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[ 0001] The present invention relates to adm nistration of treatnent for

ast hmat i cwoaneti/dsge@as and, nore particularly, to apparat BETSGR0FBNNREr | Ng
asthmatic conditions and conpliance to a prescribed treatnent reginen.
BACKGROUND [ 0002] There are several challenges encountered in the diagnosis
and nmonitoring of asthmatic conditiond anong young children and infants.

[ 0003] Di agnosis of asthma is typically inproved through an interview with

e pat 1ATATCBRERPRR Hon RS RSIMAT GRIBMONRE St ent "or “The -

synptonms of asthma to a medical practitioner. " As such, the j udgnment of the
practitioner may be adver sel IR @E et INGOUAPNEVen when a child is old
enough to self adm ni ster asthma treating nedicines; the child may forget

tot ake m‘v‘?p& bf&ent iSHSHoh RASES kS ARt MbRidaahbRTor@shmaRsler
I nconcl SIV ts to determ ne whet her the nedicjnes prescribed have

been bergsnditipas and, sows patticripHy 1a appaatus\ipr monjtodng psthmale £eRdiionsAnd

br eat hi Lhd Geribeliibdatmer réfieand breathing rate, may be neasured
to assi rs}f%n{@ aseg%sasﬁﬁg the extent to which a patient is affected by asthna.

However, the benchmarks for such e known to vary fromone child
to anot her. Indeed, the masuren@fgﬁi{dﬁ@u@hl y nmeani ngful relatively to
previous neasurenents of the .same netrics in the same patient. [0006]
Adr ener goo02]r ohéredirk abarsl chaliengesieocovrderet i the diaghpeiaahd manorng efugh the

nmouth to ?@P%bc&gp nggﬁgﬁgy@n&#}ﬂ n(afﬁhrlnf Agsages) of the lungs. Sone of

these meHi used he 'synptons of asthna chronic
bronchitis, ysenma, and other |ung di seases, |l e others are L{SEd to

prevent [Dﬁ@?:]sy asis of asthen '%WB@Q%E’pr%déW«QPgl gn W‘HH@WO‘HW%PB"I‘ Qare often
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usedvvlt an i nhal er admi ni s ﬁ]
unable to correctly relate the extent of 9mptoms of asthma to a medlcal practltloner

As such, the judgment of the practitioner may be adversely affected.

[0004] Even when a child is old enough to self administer asthma treating medicines;
_the child may forget to take the medicines. Such inconsistent administration may render
inconclusive efforts to determine whether the medicines prescribed have been

beneficial.

[0005] During a visit with a medical practitioner, breathing metrics, e.g., tidal volume
and breathing rate, may be measured to assist in assessing the extent to which a
patient is affected by asthma. However, the benchmarks for such metrics are known to
vary from one child to another. Indeed, the measurements are only meaningful relatively
to previous measurements of the same metrics in the same patient.

[0008] Adrenergic bronchodilators are medicines that are breathed in through the
mouth to open up the bronchial tubes (air passages) of the lungs. Some of these
medicines are used to treat the symptoms of asthma, chronic bronchitis, emphysema,
and other lung diseases, while others are used to prevent the symptoms of such
diseases. Adrenergic bronchodilators are often administered from a metered-dose

inhaler.

[0007] Notably, a spacer is often used with an inhaler for administering medicines
employed in the treatment of asthma for young children and infants. It has been
identified that young children, and even parents, often do not use the spacer correctly



enployed in the treatnent of asthma for young children and infants. It has
been identified that young children, and even parents, often do not use the
spacer cowoeecddossési ng nedi ci ne admi ni stration. Wien t hecspaears/ s 2élsed

I mproperly, the anpunt of asthma treating nedicine admnistered to a
patient may be |l ess than prescribed. [0008] Cearly, t would be hel pful,
both for general practitioners and fo2 specialists, to have a reliable
manner in which to deternmne a given patient's conpliance to a prescri bed

treatment reginen. Additiopally, it would. be hel pful .tq. i feedback to
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Addi t i oneél of a paceciahdicateptaper opsratian. at t ached to the spacer to nonitor and
indicate, to the user of the spacer, proper operation. [0010] In accordance

with an aspect of the present invepijygariyhere i s provided an apparatus for
nonitoring asthmatic conditions, wherein the apparatus is arranged for

nmounting to a spacer, the spacer having.an input end out.out end and a
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[0010] - In accordance with an aspect of the present inveption there is provided an
apparatus for monitoring asthmatic conditions, wherein the apparatus is arranged for
‘mounting to a spacer, the spacer having an input end, an output end and a mask -
mounted at the output end, and wherein an application of the mask to a face of a patient
creates a cavity. The a{:paratus includes an enclosure, a conduit for pneumatipally
coupling the enclosure to the cavity such that pressure changes in the cavity result in
pressure changes in the enclosure and a pressure fransducer mounted in fluid
communication with the cavity for: sensing the pressure changes in the cavity and
producing an electrical output signal representative of the pressure changes. The
apparatus also includes an analog to digital converter for converting the electrical output
signal representative of the pressure changes to a digital value representative of thg'
pressure changes, a memory and a processor communicatively connected to the analog
to digital converter and the memory for: receiving the digital value representative of the
pressure changes; and transmitting, to the memory, the digital value representative of
the pressure changes.

