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RESPIRATORY THERAPY DEVICES

This invention relates to respiratory therapy devices of the kind arranged to produce a

resistance to respiratory flow through the device

Positive expiratory pressure (PEP) devices, that is, devices that present a resistance to
expiration through the device, are now widely used to help treat patients suffering from a
range of respiratory impairments, such as chronic obstructive pulmonary disease, bronchitis,
cystic fibrosis and atelectasis. More recently, such devices that provide an alternating
resistance to flow have been found to be particularly effective. One example of such a device
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.
US8534284 describes a device with an interrupter valve driven by pressurised gas delivered
to the apparatus. The speed of the valve is dependent on the back pressure created by expired
breaths from the patient. W02016/092247 describes a respiratory therapy including a
compliance meter having a cylinder with a piston that moves progressively along the cylinder
when air is released from the cylinder on each expiratory cycle. The piston drives a flag to
indicate progress of a therapy session. Other vibratory respiratory therapy devices are
available, such as “Quake” manufactured by Thayer, “AeroPEP” manufactured by
Monaghan, “TheraPEP” manufactured by Smiths Medical and “IPV Percussionator”
manufactured by Percussionaire Corp. These devices generate vibratory positive pressures
mechanically and fluctuating exhalation flows that help overcome the inertia and stiction of
the sputum within the bronchi and lower passages of the lung. This enhances mucociliary
clearance. Alternative apparatus such as “CoughAssist” manufactured by Philips is also
available. Respiratory therapy devices can instead provide an alternating resistance to flow

during inhalation.

Although respiratory therapy devices can be highly effective at treating respiratory

impairments, the relief obtained is dependent on how closely the patient adheres to the
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prescribed treatment regime: how regularly he uses the device and the manner in which the
device is used. Patients are trained to use the devices by a clinician in a hospital but it is
essential that the devices are used regularly by the patient in the prescribed manner at home
where there is no clinical supervision. The problem, however, is that the patient may not use
the device as prescribed when unsupervised, outside a clinical environment. The clinician is
unable to determine whether any lack of improvement in the patient’s condition is due to his
failure to adhere to the treatment regime or other factors so this makes control of the patient’s

condition very difficult.

It is an object of the present invention to provide an alternative respiratory therapy

device.

According to one aspect of the present invention there is provided a respiratory
therapy device of the above-specified kind, characterised in that the device includes a
movable member arranged to be displaced backwards and forwards during each respiratory
flow cycle, that a mechanical linkage is coupled with the movable member and with a counter
having numerical markings, that the linkage and counter are arranged such that the counter is
advanced numerically by each respiratory cycle so as to provide a numerical indication to the

user of the number of breaths taken.

The device may be arranged to produce a resistance to expiratory flow through the
device. The device is preferably arranged to produce an alternating resistance to respiratory
flow. The movable member may be a spring-loaded piston moved backwards and forwards
along its length by pressure change in the device during each respiratory cycle. The counter
may include a disc with a toothed edge that is arranged to be engaged by an arm coupled to
the movable member such that the arm is pivoted by movement of the movable member and

rotates the disc. The disc may be marked with numbers around its edge.
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A vibratory PEP expiratory respiratory therapy device according to the present
invention will now be described, by way of example, with reference to the accompanying

drawings, in which:

Figure 1 is an exploded view of the device;
Figure 2 shows schematically one part of the counter mechanism; and
Figure 3 shows schematically a different part of the counter mechanism.

With reference first to Figure 1, the respiratory therapy 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 semi-cylindrical shape. The device is completed by an adjustable dial 5 of
circular section. The outer housing 2 contains 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 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 interacts 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 operation
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and the resistance to flow of air through the device to be adjusted for maximum therapeutic

benefit to the user.

When the patient inhales 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 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 underside of the valve
element 11 on the rocker arm 12 causing it to 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 tb incréase 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 interruption to expiratory breath flow through the device. Further information
about the construction and operation of the device can be found in US6581598, although this

is not essential to an understanding of the invention.

As so far described, the device is conventional.

