WO 2006/117379 A2 |00 00 00O O A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
9 November 2006 (09.11.2006)

(10) International Publication Number

WO 2006/117379 A2

(51) International Patent Classification:
AG6IM 16/20 (2006.01)

(21) International Application Number:
PCT/EP2006/061989

(22) International Filing Date: 2 May 2006 (02.05.2006)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

PCT/1IB2005/001454 2 May 2005 (02.05.2005) 1B

(71) Applicant (for all designated States except US): SOCI-
ETE D’APPLICATIONS INDUSTRIELLES MEDI-
CALES ET ELECTRONIQUES (SAIME) [FR/FR]; 25,
Rue De L'etain, F-77176 Savigny Le Temple (FR).

(72) Inventor; and

(75) Inventor/Applicant (for US only): CHALVIGNAC,
Philippe [FR/FR]; 37, Domaine du bois de la Garenne,
F-77760 Acheres La Foret (FR).

(74) Agent: MARTIN, SCHRIMPF, WARCOIN, AH-
NER, TEXIER, LE FORESTIER, CALLON DE
LAMARCK, COLLIN, TETAZ-Cabinet Regimbeau;
20, Rue De Chazelles, F-75847 Paris Cedex 17 (FR).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KN, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV,
LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, YU, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title:
BREATHING ASSISTANCE METHOD

52

546
545
544
543
542

541

51

50

BREATHING ASSISTANCE DEVICE COMPRISING A GAS REGULATING VALVE AND ASSOCIATED

(57) Abstract: The invention relates to a breathing as-
sistance device for a patient breathing in successive cy-
cles, each cycle being defined by at least an inspiration
phase and at least an expiration phase, said breathing
assistance device including : - a source of respiratory
pressurised gas, - a gas transmission duct comprising
a distal end coupled to said source and a proximal end
coupled to said patient, - a gas regulating valve (50)
comprising at least a leakage orifice (531 ) between the
inside and outside of said duct, and an obstruction ele-
ment (54) capable of varying the opening of said leak-
age orifice (531 ) upon signal of a controller, charac-
terised in that the gas regulating valve (40) is interposed
in said duct at a proximal location, and that the obstruc-
tion element (54) is capable of allowing a bidirectional
gas flow through said leakage orifice (531 ) in both ex-
piration and inspiration phases. The invention also re-
lates to a breathing assistance method for assisting a
patient with a breathing assistance device.
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Breathing assistance device comprising a gas regulating
valve and associated breathing assistance method

FIELD OF THE INVENTION

The present invention relates to a breathing assistance device for a
patient.

More precisely, the invention relates to a breathing assistance device
for a patient breathing in successive respiratory cycles, each respiratory
cycle being defined by at least an inspiration phase and at least an

expiration phase.

TECHNICAL BACKGROUND

A variety of breathing assistance devices, which we will also
generally refer to as “respirators” in this text, are available today.

These respirators are equipped with a source of respiratory
pressurised gas. They are qualified as “autonomous” as an external
pressurised gas feeding is not required to operate them.

These devices provide the patient, at each inspiration, with a
respiratory gas (typically ambient air to which a complementary gas such as
oxygen can be added).

Different types of respirators are known. These different types of
respirators can be classified e.g. according to their size.

Indeed, the size of these devices is an important parameter : it is
generally desirable to minimize this size, in order to facilitate the operation
of a same and single device in varied places and circumstances (e.g. home,

as well as hospital), and in order to increase the mobility of the patient.
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Non-transportable devices

A first type of respirators relates to the ones qualified as being non-
transportable. This first type is schematically illustrated in figures 1a to 1d.

Such devices are generally equipped with a respiratory gas source
S1 having a very large size and/or weight. This gas source can be internal
to the device, located in this case in a central unit 10, as the non-
transportable respirator described hereinafter and illustrated in figures 1a to
1d. The gas source can also be external to the device.

In these devices, the source of gas is coupled to the patient P
through two ducts, an inspiration duct 11 dedicated to the inspiration phase
and through which the patient P inspires the pressurised gas from the
source of gas, and an expiration duct 12 dedicated to the expiration phase
and through which the patient can exhale expiratory gases, such as carbon
dioxide.

