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WO 2005/081977 PCT/US2005/005750 DIRECTIONAL FLOW SENSOR
INHALER The present invention relates generally to the field of inhalation
VRS 181d more specifically, to inhalation devices that uBffZ&0a2E&HE750
control to facilitate breath activation of different systems of the inhalation
device. ParticulBiRBEETIONAE. FilcOat SkesOdh INFRAOERI in the area of
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accomplished by inhaling the  powdered material through the nose or
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dep Bl M 20 13,804,499, inhalatian devicss AreAisHosadRadng means

for piercing of a _capsule containing a powdered medicament, which upon
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admane-#Hnes, inte e dsentclpgsianddespitiaiosy ngdstem. Several of these

patents disclose propeller means, which upon, inhalatjon_ aid in.20 .,
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aving a powder-contalnlng capsule, W ICN IS plerce_ _y manu
capsyiressioliHf aPTersrgnsHIs e WEsh UPsE PuliN 38T B0eut of the
pierSiSCIOReE 3R inhaRtion deyicarhaving Mutiple. PR ng: PSR RRENS v

means, and a self-contained -power 25 source for operating the propeller

SYS\Rearty 9 RbdaTTAPHTaRAPHean SO e RS et 6 inrh BatH el o
disppiicipe tier poedssdaidst ihdispensingttheipewdeniadhe sireamatinbaled
inha?g(ri' m%?mesgé%%nuﬁgir e?tfroNn? %1‘?6%2?3388’{%1«?513@ example, in U.S, Pat. No, 2,517,482,
issued to Hall, a device is disclosed having a powder-containing capsule, which is pierced
by manual depression of & piercing pin by the user. U.S. Pat. No. 3,831,606 discloses an
inhalation device having multiple piercing pins, propeller means, and a self-contained power
source for operating the propeller means via external manual manipulation, so that upon
inhalation the propeller means aids in dispensing the powder into the stream of inhaled air,
See also U.S. Pat. No. 5,458,135.

The above description of the prior art is taken largely from U.S. Pat. No. 3,948,264
to Wilke et al, who disclose a device for facilitating inhalation of a powdered medication. A

capsule plercing structure is provided, which upon rotation puts one or more holes in the

capsule, which contains medication, so that upon vibration of the capsule by an electro-



The above description of the prior art is taken largely from U.S. Pat. No.
3,948,264 to Wilke et al, who disclose a device for facilitating inhalation of
a powdered medication. A 30 capsule piercing structure is provided,
which upon rotation puts one or more holes in the capsule, which contains
medication, so that upon vibration of the capsule by an electro- 1
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inhalation device with a fluid sensor to activate and control various
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provided improved utilization of mediation by ensuring that the full (proper) dosage of the
medicament is released when the patient breathes. However, this acoustic sensor flow does
not have the ability to detect the direction of the flow of air, If the sensor detects a flow of
air while user is exhaling, the medicament could be released at the wrong time and the
patient would not receive the full dose,

Thus, a heretofore unaddressed need exists in the industry to address the
aforementioned deficiencies and inadequacies.

In accordance with a first aspect of the present invention, there is provided an
air inhalation device having an air passageway for delivering medicament to a user,
said device including: a high frequency vibrator configured for deaggregating the
medicament and for suspending particles of said medicament in said passageway; an

acoustic controlier, including an acoustic sensing element located in said passageway



air while user is exhaling, the medicament could be released at the wrong

time and the patient would not receive the full dose. Thus, a heretofore
unaddressed need exists in the industry to address the aforementioned
deficiencies and inadequacies. In accordance with a first aspect of the

present invention, there is proyided an, air inhalation device having an air
AL O HARESING RreE BN & ides s bdhce wallapggnt end
highpfreduendynibiataricantigidrécdor deaggregdting g foesicesnant amd
fogl%%ggeigq&g vrgﬂ%la%rogtlsoar{%r@%%c {‘EQE%Qto'ﬁs%%d?g%ﬁ)s\%ga%%agang frequency
acoustic controller, including an acoustic sensing element’locate iA sal
passeienvap ez configueteteadbrect naisentrony aindlow Bevunticaidid

acadstiaensing.elemant ARdid.Rrogdrss slonals hasedLn said.detested

noise, and a circuit for processing said signals to identify the direction and_
amplitud® GFEARRBREABIR aferaig dheproipraisy edityUhstfisrprovided

inducinglsaich medicamentintasaishaiadlewndeasaist Brocessedisighdls
indithg. ighalatio airflowatg saig. (l;&??ﬁr above a riS}Pre_shold. In a%ic%daréce, .
with 'S8 A8 A PSS BRHRSPra JLRt INTAITSH, AR ICBPORREY 'gp nducing sai
inhalationdevibedordsive ing povideredsaedicamend to awseticsaidtroller

