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for and dwg 2nalmeBiizati on of an aerosolizable material. Phe/usamentisen has
particul ar application to delivery of powdered 5 pharnaceuti cal
preparations to infants and respiratory conprom sed patients and wll be
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VO 2011/ 004D 0 #0r8lgweded for pulmonary delivery— metered dose inhalers (MDIs),
dry powder inhalers (DPIs) and aqueous nebulizers.

MDIs have a pressurized canister filled with a liquid propellant. The drug is either

20 suspended or dissolved in the propellant. The MDIs have a metering valve for metering
out a known quantity of the propellant and hence the drug. When the canister is depressed
against the MDI housing a known quantity of the propellant is discharged. The propellant
evaporates leaving behind a fine aerosol of the drug suitable for inhalation by the patient.
For effective delivery of the drug to the lungs the patient needs to co-ordinate breath

25  inhalation with the discharge of the drug from the canister. Patients are not always
effective in achieving this co-ordination leading to dose variability. Incorporation of a
breath actuation mechanism addresses this concern but the variability still exists because
of the “cold” freon effect where the patient stops breathing when the cold aerosol hits the

back of the throat. This is especially true of the pediatric patients where co-ordination is



of major concern. To overcone these [imtations and to mnimze the
variability of the dose delivered, the MD is normally reconmended to be
used wi t hwaepamsri7especi ally for children. This primarpcrosetioomsed the
spacer is to slow down the MD discharge and function as a hol di ng chanber
for the aerosol plune. A face nmask may be attached to the 5end of the
spacer. These spacers nornally are nmade of plastic and therefore tend to
build up electrostatic charge on the inside surface of the spacer. The
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age. Besides the.inability of these patients to establish a strong airflow
they al so ﬁ%ﬁ?@teﬁdvvﬂ}erﬂ%’éﬁa%qeémca}é%ﬁ’ég that pargicle\yges, as a unit or in aggregate, need

2011/ 00301 {f6eTbdewehl PARAO Rlidron for effective delivery to the lungs. The aggregates are

dispersed into an aerosol by introducing the drug into a strong airflow. The airflow
needed to disperse the powder typically is high ranging from 30 L/min to 90 L/min.

20 Failure to establish this airflow can result in a lower dose being delivered to the lungs.
Any inconsistency in the breathing will lead to variability in dose delivered. As an
example a so-called Turbuhaler inspiratory flow-driven inhaler has been developed and is
approved for children 6 years and above delivers 20- 30 % of the drug to the lungs when
the airflow established by the patient is 60 L/min. However when the airflow drops to 36

25 L/min the amount of drug delivered is only 15%. The patient must therefore use rapid
deep inhalation to adequately disperse the powder. This may not be possible for infants,
young children and respiratory compromised patients of any age. Besides the inability of

these patients to establish a strong airflow they also have low inhalation volumes. This



severely inpedes their ability to effectively clear the aerosol created and
stored in a holding chanber such as that used by Exuberae (Nektar, San

Carl os, GAp.20Nabsii7zers, such as the jet nebulizers, preduas2@oiieses aer osol
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also for respiratory compromised patients that overcomes the aforesaid and other
disadvantages of the prior art, in a manner that delivers the drug efficiently, does not

20 require inhalation co-ordination, operates under low inhalation volume, minimizes the
exposure of the care giver to the drug, delivers the drug in a short time (preferably less
than a minute), and is low cost and portable.

The present invention provides a device, its use and method for aerosolized
dosing of dry powder pharmaceutical preparations, which overcomes the aforesaid and

25 other problems of the prior art, and provides a simple and relatively low cost device
operative independently of a source of compressed carrier air. More particularly, in
accordance with the present invention there is provided a device, its use and method for

aerosolized dosing of dry powder pharmaceutical preparations, or pharmaceutical agents

dissolved or suspended in a liquid medium comprising a pharmaceutical aerosolization



engi ne conprising a vibratory device. In one enbodi nent, the aerosolization
engine is connected to a face mask and permts manual activation of the

aer osol | 2a0i20n/@APTne by a caregiver, and presentation eCTaASz@sOkISzEd

medi cation into the face mask. The face mask may be replaced with a nasal
cannula or a nouth piece and the manual activation nmay be 5replaced with
automated activation of the aerosolization engine through sensing of the
patients' inhalation or tidal breathing naneuver, or through

synchroni zat,| 1 : J: i t ing. t ssi st _or substitute
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pharmaceuti cal package in accordance with a preferred enbodi nent of the
i nvent i on; suspemeyl ing liggidimeeipm, anddelavery td ndmtsandrgadndillen, snbodi nent  of