These non-transportable respirators are further provided with an
inspiratory valve 13 and an expiratory valve 14. These two valves are
located close to the gas source S1, respectively on the inspiration duct 11
and on the expiration duct 12.

The inspiratory valve 13 allows controlling the flux of the pressurised
gas transmitted to the patient during the respiratory phases.

The expiratory valve 14 allows the expiratory gases of the patient to
pass out of the expiratory duct 12, in the surrounding atmosphere. For this
purpose, the expiratory valve can further be controlled with a PEP (Positive
Expiratory Pressure).

Most of the operating modes of the respirators require a monitoring of
the expiratory gas flow and/or expiratory pressure. Therefore sensor(s) 19
for sensing the gas flow and/or pressure have to be provided in the

respirator.
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Each sensor usually needs to be connected to the central unit 10 of
the respirator by at least three wires, in order to be supplied with power and
to convey data.

Therefore the sensors 19 are generally located near the gas source
S1 in order to avoid further increasing the complexity of the already quite
complex and large double transmission circuit by the addition of sensors
and wires.

If it is desired that the sensors 19 are located in the vicinity of the
expiratory valve, said expiratory valve 14 has thus to be located close to the
gas source S1.

Both the inspiratory and expiratory valves require specific and often
complex controlling means 15, i.e. controller 15, in order to be operated
properly.

The non-transportable respirators are generally provided with
relatively long ducts, of about 150 to 180 cm.

This configuration results in a high breathing resistance which
increases the work of breathing of the patient.

Indeed, if the expiratory valve 14 is located at the end of the
expiration duct 12 near the gas source S1 (distal end), and the expiration
duct 12 being relatively long, the patient P will need to “push” his expiration
through the expiration duct 12 until the expired air reaches the expiration
valve to be vented to the atmosphere.

Transportable respirators

A second type of respirators can be referred to as transportable
respirators, as schematically illustrated in figures 2a to 2d. This type of
transportable respirator is provided with a central unit 20 comprising an
internal respiratory gas source S2.

The gas source S2 may be a small turbine or blower, having
optimised characteristics in order to limit the volume occupied by the device.
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A further way to limit the volume of these devices is to use a single
gas transmission duct 21 between the source S2 and the patient P, in
contrast with devices having two ducts (an inspiration duct and an expiration
duct).

The operation principle of these respirators is based on the use of an
expiratory valve 22 located on the single duct 21, near the patient P (i.e. at
the proximal end of the duct).

Such proximal localisation of this expiratory valve 22 allows, in
particular during the expiratory phase, to avoid the breathing resistance
phenomenon which would be caused by the length of the duct used for
expiration if the expiratory valve was located at the distal end of the duct.

In the known transportable respirators, such as represented in figures
2a to 2d, this expiratory valve 22 is a pneumatic valve being operated
thanks to a pressurised air feeding conduit 23, coupled with the respiratory
gas source S2 (or to another source of pressure such as an independent
microblower), and which inflates an obstructing cuff 24 of the expiratory
valve 22.

Such control of the expiratory valve thus requires a specific conduit
23, which limits the miniaturization of the respirator.

During the expiration phase, the expiratory valve 24 is either opened
or partially closed in order to establish a positive expiratory pressure (PEP)
in the gas transmission duct to balance the residual overpressure in the
patient lungs.

In order to establish such a PEP, it is necessary to control very
precisely the pneumatic inflating pressure of the cuff 24 of the expiratory
valve 22. This increases the complexity of the controller 25 of the respirator.

In some respiratory modes, the expiratory valve has to be operated
as much as possible in real time, which is quite difficult in such expiratory

valves because of the pneumatic inertias which are associated with them.
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Moreover the configuration of such a known respirator imposes a
limitation of the value of the PEP at around 20 mBar, while some respiratory
modes would need a higher value of the PEP (e.g. 40 mBar or even more).

For the same reason as for non-transportable respirators, the
expiratory gas flow and/or expiratory pressure may have to be controlled
and gas flow and/or pressure sensors 29 have therefore to be provided near
the expiratory valve 22.

