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NASAL DELIVERY DEVICE

The present invention relates to a delivery device for and a method of delivering a
substance, in particular one of a liquid, as a suspension or solution, or a powder
containing a medicament, especially a topical pharmaceutical, a cleansing agent, or an
irrigating agent, as a liquid, preferably combined'with a cleansing agent, to the nasal
airway 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

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
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
positive pressure in the oral cavity 9, such as achieved on exhalation 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
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
and promotes oral breathing, leading to snoring and sleep disturbance. Worryingly, the

incidence of such allergic and non-allergic inflammatory diseases is increasing. Other
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margi n of the nasal septum and out of the other nostril of the subject,
wherein the de- livery unit conprises a nose- piece (30, 102,
132) which includes an out- let through which the gas flb %’Pt‘?’gg?rr%%ﬁ%e
delivered to the one nostril and a sealing nmenber for sealing the one
nostril to the outlet such as in use to pre- vent the escape of t he gas
flow thraq gg 51%‘?2 one nostril. 30 3 Septenber 2003 WO vy
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oral cavity I\gfle 1ngetn?se ﬂla?va\?er commonly topically delivered include decongestants, anti-
histamines, cromoglycates, steroids and antibiotics.
10
There are now an increasing number of adults and children who rely on
pharmaceuticals to relieve symptoms associated with nasa! conditions. At present,
among the known anti-inflammatory pharmaceuticals, topical steroids have been
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.
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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



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

“al so been 15 suggested for use in relieving nasal congestéon. .Th eat nent
of hypertrophic adenoids and chronic secretory otitis ?E%quene%elrﬁgéi opi cal

" decongestants, steroids and anti-mcrobial agents, although sonmewhat
controversial, has al so been proposed. Further, the topical adm nistration
of pharnmaceuticals has been used to trefat or at least relieve synptons of
inflammation in the anterior region of the nasopharynx, the 20 paranasal
sinuses and the auditory tubes. Aside fromthe delivery of nedicanments, the
i rrigati onCOsPIiNee 2 tuladar seaiders whishtdontaitisquindtered dospaif tpotidbRE madidafnt.

sol uti ons,In!lEec%mmn?#gf%ggﬁlsed o renove particles and secretions, as

vel | as to i nprove 5 SEPUOmh i IG3ReGU vty fasated dm dhe nostrlsef, onEhdse 25

I | fi ary”atti . b0 o
sol uti ons danade cHask idd GO MIALE L hndGhie y%@@f#ﬁﬁ et Binugl

Furt hernore, nedicanents are now i ncreasingly s

t hrough t His on&smmopth thazexhalet eirmasains thé pymilered hididathedt S2PHelivers the
admi ni stration Otﬁ-tﬁe for the systemic delivery of pharnaceuti cafs, such as

hor nones, Tor IB{Pa [0BS 337 6111, withdhaethaledpinbagkBowingomitpb she érenmstrds t he

hi gh bl oodhrbluh - Sur -of the al . mugosa, advant ageousl
prgvi des %5{) rap?tﬁ@g%ﬁl@u@@ﬁeﬁﬁﬁé té%‘é’gu gestion An ‘&‘ilqsé‘tf}e?@blg g

del i very Sostiemupdtzam dfcthe dokev! popedred anaiilanas, TH@E%@QS_ egiil&f-fts@ i@gsal

ai rways of subjegts. Conventionally, spray bottles
deliver a H?é%‘?‘i:ﬁ'ﬁ%ﬁ’? the, subiesti f9gclosd thei t!lbuf’«/ir aectionr atgatpog hpsttedrl dforkhe
nasal air uhj . r he di stri.bution = of the delivered
_subst ance\,&ﬁ?l(ﬁc%fé?l?’l %{?ﬁ?rl&t 8}{?%%&6&%? F@Fe‘féﬁpgﬁ Rertiem, during exhalationag, | s
.| ess than shdrakpiosBpeati AdWw enirfiniftamedssse®h t vere nasal
obstructiqgn. This poor di Stri btfitgiqgn i's é??seglgﬁﬁﬁe?hﬁgoa@glegﬁgﬁgﬁ“ a
subj ect | ARATPHYT erbedigrent Hes aad af theatubnby seeticnnipested iix @k no@fil ksy BBt en
prescribe i t t o | i ver. the substance to the posterior region
of the nagg?ﬁ éaaitrg\%gﬁo ]I%%Eg&? mﬁﬁ‘%?ﬁ?ﬂﬂ? 1) PPHEOR b e nestil wehicthallovey fawn i nt 0
the |ungs tbﬁd@&@itioﬁ\w%ejpbvﬁﬁféarH@dij,@ﬁggnxon%i&?ﬂq@wo | be problematic in
otent p

paedi atric subjects if the nedicanent 1s a p drmaceutical, such as a
steroid, which has to be adm nistered frequently. In addition, the spray

I's frequerflyg %’rsecﬁéii\efgry 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.
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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.
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subst ance effectively to the posterior region of the nasal airway. 5 3
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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
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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.
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resistor, Whisgduht LigNyiEM® taStof defRWinBf ¢ YepoQiiieghiQehey! 0 @ tubul ar
section hel d betweén the i ps of thé subject. The fl ow reS|stor can be 10

configured to provide the required intra-oral positive pressure. It has

been establ i %g%g: éfé}gédt b%@(nfcﬂ% g %Esu?é?&&{&mge $avedl n Eﬂ el 1{3{?& ﬂi@sﬂ@%@t and

particul arly Ftres per mnu can be “easi achieved by a
subj ect and tHaatnaingaitbda ﬁraietetrymed)ﬂs\wme aad r:arﬂbem}osedwhbemﬂﬁlommenmbsf or up

20 d ; 15, f
S Frpor cin: el Bapiehds T e s & oy S AR d A MR "be el e ned

for a peri od of a few seconds, preferably 3 to 10 seconds in order to

enabl e t he sybstan enetrate to the nore renote parts of the nasal
ai rway. 20 | nmeéﬁﬁ%apﬁmm hihege megicgpeny s dydiygied if Srf{PeEaudiee®t i s

used tO POWeIyofh of the timing and duration of 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.



mechani sm whi ch di sperses the substance into a volune of air and delivers
that dispersed substance into the nasal airway. Preferqﬁ%& Hpe hani sm
is so arranged that the substance is delivered into the tqmbes gUAT |
after the velum has been closed or sinultaneously with velumclosure. In
this respect, it will be understood that bi-directional flow through the
nasal cavi . A possi bl e only when the velumis cl ose any™
subst ance ggﬁ?@%ﬁ%d prior to closure of the velun1mouldggﬁgggP?§%Iy be
delivered to the lower airway or the gut9. 30 Preferably, the release of the
substance into the nasal airway is triggered by the air flow created on
exhal ati on. 3 Septenber 2003 WO 00/51672 PCTI |1 B00/ 00273 8 In a preferred
enbodi ment a pressure-sensitive valve is utilised to trigger rel ease of the

subst ance whef adprpfepeletabdtined thd exMala@be o Fowd@SBlogaVEY tieadbickd whkaul d be
understood that control of the flowrate of the gas in which the substance

i s del i ver ed ey Npwmy BrAYIdesi8e eaf fovt fos antrainieg thy sehipngg ad Rrddipahei cl e
size distri bl{ﬁJd{?Ebti%altﬂl&%. Sﬂﬁ§étﬁ1?i%&atio@fs%d§'etﬁ%g§étﬂ T tHaf 2R paf ACEDiSe gas

determ ning the particle deposition efficiency. In a preferred enbodi nent

t he pressidr eflosinged potdedayalarei.s not opened until the subject has

mai ntai ned a predetermned flow rate,.and can be cl osed when the flow rate
drops 10 below the predetermined flowrate so as to stop the delivery of

t he subst ancrefembly, fhe ebdepieeds entigphiraden extendaioat rewliictanigndnei resad ehvityer ed i n
a driving gas, ope or oth of the ti.m apd duratjon of. the openj ng of
The' pr cosur o sean b e Pind DRl i preonbeus obtd B G wRbigtierl Ry

control | ed t avigglSisheiady HedREMlHHIBE ebotids a@Gedulb tHeeiitice WBIRH M B highher e t he
substance is released into_a chanber and a gas flow, in one enbodi nent the
exhal ati off f 1B cps 9 pegl BBy P89 duce the nixing of a netered dose of the
subst ance, 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

mechani cal 20Thgehinseofpbapeserictsycan edpidprechiar yitabeaific peelng Fopereswle theed ai r
or simlar, qﬁt)émgﬁshgﬁee&' tﬁé)nosgﬁigc\é'rga%' ﬁehﬁti%s‘eﬁ' 'tonﬁoﬂg't%'hnbulence 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



