15 flow rate. For sone treatnent regines,
it is inportant that a stable flow of relatively high flow rate be

mai nt ai nedwigsiszperi od of a few seconds, preferably 3 tpcifsosermds, in
order to enable the substance to penetrate to the nore renote parts of the
nasal airway. 20 In one enbodi nent the8air flow of exhal ation by a subject
is used to power a nechani smwhich disperses the substance into a vol une
of air and delivers that dispersed substance into the nasal airway.

Preferably, the mechanismis so arranged that the substance is delivered
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with velumclosure. l.n this spect it wll euners od .t
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Preferably, tHBOHah&S ‘F’Wtr‘ﬂ% APBSYIEN e PRtElS st elistraugpn g P\Ré?bﬁtaé“’?’r i gger ed

by the air fl@Whe GibBiataE fRRrERah Al R paicRERLBHRE! B8Ry WO 00/ 51672
PCTI 1 BOO/ 00273 8 In a preferred enbaddi nent a pressure-sensitive valve is

utilised to trigger release of the substance when a predeterm ned flow

rate has beerl dayalanasiobin AL ARE HIR HHAY b/ gRB B Bhicbne Tl ow

rate of the ga e su ance 1S Ivere orta as this
flow rate, alllamgiamﬂedtarme@mmmed Bowirate add sar behudsed whed ﬂmﬁb“snatesirmce are

the si f t d L th t d ff I
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subj ect has mai nt ai ned a predeter m ned flow rat e and can be cl osed when
theflowrat drog% d; golowth eterm'ng% eso as to stop the
delivery of tRE BEBEHARERIMT O rErBa T iD RN SHIEIE FechEatient | s
delivered i n wRudsf thé HRiEdHd d@RBoPHT the opening of the pressure-sensitive valve and the
dose released are carefully controlled to ensure a standardised dosage. )
15 |
In one embodiment, where the substance is released into a chamber and a gas flow, in
one embodiment the exhalation flow, is provided to induce the mixing of a metered
dose of the substance, the delivery of the gas flow can be prolonged to flush the nasal
airway as this prolonged flushing does not effect the delivered dose. A mechanical
20 device powered by a hand-chargeable spring, pressurised air or similar, may be used to

provide the driving gas.

Regardless of the system employed, the flow characteristics can be optimised to -
improve the deposition of the substance and the comfort factor, such as to avoid an

25  abrupt onset which is likely to induce withdrawal reflexes.

Preferably, a metered dose of the substance is dispensed into a delivery chamber by a
dosing mechanism. This dosing mechanism can be constructed in such a way as to
allow for a gradual release of the substance. This gradual release will better enable the
30  substance to be entrained by the gas flow and thereby improve delivery to all ventilated

parts of the nasal airway, in particular in the confralateral nasal cavity.



both of the timng and duration of the opening of the pressure-sensitive
val ve and the dose released are carefully controlled tga§n%léé§ 20

st andar di sed dosage. 15 In one enbodi ment, where the subst® ¥ 2093 eased
into a chanber and a gas flow, in one enbodi nent the exhalation flow, is

provided to induce the mxing of a netered dose of the substance, the

delivery o as flow can be prolonged to flush the nggpippdiiiay as
this prol O&ngg ﬁgushl ng does not effect the delivered dose. A nmechanical 20

devi ce powered by a hand-chargeabl e spri9ng, pressurised air or simlar, may
be used to provide the driving gas. Regardl ess of the system enpl oyed, the
fl ow characteristics can be optimsed to inprove the deposition of the
substance and the confort factor, such as to avoid an 25 abrupt onset
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dosi n
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allow for a g;aaﬁle@bnanqioaasmmor&qg&aﬁabﬁtaa%%geaﬂIn% 1t adYBlard GhRRAS %SWI I
better enable the 30 substance to be entrained by the gas fl ow and t hereby

i prove dél i Vlewmneednefbe doealapef.at ed parts of the nasal airway, in
particular in the contralateral nasal cavity. 3 September 2003 WD 00/ 51672
PCT/ 1 BOO 00273 9 In a preferred enbodi nent the exhalation air flow

devel oped by Hntfera‘slmbqhenbsepinkﬁ is konfcduasias ektamd ast@huhympntovkedes aked cgdty f | ow

for entralnln nce and provi directional flow This
confi gurati or’? 8 oe(ﬂ?%{ﬁttg streglﬂn’taﬁg%’méiog%ﬁ%&&‘%ﬂ?r Badasa oIy need
not be devel opgehis B§1ﬁfl?fh@tﬂow lirhifig fﬁgﬁﬂpmﬁlqeducsm%ﬁstagué etlichenagtans about 1
cminto the qone nasal cavity so as to expand the valve region, a region

| ocat ed afoutin hecgsedf gpalipflpmmatitinasal cavity which is usually the flow
limting region, and reduce the resistance which may be high 10 in the
case of nasal inflammtion. The shape of the nosepiece can be tailored to
suit specifi dhcbens. of by nesgpipgs! w@n beffailored to suit specific needs. For example, the

internal shape of the nosepiece may be optimised to promote turbulence and achieve a
more optimal dispersion of the substance.

15
The nosepiece may include a tight fitting nasal olive, which can aid {he creation of a
suitable physiological gas flow. The olive may be detachable such as to allow for other
olives of the same or different dimensions to be fitted. In the case of severe nasal
obstruction, a nasal olive can be introduced into the other nostril to reduce resistance

20  and facilitate flow therethrough.

As mentioned above, a gas flow of at least 20 litres per minute can easily be achieved
by the delivery device. By providing a sufficiently high gas flow, all parts, or at least a
larger part, of the complex nasal airway can be penetrated by the substance. In one
25  embodiment the delivery device can include an indicator for indicating the magnitude

of the gas flow.

The dimensions of the posterior passage and opening behind the nasal septum are
almost always larger than the opening in the flow resistor. Thus, it is only in very rare
30 cases of complete occlusion of the outlet nostril that the pressure in the posterior

region of the nasal airway will approach the positive pressure in the oral cavity and



i nternal shape of the nosepiece may be optimsed to pronote turbul ence and
achieve a nore optinmal dispersion of the substance. 15 _The.n egb&ge may
include a tight fitting nasal olive, which can aid the creRiiont

sui tabl e physi ol ogical gas flow. The olive may be detachabl e such as to
allow for other olives of the same or different dinensions to be fitted.
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into the o Q$ ﬁ@%trll to reduce resistance 20 and faC| ??E?QN?F;
therethrough. As nentioned above, a gasl@low of at least 20 litres per
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occlusion of the outlet nostril that the pressure in the posterior region
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flushing. 5 After dt na al ..ai rwa directi t he
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posteri or regh QMrébirédlerhBodithdnk, Whdhd tHeQUBSERS S HSLNG FSH, &M ast£ERicAUes. 10
then a filter can be employed if high humidity represents a problem for administration
of the solid.

15 The substance can be a single compound or a mixture of compounds, which
compounds can be in any suitable form, such as a powder form, a solution, or a

suspension.

The substance can be any suitable substance for delivery to a human or in some cases
20 an animal. The substance may be for delivery for action in any part of the nasal
airway, or in any of the surrounding tissues or organs. Also, the substance may be for

delivery for action in a region remote from the nasal airway.

Preferably, the substance is for delivery for subsequent action in any part of the nasai

25  airway, or in any of the surrounding tissues or organs.

The substance may have a beneficial medical effect, which can include a diagnostic
effect, a therapeutic effect, a prophylactic effect, and a cleansing effect such as the
removal of particles, crusts, secretions, debris, etc. Preferably, the substance has a

30  therapeutic effect.



In a preferred enbodi nent, where the substance is in solid form such as a

powder, then a filter can be enployed if high hum dityr€pIL5RPb60R
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conpound or a m xture of conpounds, which conpounds can be in any suitable
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be any suiévglab,gwﬁijtance for delivery to a human or in sofmosssas 20 an
animal . The substance may be for delivery for action in any part of the
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effect. 3 _Septenber 2003 WO 00/ 51672 PCT/1B00/ 00273 11 Preferably, the

subst ance’i s menpeReAnecadivont alBy Ay oSherrmalee the plarmatentiose ainbx &y thei th any
suitabl e car 'inic%enpdfla}ifﬂger%i@éﬂ ﬁh%ﬂ@rg&rinﬁaqﬁxﬁéfmtdisef ceferably, the

pharmaceutical 1s for r eat nent any one-or more of the above- 5
menti oned conditions. By way of exanple, the pharmaceutical may be for the

treatment of any .allergic. non-.al | ergic .inflamatory di sease. .Typical
phar maceut i cz’illggl\é?l rha%?i%‘lﬂ(r}]tlms S(rjfg ?&(;r?]misn%tfog‘dlé‘?l %tbu pi& I’t‘i’&%(mﬁgtlei?cf’egga?‘ Q’
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anti-inflgmmtory 1 harmaceuticals, anti-leucotriens, |actation pronoters
such as JQyt Qg?rﬂ%écﬁ‘%ﬁﬁ%nﬂ%e?ﬁ%?ﬁﬁfﬂ@“b% RREOFS euphsas mYyiorthi A i"l%}P a nore
optimal deli v@gmineph@ndedutivasy device of the present invention

By achieving a more optimal delivery, the delivery device of the present invention
improves the effect of topical pharmaceuticals in the treatment of upper airv-vay

15  pathologies, such as hypertrophic adenoids and chronic sectretory otitis media.

Aside from pharmaceuticals, the device can also be used to irrigate or cleanse the nasal

airway with saline or other solutions, preferably containing oils or herbs.

20  The device of the present invention can be tailored to suit particular needs. For
example, balloons or pop-up figures can easily be integrated to provide a semi-
quantitaive indication of the flow rate and to improve the acceptability and ease of

administration in small children.

25  Only in the rare circumstances when the nasal resistance is too high to achieve a gas
flow through the nasal airway, even after attempting to expand the nasal cavities,
would insufflation be jeopardised. In those cases, pre-treatment with decongestants

may be necessary.

30  The delivery device may also be used as a nasal lavage means in the collection of

mediators and cells that originate from the nasal mucosa for, for example, diagnostic
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nostril may be collected in a’vessel. 10 Alternative . escapi ng
from t he out | dmogigemediatendajechien rasulp pheeftaimoxgamisthy, sudy as bagteridi viewses or
del ayed anal y§Lfiatodsndeed, such filters and the like may even yield an

15 The delivery device of the present invention is advantageous for a number of reasons.

Notably, the delivery device provides a very simple and efficient means of delivering
substances, such as pharmaceuticals, saline solutions, etc, into the nasal airway. In this
respect, the device utilises very simple technology with few movable parts, making the
20 device relatively inexpensive to mass produce. [n addition, the device of the present
invention can be made in a disposable form, thus avoiding the need for the delivered

substance to include any preservatives.

The present invention also eliminates the need for the subsequent flushing or spraying
25  methods that are associated with some of the prior art devices. However, for some
applications it may still be desirable to perform a subsequent flushing or spraying

operation.

The delivery device of the present invention is advantageous as, in use, the tight seal

30 between the nosepiece and the one nostril ensures a prolonged penetration of the
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deposition of substance, notably pharmaceuticals, to the posterior regions
of the nafal turbinates and the nasal mucosa. 10 In addition, the

bi - di r ect | 0nah ARRGS e ieEicIMREPARRRDE shMRIEA! h¥icRRASIRRRUGR! Sha and
irrigation will also befter reach all sinus ostia due to the anatomic locations and
orientation of the sinus ostia, which can improve sinus ventilation and drainage which
is essential to treat sinusitis and frequently accompanies inflammation of the nasal
15 mucosa. In this respect, the ostia and tubes to the ethmoidal and sphenoidal sinuses are
located in the posterior -region of the nasal airway and the uncinate projections
covering the infundibulum, housing the maxillary, frontal and anterior ethmoid ostia,
are tilted backwards. Furthermore, the driving positive pressure used will increase the
deposition of pharmaceuticals at the sinus ostia, the sinus tubes leading into the sinuses

20  and even in the sinuses themselves.