the i nventi ; i £ . sche ic, of. the timng.di agram for, the
intermtt eﬁ?s%&@?f%@ln@'ﬁ mé?edf%aglelgéT\ggﬁfat%tlﬁ%t's an{lnb‘ncongcmus tients is‘also
2011/ 00301 ZRkitmR2441 0/ 040815 Turning nowto Figs. 1-5 of the

drawi ngs, there is illustrated a dry powder pediatric nebulizer in
accor dance wi t h Fepfargsraad advantages ot thempresealeinmestsioniwillbe seercisomthes dlowingpousi ng

0 o R TR TS R AL R ™™
controls all asFig. 1 is a perspective view of a hand-held pediatric nebulizer in accordance with
the preferred embodiment of the invention;
20 Fig. 2 is a top plan view of the device of Fig. 1;
Fig. 3 is a bottom plan view showing details of the facemask portion of the device
of Fig. 1;
Fig. 4 is a schematic diagram illustrating generation of nebulized powder
medication in accordance with the present invention;
25 Fig. 5 is a perspective view illustrating a pharmaceutical package in accordance
with a preferred embodiment of the invention;
Fig. 6 is a flow diagram illustrating another embodiment of the invention; and
Fig. 7 is a schematic of the timing diagram for the intermittent excitation of the

aerosol engine.



5wi || be discussed below. Referring in particular to Figs. 2 and 3, the
hand hel d nebulizer 10 is connected at its outlet 14 to a facemask 16.
Facenmask w6 20s1/®83med and shaped to fit over the nouth amdTrSsE0Of08R5
patient, and is fornmed of a resiliently deformable nmaterial such as silicon
rubber. Facemask 16 nmay conprise a single wall construction or, if desired
may conprise a soft partially air-filled cuff at its distal end 18, and
optionally 10may include a one-way filter valve 19 to allow the patient's

exhal e breath tq8SRaREw t5FGEMRS 1S ofid JCll | the outlet end
of nebul i zer .de_viuce %2 so t %{r@ ?ﬁfﬁih’%@; lé%sh%srgﬂsIlgés{rgtggtg(r%ll%ﬁmﬁ%&/ or
di sposal amddiatricrmebhlifen tremeokdapbavet thhpresmninvahism, THe esiizeed) chbapasmsk 16

may cone in.dif.ferent sjzes,.e.g. fo ults, ildren and infants. The
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i nhal er _housj ng. A good seal is preferred to ensure high efficiency of
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exposure tqgnt [ ent. fr Qsur f. the,dr to eyes.
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powder ed nedi,.cation to be jntroduced into a chanber 23 (shown in phantom
defined wi tHIFSEHEORARRRET oFacsmash 49 may cogirise a singleckalbeonsguefisnd¥difby gui des
24 to | ocaesitell eBNAGisWat BRI SHAGEr RitsaH |z gine in
the form of é?vi brator;Iselatasrner%dta 12619 Alftilleér natf%é‘iq??gt%%gqg?é@a%;phgga@pm)l ded
body t h&t mayreclsdal onewan fittarbadve 09 tadbivnths patléne’skeshaie breatthioscase 25

rovi des a for.ntroducing.the drug into the chanber. Vibratory el enent
26 \;glr ef Zr agﬁ%\{%&g%}%? :lés]%}scggn %flttgg & Q’ftoll\t}g?%lld % F’elb‘i‘q@%detvﬂ%?n]?ﬁ?cth?t lb’ina&%e

mechani cal remdvedtfor ¢leaingeraliér dspmRehadiaradsh ARIALIOplasdd BefBINRIPSHT i Ctive
el enent or ot her _vi bqr@tory mechani sm Preferred are aerosolization engines
and aer osofFJ%ei Breresknibehay supn indiffgest sivesen i for uildts, ehildsen andoisfants.
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o e sh e By e <R 5 o 4, pouder
coni cal,  seffb- SRR eonflpostile!th Bld &l and the patient from exposure of the drug to the
eyes.
Referring also to Figs. 3-5 body 12 includes a movable panel 18 for permitting
20 one or more blister packs or molded bodies 22 containing a powdered medication to be
introduced into a chamber 23 (shown in phantom) defined within the interior of body 12.
Blister pack 22 is guided by guides 24 to locate in contact with the top surface of an
aerosolization engine in the form of a vibratory element 26. Alternatively, body 22 may
be a molded body that is reused over a number of dosings. The body in this case
25 provides a way for introducing the drug into the chamber. Vibratory element 26
preferably comprises a piezo activator or piezo transducer or a mechanical vibrator, an
electro-mechanical vibrator or a magnetostrictive element or other vibratory mechanism,
Preferred are aerosolization engines and aerosolization chambers such as described in