devige ncluding: an. air. fl - a high fr vibrator s
Sl AU, 1.9 oo TR i

pESSAEIRADL BE @ sesdsoclststoftise fnundingan aovndteidersingic sensing

eleraenkPasitioneshwithin.aaid it dloy Raesage.sait, OIS L hEINI or
configured to detect noise from air flow around said acoustic sensin

el BFRETE ISP T S BRISdosigrHIS b Bsa s Sa Py B AgisE clnR & said air
ciftont:forhdeacessingpsaid gignals.tbridentifidaftes ue bevcaaplitude-angid
direction of said.air_flow; wherein said high frequency vibrator i apted
o B R N B TR e el e
armddes predpigotilratstoatiientsddtiopdoresseddsignals indicate inhalation

has ceasgd. My .aceordance with asgyégo%%ﬁsg&ggemw&ﬁ%@ﬁ EPI W o vided an

there is provided an airflow directional inhalation sensor comprising: an
acoikH dipeiegad ierdption sensor comprising: an acoustic sensing element

configured to create a signal when air flows around said acoustic sensing element, and
a conversion circuit to convert said signal inte information regard direction and
amplitude of said airflow, wherein said conversion circuit includes a comparator
circuit for detecting an initial direction of said airflow, and said conversion circuit
includes a rectification circuit for detecting a velocity of said air flow,

Embodiments of the present invention seek to provide an improvement over the
prior art inhalation devices such as our aforementioned U.S. Patent No. 6,152,130.
Embodiments of the present invention provide a directionat acoustic flow sensor to
operate the inhaler. The direction acoustic flow sensor may detect the detection of the

airflow into the inhaler and permits the activation of the inhaler



configured. to create a signal when air flows around said acoustic sensing
element, and a conversion circuit to convert said signal into information
regard direction and amplitude of said airflow, wherein said conversion
circuit includes a comparator circuit for detecting an initial direction of said
airflow, and said conversion circuit includes a rectification circuit for
detecting a velocity of said air flow. Embodiments of the present invention
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ttthe inhalation air How. THese signals may ‘e usedto control certain
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activate/contrgl certain components of the inhalation device to maximize
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a full autoglated i?halation device Whjc%js actig/ated on inhalation o] ly,
B | el

the R BFRIES Sl QUyAoIT o e pRfEnSP Medealion Eor SXaliple,
freqagoystiorsignaisy celireh theisettto trigegandhed ighnum (e.g., maximum) inhalation
effort, thereby ensuring that the full (proper) dosage of medicament properly enters the
patient's respiratory system. Alternatively, these signals (breath-activated signals) can be
used to progressively apply increasing power to, or, sequentially activate/deactivate the
various components of the inhalation device to achieve opiimal inhalation dosage.

1t will be appreciated by those skilled in the art that although the following Detailed
Description will proceed with reference being made to preferred embodiments and methods
of use, the present invention is not intended to be limited to these preferred embodiments
and methods of use. Rather, the present invention is of broad scope and is intended 1o be
limited as only set forth in the accompanying claims.

Many aspects of the invention can be better understood with reference to the
foliowing drawings. The components in the drawings are not necessarily to scale, emphasis

instead being placed upon clearly illustrating the principles of the present invention. In the
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frequency vibrator only when the patient has achieved optimum (e.g.,
maximum) inhalation effort, thereby ensuring that the full (proper) dosage

wah paegigarment properly enters the patient's respiratory systemas2005/005750
Alternatively, these signals (breath-activated signals) can be used to
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_ activate/deactivate the various components of the inhalation device to
VIZ¥&hieve optimal inhalation dosage. It will be appreciated by those skilled in

the git:that althauahdhefollawing Detailedvsernptionwil praceed with
renf%bein% made to preferred embodiments and methods of use, the

ref
conelSL &t tRYSRITOR St ¥tended to be limited to these preferred
embédirnénts capshiirdtbods ettise] Rathef fle present invention is of

bro%ch.'%olBea %‘n%t&%ﬂgf%\%%ﬁ%}%r%?n gg]cliter%fgr%e%nék% g&iggg‘l g% tt}:b edirectional
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acoyfiteretsotaniththeferespeeneetiniollowing drawings. The components in
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upon clearly illustrating the %rlnupl_es of the present invention. In the 3 WO
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inhalpepTRiey 18 iseaairing ofihgeanitolanesaipeicrioh dlcavlevipairegit. AiGts most
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12 of an inhalation device 2 is depicted. It should be noted at the outset
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andRa$5246! ehadypicaliphatatinidavicetsichas: these disctssed BOaYSiude,

direooevel, e Rresentipventon iz inignded,fa be adapted 10 A0 ow.
As shown in FIG. 1, air 10 (or any other fluid) enters the airflow passageway 12,