In addition, the 180 degree re-direction of the flow behind the nasal septum
particularly increases the deposition of substance on the roof of the nasopharynx where
the adenoid is located and in proximity to the location of the tubal ostia to the auditory
25  tubes connecting the nasopharynx and the middle ears. By way of example, steroids
have been shown to reduce the size of hypertrophic adenoids which are commonly
found in paediatric subjects and can have a positive effect on secretory otitis media.
Deposition of topical decongestants closer to the tubal ostia may also more efficiently
decongest the auditory tubes and relieve the negative pressure in the middle ears which
30  accompanies rhinitis and predisposes paediatric subjects to secretory ofitis media and

the consequential reduced hearing. Surgery for enlarged adenoids is frequently



irrigation will also better reach all sinus ostia due to the anatomc
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15 Further, the present invention provides for simple and comfortable irrigation of the
nasal mucosa with solutions, such as saline solutions, and other oils to remove

secretions from the nasal mucosa and promote mucocilary function.

Still further, the present invention provides a simple and effective means for the lavage
20 of the nasal mucosa, such as to collect and diagnose mucosal entities, such as bacteria,

viruses, cell components and inflammatory mediators.

Still yet further, the exposure of the nasal mucosa to a positive pressure, particularly a
dynamic positive pressure, will open the narrow, and sometimes occluded, parts of the
25  nasal passages, rather than cause a dynamic collapse which may happen during sniffing
and inhalation. The dynamic positive pressure is at least 5 cm H,O, preferably at least
50 cm H,O, more preferably at least 100 cm H,O, still more preferably at least 200 cm
H,0, yet more preferably 400 cm H,O and still yet more preferably 500 cm H,0. The
dynamic positive pressure achieved by the present invention can be contrasted with the
30  static pressure provided by the Valsalva procedure where there is no flow through the

nasal airway.



inportantly, the undesirable system c exposure to the substance, where the

substance is a nedicanent, will be reduced. 10 Al so, t h nt
invention, irrigation by saline or other solutions can t?egep%eél?etfeg? d nore
efficiently and with less spill and disconfort than the current techniques

used for irrigation and flushing of the nasal airway. 15 Further, the

present i %%'gﬁﬂl provides for sinple and confortable irpifalohaprof the
nasal nucosa Wth solutions, such as saline solutions, and other oils to

renmove secretions fromthe nasal nucosk and pronote nucocilary function
Still further, the present invention provides a sinple and effective neans
for the | avage 20 of the nasal nucosa, such as to collect and di agnose
mucosal entities, such as bacteria, viruses, cell conponents and

i nf | anmat or y Inmedtitdromise usst ofl Wwaryebnd huishidedir ad iR @x @ suisciiliely tohee Bafal nucosa

to a positiv ressure, rticularly a dynamc sitive pressure, wll
open the nar ?%%ﬁteir?ﬂ é’BWgﬁF%E‘E‘“Bt@E‘I g oo GFt ¥ %‘E&PHQHQSSPH%{%@I meRld ages,
rat her than ggMses.a dynami c col | apse which may happen during sniffing and

i nhal ation. The dynami c positive pressure is at |least 5 cm H20, preferably
at least °50 cm H20, nore preferably at |east 100 cm H20, still nore

preferably atyl.pagk sabancdtis eﬁagn %%ﬁfer,gg{?:t%ggﬁ%gfsi?Mf%hé Q,&af‘eﬁlaw?@'}g still

yet nore preferably 500 cm H20. tive pressure achi eved by
the present pomeinstames.carse Beglomeratiasefdt puvder. taudly, shinwilbdepembeuthe

provi ded by th I v re ere there i.s no flo hr.ough t he
nasal airway- mge%gsp@n%éorvpc%g c{?\é\{?@ lg%ﬁp@%%ﬂlﬁﬁ)ﬁlwi% {I‘?,d}*"'ﬁgaﬂaﬂi tion,
the use of wahamiend Iinwedetl taiallevidte tHie sgaiFicl probMerms thel Jagthoe Bropddgeshert ther
I irritatjo han rqom air or outdopor air,
'églpg(r:?;leﬁ{}ain gO\g lflégulg ﬁ)fse sﬂg{d&rgel_d, o the Qevticc couldqmcluc?e a moisture—absorging element,
| typically containing a desiccant such as silica, disposed upstream of the dispersion
chamber. In a preferred embodiment the moisture-absorbing element could be

provided as a filter which acts as the flow resistor.

15 Ina preferred embodiment, in order to ensure that agglomeration of powder would not
impede the use of direct insufflation of warm, humid exhaled air, the delivery device
comprises transfer means which creates a gas flow of drier air, such as atmospheric air,
as the delivery flow to the nasal airway. Such transfer means, which could be
mechanical in natfure, utilises the energy of the exhaled air to drive the atmospheric

20  room air at the required flow rate, if necessary, to disperse the substance in the
delivered air flow. In this embodiment agglomeration will be prevented or at least

reduced to the same level as currently exhibited by dry powder inhalers.

If desired, the distribution of the substance delivered to the nasal airway could be
25  studied using standard techniques. By way of example, use could be made of acoustic
rhinometry or coloured fluids. The distribution of the delivered substance could even
be determined by video endoscopy. In addition, or in the alternative, distribution
studies could also be performed by using appropriate radioactive materials and
following the passage in the nasal cavities. The results of these studies could be used

30 to optimise the flow rate, the shape or dimension of the device, in particular the



Where the substance is a dry powder, then the humdity of the exhaled air
may, in sone instances, cause aggloneration of the po . tu y, this
wi |l depend on the properties of the powder and the c%ﬁ?&’?@?%%@ t he
device, in particular the dispersion chanber. In order to alleviate this
specific problem the surface properties of the 10 powder could be

nodi fied, @ dAfrsevi ce could include a noisture-absorbi pgrflhGiBMN . -
typically contalining a desiccant such as silica, disposed upstream of the

di spersion chanber. In a preferred enbbdi nent the noi sture-absorbing
el ement could be provided as a filter which acts as the flow resistor. 15

In a preferred enbodi nent, in order to ensyre that | onerati on of. powder
woul d not i WPEHEE %eémﬁg'@ B the; partige ?lﬁes‘fe}ftflﬁ'ﬁfof‘d’g%fsgg%nﬁ?‘ ﬁ‘?ﬁe q‘é)ﬂﬁal ed
air, the del ithesé studlesdotR evePbast$ R ptin@R Shigéct AReMEncwi ch creates a gas flow

of drier air, such as atnospheric air, as the delivery flow to the nasal
airway. Such transfer neans, which could be nechanical in nature, utilises

t he energy Ohstﬂﬁacﬁxﬁai’cﬁﬁh, ahd délﬂelgrdeVi%g tnﬂl? 1A b o028 sflﬂﬁmptﬂ'{r){ﬁeap at the

required flow rate,” if necessary, "'to dispérse the substance In

del i ver ed3ai deYifefr indj¢ating that rademoesitisgp e asnne hag begn atiined, which baloent ed or
at least re . §amj r I X N1 Dj r owder

i nhal ers. |fgg§§?}llgg?‘5%ﬁlg di trér‘l%ﬁ(lfforp I%F&tlﬁgﬁmg%6@1@%@@%%@%@%&% t?o t he
nasal airway usotbbdede. 25 studi ed using standard techniques. By way of
exanpl e, use could be nmade of acoustic rhinonetry or coloured fluids. The
distribution of the delivered substance could even be determ ned by video

endoscopy. | mire@iivdlgTor Pktiduldrly Beuril dhdreAtthe ehtrafirit dak MW @A be prdvsliegs coul d
al so be perfornmed by using appropriate radioactive materials and follow ng
the passdfe bW thenahplaidon aichow of angtherpersqne sightas a pareRt axeves by dicasc ©bal d be

used 30 to orﬁ?wngioﬁ%é bR, el h&tfild Lifes BRRENRE] gbm'ﬁgsuféfinhﬂ@ ogvi ce, in
particul ar the Sept enber 2003 WO 00/51672 aPCT/ BO0O/ 00273 16 nosepi ece

geonetry, an@atifydypafiating p balipion er pipsuprdelyigei on of the substance. The results
of these studies could even be used to optim se subject acceptance. As

al ready indicated, the delivery device may include a balloon or a simlar
pop- up. Preferred embodiments of the present invention will now be described hereinbelow by

15 way of example only with reference to the accompanying drawings, in which:

Figure 1 schematically illustrates the anatomy of the upper respiratory tract of a human

subject;

20  Figure 2 schematically illustrates a delivery device in accordance with a first

embodiment of the present invention;

Figure 3 schematically illustrates a delivery device in accordance with a second
embodiment of the present invention; '
25
o Figure 4 schematically illustrates a delivery device in accordance with a third

embodiment of the present invention;

Figure 5 schematically illustrates a modified delivery unit for the above-described first

30 to third embodiments of the present invention;



5 device for indicating that the desired positive pressure has been
att ai ned, which balloon or pop-up device may inprove th onplia in
small children who are reluctant to use the device. AI?%? q%?@%ﬂ@ﬁgfor
particularly young children, the entraining gas flow can be provided 10 by
the exhal ation air flow of another person, such as a parent, or even by the

use of a Pﬁﬂﬂﬂ§L“;he li ke, while the child creates the rﬁﬂﬂhﬁ& 2ﬂiositi*ve
pressure int ofal cavity by inflating a balloon or pop-up device.

Preferred enbodi nents of the present inMention will now be descri bed

her ei nbel ow by 15 way of exanple only with reference to the acconpanyi ng
drawi ngs, in_which: Figure 1 schematically illustrates the anatony of the
upper respi r i8S Ot ehepatisally ke asipiverytdevy Inj gGerdanse Seitle pafouEhl | y

illustrates Rpiehindailof tlYdsER ikvan@ieor dance with a first enbodi ment of the
present invention; Figure 3 schematically illustrates a delivery device in

accordance with a second enbodinent of the present invention; 25 Figure 4

schemati cal | y. | S | J Y, i i 0 Lt a ird
crbodi et of 4 Tor LBhEfafly UBNELYa BEIEE el NLERRGE, M lohlL o
modi fi ed del iembpdimentidf tequrestiténvabidorg- descri bed first 30 to third

enbodi nents of the present invention; 3 Septenber 2003 WD 00/ 51672

PCT/ 1 BOO 00273 17 Figure 6 schematically illustrates a delivery device in

accor dance WFHidrel 8f SdbemiticaRyrlilebira®Rnta atliveRe dpries antacdorauard vty aHigtire 7
schematically 1 llustrates a delivery device in accordance with a fifth 5
enbodi ment  oFMPAEMSRIAE AgPreseridRientMs aid gure 8 schematically illustrates a
delivery device in accordance with a sixth enbodiment of the present
i nvention; and

10  Figure 9 schematically illustrates a delivery device in accordance with a seventh

embodiment of the present invention.

Figure 2 illustrates a delivery device in accordance with a first embodiment of the

present invention. '
15

The delivery device comprises an oral exhalation unit 20 and a substance delivery unit

22. 'In this embodiment the oral exhalation unit 20 and the delivery u-.nit 22 are

provided as separate components, but alternatively could be detachably coupled, for

example by means of Velero™ fasteners, connected, for example by means of screws

20 and/or rivets, or even integrally formed.