U.S. Patent Nos. 6,026,809, 6,142,146, 6,152,130, 7,318,434, 7,334,577, 7,343,914 and



S5pyradidal or simlar top part 34 and flat base 28 such as described in

U S 7,080,644, assigned to the comon assignee. Blister pack 22 has at

| east onewoOrog/m@p@cti on aperature 32 substantially oppocrasShas@4@3ds and
serving primarily for injection of drug particles. Aperatures 32 may be
pre-forned integrally with capsule 22, or fornmed as puncture hol es when the
capsule 22 is inserted into body 12. 10Blister pack 22 carries a supply of
a drug substance or substances which preferably are provided as a dry
powder. A $iyBEdHRd CRYD ; V i i be used,.or,

t he drug sE%SIance oﬁggﬁg%?g%ggnggﬁgyﬁg W?@%%gg@?%?gﬁtQE%SHEWSQE“Pgﬁtose
or conbi natfonsorphrateddfereiibveefeaaddet i ves such as pharmaceutically inactive
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36, .sensor signal_ processing for inhalation and/or

vi br at ogy el %Hggt _ .

exhal at ? on P} PlonEactopmehs 41andflas baseR8| sudless desedhrrdriolU.Hahes0,68.,
i ncl udi ng i ' byt: 4 nd a display 44. The

di spl ay 44g§§§g?ﬁgg%ggggﬁgyg%kﬁg% %%%g ggg%&%ﬁ?I?%gPﬁaﬂgﬁﬁgc PREAPESHLHS ngs
as devi ce Peadistersislly bpjomitahale Zeald seriiggpiitaysilyaot inytibebr @fugtparicagr osol
engi ne during %nh tiog or ‘idal.breahhin%‘and dosi ng conpl ete, such as
descri bed PWOUNESS BBy ﬁé’&e‘ﬁ%meﬁdlét?gf& Y Rath cepsds on Tggredss prnctpgdoles
contents ofwhehitehrapiife DN&OMRGIALEG Yoayg§bn by reference. Body 12 al so

i ncl udes one or nore side walled aperatures 46 which permt air to enter

chanbet? (shown Blistshparkeld erries) supphnoftehbug sitsiatee o266Gp@nasivdniciof t he

nebul i zer | cli bel ow. A.caregi ver places e facemask over
t he mouth Bﬁﬁgﬁg %ﬁﬂéogﬁgdS%?iE%quéﬂef%%?ﬁﬁf,mPﬁgmgﬁ?%ﬁFWégngresses t he
start but t oomHéiRatidtischayelst ised] &5 tHeltRuy bfbsahd\@ BbRIRRL 38bintl wih .
predeterm ned tine, 1-2 seconds. The vibrating el enent engages with

e. g
t he base oPX%WW%W€$W%3%kW§§eﬂh@ﬁé@p@ﬁﬂﬁ6mm@ﬁééﬁh@dﬂdﬁWE©ﬂwh§sdeaggregated

chamber 230 e e e e PR et e b hal B S0ty [

patientd Bhéy p2 emreins abana@nisdor pasrsg\ies dlbraaclyaMmaae 36 0Merell & Pri or
art. For one, the abili to, aerosglize dry powders and deliver sanme in a

nebul i zer PEFARTPSSSHRICH cHicyaic waBelerdgeesmmallingmperaiian oite Horstirpl e wit h
l'iquid car gleentdelSshsorl sal tpﬂt%fs&ﬁh%sﬁg I%agigiloh'aﬁg/ fj?}%ha"l’atgga%tsegﬁgn é)[e

significantly reduced over e 0 zZer. , ﬁaﬁy drugs
are insol uBP® 1‘halwmirstudend conmoltpabel Mehtlvéingdneisi nGreamvendtd Bighs 40, 42,
B?g g: iezmi.r Sandd dig}glgy 28 .l lllgel: 8i58ﬂl|y¥$4i nglayoirng&Biogttesz?clti\\//g ggsse fve@clib%gksctroeir?(gi(?atg tSl?C%r
20 things as device readiness, face mask seal integrity, activation of the aerosol engine
during inhalation or tidal breathing and dosing complete, such as described in U.S.
Published Application No. US-2005-0183725-A1, the contents of which are incorporated
herein by reference. Body 12 also includes one or more side walled aperatures 46 which
permit air to enter chamber (shown in phantom at 23) from the outside.
25 Operation of the nebulizer is as described below.
A caregiver places the facemask over the mouth and nose of the patient.
Thereafter, the caregiver presses the start button 40 which activates the vibrating element
26 for a predetermined time, e.g. 1-2 seconds. The vibrating element engages with the

base of blister pack 22 whereupon powdered medication is deaggregated and ejected out



