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DOSI METRI C SPACER The present invention relates to a nethod and
appar at us (LR ogf39d41i stering a neasured dosage of fluid medi canent to a
patient in a gas for inhalation. Throughout this spebSVERMYMEH and
clainms reference is - made to a fluid nedi cament which may be a liquid or
a powder in a fluidised formor in any other simlar form

Pat i ent - operated nulti-dose inhgl ) are_known havi ng a nout hpi ece
t hrough which a patient |nhales——§i§§&¥? nmust activate the MD as
he begins to inhale so that a nmetered dose of nedicament is sprayed into
a stream of air cked t hr.augh thg%nnuthplece by

patient's inhalatlgﬁS prese Unﬁ AR )/{?1 Fovet D m8?58ﬁ oﬁ@ﬁated

apparatus for admlnlsterlng a neasured dosage of £luid

medicament to a patient in a gas for 1nhalatlon

| Throughout this spec1f1cat10n and claims reference is
made to a fluid medicament which may be a liguid or a
powder in a fluidised form or in any other similar form.

Patient-operated multi-dose inhalers (MDI) are knoﬁn
having a mouthpiece through which a patient inhales. " The
patient must activate the MDI as he'begins to inhale so
that a metered dose_of medicament is sprayed into a stream
of air as it is sucked through the mouthpiece by the
patient’s inhalation.

Unfortﬁnately the above MDI is often opérated
incorrectly so that much of the dose of medicament is
wasted. The MDI must be activated or fired just as the
patient begins to inhale so that the mediéament is drawn
deep into the periphery of the lungs wherse it is most
effective. 1f thé MDI is fixed too late, most of the
medicament remains in the throaﬁ or bronchial tracts
without any effect. Elderly patients and childrén are
particularly likely to Ee unable to co-érdinate the firing
of the MDI with the start of inhalatiom.

Some MDIs and dry éowder_inhalers (DPI) are available
whick include sensors which detect when a patient is
inhaling and automatically é:tivate the MDI. Whilst these
MDIs and DPIs work well iﬁ detecting the commencement of .
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incorrectly so that nmuch of the dose of nedicanent is wast ed. The MDI

must be activated or fired just as the patient begins to inhale so that
the nmedi ewowHizzes dr awn deep into the periphery of the Iuwgs where it is
nmost effective. If the MDI is fixed too |ate, nost of PEHEP9S04254

medi canent , remains in the_ throat. or bronchial tracts W t hout any
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the MDI, this only occurs once their inhalation flow rate
has increased to near its maximuﬁ;.and"triggeriﬁg of the
MDI therefore only occurs when the lungs of the patient are
already half full. | |

| MDIs and DPIs have been proposed-which have a spacer
chamber or holding chamber in conjunction with the MDI or
DPI. When the.MDI is activated, a dose of medicament is
flred from the 1nnaler at high veloc1ty ; If a patient
1nhales the dose_ of medicament directly, then a large
proportion of the dose will be impacted at the back of the
throat due to the high velocity.  Much of the dose does
not reach the lungs where the medicament is:intended tc
acet. In some cases, less than fifty_percent of the dose
of medi¢ameht is ‘deposited in the lﬁngs.  A particular
problem with diréct inhalation of the médicament by
children in that they are often unable to inhale the fui:
dosq:released due to the small volume of their lungs. The
ho£é£ﬁ§ chamber may be disposed betWeén the MDI and the
patient; The medicament is sprayed into the holding
chamber'wheie_it is held before the patient inhales from
the holding chambér. The spacér:chémber absorbs the high
velocity of the medicament fired frbﬁ the MDI -and acts as
a "bufferﬁ chambex. The'?atient then inhales the dose ac

a much lower velocity. This can reduce the amount c? the
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dlffICU|ty intriggering the firing of the MOl since their I nhal ati on

flowrates are too small to be detected “Often, 'if a child or elderly
patient isvahbdrg activate the M-t h| s..only occurs once the| r

i nhal ation flow rate ‘has i ncreased to Agar i ts maxi mum ah P?%Eﬁ ng
of the MDI therefore only occurs when the Iu_gs of the patlent are

al ready hal f mqﬁ;camene iMPREESNENENDNS MARK ferthf opeseat wAY cHPHAYESa
spacer chamg hol di ng chanber in conjunction.with the MDD  or DPI
When the MDI CEr i BEYCENHos NG MAVIIGOHRMR GRe ameuntedepRRitad in

I nhal er at tn$g|VfIOC|ty I f a patient i nhal es the dose of nedi canent
directly, the : proportion of the dose will be inpacted at the

ek e L L i

not reach the |ungs ere Fca

cases, | ess (AR {ALAY CRET GRI lndfE HOSC a1rdlla)TPHLEAMENdeS faRpsEhed in

t he Iungs. partlcu problem wth I nhal at1 o
medi cament  byo1ding chamber, the patient no longer needs to co-ordinate

the firing with his inhalation.

The above proposal has some disadventeges. Although
it is iﬁpossible to guarantee that a given dosage of
medicament has actually reached deep into the patient’'s.
lungs, it is desirable to ensure that a dose as accurate as
possible is giveh so that the patient’s treatment is fully
effective.

In the past, a dose of wmedicament has been sprayed
into a holding chamber from which the patient has
repeatedly inhaled until the whole of the dose is presumed
to have been inhalead. Such'a-presumption is an inaccurate
measurement of dose actually inhaled by the patient.
Firstly, as the patient inhales, more air is drawn into the
holding chamber to replace the air which is inhaled. This
causes a dilution of the medicament within the holding
chaﬁber. Therefore, even when a patient has inhaled two or
three times, medicament remains within the hblding chamber.

Seeondly, the medicameht sprayed into the holding chamber
gradually settles on the walls and base ©f the nolding
chambef over time. ThlS is caused in part by grav1 ty, and
in part by static charges on the medicament and on the-

holding chamber. Therefore, much of the medicament is not
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e the full dose rel eased ‘
ol di ng chanber nay be

children in that they are oftes pha
due to the small vol une of tthHlS SHQET HABeBEEN
di sposedWeed/ie3ess t he MDI and ‘he RERMACEDt The nedi ca ﬁﬁprayed
into the holding chanmber w T berore the patren ¥9 nnal es

from C p bsorbs t he

vel ocity o?ietqh | c{;?renﬁ fpﬁgggﬁ%oﬁﬁ% % sz%c? Aoty 4% ma%tglﬁu??‘ér"
chanber . ¢xglﬁgg ﬁgeﬂnhgﬁ@%es t he dose at a much lower velocity.
Thi s can reduce the anmount of WD 96/ 13294
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of eighty percent, and may doubl e the anount deposited in | ungs

Fur t her nor @bdwe uged ofotthée! 0 ga&haP sﬁegﬁanénahain paBt o¥htgd the
medi canment has already been fired into t

accurately determine the dose of medicament received by the

patient.

The scope of the present application is defined in the
appended claims; |

Embodiments of the present invention will now be
described by way of example with reference to the drawings ('
in which:

Figures 1 and 2 show a first embodiment of the present
invention;

Figure 3 shows how the concentration of the medicament
varies over time in graphic form; |

Figure 4 shows the variation in dilution factor as the
medicament is .inhaled in gfaphic form;

Figure 5 shows graphically thé flow throﬁgh the
sensor;

Figures 6 and 7 show a  second embodiment of the
present invention; |

.ﬁfFigures 8, 9 and 10 show graphic characteristics of

the second embodiment;

Figures 11 and 12 show a third embodiment of thé
present invention; _

‘Figure 13 show a fourth embodiment of tfle present
invention; i

Figure 14 shows graphically the flow of air or gas
T
* This Sheet HasB
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hol di ng chanber, the patient no | onger needs to co-ordinate the firing
with his inhalation. The above proposal has sone di sadvant ages.

Al t hough | dcraSaql MPOSSi bl e to guarantee that a given dosage of _

nedi carrentqua%“gg“ual |y reached deep into the patient!s &&?W’Mzﬁs
desirable to ensure that a dose as accurate as possi ble is given so that
the patient' dlegacsteadndyithe useéysor. ef fecti ve. In the past, a dose
of nedi canent has been sprayed into a hol di ng chanber from which the
patient has r epegee y Lhnisdicws it ProeRgsanolcd renithdatvseal supakinged
to have been inhaled. Such a presunption is an inaccurate measur enment
of dose actudth§ 9%l SHVEY FRetpatPakient, epdst|y, as the patient

inhales, nore air is drawn _into the hol di n hanber to replace the air
which 15 inhal ed. FISRFE 16 Showss & ERTCRFbnSBPOdiBeRtdAta RFERERC he

three {imes. U EHHEN T eRRrhaS (Fon R8BS PE ng chamber . o
' | Referring to Figufe 1 a holding chamber 1 includes an
inlet 2 through which a liquid medicament passes into the
holding chambef from the multi-dose inhaler (MDI) 3. The
MDI 3 releases  the 1liquid medicament in a cloud of
droplets. A sensor 4 is disposed between the MDI 3 and
the holding chamber 1 which detects each actuation of the
MDI 3. The sensor 4 also detects the rate at which air or
other gas enters the holding chamber 1 via the inlet 2.
The holding chamber also includes an outlet S to which
a mouthpiece 6 is attached. A patient inhales from the
mouthpiece 6 drawing air or gas laden with medicament from
the holding chamber 1. This causes more air or gas to be
drawn into the holding chamber 1 through the inlet 2.
The rate of flow of air through the inlet is detected by
the sensor 4. A one way valvé 7 is disposed between the
ouﬁiet 5 and the mouthpiece 6 so that the patient can only
inﬁéle from the holding chamber 1 but cannot exhale into
the holding chamber 1. The patient must remove the
'mouthpiece 6 from his mouth before exhaling.
| Referring to Figure 2, a second one-way valve 8 is
disposed in the mouthpiece 6 which permits exhaled air to
be vented to atmosphere.

~ Once the medicament has been released into the holding
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Secondl y, the nedi canent sprayed into the hol di ng chanber gradual | y

settlgs on the walls and base of the holding chanber over tinme. This is
-caused i rnwpaeu3isy gravity, and in part by static charges, (?ﬁﬂg
nmedi cament and on the hol di ng chanber. Therefore, much o gﬁn&‘
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into the holdlng chanmber, a sensor for detecting the introduction
of the chamber and the medicament; Secondly, ' the concentration
| decreases as a result of dilution caused by air entering
the holding chamber to replace air inhaled by the patient.