Here again this requires providing wires along the gas transmission
duct 21 between the central unit 20 containing the gas source S2 and the
patient P (namely three wires — two for power supply and one for data
transmission — for each pressure sensor, and two power supply wires for
each gas flow sensor). Since expiratory gas flow and pressure generally
have to be measured, a connection cable 26 of at least five wires is thus
required between the central unit 20 and the expiratory valve 22 at the

proximal end of the device.

Comment on situation of disabled control of the expiratory valve

In order for the patient to safely use a respirator, the latter being
transportable or not, this device must of course allow the patient to breathe
in any situation, including if the pressurised gas source is disabled
(breakdown or other). There are therefore safety standards to fulfil so that
the breathing assistance device can work even if the gas source is disabled.

Thus, with a respirator having a single gas transmission duct 21 as
described before and a specific conduit 23 for pneumatic control of the
expiratory valve 22, the patient P can always expires through the pneumatic
expiratory valve 22, even if the pneumatic feeding of the expiratory valve 22
is disabled, as shown in figure 2d.

Indeed, if the pneumatic feeding of the expiratory valve is disabled,
(this being the case when the gas source is disabled, if the source provides
the control of the valve), the cuff 24 of the expiratory valve 22 will not be fed
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anymore, preventing therefore the PEP control, but still allowing the patient
P to reject the expiratory gases Ep through the expiratory valve 22.

In such case, it will however be impossible for the patient P to inspire
through this pneumatic expiratory valve 22, since the cuff 24 shall obstruct
the passage between the inside and the outside of the transmission duct 21,
because of the patient inspiration Ip.

Consequently, transportable respirators as illustrated in figures 2a to
2d comprise a safety back flow stop valve 27 near the gas source S2. As
represented in figure 2a, this safety valve 27 will normally be closed under
the effect of the pressure feeding Gs coming from the gas source S2, but if
the latter is disabled, the pressure of the patient inspiration Ip will open the
safety valve 27, allowing the patient P to inspire air from outside, as
illustrated in figure 2c.

The disabling of the gas source S2 corresponds to a particular case
of disabling of the pneumatic control of the expiratory valve 22. It is
specified that in this text such disabling of the gas source S2 is understood
as more generally referring to a disabling of the pneumatic control of the
expiratory valve 22.

In order to allow a safe inspiration through the safety valve 27 and
the whole length of the duct 21, the diameter of the duct will have to be
large.

It is specified in this respect that there are generally pressure loss
standard requirements to fulfil for addressing this issue of safety. For
example, the French standards state that the maximum pressure loss
between the source and the patient must not exceed 6 hPa for 1
litre.second for an adult and 6 hPa for 0,5 litre.second for a child.

And in order to fulfil such requirements, the transmission duct of
known devices such as illustrated in figures 2a to 2d must have a minimum
diameter of 22 mm for an adult and a minimum diameter of 15 mm for a
child.
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Such large diameter of the duct is of course an obstacle to
miniaturization of the device.

For a non transportable respirator (see figures 1a to 1d), the patient P
will always be able to expire through the expiration duct 12, even if the gas
source S1 is disabled, as shown in figure 1d.

If the gas source S1 is disabled, as illustrated in figure 1c, the
ingpiration phase is made possible through a safety back flow stop valve 16
located on the inspiration duct 11, near the gas source S1.

This safety back flow stop valve 16 is not located on the expiration
duct 12 as it would be dangerous for the patient P to inspire through the
expiratory duct 12 which contains a plug of carbon dioxide.

For the same reasons as for the transportable respirators, the
diameters of the duct must be relatively large to fulfil the pressure loss
requirements, that is a least 15 mm for children and 22 mm for adults, in
order to allow a safe inspiration through the safety valve 16.

And here again, such large diameter is an obstacle to miniaturization.

Comment on ability to operate according to different modes

In addition, it is to be noted that the pathologies and diseases to be
treated by the respirators are varied, and the breathing assistance devices
can therefore be of different types, such as pressure-controlled or
volumetric-controlled, and be operated according to different operating
modes.

Each operating mode is defined by particular setting and checking
variables but also by a particular type of material.