typically by the respiratory activity of a pati;ant inhaling on the device 2. As air 10 flows

through the passage 12, a portion thereof flows through the opening 6 in the passage 2 info a

cavity 4. Placed within the cavity 4 is an air flow-sensing device 8. Preferably, the airflow-
sensing device § is an acoustic sensing element, e.g. a microphone. Also preferably,
microphone 8 is adapted to produce an appropriate noise signal 48 in response to the airflow
detected within the cavity 4, The amplitude, direction, and frequency of the aixflow within
the cavity 4 are a function of the airflow rate 10 within the air pagsage'12 of the device 2.
Thus, outpuf noise signals 48 from the microphone 8 will vary in both frequency and
amplitude as a function of air flow rate and direction within the cavity (which is a function
of flow rate within the passage 12), and thus, can be used to control various components of
the inhaler 2 as a function of frequency and/or arnplitude, as described below. The shape of

the cavity 4 and the size of the opening 6 should be chosen in accordance the particular
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inhalation device, regardless of the particular geometry of the airflow
passage. At its most 15 basic level, the present invention operates by
providing an air flow sensor 8 to detect air flow turbulence around the
weenson8{re., inspiratory air flow rate of a user of the inhaleryansbéas 05750
control various components of the inhalation device 2, as a function of the

geomamplitgtesirdisesiiern antéanfeauency ofihmgetectedsaid oty sndmntldrce,

as described below. As showp.in FIG. 1, air 10 (o other fluid) enters. . .
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cavi laced within the cavity 4 is an air flow-sensing device 8.
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components of 30 the inhaler 2 as a function of frequency and/or
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eferring now to FIG. 2, an expanded cross-sectional view of an

eitherdfsE M BT eI ST ot Se{ebueserpEarR i iefsréh ot fompoEtents
of theABBYR), iR adlryipWdearinhaler, sach as disclosed in U.S. Pat. No.

5’??@’821.9 a lggliic leggngFI[%.l_e%e%[{gt%ng o%otgépa%gggtgg ggn%r})){ Fs’%%%'!r\ﬁ of the poresent
invention for a dry powder inhaler. As described above, the microphone element § produces
noise signals 48 in response to detected airflow 10'. These signals are processed by arn
processing cireuit 30 to condition the signals 48 and to determine the direction of the mirflow
and amplitude, and/or freguency of the noise signals 48. The processor circuit 30 prociuces
two signals: BREATH signal 60 and INHALE signal 62.

The BREATH signal 60 is a logic level signal that indicates the presence of arx
airfiow i the inhalation device. The INHALE signal 62 is latched at the rising edge o f'the
BREATH signal 60 as an indicator of the direction of the airflow. The state of the INHALE
signal at the rising edge of the BREATH signal is a reliable indicator of the direction of the

airflow in the channel during breathing, These signals are used to control the high-
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dry powder inhaler 2. A mouthpiece 46 is provided for a user (i.e., patient)
to inhale on the 10 device 2. A high-frequency vibratory mechanism 28
(e.g., piezoelectric element, ultrasonic acoustic transducer, or other
weleotrasrechanical vibratory mechanism, etc.) is provided t@CIHsIRB 665750
container 20 (e.g., blister or capsule) of dry powdered medicament 50 to
freqausperitryparticlZsreldttersrdicdare b ithto tne, &iﬁ%ﬁa@ﬁg@gﬁﬂ éhafurtheinto a
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induced into the cavity 4, to be detected by the microphone element 8.
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actiSignalsi48:and 1o determing dhe.dirpetioniglihe airflowdr.apdramplitags ;s ir |

and/or frequency of the noise signals 48. The processor circuit 30
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INTRYEE A81 17 POIISIB05lo0smsaicfrite daepvibiarsnaddbpeiere stam 54
wmsﬂﬁﬁxérs@]m abepty BREATH: SIONAIECGHSIRRM RIRReFRMPMAOLEIEEMIEAQatc
ana/o

r 32 and compared with a reference threshold signal 52 and/or 54,
P ELtf"e2§§pect|vely Furthermore, when the comparator circuit 40 and/or 32 first
detgatshégtigiBguency vibrator controller 44 and/or electrostatic plate controlier 36

assumes inhalation 1o be confinuing as long as the BREATH signal 60 remains true,
independent of the subsequent changes of the INHALE signal 62. Upon the BREATH
signal 60 becoming false i.e. the signal falling below the threshold voltage, the high
frequency vibrator 28 and/or the electrostatic plate deflector 26 are deactivated