j0011]  In accordance with ancther aspect of the present invention there is provided
an apparatus for monitoring asthmatic conditions, wherein the apparatus is arranged for



to digital converter and the nenory for: receiving the digital value
representative of the pressure changes; and transmtting, to the nenory,

t he di gi twb 20@dases28epr esent ati ve of the pressure changegcCT[sGAdoshposke
accordance with another aspect of the present invention there is provided
an apparatus for nonitoring asthmatic conditions, wherein the apparatus is
arranged fornounting to a spacer. Thesapparatus includes a frame and an
accel eroneter nounted to the frane for: sensing a change in pitch of the
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enbodi nents of this Invention: [0014] FIG 1 illustrates an expl oded
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transferred to the conputer. station fromthe data | ogger of FIG 1

according to nethods e i BEPCHRIPTIQN OF JdEn PRANVDRS on.  DETAI LED
DESCRIPTION [0017] FIG 1 illustrates a data |ogger 100 for nonitoring
ast hmat i jgo@pndintth@iguras waithaitlstrate evaynpif embadiments bHhis inventiva: si de of a
spacer 106. The spacer 106, as is

[0014] FIG. 1 illustrates an exploded perspecﬁve view of a data logger for monitoring
asthmatic conditions according to an embodiment of the present invention, along with a
spacer and a metered-dose inhaler;

[0016)  FIG. 2 schematically illustrates the components of the data logger of FIG. 1;
and :

[0016] FIG. 3 illustrates a computer station, capable of running companion software to
analyze data transferred to the computer station from the data logger of FIG. 1
according to methods exemplary of the present invention.

DETAILED DESCRIPTION

[0017] FIG. 1 illustrates a data logger 100 for monitoring asthmatic conditions
attached, by way of a strap 104, to the side of a spacer 106. The spacer 106, as is‘
typical of such known devices for facilitating the administration of an asthma treating
medicine contained in a canister 130 mounted within a metered-dose inhaler 140,
includes a chamber 120 with an input end 110 and an output end 112 defining an
interior space. The spacer 106 also includes a mask 124 at the output end 112 of the
chamber 120 for fitting over the mouth and nose of a patient. Between the output end
112 of the chamber 120 and the mask 124, an inhalation vaive (not shown) allows the



typi cal of such known devices for facilitating the adm nistration of an
asthma treating nedicine contained in a canister 130 nounted within a

nmet er ed- oweeoienissd2er 140, includes a chanber 120 with amrcisgados@oek2d 10 and
an output end 112 defining an interior space. The spacer 106 al so incl udes
a mask 124 at the output end 112 of the chanber 120 for fitting over the
mout h and nose of a patient. Between4 he output end 112 of the chanber 120
and the mask 124, an inhalation valve (not shown) allows thepassage of air

and asthma treat ng the
passagePHagt 8‘2?'%’"@%5; edl“? FQ%,J{[%O mgagm%[{ &%ﬁ‘t@%ﬁeﬁéhenygbt 're%%ltssé@ﬁlgl tgéfkwha(‘:]e

f rom t hpageagé emreata)exbdealfrbwﬁad paoemamsteaﬂ,rtb@greaahema*%d emde Raflevk 126

| ocat ed in th 124 housed
within %8Y Qﬁ@ﬁ%‘gﬁf pg% s it é;?r@%%%ﬁaﬁ%@b Jf&% "%q&ﬁe&g??ﬁﬁ ﬁﬁgk\?ﬁé‘fh an aperture
for all cmm Gn@'mmf thé datlaéoggeeaﬂa aexhailsed withisrarn mlqﬁafe ehifani® Thedsaskhr ough a

d FIG 1
oo 11 14brrkPe SRy Riliin Sl Aoy tndbf Hetydahenaggmondld- 007

The dat tlefhg@)q:raséﬂﬁomghabdmmm@eéd ap dterinxtoif el erqusnrqnf@e algdodaee| ude a

sensor g&d ﬁrﬁéoﬁ%""{)?@?@%gg%t 6f§.é?5’ss§c§dup5&1téd ﬁ'tﬂ ahtadbF0driogr 204. The

out put I'S passed 10 an ana og-to-digital converter

(ADC) 206 whose digital output is received b&_ oprq ssor control wunit
(MCU) 2[@B18IThd hedatedlogoerd ORisiliusiraied sehesalird) "95[% 4013 SR%bry 210, a
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a pressure transducer, such.as the known Mdtorola Integrated Pressure

Sensor FE/ss0AoRtie TANGMR ARSSS SMEIBYYnent of the invention, the sensor unit
202 incl udes an acceleroneter. In a further enbodi ment of the invention,

t he sengay19pniThed6iy-tenaimeahesry 240l prefaraldy aremeyales agevelagledform of
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communication interface 212 may be, for instance, a standard RS232 (EIA232) or

Universal Serial Bus (USB) interface. In one embodiment of the invention, the sensor

unit 202 includes a pressure transducer, such as the known Motorola Integrated

Pressure Sensor MPXV5004DP. In another embodiment of the invention, the sensor-

unit 202 includes an accelerometer. In a further embodiment of the invention, the sensor

unit 202 includes both a pressure transducer and an accelerometer. The illustrated

visual indication unit 216 may, for example, be associated with the LEDs 108 of FIG. 1

or, alternatively, may be associated with a liquid crystal display or other manner of

relaying status information to a user.