Regardl ess of the system enpl oyed, the flow characteristics can be
optimsed to inprove the deposition of the substance a the coghﬁtt
factor, such as to avoid an 25 abrupt onset which is | iKSRFRYT

wi t hdrawal reflexes. Preferably, a netered dose of the substance is

di spensed into a delivery chanber by a dosing nechanism This dosing
mechani sm onstructed in such a way as to allow ual -

rel ease of&t%&ggg”%stance. This gradual release wll bett;é(?fegr?g z?dt he 30
substance to be entrained by the gas fl 8w and t hereby inprove delivery to
all ventil ated parts of the nasal airmay, in particular in the

contral at eral, i Sep 3 WO 0 /51672 PCT/IB 00273 9
In a preferrédf? %%3804% ﬁ’f“gltﬁlgs"lé%(hta[?g%)ﬁl 8?‘?663 rS¥¥o0 (g SHERPEPT, JBSFTHRR %11 €subj ect,
whi ch  cl osesiotdpfecy @ WiB ofiudéd st ARy d8uck [tBYVrdsiiantd i@ ialdvi Guédd@rgubst ance
and providing the bi-directional flow This configuration is advantageous
in that a sepdfiis driving gas 5 flow need not be devel oped. Preferably,

t he nosepiece is configured to extend about 1 cminto the one nasal cavity

so as to expand the valve region, a region |ocated about 2 to 3 cmwithin a
nasal cavity Afigniheting dlusheddh¢ pasehairsdyoiy dnerdireiting, thegiaos, praseduteednde t he

resi stance “@%F%Qte%%npﬁe %h{égnostlr ' tfng%f 2y Both r?Jsainc%%' 5 &%flhgg?g&t in B0k The

shape of the rnosepi ece can Sul't specitic ne or “exanpl e,
t he i nternaldirettmpe dhis isen umqmtpfeamee nﬁyhisbée\ocpetl This egntiodimend seiies tanr bul ence

and achieve a__nor er.,s he su ance, 15 The nosepiece
mmy ol ute duplgE SRRIRAR, oh SBEFBEAR.T gl o hE G BRSO of o
sui tabl e phypaficogt ©ahe @aRridd rogion Whith @ diffiRuilyackes Iehdahah techsidgls. as t o

allow for, other olives of the same or different dinensions to be fitted.

In the cdf of severe nasal obstruction, a nasal olive can be introduced

into the othep npstkdd eﬁ&dhﬁ&@%e&@ﬁk%ﬁ%@e 132ﬁ B4 &AL 'shdhtétae S RW
t heret hrough. As nentioned above, ow of at [east ?res per

m nut e can edhsn afiltes cachn empeyed b@hlglhgndléﬂy rﬁ@reyermfea/p@élemlafyr ginmmsmmg a
sufficiently Bygh ges flow all parts, or at least a

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.



| arger part, of the conplex nasal airway can be penetrated by the
substance. In one 25 enbodi ment the delivery device cang 'S%ﬁ){eﬂfﬁr 3

i ndi cator for indicating the nagnitude of the gas flow. di mensi ons of
t he posterior passage and openi ng behind the nasal septumare al npst

al ways | arger than the opening in the flowresistor. Thus, it is only in
very rare ﬁgﬂﬁlgﬁ?ﬁ of conpl ete occlusion of the outl et n@lt,,erémogﬁat t he
pressure in the posterior region of the nasal airway will approach the
positive pressure in the oral cavity antl 3 Septenber 2003 WO 00/ 51672
PCT/ 1 BOO 00273 10 jeopar dise the velumclosure. In the case of severe

obstruction f .the. ie he,occl u tri.l.may reduce
t he resist ang‘éeq%% Vgl 5%/9\}33?&8%55% "1‘1% ﬁ%alﬁl ¢ Pgafmeé‘? aﬂa‘f ?? rTﬁed t he
nasal airway vith a‘ﬂ?l&ntibfe&ﬁr&ieﬂlﬂ;ludnhexﬁpzm opﬁd]ﬁﬁﬁiur e can be r epeat ed fromthe

other nostril. In this way both nasal cavities are irrigated in both
directions. This is a unique feature of this device. This enbodi nent

secures an  ipgEEaM@tihe ipBiriabitib@ s @ thePeatiids bRARGCorcQr dhdre BRIHeSabOe-t he

nasal rrucosa and 1n particular to the posterior region which is difficult

to access usﬁ?@tl@lﬁdr‘t‘é’ﬁ'@“@%hrﬁyq&@& of 1grampleq ther pliasmpcstticahimsdi bredar, thiher e t he
substance i s, df¥nd Aefic MR AFeRiA ca filter can be

enpl oyed if h’; gﬁéﬁd umi d%t epresgntg f’f pr o mtoryP&g admi ni stration of the
solid. 15 The substance can be a single conpound or a m xture of conpounds,

whi ch I f f
Sol uti on, or vepambanaRt: HibBlda il PERy 80 Pl m e or

del i very to antlnhmm:mafs |¢romogipcaaaa,s%m alergin phainfdeuticdlie aatiislandicforiay be
for dell or act,i in ané/r%zra}rt of .t he nasal alrwa or. in a@r of the
surroundl PPUTRELGY 5 guizlfucoteps; lactatign propofery, sgeh, n%ﬁ/"’%o"f“bran d¥t-very for
action in a &ﬁgﬂa@ﬁph@m&@tlmgmthe nasal airway. Preferably, the substance
is for delivery for subsequent action in any part of the nasal

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



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

may have a beneficial nedical effect, which can include 'ﬁgm }
effect, a therapeutic effect, a prophylactic effect, an(;a%&l(t: eagsﬁlber)lg ef f ect

such as the renoval of particles, crusts, secretions, debris, etc. _
Preferably, the substance has a 30 therapeutic effect. 3 Septenber 2003 WO
00/ 51672 P%‘ioﬁg 00273 11 Preferably, the substance is @CP)E%'& g;uti cal .
The pharnmaceutical can be admi xed w th any suitable carrier, diluent,

exci pient or adjuvant. Preferably, the phRarnmaceutical is for the treatnment
of any one or nore of the above- 5 nentioned conditions. By way of exanple,
t he pharnmaceutical may be for th treatnent of _any allergic, and

non-al | ergic ?ﬁﬁ’lslér?ﬁﬁ%%?f@l %ﬁr%oé%?sgp B el rﬁﬁHﬁ?‘Wéﬁ%&?‘s E@Pgm? B expelled

admi ni strati ojtd Nelitdble colditin@v@sdd Qfter thehisalaitvihy 1k BERI ddposed 30 hisnibR am nes,
cronogl ycates, anti-alJlergic pharmaceuticals, anti-inflammatory 10

phar maceut i cafositioantorh pog S8t Selpdon, oy swiiicient perndoeidinme tornpurg suffiientoci n,

and anti- M OgAisRPoMAGHBREEHEhE 8IS intBiheA6REGY | Tifls ReBPHE dﬁﬂ&j regﬁ“&é very,
the delivery device of the present invention 1nproves the effect of

t opi cal phar nte sssafegpsilow seppatettp eheterrbaied aif flayppethe Spwwead to figshphe hakogi es,

such as hyper}: hi %Q’%%’s‘ﬂ@g chropi 0 ihtis di_a.. Asi de
from phar macegﬂtl aﬁ?@?& e (c:’a'hr.l&e% sﬂge %gig%égdg %‘%’ I?‘grtrble é’tsge}ﬁgras éli'eeanse
the nasal ailoweayainayh neglcomen medztdig segelont aaheelis prighatimiom denbatni ng
oils or herbs.. 20 The.device of the present invention can be tailored to
suit particul APVaYE4Eh W&*Cﬁ:cmgg,ﬂ%@ Sﬁgﬁ?’f’i@gor .0;55 ?@ﬁ“??l@?%sa‘tda?ﬁ easily
be integr at edintfioated, Gi¢ dRidoesgihe famamt i dubbtvbsidhgabd efliceled tiRe (s rate
and to i rTPI‘ ove the acceptability and ease of administration in small

chi I dren. ‘G5 SHipatively; e fudrescaimechim therrudst Wit maydeshwoabedrant s filirce i s
too high to aghidf¥e R dIRFed flaB¥s! hﬁd&é&@%&b%m% H Rl p Wy %V&gg%ﬂ‘dtﬁ{

attenpting to expand the nasal cavities, would insufflation
j eopar di sed. almostHmmediatesdetectipn teseli eheerafn oxghnismy sudnegelactniasvirusey obe

necessary. mediators.