FIG. 4 is a schematic diagram including the microphone and the processor circuit.
Power to the microphone 8 used in the inhajation device is supplied via resistor 70. In this
circuit, the noise signal 48 creaied by air flow across the microphone § is communicated
from the microphone via capacitor 72 and amplified by the amplification circuit 100, The
amplification circuit consists of op-amp 74 and its associated components. This
amplification circuit 100 also provides low pass filtering to reduce the sensitivity to

unwanted signals. Capacitor 76, diode 78, diode 80, capacitor 82 and resistor 84 comprise a
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edge on the BREATH signal 60, the INHALE signal 62 is latched by the
comparator circuit 5 40 and/or 32. The high frequency vibrator threshold
42 produces a signal 52 which represents the minimum voltage and/or
wiregirsey7required to activate the high frequency vibrator corrosizezlds750
(which, in turn, activates the high frequency vibrator 26). Comparator 40
rectifonnparescsiy 18k 3Rt BRESEH BigrialGolaB® EATSSignals ihdivetiseudlthe
amplitud d/or en ithj redetermined errog margi
are N S D e L S Bl e

resisti Pighefrenige ey anprassiadiitroller anmish cacuviates snd-airpeagor that
GetedRRNOISi0E HIGRITSAHLNCYMIBFRIREAR dRSBRMUN ARFIGpms IREMIS e F.

BREATH signal 60 is above a reference threshold, sufficient airflow exists
in tHEAPHREERGEIPHT TSRy BreatRingerALAS thermdisbilatiol bpase filter
(70 |atchecibiviALE stenal 627 beipghtrduengngatbe BREATHsighat6Q:heing, signal

E? true) indicates 15 that the ug&r is

alﬁ ve a reference threshold (i.e,
48 G TGS 6 RSN P HenELIBT SO b e eiRted
bredtyiay agualtinatchngt BREAFEsignalaGOlandesigagd 54. Bihthercopmparatorses
. 32.and a..INH [ole ich.i i .
s A0 INIOAE, L B MO e B RB G APER o on

ternpptlor Peyueieydegiiradioiaet/atel thelktctmmss ritiatog atehp 6ntperhen of
resiftighbraquencyvipratoneantralien Adandieralestrasialic plate, captralier. 36

assumes inhalation to be continuing as long as the BREATH signal 60

betyarRANEHIE, SERALD ERIRSATS iR S Ridht ersfiyes ShrBaNHNTE
inhgiginalé 2xhipaivth eTRR EA T &l gnehbtihecamipgdalsed ehtbie signales the

ing.below.the threshold voltage, .the high freque vibrator 28 and/or
I R a8 BB S e LSRR ey R eh e
inst&ﬂammicf&agﬁﬁwia@usﬁhg&kwqﬁgna@ddhemmh@ms%rmgme
mdﬂﬁ:?’(ﬁgrs %i%%&@%?ﬂ;% gﬁ&%ﬁgiﬂ%ﬂ&mhalanon device is supplied via

resistor /0. in this™ circuit, the noise signal 48 created by air flow across
thelhfersidHoregorstepfifrinrisaSHEROM thindrerosneciaitep séhand 2
direBchampiified-ay the-amplification siteuil0Qefhe, ampHfication.ciEcuit
consists of gp-amp 74 and its associated companents. This 30
conyphishfoatit FEFLOR Y0 AISEP ARSI PAS S TRRiNh § Wre diclipeprocessor
circBRRSHivilydop et vartiet sig sl swGapreltr Moindieos dBaeinted8; frequency
ga@acitor 82 and resistor 84 comprise a
are both.

Another feature of this invention is an improved means for handling tidal delivery of
the medicament. Some users need multiple breaths to inhale the prescribed dosage of
medicament because of asthma, decreased lung capacity, ete. In this situation, the inhaler
will manage the dosage as follows: at such time as the velocity of the air flow of an
inhalation decreases below a threshold (the inhalation signal becomes false), dosing pauses;
upon the beginning of another inhalation (both the INHALE signal and the BREATH signal
become true) dosing continues until either 1) the dosing 1s complete or 2) the air flow
velocity falls below the aforementioned threshold. This process continues until dosing is

complete or the cumulative time spent inhaling exceeds a predetermined limit.
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6 WO 2005/081977 PCT/US2005/005750 rectification circuit 102 that
outputs a logic level signal, BREATH, that is indicative of the presence of
inhalation. The comparator circuit 104 comprises an op-amp 86, resistor
weBnaeeistor 90, capacitor 92, and resistor 94. The compararariircsitsk@dse
is a comparator that detects the initial direction of the airflow within the
chahnphant; eatatity arsigesd: BHALbvEidhe comparatereiikuispieksaSow
ollows: . Signal.48 is appli via.a low, pass.filter (70, 72 and the, virtual
Lo S A e R A BN i B P
infogitieHavesarbinsehtandossioltagd ofisétpabl ativeethi ghervoltags wihemor