Calculations must be carried odt in order to determine
the dose of medicament which has actually been deliVered to
the patient. To make these calculations, the following
information must be known:

(i) the concentration'of the medicament within the
holding chamber = "as shown in Figure 3. This
concentration depends on ﬁhe number of actuations of the
MDI releasing the medicament into.the holding chamber and
on the amount of time between the release of the medicament
into the holding chamber and the patient inhaling since the
medicament eediments over time;“and | |

(ii) the dilution factor whefe the concentration of
the medicament in the holding chamber 1 decreases each time
the patient inhales since air. or gas neﬁ containing
mediéament enters the holding chamber 1. This dilution is
shown in Figure 4. :

From this information, the dose of medicament received
by the batient is. monitored, and an indicetion is given by
the apparatus when the desired dose has been administered.

This indication may be audible or visual.

Referring to Figure 35, the detected flow pattern
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10 medi canment into the hol di ng chanber, detector neans for

detecting the rate of flow of gas inhaled by a patient fromthe
chanher, a%&z*s\c;w ating nmeans for cal cul ating t he amount of

medi canent cel'ved by the patient. It i's an obPETEPF04254c
present invention to reduce 15 t he above and ot her di sadvant ages, and
in particul arthmmough the dedwtatz| gfdeher moledine dosebef 0edisasmown .
received by - . the patient. The scope of the present

i nvention is Teddtment nstiaats upon dipumeedof| dibes. MDR20 whereafter the
Enbodi nents.- of the present_ invention wll now_be ' descri bed, by way
of exanpl e, virhRrIEPRn&L t Bhehepatient ig adpREStER-whi chThe rate of
Figures 1 and 2 show a fi&g; enbodi ment. of the present |nvention;

25 R 2507 SO HovPS 19 SREoncaift CALico 3tdrns Rgy be made
?ﬁg' S:meg% i \(;ra]{-_rc!? ?eoqo?\lﬁli‘%%%&q# gioqnct ft:%remdesired ciose hals':,I ggreg éiégg\f\s
This poiﬁt can then be indicated.

Calculation of the dose given to the patient shall now
be described in connection with the embodiment shown in
Figufe 2. The patient firstly connects the MDI 3 to the
port 2. The MDI 3 is fired to release a clqud of
medicament into the-holding.chamber 1 past the sensor 4.
The sensor 4, which might be a microphone or a pressure
detector, detects the introduction of medicament into the
holding chamber 1 and produces a signal. A data processof
(not shown) receives the signal from the sensor 4 and
‘starts a clock (not éhown). The patient then puts the
mouthpiéce 6 to his mouth and inhales. ir and
medicament within the holding chamber 1 is drawn from the
holding chamber through the port 5 and the mouthpiecs. At
the same time, air enters the holding chamber 1 through
pcrg 2 to replace the inhaled air, thereby causing
dilution. The data processor calculates the amount of
medicament delivered to the patient at very frequent
intervals, typically every'one ﬁundredth of a second. In
each of these Sampled' periods, the concentration of
medicament within the holding chamber 1 is calculated to
take accouﬁt of the deposition of the medicamént on the

walls of the holding chamber 1 overtime, and c¢I the



the nmedicanent is inhaled in graphic form Figure 5

shows graphically the flow through the sensor,
Fi gures Gwengizeshow a second enbodi nent of the. present invention;
5 Figures 8, 9 and 10 show graphi ¢ characteristicSfEPISN4254 {1
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look-up table which gives the concentration of medicament
in the chamber at a time after the introduction of.the
medicament based on the deposition rate &f the medicament.
The memory also contains a data look-up table which gives
the concentration of medicament in the chamber following
the introduction of a set wvolume of air.. The
concentration of medicament within the holding chamber 1 is
therefore calculated at the sampled time. The dosé of
medicament inhaled is then calculated by multiplying the
volume of air senséd by the sensor during the sampled
.period by the concentration cf ~medicament within the
holding chamber ét that sampled pefiod. The dose
calculated during this one sample. period is theh added to
the dose calculatea in calculations for.previous sample
periods. Once the cumulative total dose reaches a
predetermined level, an indication is made to thé pétient
that the full dose has been given.. This might be
indicated by a light or by an audible signal. The patient
mayﬁrequire several breaths before the predetermined dose
haé;ﬁéén_inhaled. The patient is able to exhale between
inhalations through the mouthpiece since the one way valve
8 is able to vent the exhaled ai¥ to atmosphere.

The microprocessor must alsc count tne number of
actuations or fifings_of the Mb; in order to calculate the
initial concentration of medicament within the holding

chamber 1. The calculation apparatus used in this
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PCT/ EP95/ 04254 ; detected by the sensor. - Figure 15 shows a

F gure. 16 o4 0102 “anbodi ment of t he. present - | nve RS BRPIIId: ng
control system :

embodiment is similar to the calculation apparatus
described later in this specification in connection with
figures 15 and 16. However, in the present embodiment, in
addition to the decrease in concentration caused by
deposition of the medicament, the dilution must also be
taken into account.

Referring now to figure 6, an alternative apparatus is
shown which oﬁerates in conjunction with dry powder
inhalers (DPI). DPI's are normally actuated by the
patient’s inspiratory flow. They are not suitable for
patients with a very low inspiratory flow since the DPI is
unlikely to be triggéred reliably. Dry powder inhélers
release the medicament in the form of a fine powder which
is inhaled by a patient into their lungs. As with
conventional MDI’s, conventional DPI’s suffer from the
disadvantage that much of a given dose impacts with the
back of a patient's throat. Referring to Figure 6, a
holding chamber 1 includes a first port 9 which is used
both to load and empty'the holding chamber 1. The holding
chamber also includes a piston 10 movable within the
Chamber 1. As the piston 10 is drawn back, air or gas is
sucked into the.holding chamber 1 via the first port 9, and
air trappéd behind the piston escapes through a second port
1. '

The holding chamber 1 includes a one way valve 12
which communicates with the gas or air loaded with
medicament only when the piston 10 is pulled fully back.

The one-way valve 12 permits air only to enter the buffer

0



Referring to Figure 1 a holding chanber 1 includes an inlet 2 through
which a |liquid nedi canent passes into the hol di ng chanber fromthe
mul ti - dowko dgi3géer (MDI) 3. The MDI 3 releases the liquid nedicanent in
a cloud of dropl et s. A sensor 4 is disposed between tRETEP2S32%nd '
t he hol di ng chanber 1 which detects each actuation of the MDI 3. The
sensor 4 al@RA®Re¥cts the rate at which air or ot her gas enters the
hol di ng chanber 1 via the_.inlet 2. _ The hol di ng chanber al so

i ncl udes an out | B¢ BSEo MASCHRISten nblt hfi dudled Pagk ddrawing Aipabirent

rom - tnEHoI HHD FRHEIa1ns ARAEEH S HOPS a, 1o0r £ 558 LBOBE 9 dr aun
U0 i hokgkas CORIRES L SO LPe ety P one T8 LA S Chondt, A
0 SPoSed DRUMRAILA e | Ry Shyde R0, LR IR, DG SOf Bps0 Lhghotle pRLICT
hol ding chag®fcdment inf8ethR! LY SHSLaEEMIUE tRSough a sensor 4.
Once the piston 10 has been pulled back fully, it revéals
the one-way valve 12. The biston 10 is fifed in that
position. The patient then removes the DPI 13 and
replaces it with a mouthpiece 6 as shown in Figure 7.
The patient then inhales from the mouthpiece 6 and air or
gas loaded with the medicament is sucked from the holding
chamber passing through the port 9, through the sensor 4
and through the mouthpiege 6. The sensor 4 detects this
airflow as shown in Figure 10. Ambient air enters the
‘buffer chamber 1 through the one¥way valve 12 in order to
replace the air or gas being inhaied.f
Calculations can again be made to accurately measure
when a given dose of medicament has been administered.
Again, it is necessary to know the .concentration of the
medidaﬁent within the holding chamber-l,_as shown in Figure
8, égﬁce sedimentation of medicament occurs over time. It
is also necessary to know the dilution factor during
inhalation as shown in Figure 9. These can be calcuiated
from the output of the sensor 4 as described in connection
with figure 2.
Once the correct dose has been administered, this is

indicated.



nout hpi ece 6 from his nouth before exhaling. Referring to Figure
2, a second one-way valve 8 is di sposed i n . the nouthpiece 6 which
permts exﬁﬁiﬁﬂgihf to be vented to atnosphere.. Once t he

medi canent has béeen rel eased into the hol ding WO 96/ 1RCHSEPIS/04254
PCT/ EP95/ 04254 chanmber, the concentration of the nedi canent decreases,
firstly as a result Dfrthgosembodimenthd sreshoenent $Eichmes 11 oanthd 2
wal | s and base of the hol di ng..chanber due to gravity and el ectrostatic
forces betweeanghe ival tRisf emhedhnratnghe rietarerlGnuetusnaediceassntthe
Secondly, the concentration - decreases as a result_of dilution caused by
air entering holE@chhATREEhANES the rRptieRt ainrbpAREled bYhere A&t i%ht .

Cal cul ati ons nust be carried out .in order.to determ ne )
one-way valve 12lin the holding chamber as in the previous

embodiment. During inhalation and, coﬁsequently, emptying
of the hdlding chamber i, the piston is arranged to move
only in the direction of emptying the hblding chamber 1 to
prevent dilution. To permit the patient to exhale, a one-
- way valve 14 is disposed in the mouthpiece 6.

Another advantage of this embodiment is that the
dilution factor is eliminated, making dosage calculations
simpler, quickér and mdre accurate. | No air enters the
holding chamber 1 to replace the air or gas being inhaled
since the piston moves to replace the inhaled air.

Calculation of the dose given to the patient shall now
be described in connection with the embodiment shown in
Figures 11 and 12.' The patient f£irstly connects the DPI
13 to thé port 9. The piston 10 is pulled back drawing
air into ﬁhe holding chamber 1 via the DPI 13 and.the port
9. The sensor 4, which might be a microphone or a
pressure detector, detects this introduction of medicament
into the holding chamber 1 énd produces a signal. A data
processor (not showh) redeives the signal from the sensor
4 and stérts a clock (not shown). The patient thern
removes the DPI from the port 9 and replaces it with a
mouthpiece (Figure 12). The patient inhales throﬁgh the

- mouthpiece, énd the air flows past the sensor 4. The data

'processor calculates the amount of medicament delivered tc



the dose of nedi canent which has actually been delivered to the patient.