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



30 The dellvery device may al so be used as a nasal |avage neans in the
collection of nediators and cells that originate fronl;gf %?} cosa
for, for exanple, diagnostic 3 Septenber 2003 WO OO 51672°%F eBB 0273 12
anal ysis or research purposes. In this respect, the nediators and cells can
be expelled into a suitable collecting vessel after the nasal airmay has
been- expos%&% suitable solution, such as a saline S?E?&ﬁo‘ﬂ)ﬂmﬁ or
sufficient perio of time to ensure sufficient transfer t he nedlators
and cells into the solution. This use of3the device may require 5 the use
of a gas flow separate to the exhaled air flow as the flow used to flush

t he nasal airwa For this |la ose of _the exhal ed. air .may not
be possi bl e FEUPIE mPth v A Erestignel gt fow ettish: BF sdoppiis id and
cells origi najep@glohrogmetsﬁ&t@%&he RnfrNRYS] mﬁgmqjassmgeul d contam nate the nasal

sanple. For this particular use, and as indicated, the fluid escaping from
the outlet nostril may be collected in a vessel. 10 Alternatively, the

fluid escaping fERmntd&i@UE Ei.Irre @&s{n%rlnoﬂﬁ%ql fz@e Py b&gmo\QﬁPn&n‘fam} tr for

direct or del ayed anal ysis. suc ters and the ke may even
yield an 3al mntamcdredﬂat@hd@?@cgm Sowr eierk tongf nagar qalith Ims@arheym;i theuch as

bact ef 18 V1 S ISH AL IR sedBenTNEE B NP et Bl b GoBLEEN

i nvention isfa antag ous Feasons ivery
devi ce provi dmgm of émmasﬂl nq:phen andi paskdsi aut thefotlreansi abityd él‘hwmcdmgtmn of

subst ances, maceutical s,..sa sol ut | etc he nasa
i rvay. 't ACER AR EE T i geRd T o1 e Sppo ThPisciseting By with
few novabl e pREkSer re@isE tHehasa? RiridRitéstad HRInadal atdsal NnEXpensi ve to nass
produce. In addition, the device of the present invention can be nmade in a

disposablg)fornl t hus avoiding the need for the delivered substance to

i nclude any I%%écﬁﬁé!rﬁttﬁevtﬁ%reéﬂ&ﬁalﬁfeﬁésﬂ% df @Ml?s%bé% tyﬁmélﬂ; ﬁlahﬁ'&c@&k%l% e need
for the subsequent fl ushi ng or spraying 25 hods that are associ at ed

Wi th sone of ittfgetipy mdlt aksetbettesvicedsall e vetia chﬂeoto denanatopp¢ ilecatioronandi t  nay
still be desigabl & & REGHR Wi witBSETHEAbvd iR VelPa®dn S0'@N4H wroier at i on.

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



The delivery device of the present invention is advantageous as, in use,
the tight seal 30 between the nosepiece and the one no§%£ %1 géﬁg
prol onged penetration of the 3 Septenber 2003 WO 001516 0273 13
conpl ex nasal airway, a bi-directional gas flow through the nasal cavities
and deposition of the substance in the contral ateral nasal passage. In
accordance W%bgl%pe‘present i nvention, closure of the ve+ h,snor met |y
be 5 mainbaingd” The delivered gas flow enters one nasal cavity, passes
beyond the posterior margin of the nasal4 septum naking a 180 degree turn
behi nd t he posterior margi n of the nasal septum and passes out the other
nasal cavity. This jrecti 0 the gas flowresults in a better
deposi tion of*: l: ‘ilé%c,c ﬂérﬁ’bta ‘%%@F W?Y‘F&c’gﬁf?a&é@%@ﬁ?}c the PrespfIPEFILGR 1 egi ons
of the nasal sfdilddeMak@s RB&sityer faga). Mucosa. 10 In addition, the
bi -directional deposition of substances, typically pharnaceuticals, and
irrigation will also better reach all sinus ostia due to the anatomc
| ocati ons an [ i nus
venti 1 ati on Ay A va g fai RFLR e b qdlos, ¥l B AL DRONR
frequent!|§ adm'qb@lnw&hbq QbeIMt ofche aintralhterah assatl, WEercrumwém Cblttf:cteldj i
respect, the n t he et n hen S|nu es are

. ﬁgs?r%& g &SECHJ% é&HO?C ln]flt?_l Qﬂo%rglcagﬁ/ 3 (E 8 gH ?'I

| ocated in the pds eri or

pr oj ecti ons cmﬁmﬁﬂlﬂgm&b&wrﬂﬂuﬁddQHMMﬁksthsMﬁ@myhﬂmﬁﬁ%bhﬁﬁfymdhm@@tal and
anterior ethpoid ostia, .are tilted backwards. Furthernore, the drjving
positive pred8pran %@&T URAgsirably Sysfepu g epREpre Wé%%%’ilgftia‘&?ﬁ wer ﬁ'ﬁﬁ‘l‘?&@@?ﬂ‘ﬁ cal s at
t he sinus oshindichBentShiluss rédub@s | eading into the sinuses 20 and even in
the sinuses thenselves. In addition, the 180 degree re-direction of the

f1 ow behilfid t he nasal septum particularly increases the deposition of
subst ance on ahe @p{ho RE mﬁ@(alhqfry o r ted and
in proximty to't gcgf%onlo t aIM@gEﬁhmggﬁfﬁgggﬁgﬂ?%f§&ﬁégtubes
connecting th@ﬂnaséphwtyﬁﬁmanﬁ'mhbvwmd&mesmar&m Bigconefprt othare xbensinegnt st er oi ds
have been showph s LA nidRod bbnlhin ¥PSE hi:gRNG adenol ds which are

commonl y

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.



found in paediatric subjects and can have a positive effect on secretory
otitis nmedia. Deposition of topical decongestants closerqto the al
ostia may also nore efficiently decongest the audi tory%t%geén%?ﬁabwél i eve
the negative pressure in the mddle ears which 30 acconpanies rhinitis and
predi sposes paedi atric subjects to secretory otitis nedia and the
consequent {yal ced hearing. Surgery for enlarged adenpiflfgof equent |y
3 Septenbe%f(%%%%]m 00/ 51672 PCTI |1 B00100273 14 performed I n g?{i&ﬁ;ren and
the i nproved nedical therapy of the prekent invention should reduce the
necessity for surgery. A further advantage is that possible surplus
substance, that is, substance which is not 5 deposited, will be expelled
out of the contralateral nostril, where it nay be collected, if desired,
and consequeii hyditioi, tiondel sfuearhpatdBurfitiadir @8 Het gas Svey o]y it Be b&ifer gut as

is the case with na ot her .delive techniques. . In this ,.th
di sconfort, ﬁmﬁatﬁ%raﬂg%f‘??ﬁg?slsdmtf‘tﬁn @“ﬁ%“ﬂﬂ?&lé‘gf]‘fra‘w@%ﬁg’c E%W%yﬁékﬁbg‘ﬁﬁle to the

subst ance, wWaghged he substance is a nedicanent, will be reduced. 10 Al so,
with the present invention, irrigation by saline or other solutions can be
perfornmed’nore efficiently and with less spill and disconfort than the

current techpjAuges suﬁs@&cwaw%&?&eh%ﬁ@%{n@imgéﬁﬁm APRA, i/ rvay.

15 Further, the present inventi'on provi npl e and confortabl e
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during sniffLngided 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



and inhal ation. The dynam c positive pressure is at |least 5 cm H20,

preferably at least 50 cm H20, nore preferably at Ieas%i%p m stil
P

nore preferably at | east 200 cm H20, yet nore preferabl and
still yet nore preferably 500 cm H20. The dynam c positive pressure

achi eved by the present invention can be contrasted with the 30 static
pressure pievipdid, by the Val sal va procedure vhere there pspffehdpV t hrough
the nasal airway. 3 Septenber 2003 WD 00/51672 PCT/1B00100273 15 In
addition, the use of warmand humd airl@as the gas flowis likely to be
better tolerated and cause less irritation than roomair or outdoor air,

especially in cold climtes.. 5 Were the substance js a d owder,, then
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aggl oner at i onhesé sthdies @aldREn bdNREdIfoptidise shbjsct Wickptardepend on the properties
of the powder and the construction of the device, in particular the
di spersion chanber. In order to alleviate this specific problem the
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order to ensusaetht Haticeaggl oner ati on of powder woul d not inpede the use of
direct insufflation of warm hum d exhaled air, the delivery device
conprises transfer neans which creates a gas flow of drier air, such as
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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;



If desired, the distribution of the substance delivered to the nasal airway
could be 25 studied using standard techni ques. By way of_exanpl se
coul d be made of acoustic rhinonmetry or col oured quidsegﬁﬂ%@ﬁ$§§P9£ution
of the delivered substance could even be determ ned by video endoscopy. In
addition, or in the alternative, distribution studies could also be

per f or med i.ng appropriate radi oactive materials and i.ng t he
passage in t‘@gkﬁgal cavities. The results of these studf%@ﬁ%gﬁﬁﬁpbe used

30 to optimse the flow rate, the shapel®r dinension of the device, in
particular the 3 Septenber 2003 WD 00/51672 PCT/ |1 B00/ 00273 16 nosepi ece

geonetry, and. the particle size distribution of the substance. The results
of these st G SciiPmaticolbn ihstrefeed divenyt devics dnsapspraance Juitie 3t SMER.  As

al ready indi eahedlmelii (iQhrds M ivved€H; ce may include a balloon or a simlar
pop-up 5 device for indicating that the desired positive pressure has been

att ai ned, which balloon or pop-up device may inprove the conpliance in

smal | chi | 0r ¢, 400 GELLRLHE Ak o lﬁﬁﬁvehg%aggev 1l SrcodtidBL A el Of

particularly ung c ren, e entralni ow can be provi 10 by
t he exhal &t i embadimeht cfvheqiesamaivestionper son, such as a parent, or even by the
use of a punp or the like, while the child creates the required positive
pressure in the oral cavity by inflating a balloon or pop-up device.