irdB8N8 I8 Do Breathing.dusir.thechanas ol e pr %%{Sé@, ey ragc%%%lésl[htéﬁs,

assage 12. The comparator senses this voltage offset by compari

the ik RegHes TS 5 HRY ETER]A dRad(rncledinstrite atsiiptec o thieshabhp4 must
be FOsRIeNSd vers R ALSIONRl 48 Thenithe s anahess akthe intersectiaca

of resjstor 88 and capacitor 92. At the instant when breathing |

O BN Eh CHLOh RIS DRI TR &8 B0 G GRS P pTEEEiRS firyy rates
frodipettorebitedreattingiuhetiandt sanainbalatiomeriexhalationl thisne of
e llletence 15,3608 by, comparator 80 which generates the, INHALE
glgna?l 62" Other Schemes of cire iEs Hha uélxp?oi%1 e ﬁfgerg?]rggsﬁélfv%fésg}f atory
flowrratq Sapsthtafresusraffset ot theed ot saiis drlsignahatythbe processor 38

can_%rﬁmﬁﬁg@r[e%@a&&m@lmpfgo%r&e%ﬂ&g%lﬁg_!{ﬁteg@%a%%?&9&&'9&%?%?;t

.. invention. It should be Understood that noise Signal 48 is indicative of
vibigioblersiesiahie Phite ion 2 Or et ifeirEpp Uecr e SrBsEntohalatinio atfort).

Thel! €ie xR inte neleddobss santioliabileas:a {uneiiomeliregidency andioL:
mplitude of n%'s.e %?nals rﬁ?@ processor 20 circuit can be adapted to

.a ‘ pted t
PHCE SR i BT RBi R SIgHARS thig BRI G GECFarRG ey sgpgequently,
therbbphindndiberfeatliverntthistnrention-damatimprevad: medasiarphiandling

ti | f [ ent. some users need multiple breaths ta
res R B e e R S SR G e
appresidasenRINg Capdcityabes! frintigsncafion, the inhisler2Swilbedanadiest the

poviigd05ageARIRkoWs .ok siehfime as ihaiuplogity.afdhe air flow of an
inhalation decreases below a threshold (the inhalation signal becomes
fal S'g.sl}la,dgiﬁ avb%gg}t there has been provided an inhalation device with acoustic

control and method for operating same that fully satisfy both the aims and objectives
hereinbefore set forth. It will be appreciated that although specific embodiments and
methods of use have been presented, many modifications, alternatives and equivalents are
possible. For example, processing circuit 30, threshold signal generators 34 and 42,
comparators 42 and 32 and can be any known digital (e.g., microprocessor) or analog
cireuitry and/or associated software to accomplish the funciionality described hersin,
Although the various components described in FIG. 3 have been described in a modular
fashion, each of these components can be discrete off-the-shelf or custom components, or
can be included in a single, vnified system.

Also, the thresholding circuits 42 and 34, the amplitude/frequency processor 30 and
the inspiratory capacitor processor 38 can be adapted {o permit user (patient) control and

user-definable presets (i.e., minimum flow rate for activation, etc).
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upon the beginning of another inhalation (both the INHALE signal and the

BREATH signal become true) dosing continues until either 1) the dosing

is complete or 2) the air flow velocity falls below the aforementioned
wihipeshiadak 7This process continues until dosing is 30 completecaritkees/o05750

cumulative time spent inhaling exceeds a predetermined limit. 7 WO

2005k/084:931, I@@ﬂﬂhﬂ&ﬁﬁ@ﬁy@ﬁagsaamﬁammeapaﬁhy peacessnndBoldvation

0 |de utet |ns rat ow 1 ep esented by, signals
Slg‘%é% the a?trfen Sl/—%ﬁ% ﬁ% own In ﬁ?méfrgvéfhgé LTt o’r)glnaﬂcﬁﬁ
ﬁe@@n@e@s@fmg&ad}@ sdm@dﬁmwha%ﬂm el grighffeayermnoy ViBilztar

achiBreshoigiéhaprlier sl E&%&@%M@ detestorhreshe, ﬁ%n&%%ﬁ%%@qﬁ% is

accompllsh this, 5 the high frequency vibrator threshold 42 and/or
obtgiffrostatic plate detector threshold 34 must be programmable, as is

kn OMdﬂﬁi@alﬁﬁaﬂaﬂmevu@n ﬁh%iﬁﬂf lp@’;}‘@;{éﬁ;ﬁ]@%ﬁ%@f&ig{@d@ ned 4o

trigge. e vario compon the.inhaler to a rvarymn
PSR B oM A £ Y BRE BE R g TS eeac of
witeixahepleyithe ihspicitormcentivhsc e 6 of, maribnéaﬁmgmm*atwrj caambe
proVRILAY ‘ébéﬁé‘% ;LQ A %ﬂf%'?ce Hle{qa%sage%%%gse 5 inspirat r ifica 0‘1" rate