[0020] As would be expected, the data logger 100 includes a power source (not
shown), such as a rechargeable lithium-ion battery, to provide power to the various.
elements of the data logger 100. In addition, the data logger 100 may include a power
management system (not shown) for monitoring and controlling the discharging and

recharging of the power source.

.{0021] A computing station 300, capable of analyzing data received from the data
logger 100 according to methods exemplary of the present invention, is illustrated in
FIG. 3. The computing station 300 includes a display monitor 302 and a central



or, alternatively, may be associated with a liquid crystal display or other
manner of relaying status information to a user. [0020] As woul d be

expect ed,woheosdsse3l ogger 100 i ncludes a power source (RoT/sshasnpos26uch as
a rechargeable lithiumion battery, to provide power to the various

el ements of the data | ogger 100. In addition, the data | ogger 100 may

I ncl ude a power nmanagenent system (no? shown) for nonitoring and
controlling the di'scharging and recharging of the power source. [0021] A
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froma re e source. [0022] In one enbodl ment of an aspect of the present
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212 are (tfg ess comruni cation .using an‘infrared interface
or the hn@mnalmeardmemaajotoaeaﬁmm@a}a frpuoibs]mamnwraydamsﬁé?e@! per

adm ni strat o0 9f 85 LOR b th&bidieniTRbkiftioR SootR tiRAdonfiiting! SiaBn BO®and
the communication interface 212 are configured for wireless communication using an
infrared interface or the known Bluetooth™ technology.

[0023] During a typical administration of asthma treating mediciné, a patient using the
spacer 106 with the metered-dose inhaler 140 activates the metered-dose inhaler 140 to
expel asthma treating medicine from the canister 130 into the interior space of the
chamber 120. The patient then breathes deeply inward (inspiration cycle) to inhale the
asthma treating medicine from the interior space of the chamber 120 and subsequently
exhales (expiration cycle) into the mask 124.

[0024] In operation, before administration of asthma treating medicine, the. user may
activate the data logger 100 by pressing a power button. It may be easily shown that
during the inspiration and expiration cycles of the patient, pressure changes occurin a
cavity between the face of the patient and the mask 124 of the spacer 106. These
pressure changes in the cavity may be experienced within the enclosure of the data
fogger 100 through the pneumatic coupling of the cavity to the enclosure of the data
logger 100 via the conduit 102. Alternatively, the cavity may be pneumatically coupled to
an interior of the sensor unit 202 within the enclosure. Changes in the environment of
the data logger 100 may be sensed by Sensors (not shown) within the sensor unit 202.



spacer 106 with the netered-dose inhaler 140 activates the netered-dose

I nhal er 140 to expel asthma treating nedicine fromthe canister 130 into

t he i nt erwonospmee3of t he chanber 120. The patient thenprorsathesodeepl y
inward (inspiration cycle) to inhale the asthma treating nmedicine fromthe
I nterior space of the chanber 120 and subsequently exhal es (expiration
cycle) into the mask 124. [0024] In dbperation, before adninistration of
asthma treating nedicine, the user may activate the data | ogger 100 by
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the digital values to convert the digital values into fl ow nea H]rerrents for
j0026] In another embodiment of aspects of the present invention, movement of the

data logger 100, and, by extension, the spacer 106 and the canister 130, may be’
measured by the sensor unit 202 by way of an accelerometer. While the accelerométer
may be capable of measuring changes in yaw, pitch and roll of the data logger 100, the
important measurement is the pitch of the data logger 100. That is, the spacer 106, and,
iherefore, the data logger 100, should be held horizontal during administration of the
medicine. An analog signal representative of the pitch may be amplified at the ampilifier
204 and converted, at the ADC 208, to a digital value representative of the pitch
measurement. The digital values received from the ADC 206 by the MCU 208 may then
be recorded, by the MCU 208, initially in the short-term memory and subsequently in the
long-term memory 210.

[0027] The recorded pitch measurements may eventually be transmitted from the
long-term memory 210 to the computing station via the communication interface 212,
where the recorded pitch measurements may be analyzed to determine whether the
chamber 120 has been held sufficiently horizontal during medicine administration.
Additionally, movement measurements from the accelerometer may be analyzed at the



use in quantitatively determining breathing rates and tidal volune. [0026]
I n anot her enbodi nent of aspects of the present invention, novenent of the
dat a | oggwo 20@6s@ad, by extension, the spacer 106 and trhe/scamisgvenre 130,
may be neasured by the sensor unit 202 by way of an acceleroneter. Wile

t he accel eroneter may be capabl e of neasuring changes in yaw, pitch and
roll of the data | ogger 100, the inportant neasurenent is the pitch of the
data | ogger 100. That is, the spacer 106, and, therefore, the data | ogger

100, shoul d be held horizontal duri di ni ' f the medicine. A
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204 and yehy fickiRfhe RImihiBRatC 206, to a digital value representative of the
pitch nmeasurenment. The digital values received fromthe ADC 206 by the MCU
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chanber 120 has been held sufficientl¥ hori zontal during medicine
adni ni st[6@a9] onThedigital valbiaIréresentativawhtherpavaineiihmaasuranait ¥ beccel er onet er

may be aa’%%%&géwﬁﬁ atda?ecgﬁqgﬁm& Bﬂ)vﬁfeafﬂ)};% 30018 cfiRkSnBHNR iyhebhstdt he

cani ster as been shaken proper bef ore nedi cine adm ni strati on.
[ 0028] it the MEW Hhsurements may be processed by the MCU 208 as they are
received and a result of such processing may be used to drive the set of