Some devices, which can be referred to as hybrid, are able to work
according to several operating modes. However their material configuration,
in particular the accessories (as the type of ducts between the gas source
and the patient, the presence or not of an expiratory valve, the use of a
mask with apertures, etc.), must be adapted to the chosen operating mode.
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And it would be desirable to operate a same and single device according to
a large variety of modes, without requiring adapting the device (i.e. adapting

its ducts, accessories, etc.).

Generally, it is an object of the invention to address one or more of

the limitations and drawbacks mentioned above in this text.

SUMMARY OF THE INVENTION

A first aspect of the invention is to allow miniaturization of a respirator
device.

In one form of the invention the diameter of a duct between a source
and a patient is reduced, while fully respecting the safety requirements.

It is a further aspect to provide a simple configuration. In one form the
number of wires between the central unit of the respirator and the proximal
end of the duct is reduced.

Another aspect is to allow real-time control of the device. In one form
of the invention real-time control of a gas regulation valve of a device is
provided.

A further aspect of the invention is to allow multiple operating modes

within a single respiratory device, without requiring adaptation of the device.

In one form the invention relates to a breathing assistance device as
recited in claim 1.

In particular, the invention concerns a breathing assistance device for
a patient breathing in successive cycles, each cycle being defined by at
least an inspiration phase and at least an expiration phase, said breathing
assistance device including :

- asource of respiratory pressurised gas,
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- a gas transmission duct comprising a distal end coupled to said
source and a proximal end coupled to said patient,
- a gas regulating valve comprising at least a leakage orifice between
the inside and outside of said duct, and an obstruction element
capable of varying the opening of said leakage orifice upon signal of
a controller,
characterised in that the gas regulating valve is interposed in said duct at a
proximal location, and that the obstruction element is capable of allowing a
bidirectional gas flow through said leakage orifice in both expiration and
inspiration phases.

Preferred but not limited aspects of such a breathing assistance
device are the following:

- the obstruction element is electrically controlled, and the obstruction
element may be an electromagnetic obstruction element;

- the obstruction element includes a return so that the leakage orifice
remains at least partially opened in the absence of signal from the
controller;

- the return is a magnetic equator;

» the electromagnetic obstruction element includes a metallic
sheath wherein a coil is fixed, said coil being controllable by
the controller and surrounding a movable magnetic element,
the metallic sheath and the movable magnetic element
defining the magnetic equator;

» the magnetic element comprises a toric magnet, a first polar
piece and a second polar piece, said first and second polar
pieces being coaxially fixed on either side of the toric magnet
and being of different polarities, and said second polar piece
comprising an obstruction piece being capable of obstructing
the leakage orifice. The magnetic element is translatable along

an axis of revolution of the toric magnet;
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the electromagnetic obstruction element may include two
coaxial coils controllable by the controller, the first coil
substantially surrounding the toric magnet and the first polar
piece, and the second coil substantially surrounding the toric
magnet and the second polar piece;

the electromagnetic obstruction element is mounted coaxially

relative to the gas transmission duct;

- the return is a compression spring;

the electromagnetic obstruction element includes an armature
surrounded by a coil, said coil being controllable by the
controller, and said armature comprising an inner toric space
wherein a magnetic element is translatable;

the magnetic element is capable of obstructing the leakage
orifice;

the magnetic element is constraint by the compression spring;
the magnetic element comprises a toric magnet and a magnet
guide;

the electromagnetic obstruction element is mounted

transversally relative to the gas transmission duct.

- the return is a rubber membrane;

the rubber membrane comprises a bellows designed for
maintaining the obstruction element in a position where the
leakage orifice is at least partially opened;

the bellows is designed for enhancing the returning function if
gas pressure within the valve increases;

the bellows has a convex curvature oriented towards walls of
the valve;

the obstruction element is at least partially confined within an

independent space from the duct.
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Another aspect of the invention concerns a breathing assistance
method for assisting a patient with a breathing assistance device of the
invention, as defined in claim 17.

In particular, it concerns a breathing assistance method for assisting
a patient with a breathing assistance device according to the invention,
characterised in that the leakage orifice is at least partially opened in the
absence of signal from the controller.