caused r example, decreased lung apa y. ern |vey,
exaprﬁee@@bb%eéan peipheldHietdersedbrenid @ﬂwm&m@wamga portion 1¢'

of (ROIPANENESReNRInAesUined dgikhy, Yi@f@i@%i‘%‘%ﬁi&ﬂ%ﬂ&&‘fe@a&% SlGukat

optlmal |nhalat|on times gl(eg peak inhalation effort). Thus for example,

Slenral SRECREEBY KRR K MIGEHET StRFRLE: ﬁwea%}‘BFSfB‘r‘fﬁtﬁéﬂcﬁ%éﬁ{}éPaf will
outpﬁt@pﬁioﬁﬁﬁiﬁsﬁgﬁelam?éﬁ lﬂﬂ@tﬁi@@%ﬂ@@ﬁﬁ@ﬁk&fﬁﬁﬁﬂt@ﬂh&&lﬁ@é@ﬁ@ﬂﬁ
e equent thereby jnducing the medi nt into the
AC%% é{t’nt%at?J TR e pro l%ejbs S rllaFelgﬁﬁ §%{$‘C§@s%? Bt duid
meamem@ahneﬂmmwemm\ddam@m%acambemmed with approprlate
me%k%'%{ﬂe%%?ere %%Qgﬁ aBéE’é{S\ Hilow rate, which ean pe tsed t

adjust the pow ent 50 to achi ve maximum medication
draperafiheTrasct isveviderrahat treredhdsvbbertiprovigadsantinhBtdtiorsignals 60

andRVIER Wit ACRLSLIE, 20,6000 And Muethed foh OPeratinge SRR dD Al MY ce

satisfy both the aims and objectives hereinbefore set forth. It will be

ma%\]awseva?fs& A BIh S SHRE i RB AR eSS altd HidtRle S o fings may be
modfiifive heempresantedymanyMediicalions;alfairaivescand-eauivalents the

day?ﬁoreover, the timer may be appropriately modified to permit downloading of data
related to usage (e.g., time of day used, dosage of medicament, inhalation effort, etc.), This
data can be particularly relevant for clinical trials where it is important to track the
recommended dosage and times of medication. Of course, the previous description could be
accomplished with a counter, or the like, that simply counts the amount of times that the
device has been used. Furthermore, the counter may be used to track the cumulative fime a
user has used the device during a particular dosing or over a fixed length of time.

Although the present invention has been directed to an acoustic conirol schems for a
dry powder inhaler 2, the present invention is not so limited. On the contrary, the present
invention is intended to be adapted for any inhalation device that would require a control

mechanism (such as described herein) based breath (inhalation) detection. For example, an
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possible. For example, processing circuit 30, threshold signal generators

34 and 42, comparators 42 and 32 and can be any mown digital (e.g.,

microprocessor) or analog 25 circuitry and/or associated software to

wacomslisty the functionality described herein. Although thePCariciageso6s750

components described in FIG. 3 have been described in a modular
aneféishiodedachoidiesecifisg origntkedanaiesdiscoreted offsthielishedfrop cdsddmeein
to %%BP%P&&}&BI ﬁ?@aﬁ%ﬁ%%@%&ié'ngéﬁdeff;yg&‘i{v%ﬁ‘&%tfgﬁlﬁﬂy}@ﬁe acoustic

t itude/f

hresholding circuits 42 and 34, the ampli requency processor 30 an
sengDAREREPIFATOry CRpdetBrprEt BYEo BB hEna@a Stad P TERAt eser
pm’tﬁ@@i@?ﬂ@tﬁﬁﬁm andruggt-delinablspraseimlifqimynimumiiiow rate for

activation, etc). 8 WO 2005/081977 PCT/us2005/005750 In additign,

compAtiBPsOPsTgase BIATSBEYD T8 AER e TEoH SRRRdRmamhof
consigifials-haised diffetng signah shiengibs anifenfieguenayic Bhta]fefpresentative

xample, the high frequency vibrator.can be adapted to activate on

ot o R A TR TSt omy o
exapiples madﬁgfmgmm@mm@mhsm@m @h@&ma@w atstainedle
with R FaHicaHonS AR 2i5h: Qﬁé%@ﬁ-aﬁ&)ﬁﬁéagl%%é@;% JRCIRRAONE; & can

be positioned directly on the inner wall of the airflow passage 12 of the

MOEGRIEODS HHEtEHERBP IS FPip s AP YN S iR TS 8HB WS faPre S thig

disdidRriencaiganesaieiidnean hel pravidet-togengiaignainduriulence
within the air passage 12. This modification, for 10 example, can be used
in an inhalation device that would otherwise not permit a portion 10' of the
air 10 to enter the cavity 4. In addition, instead of a microphone 8, the
acoustic element can be any known fluid pressure transducer (e. g., air
pressure transducer) that will output appropriate signals as a function of
fluid pressure (amplitude) and/or frequency. Accordingly, the present
invention can be appropriately modified to operate in any fluid 15 medium
(other than air), to provide automatic acoustic control. Still other
modifications are possible. For example, although not shown in the
drawings, the present invention can be provided with a timer that is
controlled by signals 60