Preferred enlpggidBnidhenbtidalie iishaenta daURAL devicaMid lacdbadinbe vil@sar diRd

her ei nbel ow by 15 way of exanple only with reference to the acconpanyi ng
drawi ngs, i ncHePERentsf figpeesqntdpvertiani pédy) |y i1 ustrates the anatony of the
upper respiratory tract of a human subject; 20 Figure 2 schematically
illustrates a delivery device in accordance with a first enbodi nent of the
present ilfvediguwn? schepatically Shbleatest & claliveyy ideviessin accorancedwith eepsretbvi ce in

accordance w I of the present invention; 25 Figure 4
schenaticalIfh@P®ﬂ%@%g?g§m§&§%ﬁkv€$§ device in accordance with a third

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



enbodi mrent of the present invention; Figure 5 schematically illustrates a

nodi fi ed delivery unit for the above-described first 3 '
enbodi ments of the present invention; 3 Septenber 2003 aéegff}@fg%m

PCT/ 1 BOO 00273 17 Figure 6 schematically illustrates a delivery device in
accordance with a fourth enbodi nent of the present invention; Figure 7

schermat i cal l.¥ind strates a delivery device in accordanc | fifth 5
igholert Fodbiidrs

enbodi nmen e present invention; Figure 8 schenatica trates a
delivery device in accordance with a sid h enbodi nent of the present
I nvention; and 10 Figure 9 schematically illustrates a delivery device in

accordance w t h.a sevent e di ment. of the present invention. .[Figure 2
T st rat o5 SeiaRy TEohaR, bl b TDEha pben sl & P oSHE Do GUeHUH of ¢ he
present i nvemdnibranebda diiGpedaitiewer y device conprises an oral exhalation unit

20 and a substance delivery unit 22. In this enbodi nent the oral
exhal ation unit 20 and the delivery unit 22 are provided as separate

conponent s. | Bk @iy nal welomeaul § BErEt 36NFPIN EARliAty foRhea BXATP! © by

means of Vel croTM fasteners, connected, for exanple means of screws
and/ or ri vet gesilipnt meterialisneheayr sapdlymdrisrmaterial, Thieprovidingexigit setaling fitini ane20

conprises at | ar. sect) 4. an hpi ece.2 at hed to gne end of
t he tubul ar sogc |lgor§tr Sﬂfgixﬂfggu‘ﬁ%cﬁrf%%@g%&%s@ﬁﬁﬁ ki ?znfoﬁssepapﬁgngarg]af)gg‘a in the
| i ps of a usentraihiag fnexdivactestepar piedttyrnofedt fresstie Dinkfidiens e topan a 22bv @atall | ow f or
25 repl acenent coul.d alter ively be integrally forned.. In this
enbodi ment tﬁéfffmﬁﬁﬁmfﬁ}esefe?%lq e Elerp n?dﬁ vbiticateoEdig w24, but
coul d equal | YaliflestofSthE @ubjédttand al iBulkt! Bietiad 35 R6HHIAR (R nbsopibseds® at fHeOW

resi stor in this enbodinent_a fixed baffle plate, configured to

28, In : :
provi de d9sufiedip@att spprly seihAdeln dpieferar smpestimen dherareriers Opn dncludgbj ect  as
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subj ect which the nosepiece 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



30 and the closure of the velum on exhal ation by the subject. In
alternative enbodi nents 3 Septenber 2003 WD 00/51672 P 0 18 the
flow resistor 28 could be a novabl e nmenber, such as a gga%eggﬁ%lfegé,a&a
resilient menbrane or a danped wheel. The delivery unit 22 conprises a
nosepi ece 30, in this enbodinment formed of a 5 resilient material such as
a polynerig,, jal, for providing a tight sealing fit | the —
nostrils of"% éﬁ@ubj ect, a nmedi canent supply unit 32 forbgﬂgﬁgﬁ?f@?ﬁg a gas
flow entraining nedicanent at a predetir m ned pressure sufficient to open
a flow path beyond the posterior margin of the nasal septum when delivered
into one of the nasal . cavities of the su%;ect, and a tupul ar section 34
coupl i ng ther"rﬁié'}g%‘%%g@‘%n élFFdV?IWE 1 Fherngles : ResHions y bbs pPRitRRt @E.f”‘lﬁ_ﬁfa
preferred empagiinRathiiRSubR&RNEE 6 e RARathRR MG rAD bR NRI30alc¥e or be
shaped to cause the anterior region of the nasal cavity into which the
nosepi ece 30Pprsminyicefor afioutd We2kpicordgewith flowaratrarafiabentaldl tp 3 Bresrpead
embodi ment F'ﬂﬁmﬂ%ﬁi%e%‘&&‘rz%%eg 3PaGt f?ba??eqﬂncfs%ing?&@ﬁ@c{eﬁed%}é og{i'&LLU 9
swirl-inducing projectrons, to provide the exiting gas flow wth an

opti mal f Bbowclpaist ef the valuth, peer hedi¢amebsupply endi3gtis thentctoamed Bhielimysepsece 30
is formed separatel.y. of the t | ar, section tq. allow for re cenment,
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a screw fit. The nedjcanent supply unit 32 can conprise an_ aerqgsol spray
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medi cament,  20,SHGH 8ok akd 884 nk¥l Baiy eaetitd BeGoRREG! RgefosemNRdier, or a
pressurised gas source for entraining a netered dose of "a dry powder

cont ai ni 1§ meenteamaraiferiobairedrerditseted threugh aphangle ¢folddedeatcotiland bt ef that i vel y
be | oaded in o r ti:. 01 34 : a

subj ect gri p%ﬁ%eﬁré&fgrlor%t%?%%%n’fg a?%g%?%%g%&héﬁse@idﬁlgagﬁ% qcﬁfgﬂo?ﬁgbs 1‘rn?(r)gepi ece
30 into onenokhhnbanoed Hepositios tof ithes medin@nan bin dlet pestezior eogival eSthehmsalgh t he
nmout hpi ece 26, the flow of which exhaled air is resisted by the flow
resistor 28 figw?sﬁe tubul ar section 24 such as to develop a positive
pressure in the oral cavity of the subject, with the positive

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



pressure being such as to develop a pressure differential across the velum
sufficient to 30 cause closure of the velum of the subj ﬁgé Théa ag&)l cant
has established that a positive pressure differential SRAIRDST ral
cavity and the nasal airway of about 5 cm H2O is 3 Septenber 2003 WO

00/ 51672 PCT/ BOO 00273 19 required to maintain the velumin the cl osed

posi tion. e icant has further established that a i oul d~be
able to m%og?ﬁaqg flowrate of about 3 to 30 litres pe?%g@(g%or about

| to 20 seconds, with flow rates of abo2® 10 to 20 litres per mnute and
delivery times of about 2 to 5 seconds being considered as optimal. After 5

cl osure of the velum .the i C nt suppl nit 32 is then actuated to
deliver a gaémseﬂeﬁv%:r‘ﬁ? ﬁ}agﬁﬁQnﬁg%fu%‘é}ﬁrm‘%ﬂl%ﬁ%oGE}‘I’PUPWeeqH%JQ’e?ﬁ 2¥E8htand into
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margi n of t h@OpRieEs 44 egstingndepsyexiomed olivecor gg shaped tvgaedhasanteriop agiontdfe one
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er, | qaded jntq a cqonpay.tnment
with the deli ?‘{Fdaﬁﬂ?oboaﬂﬂlfw %?‘ﬁa fﬁ%*%&i ‘{}e‘a agyystably torpllpw fer aime ehthss  t he
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second ertfodideAy Bralemativemehadimentsibe Aow apsistoriid caaldibe amyovgble mssbeonpr i ses
the oral exhahatisQmidied A p?Qréaﬁl@mtnt?&ntgsle' of € Wb hhofi of the

above-described first enbodi ment, and an outlet unit 36 for fitting to the
other 25 nostril of a subject to which the delivery unit 22 is fitted. The

outlet unit 36 FEY=L I ect'on‘?FBandanoeiee4 in this
enbodi nent for?ré% oé % fg%cgllnfg#{éwn &Irt]lﬁﬁglrﬂijaqmc% {6 A pdigatar 0{/%@?’]@8@ F&‘?‘ti al
attached to one of a visual or audible sigral 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.