LEDs 10§oésbl]prm\6 SR pRusen eaddt® bobbie1 005 eacipictivhtitrhefthé detadpmueed00L06 i s
bei ng held level . 8

[0029] The _digital, value.representative .of. the novenent
measur erfBdit CavE§ thedlime EB%F%%% Q%ogataatagngﬂgtpqtﬁow?B]edg?(ﬁcélae 8P% he real
time cl qgkordddsd that a pracBtciee, artagshranit! of o futieMidap ARnitp0RBliahce of tiss npl e use
of the data |ogger 100, each activation of the data | ogger 100 may cause
the ti rrBOaQﬁ‘Eft%lg?)éesﬁf‘b?q]'ée%@?f}@riegmﬁ" adni ni strati on of the nedicine to be
recorded so that a practitioner, or a parent,.of a patient may nonitor
conpl i arj6es1df Tiwedipialivelies represepiasive of hedavemankBweswegiepismay be

processed on board the data logger 100 by the MCU 208 such that the result of such
processing may be used to drive the set'of LEDs 108 on the data logger 100 to provide
feedback to the patient in the form of visual cues that indicate proper and improper
movement of the spacer 106 during medicine administration.

[0032] The set of LEDs 108 on the data logger 100 may provide visual cues to the
patient throughout the administration of medicine. For exam;ﬁle, consider a three LED
display with a yellow “not ready” LED, a red “error” LED and a green “finished” LED.
When preparing to administer medicine, the user will insert the discharge end of the
metered-dose inhaler 140 into the input end 110 of the chamber 120 and power on the
data logger 100. When first powered on, the not ready LED may be turned on for a short
period, say two seconds, while the data logger performs a hardware functionality check
and logs an initial set of digital values from the sensor unit 202. The initial set of digital
values may be used to develop an average, or baseline, sensor measurement against
which subsequent measurements may be compared. Subsequent to the initialization of
the data Ioggér 100, the not ready LED may be turned off.

[0033] Itis considered that the user will then shake the metered-dose inhaler 140
and, by extension, shake the spacer 106 and the data logger 100. The set of LEDs 108 ,



[0031] The digital values representative of the novenent neasurenents may
be processed on board the data | ogger 100 by the MCU 208 such that the
result ofweuwods/qesasessi ng nay be used to drive the set eCTISER®sHOB20n t he
data | ogger 100 to provide feedback to the patient in the form of visual
cues that indicate proper and inproper novenent of the spacer 106 during
medi ci ne adm ni stration. [0032] The set of LEDs 108 on the data | ogger 100
may provide visual cues to the patient throughout the adm nistration of

medi ci ne. For exanple, consider a three LED displ W th el | ow "not
ready" 0Epremainaf fores P@Pe"e[rEBeﬁr’{@'tﬁ‘gd?eé’Qam?'%@H%'Sr\?&lﬁg%n preparing to
adm ni s ined DRitinghRried AfayMavk dunsieh bf, fdranstaneh av@sendsof t he
neteredb%se{e&ﬁr?hal e;m?g)g intoyt he input end 110 of the chanber 120 and

power on the data |ogger,100.. \Wen_ first power h y LED may
be tur n&®36h ¢ S%quﬁ%g}otthf)@(’?lﬁﬂ‘,ons%bﬂet%d%%%ﬂ%gwg@ﬂg })gﬁ?ﬂgﬁed@tﬁgd | ogger
per f or NBo@ of¥AE duaregdan 100 nexyddglryrechieiirly, e sbarb-team mainbngthesdigitabf  di gi t al
val ues fromthe, sensor, unj wTIhe initia t | i ues my be
used tovﬁl‘ég%lr%‘i?w&ﬁqmtrhggléc éﬁg'bfaéfeﬁff’ ﬁ%b,re%eé]lrt\ag@rg oFr&faeg gfﬁr%h&gﬂs 'é%%#%st whi ch
subsequeid sgfeasIHitTR NIlethe digital oaparesrdifuisdakiog place.ahe Inet feady LEDi zat i on
of the data |0 r 100Q, .the . not. re : 0 : 3] It is
consi def&y b@ﬁa*?‘ggﬁaaﬁ of 'WIbﬂn%'ﬂ%Rg@%ﬁ'b&P?r@%&%g%%& %glése%lg%%éﬁgg 140 and,
by ext egghgp unis DakeretresstipacremgiOteasncbntdnts, dieet EnishegiddyD 16y beFinanged . of LEDs
108may repmin off for a predet ' | Ll . i I r the
shaki ng."O H@%@&@F@Wﬁh@%&%ﬁ?f‘f‘%@g?p@? Shggs'ﬂe:t\r?etﬂggﬁ%f @gné?‘\gp {J@f‘or
i NSt anc gyeabiiemenanndsding 6 pistetSmirsedhreshold cSudhdliokipt & thedinished LEP
pr edet er mi ned wai t i.ng _per| . : f ; 00 may begin
recor di Hb",yrhensefeﬂ«gy%egf?zﬁ%fl %Scrk’%éﬁgersyif i %lﬁeg%de% gclh{ba t@?f‘%e%@@_g%g%ve_d fromthe
ADC 206 reddndihg mag comtinue Seme predeterinedicagingmesad s hedeedetermined osgiegr uni t
202. Wile th L Ol . u di ' ki ng pl ace, the not ready LED
may be 'tpﬁp%(ie@g%ﬁg‘gén%ﬁ%?%fhﬁghﬁ | I’?E'I %Séﬁg??%r n. \Where the neasurenents nade
at the sensor unit 202 are pressure change neas {ements . %(/gﬁf&@ shed LED
may be 003%hgeRubegauant idthe eXaiRIopA theRierelembe 0ggingAckiogy responsi ve
to the pPoETRiH-E1BHGE 1UDASAY REBIL B th LRgdémumarmoneaitn, eherdigital velieeshol d.
Such blinking of the finij shS%d LED rraé] beéfeen rl?%l tt.he' Pﬁ;[ ir&%rdl‘?ﬁa 0{;)ei ng
r esponsithal hewe Bernrstefed di the sRRE-RMY MERION; 4IPGR compietion oTThe