i0



and 62. The timer can be appropriately modified to control a schedule of
when the device may be activated, to avoid, for example, an overdose.
Thus, for example, the timer may be 20 modified to only permit activation
of the components of the device at certain times of the day. Moreover, the
timer may be appropriately modified to permit downloading of data related
to usage (e.g., time of day used, dosage of medicament, inhalation effort,
WeetdainThis data can be particularly relevant for clinical trials where it is
impqrtant 19 frack e, rerammended dosags and.imes of medication. Of
course, the previous description CoUlE Be Y5Haee pﬁ%he Wit 3 counter,
medictieslikey thaesimplydeounisdldiagiount of times that the device has
beep }ﬁ%%dfrfﬁﬂ%tlimB’ﬁmtQ%n%&ﬂ&%rﬂ@éﬁ%#gﬁg?totﬁg%5?%1%%@lél%l' &

time a User ha ed the deviceé during a osing or over a fixe

sussgih D AReiftieilhaticapresieint seidangmetiasybeen directed to an
acoystic contreb3ehame: foh dindniPWASIIROAISK 21 RS PiRSSEL iff%%- lon

is not so limited. On the contrary, the present 30’ invention is inten to

PasseaaAp Y forBay el deeH deviedremaeindarn e ddammeic sensing

cleMaahaniemisuch asdessiRadhereinhased.bieath ahalation): processing
detection. For example, an 9 WO 2005/081977 PCT/1TS2005/005750

saig SigofiB iR Aevids Lo SREpEcBrapRititd BHdak SeWsarhnd controller
as provitietehesain xgﬁm@ﬂﬁm{%ﬁ%aqammﬁ@m@wf@ﬁmhﬁg&@m 'gir
atient receives. Additionally, the acoustic sensing element can be used.
o e SO R SR TIPS A ARD A0 BY S AP edten,

thrashdldecord this information for downloading and analysis. 5 Although the
preceding detailed description has.provided several mbodim.entos of
con rblling%grﬁ%uagagg%%eo%ﬁéen §§ le?rlieﬁ'l na?g%}{)nn\idgaﬁtgglu?ﬂa Hetustc

elegitpstitioelate yentativel ofthe anfblitute, adiredtignseadiar fredgiency of

melffaiAtionese RV BERLAIGYIICd AN AR AT RISS R ACDIRYIng A

_ acoustic control scheme, and other alternatives are possible withou

sigeraparditgte bbstattaliy friofmuse spirit and principles of the invention. All
such 10 madifications,andvarations &reintandedn-ke Q&'algg%ﬂ%em
within the scope of this disclosure and the present invention an

CO%’P‘E}‘%@E@&W%Q@H@RA}?}F@VMH@ gpsaid high frequency vibrator when said signal

indicates inhalation has stopped.

4. An inhalation device as claimed in claim 3, wherein said high frequency
vibrator is adapted to turn off and on with amplitude of air flow.

3 An inhalation device as claimed in any of claims 1-4, wherein said signals
control activation of a timer, and said timer tracks cumulative inhalation time.

6, An inhalation device as claimed in claim 5, wherein said timer is adapted
to provide feedback to said user when cumulative inhalation time exceeds a
predetermined level.

7. An inhalation device as claimed in any of claims -6, wherein acoustic
sensing element comprises an acoustic microphone element.

8. An inhalation device as claimed in any of claims 1-6, wherein said

acoustic sensing element comprises an air pressure transducer.

11



We Claim: 1. An air inhalation device having an air passageway for
delivering medicament to a user, said device including: a high frequency
vibrator configured for deaggregating the medicament and for suspending
particles of said medicament in said passageway; an acoustic controller,
including an acoustic sensing element located in said passageway and
configured to detect noise from air flow around said acoustic sensing
element and to produce signals based on said detected noise, and a
circyit for processing_said signals to identify the direction and amplitude of
said i fIov/\t;\;nalnn%agaﬁ?é]hgﬁve]aeg%sn%%lﬁ%gké?o%%o%ﬁ%%lﬁe}a = AtERgEdid