Preferable but not limited aspects of such a breathing assistance
method are the following:

- the leakage orifice is totally obstructed during inspiration phases
whereas it is a least partially opened during expiration phases;

- the leakage orifice, during expiration phases, is opened so that
positive expiratory pressure (PEP) remains equal to expiration pressure of
the patient;

- the leakage orifice is totally opened in case of breakdown of the

source of respiratory pressurised gas.

The invention further relates to a gas regulating valve for a breathing
assistance device, as recited in claim 25.

In particular, it relates to a gas regulating valve for a breathing
assistance device, being interposed in a gas transmission duct of said
breathing assistance device at a proximal location, and comprising at least a
leakage orifice between the inside and outside of said duct, and an
obstruction element capable of varying the opening of said leakage orifice
upon signal of a controller, characterised in that the gas regulating valve is
capable of allowing both an inward or an outward gas flow in both expiration
and inspiration phases.

Preferable but not limited aspects of such a gas regulating valve are

the following:
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- the obstruction element includes a return so that the leakage orifice
remains at least partially opened in the absence of signal from the
controller;

- the obstruction element is an electromagnetic obstruction element
including a metallic sheath wherein a coil is fixed, said coil being
controllable by the controller and surrounding a translatable magnetic
element, the magnetic element comprising a toric magnet, a first polar piece
and a second polar piece, said first and second polar pieces being coaxially
fixed on either side of the toric magnet and being of different polarities, and
said second polar piece comprising an obstruction piece being capable of
obstructing the leakage orifice;

- the obstruction element is an electromagnetic obstruction element
including an armature surrounded by a coil, said coil being controllable by
the controller, and said armature comprising an inner toric space wherein a
magnetic element is translatable, the magnetic element being capable of

obstructing the leakage orifice and being constraint by a compression
spring.

The invention further relates to a gas regulating valve for a breathing
assistance device, as recited in claim 29.

In particular, it relates to a gas regulating valve for a breathing
regulating device, comprising at least a leakage orifice to the atmosphere
and an obstruction element capable of varying the opening of said leakage
orifice upon signal of a controller, and passage means between the valve
and a pressurized gas source, characterised in that said obstruction
element can be moved between a position where it closes said passage

means and a position where it closes said leakage orifice.

The invention further relates to a gas regulating valve for a breathing

assistance device, as recited in claims 30 and 31.
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In particular, it relates to a gas regulating valve for a breathing
assistance device, comprising a casing provided with at least a leakage
orifice, an obstruction element capable of varying the opening of said
leakage orifice upon signal of a controller, and a processing portion (104) for
connecting measurement means to the controller (35), characterised in that
the processing portion is designed for being removably connected to the
casing. The processing portion may namely comprise a clip designed for
surrounding the casing so that processing portion may be removably clipped

on the casing.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the invention will become clear
from the following description which is only given for illustrative purposes
and is in no way limitating and should be read with reference to the attached
drawings on which, in addition to figures 1a to 1d and 2a to 2d which have
already been commented above :

- Figure 3 is a schematic representation of a breathing assistance
device according to the invention;

- Figure 4a is a three-dimensional exploded view of a gas regulating
valve according to a first embodiment of the invention;

- Figure 4b is a plan exploded view of the gas regulating valve of figure

43;

- Figure 4c is a side view of the gas regulating valve of figure 4a;

- Figure 4d is a sectional view of the gas regulating valve of figure 4a
with a closed leakage orifice;

- Figure 4e is a sectional view of the gas regulating valve of figure 4a
with an opened leakage orifice;

- Figure 5a is a three-dimensional exploded view of a gas regulating
valve according to a second embodiment of the invention;
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Figure 5b is a plan exploded view of the gas regulating valve of figure
5a;

Figure 5c is a side view of the gas regulating valve of figure 5a;
Figure 5d is a sectional view of the gas regulating valve of figure 5a
with a closed leakage orifice;

Figure 5e is a sectional view of the gas regulating valve of figure 5a
with an opened leakage orifice;

Figure 6a is a three-dimensional exploded view of a gas regulating
valve according to a third embodiment of the invention;

