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Description

[0001] Thisinvention relates to respiratory therapy ap-
paratus of the kind including a vibratory PEP therapy de-
vice including a valve that is opened and closed by
breathing through the device such as to produce an os-
cillating resistance to breathing through the device.
[0002] The invention is also concerned with methods
of evaluating patient use of respiratory therapy appara-
tus.

[0003] Positive expiratory pressure (PEP) apparatus,
thatis, apparatus that presents a resistance to expiration
through the device, are now widely used to help treat
patients suffering from a range of respiratory impair-
ments, such as chronic obstructive pulmonary disease,
bronchitis, cystic fibrosis and atelectasis. More recently,
such apparatus that provide an alternating resistance to
flow have been found to be particularly effective. One
example of such apparatus is sold under the trade mark
Acapella (a registered trade mark of Smiths Medical) by
Smiths Medical and is described in US6581598,
US6776159, US7059324 and US7699054. Other vibra-
tory respiratory therapy apparatus is available, such as
"Quake" manufactured by Thayer, "AeroPEP" manufac-
tured by Monaghan, "TheraPEP" manufactured by
Smiths Medical and "IPV Percussionator" manufactured
by Percussionaire Corp. Alternative apparatus such as
"CoughAssist" manufactured by Philips is also available.
Respiratory therapy apparatus can instead provide an
alternating resistance to flow during inhalation. An further
example of a respiratory therapy apparatus including a
valve is disclosed in EP 1 908 489.

[0004] To be effective these apparatus must be used
regularly at prescribed intervals. In the case of chronic
diseases, the patient needs to use the apparatus daily
for the rest of his life in order to maintain a continuous
relief.

[0005] Although these apparatus can be very effective,
users often neglect to use the apparatus regularly at the
prescribed frequency. It is very difficult to maintain a
record of use of the apparatus, especially when the pa-
tientis usingitathome. The clinician often does not know
whether deterioration in a patient’s condition is because
he hasfailed to use the apparatus as prescribed or wheth-
er other factors are the cause.

[0006] Itis an object of the presentinvention to provide
alternative respiratory therapy apparatus.

[0007] According to the present invention there is pro-
vided a respiratory therapy apparatus of the above-spec-
ified kind, characterised in that the apparatus includes a
sensor responsive to acoustic pressure waves transmit-
ted through air caused by movement of the valve, that
the sensor is arranged to provide a signal indicative of
use of the device, and that the sensor is separate from
the device but placed close to it to receive acoustic pres-
sure waves transmitted from the device through air to the
sensor.

[0008] The sensormay be arranged to provide a signal
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indicative of one or more of the following: when the device
is used, the duration of use and the frequency of oscilla-
tion. The valve may include a valve element on a rocker
arm that opens and closes an opening during exhalation
through the apparatus. The sensor may be contained in
a unit including a display on which is represented the
frequency of oscillation detected by the sensor. The unit
may be a mobile phone and the sensor may be the mi-
crophone of the phone, the phone being programmed to
respond to the sound made by the apparatus during use.
[0009] Apparatusincluding a vibratory PEP device will
now be described, by way of example, with reference to
the accompanying drawings, in which:

Figure 1 is an exploded view of the apparatus;

Figure 2 illustrates the sound output produced by a
single breath;

Figure 3 illustrates the apparatus in use;

Figure 4A is a front elevation view of one form of a
dedicated sensor; and

Figure 4B  is aside elevation view of the sensor shown
in Figure 4A.