- the digital values in the long-term memory 210, the finished LED may be turned on for a

predetermined completion indication period. The bredetermined completion ?ndication
period may have duration of, for instance, five seconds.

10036] The set of LEDs 108 may also indicate various error conditions to the user. For
instance, where the long-term memory 210 is removable, all three LEDs 108 may blink
for three seconds when the data logger 100 is powered on and the long-term merfﬁory
210 is not present. Similarly, the error LED and the finished LED may blink for three
seconds upon power on to indicate a low battery. Additionally, the error LED and_ the
finished LED may be made to blink for ten seconds upon power on to indicate that the
hardware functionality check has failed.

[0037] Where the long-term memory 210 is removable and is removed during
recording of digital values by the MCU 208, the error LED may be arranged to blink until
the long-term memory 210 is re-inserted or until a ten-second re-insertion period
expires, whichever event occurs first. If the re-insertion period expires, the data logger
100 may be reset and all three LEDs 108 may be turned on briefly (say, for three
seconds) to indicate the reset to the user.



recording may continue for a predeterm ned | ogging period. The
predeterm ned | oggi ng period may have duration of, for instance, 60
seconds. WO0Q8&josssbsequent to the expiration of the pregerscainediheoggi ng
period, the MCU 208 of the data | ogger 100 may record, in the long-term
menory 210, the digital values that have been stored in the short-term
menory. Upon conpletion of the recordng of the digital values in the
| ong-term menory 210, the finished LED may be turned on for a predeterm ned
conpl etion indication period. The Er edet erm ned conpl etion |ng t‘\;‘at i on

i

period H#8havik d@ﬂﬁ@iihecfﬁSto‘iay' rSecRRYs¢fdhe Predgteraimet IRBIING RSB  hehe set of

LEDs 108ig W&Waﬂje%qebawm% meu m«eﬁéwﬁé}@r@iﬁcam&r&mmww For
i nst ance,” where the |long-term mem)ré_I 210 i s renovab al | pree Ds 108

may bl i Measwiement dbe MEecIee) a&ﬁ\ﬁ@ﬁ*@@@@?fﬂ%ﬁo“’?‘%‘%%‘?ﬂ@ CHIMRE and t he
| ong- teBﬁ‘aﬁB'ﬁ% Ya éQoh&q‘ﬂ@rﬁcaoéﬁ)@%@gmgsﬂ@tél%iu)és té the sebftesrnmBmand t he

fini shed n'al hree seconds upon o indicate a | ow
battery9n¢\61ﬂYtﬂ iﬁl"[@/’fhet\’ﬁ'ée%fr?@rt EE@%@WW@“P&HPMB“Q@'%WB@ made to

bl i nk fQﬁotﬁd&t?o%ﬂsE% MBOROBANEY tubkloh all kel CEDE 108 atieflyte iftidadwar e
functionality check has failed. [0037] Were the long-termnenory 210 is

r emovabFeneaiationsoflegainged during recording of digital values by the MU 208,
the error 'LED may be arranged to blink until the long-termnenory 210 is
re-i nse[003g] orA uséri dma;aaltcemelo.omienmd logging by pressing @dd dwjsiingdbe palechever

event o rs, first, If t I e Iogger 100
iy be. AL Tok v soRpE: EECNSER Gl Ao (idButrhe Mot 208 TR OF:

t hree setwprdging digitaidaivas ® théshorkért membhyeandseay fei08&ird melva!uesﬁgpnu he

first, gay, ten secon y t di gi tal
val ues PRANVERTIFEREY ks b BT AR 2PE ALY vRA O sy L

basel i neurneaslltiense LEDst168 bNESlY RO icaty camlldmrtd?fdmggﬂ‘r&a dat a | ogger was

uni ntentional |y turned on and nmay, as a consequence, stop |ogging digital

val ues € piHeNbnd-RFA BB 21@&% F@?%(ov%ﬁfe rﬁ&ﬁé»ryd;aww/adrumyf rom the
short-t nory to the |long-term 208

may tur H"waeaﬁ lFm%LI'ﬁ* ’ééntIIE?féh‘iBBt’ed\t T‘?ﬁdIaP‘etW thﬁ&?@d?%geééﬁggp Ia\éfj t'B’Pr €N oggi ng.
[0039] Aakissy ABHaAL IR SARCAIwbRI dipearede] RO Gsthdeyequhassd nayaed hol di ng

the poweclorned with a photograph of the patient with which the card is associated or be labeled
) with patient identification information. The patient may have more than one card, for
when the data for a measurement period exceeds the capacity of a single card. A
-secondary card may include an indication of the secondary nature in the patient
identification information or may be adorned with a photograph of the patient with which
the card is associated and a parent (i.e., second card maps to two people).