The device differs from conventional therapy devices by the inclusion of a breath
counter 100 that is arranged to indicate the number of breaths or respiratory cycles exerted by
the user. The breath counter 100 is provided by a unit attached with the lower part of the
housing 2 and is shown in more detail in Figures 2 and 3. The counter 100 includes a piston
101 slidable along a cylinder 102 that opens at its upper end into the interior of the housing 2
so that the piston is exposed to pressure change within the housing as the user inhales and
exhales through the device. The piston 101 has a head 103 at its upper end that makes a
sliding gas-tight seal with the inside of the cylinder 102. A rod 104 extends downwardly from
the head 103 out of the closed lower end of the cylinder 102. At its lower end the rod 104 is
hingedly coupled towards the free end 105 of a pivoted arm 106 that is pivotally mounted at
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its opposite end 107. A helical tension or extension spring 108 is attached, at its lower end,
with the arm 106 between its pivoted end 107 and the attachment of the piston rod 104 and, at
its upper end, with a fixed component, such as a part of the housing 2. The spring 108 is
arranged to apply a resilient force to pull the free end 105 of the arm 106 upwardly, that is, to
pivot the arm in a clockwise direction. This has the effect of tending to pull the piston 101
upwardly, towards the housing 2 of the therapy device. Upward movement of the arm 106 is

limited by engagement of the upper surface of the arm with a fixed stop 110.

The arm 106 also has a latch arm or pawl 112 (Figure 3) that extends downwardly
from the arm. The pawl 112 has a free end 113 that engages one of a series of teeth 116
projecting from around the edge of a counter disc or gear 117 rotatably mounted about an
axis parallel with the pivot axis of the arm 106. The teeth 116 are marked with a series of
numbers 118 that increase around the disc 117. The teeth 116 are movable behind a window

119 through which the user can view the numbers 118.

Each time that the user exhales pressure within the housing 2 of the device increases.
This increased pressure causes the piston 101 to be forced down the cylinder 102 against the
force applied by the spring 108. As the piston 101 moves down the arm 106 is also moved
down or rotated anticlockwise to the lower position shown in Figure 2 by the broken lines.
This causes the free end 113 of the pawl 112 to disengage from the tooth 116 with which it
was previously engaged and to move to the next tooth around the counter disc 117. When the
user has finished exhaling, the pressure in the housing 2 falls back towards atmospheric
pressure, thereby allowing the piston 101 to be pulled up by the spring 108. This allows the
arm 106 and pawl 112 to be displaced clockwise so that its free end 113 engages and indexes
around the next tooth 116 on the counter disc 117. In this way the number 118 visible in the
window 119 is advanced by one count. The user can thereby check his progress through a

therapy session involving a prescribed number of expiratory breaths.
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If it is only necessary to be able to count a small number of breaths a single counter
disc may be sufficient with the requisite number of teeth spaced around it. For larger numbers
several counter discs could be ganged together, side by side, so that when one disc is
advanced beyond “9” it rotates the adjacent disc by one step so that, for example “09” is

advanced to “10”.

The arrangement of the present invention enables a numerical count of breaths to be

displayed to the user in a relatively simple and low-cost manner.

The invention is not confined to vibratory or expiratory therapy devices but could be

used with inspiratory therapy devices and those without any vibratory effect.
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CLAIMS

A respiratory therapy device (200) arranged to produce a resistance to respiratory flow
through the device, characterised in that the device includes a movable member (101)
arranged to be displaced backwards and forwards during each respiratory flow cycle,
that a mechanical linkage (106, 112) is coupled with the movable member (101) and
with a counter (100) having numerical markings (118), that the linkage and counter
are arranged such that the counter (100) is advanced numerically by each respiratory

cycle so as to provide a numerical indication to the user of the number of breaths

taken.

A respiratory therapy device according to Claim 1, characterised in that the device

(200) is arranged to produce a resistance to expiratory flow through the device.

A respiratory therapy device according to Claim 1 or 2, characterised in that device

(200) is arranged to produce an alternating resistance to respiratory flow.

A respiratory therapy device according to any one of the preceding claims,
characterised in that the movable member is a spring-loaded piston (101) moved
backwards and forwards along its length by pressure change in the device during each

respiratory cycle.

A respiratory therapy device according to any one of the preceding claims,
characterised in that the counter (100) includes a disc (117) with a toothed edge (16)
that is arranged to be engaged by an arm (106, 112, 113) coupled to the movable
member (101) such that the arm is pivoted by movement of the movable member and

rotates the disc (117).
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A respiratory therapy device according to Claim 5, characterised in that the disc (117)

is marked with numbers (118) around its edge.
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