Anot her feature and advantage of the present invention is that the
generation of 10powder plune is independent of inhalation rate and

i nhal at i omotzonvaoge17 Thus, the nebulizer of the present | RCEMAIS2O0/086815
particularly useful in the case of infants and small children, respiratory
conprom sed patients, and unconscious patients. The above descri bed

i nvention provides controlled, reproducible and recordabl e pul nonary doses
frompre-nmeasured blister packs. Alternatively, a plurality of blister
packs may Renfasniked ihd@ chifbbosy hege. vanesd
necessary. Alternati velly tcﬁe gose %Srrjazoct}ﬁlt?d %%%Fh%%}%ﬁowg%f@gvgpﬁg%h& er
and dur at i dw thef patieet.del i very ' pul ses', or aerosol activation cycles.

The invention is,suscept.ible tq nodification. For exanple, facemask 16 may
be renoved, or ff_ﬁg_PﬁegBI&lp‘ﬁﬁloﬁgﬁﬁﬁ%\’gra&f wtaggs ey dhppiénrah dior fge the

venti | at or /abiidyio #idy@lisy Glyqivald: SMHIr R ik ér SARY iR 8 nbbii AP QMR i fHer

sem -continuously or interm ttedl%. The nebulizer also may be triggered to
turn on’ando¥T$onBentEALS Hgn @redpassiblecwithlifgd shrrigd gaugse Athuasdininistsatioat ed i n

Fig. 6 andg . I ver reaths.. hown,.in Figure 7
t he i nhal at 1|;ﬂoe nt%g%8?%?ﬁ%f(ﬁ%ﬁél‘t%lﬁg%Q@'y%fhééelﬁs&g@rl\lg%doe%nlgfutl%36 a@?%rs dl?ls%élﬁaélgat or
is turned dmugsare iasdhldetin datathdparf’ obd diiedredyisan caneationdfnebhiases, 8 firet 0

carry or follow the particles into 25the patient. A sufficient quantity of
chase air isgluﬁl&oé‘ S'RrySC %‘ﬁﬁﬂt%wﬁllfﬁ‘gcr‘@éep‘b‘g?rtﬁ%we%en i nhal ation vol unes

are | ow and i nhaly@dtHeP feablf€ Le }ld%% : i J
sensors that can beeusgd to %ggiaﬁlﬁ%ggﬁ}}e ent F?@O%ﬂ%nglg%@g{rﬁg b &

ce i n
pr oper 19 es Ppwdgidemeais ind¢nendentor irhathtior hatk and omaketion twéng. cHsbtheused t o

synchroni z he aerosol generator on.and off. appl e of sensors
that mmy bocls o bR iR e Sn Y wesormerrbezeloreiosss
i nhal at i ontkitdren,aédphatory orhbis@NStichts, HIQMSHRRiots PaSs. TIRMRLAt ure

sensors thgt rtEas,ure the tenperature difference between the inhal ed and
exhal ed br 8&CHPeERVBHIPIRRIdgR cHtroled rprodyugible apd resordsblegadmerarg dosest hat

measure th ?roﬁ?ﬁre-‘}lg%lgég gfisﬂr@rgggéks.d 'Aﬁtfeﬁ{aﬁgéi?,eg;@hggﬁg# HRA, ﬁ)glc 4 Se%yel%(eh al ed

breath, and al’'so surenhent sys as ches raps to
nmeasur & t hewerd s therbodnd 2 eeatoasrt ggandhdvanesd; hesdcessavs. t Alterhttvely han be
enpl oyed for this purpose. Still other changes are possible. For exanple,
active vi saﬁﬁe,an};ﬁ}‘(‘} Be SFO?%%liqdlké’élﬁéﬂl‘H Tien Gluf%@nﬁgf}ieé#ﬂ“’%rﬂ palseyider
i ndi cati ngaérbgz)lgg@&aﬁgngg,clggye devi ce and of dosing may be provided
i ncluding, for exanple, visual or audible devices