[0041] The data logger 100 may be arranged to expect a card for a specific patient.
Where a card is inserted into the data logger that does not identify the patient as

expected by the data logger 100, all three LEDs 108 may be arranged to blink on and off
for a duration of three seconds.

[0042] At the end of the predetermined logging period, and before recording, in the
long-term memory 210, the digitall values that have been stored in the short-term

_ mémory, the MCU 208 may determine the memory required to record the digital values
and the memory available in the long-term memory 210. If the memory required
exceeds the memory available in the long-term memory 210, the MCU 208 may cause
the LEDs 108 to blink for, say, a ten-second period, to indicate insufficient available
memory. The blinking of the LEDs 108 may be discontinued before the end of the ten-



button for, say, two seconds. Responsive to this action by the user, the
MCU 208 may stop logging digital values to the short-term nenory and nmay
not recorwothe/osed2ses from the short-term nenory to thepcwrsg2o00somaenory
210. Additionally, the MCU 208 may turn on all three LEDs 108 briefly to
I ndi cate cancellation of logging. [0040] If the long-termnenory 210 is a
renovabl e nenory card, the card may iincl ude a unique identity of the
patient readable by the data | ogger 100. In addition, each card nay not
have t he sanme outward ag%ear ance. For instance, each ard ma b ador ned

with a Beearddgiespt ifofor insienpathe lpng-1gm Wemﬂ%ﬁ%? ﬁé’eE’BY%P‘F and, €%t ed or

| abel eda%éd"ofﬁéﬁlb@é]ﬁeht@ﬁ!ﬂtd AdvERlehfy tdttior mat i on. The pati ent may have m)re
t han one card, for when the data for a neasurenent period exceeds the

capaci t a sec dar card ma |nc an. in tion of

t he sec{ﬁ%ﬁ} ﬁ’ﬁ‘ﬂ?‘%‘ v%u?%rgpﬁagpptgﬁyep ﬁ?%‘r?r@ﬁ 4#@?%%”38'%@? may be
ador ned2pp hi‘ayéberrhaﬁrﬁédi apihe (fngttben pemeEnR10khth the tie mbdicioairdthes associ at ed
and a parent

0 |
100 b SR8y 140,68 oGS M SRF & rEaRtrentit BRABE R Pleratdtfdbodifng 2 5 (099"
I's i nseéﬁeaﬁeam@néﬂi@eﬁaﬁ& ded gpthreet anthsldéswvever, dsdeilhbe tipat toea parsoent as
expecte

the.data l.ogger 100, al ee 08, : ged to
bl i nk off" Gl ""fa%fe a5t r'%‘ﬁﬁsa'f?hb@tbﬁ'ﬁ% %kg'ﬁi%‘}e‘f%@% Qzﬁfﬁz{ekgpend of the
pr edet esm)rtmdiufamgm d@epeentandpn mwbdam‘ afrteosectbot ate gnfiguning ke daja tpgger m menor y
210, al val.ue h red in the short-termnenory, the
MCU 208‘%9&9%& e(’rar'?iaf:il %ﬁﬁe@é ry rgﬁ'ﬁﬂr%@oto record the digital values and
the nenory available in the Iong termnenory 210. If the nenory required
exceeds [A044] nefhsrlgngrieam ragneryi2A0may heoerpfliguieshtereraiinginnformatiee McU 208 nay

cause t e
n'nﬁf?g o a?;?atr%ﬁteﬁch Bk tﬁe%entﬁwf thé praﬁéht%%mmmah Qé%ara.ag mgﬂ

I nsufficre menory bl 1 nking o
di scont iprRsetiptivefip the l?rﬁéeréﬁé!"ﬁiﬁ‘r i%@%ﬁ@é‘@éﬁﬁa@%ﬁ%aw fnfO’fT@F'o’i‘ nst ance t he

| ong-t efréBarﬂEHymé ;?réchi orf ﬁrﬂ?&a&}sazam%ré AEVREh @@ﬁﬁ@bﬁy theRbarMHsewi th a

new menory card. [00 gl tal val ues re Ee tative of measurenents
made at tha#@r%@r@ewmh? dz@z*osaﬁfy 198 2pd S crpacRLoiRe Iong g @PMeRentity 210
each ting onstt@sé&‘;%r@ma@sly thé lbggwm 1AERBIYIBMQ rhay Beli the SdraY efd rawmbrya
reasur e%ErQitthg t may be removed'%ren tﬁe da% Ioggerdl OH%nd provided to the medical

practitioner or specialist at the time of a patient visit. The medical practitioner may insert

the memory card into the memory card reader 310 associated with the computing

station 300 to update a patient profile.

[0045] There may be developed two versions of software o accompany the data
logger 100, one version for the parents of young patients and the other version for
general practitioners and specialists.

[0046] The version for general practitioners and specialists may execute on a central
server (not shown) that is linked to the same network as the computing station 300. At
each visit, the practitioner may upload measurements from the long-term memory 210 to
a central server (not shown). A compliance chart may be generated to display, for a ‘
given month, a chronological indication of the pressure measurements and/or the
movement measurements.