one end of the tubular section 38 for providing a tight sealing fit in the
ot her nostril of 30 the subject. The nosepiece 40 is forned self)a?ﬁé&el y of

t he tubul ar section 38 to allow for replacenent, but c temier ively
be integrally formed. In this enbodiment the 3 Septenber 2003 WD 00/ 51672
PCT/ 1 BOOI 00273 20 nosepiece 40 is a snap fit on the tubular section 38, but
coul d equa screw fit. As with the nosepiece 30 ivery
unit 22, H‘ym%?‘g?erred enbodi ment the nosepiece 40 cangaﬁ#hﬁ(“]&%

exter nal oI ive or be shaped to cause thg anterior region of the other
nasal cavity into which the nosepiece 40 is inserted to be enlarged. The 5
tubul ar section 38 includes a flow resistor 41, in this enbodi nent a baffle
plate, configured to provide a sufficient flow resistance to an exhal ati on
f1ow t her et NFeaBes adviRe BAKASLIMG (9FRCEAS 8vE Bt B SooBORdckiine
pressure in the nasal airway. I'n a preferred eirbodi nent the ow resi stor
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20 first enbodi nent. However, as nentioned above, by the provision of the
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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



the tubal ostia, the mddle neatus which is a conmon | ocation of nasal
polyps, and the cleft to the olfactory cells. 30 Figur | l,us es a
delivery device in accordance with a third enbodi nent 055§WE lﬁ?%@@%

i nvention. 3 Septenber 2003 WO 00/51672 PCT/1B00/ 00273 21 The delivery
device is very simlar to that of the delivery device of the
above-deschkﬂﬁg ;econd enbodi nent, and thus, in order to necessary
duplicatio 1§z scription, only the differences will be described in
detail, with like parts being designatex® by like 5 reference signs. This
delivery device differs only in further conprising a pressure sensor 43,

in this enbodi n a pressure-sensitive spring or nenbrane, |lgcated in the
tubul ar  secf¥HBHUSA U8 25 u@%ﬁ?@@?ﬁmﬂﬁl %@ng@ﬁﬁ§ﬂP%%ﬁV6ﬁ°ﬁ%%lﬁﬁﬂﬂéanent
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the flow rat ef afpagdiarielsuticcbrar ega@n@u&iplam e@erba}lveten@ommemd ofbpibEy unit
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particle dep05|t|on fff|0|ency, then in a congested nasal airway a | ower
flow rate, pBYEPIANDHNEANT ¢ res per minute, would be required and in an open

nasal airway a higher flowrate, possibly 20 litres per m nute, would be
requi red. 20 _Operation of this delivery device is otherw se the sane as

that of tlle H5owétefeddiveredevicserfiohis Emtodimart it therag@raé thatj of thgtabatees a
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differs int Iria\tel@hdapmmw! canses detligure 4840 bﬂmlﬂat&ésnchassdreg eprainigpepusitign 45

upstream of tirhﬁ'lefde?cyv of GiSib bP {hc?sgbjga.d ’Ilh?s gp%res}rg]n%g of %%éms'el R8s p%'xs'tic%f'arly
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



indicator, an inflatable figure 46 connected to the |lateral opening 45,
which figure 46 when inflated assunes a prom nent posi %iiegtei e%?ﬁoii el d of
vision of the subject. In 30 Figure 4, the figure 46 is showh i dated. By
provi di ng such a display feature, subject conpliance, particularly in
paedi atric subjects, should be inproved. The oral 3 Septenber 2003 WO

00/ 51672 PGl §oRtda 00273 22 exhal ation unit 20 further coppiisdngas
inflation l'ine 48 connected to the figure 46 which allows the figure 46 to
be further inflated by another person, 2ypically the parent of a

paedi atric subject, or a punp. In an alternative enbodi nent, instead of

being inflatable, the figure 46 .coul d_ be. of any.kin i,ch is.brqyght into
a prom nent %3 %(S)es iatslugtﬁ(“tcgﬁlgseg( SRS %ﬁsf P s o ??6{8%% ?n%t%iﬂ&?arqu?l%fe%%
mechani cal | y i oat efttis drd@t hastrdg eTitsallect Hicg Wkiilesliroghthe mothpidessd) adi ment

the fi 4 fi d be infl ated th bj ect
hehi evng. an ToBt SRS CRRaPEEF SrieRitetin e Bow nsian 0 Tndy ShERBTORgEl Beas  act s
as an i ndi catrg¥istant® ofkhe n¥al 4iPGaydGEH Y6 Ve e ﬁgosﬁfvetp%s%@mgiom@iviiys the

sanme as that of the above- described first "enbodi mént. However, on exhaling

t hrough t Re wétherybisetesutiwient foecaussefaspispd dhepreds uifbe eehalsd it afker orsginge 46 to

be 1nflated and B8 SiRoA Bl ME RERnPER! feBred! dledifinch gne%eaﬁkﬁxgle%{l of the

subj ect. This appearance of the figure I's particu appeal 1 ng for
paedi atri c suéjenings casparimenf 68, eddefintairoflow rdntraininggmedieanteng uhem gBssan 15

alleviate an nne sar. iety. Figure 6.1l ust es del.i very device
in accor dancém\%mu@htﬁgﬁ?sgﬁl%‘feﬁﬁ%%é%ﬁ FIERY PH es‘%ﬁle@ e eeﬁ‘ﬁ?}%ﬁﬁ?f ‘?r}{’@o The
del i very devithenaalgivwag ésatan prosdesaffonivMdi cpbn kRemudGRation patl Béyoh tend an
out | et a nouth iecefglgngs%ﬂnect ed t%@t he inlet 52 and _a_nosepi ece 58

54, |
connect edt o pPFfE““d’EW‘EP FPAgLRh Bwekths air flewdios tygpreihe 805085 de a

tight sealingafityd atdin®BR $stetibCmaR@Sbf theSa@fl septiHbiresifect PhRg chandialy S0
includes a flow resistor 60, in this enbodinment a plurality of baffle
plates, and &hwiaeh weansletalrl8 dparpesgandor af hewiter Bsakrewis t Aeeim asfaireglyt he f 1 ow

resistor 60 ffte etk Vi AfeRiohR R TrodRSe £ a hull ¥nRQURCEpcARLR L 1T

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.



medi canent to be delivered to the nasal airway of a subject. In this

enbodi nent the nosepiece 58 is forned of a resilient terial, s as a
polymeric material. In a preferred enbodi nent the cha §I%ﬁm%§gﬁﬁ%clude a
desiccant. In a preferred enbodinent the flow resistor 60 can be provided
by a noisture-absorbing filter. 30 3 Septenber 2003 WO 00/51672

PCT/ | 1300 In use, a subject grips the nouthpie | is or—her
i ps and %&gi&?ﬁ?nosepi ece 58 into one of his or her ﬁ%csj?lr@fn}/@.zﬁThe

subj ect then exhal es through the nout hpl4ece 56, the flow of which exhal ed
air is resisted by the flowresistor 60 in the chanber 50 and the
resi stance of the nasg%.airma .such as to develop a positive pressure in

the oral cavitt§ 98Iy ffdceseammises ay el exhafation ani 7Qsthrough sich »Fubierd vel um

The exhal ed gkHales3$ tR5e BR8Shd elubhdd AWMiERRISIRTer§ Anit YD 86 sﬁﬁﬁl%iﬁ&@ﬁ the
powder ed nedi canment in the nedicanent- receiving conpartnment 62, and this

air flow ent PaflMfgiraBine asficament fuihe pasgkainvay phthe swftiect.he nosepi ece 58 into

t he nasal airway of the subject. The exhaled air entering the nasal airway
is at a pressure sufficient to open a comunication path beyond the 10

post eri or S madye reradfexhiiationawsal 76 epinprnses uctubtlaatectibre 7diand fd omuthpiewes 76 hr ough

t he one nasagmarj‘i 'ot(%{:graa‘,{gfﬁﬁgmﬁm%%%% eg]l cexlrhgﬁr ipeagg?’t e?hrggﬁﬁﬁbqfaggtum in

effect being re-direc F oug of the

ot her nasal daviigsyof thgautiectais fainicdasdyaratdy ST thd @shulat Be@ioRi74dior glotv fopral 1 ow
provi des for _a much enhanceﬂ deposj ti ogﬁf of th medi canment,_ in the posterior

margin of t hEPRGERPIt,Offould, altqrpptiyely, éPﬁeér&ﬁ%n%BﬁdwélF?fe‘Yiﬁe d& ithiar y

devi ce i ncl UeRABoAmBKEHS Wickittipide8 T8 G @b VR on Bk QhRNAEMichORAGH child t he
mout hpi ece 56, which is configured to open only when a predeterni ned

posi ti ve lPr eseuay beaissare fit.ddvie tepar segtionhid iaslhdasa flow redisterh?s, duithisct |
typically at .ap08skid & SeaPlESpY d 1 S ' tion 20
advant ageousley avol Js _ ?ehe _pOS,SIBﬁﬁI%%I&E[ f/tlagwatnee(g} %ﬁﬁeﬂa‘ﬁ% B%Fﬂr?gsugfeéptlf é\l/rgtjgéag to the
nasal ai r wayroxidetsutfivéent edsistanpantot the eshaatiopoivt rofp eause theegeatrytioredises t he
risk of unde%;it%}%l B{'essure 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



deposi ti ng nmedi canent outside the nasal airway. In another preferred
enbodi ment, simlarly to third-described enbodi nent, thg 22 %al Zﬁﬁ]y
device can include an outlet unit for providing a flow e%qpe[r%er stream
of the other nostril of the subject such as to naintain a positive dynam c
pressure in the nasal airway. Figure 7 illustrates a delivery device in
accor dance i fifth enbodi nent of the 30 present inyepidedidosrs -
Sept enber R () 0670 paT) | BOD 00275 24 The. del| very fda ce conpri ses
an oral exhalation unit 70 through whick a subject exhales to close his or
her velum and a nedi cament delivery unit 72 for supplying an air flow
entraining nedi canent to the nasal airway of the subject. 5 The oral

exhal ati on ufhgretrgughahgiresaee %ﬁ?‘ﬂﬁ‘i}lt‘é@eﬁ‘é}&{l%mfhb@ﬁﬂd Q‘CIP_BEFF%F%@W_G _
attached to QRenceRsh Sprinh@hdrRUl@Ed BRI OPthé fasall BRitEPLHHPEBER:. 76, which is
gripped in the lips of the subject, is fornmed separately ot the tubul ar
section 74 to allow for replacenent, but could alternatively be integrally
formed therewyt e ded, L ﬁfrmpp%;g% [ hpj T8,k Se: it on

t he tubul ar secﬁeén&%& égzut cou 1gése§q&t}gqeﬁ§hgbgﬂg§§gogg\%p%ﬁn% asrﬁgtglfegbul ar
section 74 i nobueiesdrppévvdencersiniat aoredic@nerit ho thhitwbulag sdotioh Bnpstrearg efithwheel |
configured to_rqgta exhal at | by. t he subject and. yet Vi d

suf fi ci ent ré@?@[%%c?fef)ntq}élste gog&nﬁ%ﬂ% %{Igﬁ' H?IP%W% lfgjag'éﬁléélc?ﬁtgé g"eﬁﬁ‘@f‘é{ti on of
a positive preased dodervfidnepawdal canmainihy meflicirhent flibjieatibbdtfsbitioh @0} biito

