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DOSIMETRIC SPACER

The present invention relates to a method and.
apparatus for administering a measured dosage of fluid
medicament to a patient in é gas for inhalation.. |

Throughout this specification.ahd claims reference is
made to a fluid n@dicament which may be a ligquid 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 in detecting the commencement of .
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inhalation in adults, elderly patients and children nave
difficulty . in triggering the firing of the MDI since their
inhalation flow rates are too small to be detected.
Often, if a child-or eldérly patient is able to activate
the MDI, this oﬁiy dcéﬁrs 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
fired from the inhaler at high Velocity. ; If a patient
inhales 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
act. In some cases, less than fifty_percent of the doss
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
hoi‘lﬁg 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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medicament impacting on the back of the throat by upwaras
of eighty percentf and may double the amount deposited in
the lungs.

| Furthermore, the use of a holding chamber means that,
provided the medicament'has already been fired into the
holding chamber, the patient no longer needs to co-ordinate
the firing with his inhalation.

The above proposal has some disadvantages. 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
chaﬁrer. 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
chamber over time. "This is caused in part by.gravity, 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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delivered to the patient during inhalation, no maﬁtér now
many times he inhales. |

It is an object of the present invention to-reduce the
above and other disadvantages, and in particular to
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
ﬁresent 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
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detected bv the.sensor.

Figufe 15 shows a processor'cifcuit for calculating
the dose given to the patient, and

Figure 16 shows a further embodiment of the present
invention including control system. |

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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chamber, the concentration of the medicament decreases,

firstly as a result of deposition as the medicament settles

on the walls and base of the holding chamber due to gravity

‘and electrostatic forces between the walls of the holding

chamber and the medicament. Secdndly,fthe 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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through the inlet 2 of the holding chamber 1 1s snown.
Treatfnent starts upon firing of the MDI whereafter the
inhalation of the patient is detected. The raté of
inhalation is detected so that the calculations may be made
to determine at what point the desired éose has been given.
This poiﬁt cén 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
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dilution effect of air entering the holding chamber_L wnicn
does not carry any medicament. A memory cqnﬁains a data
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 concentrétion 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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embodiment is similar to the calcuiation 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
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chamber.

In use, the piston 10 is pulled back drawing air or
"gas into the holding chamber 1 through the first port 9.
Before reaching the first port 9, the air or gas passes
through a dry péwder inhaler 13 which releases  the
medicament ihto the air or gas, and through 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.
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A further embodiment is.shown in Figures 11 and 12
and, in this eﬁgédiment the piston 10 returns across the
holding chambe:.llas the patient inhales. There is no
one-way valve 12 in the holding chamber as in the previous
embodiment. buring 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
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the patient very frequently, typically every one hunareathn
of a second. The concentratioq of medicament'within_the
holding chamber 1 is continuousl&. calculatéd to take
account of the deposition of_medicament on the walls of the
holding chamber 1 over time. A memory contains a data
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
int#oduced into the holding chamber 1, and the rate of
_inhéfation of the patient. | 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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be controlled by movement of the piston 10. No valves are
used, but the mouthpiece includes two inlets, one from
atmosphere and the othef_from the holding chamber 1. The
sensor 4 detects when the patient is inhaling éﬁd exhaling.
The piston 10 is automatically moved:forwards when the
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 or 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 anad
medicament to satisfy the inhalation of the patient, 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.

IR
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In a further embodiment, as shown in figure le, a
piston 10 is movable through a holding chamber 1 having a
port 9 through which air and medicament is drawn from a DPI

as the piston 10 is withdrawn. The piston 10 is withdrawn

’

by-a.patient pulling a connecting rod 20. The connecting
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 1is
included for indicating the proportion of the preéc: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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This prevents anv further medicament being-deliyered to
the patient. The microprocessor system also includes a
complian¢e data memory 36 for recording the date, tiﬁe and
dose delivered which can subsequently be analyzed by a
doctor. ;

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
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might be of the pressure type, such as a pneumatic, or of

the turbulence-detecting tYpe such as a microphone.
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1. Apparatus for administering a
patient in a gas for inhalation and for calculating the
dosage 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
T —- -. S e \—-——____\
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deposition of the medicament within‘thé holding cnamper,

and by determining the volume of thefgas received by the

pat ent durlng 1nhalat10n, and the time elapsed from the

gensgdj;ntroductlon 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<

| - 18 S SHEET Thls Sheet Has Been Re
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the concentration 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 initial concentration supplied by the means for
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 éaléulated volume of gas by
the concentration of medicament in the holding chamber at
that tiﬁe ‘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. Apparatus according to any of claims 2, 3 or 4 wherein

.
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in the holding chamber immediately_afﬁer the introduction
of medicament detérmines the said initial concentratibn'on
the basis of a:preset quantity of medicament introduction
into the holding chamber, and of a preéet 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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.

10. Apparatus according to claim 9 including means for

locking the piston.

11. Apparatus according to claim 9 or 10 wherein the
piston is movable within the hoiding 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 int¢ 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
mean§ for indicating that the measured dosage has been

administered.

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.
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17. Apparatus according to any preceding claim wherein the
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holding chamber includes a port thrdugh 'which. the gas

-disposed in the chamber is inhaled, aﬁd through which the

medicament is released into the holding chamber.

18. Apparatus according to any preceding claim wherein the

- sensor for sensing introduction of medicament into the

“holding chamber and the detector means 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 comprlslnc

a holding chamber er temnorarlly nolding' the
medicament and gas pribr to inhalation

means for 1ntroduc1ng a quantity of tn'= medicament
1nto ‘he 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:

Tlus Sheet Has Been Rep

N
[N

THIS SHEET HAS BEEN

R _RepLAGED




e

HII\II\ Il |||\\ \\I\l \1 \ll\

the presez quantity of medicament released into
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the holding chamber,

of the preset'volume'of the holding chamber,

the time elapsed from thg 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

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 oI

medicament received by a patient, the calculation means
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including

a timing means for indicating the;time elapsed since
the sensor senses the introduction of medicament imto the
holding chamber;

means for .supplying the initial .concentration of
medicament in the holding chamber immediately after the
introduction of medicament therein

means for determining the qoncentfation of medicament
in the holding chamber during inhalation by ehe patient,
the concentration of medicament reduc1ng with the volume of
gas inhaled due at least ;n part to dllutlon 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 ges inhaled, calcﬁlated from the rate
of flow of gas detected by the:deteceer 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
inha;ed by the patient from the holdlng chambev by
integrating' 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 measured dosage of a
_—_““‘—————-______ ; :
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fluid medlcament to a patient in a gas for inhalation using
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an apparatus compr151ng

a holding chamber'for holding the medicament and gas
prior to inhalation;

méans for'introducing a quantity éf 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
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determining the amount of medlcament recelved by the

the holding chambexr, and

patient by calculating the volume of gas inhaled by the
patient from the holding chamber by integration of the rate

of flow detectéd by the detector means, and by multiplying

- the calculated volume of gas by the determined

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 the introduction of
medicament therein, and on the basis of the monitored time

elapsed since ths sensing of the introduction of
_—
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medicament; and

.calculatinévthe amount of mediéament received by the
patient by calculatingithe volume of gas inhaled by the
patient from the holding chamber by integrating the
detected rate of flow, and by multiplying the calculated
volume of gas inhaled by the determined concentration of

medicament in the holding chamber.
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