The invention is susceptible to modification. For example, facemask 16 may be

removed, or the nebulizer mounted directly to a pre-existing ventilator/nebulizing system
20 where it may be run continuously or semi-continuously or intermittedly. The nebulizer
also may be triggered to turn on and off by sensing tidal breathing of a patient as
illustrated in Fig. 6 and 7, and operate over one or several breaths. As shown in Figure 7
the inhalation and/or exhalation cycle is sensed and the aerosol generator is turned on for
a short duration followed by an amount of chase air to carry or follow the particles into
25 the patient. A sufficient quantity of chase air is necessary to ensure lung deposition when
inhalation volumes are low and inhalation cycles are short. Any sensor or combination of
sensors that can be used to measure or identify the difference in properties between an
inhalation and exhalation manuever can be used to synchronize and turn the aerosol

generator on and off. Example of sensors that may be used to detect the patients



as taught in U S Patent 7,343,914, the contents of which are incorporated
herein by 10reference. Also, if desired, electronic comunication may be
provi ded wonotims@Ect i ng the device to equi pment connect @dTiUS201004(333 i ent
for controlling or synchronizing the vibratory element. Also, if desired,

t he dose or anmobunt delivered to a patient may be determ ned by the counting
and controlling nunber of timed or pulsed activations of the vibratory

el enent. Al so animal or cartoon images may be printed on the inside surface

1548 of t henfaeRaRtKald®on 4R ﬂﬁt?en%&@ér@s%ﬁ%%ggﬁ%fr?,gﬁﬁgergt%%es@géi}fs fg @ child

patient, or the device feedb systens, d sounds and
vi br at i ons nmayurp éhaisegefaprre dhfifgemertposen the inhaledhsdexhahid teedtheatbovent i on
has been d% cri be ticyl ar for use with dr for treating asthnma and

Xl ord 'tirn a gﬂh ? z\%zg 1

COPD, the ihvent RIS CSE AU ART #3850 thatynegantg FEPIEERY &G 200f ot her
drugs incl ddffsienceldtwdratinbdled LRfexthled BRbdis, Whd lsS phsidd] @Rhsibmbiagstbig! udi ng
but not limted to RSV, and anti-biotics, anti-fungals and anti-infectives
for tredti AbCh Asrgeststrapsy tospeastisdhe exEnsign sediewstacion o the ghcfslmavut;yeqp.i, eap | ung
cancer. ' a i hl e, .5or.exa it is
possi bl e tgegglg%o?gii h%rﬁg&gﬁ%%&n‘stg ' g? ﬁ%}lﬁeé@%%?%ﬁé@ggs%@gt ﬁgr %ngﬁ?e’ Sgé‘éeages as
opposed t o vjsusl atdibleloowetile fesihacktothy phtiathr byre@beointicalitd g sparstifele si ze.
Still other, changes. are possjble.. g\ocio 1/ 003017PCT/ US2010/ 040815, Cl ai s:
1. A devi ce 9F8F° %‘%ﬁe ‘?ﬁf@’ﬂ“ﬁén% ey idsH Treduding. dow SXammle. Vgl Grapdible devices

o Bh N Saer a3 Tt o e R A R e g
chambel? arefarsiess uhlseifdesitgdt tlectoid emmpmanicitemsnay be pavtded dorctonnecting
the device to equipment connected to the patient for controlling or synchronizing the
vibratory element. Also, if desired, the dose or amount delivered to a patient may be
determined by the counting and controlling number of timed or pulsed activations of the
vibratory element. Also animal or cartoon images may be printed on the inside surface
15 48 of the facemask 16, to make the instrument more friendly to a child patient, or the
device feedback systems, e.g. lights and sounds and vibrations may be used for this
purpose.
Also, while the invention has been described in particular for use with drugs for
treating asthma and COPD, the invention also advantageously may be used for delivery
20 of other drugs including, but not limited to, anti-virals to treat viruses including but not
limited to RSV, and anti-biotics, anti-fungals and anti-infectives for treating lung
infections and other diseases, or drugs for treating lung cancer.
Still other changes are possible. For example, it is possible to control the amount
of drug delivered to the nasal passages as opposed to just the lower respiratory track by

25 controlling particle size. Still other changes are possible.