[0010] -With reference first to Figure 1, the device 100

comprises a rocker assembly 1 contained within an outer
housing 2 provided by an upper part 3 and a lower part
4 of substantially semicylindrical shape. The device is
completed by an adjustable dial 5 of circular section. The
rocker assembly 1 includes an air flow tube 6 with a
breathing inlet 7 at one end and an inspiratory inlet 8 at
the opposite end including a one-way valve (not shown)
that allows air to flow into the air flow tube 6 but prevents
air flowing out through the inspiratory inlet. The air flow
tube 6 has an outlet opening 10 with a non-linear profile
that is opened and closed by a conical valve element 11
mounted on a rocker arm 12 pivoted midway along its
length about a transverse axis. The air flow tube 6 and
housing 2 provide a structure with which the rocker arm
12 is mounted. At its far end, remote from the breathing
inlet 7, the rocker arm 12 carries an iron pin 13 that in-
teracts with the magnetic field produced by a permanent
magnet (not visible) mounted on an adjustable support
frame 14. The magnet arrangement is such that, when
the patient is not breathing through the device, the far
end of the rocker arm 12 is held down such that its valve
element 11 is also held down in sealing engagement with
the outlet opening 10. A cam follower projection 15 at
one end of the support frame 14 locates in a cam slot 16
in the dial 5 such that, by rotating the dial, the support
frame 14, with its magnet, can be moved up or down to
alter the strength of the magnetic field interacting with
the iron pin 13. The dial 5 enables the frequency of op-
eration and the resistance to flow of air through the device
to be adjusted for maximum therapeutic benefit to the
user.

[0011] When the patientinhales through the breathing
inlet 7 air is drawn through the inspiratory inlet 8 and
along the air flow tube 6 to the breathing inlet. When the
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patient exhales, the one-way valve in the inspiratory inlet
8 closes, preventing any air flowing out along this path.
Instead, the expiratory pressure is applied to the under-
side of the valve element 11 on the rocker arm 12 causing
itto be lifted up out of the opening 10 against the magnetic
attraction, thereby allowing air to flow out to atmosphere.
The opening 10 has a non-linear profile, which causes
the effective discharge area to increase as the far end of
the rocker arm 12 lifts, thereby allowing the arm to fall
back down and close the opening. As long as the user
keeps applying sufficient expiratory pressure, the rocker
arm 12 will rise and fall repeatedly as the opening 10 is
opened and closed, causing a vibratory, alternating or
oscillating resistance to expiratory breath flow through
the device. Further information about the construction
and operation of the device can be found in US6581598,
the contents of which are hereby incorporated into the
present application.

[0012] As so far described, the apparatus is conven-
tional.

[0013] The apparatus of the presentinventionincludes
the device 100 described above and sensor means 20
responsive to pressure waves transmitted through air
and caused by use of the device.

[0014] Figure 2 illustrates the patient exhaling through
the device 100 to produce the desired therapy effect. The
oscillating movement of the rocker arm 12 produces an
audible sound thatis transmitted through the surrounding
air as pressure waves. This is represented by the trace
"T" of a single expiration breath shown at the right of the
Figure. It can be seen that the sensed sound takes the
form of rapidly alternating positive and negative peaks
at a frequency dependent on the frequency of rocking of
the rocker arm 12 and with a mean amplitude that rises
to a maximum towards the start of the breath and then
gradually tails off towards the end of the breath.

[0015] Figures 3 and4 show the device 100 and sensor
means in the form of a stand-alone acoustic sensor unit
20 that is separate from the device but, in use, is placed
close to it. The sensor unit 20 includes a microphone 21
connected to a processing and memory unit 22, which is
also connected to an on/off button 23 and a display
screen 24. The microphone 21 is preferably responsive
to sound in the audible hearing range. The unit 20 also
has a data interface, such as the USB port 25 shown, or
a wireless interface, such as a radio frequency Bluetooth
or an infra-red interface. The unit 20 may also include
input means by which information can be entered to the
sensor unit, or this could be carried out via the data in-
terface 25 from a remote computer or the like.