[0047] The version for general practitioners and specialists may be arranged to plot
average breathing rate and tidal volume in charts so that a correlation can be drawn
between the prescription and any benefit to the patient. Where the digital values
representative of the measurements are recorded in a portable, secure storage medium,



t he neasurenent period is set at three nonths. However, as will be clear to
a person of ordinary skill in the art, the nmeasurenent period nmay

conf i gur edot20odnas@3a | onger or shorter duration, dependegt/Sepais/obdues goal s
of those that are configuring the data | ogger 100 and the capacity of the

| ong-term nmenory 210. [0044] The long-term nmenory 210 may be configured to
mai ntain i nformati on regarding the patient such as the identity of the
patient and information regarding the prescription in the present canister

or ev; oueTeaAI B &ebie ISy g R SR S e et Par e
confi guﬂ;ag}g)stsfmiddmaambn’ggmecm/@@ and the capacity of the | ong-term nenory
210. As discussed previously, the long-termnenory 210 may be in the form

of a it capd Iex*é?&nf'sﬁ athit Eé‘r@%\f@r@ hdyCAloivtRe Rital daﬁm@eépréémut@twd provi ded

to the cal practltlo er or eciali'st at the time of )atient visit.
The nedoithd mepswementsribat &fﬁy%%@érf@fﬁw&dﬁﬁ’rﬂﬁ%er&é’tocﬁtmﬁ@”? "Yenory card

reader é%ﬁ%gg)amﬁts%ﬂt %te#bb&reg b'Ebrﬂ?utéi addoRnt ARBcibRdwaal Bedicalat i ent

profile ere nma c&é wo versions of software to
acconpapsactitieserd Ihis regire a'MIDSSIW ?EY%H’?Sf’SP’eLSﬁ%taB‘éer%fﬁF% of young

pati ent leﬁleﬁwgﬁ’ts% ?gfraé{ﬁbﬁéﬂﬂaf 1Y QML Bhly RS Siiplifyl th@ Broteddéf speci al i sts.

[ 0046] e versi on ener al practltloners and speci alists nmay execute on
a cent r diagnasisy byt glswio @mvmwetqualetypgeqq (fRANOFIS- t he same network as the
conputing station 300. At each visit, the practitioner. may upl oad

measur epnbs wr@%m'@détarr@gteﬁﬂmmprmﬂded&b@atamelﬁfromrtheapaczeeﬂ%rthe( not shown).

A conpl 1 ance_ chart t.ed t h,

chr onol BG4 PriEF ardes OB pHEa Eerdanedon e Bl el B aoTR . oY erment
measur ef&aﬁcﬁpreéébj%iﬂnan'ﬂée wepastionlar,fzopin heleepattureraay be planed i taathaspeci al i st s
may be ar an to ra I har t
so”that 12 Bofpuil porfie ok Bt Bh S} B AR Bl oY L C oot ¢
to the patdneisdion MWeessurd ehatiggs wdthinibe a@styrbetweﬁlethe maskd24pend ke faeisurenent s
are reco{tﬂﬁlpf‘%‘?ﬂtﬂog%mau l,gﬁg eSRfpUr € storage medium p information sharing is

possi bl & doctors to discuss and provide

[0050) While FIG. 1 illustrates the data logger 100 attached to the side of a spacer
- 108, by way of the strap 104, it will be understood that the data logger 100 may be
attached either permanently or temporarily to the spacer 106 in many other ways such

as those that employ glue, tape, Velcro™ or magnets.

[0051] Other modifications will be apparent to those skilled in the art and, therefore,

the invention is defined in the claims.



di agnosi s and treatnent collectively. [0048] The version for patient
caregivers may allow the digital values representative of the neasurenents
t hat ar e weceismsss2Br om t he data | ogger 100 at the conputrcm@comsionone 300 to
be sent via electronic mail to conputer account associated with a nedical
practitioner. This renote transm ssion of digital values representative of
the nmeasurenents to a practitioner né? be seen not only to sinplify the
process of diagnosis, but also to ensure the quality of each diagnosis.
[0049] \Wetgid:he data logger 100 is provided separately fromthe spacer
106, the nask'124 of the spacer 106 may require adaptation to allow the

data | ogger 100 to record pressure changes. In particular, a pin hole
aperturé'-rﬂyaﬂpé‘rﬁ}’%@équnﬁofqgeamﬂt'cl%‘dﬂﬁné'lW'&XF’PW@' FPFIAYS 802 to pass
t hr ough érﬂ%ﬁ%éﬂzfékmb@ﬂﬁr@ﬁd atdpﬁ&@b}éaifj%ﬁbbérttﬁt/mgamtmm&ﬁ'u,sai outpatfengdraggisur e

[

h t th i bet k 124 and the,. of th tient
o1 . GHTEeR Dekgied 107910 JUBBGT AR BrRFe =n apicaury S5l P 8235 ogger 100

at t achegibQalidH cidatt® a)éavaf.m@pp&@tas cbmph@ig:of the strap 104, it will be
understood that the data | ogger 100 nay be attached either permanently or

tenporarily to the spacer 106 in many ot her ways such as those that enpl oy
glue, tape, YLPHBMSY or magnets. [0051] Other nodifications will be
apparent to those skilled in the art and, therefore, the invention is
defined in taeomduitiforsnasmetiealincouplingrsaithenglesue tor said eayily sueh Hat ast hnat i ¢