T o RSB RSB Lt i SR R e

cl osed posi tingey fof A HlubMAtedettitinton (ke MR lcSE§ed, t Ubul ar section 80 and a
nosepi ece 82, in this enbodinment formed of a resilient material such as a
pol yneri dOmaterial, for providing a tight sealing fit in one of the
nostrils of t hEelo oridl HRGHEH iR 58E o, r - ion 80.
The nosepi ecelggiéildghﬁgrtnggg separ atﬁéﬁc/ ofn"tﬁﬁcehrt ui)h‘tkz%ntd;ﬁe}%:”tﬂ%onn %(5&'tgf)8§al | ow

f or repl acendnip ondof higentietingsirtls r etsikjedt yheb exhatdsaigoaghl the foonthpided Téethewi t h. | n
this

flow 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



enbodi ment the nosepiece 82 is a snap fit on the tubular section 80, but
could equally be a screwfit. In a preferred enbodi nent, ¢h osepi£ce 82
can include an external olive or be shaped to cause thgf%ﬁﬁgﬁﬁ%§8¢igion of
t he nasal cavity, into which the 25 nosepiece 82 is inserted, to be
enlarged. In a particularly preferred enbodi nent the nosepiece 82 can be

shaped, foy,, e by including swirl-inducing projecti rovide
the exiti ng"g’?’?ﬁﬁ owwth an optimal flow pattern and pa?‘?lﬁ%ﬁoglﬁhg?age

distribution. The tubular section 80 i26cl udes an 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 gearwheel 78 raw air into
the tubul ar S8R BhBS0ORERAPYSHISD e 200 afF‘F“CFlthﬁhﬁpP%@ﬁjﬁ’zg%%W 00/ 51672

PCT/ | BOO 002 g demédieteiib tewadd) atway, pressure sufficient to open the flow
pat h beyond the posterior margin of the nasal septum when delivered into

one of the nasal cavities of the subject. The delivery unit 72 further

conprises a @ig%&em&%gatm telBR ?viééiiﬁ%@ UG @5t Lg%mbﬁdiqgﬁﬁo ga dry

powder containi ng nedi canment t e tubular section upstream of the

i npel | er 84. ptesent lniventembodi ment the di spensing unit 86 is manual |y actuated
to supply a netered dose of dry powder containing nedicanment into the
tubul ar section 80, but could alternatively be configured to the driven by
t he gear wheelThd 8elseradevic@ @wgiridest Bousinged) fopthoadiy: alistad picRtedsmednbR2 on on

the part of the suhject. .10.ln uyse, subj ect grips.the nouthpiece 76 in
e DALt b ehde ot hs bl e ety faed doRinie PAVGR FOHERAg oo I |1 5.
The subj ect hheRa8xRkRS) fBhRLSRENS6 MO RBILAERod Bvithl (R offthOWliedrs Whi ch

exhaled air is resisted by the gearwheel 78 such as to develop a positive
pressure 1Pn then gpewy orcaendgf witich wlulgysscien 9& propides @ mouthpieee 8% avhichdnvel um of
the subject 1, 13i6lAS8 the 1P oPXBMKRY Pl bAMSESRioh Pb3hdiRMs A clbMEncdBgr Wheel
78 which in tur%éggises er tgt%onjog ?%éngﬁpelﬁgr@é4, and tﬁe rggation(ﬁ
t he i npel | er n8#4aklp dishaspd tharsirabatwéen@viirstt ormaliphcloded positier] aud aseendospe80 whi ch

e
ment i oned abostetably ican@d on & ltreades skt andpioasdlyrbéassdifof the clesdd rosition 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



20 open a communi cation path beyond the posterior margin of the nasal

septum such that the air flow flows through the one na%?%e feavl;tﬁ fround.
the posterior margin of the nasal septum in effect bei Pregatst g% ed

t hrough an angle of 180 degrees, and out of the other nasal cavity. Again,
as al ready described, this bi-directional flow provides for a nuch
enhanced dg%o(ﬁ‘ itdon of the nedicanent in the posterior regi he nasal
25 cavity. I'n g} pir)eferred enbodi ment the gearwheel 78 isgg’gn iog%zg'{’ed such
that rotation thereof is prevented unt2f a predetermined flow rate has
been devel oped which is sufficient to ensure that the entraining gas flow
devel oped by the innpel Iﬁr 34 S ogti ma{D Thjs 30 configuratign

advant ageous| iR & 20w Jpt replacerpent: Pyt oudepEnatively ber negrally fhrmgdy

avoi ds the pm&\biitﬂ.imms)émmﬁﬁm%sé%wmﬁ%g%grfﬁ@nma thilarR@giBh 98i r vay
with the 3 Septenmber 2003 WO 00/ 51672 PCTI | BOO' 00273 26 velumin the open

position so ¥t fepld EaHAEE beRescrMsRE o aprgeated smbgdimenobe npsegiccarte eamnent
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W t e t he ¥

accordance W a sixt podi ment "o present "1 nventi on.
del i very deviinte widptieswsepaechd(2 inigps@@dfiorbe kolagdedg In alylartenlarly peefirre enment

92 which inc| S d f blisters.94 therei.n ach _cant ai ni ng
powder cont aierrﬁ%(rglglmeﬁte@% gélsgélﬁ%‘%ﬁogﬁ {?f %ﬁ%"’&r o e’éa&??‘? Wﬁnggﬁp%s%lglﬁﬂ%mr@ati on
wi th one of tpigedtiohsttehsoviié thé exitismnaio fiew, witingh eptihad flowhpatbntant Wadiclesect i on
96 provides a.rmutgﬁli.ece 98 which in wuse is gripped in the lips of a

subj ect. The PGB8t i on 96 includes an el ement 100 novably di sposed
therein between a first, normally closed position and a second, open
position. In this enbodiment the el enent 100 conprises a propeller or the
li ke roti® ablby debivesy daviemfugthengompaiess asblistar openingmeshanise Widaior draning he

cl osed posi t iy erdel oSAMRLERTHAMISHE kMior LOR0£OL TR id O in R Rl OUT ed

both to function as a ow resistor a va I ment the

el ement 100 ibistenerfenigg medhangsrmiidds tnemtahp oparsel aie nibjacepraaso dajivayen

position by rotation along the threaded shaft against the bias of the

conpression spring, with the powder being entrainable by an air flow only
*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



when the exhal ation flow exceeds a predeternmned flow rate. The flow rate,
preferably 20 in the range of about 5 to 20 litres per %tt %Zﬁgmhthe
powder containing nmedicanent is entrained by the air fl0o pieém?f At on,
in inverse relation, to the driving pressure which is itself a function of
t he nasal resistance as described herei nabove. As w | be understood, this
confi-gurat | nt ageously provides for an optimal par osi tion
ef fici encywrﬁlhﬂ%gﬁ\igam ng the powder containing medi canent i)1<'31,%;A§]h/g61230t| mal 25
flowrate, and avoids the possibility o8 nedi cament being deliver ed to the
nasal airway wth the velumin the open position. The delivery device
further conpris iece, 102, in this enbodinent fornmed of a

resilient mat&H ?%ﬁ t°§}Ef’(c)'ﬁ QEO%?"%IWH‘S&“ h%sé‘Fii‘%ﬁautanﬂm%ch‘fQPEﬁnﬁBe blister ght
sealing fit ion, a@la%ea&ye@malﬂen@&ﬁtofhﬂy%ueﬁertirh@wéﬂﬂah%fehe@a&@&hed to the other
end of the tubular section 96 downstreamof the el ement 100. The nosepi ece
102 is fornmed separately of the tubular 3 Septenber 2003 WO 00/51672

PCl Y1 BOO/ 0023 £é &@Sﬁba@x@nggrﬁlfaﬂ | L}Ofﬂhf Hove H cﬁﬁe% HificAttn gf)lﬂlled first
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cavity 5 int manbpbhevaﬂymmc@&ssuwﬁhth@naisﬂ&&buhed to be enlarged. In a
particularly preferred enbodinent the nosepiece 102 can be shaped, for
exanpl e by including swirl-inducing projections, to provide the exiting
air flow wthn abtiepthoaBcationOie BBk a&qmﬂeafcm%eeomlﬁeczﬁqddheﬁdusiagtebon 10
The del i very device further conprises a blister opening nechanism 104 for
openi ng Phe isfead pravidsd with aehamben which sninommupication with He tehedarisetions. | n
this enbodi I ated by
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nostrils. t al e t.he |ece 98,. the fl ow of
whi ch exhal e eﬁg%ll g roe@fgg?:% é]Bos'lt?cf'ue angy *ﬁ%@’lﬁtﬁr ﬁﬂ’f PEIICT, FEHeP B ned f1 ow
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.