To make these cal culations, the foll ow ng I nformati on nust be known:
(i) the O¥RA8EMA2P4ti on of the medicament within the hol dippg/g Pﬁg@ﬁgpr
as shown in Figure 3. Thi s concentrati on depends on the nunber

of actualiongeGhatfign:e vBY EfLaashRgyt heyBEdbaagPal Lyl 8 LG baldin

chamber and ‘on the anou €l ease 0 ganent

into the h%ﬂl&lgsébaﬂ‘aer anthd r@or@ﬂ@futima& NHediBSRehPey thQﬁdtc%@ment

sedi nents over tinme; and (ii) the dilutron ?actor_ ere t

concentratilsl@ing chambsedi cannt ddhdiitadid ¥ n@ahahaled %crea;‘c@s each
tinme the patient inhales since air or gas not containing medi canment

enters the daotoiiny charterddpositien dbf wieditdment ors e wiall 15 @4r €hé.
Fromthis information, the dose of nedicanent received by the patient
i s. noni t orkeellding azhamMrcaJtugwerstgmeen byA memchy appetaints ahdatkhe
desired dose has been_ adm ni stered.
look-up table which gives the concentration of medicament
in the chamber 1 at a time after introduction of the
medicament. - The dose of medicameht inhaled is then
calculated by mulpiplying the volume of air sensed by the
sensor by the _qoncentration of médiéament. The 'dose
calculated during this one hundredth of a second sample
period is then added to the dose calculaﬁed in.calculations
for previous sample periods. | dnce the cumulative total
dose reaches a predetérmined level, an indiqatién ié made
to the patient that the full dosé.has been given. This
might be indicated by .a light or by.an audible'signal.'
Figure 15 shows a block diagram of the processor
system including a processor 25 powefed by a powér.supply
34. The sensor 4 sends signals to the processor 25 via an
amplifier 32 to indicate when thé medicament is being
intfoduced into the holdlng chamber 1, and the rate of
_1nha1atlon of the patlent The processor 25 calculates
the dose given to the patient on the basié of a progfam 29,
a memory 30 containing look-up Aata.31, and a clock 27.
Once the processcr has calculated.that the predetermined
dose has been given, a signal is output via the data output
33.

Referring to Figures 13 and 14, the whole system may
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This indication may be audi bl e or visual. Referring to Figure 5,
the detected flow pattern W) 96/ 13294 '
PCT/EPQSIQ@ﬁgélzgthrough the inlet 2 of the holding chanber 1 is snown.

Tr eat nent {182%450n firing of the MD whereafter the i MEVERISB#ST t he
patient is detected. The rate of I nhal ation is detected so that
t he cal cul at imnscomyrdkl eddey movtenatet evirithe atisteat Ifoi nt Nohwadeesr ededose
has been given. This point can then be indicated. Cal cul ation of
tﬂe dose gi vessed, tmltpath@nﬂﬂwglm inchudges tWdhedniAtEonrEtd | 5HOW t h
t he enbodi nent shown in gure 2. The patient_ firstly connects the VDI
3 to the  pRFToZDhere armetmo%h% PR W3 R o PAIREH] Lot

medi canment into the holdin nber 1 past t he Sensor
whi ch ni ght BREBSHF cf SHHUH ient is 1in

The piston 10 is automatically moved'forwards when the

allng ang exﬁeﬂigg 4

patient inhales so that the patient inhale; the air or gas
containing medicament from the holding chamber 1. As with
the earlier embodiments, an audible of visual warning can
be given when the patient has received the correct dose.
In such an embodiment, once the piston has been
withdrawn to £ill the holding chamber 1 with medicament and
" air, biassing meéns‘may be used to biase the piston to push
the air and medicament out of the holding chamber 1, and
locking means for fixing the piston. The sensor 4 is a
pressure sensor which senses the commencement of inhalation
by a patient, and the microprocessor 25 releases the
locking means to enable the piston to move through ths
holding chamber 1 in order to dispense sufficient air ang
medicament to satisfy the inhalation of the. natlent before
the locking means fixes the piston once the sensor 4
de;gcts that the patient stopped inhaling. When the
pétieﬁt exhales, the exhaled breath is vented through the
one Way'valve 14 in the nmuthpieée. The inhalation
process is repeated until the microprocessor determines
that the predetermined dose has been administered at which
point the patient is warned, and the .locking means
pérmanently fixes the piston so that no further medicament

can be inhaled from the holding chamber 1



detector, detects the introduction of nedicament into the hol di ng

chanber 1 and produces a signal. ‘A data processor (not shown) receives

At ont e S ot hpi ece 6 1o his mouth and RGHERSSSMs

Air and medi cament _within the hol ding chanber 1 is drawn fromthe

hol di ng chanber thr cuighuthBegoramBrdifente Asutstphwrein fHigure the,sane

el cd ai rPLoEPReiDng® DRIGHE CEriGR| biolding GBERDSKoSedEORG &

Frequent  PPEFeRvaiEotol yakFh, S50 crod dRett et I Grr s oy & DA

the hol di ng” ehanper 108 18%s AT ChIPRRR™ | Bnd babtan 1 eh e ebsuehe on of

EES ”Edicanﬁﬁtagﬁaﬁbént pUBl i 8504 &8&;€8£9h89r8&35?¢r 11@%§%gdg%c€y§%(ﬁ
rod 20 is toothed, and a solenoid latch 21 is disposed just
outside the holding chamber 1 which is engageable with the
toothed connecting rod 20 to lock the piston. 10. An
optional spring 22 is disposed around the connecting rod 20
between the piston.lo and one end of the holding chamber 1
which biases the piston 10 to expel gas and medicament from:
the holding chamber 1. Furthermore, a dose panel 35 is
included for indicating the proportion of the prééc:ibed
dose which has been administered. This embodiment
operates in generally the same way as des;ribed above in
connection with Figures 11, 12 and 15 in that the dose
gj.ven to the patient is continuously monitored. The
processor 25 uses the éignal from the sensor 4, a clock
signal from a clock 27, data Qn_predetermined-dose and datsa
31 on how the concentration varies With time in the form of

a look-up table. As the calculated dose given tc the

patient increases, LEDs on the dose panel 35 are

&)}

illuminated corresponding tc¢ the propertion o the
predetermined dose given, in this case a new LEZ is
illuminated on each of 25%, 50%, 75% and 100%. Furthner,
when the full predetermined dose has been administered, the

microprocessor 25 drives the solenoid latch 21 to engage

with the toothed connecting rod 20 to lock the piston 1¢C.

=
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effect of air entering the hol ding chanber 1 which does not carry any
nedicanent ‘ﬁegﬁnory contains a data | ook-up table which gives the
concent r at Non P e di canent in the chanber at a tine aftcPCY/EE9S/04254

i ntroduction of the medi cament based on the deposition rate of the .
medi canent . THihe praveptsl socofmathsr amddtiaameak- e itap| de veheqi ves

t he concentration of nedicanent in the chanber follow ng t he

i ntroduction the patiest. volThe mptroprpcessor shstem FlAweimchudes of
medi canment mnthln t he hol ding chanber 1 is t herefore cal cul ated at the
sanpl ed ti ne. comp ligpcgodataf memorEdR 6 afieht TRAREARAT] Shendateal Bimat aadby

mul tiplying t vQql .une - sensed by, the sen durln the sanpled
period by e LB A oL T cBHBHEGUSRERYn B4 haRd1vRER G o
chanber é aﬁo sanpl ed period. The dose calculated during this
one sanple pe Y955 then added to

Reférence has been made above to look up tables which
give data on how concentration of medicament decreases in
time, and how ~concentration of medicament decreases by
dilution caused by inhalation of known volumes. The déta'
in the look-up tables must be gathered by experiment. For
example, when the data for decrease in concentration of
medicament with time 1is gathered, a known amount of
medicament is introduced into the holding chamber, and the
air in the holding chamber 1 is then expelled after a time
into a filter paper. The expelled medicament is then
weighed. This experiment is repeated for different time
periods to establish the necessary data. The variation of
concentration.with time profile is likely to be different
for different medicaments. Therefore the apparatus must
have the correct profile programmed in.

:'The data of decrease in concentration of medicament
witﬂ?dilution is collected by introducing a known amoﬁnt of
medicament intd the holding chamber, diluting the
medicament by replacing some of.the air, and then expelling
the air and medicament into a filter paper; A profile can
then be created.

In general, the holding chamber 1 would typicaily be

of the order of 100-500 mi in volume, and the senscr 4

L
un



t he dose cal culated in cal cul ations for previous sanple peri ods.

Once the cunulative total dose reaches a predeterm ned | evel, an

i ndi cati i de to the patient that the full dos gi ven.
Thi s m,g‘ﬁP*‘Eﬁeﬂw i ndicated by a light or by an audible si S’W’ﬁ‘ﬁﬁ‘é--

pati ent may require several breaths before the predeterm ned dose has
been inhal edightThR RA itald presdhilie tOysxhabechebveanpneumaakat iansf

- through the nout hpi ece since the one way val ve 8 is able to vent the
~exhal ed airthe gurbsjiletice-detectinglhypsd et coessoniansihaieso count the
nunber of actuations or firings of the MD in order to calculate the
initial concentration of nedicanent wi thi'n the hol di ng chanber 1.

The «calculation apparatus used in this WO 96/ 13294

PCT/ EP95/ 04254 enbodinment is simlar ‘to the calculation apparatus

i6



described later in this specification in connection with figures 15 and
16. However, in the present enbodinent, in addition to the decrease in
concentration. caused by deposition of the nedicanment, the dilution nust
al so be AREBP4t 0 account . Referring now to fi gUPET/EPSH0¥254
alternative apparatus is shown whi ch operates in conjunction with dry
powder I nhalers (DPIl). DPlI's are normally actuated by the -

patient's inspiratory flow They are not suitable for patients with a
very low inspiratory flow since the DPlI gissIMs unlikely to be triggered
reliably. Dry powder inhalers rel ease the nedicarent-ln the formof a
fi ne powder which is inhaled by a patient into tHEiSHEﬂhg ' As
with conventional MDI's, conventional DPl's suffer fiREp e

di sadvant age fhat ARERTHLUE gfornadninishpadng W tHITHE mee pent g0 a
patient's throat., Referring to Figure_ 6, a hol di ng chanber 1 includes
a first port DafHeas isnudedas Y hinbalgidoan@nshpigrt FalRuLatAgIc Hdier
1.