condi ti ons, i}}\%@éﬁé Ohsided iR LAl Sebt P dMaRAcHRG PR BStidstreéd spacer,

sai d spacer ving an 1 nput end, 'an output end and a mask nounted at said
out put end, and wherein an appljcation of said_nask to a face of a patient
creates a ca?PispsuediaasaHssh U?ddﬁﬂwaicgm@‘.m%%mﬁhSglqrcé";\'@ya%f:onduit f or
pneumatically coupling said enclosure to said cavity such that pressure
changes in said causihy said prassuiechangssimsicéaitygemdi n sai d encl osure; a
pressure transducer nounted in fluid communication with said cavity for:

sensing said prespuiRingANdestriddl obPubsigRM répreséHistive of said pressure

changes;

an analog to digital converter for converting said electrical output signal
representative of said pressure changes to a digital value representative of said

pressure changes;
a memory; and

a processor communicatively connected to said analog to digital converter and
said memory for:

receiving said digital value representative of said pressure changes; and

transmitting, to said memory, said digital value representative of said

pressure changes.

2. The apparatus of claim 1 further comprising a real time clock in communication with

said processor.

3. The apparatus of claim 1 further comprising a visual cue indicator communicatively
connected to said processor so that said processor may activate said visual cue
indicator to indicate information regarding operation of said apparatus.

4. The apparatus of claim 3 wherein said visual cue indicator is a light emitting diode.



produci ng an el ectrical output signal representative of said pressure
changes; an analog to digital converter for converting said electrical
out put siwoabowspsesent ati ve of said pressure changes t eca/sdigistads2val ue
representative of said pressure changes; a nenory; and a processor
comuni catively connected to said analog to digital converter and said
menory for: receiving said digital valdue representative of said pressure
changes; and transmtting, to said nenory, said digital val ue
representative of said pressure changes. 2. The apparatus of claim1l

further conprisi ! i .comuni cation with said processor.
3. The dpp %?;Epsapagyégi{cgﬁhn% ﬁ%ﬁfh‘é}ﬁ&g’) dori sing a visual cue indicator
comuni catively connected to said processor_ so that said processor nay
activate sai @nwacealeipmetes maviiteshiosaid PRl e i nf or mati on regardi ng
operati-on of said apparatus. 4. The apparatus of claim 3 wherein said

visual cue indi caiefing s dhahg@ M piRhidf bhid@pparatls; and The apparatus of claim1l
further conprising: an accel eronmeter nounted to said apparatus for: sensing

Si gnal r epr event drpohepran APAPER i ARRAREARUS AR Bl 7 i, 0

digital converter is further for converting said electrical output signal
represent at | wherdin sad analb@tdigital converier isduhefifefi QRVENIRY SaidielqAticdbnt at i ve of
said change i, hgh SHRAREBIdR 58 cHamiclr BR8P0 d Sighainalier for: receiving
said digital ogtgﬁtéé&%éb eésisent atvi veso?’csg% c%gnge [ ngpi tch; and
transnitti ngrepresestative pbeaid ghangs ig piehjiendl val ue representative of said
change in pitch. 6. The apparatus of claim1l wherein said nenory is a
vol atil e rangpelehtsstd prodBsayr s further for:

receiving said digital value representative of said change in pitch; and

transmitting, to said memory, said digital value representative of said

change in pitch.
6. The apparatus of claim 1 wherein said memory is a volatile random access memory.
7. The apparatus of claim 8 further comprising a non-volatile.memory.

8. The apparatus of claim 7 wherein said non-volatile memory may be removed from.

said apparatus.

9. The apparatus of claim 1 wherein said memory is a non-volatilg memory.

10.The apparatus of claim.1 further comprising a means for attaching said apparatus to

~ said spacer.
11.Thé apparatus of claim 10 wherein said means for attaching is a strap.

12.An apparatus for monitoring asthmatic cqnditions, wherein said apparatus is
arranged for mounting to a spacer, said appafatus comprising:

aframe;
an accelerometer mounted to said frame for:

sensing a change in pitch of said apparatus; and



7. The apparatus of claim6 further conprising a non-volatile nenory. 8.
The apparatus of claim7 wherein said non-vol atile nmenory nmay be renoved
from sai dweppevm@msazs. 9. The apparatus of claim 1l wherei rRCISGdoITHIBRY i S a
non-vol atile nmenory. 10. The apparatus of claim 1l further conprising a neans
for attaching said apparatus to said sgacer. 11. The apparatus of claim 10
wherein said means for attaching is a'trap. 12. Ari apparatus for

moni toring asthmatic conditions, wherein said apparatus is arranged for
nounting to a spaj Sal tcsﬁﬁﬁé. g A% k¢ .OMet er
nounted to said fpg%clﬁgrbﬁe%ggg%ﬁ%ﬁguchanyee%?ér%ggtla?‘(l:%éof sg?dgigggrgg?ﬁ us;
andproduci ng an el ectrical output signal representative of said change in
pitch; an an@nayalag taidigitegonveiterdet cnveding saidveai R Rt ct ri cal  out put
signal represghbatiiifeds saidicaiEmdsitch fo Bdighbl VeluerepicBbhtative/éfl sarl
representative of said change in pitch; a nmenory;, and a processor

comuni cat i vahgngeindiiehied to said analog to digital converter arid said
menory for: receiving said digital value representative of said change in
pitch; and tramemohtan@, to said menory, said digital value representative
of said change in pitch.

a processor communicatively connected to said analog to digital converter and

said memory for:
receiving said digital value representative of said change in pitch; and

transmitting, to said memory, said digital value representative of said

change in pitch.