a nebulizer for aerosolizing a nedication and introducing the nedication
into the chanber. 102. The device of claim1l, further conprising a

m cr opr ocwe=or/@med7cont rol for the vibratory el enent. PCT/US2B0/0303¢5 devi ce
of claim1, wherein the nedication is introduced froma dose-controlled

bl i ster pack. 4. The device of claim1, further conprising a tiner
for controlling the 15vi bratory el enent. 5. The device of claim1l
further conprising electronic conmuni cation for connecting to various
hospi tal equi pnment connected to the patient for controlling or

synchroni zing the vibratory el enent. 6. The device of claim1,
wher ei n t h€lgiose del i vered anount is determ ned 20 by the nunber of tined
or pul sed activationg of .th i.bratory el enment.. 7. The device of
Slalm 1, furthet: compiisigondeeang mlsdihation pdnfints B 'eEIE 1 eedbacks t o
t he pati entoMproad§qiaviehits cBRipsidhk Rhoufifg AEAiHSE aPherbi HBMD&EN@ARFhi& ailosi ng.
8. The device of claiml, wherein the nedication conprises a dry powder.

9. The devperesdized mgidieation wgbesiinredvsediedi cati on conpri ses a pharmaceuti cal

25agent dissolvggogﬁa§&ﬁﬁﬁpaggﬂkg a liquid medium 10. The device of
claim1l, further conprising a pressure sensor for neasuring the quality of

fit of the maskahmsk berr@aidigthe outlet, at ledsi in pag ag@vi ce of claim 1, wherein
the mask is forned of a.resiliently defornmable material. WO . |
2011/ 003017PCT/ B89 EDI et solizing & mpslcatippangipiteaicipe G angicptionige dhen an
i nhal ati on gpgpr exhal ation cycle is sensed, and the nebulizer is turned
on and off synchronized to tidal breathing of the patient.

10 2. The device of claim 1, further comprising a microprocessor and control for

the vibratory element.

3. The device of claim 1, wherein the medication is introduced from a dose-
controlled blister pack.

4, The device of claim 1, further comprising a timer for controlling the

15  vibratory element.

5. The device of claim 1, further comprising electronic communication for
connecting to various hospital equipment connected to the patient for controlling or
synchronizing the vibratory element.

6. The device of claim 1, wherein the dose delivered amount is determined

20 by the number of timed or pulsed activations of the vibratory element.

7. The device of claim 1, further comprising active visual, audible or tactile
feedbacks to the patient or caregiver indicating the status of the device and of dosing.

8. The device of claim 1, wherein the medication comprises a dry powder.

9. The device of claim 1, wherein the medication comprises a pharmaceutical

25  agent dissolved or suspended in a liquid medium.

10.  The device of claim 1, further comprising a pressure sensor for measuring
the quality of fit of the mask to the patient.

11.  The device of claim 1, wherein the mask is formed of a resiliently

deformable material.



13. The device of claim 12, wherein inhalation and/or exhalation is sensed
5usi ng sensors selected fromthe group consisting of flow sensors, pressure
sensors, wenper@msure sensors, gas sensors and chest str &p%/US2010/0408134. A
device for delivering nedication to infants and respiratory-conprom sed
patients conprising a housing defining an aerosol chanber into which an
aerosolized nedication may be introduced; 10an outlet for said chanber; a
nasal cannul a connected to the outlet; and a nebulizer for

aerosolizing a pedicatign.and. i;ntroduci n h ' ' ' t chanber .
15. The device oF c|zb%§Tﬂg3$ﬂ¥?eﬁ‘@%ﬁ%ﬁﬁéPﬁﬁﬂgghﬁﬁéég?%%%§§8fpﬁﬁ%pcontro|
15f or the vdnbédtand yhealeBORAYr is turned on db@d.offfi@chiemized toofidat badathidgof thler ei n t he
medi cation is introduced froma dose-controlled blister pack. 17.

The devi cePHtE| ai m 14, furt her conprising a tinmer for controlling the
vibratory el emepi. Z@ﬁgde}?ger SeMhine1 2wtk dh 'iﬂhéféti_oﬁ Hhd/DEEx HaPRB i SdeRgd

el ectroni ¢ communi cati on connecting the device to various hospital
equi pnent congeued stlocted &opathieanourf amsisting ofofldw sepsors, sgsrbg ssmbar.ng t he
vi bratory g;enent. 19. The device o 14, wherein the dose delivered

Cf1 | ai.m
amount | & OB SEB0™ ERLSSIONDAY SIS ITHEY or pul sed activations of the

vibratory el ememd. 232Qvidedotl@dtivedn®nealoation dAnfahtsrdnbieéspaaidgy- si ng active
visual, audible or tactile feedbacks to the patient or caregiver _indicating

t he stat usCURPIOREsCdtierts sprPEFing8diongng defining an aerosol chamber into which an

aerosolized medication may be introduced;
10 an outlet for said chamber;
a nasal cannula connected to the outlet; and
a nebulizer for aerosolizing a medication and introducing the medication into the
chamber.
15.  The device of claim 14, further comprising a microprocessor and control

15  for the vibratory element.