The oral exhalation unit 20 comprises a tubular section 24 and a mouthpiece 26
attached to one end of the tubular section 24. The mouthpiece 26, which in use is
gripped in the lips of a user, is formed separately of the tubular section 24 to allow for
25  replacement, but could alternatively be integrally formed. In this embodiment the
mouthpiece 26 is a snap fit on the tubular section 24, but could equally be a screw fit.
The tubular section 24 includes a flow resistor 28, in this embodiment a fixed baffle
plate, configured to provide a sufficient resistance to exhalation therethrough by a
subject as to cause the generation of a positive pressure in the oral cavity of the subject

30  and the closure of the velum on exhalation by the subject. In alternative embodiments



10 Figure 9 schematically illustrates a delivery device in accordance with
a seventh enbodi nent of the present invention. Figure { a
delivery device in accordance with a first enbodi nent or% %e#eﬁ%?gé@ﬁt
invention. 15 The delivery device conprises an oral exhalation unit 20 and
a substance delivery unit 22. In this enbodi nent the oral exhal ation unit
20 and th%ﬁ%/gl\é y unit 22 are provided as separate c dho3y3 but
alternatively could be detachably coupled, for exanple by nmeans of

Vel croTM fasteners, connected, for exanfl e by nmeans of screws 20 and/or
rivets, or even integrally forned. The oral exhalation unit 20 conprises a
tubul ar secti.on.24 and nou i ece 2 attached to one d of t.he tubular
section 24. TreledesRer cofglg?/\ﬁin&Wa&ﬁ ”E?é‘@)ef@“&g?ﬁ f)% eqe aﬁ’ﬁeref“,}ﬁrg of a
user, is formeehsapraratghpedafhetine tubul ar section 24 to allow for 25

repl acenent, but could alternatively be integrally formed. In this

enbodi nent the nouthpiece 26 is a snap fit on the tubul ar section 24, but

coul d equal | yryR&eflyéf W 2 Lompribe ?tﬂé ké%‘éa f3?1e g{ ’tl'g{] g%lgodiﬂeﬁt%ﬁﬁed”‘af l,ow

resistor 28, in this’ enbodinent a fixe , configured to
provi de aJSsufrésilisnbmaterid st arrcpolyroerexhatérsa.i fonprovidingtattiaht sgaling finin @ebj ect as

to cause the e 5, 0 .DOSI L1V ressure i.n e oral. cavity of the
subj ect 30 aﬁg%héogﬁil%gfu@é S@?”&?’haeﬁl\?égun%noﬁnggyhuanllta%zlt %II] Sﬁ%ﬁ’f‘ﬁ%a&% 8¢t. In
al ternative entdsingenddadefent£plrdeterd6:d MEsOIE/ miffcTont RCDhtBARIROPAHB 18 t he
flow resistor 28 .could he a npv

e nber, such, as a biased _flap, .a
resilient mERBPERE RFCHOURMERL capal S?Pf@md‘@reflvdéﬁxfr%;ﬁnio s of &f{pt%%es a
nosepi ece 30 catifies! 6t the @] 4MN tdbOkRIBEi, 38 colplin@hd h@BpictBI®hhdtheSUCh as
a polynmeric material, for providing a tight sealing fit in one of the
nostrils 18f tHdicamppiaurnly Bnihddi Behiisorred ppbodimenttheaposeripcesifsp jnaigiea gas
flow entrai phngtRRfbGATENbe Hapét B SHE! 8 ThRAM: RERASHBe Abthf bé‘w‘it?%tgt 0_open
a flow path beyond the posterior margin of the nasal septum whén delivered
into one of tWichntheahosepiece 30 is inserted to be enlarged. In a particularly preferred
embodiment the nosepiece 30 can be shaped, for example by including swirl-inducing
projections, to provide the exiting gas flow with an optimal flow pattern. and particle
15  size distribution. The nosepiece 30 is formed separately of the tubular section 34 to
allow for replacement, but could alternatively be integrally formed. In this
embodiment the nosepiece 30 is a snap fit on the tubular section 34, but could equally
be a screw fit. The medicament supply unit 32 can comprise an aerosol spray
generator for generating an aerosol spray of liquid droplets containing medicament,
20  such as provided by a pressurised metered dose inhaler, or a pressurised gas source for
entraining a metered dose of a dry powder containing medicament loaded thereinto,

which powder could alternatively be loaded into a compartment in the tubular section
34,

25  In use, a subject grips the mouthpiece 26 in his or her lips and fits the nosepiece 30
into one of his or her nostrils. The subject then exhales through the mouthpiece 26, the
flow of which exhaled air is resisted by the flow resistor 28 in the tubular section 24
such as to develop a positive pressure in the oral cavity of the subject, with the positive
pressure being such as to develop a pressure differential across the velum sufficient to
30 cause closure of the velum of the subject. The applicant has established that a positive

pressure differential between the oral cavity and the nasal airway of about 5 cm H,0 is



cavities of the subject, and a tubular section 34 coupling the nosepiece 30
and the 10 nedi canent supply unit 32. In a preferred engﬂgi t

nosepi ece 30 can include an external olive or be shape %ﬁ%ﬁﬁ%gbﬁ%e
anterior region of the nasal cavity into which the nosepiece 30 is
inserted to be enlarged. In a particularly preferred enbodinent the

nosepi ece e shaped, for exanple by including sw gl
projectiongg”@%ﬂ%$OV|de the exiting gas flow with an opt? IPﬁﬂﬁﬁw pattern.
and particle 15 size distribution. The Wosepiece 30 is fornmed separately of
t he tubul ar section 34 to allow for replacenent, but could alternatively

be integrally fpnged. n.this enbodjnment the nosepjece 30 is snap fit on
the tubul ar SSEEFHHP FwmiaR the ¥elwg Bdhacloged Besitpns ¢ Lsyapn! '@an#wé canment

supply unit 3&%@&&9&{&%&&@%@@5@&&& tcSRkiAMin DENGEAL O abb3 ﬁej'('}elftﬁekl ng an
aerosol spray of liquid droplets containing nmedicanment, 20 such as provided

by a pressurPgre@mm@t Br ajordste 2thergprds, wih Wpl’a@%lfralb@lédlogfas?osb%ﬁsc@rf or

ent rai ni ng a t ded

t her ei nt o, |c pofg@§§ggﬁfgfgﬁ%%?ﬁh %%8 Q%%% gﬁﬁgnEQC5¥%%rtnent

i n the tubul alsigeof therveBih, tiREmédicarset S@plsulln,lté@tls gien pﬁuettétbtorrtwhtzd:rpi gse 26 in
his or her |ips a d fits the epi,ece 30 .1into i S or nostrils.
The subj ect REPEEREESA IR oPHESE arpRproiCedatioinme sBeh o U o
exhal ed air issbjéctsi &¢ esbntiohet bobd, Qs I g8 i FRfOIs ABsiich 4 Pesdutbbd & op@chi on 24
such as to devel op, a, positive pressure in the oral cavity of the subject,

with the posFoPPENCHEFER ey yPstrEar Barent desard sormpre tdhe gas
differential nagr 9$9s HaSugh &hd!Bhe Hihi chvit tm%&l@@m%y@ﬁmcﬂnagw 6f @k dabg vel um
of the subject. The agpllcant has established that a positive pressure

di f f er entilal sepstmaciarefferiebeineate-dioted @uam atnh@gha@fal 80zdegieas 20 onbelthes cm H20

is 3 Septenb 0 £ HI ain the
velumin the%{ %%%%i%ggftégépé%ﬁggg 8 canf %ﬁﬁ? ﬂ&%j %Pgﬁéd that a
subj ect shouMCb@nhamcei teponitiom todl ithe aleﬂlbmw:nrt an eheoposadmoutregﬁmt mf B® dagalr es per
m nute for about to 20 seconds, with flowrates of about 10 to 20 litres

per mnute gﬁar%ellvery tines of about 2 to 5 seconds being consjdered as
optinmal. After

15  In one modification, the medicament supply unit 32 can be omitted from the delivery
unit 22, and instead a metered dose of dry powder loaded into a2 compartment in the
tubular section 34, with the delivery air flow being provided by another petson, such as

the parent of a paediatric subject, blowing into the distal end of the tubular section 34.

20  Figure 3 illustrates a delivery device in accordance with a second embodiment of the

present invention.

The delivery device comprises the oral exhalation unit 20 and the delivery unit 22 of
the above-described first embodiment, and an outlet unit 36 for fitting to the other

25  nostri of a subject to which the delivery unit 22 is fitted.

The outlet unit 36 comprises a tubular section 38 and a noseptece 40, in this

~ embodiment formed of a resilient material sucﬁ as a polymeric material, attached to
one end of the tubular section 38 for providing a tight sealing fit in the other nostril of

30  the subject. The nosepiece 40 is formed separately of the tubular section 38 to allow

for replacement, but could alternatively be integrally formed. In this embodiment the



5 closure of the velum the nedicanent supply unit 32 is then actuated to
deliver a gas flow entraining nedi canent through the nﬁfgglec 8and into
the nasal airway of the subject. As nentioned above, is at
such a pressure as to open a conmunication path beyond the posterior
margi n of the nasal septum such that the gas flow flows through the one

nasal cavi %oogisgﬁmd the posterior margin of the nasal 19?'?@%%)#@23 in effect

bei ng re-directed t hrough an angle of 180 degrees, and ou ot her
nasal cavity. Again, as already describ2@, this bi-directional flow
provides for a nuch enhanced deposition of t he nedi canent in the posterior
region of the nasal , air e nodi fjcation, the medi canent supply
unit 32 can BESBIFCE AL ¢ ?’@ﬁrﬁtt P& t%eeﬁug‘@érr Sfcu‘ﬁ’rﬁge %Etzcouglrﬁfl“idh’slfee%ﬁr%w Bkt er ed
dose of dry powdgh th@a@kaﬁiewa@ ol IO BAREL R 23, rlntérﬁrefehu@léhﬁbdxﬁf%ﬁtt fan 34,
with the delivery air flow being provided by anot her person, such as the

parent of a pawdiess #9 eandngpdscan extsrmshpling arbe shappdtociauteshe antetioptegidmeoft ubul ar
section 34. 20 Ei % d a wth a
second enbodi nent gl(; l abr%ﬁi&%%cﬁﬁ%gﬁ%ﬁd@ﬁq_hs El&éﬂrﬁg\}%?e gﬁ%gqu%rrprr ses
the oral éx hammﬂmmctmmr 18 peludesda tfloay dﬂistovelﬂynuﬁni erﬁﬁodnhenttd’lbaﬁle plate,
above-descri 20 out | et r fitting to the
other 25 no? 4&&#%3%%% ec felétﬁ PR g8t F’%hg'ﬁ))o’hﬁ?‘?’ a‘f?ﬂi'rg ugh® od. The
outlet unit 36 camaphé gasraioh wiu aynam&cpmsﬁxﬁre%ﬁeﬁmd iA thoagal 8€RaydO0ln kn this
enbodi nent fouged of .a resrlrﬁnt mat er pol yneric material,

attached to PEAETERPLSAmenLthe How| registaratl is Sﬁiggg’l‘? P?ra%BWJQ‘i Hysgent of gt

sealing fit ildvel BEhetdIRtaneOfdMehceroie é&hﬁoﬁé{ﬁh@ﬁ)fnmmeﬁ%(?ﬂ't&%sﬁo i's
f or med segarately of the tubular section 38 to allow Tor replacenent, but

coul d al t18r natrpeie| Ip Aermaiveygrbpdimentsotheeaw resistaril cowldibe dimavable mpmter,

Sept enber 20Qg.\4Q Q,Qe{ a RGTeht 3 ce 40 is a snap fit on
t he tubul ar secti gn 388 ﬁﬁt coﬁ equ%ﬁeo a%Qm ?@{r%%l\(/av fit. As with the

nosepi ece 30 of the delivery unit 22, |n a preferred enbodrnent t he

nose pl ece 40 I¥ QBI#‘&I%h léggocﬁ&eﬁ)ﬁeegml umt 36 1§ch9c{es an mawgltgr or prov1 ﬁllfgs ?leasqe

anterior regli on
one of a visual or audible signal on achieving a predetermined positive pressure

15 upstream thereof, that is, in the nasal airway. Preferably, the indicator comprises a

whistle. In this way, the subject is provided with positive feedback of proper use of the

device.