30



rate has been achieved. Once this predeterm ned fl ow rate has been
achieved, at which flowrate the velumis in the closelc’i”? iltlo

el enent 100 is in the open position and the exhal ed ai PG ns t he
powder ed nedi canent in the blister 94 and 20 delivers the sane thr ough the
nosepi ece 102 to the nasal airway. The driving pressure of thi S ai r fl ow
is at a Iewoogyﬂt,{l cient to maintain a comuni cation patF

posterior margin of the nasal septum such that the air f owf ovvs through
t he one nasal cavity, around the post&9 or margin of the nasal septum in
effect being re-directed through an angle of 180 degrees, and out of the
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i ncl ude an oOPNROSHHAN SbeIB‘ia“?ﬂ Yon ﬁ&“%?d?cﬁg\?ﬁraéﬁ?%f b‘%fcﬂm?t BERSEP™ t he
ot her nostrikpffs b widRRCExhalHEh ASw bReedtBl HeddtdimiheR TRME faiee TR, C

pressure in the nasal ai rway. In another nodification, the blister pack
el ement 99 caate Hevhieh the egdigenent aelrrsadipmieratly imibe range @fa@owr%t@@éarew th a

chamber whi CPelj drﬁl Wd, GORHMGRS \Agl}leré/@ Bl o Eﬂé%’ivg{g Cp?@s‘s‘&:b %&Qg%ﬁf hnto

which a netere 0Sé o ry po contal'ning ne ment can oaded.
Wth this cofifnictior a&thonasalmastMedeacnbetdﬁermmerAa willdtundérsieod, dhis t he

el emrent 100 i he SeeoRd .ROS pack
advancenent FRGHREh by BrFEEORS R Epub PR kot SAbE S RRA i ng
medi cament i pdléasingehe hasdivameninat 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
30 thereof.



15 operation thereof. As wll be understood, in essence, the present
invention can be broadly based on any dry powder i nhal g clF %ﬁ ghe

Tur buhal er TM as manuf actured by AstraZeneca PLC, the A é% RATRIF %

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 V|ded in comrunication with the air inl i nhat er
such as to“kﬁyg{lse the air exhaled by a subject as the géyﬁé?ﬁlﬁb 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 110 t ubul ar ion 112 extending. through the housing 110,
one end o mﬁﬂ%ﬁgﬂﬁa eﬁﬁ§ﬁ§5ﬁbﬂ¥W§F€%%“¥$W’ﬂﬁ?@ﬂ“ﬁﬁzﬁgﬁrﬂgﬂwbﬂmﬁﬂéﬁ in the

l'i ps of a SUBicG6din b3 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 Iaefh@@@nﬂ qugh thgevzgdosi ti on.

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

rotatably nounted on a t nor ma bl aseq e cl osed
position by alemempl28siir dondgygr thagnaid hedeli2hwrith an’LactEatms forwaf aglua delvet 0

function as a flow.resi s val ve er.for the. delivery of an
aer osol spr a?ssfrﬂﬁlg 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 nedlcanent-relﬁa5|ng open p05|t|on by rotation along the threaded

shaft agai nsiromHbe fpsed PoYitiqE hedriggee BN 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

which is itsgl ;heﬁt {tagh(l\’tsﬁcﬂgis A pol ﬁ%m@ ?E!na{ ?élj m&ﬁgﬁﬁ%ﬂp%%%@gg one

her ei nabove. e un |gur geously
provi des for oﬁﬂleapistrrhaabf @mrsmbjcd:teampﬁ‘stot tharntl@i“fend:ioémlmwtubmlar B@he:agﬂmg t he

redi canent at t h?rean? lf {2 Imova ee e%ltegf ll%ndl"h%vn%ge?nece ??2 P&s 9 separ%ely of
the tubular section 112 to allow for replacemeént, but could alternatively be mtegrally

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 naéal

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



15 nmedi canent being delivered to the nasal airway with the velumin the
open position. The tubular section 112 further includes ck 117
for providing an aerosol spray through the tubul ar secff%ﬂﬁ%Tﬁggpgﬁg t he

| ongi tudi nal axis thereof. As will be described in detail hereinbelow the
nozzl e bl ock 117 receives the valve stem 122 of an 20 aerosol canister

120. - The quhM % device further conprises a known aer osgl.madisher 120
used to delrver “nmetered volunes of a propellant, prefera Iy a

hydr of | uor oal kane (HFA) propellant or 3the |ike, containing nmedi canent,
either as a suspension or as a solution. The aerosol 25 canister 120
conprises a {n body . 121 which contains a volunme of pro eIIant under

pressure contalithith ‘H’éﬁ‘f copiping medicament Sreugh 1tbe npsepiseRy A 3wie dbe npel

propel | ant @cﬁyalmsrwm@ammg%m pﬂeﬁufer&uﬂﬁ%n%%é{ﬁﬁﬁq c@ﬂnﬂtﬁlc@ﬁén\/ﬁaﬂ{mvemnt
of the main body 121 and the valve stem 122, and a netering valve 124 for

nmetering a pPeerd be ppsieripr mesgin b thsfnagal sqpeinh suvh teas theaflow AgwarBdoughrthnt to t he
| t t 0 0151672
val ve stem %%r% ’%‘8‘1‘1%‘\‘ e fn\lldet;ﬂg h‘g&{&%aﬁ} ﬁﬁ@ L \ffgctq)

PCTI | BOO 00 evi ce er conpri se’s a em&rmmschanl sm
126 for rkl acﬁlrm‘eﬂyhrnugh anganglevé 1 Baderrdegdyd bﬁﬂnf&lnﬂothkrelamlcmtysuegaﬂnlas’z of the

aerosol cani ffeqgt del i ve of a red oI ume o
propel | ant C%Tﬁa‘iﬁ %ﬁsﬁé}’ ﬁ’etgs ﬁ’é‘?f%‘o?afl.%ﬂg“ﬁo‘? ey “g‘ 3@7‘“"? ﬂ£t hi s

embodi ment  tfhe rdetlic@get: iMBE PesirdRindebth CRARDIAsAREByI, r esi | | ent S el ement 128
for |l oading the main body 121 with an actuation force, and a |ever
assenbly 130 coupled to the novable elenent 116 to cause the rel ease of the

actuation {8 Ga BE Qder@mbdbM ésé}:ﬂcé %Ares‘éﬁ@lﬂs&nﬁaﬁ% gty TRYEBR Bhy Of the
nmovabl e el enent 116 fromthe closed position to the tri ger p05|t|on 10

The del i {er ybraﬁmaetéatﬁdjmdmm@d)mqr@edm mb@apwd@ee ig2psuah mobthgieenbodi ment

formed of a rial | rovi di ng
2t gnt seal RE Y o BRLR R JURNAR PR BT O % 1
ot her end of mieh ef lha lm]iahr swhat both td ﬂr@ge:dthmggemwmenﬁlamkm ana udlide ehecdie nent

116. The nos d. se at el the tubul ar section 112 to
al | ow for ?3{%‘ ?‘lfu Jeﬁﬁ?s@%%ﬁﬁ g{)‘%{‘ﬁ%’? el y be integrally )

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.