The h0|dig%sage administered to the patient comprising
| a holding chamber for temporarily holding the
medicament and gas prior to inhalation
means for introducing a quantity of thé medicament
into the holding'chamber,
a sensor for sensing the introduction of the
medicament into the holding chambér
detector means for detecting the rate of flow of gas
inhaled by a patient from the holding chamber and
calculation means operably connected to the sensor and
to the detector means for caléulating the amount of
medicament received by a patient on the basis of:
the preset quantity of medicament released into the
holding chamber,
of the preset volume of the holding chamber,
the time elapsed from the sensing of the introduction
offéhe medicament
- and of the detected.rate of flow of gas inhaled from
the holding chamber,
the calculation being made by assessing the
concentration of the medicament in the holding chamber on
a time basis during reduction of the said concentration

within the holding chamber due at 1least in part to
R R Rt ) \——____\
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chanber al so includes a piston 10 novabl e within.the chanber 1. As the
piston 10 is drawn back, air or gas is sucked into the hol ding chanber 1

via the fwosénxest 9, and
a second port

whi ch

co

yni cates _wth

t he: gas ro _
only when t REPBFSEIRTIES thful Medifamepthatichin ghe baddiag \miamejrzg
' [ [ly. t ter. the buffer N _ .
GO 11 oA o RS L e o e cas seceinedaby e
piston 10 |g5aPuthed sk AN Aldn O ana9%he Find 1001 IE "G, ShATHE!

t hr ough t het

rrst por
sgnsgdjiﬁtiéductioh of medicament to the inhalation by the

patient.

2. Apparatus for administering:a_fluid ﬁedicament to a
patient in a gas for inhalation_and'for calculating the
dosage administered to the patient comprisin§

a holding chamber for_holding the medicament and gas
prior to inhalation

means for int:oducing a quanti?yfof the medicament
intc the holding chamber,

a sensér for sensin§ introduction of the medicament
into the holding chamber

detector means for detecting the rate of flow of gas
inhaled by a patien: from_ the hblding chémber, and

calculation means operably connected to the sensor and

Hh

tc the detector means for calculaﬁiﬁg the amount o
medicament received by a patien;, thé éalculation means
including

”-a'timing means for indicating the time.elapsed since
the sensor senses the introduc;ion of medicament into the
holding chamber; |

means for 'supplving the ini#ial concentration oI

medicament in the holding chamber immediately after the
introduction of medicament therein |

means. for determining the concentration cf medicamen<

air trapped behind the piston escapes through
The hol di ng chanber 1 includes a oRETERYSHOASve 12
or air loaded wth medi canent

1

_
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Before reaching the first ']}Qg'sheegﬂastﬁb@p]@é facddf 0as passes through a dry
powder inhaler 13 mhlch nmedi canent into the air or gas,
and through a sensor 4. Egllﬁ'm ﬁﬂ! 10 has been pulled back fully, it
reveal s WoOR6/18204- way valve on 10 is fired i rpdygdosnarsy

posi tion. The patient then rermves the DPI 13 and replaces it with a

th 6; 4
nout hpi ece 6, as 5@0%1&,{: 9&1& ez dIQ?L t'nq{l{(#canen?yatﬁé b?%? %‘ dm t he

nout hpi ece 6" an air ed Wt h i SSu

hol di ng cheﬁeeeoaee%lt&ettﬁarp@ rﬁé&é&ﬁén&récﬁ'ﬁ@i@ &:behsgmaer dhe zRNd

t hrough t he nout hpi ece 6. The sensor 4 detects this alrflow as shown in

Figure 10. 1AgBtendtn gdrenter depbeiribuf i hamedidandnoughthha e way
valve 12 in order to replace the air or gas being inhal ed.

Cal cul ati onsheadiagachahberadehieo datettindnalty o &eihe madehen ahg varidose
of medi canment has been adm ni st ered. Again, it is necessary to know the
concentrati oafoftheneinitiedi ceomrenvarathion t Isenplpdli@idngﬁm haineerméanas fshrown
'n Fgure supplying initial concentration, and of the time elapsed
since the sensor sensed the introduction of medicament into
the holding chamber, and
means for determining the amount of medicament
received by the patient by calculating the volume of gas
inhaled by the patient from the holding chamber by
integraﬁing' the rate of flow detected by the detector
means, and by multiplying the éaleulated volume of gas by
the concentration of medicamenﬁ in the holding chamber at

that time determined by the means for determining the

concentration of medicament.

3. Apparatus according to claim 1 or 2 including a memory
for storing a look-up chart showing the decrease of
concentration of the medicament in the holding chamber over

time.

4. Apparatus according to claim 3 wherein the means for
determining the concentration of medicament in the holding
chamber during inhalation makes the said determination also

on the basis of the look-up chart in the memory.

5. 5pparatus according to any of ciaims 2, 3 or 4 wherein
/ .
.18 THIS SHEET HAS BEEN
O " REPLACED



8, since sedimentation of medi cament ﬁhﬁﬂk&}ﬁyﬁﬁ | Is al so
necessary to know the dilution factor mﬂmm’ ﬁat I on as shown in
Figure 9. _These can be cal cul ated *ﬂ

[ W‘ﬁgﬁgb’ﬁ%‘bct i on ' [ :

of the sensor 4-as
descri bed W th flgure e t he BOT/ERY04283se has
been admini stered, this is i ndi cat ed. : 10

WO 96/ 13294 the means for supplying initial concd¥ek/RUH (A2kddicament A
further enbodinment is shown - in Figures 11 and 12 and, in this-

enbodi nent the phst@nlﬂlngﬂqhambemrnmmedhately hﬁtérnghehaﬁhebdhc&ichhe
patient inhales. There is no one-way valve 12 in the hol ding chanber
as in the preﬁlmgélcameGNbdetnsmnneSD@hengandhahamu@d spicentmraedoan oy,
enpt yi ng of the holding chanber 1, the piston is arranged to nove
the basis of a preset quantity of medicament introduction
into the holding chamber, and of a preset volume of the

holding chamber.

6. Apparatus'according to any'precediné claim'wherein the
holding chamber inclﬁdes an inlet for permitting entry of
gas into the holding chamber as gas is drawn out of the
holding chamber by inhalation thereby causing a reduction
of the concentration of medicament within the holding

chamber by dilution.

7. Apparatus according to claim 6 wherein the means for
determining the concentfation of medicament in the holding
chamber during inhalation makes the said determination alsc
on the basis of the volume of gas previously inhaled by ths

patient.

8. Apparatus according to claim 6 or 7 including a memory
for storing a look-up chart showing the decrease cof
concentration of the medicament in the holding chamber with

the volume o¢f air inhaled.

9. Apparatus éccording to any of claims 1-5 wherein the
holding chamber includes a piston for reducing the volume
of gas in the holding chamber as gas is inhaled, thereby

_—
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- PR
only in the direction of enptying the holding chanber 1 to prevent

dilution. To permt the patient to exhale a one- way .val ve 14 is
di sposed | t hpi ece 6. | Anot her advantage of this enbodi nent
is that the 5@%/15;%?

ution factor is el |Wmﬂaswd1ep edosagemﬁl&mﬁns

si npl er, quicker and nore accurate. th hol ding
chanber 1 to napdwae iy &iluiogas bei since the piston
noves to replace the inhaled air. Calcu atlon of the dose given to
the patient shall now be described in connection with the enbodi ment
shown in Figures 11 and 12. The patient firstly connects the DP

13 to the portl®. Apprrates oactordingultedcbadh ¢ abinjudingameanst ofohe
hol di ng chanber 1 via the DPlI 13 and the port 9. The sensor 4,

whi ch mi ght beafking dgr el ffon. pressure detector, detects this

I ntroduction of nedi canent i nto the hol ding chanbber 1 and produces a
signal. A data processor (not shown) receives the signal fromthe

sensor 4 %.r]l.d st arparaf‘tt% Ocacco(riaolng hgo ¢laim 9T palt | S etrre]:em the

piston is movable within the holding chamber for drawing

gas and medicament into the holding chamber.

12. ' Apparatus according to ahy preceding claim including
a port in the holding chamber through which a quantity of
medicament is introduced inte the holding chamber by said
releasing means, and through which gas is inhaled by a

patient.

13. Apparatus according to any of claims 10-12 wherein the
means for ldcking the piston locks ‘the piston upon

administration of the measured dose.

14. Apparatus according to claim 1 including indication
means for 1nd1cat1ng that the measured dosage has been

admlnlstered

15. Apparatus according to any preceding claim wherein the

medicament is a cloud of ligquid droplets.

1€, Apparatus according to any pfeceding claim wherein the

medicament is a cloud of dry powder particles.

2 [




renmoves the DPI fromt aces it wth a mout hpi ece
(Figure 12). The pati ﬂlllr l@g ,l gh t he nout hpi ece, and the air
fl ows p®ao9d/izeasensor- 4. ev rocessor caI cul at ,H;;s unt of
medi canment delivered to WO 96/13294 ' ket 104254

PCT/ EP95/ 04254 t he ﬁtlent very frequently, typ| cally every one
hundredt h 17-of PRPEERGHS. accPrdipgntent }ﬁt?%?f:%@lrl’r%cﬁ%r‘ﬂ sfiein Fhche

hol di h | | at d t t ak t of th
doposi ¢ Snﬂ‘{%?ﬁ ad; (SadRBLl MHS . %""SCSf&eﬁe el nijh&ﬁ e 1 sr
time. %gdcg,at QiHRs éhé?as@r s {gﬁa th aQLg \éﬁgsn ?ﬁcthh%he
concent rat | on | canent. I N er

i ntroduct i Qaq@kakBar is"edi1eaMR into tHE H&%ﬁd& Wnt inhal ed is
t hen calculated by nmultiplying the volune of air sensed by the sensor

by the concentration of mnedi canent. The dose

18. Apparatus according to any preceding claim wherein the
- sensor for sensing introduction of ﬁkdicament into the
.holdihg chamber and the detector méans for detecting the
rate of flow of gas inhaled by a patient frbm the holding.

chamber are constituted by a single sensor. ‘

1¢. Apparatus according to claim 18 wherein the single

senscr is disposed in the port of the holding chamber.

20. Apparatus for administering a fiuid medicament to a
patient in a gas for inhalatibn and for calculating the
dosage administered to the patient comprising

a holding chamber er :emporéfily ﬁolding' the
medicament and gas pribr to inhalation

means for 1ntroduc1ng a quantity of tn'= medicament
1nto ‘the holding chamber,

”Ta“ sensor for sensing the introduccion' of the

medicament into the holding chamber

detector means for detecting the rate of flow of gas
inhaled by a patient from the holding chamber and

calculation means operably connected to thé sensor and
to the detector means fér calculating the amount of

medicament received by a patient on the basis of:

N
Ny
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cal cul ated during this one-hundredth of a second sanple period is then
added to the dose cal cul at ed,j ' En for previous sanple

peri ods. Once the cumul ati “ﬂma\lﬁmﬁﬂ“ﬁm reaches a predetermn ned
level , anWMeli/ts294 on is made '« €0 thetpatiént that the ful poflppsydiss been
given. . This m ght be indicated by a Iight or by an audi ble signal.