Use of the delivery device of this embodiment is the same as for the above-described
20  first embodiment. However, as mentioned above, by the provision of the flow resistor
41 in the outlet unit 36 downstream of the outlet nostril of the subject, a positive
dynamic pressure is maintained in the nasal airway. This positive pressure
advantageously acts to dilate the various ostia in the nasal airway, such as the sinus
ostia and the tubal ostia, and the associated tubes, namely the sinus tubes and the
25  auditory tubes, so as to promote the delivery of medicament thereto. Further, this
positive pressure acts to improve deposition on the adenoid which can often obstruct
the tubal ostia, the middle meatus which is a common location of nasal polyps, and the

cleft to the olfactory cells.

30  Figure 4 illustrates a delivery device in accordance with a third embodiment of the

present invention.



t he ot her nasal cavity into which the nosepiece 40 is inserted to be

enl arged. The 5 tubular section 38 includes a flow resistor 41, | hi s
enbodi ment a baffle plate, configured to provide a suf%%pmlbefhﬁgj

resi stance to an exhalation flow therethrough as to cause the generation
of a dynam c positive pressure in the nasal airway. In a preferred

enbodi nent V%‘*]‘ﬁ'{sﬁ,%gw resistor 41 is adjustable to all ow f?&{ﬁg;ﬂ)g&tdre_nt -of

the Ievel resi stance and hence provide control o ynam ¢
pressure in the nasal 10 airway. In altzrnative enbodi nents the flow
resistor 41 could be a novable nmenber, such as a biased flap, a resilient
menbrane or a danped wheel. In a preferred enbodi nent the outlet unit 36

i ncludes an indicator for providing at | east one of a visual or audible

signal on ac fiih@\&ialmn»ladepfc@ﬁ%ﬁfsrﬁhﬂ%% aglﬁé,ttth%/ﬁen%ﬁdméeeoﬂﬁe 9L h&RMyher eof

that is, in the nasal airway.” Preferably, e 1 hdicator conprises a

whi stle. |n tseiosd gabodimens and ivecin order pr avpiddmaeosssety duplidationyef deswipbiock of
proper use of deyi . L he J Very. |.Ge. of . f.hi di ment is
Phe e as. 0 HpAEEhEE vt BEaRbuich S Rl KERERI R ackifhe IR 0

ment i oned Sabaeferendeysight €This delivey deviefdiffdreordly mviunies cahmising b prassurd gensait | et

unit 36 downstream of the qutlet nostril of the subject, .pqsi tivye

dynamni ¢ presé{%’r@% Shkp ?ﬁ‘?tﬁéﬁesis‘f{e“ﬁmt‘ﬁ%%“gzﬁ’f : lfa]“eFﬁ?cé‘tegd’Eﬁ’Fﬂ@Y%r essur e
advant ageouslsyctiaf 88 of the delivatyeurit T2 dodnbtRdf JPilkd BedidintelSsupily ahit 32,ran@%, such
as the sinus ostia and the tubal ostia, and_the associ ated tubes, nanely

the sinus tulseRodppt $ouplad toihy sepiop43 yKdie medicapgntsabyly WHol?%e t he del i very of

medi canent thereto. Further, this positive pressure acts to inprove
deposition on the adenoi d which can often obstruct the tubal ostia, the
m ddl e med&t usibpiepritel prjt 44 is gpnfighret] drennirolithoflow zaiad! thodglivery sansipplied bycl eft to

2coor dance il g el popbip Uh 2 b LBhSe BeRRat N BERee BB LRIk i, < e
2003 WO 00/ 5167 2adaChirlvBY 0L SHAES ¢F thehdegtkel b ensal deugestionl s Aenyensibmad! ar to
that of the q]%ll'eim\é g\%, gyex\ﬁiai%%in?ﬂcg gnho%)ti?nti)n%vﬁavg ?a 3 Enl Elee%asal airway, the deposition
efficiency of the medicament-containing particles is inicreased, referred to as the part{cle
15  deposition efficiency. If, ordinarily, a flow rate of about 15 litres per minute is required
to maximise the particle deposition efficiency, then in a congested nasal airway a lower

flow rate, possibly 10 litres per minute, would be required and in an open nasal airway a

higher flow rate, possibly 20 litres per minute, would be required.

20  Operation of this delivery device is otherwise the same as that of the above-described

second embodiment.

Figure 5 illustrates a modified oral exhalation unit 20 for the delivery devices of the
above-described embodiments.
25
This modified oral exhalation unit 20 differs in that the tubular section 24 includes a
lateral opening 45 upstream of the flow resistor 28 and in further comprising, as an
indicator, an inflatable figure 46 connected to the lateral opening 45, which figure 46
when inflated assumes a prominent position in the field of vision of the subject. In
30  Figure 4, the figure 46 is shown inflated. By providing such a display feature, subject

compliance, particularly in paediatric subjects, should be improved. The oral



second enbodi nent, and thus, in order to avoid unnecessary duplication of
description, only the differences will be described in g?eét{;li I rzﬁ i ke
parts being designated by like 5 reference signs. This & Pt I ce
differs only in further conprising a pressure sensor 43, in this

enbodi ment a pressure-sensitive spring or nmenbrane, |ocated in the tubular
section 34_of delivery unit 22 downstream of the nedj Eﬂm ppl yunit
32, and a oﬂrq%{%g% unit 44 coupled to the sensor 43 and k e n@fg‘}zzyanent
supply unit 32. 10 The control unit 44 32 configured to control the flow
rate of the delivery gas supplied by the medicanent supply unit 32 in
order to optim se the particle deposition effjciency in,  the pasal airway
regardl ess oF’r‘E‘la??é'o’_ﬂié‘@’Fgg %‘f’heﬁég’ﬁ'l’gﬁaéﬁﬁé%ﬁ]aiuﬁﬂ.lmﬂ_ﬁ’gr?@ﬂ‘%qc@ﬁé‘a ﬂleh@ﬂé‘i’ fAabove, by
mai nt ai ni ng yhicARILWK: st 4634 Be RhEMBANAPH) andihtVfR¥son! HEicARRAS hdrdfpN
efficiency of the nedi canment-containing particles 1s inCreased, referred to
as the parti ef & ragligieip satiedt.on =pymRi Eney altgrative cenbadinienty instead of heingt e of
about 15 | 1t EafBRT af AU 46 ot 6Pty kO MRS BoblS AL ifdRndgpost i on
efficiency, then 1h a congested nasa a%rvvay a | owner I'ow T & e, possibly
10 | i tr esSpeposiiionanesxhelatidncbytibe subipot, typibabiyal miechaaivalhpaneclacisecdilydperay a

hi gher flow r.ate, .possibly 20 L.itr er mnute, ul d. be reqguired. 20
Cpor ati on'of Tewes EEPRUZRY Alutinb e B R AL b EA 2 THAPTER b
above- descri bethe sibjecndhievibg dh Bptihum fekigilation Flow dates tih Miesan thdfipire @d or al
exhal ation unit 20 ‘fgr the delivery devices of the above-described
enbodi ment s. 29BASENIBACHN: £ i ed oral exhal ation unit 20 differs in that the
tubul ar section 24 includes a |lateral opening 45 upstream of the flow

resistor 28 and in further conprising, as an_indicator, an inflatable
figure 480cofect der ddiveredqvigeetfathisopehadivepnass thrsaml 45i thelr of %6 abgiren
inflated assypRSLA HCEhLREEhed? OSHdv [ [ | S 05t

subject. In 30 FFgurg 4, t?}gﬂ?i gurgg%Bbﬁgﬁﬁgé\mﬁ#%O%%\éﬁﬁh%%cgrzg\/?lgi ng such
a di spl ay fedetwstaped pugbjuesctauses thepglguerfddy bpmflaied ahdasbymd aproméntintpasition

E)é?‘l/ ?%%, 082%&9 t{%'led bf%’x&&\’ %fithcgn%ea.r allhis?’ap%gapretm%%? rthezitl)g(l)lg')’e Xg%sopoaé't?c]ﬁpaﬁ)z(

appealing for paediatric subjects as the fun element of inflating the figure 46 can

15 alleviate any unnecessary anxiety.

Figure 6 illustrates a delivery device in accordance with a fourth embodiment of the

present invention.

20 The delivery device comprises a chamber 50 which includes an inlet 52 and an outlet
54, a mouthpiece 56 connected to the inlet 52 and a nosepiece 58 connected to the
outlet 54. The nosepiece 58 is configured to provide a tight sealing fit in one of the
nosirils of a subject. The chamber 50 includes a flow resistor 60, in this embodiment a
plurality of baffle plates, and a medicament-receiving compartment 62 downstream of

25 the flow resistor 60 for containing a metered dose of a dry powder containing
medicament to be delivered to the nasal airway of a subject. In this embodiment the
nosepiece 58 is formed of a resilient material such as a polymeric material. In a
preferred embodiment the chamber 50 may include a desiccant. In a preferred
embodiment the flow resistor 60 can be provided by a moisture-absorbing filter.

30



22 exhal ation unit 20 further conprises an inflation |ine 48 connected to
the figure 46 which allows the figure 46 to be further ,igf e anot her
person, typically the parent of a paediatric subject, grg‘égke%{ijbr?g?&?én an
alternative enbodi ment, instead of being inflatable, the figure 46 could
be of any kind which is brought into a prom nent 5 position on exhal ation
by the subjgséesidryPically a mechanically or electricallyyppgi@igds figure.
In a preferre(? enbodi ment the figure 46 can be configured so as to be
inflated on the subject achieving an opti numexhalation flowrate. In this
way, the figure 46 acts as an indicator. 10 Use of the delivery device of

this enbodi is the sane.as that of..t.he. above- descri hed first
enbodi nment . nﬁg&%%grs}lgjgﬁ ELRR KIS Y Rises 2§ o Sﬁeor%ﬁﬁll?ﬁp‘?@c{éts gbe ngsgpieee 38y o) oped

pressure causms ohdief Hié gieenebfild. OTHaSubjedt tiah @ghaterdhrosghtie mduMpiacs 56;‘&% )
position in jhe field of yision of th ubject. This appearance_of the
figure 46 i.sfff}‘éﬁ?t{"t’}u?fh‘f*ﬁ?eg 45 ORI Br ﬁB‘é(éB‘il%‘tr_rqodngl? wBber >end fi fun

el ement of i nédisdnc6f hBQadal SNE Bbh £A0 dedelorPd bARIRResARY i HAD SEL SRAKY
anxiety. Figure 6 illustrates a delivery device in accordance with a fourth
embodi nent ofof theesubjsptesytfisient pvaentei cdosurexd thenvelute| Theexhaled wircafies pagsingses a
chanber 50 1 i : i : : jece 56
connect ed t 0 ThaT T r 50 et ahhns oI Rtk Bhenth 0B, FRMLGRGECE oF
The nosepi ecee®dings conprrimgat 62, awl ghiowirdowa dnirginingsmedicangent itheni pasgsse of t he

nostrils of i .. The gha r 50 includes a.f resi.star 60. in this
ooodi mant o S £F heseh0: SARBRAL 0edal RSy SRS aficel MhelelRbE B aiding,
conpart ment GRe skesinsitwagddmatael prasute afficleaitor ipeh g tcomnnfiflichiiun g b&iond B a

nmet er ed se of a dry powjer containin dicanent to be delivered to the
nasal air yp8?teré°r§'ﬂl%¥‘f§8 the s ?ﬁpgmb%gﬂ'-la et itf %é@ﬁp@c@e%e pagalf or ned

of a resili erbvifRbfuh@kheSpieRias marghP b 1 ratal WBHtEh! & effdeh béing RE-Ek&Edqed
enbodi ment the chanber 50 may include a desiccant. In a preferred

embodi ment  t FEFORghoRR snglsi oftlP demeasasndiut pf G iothseinasgl cavitni Sguineesalisasybi ng
filter. 30 3 ;oPb&dMfS ¥ 98etional flow provides for a much enhanced deposition of the

medicament in the posterior margin of the nasal airway.