[0016] In use, the sensor unit 20 is placed close to the
device 100, within the audible range of the microphone
21, butis notin direct contact with the device. The sensor
unit 20 is turned on using the button 23 and the display
24 shows a representation of the user’s identification,
such as in the form of a unique number, the date and
present time. When the user starts the therapy session
the device 100 starts to emit sound waves that are picked
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up by the microphone 21 and appropriately processed
by the processing unit 22. The processing unit 22 can
measure various parameters, such as the duration of
each exhalation, the number of exhalations in each ses-
sion, the amplitude and amplitude profile of each sensed
exhalation and the oscillation frequency during exhala-
tion. As illustrated in Figure 4A, the screen 24 provides
the user with a representation of the session time and
the frequency of oscillation, which has been found to be
particularly important to users in achieving the best ther-
apeutic effect. The sensor unit 20 preferably also pro-
vides the user with feedback as to whether he has
achieved his target oscillation frequency. This may be
done in various different ways, such as by displaying a
legend on the display: "Flow OK", "Flow Too High" or
"Flow Too Low". Alternatively, the screen 24, or a part of
the screen, could change colour to indicate whether flow
was too high or low, or a sound signal could be produced.
[0017] As mentioned above, the setting of the dial 5 on
the therapy device 100 affects the frequency and resist-
ance to flow through the device. This is set by the user
to achieve the maximum beneficial effect. The sensor
unit 20 could be arranged to compute a measure of the
flow rate and pressure generated from the measured fre-
quency and from knowledge of the setting of the dial 5,
as entered into the sensor unit by the user or clinician.
[0018] The acoustic sensor unit 20 can be highly sen-
sitive to the sound produced by the therapy device 100
since this is in a relatively small range of frequencies. By
filtering out other frequencies it is possible to use high
gain amplification for maximum sensitivity.

[0019] The sensor unit 20 described above is a dedi-
cated unit separate from the therapy device 100. How-
ever, the sensor unit could be mounted with the therapy
device, such as by means of a clip or strap that supports
the sensor on the device. The sensor unit need not be
dedicated to monitoring use of the therapy device but
could instead be a multifunction unit. In this respect, the
sensor unit could be provided as a program application
in a general purpose computer, using the microphone
built in the computer, or a separate plug-in microphone.
More particularly, the program application could be sup-
ported within a mobile phone, orin a laptop or tablet com-
puter. The program application could be arranged to stop
automatically after the elapse of a predetermined time
without sensing any sound of the characteristic frequen-
cies.

[0020] It will be appreciated that there are many differ-
entways in which information obtained by the sensor unit
can be represented so that it is provided to the user and
clinician in the most useful manner.

[0021] Apparatus of the present invention can be used
with any conventional respiratory therapy apparatus that
produces a sound signal. The therapy apparatus may be
combined with other treatments such as nebulisation or
the administration of aerosol medication.

[0022] The present invention enables someone using
an existing, conventional therapy device to be provided
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with useful data about its use. In this way, the user can
be made more aware of how well he is complying with
the prescribed therapy programme and can modify his
use of the device accordingly to achieve maximum ben-
efit. The clinician is also able to check patient compliance
so that he can identify whether any deterioration in a pa-
tient’s condition is due to lack of compliance or if alter-
native treatment is needed.

Claims

Respiratory therapy apparatus including a vibratory
PEP therapy device (100) including a valve (11, 12)
that is opened and closed by breathing through the
device such as to produce an oscillating resistance
to breathing through the device, characterised in
that the apparatusincludes a sensor (20) responsive
to acoustic pressure waves transmitted through air
caused by movement of the valve, that the sensor
(20) is arranged to provide a signal indicative of use
of the device, and that the sensor (20) is separate
from the device (100) but placed close to it to receive
the acoustic pressure waves transmitted from the
device (100) through air to the sensor(20)

Respiratory therapy apparatus according to Claim
1, wherein the sensor (20) is arranged to provide a
signalindicative of one or more of the following: when
the device (100) is used, the duration of use and the
frequency of oscillation.

Respiratory therapy apparatus according to Claim 1
or 2, wherein the valve includes a valve element (11)
on a rocker arm (12) that opens and closes an open-
ing (10) during exhalation through the apparatus.

Respiratory therapy apparatus according to any one
of the preceding claims, wherein the sensor (20) is
contained in a unit including a display (24) on which
is represented the frequency of oscillation detected
by the sensor.

Respiratory therapy apparatus according to Claim
4, wherein the unit is a mobile phone and the sensor
is the microphone of the phone, and that the phone
is programmed to respond to the sound made by the
apparatus during use.

Patentanspriiche

1.