15 fornmed therewith. In this enbodi nent the nosepiece 132 is a snap fit on
the tubular section 112, but could equally be a screw fit. In a preferred
enmbodi ment the nosepi ece 132 can include an external ol i3/8epdembrs 28AZped to
cause the anterior region of the nasal cavity into which the nosepi ece 132
is inserted to be enlarged. In a parti3aularly preferred enbodi nent the
nosepi ece 132 can be shaped, for exanple by including 20 sw rl-induci ng
projections, to provide the exiting air flowwith an optinmal flow pattern
and particle size distribution. In use, a subject primes the trigger
nechanisgn%%gﬂﬁgrips the nout hpiece 114 in his or her lips and fits the
nosepi ece 'nto one of his or her nostrils. The subject then 25 exhal es
t hrough t he nout hpi ece 114, the flow of which exhaled air is resisted by

the novable elenent. 116 unti.l rredeterm ned flow rate has been hi eved.
Once this: pr 2\1@?&1 rﬁe}iéfﬁryf OUFT ngdﬁgée%e% SﬁgﬂiﬁWeH’, n%ﬁf@ﬁ“‘fap’o\%c?at e
the velumis i . position, the novable elenent 116 is in the
open positi on,sa]?J%ng(e)ﬁ)ﬂgﬁghe novenent of the |ever assenbly 130 and hence
the rel ati ve awleswentniofortchesingiie @6suvedftheXkoplmayngeal vellweofsthe sultigd; of t he
cani ster 120 to_deliver a netered volune of propellant containing

medi cament t o3fe nozzle bl ock 117 to generate an aerosol spray 3 Septenber
2003 WO 0015172,y | 43rind 208 pkiapLd LOB &S nGRR1Bh fNina g j cament
t hrough t he ngsd;e&eglem?gg&?%éﬁgﬁ%gséjlbls'ﬂag?é\?\?as.Q%i S ggr osso floyvgj:%g’at a
pressure suff mdieegin the delivetsaivmitacemprizsssi eatdsepiepatwhichaycledes e @abtteri or

margi n of the nasal septum such that the flow flo t hrough the one nasal
cavity, arountiroRgh péasiethesubstancs 1§ ippse delivrged fo &&WOS&H @H%ﬁaﬂﬂgi ng re

5 directed th JarcTols ehstsal
cavity. Again, as rgﬁ@g{;ﬁ%égﬂl ?cgtégﬁt %te ﬁlle[getﬁlé%}gﬁa;gg{d?{)anﬁaqﬁ f ;Brg\?v g?tov'i des for
a nmuch enhanced deposition of the nedicanent in the posterior margin of

t he nasal cavity. . Wi | | _be understood, in_essence, e present _invention
can be bRead| ?@aé@@vm Aifyicer ot r Jaioh- dct WhEEHR p%@ss‘i?ﬂ%@@ﬂ Wit e ¥ ose

| nhat er, et @Btk ApdTh Whitof SpdiinbCPLAC Ay WhiAidIAE SRUBHENANE e

nout hpi ece is pr onmuni ¢
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.



inlet of the inhaler such as both to trigger the triggering .nechani smand
utilise the air exhaled by a subject as the entraining delivery air. 15
Finally, it will be understood that the present inventior heieear2003
described inits preferred enbodi nents and can be nodified in many
different ways w thout departing from2che scope of the invention as
defined by the appended clains. 3 Septenber 2003 32 CLAIMS 1. A nasal
delivery device for delivering a substance to the nasal airway of a

subj ect, conprising: 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
conprises a nosepiece which includes an outlet through which the substance

is in use-del ikher deliviesy wdesicenel plgtm 4. whegi the slown gesisieiiie eopidgurpd d9i di ng
a fluid tight - bet t I t El . ivery
devi ce of cl ain?nfﬁ ,alﬁﬁ%ﬁﬁetﬂgsﬁgé fi\%?rgﬁ gar%l({*ea}targ%ﬁe%p%ﬂ(’:gn%? i szgsggt"%%m y

uni t for suppllydatignsupsiscatd awl dowtisiieaimnttie®os o ekladigtéort oy thegubjeosepi ece. 3.
A nasal delivery device for delivering a substance to the nasal airway of a
subj ect, conprising: a closure unit for causing the cl.osure of the

or ophar yngeal I I y del | R i i.Nng a
gas fl ow%gnt rgﬁra?i %&sgﬁgiggéﬁféf%@gflaﬁ%g %ﬁﬁrg%ﬁrﬁ%s&e&&g hgﬁg%ﬂ%eéét at a
driving pressubmpiides audetiviehe chamel lconnéated kowhamossidecet bkl posfiguredrtomar gi n
of the nasal septum and out of the other nostril of the subject, wherein
the delivery dffeivediyhstanss tbedelpsredto thaiorpnpsiEl.udes an  outl et through
which the gas flowis in use delivered to the one nostril and a sealing
menber for providing a fluid tight seal between the outlet and the one
nostril. 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.



4. The delivery device of claim1, 2 ar 3, wherein the closure unit
conprises a nouthpiece through which the subject in use exhales and a fl ow
resistor connected to the nouthpiece for providing a flow resistance to
the exhaled air flow 3 Septenber 2003 32c 5. The del i ve’ $egtembeae2068 cl ai m
4, wherein the flowresistor is configured to mnmintain a positive pressure
differential of at |east about 5 cm H2§3 between | ocations upstream and
downst ream t her eof on exhal ati on by the subject. 6. The delivery device of
any of clainms | to 5, wherein the delivery unit further conprises a

delivery chan nnec he piece and configured to receive a
subst ancé t o B@" cfgilll 9la’r(ieed'l‘ied%tcﬁ?é 20@(&‘?’1 COmPIISHYE del i very device of any
of claim1l to6, @ﬁ Fod f 4Or as
fl ow separate at oongrb; {elx aétgllﬁl(glﬁ)ll|l ﬁ)éobvale@bggpt et er Sg% C%ﬁ%rt)gﬂ%eﬂérwﬁgét eflgvery
devi ce of cl aithe delorered gefSLﬂ(IWLer conprising: a control unit for controlling

the supply unit such as to control the flowrate of the delivered gas
flow. 9. The delivery device of claiml or 2, wherein the closure unit

compri seg a gt BRiREE d%@fie%ﬂ@‘éﬁﬂ'ﬁo%ﬁerﬁ&”{ﬂe%ﬂ Sttel OnifRYMpAes 2

exhal ati on by the subject through the ndut hpiece, and the del |very uni t
further conprimaghpiccadend wenyvathanmeibar aonéghed tbanbhe on(mnhpiaaon tamidthe
configured to r cel red to . the one nostril and

bst to be, del
an i mpel | er o PRE! JToBEb Ity PEMRpRES S RN, Y RReT SoBORs & e

therewith and déﬁv&lyoehﬁmeﬁ%ohhé&éd ttBH%QHoéeBi%cé’%ﬂd’%ﬂﬁﬁ&l@&“t%‘ rdfve a
entraining the subStance. 10. The delivery device of claim9, wherein the

novabl e nenbersubsamtmbgtdebalened todzﬁtomn@tmll o areipsior oawdblp'r@wptﬁd ta flow
resi stance to he ex of cl m 10,

ot ol A e b SR BBy such Mt ust o tp PR vE fhekRih 78 dsSEloPia SThBe o
of at |east ahBiughCheaBINR HRShEERIGARERBG the Bubstance.

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.



exhal ati on by the subject. 12. The delivery device of any of clains 9 to
11, wherein the novable nenber is a rotatable nenber. 13. The delivery
device of any of clains 9 to 12, farther conprising: a dispensing unit for
di spensing a dose of a substance into the delivery channe} Septemberi2803
delivery device of claiml or 2, wherein the delivery unit conprises a
nout hpi ece and a channel connecting t I nout hpi ece to the nosepi ece, the
channel being configured to receive a substance to be delivered, such that
exhal ati on through the nout hpi ece delivers the substance through the

nosepi ec 3 t S 5} del | yer I . s 1
to 14, V\ﬁg]’ ei ?%? ﬁ@ﬂggl{yi %SJ?C% cf?nelmﬂy ?fu%%ﬁféerltd(’:g%‘p%Pg@sﬂ gn% (gétl: M tP%E\fLﬁhjtel%ﬁani sm
for actuatingcbh@riséymani sctifRROAkehimismefdrabetibtinp Ae tsagmes ubjregonsd Go The
delivery device of any of clains 1 to 15, wherein the delivery unit is
configured tocukalatian bathgaybiacbw entrai ning a substance to the one 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 cagng déieeryddsvict OF 4y bf QuimsoLRg tsheyiResihethe OdelRfQRitok t he
nasal septum and out of the othéer nostril of t he subj ect. 18. The delivery
devi ce of cl acenfigired tadelivien atgae floposniraining g subsiarngttpahe omg Rostdhpri si ng a
nosepi ece for fitting in the other nostril and a flow resistor for
providing a flow resistance to the gas flow exiting the other nostril so
as in usg7to Makndetiverd dedst df\@aidy N8Mvthepdif SR ARIIVEIS hiams cbefigekd t89. The
delivery device of claim18, wherein the flow resistor of the outlet unit

i s adj ust abl detiverdhe gas flow ald} devingrnresstra which) wopldd sichriedo cause thee
delivery device gf claim 18 or, .19 erein the.qutlet, unit further

corpr 1 sus. - an e eIy B e aestiitrhRet Be Sk Pbim i bIF Ot pe

audi bl e si gnabticndbsieil b¥ e sobjedehi eving at | east one of a predetern ned
flow rate or pressure upstream

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.



thereof. 21. The delivery device of any of clains 1 to 20, wherein the
delivery unit further conprises an indicator for providing at |east one of
a visual or an audible signal on exhalation by the subject through the
mout hpi ece. 3 Septenber 2003 3 22. The delivery device of3 Septemb@L00dher ei n
the indicator conprises a display nenber which is noved into view on

exhal ati on by the subject through the 3%out hpi ece. 23. The delivery device
of any of clains 1 to 22, when containing substance to be delivered. 24.
The delivery device of any of clains 1 to 23, wherein the substance is one
or nore of a nedicanment, a cleansing agent for cleansing the nasal airway,
or an irnrRgatiThg dgdeety device rofi @aim 12d, tler¢iasik iadicary .comprises a display

member which is moved into view on exhalation by the subject through the

mouthpiece.

23.  The delivery device of any of claims 1 to 22, when containing substance 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.