15
In a preferred embodiment the delivery device includes a pressure-triggered valve,
preferably located in the mouthpiece 56, which is configured to open only when a
predetermined positive pressure has been developed by the exhalation of the subject,
typically at a positive pressure of about 10 em H,O. This configuration
20  advantageously avoids the possibility of medicament being delivered to ﬂle nasal
airway with the velum in the open position and thereby reduces the risk of undesirably

depositing medicament outside the nasal airway.

In another preferred embodiment, similarly to third-described embodiment, the
25  delivery device can include an outlet unit for providing a flow resistor downstream of
the other nostril of the subject such as to maintain a positive dynamic pressure in the

nasal airway.

Figure 7 illustrates a delivery device in accordance with a fifth embodiment of the

30  present invention.



WO 00/51672 PCT/ 11300100273 23 I n use, a subject grips the nouthpiece 56 in
his or her lips and fits the nosepiece 58 into one of ty$ gr herzam)strils.
The subj ect then exhal es through the nout hpi ece 56, the ‘ip?}&l'?ﬁf ch
exhaled air is resisted by the flow resistor 60 in the chanber 50 and the
resi stance of the nasal airway such as to develop a positive pressure in

t he oral { of the subject sufficient to cause cl he vel'um
The exhal gﬁﬁgl&%{lf&after passing the flow resistor 60, tm@gﬂoé'{sns t he
powder ed nedi cament in the nedi canent- 24ecei ving conpartnment 62, and this
air flow entraining nmedi canent then passes through the nosepiece 58 into

t he nasal ai gfglay of tge.subd' ect. The exhaled air entering_ .the nasal airway
is at a presddf dPLVFRY ARYieHEORIBISER AN OBl cEhplatan Cat i TOnihyoagh vhishon qubisre 10

posterior nMakgHase clofiehiDasRd: vERRE 4D SSHEdcA AL deliD&y Ahit 75 FAVubLIGHS of N ough
the one nasal £ cavity, around the posterior margin of the nasal Septum in

ef fect bei ngai doyieptpining medicamen ke e nasalpinvayof thesubiesyr ees, and out of the
ot her nasal cavity. Again, as already described, this bi-directional flow
provi des for a much enhanced deposition of the medicanment in the posterior
mar gi n of 5t hdhnasa|exhilatigayunitl 30 lcomprigs ef wbuled setitxo i medta tioethpietd Very

devi ce incl uggs ressure-triggered.valyv refera l.qcat ed i.n the
nout hpi ece Sgﬁac\}/ﬁ} t@hon? En%:(gfnt%'? {dlgg%rdse ton?ﬁeﬁrh(?r??vﬁwgﬁ %YXN}:}B&‘elaéqueﬂil%ed
posi tive pressulip dfathe bagectdieVietntdegdplistelyhsd X itk isediion 74t Beallsubjoect ,
typically at _a, positivye pressure of abput 10 ¢cm H20. This confjguration 20
advant ageousfefldgt%?’ﬁ’s\{’%ewﬂl sé{teﬁilqt‘i"?]y § insgrallnrfereed) dheriyvithel i ey to the

nasal ai r waymbbdiReithflc \Weutipided 7656 208RP MAsI tht AR Geltha PRYbuf BollgES the
ri sk of undesirably depositing nmedi canent outside the nasal airway. In

anot her pPef 84yl Berfoyar skt Thsitwhulassestion 74 inplpdescre Sevirpitiore i dnlithient , t he
25 delivery daybfifeta odRolddf Rt oSbialtbef oliQfaifif BY WSl (BicBt LdaoWy, T est stor

,%Pﬁﬁbfu

downstream of the other nostril of the subject suc I ntai

posi tive dynamivelepuisiant eesistanccht thaashdlatmnriley as to cause the generation of a
positive pressure in the oral cavity of the subject sufficient to maintain the required
positive pressure differential between the oral cavity and the nasal airway and theréby

15 maintain the velum in the closed position.

The delivery unit 72 comprises a tubular section 80 and a nosepiece 82, in this
embodiment formed of a resilient material such as a polymeric material, for providing
a tight sealing fit in one of the nostrils of the subject, attached to one end of the tubular
20  section 80. The nosepiecé 82 is formed separately of the tubular section 80 to allow
for replacement, but could alternatively be integrally formed therewith. In this
embodiment the nosepiece 82 is a snap fit on the tubular section 80, but could equally
be a screw fit. In a preferred embodiment the nosepiece 82 can include an external
olive or be shaped to cause the anterior region of the nasal cavity, into which the
25 nosepiece 82 is inserted, to be enlarged. 'In a particularly preferred embodiment the
nosepiece 82 can be shaped, for example by including swirl-inducing projections, to
provide the exiting air flow with an optimal flow pattern and particle size distribution.
The tubular section 80 includes an impeller 84 coupled to the gearwheel 78 in the
tubular section 74 of the oral exhalation unit 70, such as to be rotated on rotation of the

30 gearwheel 78 to draw air into the tubular section 80 and provide an air flow



Figure 7 illustrates a delivery device in accordance with a fifth

enbodi nent of the 30 present invention. 3 Septenber 20 0/ 2

PCT/ 1 BOO 00273 24 The del ivery device conprises an oral (}':e%ﬁ\ff\gqré\}fefgﬁ&%nit 70
t hrough which a subject exhales to close his or her velum and a nedi canent
delivery unit 72 for supplying an air flow entraining nedicanent to the
nasal air e subject. 5 The oral exhalation unit ZQTE&WRE?‘ES a

t ubul ar s%@%lég and a nout hpi ece 76 attached to one end o tzrle t ubul ar
section 74. The nout hpiece 76, which is2gripped in the lips of the
subject, is fornmed separately of the tubular section 74 to allow for

repl acenment, but could alternatjvely be integral]l]y forned therewith. In
thi's  embod; HRAEHIHE HIPrHpre Bubegntitg orendprdlon path Seyopd erepgpieianmasgiEt i on 74,
but coul d_10 ggeidahlay sPRinbwhsd RWvdrd intold of HRMhaAl cadRe! bfaRe fithidenCl udes a flow
resistor 78, in this enbodi nent a gearwheel, configured to rotate on

exhal ati on by the subject and yet provide sufficient resistance to the
exhal ation flQwag, A6 B,y S b : it in the
oral cavity o td%e etéﬁ%‘jﬁect su?ﬁ?‘f Cl eﬁ%saa{%lgﬂr%g%ﬁﬁ gllmn?(?ﬁ% dﬁségﬁ?{tg}sdag%%gi tive
pressure @i f fdeseoita diy poredensentaining medimhmerd v thy tubmbhr sdedom 8 apstraam whtheand

thereby 15 naintai velum i he cl osed. ltion.. The delivery unit 72
conprises a tu él}feé?msfeng ]isgﬁllbgglmgrrlr}&ﬁ %‘%F%’E%B% %%QQ FlaPﬁal]P'ﬁF%‘ateihb%‘BPlﬁent
fornmed of a raasdttied dbserdidey paddes tlbaitisg Mepiohrydte ft€ thaatlaiiirakbetioh®0, Purrovi di ng
atight sealing. fit in e of .the nostrils_ of the subject, attached to one
end of the t GBHN ANl ke cRfigssed pree bvgaﬂw&eegewsfae@ Révimsde §\5?b£§‘§t ely of
the tubul ar sged foffnydRarudt indehveMYionfddithd BB FERTEHEe. but coul d al ternatively
be integrally formed therewith. In this enbodinment the nosepiece 82 is a

snap fit idn the tubular section 80, but could equally be a screwfit. In a
prefer red et direiy e BORRRLARRIAE 783 1lsNE HIRARISHS BNBhcnakisse Of be
shaped to cause the anterior reglion of the nasa I3:aV|ty, Into rch the 25
nosepi ece 82 it ohpeidis erdier nastrtle Bhelsabige then lephadesplanughdbe motthpipeeetoetheed

enbodi ment rH%w of which exhaled air is resisted by the gearwheel 78 such as to develop a positive

pressure in the oral cavity of the subject sufficient to cause the velim of the subjecf to
15  close. The exhaled air causes rotation of the gearwheel 78 which in turn causes
rotation of the impeller 84, and the rotation of the impeller 84 develops an air flow
through the tubular section 80 which entrains the metered dose of dry powder
containing medicament and delivers the same through the nosepiece 82 to the nasal
airway of the subject. As mentioned above, this air flow is at a pressure sufficient to
20 open a communication path beyond the posterior margin of the nasal septum such that
the air flow flows through the one nasal cavity, around the posterior margin of the
nasal septum, in effect being re-directed through an angle of 180 degrees, and out of
the other nasal cavity. Again, as already described, this bi-directional flow provides
for a much enhanced deposition of the medicament in the posterior region of the nasal

25  cavity.

In a preferred embodiment the gearwheel 78 is configured such that rotation thereof is
prevented until a predetermined flow rate has been developed which is sufficient to
ensure that the entraining gas flow developed by the impeller 84 is optimal. This
30 configuration advantageously ensures an optimal particle deposition efficiency and

avoids the possibility of medicament being delivered to the nasal airway with the



nosepi ece 82 can be shaped, for exanple by including swrl-inducing
projections, to provide the exiting air flowwth an optdnal .fl attern
and particle size distribution. The tubular section 80e%%%$ é?aggy
inpeller 84 coupled to the gearwheel 78 in the tubular section 74 of the
oral exhalation unit 70, such as to be rotated on rotation of the 30

gear wheel aw air into the tubular section 80 andppffNheesAN T
flow 3 Sep%gﬁ%gﬁ 003 WO 00/51672 PCT/1BOQ 00273 25 therethrough at a
pressure sufficient to open the flow pdith beyond the posterior margin of
t he nasal septum when delivered into one of the nasal cavities of the

subject. The delivery unit 72 further copprises. a djspensi unit. 86 for
di spensi ng avglﬁ‘?‘efne ¢ BPEGoRWIP S0 4% O 0B Ertﬁ%dﬁ a‘?gnP‘?fj@SI B’gé%ﬁ?é‘ﬁlpgto t he

t ubul ar sect iRBicAedi BEEKIE BImALal kiRGayl PEl Il er 84. In this enbodi ment the
di spensing unit 86 is manually actuated to supply a netered dose of dry
powder contai ning nmedi canent into the tubular section 80, but could

al ternativel x&iggf‘ef § ARfsi-Qsy §Qe1§\{%r5f B&idrih Ve iYcd ta,ﬁh %es?{tﬂ"?eﬁﬁlfﬂ'ditzﬁgtsgf @é to

avoid the nee or any manual “intervention on the part o ubject. 10
I n use, aSsubjeswt inyeitips. t he nout hpiece 76 in his or her lips and fits the
nosepi ece 82 into one of his or her nostrils. The subject then exhal es

t hrough t he nout hpi ece 76, the flow of which exhaled air is resisted by

t he gear wheelThd 8elsweeh davicet @ngheival 0 pordingoX) for \heusify £blisteepdch ddmgenonal cavity

of the subject.sufficient tg cayse the yelumof the subject to 15 cl ose.
The exhal ed xithfci_daﬂg s oAl e sramac@wov@"wﬁ hiden R auses
rotation of WheichhBR dldra BbulapBdiibd 96 LOtRLONCAbn Wil dieRFI theblidds dgvel ops
an air flow through the tubular section 80 which entrains the nmetered dose

of dry pdfdemher gpRnapif Frd Hethicnivbier spadonid prpwides ¢ mouthpivee Phibishint he
nosepi ece. 82 Lo phigpddds e ipBbF WU6iRL TRERHR Ebifon sBindiRAL hPBERlANGY S, (NI S

air flowis at a™pr Icient to 20 open a comuni cation path beyond
t he post eri omovallyidinpased tharsimketedenadjpstumrgalbhcloded positidreandiarsefdndywifeh ows