madiedicarheniniessaidnirofdey whdrasaid processed signals indicate
inhalation airflow by said user above a threshold. 2. An inhalation device
as claimed in claim 1, further comprising an electrostatic plate positioned
in said air flow for attracting selected particles of medicament thereto,
said electrostatic plate being configured to activate when said signals
indicate inhalation by said user. 3. An inhalation device as claimed in
claim 1, wherein said acoustic controller is adapted to stop the vibration
of said high frequency vibrator when said signal indicates inhalation has
stopped. 4. An inhalation device as claimed in claim 3, wherein said high
frequency vibrator is adapted to turn off and on with amplitude of air flow.
5. An inhalation device as claimed in any of claims 1-4, wherein said
signals control activation of a timer, and said timer tracks cumulative
inhalation time. 6. An inhalation device as claimed in claim 5, wherein said
timer is adapted to provide feedback to said user when cumulative
inhalation time exceeds a predetermined level. 7. An inhalation device as
claimed in any of claims 1-6, wherein acoustic sensing element
comprises an acoustic microphone element.
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8. An inhalation device as claimed in any of claims 1-6, wherein said
acoustic sensing element comprises an air pressure transducer. 11 9. An
inhalation device as claimed in any of claims 1-6, wherein said
medicament comprises a dry powder medicament, lla 10. An inhalation
device as claimed in any of claims 1-6, wherein said medicament is
delivered from a container within said device. 11. An inhalation device as

claimed in apyrebeliainad ko avkierai therdisgeiamef said Ritdowis
identified by said circuit by measuring an instantaneous voltage offset
meéjgﬁ@reé}teﬁ %%ﬁggiad OO ROLEHER VBRI 9E¥1%n inhalation device for

delivéring povitlerad snedidamentdonadiser saitk dawiae inchiding: a3 air
. flow sage: g,high fr vibrator canfigured for inducing said
e B B Pr SE A o SCodb ety b A Hepticte
volemmrtrofket frokidied) tansaicosstistsessivigealement positioned within said air
flow passage,.sal troller hej onfigured to detect. noise from air flo
jpassage.; said Goptioll capiigured
around sai aéoustﬁ: sensfﬁa%?er%‘nglein?rg%ﬁop f)o“g%%ﬁf?ee%i%aﬁ%?gtéggeu& o
devgeidrgdudisted noise, and a circuit for processing said signals to identify a
frqufggﬁmwggégg and direction of said air flow; wherein said high
frequency vibrator s adapted to be activated when said processed
sigraldghdiearersutidierenmeaasadaog sl pengeaidivardr wheredgiinent into

S&i@@cgmgmggg@@mgl@ate inhalation has ceased. 13. An inhalation
. device as claimed’in claim 12, wherein said high frequency vibrator is

turnBYBASHE SHREOPRIHIRY SNgARacaRE asphebE Hea dsierd within
saipawdetegasnedicamenhisdeliveradighrinbalationdaver /s laimed
arollﬂzg lga{l gc%t%@iglgérr{]si}ag’e egaegggn%%!gproduce signals based on said detected noise,
and a circuit for processing said signals to identify a frequency, amplitude and direction
of said air flow;

wherein said high frequency vibrator is adapted to be activated when satd
processed signals indicate sufficient inhalation and to be deactivated when said processed
signals indicate inhalation has ceased.

13, Aninhalation device as claimed in claim 12, wherein said high frequency
vibrator is turned on and off a plurality of times until a prescribed amount of powdered
medicament is delivered.

14, An inhalation device as claimed in claim 12 or claim 13, wherein said
signals control activation of & timer, said timer tracks cumulative inhalation time.

15, An inhalation device as claimed in any of claims 12-14, wherein said
medicament is delivered from a container within the device.

16. An inhalation device as claimed in any of claims 12-15, wherein the
direction of said air flow is identified by said circuit by measuring an instantaneous
voltage offset generated by said acoustic sensing element,

17. Anairflow directional inhalation sensor comprising:

an acoustic sensing element configured to create a signal when air flows around

said acoustic sensing element, and
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signals control activation of a timer, said timer tracks cumulative inhalation
time. 15. An inhalation device as claimed in any of claims 12-14, wherein
said medicament is delivered from a container within the device. 16. An
inhalation device as claimed in any of claims 12-15, wherein the direction
of said air flow is identified by said circuit by measuring an instantaneous
voltage offset generated by said acoustic sensing element. 17. An airflow
directional inhalation sensor comprising: an acoustic sensing element
configured to create a signal when air flows around said acoustic sensin
elerAEREVAREPE FEUEOIVEORSIEN AL aiRTs!dBIREreERM yirgRIAirection an
amifernoatiesidegaeydirection and amplitude of said airflow, wherein said
conveirsion cir§uit inclydes.a c.om%ﬁhator circuit for detecting an injtial
O

dire SHGH B AP AR A i d E8RTEPSOR AT FEUGEY S5s6tiRgdtion
inigatelittctamdetedting Bovelaaltyaaf saideadidtoyitckRzanciudes a rectification circuit

for detecting a velocity of said air flow.