Figure 15 shows a bl ock, di agram._of_the .arocessor .. _systemincluding a
- processor 25 powered b§h§ %ﬁ%r”sﬁ%ﬁﬁyJﬂﬁpé%E 8%%%c§%%§%rrii§3ﬁag &gﬁﬁals
to the procesg@'ndPa¥héd 2R mplifier 32 to indicate when the nedicanment
I s being et|§ntroduceia§1i nt gm{oﬁg'hol di ng chanber 1, and the rate of

inhal ation of the patightthe plB@eR’ YAUMY o5 3R HHIAi®Ry chanfe,dose given
to the patient on the basis o? a program 29, a nmenory ~30 contal ni ng

| ook-up data 31, and atBeoCkihé eldued t herdii OCEIRSOr séRsSifgl cykat edet hat
t he predeterm ned ~dose has been given, a signal is output via the data
out put 33introductilef erfr i tiget ocBigament]3 afhdthd, ddrearzel erayst e may
| flow of gas inhaled from the holding chamber,

the calculation being made _by assessing the

concéhtration of the medicament in the holding chamber on

" the basié of the detected inhaled volume during reduction

of.the said concentration within the holding chamber due at

least in part to dilution cf the medicament within the

holding chamber, and by determining the volume of the gas

" received by the patient during inhalation.

21. Apparétus for administering a fluid medicament to a
patient in a gas for inhalation and for calculating thé
dosage administered to the patient comprising

a holding chamber for holding the medicament and gas
prior”to inhalatio=n

| means for'in:roducing a gquantity of the medicament

into the holding chamber,

a sensor for sensing introduction of the medicament
into-the_holding.chamber

detector means for detecting the rate of flow of gas
inhaled by a patient from the holding chamber, and

calculation means operably connected to the senscr and
to the detector means for calculating the amount of

medicament received by a patient, the calculation means

. ‘This Sheet Has Been R, THIS SHEET HAS BEEN
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12 WD 96/ 13294 PCT/ EP95/ 04254
be controlled by novenent of _the piston 10. No val ves are used, but

t he nout hpi ece includes two inlets, one from - at nosphere and the ot her
from t he WO chamber 1. “ﬂl"sﬂlﬁ"ﬂlﬂmet ects when tRCGIERISIOSE | S

i nhal i ng and exhal i ng. Thel omatical |y nmoved forwards
when t he ipattuanhg nhal es so that thé patlent i nhal es the air or gas »
cont ai ni ng nmedi canent fromthe holding chanber 1. :As with the earlier
enbodi nents, an autiitimgpmesdrsuafomeimidihgating thbetgineeelapeed einga i ent
has recei ved the correct dose. In such an enbodi nent, once the

pi ston has bbensenson tdefisam the fintredechbedi A§ ordisamentwiimtaddicanent
and air, biassing means may be used to biase the piston to push t he
“air and nedheaddng mgfeXtihe hol di.ng chanber 1, and

means for .supplying the initial concentration of
medicament in the holdlng chamber 1mmed1ately after the
introduction of medicament therein
means for determining the qoncentfation of medicament
in the holding chamber during inhalation by ﬁhe patient,
the concentration of medicament_?educiné with the volume of
gas inhaled due at ieast in part to diiution of. the
. medicament within the holding chamber, the determination
being made on the basis of the initial comcen;ration
supplied by the means for supplying initial concentration,
and of the volume of gés inhaled, calcﬁlated from the rate
of flow of gas detected by the:detecﬁer since the sensor
sensed the introduction of medicament -into_ the holdihg
chamber, and
means for determining the amount of medicament
recelved by the patient by calcula?lng the volume of gas
1nhaled by the patient from the holdlng chambev by
1ntegrat1ng' the rate of flow detected by  the detector-
means, and by multiplying the calcula;ed volume of gas by
the concentration of medicament in the holding chamber at
that time determined by the means 'for determining . the

concentration of medicament.

22. A method for administering a n@asured‘dosage of a
____A______‘~—___—_ f
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Iocklng means for fixing the—p+s%ﬁﬁ”"‘Tﬁ§”§énsor 4 is a pressure
sensor which senses the co ion by a patient, and
the m croprocessor 25 rel ez%mgmi!““mﬂmm means to enabl e the piston
to nove t hNRISHIRZNe em-1sin*order—to di spenperspdsiosgisent
air and medi canment to satisfy the inhalation of the patlent before

106,70 T o pRegand SecgTolh A il ity d

pati ent stopped | nhali ent exh
breath is vea&p@ﬂﬂgﬁ@b téan ris .way valve 14 in the nout hpi ece.

The inhal ati on process |s repea ed until the m croprocessor determnes
that the predeterm nesidiose desmbeenfegnhblaiagednat meldiichment RRIOIgdde
patient is warned, and the | ocking neans permanently fixes the p| ston

so that no fplrt:Jme:r tn:ecﬁrdammmon, can be inhal ed fromthe hol di ng chanber
L means for 1ntroduc1ng a quantity of medicament into

the holding chamber;

a sensor for sensing thé introduction of medicament
into the holding chamber;

detector means for detecting the rate of flow of gas
inhaled by a patient from the holding chamber, and

calculation means operably connected to the sensor and
to the ‘detector means for calculating the amount of
medicament received by a patient;

the method comprising:

sensing the. introduction of medicament into the
holding chamber, the sensing being made by the sensor;

monitoring the time elapsed since the introduction of
medicament is sénsed, the monitoring being made by the
calculation means; |

supplying the value of the initial concentration of -
medlcament in the holdlng chamber;

determlnlng the concentration of medicament in the
holding chamber during inhalation by the patient, the
concentrétion of medicament reducing with time due at least
in part to deposition of the medicament within the holding
chamber, the determination being made on the basis of the
supplied initial concentratibn and of the time elapsed

since the sensor senses the introduction of medicament into

P
!
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WD 96/ 13294 PCT/ EP95/ 04254 I n

a further enbodinent, as shown in figure 16, a pi ston 10 i s novabl e
through ayhekiieg chamber 1 having a T et fa ethi ch air and

medi cament is drawn from a DPI as the H] lm j kvith(!’Fé'ﬁ??ﬂM?ﬁfb

pi ston 10 is w thdrawn by a patient p ting rod 20. The
connect i ng ther bglddangs cheowiesd, amdd a solenoid |atch 21 is di sposed just

out si de the hol di.ng chanher 1;mhich S engageable with the t oot hed
connecting rod 20ef§TMESRNEh&hs Anpunp. of magicamepti sageived My Lhe s
di sposed. around t he . conne tiggF[od 2 bet ween the piston 10 and one end

of the hol dPRGIERANRY FBLICULAFLRTDIERSsVRHEMS SfoFar 1rhakedl byathmd

di fron he hpl di hanb h - d I '
el uded 1 oPSPREFEaEPRY ERE BUBORE; SREBPSF naY procearhites oot Tann

has been S9TALg! ALeeco by oF SecSEONL I, | AORELG SR SNGAT Y

the sanme way as descri connect 1 on. Wi

iTﬂet hat thecg@se ca18hY8Peli0 tHSIRRLT €U | FaGONthPUOUSlY MPUddifidiea
concentration of medicament in the holding chamber at that

time.

23. A method of administering a fluid medicament to a
-patient in a gas for inhalation and_for calculating the
dosage administered to the patient comprising

sensing the introduction of a quantity of medicament
into a holding chambef; _

detecting the rate of flow of gas inhaied by a patient
from the holdihg chamber;

monitoring the time elapsed from the sensing of the
introduction of the quantity of medicament into the holding
chamber

determining the concentration of medicament in the
holéing chamber during inhalation by the patient, the
concéﬁtration of ﬁedicament reducing with time due at ieast.
in part to deposition of the medicameﬁ; within the holding
chamber, the determination being made on the basis of the
predetermined initial concentration of medicament within
the holding chamb:r immediately after thg in;roduction of
medicament therein, and on the basis of thé monitored time

elapsed since ths sensing of the introduction of
_—
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processor 25 uses the signal fromthe sensor 4, a clock signal froma

cl ock 27, data on predeterm ned dose and data 31 on how the
concentration varies with tine in the form of “a | ook-up table. As the
cal cul at ed¥Q8¥B2% ven to thd'l patient increases, LEDs BGI/EP95@425ose
panel 35 are illumnated corresponding to the proportion of the
predet erm ned,. §0S6me 9t VE€Sng i N this case a new LED is illum nated
on each of 2 /3 gO%e%j% and. 100% Furt her, ‘when the full _
predet erm ned dose-fpsuPLeingddehai ahehRe: otNfedi cBiehePRRTRIIVA a%: drjeyes
the solenoid latch 21 to engage wi.th the toothed connecting rod 20 to
lock the pistggriént by caldI¥ibzPHhe volume of gas inhaled by the |
PCT/ EP95/ 04254 This prevents any further nedicanment being delivered to

the patient. patfihentn cfopmocelssorhsydimm atlsambearc| Utles imtegraominyd | atiee
data nmenory 36 for recording the date, tine and :
detected rate of flow, and by multiplying the calculated
volume of gas inhaled by the determined concentration of

medicament in the holding chamber.

THIS SHEET HAS BEEN |
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dose delivered which can subsequently be anal yzed by a doct or.

Ref erence has been made above to | ook up tabl es which gi ve data on how
concentrat i qo@f/, 44l canent decreases in time, and how concentration of
medi cament decreases by dilution caused by inhalation of kREFEPYAN4AHeS.
The data in the | ook-up tables nust be gathered by experinent. For
exanpl e, when the data for decrease in con tration of nmedi canent with
time is gathered, a known anpount of medi canment is introduced into the
hol di ng chanber, and the air in the holding chanber 1 is then expelled
after a tine into a filter paper. The expel | ed nedi cane is then
wei ghed. This experinent is repeated for different tine I to
establish the necessary data. The vari ation of concentr th time
profile is likely to be diffenep= o—ch=f=t=a ent Medi canenf's. Therefore
t he apparat us mnust have t hel correct Profil efprogrampd.i The
data of decrease in con of medi canent _ 3
[
6 Y L i 2 4
' Fig.1
j
' 3
™

n = MDI Actuations

Spacer
Concentration

'Fig.3.