Iroush the gngufesal A nBlCHOE BFSHIHBh TH B e
out of rotatably mounied on a threaded shaft and normally biased to the closed position by a
15 compression spring. The element 100 is configured both to function as a flow resistor
and a valve. In this embodiment the element 100 is configured to move to the
medicament-releasing open position by rotation along the threaded _shaft against the
bias of the compression spring, with the powder being entrainable by an air flow only
when the exhalation flow exceeds a predetermined flow rate. The flow rate, preferably
20  in the range of about 5 to 20 lifres per minute, at which the powder containing
medicament is entrained by the air flow is a function, in inverse relation, to the driving
pressure which is itself a function of the nasal resistance as described hereinabove. As
will be understood, this configuration advantageously provides for an optimal particle
deposition efficiency in releasing the powder containing medicament at the optimal

25  flow rate, and avoids the possibility of medicament being delivered to the nasal airway

with the velum in the open position.

The delivery device further comprises a nosepiece 102, in this embodiment formed of a
resilient material such as a polymeric material, for providing a tight sealing fit in one
30  of the nostrils of the subject attached to the other end of the tubular section 96

downstream of the element 100. The nosepiece 102 is formed separately of the tubular



the other nasal cavity. Again, as already described, this bi-directional
fl ow provides for a much enhanced deposition of the me%i%a"re teﬁ%ﬁQf he
posterior region of the nasal 25 cavity. In a preferre bt t he
gearwheel 78 is configured such that rotation thereof is prevented until a
predeterm ned fl ow rate has been devel oped which is sufficient to ensure

t hat -t he eWJ(ﬁj I.ng gas flow devel oped by the inpeller SQ.F'ie.,ﬁﬂ,g,g&zi,gm! . This

30 configuration advantageously ensures an optinmal partic eposition
efficiency and avoids the possibility #7 medi canent being delivered to the
nasal airway with the 3 Septenber 2003 WD 00/51672 PCTI | BOO 00273 26 vel um

in the open posjti so_as to reduce the risk of undesirably depositing
medi cament omfF‘"stiOBe&{]Ffé_alrlu%"% dpr 5P Aferyen Wy oatdgaltermatively dieel_élteﬁmgé!fg devi ce
i N accor dancghapkwieh. an ShiX b RITRGH tHERREepREe 1028s 2 SndpIFRSE Me thilYLRLHBR 96 The
delivery device conprises a housing 98 for housing a blister pack el enent
92 which i ndvtaedd gaysily bg|a scievofit. pln & pisfesred gmbpdimentrthe apsenieen HiZatani ng

powder cont ai;pliRg s EHERATENY or Hafaly @éﬂs@fhesaﬂfeéilng{lgi\%ﬁ of ﬁle%ggﬂmri&at I on

with one of the blisters 94 10 when open, one en i ch tubular “section
96 provi dés dntoowvhitipihecws@iecatiD2lis insertedde be snigrdeppdul ai partichlarly ippeferedd a

subj ect. The t  ar 1.on i ncl udes .ap el e t .100,. novahl y di sposed
Chet ei n' bet wedlioginht 88 SbssBBe 0o AL p TR B PP Briac B Ry Ramhsien

posi tion. | n préjecioasshogiavizletthé bdtisyd sifmfiol WilDarcoptidtal S0 mttphapeldakicleor t he
li ke rotatably moynted on a threaded shaft and normally biased to the

cl osed posi tiSb%‘l?dﬁfg‘}r U9% conpression spring. The el enent 100 is configured
both to function as a flow resistor and a valve. In this enbodi nent the
el ement 100 is configured to nove to the nedicanent-releasing open

posi tion ¥y ridedelivny dpvergiurther ¢ompaiseserblistafopenipgmaeianismel 04bforn pasingt he

conpr essi on b iR R PR ' I | w only
when t he ex hiﬁ%‘t’%ﬁ %lgw()ﬁé%gleneﬂg&gﬁ%f@sg% gfa%g%ggﬁ‘ ? F'O\?\Ill ?%St %ﬂb@ﬁéen} :ﬂ%w rate,
preferably 2Qlister ¢efening aregeangsin Hiddsitnamuatlp o@fatkd by the sybgact priarid dgliverty. whi ch t he
powder cont ai ni ng

In use, a subject grips the mouthpiece 98 in his or her lips and fits the nosepiece 102
15  into one of his or her nostrils. The subject then exhales through the mouthpiece 98, the
flow of which exhaled air is resisted by the element 100 until a predetermined flow
rate has been achieved. Once this; predetermined flow rate has been achieved, at which
flow rate the velum is in the closed position, the element 100 is in the open position
and the exhaled air flow entrains the powdered medicament in the blister 94 and
20  delivers the same through the nosepiece 102 to the nasal airway. The driving pressure
of this air flow is at a level sufficient to maintain a communication path beyond the
posterior margin of the nasal septum such that the air flow flows through the one nasal
cavity, around the posterior margin of the nasal septum, in effect being re-directed
through an angle of 180 degrees, and out of the other nasal cavity. Agm:n, as already
25  described, this bi-directional flow provides for a much enhanced deposition of the -

medicament in the posterior margin of the nasal cavity.

In a preferred embodiment the delivery device includes a blister pack advancement
mechanism, operated by movement of the mouthpiece 98, for rotating the blister pack
30 element 92 such that another unused blister 94 is located at the delivery position. Ina

particularly preferred embodiment the blister pack advancement mechanism can be



medi cament is entrained by the air flowis a function, in inverse relation,
to the driving pressure which is itself a function of t nasal i stance
as described hereinabove. As will be understood, this g(;ﬁefpited@?eélzbﬁi

advant ageously provides for an optinmal particle deposition efficiency in
rel easi ng the powder containing nedicament at the optimal 25 flow rate, and
avoi ds the“%qﬁg 5I ity of nedi canent being delivered to i’?’?ﬂlﬂi%lﬂln ai r way
with the velumin the open position. The delivery device further conprises
a nosepiece 102, in this enbodinment for2d of a resilient material such as
a polyneric material, for providing a tight sealing fit in one 30 of the
nostrils of the gjbj]gﬁé. att ached tl? t he other end of. tre tubul ar  section 96
downst r eam off R 18|RERAISEr IRFHE PFEhANGTE Hideweh agpiqratically ie grendhablitsl y of
the tubul ar 34SeBterdrshvaled 6 RPADr R VERBRLPHE tbjef. section 96 to
all ow for replacenent, but could alternatively be 1ntegrally formed
therewith. In this enbodi nent the nosepiece 102 is a snap fit on the

t ubul ar secti AL o O I : j b apr, ed
enbodi nent trlfg%#gggg?lgg%log’og&ggﬁgq?ngﬁxuagvggésgéﬁégr tr#é’ ﬁg%tl%\?eogr g{rgsthaped to
cause t he3antmbpdimentegiilhistrged mitguad.ahe ddivenyyedcs eananohisie@h onthet univ §epi ece
102 is inser 1. particul arly.preferred enbodi nent the
nosepi ece 10%’?03%&#?%8%50 ﬁg%giét,%?g %‘Fll‘%%%nnﬁ?ethao?/tﬂfrn%qsﬁgiorﬁgﬂeswbﬁct P lf(?iqﬂg

pr oj ecti ons, niaintfinapbdevedyaaraicipidsiuge iithe fdsslwiraay.h an optinmal flow pattern
and particle size distribution. 10 The delivery device further conprises a
bl i ster opening nechani sm 104 for opening the blister 94 in comuni cation
W th the tubwh adotifee GlodFRatRA, the BLdt pacleaBasi: W8 Rhn bdiminhd AiittBE hARBPINI

mechani sm 104 is manual |y operated by the subject prior to delivery. In
use, a suBj edtstegd Ppyided Vithp ehepbeicuhios is in camstugicatinar with s tahderfspetiont he
nosepi ece 10 - 1 r j: 1: Eanipi exhal es
t hrough t he %ﬁﬁkﬂgcggﬁeﬁ cgryfo?eoé/%vd(r)#"ﬁd’ v‘\')ﬁdlgg gl(‘hg% lé%-(!nalr ?gﬁﬁ)tgééasﬁfggd by the
el ement 100 With thisncqufiguretien; tienpmivdet owthe chareben as erdrained aoheviedent@i6e t hi s

predet erm ne%ei];lg %Wvéna%oethg' %gcogc? %Qsit?ocnhflm Vt?lg ’bli&gr Igg?:f( %Ic?vanccment mechanism is

configured to meter a dose of powder containing medicament into the chamber on

15  operation thereof.

As will be understood, in essence, the present invention can be broadly based on any
dry powder inhaler, such as the Turbuhaler™ as manufactured by AstraZeneca PLC,
the Accuhaler™ as manufactured by Glaxo PLC or the Twisthaler™ as manufactured
20 by Schering AG, where the usual mouthpiece is replaced by a nosepiece and a
mouthpiece is provided in communication with the air inlet of the inhaler such as to

utilise the air exhaled by a subject as the entraining delivery air.

Figure 9 illustrates a delivery device in accordance with a seventh embodiment of the

25  present invention.

The delivery device comprises a housing 110 and a tubular section 112 extending
through the housing 110, one end of which provides a mouthpiece 114 which in use is
gripped in the lips of a subject.
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flowrate the velumis in the closed position, the elenent 100 is in the
open position and the exhaled air flow entrains the po gb ment in
the blister 94 and 20 delivers the sanme through the n052§§%§ %% @g t he
nasal airway. The driving pressure of this air flowis at a |evel
sufficient to maintain a conmunication path beyond the posterior margin of
t he nasal a%nﬁ uch that the air flow flows through th I -
cavity, aroun Fﬁe posterior margin of the nasal septunlﬁFﬁﬂﬁggng bei ng
re-directed t hrough an angle of 180 d&yrees, and out of the other nasal

cavity. Again, as al ready 25 described, this bi-directional flow provides
for a nuch e ed de ostlo th

i cament jin t erior margin
of the nasal Seic °’h 18?5 eﬁéﬂegfﬁﬁtdﬁﬁé?ﬂva PiéhSB%qu\?&? h%‘VF@’eal ncl udes

a blister paﬁ{%t @Qﬁﬁaﬂ@ﬂﬂ&@& pod%%ﬂ'a%@&on@ﬁfﬁﬁ%r%g&% nlﬁ\’cﬁigﬁﬂlbodlﬁmﬁthﬁe

nout hpi ece 98, for rotati ng the blister 0 el enent 92 such that
anot her unusel§ment Yfe<omprisese prepehierer te li %}taéﬂy ropted 68 |atthr@@ﬂed|3hafa

t | arl i
an be 3 SepronmaralbpRaRile fE R SRRy R5ETRRSSh GHHEC TR EtnadTETAN ST
blister o@emsrrgmﬁgu'hhmi fumtio04s sﬂgw repEstaLr mirwtandal ttigeer for dipedelivery ob ki st er
94, and t herg éio? X r!iy 311 oh[g? RI%‘%EI s[ec u%n Q¥ % 11]t tf:scn%t cg{n\éiegi%l(l]nsﬁem%g ! h% subj ect.