16, The device of claim 14, wherein the medication is introduced from a dose-
controlled blister pack.

17.  The device of claim 14, further comprising a timer for controlling the
vibratory element.

20 18.  The device of claim 14, further comprising electronic communication for
connecting the device to various hospital equipment connected to the patient for
controlling or synchronizing the vibratory element.

19, The device of claim 14, wherein the dose delivered amount is determined
by the number of timed or pulsed activations of the vibratory element.

25 20.  The device of claim 14, further comprising active visual, audible or tactile
feedbacks to the patient or cafegiver indicating the status of the device and of dosing.

21.  The device of claim 14, wherein the medication comprises a dry powder.
22,  The device of claim 14, wherein the medication comprises a

pharmaceutical agent dissolved or suspended in a liquid medium.

10



21. The device of claim 14, wherein the nedication conprises a dry powder.
22. The device of claim 14, wherein the nedication conprises a
phar macewpDcal v@mgEmt di ssol ved or suspended in a |iqui dPeEdiSacm/040805

2011/ 003017PCT/ US2010/ 040815 23. The device of claim 14, wherein an
i nhal ati on and/ or exhal ation cycle is sensed, and the nebulizer is turned
on and off synchronized to tidal breathing of the patient. 24. The

device of claim 23, wherein inhalation and/ or exhalation is sensed 5using

sensors sel ect efijt fromd B A QUR.GONS S élhaiﬁf’ 8‘{% gl?(pglogﬁlalae&? eyl %5 A

sensors, tenperdature sensors, gas sénsors

devi ce f orseedd, usd theglebﬁche@&ﬁﬂumdtcm anﬂfo&frﬁyﬁclﬁﬁdlzé(e&mda&ibma&nmgnﬁth@m sed
patients corrprl sing a housi ng defining an aerosol chanber into which an
aer osol i zePPY¥BUi cati on may be introduced; 10an outlet for said chanber; a

mout hpi ece connggt edrfOqd g &Uctl!uﬁ{ 23 %vr}férem inhalafoR &R é@lﬁleﬁl@ﬁ iehggol i zi ng
a medi cation and introducing the nmedication into the chanbe 26.

The de\d ceusig sinadrasddssted hotthidae gmupmqnsstm@ ef fiive sewmnscm@@re snsbrsont r ol
15for the vibra The device of claim?25, wherein the

medi cat i on'® Pgmﬁﬁg?§3ﬁ8gﬂg?%%ﬂ$§s8%%@“@8%@P5IIed bl i ster pack. 28.
The device of cpsi m Rilevicdfbih@liveAnPedicAgorftotihfiBfs ah@fespifiobwl | i ng t he

vibratory el ement. 2029.The device of claim25, further conprisin
el ectroni chg@mﬁﬁﬁmﬁeé POHYHS s@pprising a housing defining an aerosol chamber into which an
aerosolized medication may be introduced,;

10 an outlet for said chamber;

a mouthpiece connected to the outlet; and

a nebulizer for aerosolizing a medication and introducing the medication into the
chamber.

26.  The device of claim 25, further comprising a microprocessor and control

15  for the vibratory element.

27. The device of claim 25, wherein the medication is introduced from a dose-
controlled blister pack.

28.  The device of claim 25, further comprising a timer for controlling the
vibratory element.

20 29.  The device of claim 25, further comprising electronic communication for
connecting the device to various hospital equipment connected to the patient for
controlling or synchronizing the vibratory element.

30. The device of claim 25, wherein the dose delivered amount is determined
by the number of timed or pulsed activations of the vibratory element.

25 31. The device of claim 25, further comprising active visual, audible or tactile
feedbacks to the patient or caregiver indicating the status of the device and of dosing.

32.  The device of claim 25, wherein the medication comprises a dry powder.
33.  The device of claim 25, wherein the medication comprises a

pharmaceutical agent dissolved or suspended in a liquid medium.