Time

1.0

Dilution
Factor

Fig.4.

| “Pafient Minute Volume
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with dilution is collected by introducing a known anount of medi canment
into the holding chanber, diluting the medi canent by repl aci ng
sofre of the air, and then expelling the air and nedicanment into a filter
paper. A pY8P#1¥%an  then be created. I n gener apeT/eResgasdsdi Ng
chanmber 1 would typically be of the ord@/6of 100-500 m in vol une, and
the sensor 4 1. = Apparatus for admnistering a fluid
medi canent to a patient in a gas for inhalation and for

cal cul ating the dosage adm nistered to 'hb? patient conpri sing 5

‘a hol di ng chanber For tenporarily hol di'fn¥*t he medi canment.and gas prior to
i nhal ati on; + MDI Fireckans f Fafientr dospiratiod quantity of the

medi canent into the hol difjg chanber; a sensor for sensing
the introduction of tem Z4ddi canent. into the hol di ng chanber;

detector nmeans for} detectliing the rate of flow of gas inhaled by a patient
fromthe 1 hof di ng dhanber; cal cul gFgn neans

oper abl y co%ﬁﬁﬁ“@d to thdlsenso to the tor zieans/for

cal cul ati ng {A¥ anpunt off {medi receiv pati ent /on t

basi s of:

[

Treatment Time .
Start Dose Given

Fig.5.

. | DPI

Patient Inspiration

Piston Time
Putled
Back
. Dose Gi
- - Treatment Time ] ose. wen
o Sttt Fig.10
. | DPI |
Sensor | | /ﬁ\ /\
Flow _ ~Time
- - “Treafment lime 1 DoseGiven

Start | Fig.14.
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the preset quantity of mmedi canent rel eased into the hol ding chanber;

t he, preset volune of the holding chanber) 15 the tinme el apsed
fromthe senwoss/@bost he i ntroduction of the nedi cament; t he
detected rate of flow of gas inhaled fromthe holding chanmber pergpesps

the concentration of the nedicanent in the hbddi ng chanber, as assesséﬁ4by
t he cacul ation neans on a tinme basis, during reduction of the said
concentration within the hol di ng chanber due at least in part to
deposition of the medi canent w t hifg hol di ng 20 chmnber; and

t he vol une of the gas received by th atient during Lyhalation as

det er m ned by t he cal cul F-Tal fpparatus
according to claiml, wherei #-he| cal cul ati on ne inclu :

a clock for determning the ti el apsed since t sensor [senges the

i ntroduction of medi carren:fé;l into the hol di

a processor for (i) assesdin itfati on off nedi cgnent in

t he hol di ng chanberganedilately aiter thg | ntroductiy nedilcanknt
t her ei n; (1i1) assessing the conce i fkﬁedicanedHBin

t he hol di ng chanberduring 30 ijnhal ati on by t t he

concentrati on of nedi cament redu t

18 - in part to deposition of the-hedic nt within the hol ding
chanber, the assessnent being made on zzp is of the assessed
initial concentration, and of the ti | apsed si m€e the sensor

sensed the introduction of nedi canent
(iii) determ ning the anount of ' e patient by
cal cul ati ng 5 t he volu )as i nhaled by the patipnt*firmtRe
hol di ng chanber by integrating rate of fIOM/jeDLctedlgathe
detector neans over time, and by]jmiltiplying the cal cul atled uQl une
of inhal ed gas by the cqncegfrat o{: of medi cament in the ml di ng chanb% al

t hat time. —~—
g
LN -

{

nto the holding chamber, and

10 G
Fig.7
Fig.8
Spacer
Concentration
Time
10

Ditution
Factor

Fig.9

Patient Minute Voiume
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10 3. Apparatus according to claim1 or-2, including a nmenory for
storing al ook-up chart showi ng the decrease of concentration of the
medi cament i wotdgaspal di ng chanber overtime. 4, :
Appar atus according to claim3, wherein the processor nmakes i PCT/EP9IS/04254
determnation of 15 the concentration of nedicanent in the hol ding
chanber during inhalation also on the 4/6 basis of the |ook-up chart in
t he nmenory. 5. Appar atus according to any of clains 2, 3 or 4,
wherein the processor nakes it assessnment of the initial '
concentration of nedicanent in the holding chanber innediately 20 after
the introduction of nedi canent on the basis of the introduction of a preset
guantity of medi camggpt into the hol dqyng chan?ﬁr and of the preset
vol une of the hol ding chanber . 6. Apparatus according to
any preceding claim whereinfth i des an inlet for
permtting entry of gas intoith¢ hol di ng chanbe out

of the hol di ng chanber by inhakation thereby c
concentration of t he medjcanment within t
7. Appar at us accor di -
determ nation

cl himber during inhalation alsojon the

hqd hol di ng _
hqg process makes|t he
ifedi cament] i n it he} hol Hi n

basi s of fhe {(vol'ume (o ~gas

previ ously inhal ed by the patieft A 13
Fig11
11?‘— T> 10
1 i 9 %
i S 4
—— | )
8

Fig.12.

1 1

Fig.13.
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5 8. Appar atus according to claim6 or 7, including a menory for

storing a | ook-up chart showi ng the decrease of conentration of
t he nedi canent in the hol di ng chanber with the volune of air

i'nhal ed. wooen3204 9 Appar atus according to any of cl aipea/Epefindzsher ein
t he hol di ng chanber includes 10 a piston for reducing the volune of gas
in the hol ding chanber as gas is inhal eds/fhereby preventi ng

di lution. 10. Appar atus according to claim?9, including nmeans
for | ocking the piston. 15 11 Apparatus according to claim9 or

10, wherein the piston is novable within the hol di ng chanber for
drawi ng gas and nedi canent into the hol di ng chanber. 12.

Appar atus according to claim 10 or 11, wherein the nmeans for |ocking the
pi ston | ocks the piston upon =t [ measur ed dose. 20

13. Appar atus according to claim1, means for

i ndi cating that the measur ed jdoggge ni st ered

14. Appar atus according to any prec diqg_éf Egin t he nedi canent is
a cloud 25 of liquid droplets. ®) Y according to any
preceding claim wherein the nedicanmenf i@ a of dry powder
particles. :

-~ T&TITTT
Q| —
5‘ b f%.t?_.m‘
% |
A X INj g Z1
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Slue g 819.0'%’51
- é di‘(;g!‘-‘h |
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20. 16. Appar atus according to any preceding claim wherein the

hol di ng chanber i ncludes a port through which the gas disposed in
t he chanber is inhaled, and through whi ch t he nmedi canent is
rel eased i nW® %H82Mol di ng chanber. 5 17. Apparatus 3amrdsps O

claim 16, -wherein the sensor for sensing introduction of

medi cament into the holding chanmber anddt®e detector nmeans for detecting
the rate of flow of gas inhaled by patient fromthe hol ding
chanber are constituted by a single sensor. 18. Appar at us
according to claim17, wherein thie single sensor is disposed in the port
10 of the hol di ng chanber: 19. Appar atus for adm nistering
a fluid nedicanent to a patient in a gas for inhalation and for
cal culating the dosage administered.to the patient conpri sing:

a hol ding chanber for tenporarily holding the nedi canent and gas prior to
15 i nhal ati on; means for introducing a quantity of the
medi canent into the hol di ng chanber; a sensor for sensing
the introduction of the nedicanent into ol di ng chanber;

detector nmeans for detecting the rate of ﬁo of gas jat i ent
fromthe hol di ng chanber, and 20} g callcugati on nmeans
operably connected to the sensor and to [ fdetector ns for

cal cul ati ng theganmount of nedi canent rec

the preset quanf* Nyedi canment rel eas

the preset vol UNe Ak ¢ g hol di ng chanber
— i ntroduction of

fromthe sensing ™
detected rate of flo gas i nhahed fro

ed by a patient on the Rasis of:
ipto the Hol#Ming chanber|;

Zz the tine gl apsed
redi canent ;<25 t he
hge hol di nd ganber;

g

the concentration offt medi canef® i n the[ hol di ng charPeld itﬂssessed by
t he cal cul atijn rearss, on 9he basi s| of the det dct@d'g i Igd oiNge
during reducti g of : C ©a -~
o0 S
S
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10 o
~
o0 R
; =L
no --loc
x4
oo oY
s 120
e =
o
@
24 2
w
Z
29w
'AO <
ol
< il
< , &
o 8,_)
-Z
2 o
5 at . o
3!:‘. A I
0 “lo 0 « o
s .
I

SUBSTITUTE SHEET (RULE 26)



concentration within the holding chanber due at |east in part to dilution
of the medi cament within the hol ding chanber, and 30 o ; the
vol une of the gas received by the patient during i nhal ation. '

21 20. Appar at us according to claim19, wherein the cahoul»atlon e
means i ncl udes: a clock for determning the tinme el apsed
since the sensdelierzesd tloe thet pethicritorduring inbélatilocaneat maes thieay
hol di ng chanber, and a processor for (i) assessing the
initial concenhanyi bamek iedicdades.in the holding 5 chanber

I mmedi ately after the introduction of nedi canent therein;

(ii) assessing the B8ndeltA&6i:dM60f nBESSEHRRE i n dte hcﬁRﬂaﬁ‘@%nberfor
during i nhal ation by the patient, the concentration of ndi carrent
reduci ng with afeipéptpeisg a fluld "@%@WWH%FEdt‘aL% RAt AT ﬁ‘ ﬁ&st feg
dilution.of te nedicanent wthin the hoI d|

assessnent bei ABRARBELIGR 13RA bESKs C‘E”ril(? g‘g 999398 ESW&QﬁISFSFﬁSIn

and of the 10 vol, une of nhal ed, . cal uI at ed fromthe of flow of
gas detect ed b§OTRELFEREcFor 51405 TRt 8 *s iTRe ’%%WSZQ‘G %ﬂ%glng £

ntroducton of el GaIErt gt gl Lol dLo0; AP Sbasdalon  nespe  cox
| cul atin ,
caleuating | ingzohlEsk 8a#"§u8%ﬁ%§aw“éhs%%ﬁ:aﬁsﬂﬁt ok Foameg e

detector meansg %}g t h o] of |
gas by the concen{% %i’ 0 W%C%n{ig#%bgggghg ng le]éc?}gc@%r% ?%a’lttﬂgsne

22 10 medicament into the holding chamber, RdiLEE?r means for
detecting the rate of flow of gas inhaled by a patient
from the chamber, and calculating means for calculating
the amount of medicament received by the patient. |

It is an object of thé present invention to reduce

15 the above and other disadvantages, and in particular to
accurately determine the dose of medicament received by
the patient.

The scope of the present invention.is defined in the
appended claims.