In one nodif e ove €scCr |ca PMon” of t he
first 5 enbds émlsﬁduaent ithel elerhesrmue@zsl dmnﬁglgwta Bovetth ehedhbdivemieyt-thiassiag can

i nclude an outlet unit for Vi d resi st.or, . downstream of the
ot her nostri Pp%‘fpof’wenstlmf’féﬂ‘g é g"?af}e ﬁ’&ftﬁgﬂﬁﬁ the biasOf the LMNSIAR ¢

pressure in bhifenaadlwidh iPekhalbiorPfleh BRdeed0OpkdEamiRD flobhfited! TIRS S6w Pack
el ement 92 can be omtted and the housing 90 10 instead provided with a

chanber Wi ckate & whicheheimedicangnt isrelgased pr @ralrlm Huthe Fange ef bewt 0 284k nt o
whi ch a met eégrdlaﬂa%els%f ﬁlﬂ& nP VG CRRELA aﬁﬁfrg%&%ﬁé WAk ngtsézf)éded

Wth this co uration epovvder in th IS entral ne
el enent 100 fiyetiorgofithe u@nl tegistedve asécsonbbdﬂmsemtabm. arsdwillihe uskérsived, twack

advancenent ured to net a_dose. of .po ._cont ai ni ng
medi cament | n'!f:n gtu.ﬁiltlgn ﬁ(hvrg}gtag oﬂgly %row es for an op{g tnal paguc%e depI)sﬂE)onV\Q’ﬁElenc?_ in
releasing the medicament at the optimal flow rate, and avoids the possibility of

15  medicament being delivered to the nasal airway with the velum in the open position.

The tubular section 112 further includes a nozzle block 117 for providing an aerosol
spray through the tubular section 112 along the longitudinal axis thereof. As will be
described in detail hereinbelow, the nozzle block 117 receives the valve stem 122 of an

20  aerosol canister 120.

The delivery device further comprises a known aeroso! canister 120 used to deliver
metered volumes of a propellant, preferably a hydrofluoroalkane (HFA) propellant or
the like, containing medicament, either as a suspension or as a solution. The aerosol
25  canister 120 comprises a main body 121 which contains a volume of propellant under
pressure containing medicament, a valve stem 122 through which the propellant
containing medicament is in use delivered on relative movement of the main body 121
and the valve stem 122, and a metering valve 124 for metering a predetermined

volume of propellant containing medicament to the valve stem 122 on movement
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15 operation thereof. As wll be understood, in essence, the present
invention can be broadly based on any dry powder i nhal g c[F %ﬁ 3}he

Tur buhal er TM as manuf actured by AstraZeneca PLC, the A c% RATRIF 9;1

manuf actured by d axo PLC or the Tw sthal erTM as manufactured 20 by
Schering AG where the usual nouthpiece is replaced by a nosepiece and a
nout hpi ece VI ded in comunication with the air inl i nhat er
such as to“)oﬁlf]'g{l Se the air exhaled by a subject as the gé'{/ﬁg?éu%g delivery
air. Figure 9 illustrates a delivery deice in accordance with a seventh
enbodi mrent of the 25 present invention. The delivery device conprises a
housi ng 110W‘%B % t ubul ar %ﬁbl on 112 extending. through the housing 110,
one end ¢ fieliypaAcuies TUtRLeAMSISE R THRger Mprhetism r%?é relativelyi MBHEY i n t he

lips of a subj.&alin b3y 3215@1@%5@@1% 2(A31 00, 0R4 §ér§s70¥ cBﬁE‘Eér‘ ﬁ@%%@f%&%h@ The

tubul ar section 112 includes an elenent 116 novably d osed therein
between a f felsery ai@rmsigred velppe efiprppeliant eontaiying Iaefhmnﬂ qugh thgevzgdosi ti on.

In this emodiezl i ug! Eimeh! e L Hedufls lre%e.l.cl 56 affid} <

rotatably nmounted on a t nor ma bl aseq e cl osed
position by elemempt28stor dondsgr thagnaid fredgeli2irevith an’LactEatms forwaf aglua delvet 0

function as a flow.resis val ve er.for the. delivery of an
aer osol spra?ss?rﬂﬁlg 15@801’?[?@6‘?3?%088?1?8 mi’l@lgéo i qmﬁéelﬁées%frtg EHPR det ai |
her ei nbel ow. fdrée provitial Bhe ebsiefteldnitnt e2sesrembyehikt 6fthe RBTALEIOEerdt Q16OVe t O

t he nedi canent-rel easi ng. open pgsition, by rotation along the threaded
shaft agai nsfromie ﬁpsggpﬁthnﬁgﬂ@d’f@eég@m spring, only when the exhal ation
fl ow exceeds a predetermned flowrate. The flow 10 rate at which the

medi cament is released, preferably in the range of about 5 to 20 litres
per mnut@, ige deliveny deviemiurther comprses & npsspiged 154, intthys ehbodimentifergrepoéssur e

o LS Sl A0 e e 95 PR IO W
provi des for oﬁﬂlecpistrrhaabf @mrsmb]ed:teamtm‘stot themtl@i“fendioémlwtubmlar section 112
downstream of the movable element 116. The nosepiece 132 is formed separately of
the tubular section 112 to allow for replacement, but could alternatively be integraily
15  formed therewith. In this embodiment the nosepiece 132 is a snap fit on the tubular
section 112, but could equally be a screw fit. In a preferred embodiment the nosepiece
132 can include an external olive or be shaped to cause the anterior region of the naeal
cavity into which the nosepiece 132 is inserted to be enlarged. In a particularly
preferred embodiment the nosepiece 132 can be shaped, for example by including
20  swirl-inducing projections, to provide the exiting air flow with an optimal flow pattern

and particle size distribution.

In use, a subject primes the trigger mechanism 126, grips the mouthpiece 114 in his or
her lips and fits the nosepiece 132 into one of his or her nostrils. The subject then
25  exhales through the mouthpiece 114, the flow of which exhaled air is resisted by the
movable element 116 until a predetermined flow rate has been achieved. Once this
predetermined flow rate has been achieved, at which flow rate the velum is in the
closed position, the movable element 116 is in the open position, triggering the
movement of the lever assembly 130 and hence the relative movement of the main
30  body 121 and the valve stem 122 of the canister 120 to deliver a metered volume of

propeliant containing medicament to the nozzle block 117 to generate an aerosol spray



rel easing the nedi canent at the optinal flow rate, and avoids the
possibility of 15 medi canent being delivered to the nas air i4h the
velumin the open position. The tubular section 112 fur?ﬂ%?myﬁ%¥&§g% a
nozzl e bl ock 117 for providing an aerosol spray through the tubular
section 112 along the longitudinal axis thereof. As will be described in
det ai | her\%%ﬁ'ﬁ w, the nozzle block 117 receives the valvegstam,122 of an
20 aerosol canister 120. The delivery device further conmprises a known
aerosol canister 120 used to deliver oggetered volunes of a propellant,
preferably a hydrofluoroal kane (HFA) propellant or the |ike, containing
medi canent %iﬁher as a suspension_or as _a solution. The_ aerosol 25

cani ster 120%%cHHpT jdeplets; copiaiping Jasricamentrqugh the pgsepiece 139 te fhe gpsal

propel | ant ugdgly,. TRQBRNEII0PREAL PrefbreBHIcRANE HaintBin bHoMSnmlcEinlen t hr ough
whi ch the propellant containing nmedicanment is in use delivered on relative
novenent of Pdyendyhe pogerépy mepgin ogfhg nesb sepiny suckiteantlicofow Snws threnghahé ng val ve

124 for meteg] . ' I r I Q ik N

medi canment t‘godetqﬁséﬁ\?%@g%rgtﬁﬁeﬂhg(;gﬂgx&m Iﬁ%&lf}g Iggﬁtshg.%’oﬁe@%&s%b efber 2003
WD 00151672 @EEFiel BOOIghORZBgi8 Of Thkdabedes,\aad puidef\the ethéruatdl eaviyoaaiises a
trigger nechgni 126 for. relati.vel y novin t he i n,body .121 and._t he

val ve stem 1%?;%?&??% eg’etf"gg’b'fhr 38’?%&8?’ pi%‘ﬁgeﬁgoreaf T8 e“lhmcegﬂﬁoﬁ\?@? §fof a
met ered vol ufe neficRheR el thapésidzioninaighi sTdhdw@ilcansnt through the nozzle

bl ock 117. In this enbodi nent the trigger mechani sm 126 conprises a
resilient S elenent 128 for |oading the main body 121 with an actuation

force, and asl ¥iebe uRRAGIHA! 1 ARfcd %Pgrss@nﬁigvm&, ERVEOhBadey GAEA bn 2P 1O

cause the rel ease of the actuation orce provided by the resilient el enent

128 on i eneath-gétuatpd prassgisede metesede deselinBaler vduret He viuek ewuhpisit iion t o t he
trigger posit.j 0 del | yer i ] cgma[i. . epi ece 132,
inthis enbo‘tg %ﬁtgyfaog%g%fa&lg% n\ffoem Y%Cgerr: I’ rﬁ%@%‘fl{na © suclcsdgén gmgg%y%reri c

mat eri al , f omleppdihe dhhalgr suchiaghbthse &iggagthé triggenngomnechatifm tahd ullise tthid dis of t he

subj ect, at tcgc%gleeg b;g s&b?e%t e?stt ee éntr%ﬂlgngogeliger}j?aitr.me ar section 112

15  Finally, it will be understood that the present invention has been described in its
preferred embodiments and can be modified in many different ways without departing

from the scope of the invention as defined by the appended claims.



downstream of the novable el ement 116. The nosepiece 132 is forned
separately of the tubular section 112 to allow for replacenent, but could
alternatively be integrally 15 formed therewith. In this ®htpsernbar2003 he
nosepiece 132 is a snap fit on the tubular section 112, but could equally
be a screw fit. In a preferred enbodi mnt the nosepiece 132 can include an
external olive or be shaped to cause the anterior region of the nasal
cavity into which the nosepiece 132 is inserted to be enlarged. In a
particularly preferred enbodi nent the nosepiece 132 can be shaped, for

exanpl e QA%ggudi ng 20 swirl-inducing projections, to provide the exiting
air floww an optimal flow pattern and particle size distribution. In
use, a subject prines the trigger nechanism 126, grips the nout hpiece 114

in his or, her Ii d fits.the nqgsepi ece 132 into one of his or r
nostri | s.l-TheAsHB‘%iéﬁﬂFﬁ‘é’né%c%EWaﬁﬁlé‘PWoﬁQ?Hgﬁtﬁ%cenﬁ’uﬂ}?p%s@ YA ¢he f1ow
of which exhalggi.ai Eoﬁlgri%ﬁgi sted by the novable elenent 116 until a

pr edet er mi ned ow’r at aS been achieved. Once this predeterm ned flow
rate has beenazbdsusredf faxtcawsing thef dlosure af thetdrepharyngaal selum oftbe sebhjosied
position, the ncrfvabl e element 116 is in the open position, triggering the
movement of tABY| ever assenbly 130 and hence the relative nmovenment of the

mai n 30 body ;2&6}%& %Iggfc}eaéaﬁeﬁhg@ stbitaRbe BJ‘Sn@%Pitﬁé ﬁéstﬁ}%ooftmel%ﬁbjo\éﬁr a

nmetered vol une o ant contal ning nedi canent to the nozzle block 117
t o generate amwleesinsthe dgdiveyy AnBepdmphisss 200B3epiEcodOdlath 7iaciaddy aBOOWNH273 31

of liquid droplets containing nedi canent through the nosepi.ece 132 to the
nasal  ai r way Rl “ﬁ’é‘?kb@’élsug$t6wa§ 15ﬁ13§d5]|1‘ée§§8;%ﬂ&9qq Ilﬂsgﬂtanﬁtﬁ &liRGai n a

communt cal’ O Ry fgg@g%ﬁgﬁ ERAEH; S S3h WBR Bl efout BPatARE lond LM Such

that the flow ne nasal cavity, around the posterior
margin of the nasal septum in effect being re 5 directed through an angle
of 180 degrees, and out of the ofher nasal cavity. Again, as alread

descri bed: t hikhebideliveictdeying o oflPiR ovi dwheren éh%@fﬂl‘@ﬁhaﬂ%d sition

of the medi caghntistdla SH5HIP WRktEHE UippTHind ' nbRCertAfithg GANbltdnce to the

nosepiece.