Atemtherapievorrichtung mit einer Vibrations-PEP-
Therapieeinrichtung (100) mit einem Ventil (11, 12),
das durch Atmen durch die Einrichtung geéffnet und
geschlossen wird, um einen Oszillationswiderstand
gegen die Atmung durch die Einrichtung zu erzeu-
gen, dadurch gekennzeichnet, dass die Vorrich-
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tung einen Sensor (20) umfasst, der auf durch Luft
Ubertragene Schalldruckwellen anspricht, die durch
die Bewegung des Ventils verursacht werden, dass
der Sensor (20) dazu beschaffen ist, ein Signal, das
aufdie Verwendung der Einrichtung hinweist, bereit-
zustellen, und dass der Sensor (20) von der Einrich-
tung (100) getrennt, aber nahe dieser angeordnet
ist, um die Schalldruckwellen zu empfangen, die von
der Einrichtung (100) durch Luft zum Sensor (20)
Ubertragen werden.

2. Atemtherapievorrichtung nach Anspruch 1, wobei
der Sensor (20) dazu beschaffen ist, ein Signal be-
reitzustellen, das auf eines oder mehrere der Fol-
genden hinweist: wann die Einrichtung (100) ver-
wendet wird, die Dauer der Verwendung und die Os-
zillationsfrequenz.

3. Atemtherapievorrichtung nach Anspruch 1 oder 2,
wobei das Ventil ein Ventilelement (11) an einem
Kipphebel (12) umfasst, der eine Offnung (10) wah-
rend des Ausatmens durch die Vorrichtung 6ffnet
und schlief3t.

4. Atemtherapievorrichtung nach einem der vorange-
henden Anspriiche, wobei der Sensor (20) in einer
Einheit mit einer Anzeige (24) enthalten ist, auf der
die durch den Sensor detektierte Oszillationsfre-
quenz dargestellt wird.

5. Atemtherapievorrichtung nach Anspruch 4, wobei
die Einheit ein Mobiltelefon ist und der Sensor das
Mikrophon des Telefons ist, und das Telefon so pro-
grammiertist, dass es auf den durch die Vorrichtung
wahrend der Verwendung erzeugten Ton anspricht.

Revendications

1. Appareil de thérapie respiratoire comprenant un dis-
positif de thérapie PEP vibratoire (100) comprenant
une valve (11, 12) qui est ouverte et fermée en res-
pirant a travers le dispositif de maniére a produire
une résistance oscillante a la respiration a travers le
dispositif, caractérisé en ce que I'appareil com-
prend un capteur (20) sensible aux ondes de pres-
sion acoustiques transmises par l'air provoqué par
le mouvement de la soupape, en ce que le capteur
(20) est congu pour fournir un signal indicatif de I'uti-
lisation du dispositif, et que le capteur (20) est séparé
du dispositif (100) mais placé a proximité de celui-ci
pour recevoir les ondes de pression acoustiques
transmises par le dispositif (100) a travers l'air jus-
qu’au capteur (20).

2. Appareil de thérapie respiratoire selon la revendica-
tion 1, dans lequel le capteur (20) est agencé pour
fournir un signal indiquant un ou plusieurs des élé-
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ments suivants: lorsque le dispositif (100) est utilisé,
la durée d'utilisation et la fréquence d’oscillation.

Appareil de thérapie respiratoire selon la revendica-
tion 1 ou 2, dans lequel la soupape comprend un 5
élément de soupape (11) sur un bras oscillant (12)

qui ouvre et ferme une ouverture (10) pendant I'ex-
piration a travers I'appareil.

Appareil de thérapie respiratoire selon 'une quel- 70
conque des revendications précédentes, dans le-
quel le capteur (20) est contenu dans une unité com-
prenant un affichage (24) sur lequel est représentée

la fréquence d’oscillation détectée par le capteur.

15

Appareil de thérapie respiratoire selon la revendica-

tion 4, dans lequel 'unité est un téléphone mobile et

le capteur est le microphone du téléphone, et que le

téléphone est programmé pour répondre au son

émis par I'appareil pendant son utilisation. 20
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