20 Embodiments of the present invention will now be
described, by way of example, with reference to the
drawings in which: |

Figures 1 and 2 show a first embodiment of the
present invention;

25 Figure 3 shows how the concentration of the
medicament varies over time in graphic form;

Figure 4 shows the variation in dilution factor as .

the medicament is inhaled in graphic form; | REPLACEMENT SHEET

29 MAY 997
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17. 'Appar atus according to any preceding claim where in t he

hol di ng chanber includes a port through which the gas . di.sposeéd ihn

the chanber is inhaled, and through which the . medi canent. i,s + °

rel eased into the hol ding chanber. 5 44 18. Apparatus according tge

- any preceding claim_wherein the sensor for sensing introduction

of nmedi cament into tHigure 5 sheysdigrprRiHGDEFY atdie h&lew: cehvpuabanzhe or

detecting the rate of flow of gas inhaled by a patient fromthe

hol ding 10 Seg¥S¥er are constituted by a single sensor. 19.

Appar atus accordi ng _t.,o cl ai m.18, %\,her ein the sin sSenso
g

| e . ri
di sposed in the porfi&4&% foldhg/cHhyer @ seqend e%dl“%raﬂfustskf%r

adm nistering a_flui maq’ic nent to a patient in a gas for
i nhal ati on andPEF&PS %n‘é“{'he dosage adninistered to the

Eglt idfzésfﬁgpri si ng: Figures 8, 9 J?hé]oi&“ Qﬂoxﬁhsggshigi)clfagactt%%%rtai@sl Yor
the second embodiment; '
Figures 11 and 12 show a third embodiment of the
present invention;
Figure 13 shows a fourth embodiment of the present

10 invention;

Figure 14 shows graphically the flow of air or gas.
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A e e

medi canent and gas b 20 neans (3) for

I ntroducing a quargtifty . ‘ medi cament into the hol ding:
chanber; : : sensing the introduction of the+ -
medi cament into the§ , 17 defegctorT : e
detecting the rate df 1 i nhal ed by Ha'-'?-'_%ﬁiBSB.Nm
the holding ChaTdile s cterised in that|the é&ﬁ&AﬁE@s
conpri ses: cal cul ati on_neans operably connected to the sensor
and to the det dct or Apparatiug for adwinigtentngnaufilusfl medicament to a
23 medi cament received by ‘a patient on the basis of: ,
t he preset quaPBitdendf Hedd cgaenforelicdd@tinn apd for calcuwgtgngy the
chanber; of the preset volume of the hol dj ng chanber;
dosage administered to the patient comprising:
5 a holding chamber (1) for temporarily holding the
medicament and gas prior to inhalation;
meéns (3) for introducing a quantity of the
medicament into the holding chamber;
a sensor (4) for sensing the introduction of the
10 medicament into the holding chamber;
detector means for detecting the rate of flow of gas
inhaled by a patient from the holding chamber,
characterised in that the apparatus comprises:
calculation means operably connected to the sensor
15 and to the detector means for calculating the amount of
medicament received by a patient on the basis of:
the preset quantity of medicament released into the
holding chamber;
of the preset volume of the holding chamber;
20 the time elapsed from the sensing of the introduction
of the medicament;
and of the detected rate of flow of gas inhaled from
the holding chamber;
the calculation being made by assessing the
25 concentration of the medicament in the holding chamber on

a time basis during reduction of - the said concentration

within the holding chamber due at 1least in part to

- deposition of the medicament within the holding chamber,
~ This Sheet Has Been Replaced
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5 ' the tine elapsed fromthe sensing of the introduction.
of the nedicanent, of the detected rate of flow of gas "I nhal ed
fyom the hol di ng chanber the cal cul

: ng——nade. :
assessing the concentration of the medica HS €1 t he BBEENG -

chanber on 10 the basis of the detected inhal ed volune duEDng
reduction and bf tbheezaidiagnechet vaillume wi Hihe THES NDEC .
at least in part to dilution of the nedicament within the hol di ng
chanmber, and bypateientri durgnghénhalateoonf, @md gdee time elapsedi frdmbyhehe
pati ent during inhalation. 15 21. Apparatus according to claim
20, wherein thesensed introdluctienrf mediscanmitudes the inhalation byt theng
means for indicating the tinme el apsed since t he sensor senses the
i ntroduction ofP&eleRBrent into the 20 hol di ng chanber ;

means for supplying the initial concentration of nedlcanent in the
hol di ng chanber i medi ately after the

2. Apparatus according to c¢laim 1, wherein the
~calculation means includes:

a timing means for indicating the time elapsed since
the sensor senses the introduction of medicament into the

10 holding chamber;

means for supplying the iﬁitial concentration of
medicament in the holding chamber immediately after the
introduction of medicament therein;

means for determining the concentration of médicament

15
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i‘ntroduction of medich REPLAPQQENTr§HEET means for determning the
concentration of nedi gafrent 'E'the hol di ng chanber duri ng
e

i
i nhal ation by the pat{ept 29 MAN 1997 h
with the vol unme of gas inhal ¢
t he medi camen] Wrthin the holdijng chamber, REAGEDI on
24 bmruynndggmmﬁﬁusimﬁéﬁxﬂinghEoiahyi@renyamngrdmaxm1 wherein
supplied by the neans for supplying initial concentration, and of
the vol une of gd= ihdidiedy clembdatiatiudes tsheportt echrough windch | the ofagas
detected by the detector since the sensor 5 sensed the introduction
of nedi canent iditspadesi hiol dilrgy chamber ichamiwledndand through whiaanshé or
determ ning the anmount of nedi canent recei ved by the patient by
cal cul ati ng t heegilaamerndt iisreleased into the holdlng chamber.

5 .

18. Apparatus according to any preceding claim, wherein
the sensor for sénsing introduction of medicament into the
holding chamber and the detector meané for detecting the
rate of flow of gas inhaled by a patient from the holding

10 chamber are constituted by a single sensor.

19. Apparatus according to claim 18, wherein the single

sensor is disposed in the port of the holding chamber.

15 20. Apparatus for administering a fluid medicament to a
patient in a gas for inhalation and for calculating the
dosage administered to ﬁhe patient comprising:

a holding chamber (1) for temporarily holding the
medicament and gas prior to inhalation;

20 means (3) for introducing a quantity of the
medicament into the holding chambef;

a sensor (4) for sensing the introduction of the
medicament into the holding chamber;
detector means for detecting the rate of flow of gas

25 inhaled by a patient from the holding chamber,
characterised in that the apparatus comprises:

éalculation means operably connected to the sensor

and to the detector means for calculating the amount of
— 77

‘This §

mawwn i -

concentration cing -
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L that ti d terr§ ned by the nmeaRgpf 8t
determ ning the eoncentration ¢ | cament .

PCT/ EP95/ 04254 nédté ?at@éﬂ& bar thadbaatisngfihe tine
el apsed si nce t he sensor senses the introduction of medicanent into the

hol di ng chanber ; the peapet LRansdpR WiNemdditandtt irdledosgeihtat tag of
medi canent in the hol di ng chanber imedi ately after the I ntroduction of

medi canent therlgdding chamber;

i‘nhal ed by the patien
rate of flow detected] b
cal cul ated vol ume of
hol di ng chanber at

chanber by 10 I ntegrating the
' nmeans, by _mul t.iplying the

294

of the preset volume of the holding chamber;
| 5 the time elapsed from the sensing of the introduction
of the medicament, of the detected rate of flow of gas
inhaled from the holding chamber; |
the calculation being made by assessing' the
concentration of the medicament in the holding chamber on
10 tﬁe basis of the detected inhaled volume during reduction
of the said concentration within the holding chamber due
at least in part to dilution of the medicament within the
holding chamber, and by determining the volume of the gas
feceived by the patient during inhalation.
15
21. Apparatﬁs according to claim 20, wherein the
calculation means includes: |
a timing means for indicating the time elapsed since
the sensor senses the introduction of medicament into the
20 holding chamber; |
means for supplying the initial concentration of
'médicament in the holding chamber immediately after the
introduction of medicament therein; -
means for determining'thé concentration of medicament
25 in the holding chamber during inhalation by the patient,
the concentration of medicament reducing with the volume
of gas inhaled due at least in part to dilution of the

medicament within the holding chamber, the determination

i e
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_the rate of fl&F

means for determ ning the concentration of nedi canent in the hol ding
chanber during inhalation by the patient, the concentration of

nedi cament reducing with the vol une of gas inhaled due at |east i;n-pért;';

to dilution of the medi canent wi t hi n t he4hol di ng chanber, the - "+« se
determ nation being made on the basis of the initial concentration
suppl i ed by t hdbeaismnsmide sopplthengbasisi adf cabeeninatish, concamtrdtide
vol une of gas inhaled, calculated fromthe rate of flow of gas detected
by the detect osuiniced hy $tdesveans fenssupplieingtimiiuial crondentch thomnt
into the hol ding chanber, and means for_ determ ning the anmount
of nedi canent and @@eltmm}mﬁeoﬁagaéninb?lédl cerbenhgtedef yom uriee ofatms
inhaled by the atient from the _holdin chanmber by i ntegrating
ﬁ%t% Wt%t%%%étby therrésﬁgctaard G Ehe| SARRPE he

calculated vol une of g

e conceniratiqn of nedjcament in the
hol di ng3chanbefeRsed Eﬁ%t intre dg‘&té'ﬂﬂ n%’%i B ILcaTNeRin s R P B%‘Fer}iﬁlrﬁ%‘fbgt he

chamber; and
means for determining the amount of medicament
received by the patient by calculating the volume of gas
inhaled by the patient from the holding chamber by
10 | integrating the rate of flow détected by the detector
means, and by multiplying the calculated volume of gas'by
the concentration of medicament in the holding chamber at
that time determined by the means for determining the
concentration of medicament.

15
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concentration of nedi canent. 22. A nethod for adm nistering a heny <t

measur ed dosage of a WD 96/ 13294 —fluid
medi canent to a patient in a gas for inhalation ugi B@DLACEMENBMEM W30 -5
conpri si ng: - a hol ding chanber for hgl ding {the nedi canment ahd g K

prior to inhalation; means for i nt *dduci ngla quemMAYY 1998 ned] canent
into t he hol di ng -chanber; a sensor -for|sensing the intyopduction
of medi camenQL_Al_Mﬁto the hol di ng chamber; . - etector—reans fpr- -
detecting the rate of flow of gas i nhal ed by ‘ajpatient fromthe hol di ng
chanber, and - calculation neans operably connected to the sensor and

L. Apparatus for aduumstenm= a fluid medlcament oa paucnt m a gas for inhalation

and for: calculaung thc dosagc adtmmstercd to the pzment oompnsmv -
5 - . a holdmg chamber for temporanly holdmg the med:cament and gas pnor 10
‘infialdtion;
' means for mtroducmg, a quantity of the mcdxcament into thc holdmg chamber;
* a sensor for sensmg the mtroductlon of the mcdlcament mto the holdmg chamber,
. detector ‘means for detecting the rate of flow of gas mhaled by a patient from 1he
| l'(') -+ helding chamber and |
calculation mcans operably c_or"mected to the sensor and to the detector sheans for
- calculating the amount of medicament received by a patient on the basis of:
the preset quantity of medicament released into the holding chamber;
the preset -voiume of the holding chamber,
15 the tin}e elapsed from the sensing of the introduction of the medicamén_t5
the detected rate of flow of gas inhaled from the holding chamber;
_ the concentration of thc_medicameht in the holding éhamber, as assessed by the
calculation means on a time basis, during reduction of the said concentration within the
holding chamber due at least in part to deposition of the medicament within the helding

20 chamber; and
the volume of the gas received by the patient during inhalation as determined by

the calculation means.