3. A nasal delivery device for delivering a substance to the nasal airway of a
subject, comprising:
a closure unit for causing the closure of the oropharyngeal velum of the subject;
and
a delivery unit for delivering a gas flow entraining a substance to one of the
nostrils of the subject at a driving pressure to cause the gas flow to flow around
the posterior margin of the nasal septum and out of the other nostril of the
subject, wherein the delivery unit comprises a nosepiece which includes an
outlet through which the gas flow is in use delivered to the one nostril and a
sealing member for providing a fluid tight seal between the outlet and the one
nostril.

4. The delivery device of claim 1, 2 or 3, wherein the closure unit comprises a
mouthpiece through which the subject in use exhales and a flow resistor
connected to the mouthpiece for providing a flow resistance to the exhaled air

flow.



As will be understood, in essence, the present invention can be broadly
based on any 10 breath-actuated pressurised netered dose inhaler, where

t he usual nouthpiece is replaced by a nosepi ece and a noul Beittersber2003

provi ded in comrunication with the air inlet of the inhaler such as both
to trigger the triggering nechanismanteutilise the air exhaled by a
subject as the entraining delivery air. 15 Finally, it wll be understood
that the present invention has been described in its preferred enbodi nents
and can be nodified in many different ways w thout departing fromthe
scope of the invention as defined by the appended clains. 3 Septenber 2003
32 CLAIM5S 1. A nasal delivery device for delivering a substance to the
nasal airway of a_ subject, conmprising: a closure unit for causing the
closure & thdhsr dplhsry nigeise oleflatmnot. wheredyphe dlow sefiston igepniiggd dait for
delivering a : i les ] ect .h the
del i very unit§%%ﬁ%§?gj§%§“%g§g%%g%gﬁ&%%@%ﬁfﬁéFag%%Qgﬂﬁggt?%ghc% rof% whi ch

t he subst ance locations upstrcdel ankbdedndt@ainthe@oon eshialatiorslhths sabmli.ng nmenber
for providing a fluid tight seal between the outlet and the one nostril. 2.
The delivery device of claim1l, wherein the delivery unit further

conpriseg a s I i | i : I t mal - ceto
the’ nosdp ccategteifeh dbflee SR ¥EORE 330, ML ERL AR AR IS
the nasal airweympeisesia delbjepeichamrineonntotg] t@ the adssgedenaid config@uditog t he
cl osure of the oropharyngeal velum of_ the subject; and a delivery unit for
delivering a geeeiYq anbsincatnpadelivaediothnone pestshe of the nostrils of the
subject at a driving pressure to cause the gas flowto flow around the
posterior margin of the nasal septum and out of the other nostril of the
7. The delivery device of any of claim 1 to 6, wherein the supply unit is

configured to deliver a gas flow separate to an exhalation flow.



subj ect, wherein the delivery unit conprises a nosepiece which includes an
outlet through which the gas flowis in use delivered to the one nostri
and a sealing nmenber for providing a fluid tight seal between the outlet
and the one nostril. 4. The delivery device of claim1, 2SepteiBbenddéBei n
the closure unit conprises a nouthpiece through which the subject in use
exhales and a flow resistor connecteds3o the nouthpiece for providing a
flow resistance to the exhaled air flow 3 Septenber 2003 32c 5. The
del i very device of claim4, wherein the flow resistor is configured to

[ [ [ of at l|Least about 5 cm H20

malntaln e essure differenti
bet ween cat lﬁ'g@’t(?eé(é% (o5 é\ﬂ% W@H‘H’P’EW@W I%n exhal ation by the
subj ect . 6 Tf&ecdilﬁlo! Yt Yol tt%r%Pelélr &dl?ﬁf@ﬁ ds thontrolie dﬁc%»@ rhtl&f

delivery unit further conprises a annel connected to the

nosepi ece and thodélivguedeghstitow.r ecei ve a substance to be delivered to the one
nostril. 7. The delivery device of any of claiml to 6, wherein the supply
unit is configured to deliver a gas flow separate to an exhal ation flow. 3

Sept enberg 2003rhe34divdry Hagicdeds ¥y ]d%\“?ew refnl ?d Bs@e. Jmt cHﬁﬁa?i@és a

conprising: a control unlt for controlling the sup y unit suc
control the f Inoquthicee afid attnevabde inveenisst apasightedvio @ovdbe ckdbiatien\bydikei ce of

claiml or erein t Iosur unit c rises a nm iece and a
rowabl ¢ nerberstBEH Fyarel b HVED e OB [GvEy PRE [UENH COPPTRoAgh ¢ he
mout hpi ece, ang]i&9 ERIINKETnkEtidd YT thBehoePIBRE | SRS cBnfiglebll VRS YedeliRngel
connected to the nOsepiece and configured to receive a substance to be
del i vered to tshistame tadstdelivereddo dre q)rrmmstlelrarrdpm:rmmdlecop@‘abld ctoupletdrte
novabl e nmenber, such in use, as tﬁ.rmve t erevvltﬁ c{devec{ OR3 9as ow

the movable mémber such in use as to move therewith and develop a’gas ow

through the delivery channel for entraining the substance.

10.  The delivery device of claim 9, wherein the movable member is configured to

act as a flow resistor and provide a flow resistance to the exhaled air flow.

11.  The delivery device of claim 10, wherein the movable member is configured to
maintain a positive pressure of at least about 10 cm H,0O upstream thereof on

exhalation by the subject.

12.  The delivery device of any of claims 9 to 11, wherein the movable member is a

rotatable member.

13.  The delivery device of any of claims 9 to 12, further comprising:

a dispensing unit for dispensing a dose of a substance into the delivery channel.

14,  The delivery device of claim 1 or 2, wherein the delivery unit comprises a
mouthpiece and a channel connecting the mouthpiece to the nosepiece, the
channel being configured to receive a substance to be delivered, such that
exhalation through the mouthpiece delivers the substance through the

nosepiece.



t hrough the delivery channel for entraining the substance. 10. The delivery
device of claim9, wherein the novable nenber is configured to act as a
flow resistor and provide a flow resistance to the exhaled air flow 11.
The delivery device of claim 10, wherein the novabl e nenbkBeptember00gur ed
to mintain a positive pressure of at |east about 10 cm H20 upstream

t hereof on exhalation by the subject.342. The delivery device of any of
clains 9 to 11, wherein the novable nmenber is a rotatable nenmber. 13. The
delivery device of any of clains 9 to 12, farther conprising: a dispensing

unit for (disp i 0 ce.lnyo . I V& 14.
The del i \}gry ggl\g/idc%g‘/%?d(%%%eréfl &ﬁé@&&%ﬂ?& Ea’t Wiélgr%gf?d\?edr@&éﬁﬁmg%p}ﬁrses a
mout hpi ece ando@pfibynag! ateARRC hidtBadibe FULARAGEES the sbhR DOSePoRse tot he
channel being configured to receive a substance to be delivered, such that

exhal ati on t heshajetiamey thswuhisickce del i vers the substance through the
nosepi ece. 3 Septenber 2003 3' 15. The delivery device of any of clains 1
to 14, wherein the delivery unit further conprises an actuation nmechani sm

for actuaki ngThBe]IREB, BvicE ITOMSE of Rlaiy Nek@tliso RviteihhBie Sadlivest unitbis The
delivery device of any of clainms’1l to 15, wherein the delivery unit is
confi gured tocaefigwed tadejiver nigenilom ¢miraiiing agubsibracdndhe ore nostribne nostril .
17. The delivery device of claim 16, wherein the delivery unit is
configured to deliver the gas flow at a driving pressure which would be

such as g, cagse ddigeryddsvité @F dlginf [16\waicpdindhé RRIIPAST @it 9§ cBRfigiredab t he
nasal septum and out of the other nostril of the subject. 18. The delivery

devi ce of cl ardgliue tbe gay flomuati hérivingrmpessyranyhichnveuld be sughias tesapsd ieng a
i for fitting in the qt tril and.a fl i st
STt bbb A bR BEhog Rt bR i i B Bh el B e

other nostril of the subject.

18.  The delivery device of claim 16 or 17, further comprising:
an outlet unit comprising a nosepiece for fitting in the other nostril and a flow
resistor for providing a flow resistance to the gas flow exiting the other nostril

50 as in use to maintain a positive dynamic pressure upstream thereof.

19.  The delivery device of claim 18, wherein the flow resistor of the outlet unit is

adjustable to allow for adjustment of the flow resistance.

20.  The delivery device of claim 18 or 19, wherein the outlet unit further comprises
an indicator for providing at least one of a visual or an audible signal indicative
of achieving at least one of a predetermined flow rate or pressure upstream

thereof.

21.  The delivery device of any of claims 1 to 20, wherein the delivery unit further
comprises an indicator for providing at least one of a visual or an audible signal

on exhalation by the subject through the mouthpiece.



SO as in use to maintain a positive dynam c pressure upstreamthereof. 19.
The delivery device of claim 18, wherein the flow resistor of the outlet
unit is adjustable to allow for adjustnment of the flow resistance. 20. The
delivery device of claim18 or 19, wherein the outl et unid Séptemnhen2003
conprises an indicator for providing at |east one of a visual or an

audi bl e signal indicative of achievingp at | east one of a predeterm ned
flowrate or pressure upstream thereof. 21. The delivery device of any of
clainms 1 to 20, wherein the delivery unit further conprises an indicator
for providing at |east one of a visual or an audible signal on exhal ati.on
by the s@@j ectThehdelivghy dbeiceift dlpineQd, whebeipt tebiadicafdd Tomptides Bhadisglali very
device of claim21, wherein the jndicator conprjses a display. nmenpber which
i s moved i nt o MERREroRhicRHa meVeshingy vigye afiyugihadationnby t subliect” thrnghpiisce.
23. The deli v%%]tggﬁ&é:e of any of clainms 1 to 22, when containing substance
to be delivered. . The delivery device of any of clains 1 to 23, wherein
t he substance is one or nore of a nedicanent, a cl eansing agent for

cl eansing.the nasal. airway, or. an irrigatin ent for irrigating the nasal
ai r vay. 33."° The (?ellvery device of any of Claitns 1 (0 qu, W%len contammgg substatice to

be delivered.

24, The delivery device of any of claims 1 to 23, wherein the substance is one or
more of a medicament, a cleansing agent for cleansing the nasal airway, or

an irrigating agent for irrigating the nasal airway.