11



connecting the device to various hospital equipnent connected to the
patient for controlling or synchronizing the vibratory elenent. 30. The
devi ce ofwol2aimmo2d@; wherein the dose delivered anount i gCuatSeonionsds by t he
nunber of timed or pul sed activations of the vibratory elenent. 2531. The
device of claim25, further conprising active visual, audible or tactile
feedbacks to the patient or caregiver indicating the status of the device
and of dosi ng. 32. The device of claim 25, wherein the nedication

conprises a dry,powdegj, %%Vice of claif 25T MehefigY %u? glhglfatiﬁlll %&{%@&haﬂﬂgﬁ g%ége %sgea

medi cati on conpri'ses a pharmaceutical agen I'ssol'ved or “suspen

| i qui d nmedsansad, aMDhe ik hil4es laREH/ JddSAA LB S408dhized to tidal Béathitpeofdbyi ce of
claim 25, wherein an inhalation and/ or exhal ation cycle is sensed, and the
nebul i zer P&PYrned on and of f synchronized to tidal breathing of the

patient. 335, Theqdgyd se18h #4, 33 inhWhes L hity/bniahBbRT RAGLOr

exhal ation is sensed Susing sensors selected fromthe group consisting of
f 1 ow sensonsng pnews selectsd froor the grampensisiimgoldbvs smsorsgrrssssiegsosas.and chest

straps. 6. A propellant fr device for delivering nebulized
e oat | on“TBHITE ARAPEOLG 1t A S8l ng . vi br at ory el enent for

aerosol i zi ng t hgs.medhgabpedanefee déVticcodyaéingihy acbgided aledleatiémniontihigaled
ai rstream 1037. The device of claim 36, further conprising a m crqprocessor
and cont r obISSAMCRBIDYSBE S 6 Pptasy glpsiant for aerosolizhgg thymedigatipe andmtiofuging 36,

wherein thg.medtcatlan, s 4;AtLgduced froma dose-controlled blister pack

10 37.  The device of claim 36, further comprising a microprocessor and control
for the vibratory element.

38. The device of claim 36, wherein the medication is introduced from a dose-
controlled blister pack.

39.  The device of claim 36, further comprising a timer for controlling the

15  vibratory element.

40.  The device of claim 36, further comprising a sensor for detecting
inhalation, and for triggering operation of the vibratory element when inhalation is
sensed.

41.  The device of claim 40, further comprising a controller for controlling the

20  vibratory element over two or more inhaled breaths.

42.  The device of claim 36, further comprising electronic communication for
connecting the device to various hospital equipment connected to the patient for
controlling or synchronizing the vibratory element.

43, The device of claim 36, wherein the dose delivered amount is determined

25 by the number of timed or pulsed activations of the vibratory element.

44, The device of claim 36, further comprising active visual, audible or tactile
feedbacks to the patient or caregiver indicating the status of the device and of dosing.

45.  The device of claim 36, wherein the medication comprises a dry powder.

46.  The device of claim 36, wherein the medication comprises a

12



39. The device of claim36, further conprising a tinmer for controlling the

15vi bratory el enent. 40. The device of claim 36, further conprising
a sensor wonodewaari ng i nhal ati on, and for triggering operaiS2an/oef81s he

vi bratory el ement when inhalation is sensed. 41. The devi ce of
claim 40, further conprising a controller for controlling the 20 vibratory
el ement over two or nore inhal ed breaths. 42. The device of claim
36, further conprising electronic conmunication for connecting the device

to various _hospital .equi n onnected 1.0 the. Lent for controlling or
synchr ont 2 PHETRRu s RGBTSRy SRINRTRTed R NG PHNER, 1o PO0 0P ol AP s,
wherei n the doseg7del Miededcasdiiin 36, vielen ah itdlaZibn byd/bhexalibacyaé i | med
or pul sed actiyvations of the vibratory el enment.. .. 44, The:ggvice of
claim 36, fapehapd dismsbrizends wergdven ardibsynchigrized & tdal brgathingoktbedbacks to
the patient.n caregiver indicating the status of the device and of dosing.
45. The device of claim 36, wherein the nmedication conprises a dry powder.

46. TheS devi ce 8. cl dheid6¢e whadniei 47, tiierere dihektion and/ongrhakgionas sensed
pharmaceutical agent dis ?Ive or_sus enﬂed ih a liquid medium 47. The
Gevi co of BRI SciRePaTionh heidmsy S GHTE oy sen BIEPORe S8 | s
sensed, angpifeeatin@RbhdoZebad Senboik ABE chddt arghsOf f synchroni zed to tidal
breat hi ng of the patient. 548. The device of claim47, wherein inhalation
and/ or exhal ation is sensed using sensors selected fromthe group

consisting of flow sensors, pressure sensors, tenperature sensors, gas
sensors and chest straps.
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