2. Apparatus according to claim 1, wherein the calculation means includes:

a clock for determining the time elapsed since the sensor senscs the introduction

of medicament into the holding chamber; and
a processor for (i) assessing the initial concentration of medicament in the holding

chamber immediately after the introduction of medicament therein;

(ii) assessing the concentration of medicament in the holding chamber during

30 inhalation by the patient, the concentration of medicament reducing with time due at least

AR My
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to the detector nmeans for cal cul ating the anount

by a patient; t he net hod conpri si ng: sensing th

i ntroduction of medi canent into the hol di ng chanper2g ng{ bei ng
made by the sensor; ~ nonitoring the time el apped since the _

i ntroduction of medi cament is ‘'sensed, Xthe nonjt by the
cal cul ati on neans; suppl yi.ng the value of {the initial concgntration
of medi cafg ﬁﬁt@déd%@lﬁ@ﬁloﬁtﬂwnﬁiﬁMmﬂlmthchold JhAbEY, THE dssussment being.
concentration of medi canent in.the hol di ng chanber dur| ng | nhal ation by

the patient, mdileon tb@baﬁz:wﬁthaasssasedﬂnmmm neansdoofithe mwlmswsmeﬂm
chanber. 'tﬂe@%é%oe%%s‘%éﬁr e A 5k SR il SR 0
the 1 ntroducti on S0 SeRrin '""f?‘%m?"'ﬂﬁ"%@ﬂmm@*"@& By tlpaEl Yy caRilRy
5 the volume. of gas. mhaled by the patient ﬁom the hcldmg chamber by mtegrat:mfr the.rate -
of ﬂow detected by the detector means over time, and- by muluplymg the calculated

volume of mhaled gas by the conceritration of modicament in the holdmg chamber at that

time.

10 3.. . Apparatus accordmg to cla1m Lor 2, mcludmg a memory for stormg a'look:up
chart showing the decrease of: concentrauon of the medlcament in the holdmg chamber

overtime.

4, Apparatus according to claim 3, wherein the processor makes its deterrhination of
15 the concentration of medicamerit in the holding chamber during inhalation also on the

basis of the look-up chart in the memory.

5. Apparatus according to any of claims 2, 3 or 4, wherein the processor makes it
assessment of the initial concentration of medicament in the holding chamber immediately
20 after the introduction of medicament on the basis of the introduction of a preset quantity
of medicament into the holding chamber, and of the preset volume of the holding

chamber.

6. Apparatus according to any preceding claim, wherein the holding chamber
25 includes an inlet for permitting entry of gas into the holding chamber as gas is drawn out

of the holding chamber by inhalation thereby causing a dilution of the concentration of

the medicament within the holding chamber.

| * [ L M S *
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t he hol di ng chanber, and determ ni ng the anmount of nedi canent
received by the patient by calculating the volune of gas inhaled by the
patient fromthe hol ding chanber by integration of the rate of flow
detected by the detector neans, and by multiplying the .calculated volune
of gas by -the determ ned concentratldr?of medi carrent in the hol ding
chanber at that tine. 23. A._nmethod of administering a fluid nmedicanment

to a patient7.in aAnmamsacoqr&agate clalmzénwhﬁmndulmnessqnmpl&hdae diveragration
'he i.ntroduction of a

adm nistered to thé. pat i.ent-_conprising sepsi ng
quantity of wtheoenesnirationobmedicament s tas hipldiag chamber vaaséehalﬁmﬂwaﬂv of

fl ow of gas Ihn halo?ﬂ\eb% I mB%%h&JHErevmusly mhaled by the patient. -

'S 8 - Apparatus according 10 dléiid 6 or 7, including a memory for storfua a 100k-'-up
" chart showing the dectease of concentration of the medicament i in the holdmg chamber_

with ‘the volume of alr mhaled

9. Apparams acoordmg to'any of claims’ 1-5, wherem the holdmg chamber mcludes.
10 4 piston for reducmg the volume of gas in the holdmg chamber as. gas is mhaied thereby

prevcntl_ng dilution. -
10.  Apparatus according td claim 9, iucluding means for lo'cking the piston. .

15 L. Appafatus. according to claim 9 or 10, wherein the piston is movable within the

holding chamber for drawing gas and medicament into the holding chamber.

12. . Apparatus acéording to claim 10 or 11, wherein the means for locking the piston

locks the piston upon administration of the measured dose.

20
13,  Apparatus according to claim 1, including indication means for indicating that the

measured dosage has been administered.

14.  Apparatus according to any preceding claim, wherein the medicament i$ a cloud

25 of liquid droplets.

15, Apparatus according to any preceding claim, wherein the medicament is-a cloud

of dry powder particles.
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fromthe hol ding chanber; nonitoring the time elapsed fromthe
sensing of the introduction of the quantity of nedicanent into the holding
chanber determ ning the contentration of medicanment in the holding
chanber during inhalation by.the patient,.the concentration of nedicanment
reducing with tine due at least in part 29 deposition of the-nedi canent
within the holding chanber, the determ nation being made on the basis of

the predet eggri negd: p@atusammingrw ramlyi precefingretiima wheteinithé iholdihjechanibdi ng
chanber i medi ately after the i'ntroductjon of. pedjic nt therel n and :on -

t he basis ofmchldesmmprtdbwghmflﬂ':hgle ééFPOS%@éhePW uifﬁlégh
| nt roducti on thhemedl V\le)ntgig/rgl?’z%mtothchqldmgchamber ' - )

PCT/ EP95/ 04 2%iC
5 17 Apparatus accordmg to claim 16 wherem the seasor for sensing mtroductmn of .
- medlcament into the holding ¢ chamber and the detector means for-detecting the rate of flow
of gas mha.led by patxent fmm the holdmg chamber are consututed bya smgle sensor

- 18, . Appazams accozdmg to claun 17 wbcrem the smgle sensor is dlsposed in the port

' 10 ofthe holdmg chamber.

19.  Apparatus for administering a fluid mcdlcamcnt to a patient in a gas for inhalation
and for calculating the dosage administered to the patient comprising:
a holding chamber for temporanly holdmg the medicament and gas prior to
15 mhalatxon,
means for introducing a quantity of the medicament into the ﬁold_ing chamber;
a sensor for sensing the introduction of the medicament into the holding chamber;
detector means fér detecting the rate of flow of gas inhaled by a patiént from the
holding chamber; and '
20 calculation means operably connected to the sensor and to the detector means for
calculating the amount of medicament received by a patient on the basis of:
the preset quantity of medicament released into the holding chamber;
the preset volume of the holding chamber; |
the time elapsed from the sensing of the introduction of the medicament;
25 the detected rate of flow of gas inhaled from the holding chamber;
the concentration of the medicament in the holding chamber, as assessed by the
calculation means, on the basis of the detected inhaled volume during reduction of the said
concentration within the holding chamber due at least in part to dilution of the

medicament within the holding chamber; and
30 the volume of the gas received by the patient during inhalation.

|




medi canment; and cal cul ating the anmount of nedi canent received by
t he patient by calculating the volune of gas inhaled by the pati ent

fromthe hol ding chanber by integrating the detected rate of flow, and
by multiplying the cal cul at ed vol une of gas inhaled by the deternined

concentration of nmedi cament in the holdd ng chanber.

20 Apparatus acconding to claim 19, wherein the calculation tieans inclugles:
a clock for dctermmmg the tlme clapsed smoe the sensor senses the mtroductlon
of medlcamcnt into the holding chamber; and
: “a processor for (i) assessmg thc ml’aal concentranon of medxcamem in thg holding
5 chamber mmedxately after the mtroductwn of medlcament therein; .
(i) asswsmg the concentration of mcdlcament in the holdmg chambeér during |
mhalatmn by. thc patient, the concentration of medicament rcducmg with the vo lume of
. ges inhaled due at least in part to dilution of the medlcament within the holding chamber,
- the assessmerit bemg made on the basis of the assessed uutlal concentrauon, and of the
10 vblume of gas inhaled, calculated from the rate of flow of gas detected by the. detector |
since the sensor sensed the introduction of medicament into the holding chamber; and
(iif) determining the amount of medicament received by the patient by clculating
the volume of gas inhaled by the patient from the holding chamber by integrating the rate
q'_f flow detected by the detector means over time, and by multiplying the calculated
15  volume of gas by the concentration of medicament in the holding chamber at that time.
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calculating the dosage administered
to the patient comprising a holding
member (1) for temporarily hold-
ing the medicament and gas prior to
inhalation, means for inunducing a
quantity of the medicament into the
holding chamber (1), a sensor (4)
for detecting the introdtiction of the
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by,

“L_r ;/
1

DOSE " 0 25 50 75 100
LED ")

0 0 0

o

9 W
)
/l _)
,(‘ _
35

[oae

ber (1), detector means for detect-
ing the rate of flow of gas inhaled
by a patient from the holding cham-

DOSE REQUIRED

lrroCESSOR
25

ber (1) and calculation means (25,
27, 29, 30, 31) operably connected

SYSTEM DATA

to the sensor (4) and to the detector
means for calculating the amount of
medicament received by a patient.
The calculating means (25, 27, 29,
30, 31) makes its calculation on the
basis of the quantity of medicament

| o0 10 seoviMes|
Fi3. 8 CONCENTRATION

COMPLIANCE DATA

released into the holding chamber
(1), the volume of the holding cham-
ber (1), the time elapsed from the
detection of the introduction of the
medicament, and the detected rate of

flow of gas inhaled from the holding chamber (1). The calculation being made by assessing the concentration of the medicament in the
holding chamber (1) on a time basis during reduction of the said concentration within the holding chamber (1), and by determining the
volume of the gas received by the patient during inhalation. and the time elapsed from the detected introduction of medicament to the

inhalation by the patient.
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