Figure 6b is a exploded plan view of the gas regulating valve of figure
6a;

Figure 6¢ is a side view of the gas regulating valve of figure 6a;
Figure 6d is a sectional view of the gas regulating valve of figure 6a
with a closed leakage orifice;

Figure 6e is a sectional view of the gas regulating valve of figure 6a
with an opened leakage orifice;

Figure 6f is an exploded sectional view of the gas regulating valve of
figure 6a;

Figure 7a is a schematic representation of a gas regulating valve
according to the first and second embodiments of the invention, in
normal operation, during the inspiration phase;

Figure 7b is a schematic representation of a gas regulating valve
according to the first and second embodiments of the invention, in
normal operation, during the expiration phase;

Figure 7c is a schematic representation of a gas regulating valve
according to the first and second embodiments of the invention, when
the controller is disabled;

Figure 8a is a schematic representation of a gas regulating valve
according to the third embodiment of the invention, in normal
operation, during the inspiration phase;
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Figure 8b is a schematic representation of a gas regulating valve
according to the third embodiment of the invention, in normal
operation, during the expiration phase.

Figure 9a is a three-dimensional exploded view of a gas regulating
valve according to a fourth embodiment of the invention;

Figure 9b is another three-dimensional exploded view of the gas
regulating valve of figure 9a;

Figure 9c is a exploded plan view of the gas regulating valve of figure
9a;

Figure 9d is a sectional view of the gas regulating valve of figure 9a
with an opened leakage orifice;

Figure 9e is a partial sectional view of the return of the gas regulating
valve of figure 9a;

Figure 10a is a three-dimensional exploded view of a gas regulating
valve according to a fourth embodiment of the invention;

Figure 10b is another three-dimensional exploded view of the gas
regulating valve of figure 10a;

Figure 10c is a exploded plan view of the gas regulating valve of
figure 10a;

Figure 10d is a sectional view of the gas regulating valve of figure
10a with an opened leakage orifice;

Figures 11a-11f are different views of all or part of a regulating valve
arrangement (herein called “active valve”) which can be said be
incorporated in a breathing assistance device as mentioned above
and illustrated in the preceding figures, but which is not limited to

such device.
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DETAILED DESCRIPTION OF THE INVENTION

STRUCTURE

General structure of the device

We shall first describe the general structure of a device (respirator)
according to the invention. With reference to figure 3, a breathing assistance
device according to the invention is shown in a schematic manner.

This device comprises a central unit 30, which itself includes an
internal gas source S for supplying a patient P with respiratory pressurised
gas. The gas source S is typically a small blower.

The breathing assistance device further comprises a gas
transmission circuit between the central unit 30 and the patient P, so as to
allow the patient P to inspire and expire.

A gas regulating valve 32 is interposed in said gas transmission
circuit at a proximal location. By proximal location, it has to be understood
that the gas regulating valve 32 is located near (i.e. typically a few
centimetres) the end of the gas transmission circuit coupled to the patient P.
As shall be described further in this text, the regulating valve can be made
according to different embodiments (and it can furthermore comprise a

specific valve arrangement described in the “active valve” section).

The gas source S will preferably be capable of operating according to
several respiratory modes.

This gas source is connected to an air inlet 33a for collecting ambient
air to be provided to the patient P.

An additional inlet 33b may also be provided for a secondary
respiratory gas such as oxygen, in order to enrich the ambient air.
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The gas source S is powered through a power supply means, i.e. a
power supply 37. This power supply 37 means may be an internal battery or

an external power supply.

The gas transmission circuit may be composed of one or more gas
transmission ducts. As shown in figure 3, the breathing assistance device of
the invention preferably includes a gas transmission circuit consisting of a
single gas transmission duct 31.

This gas transmission duct 31 comprises a distal end 31d coupled to
the source S and a proximal end 31p coupled to the patient P.

The proximal end 31p of the transmission duct 31 is connected to the
patient P through a connecting means, i.e. a patient interface 36. This
patient interface 36 may be e.g. a device adapted for tracheotomy or a

mask.

The breathing assistance device further includes a controller 35 for
controlling the gas regulating valve 32 via a connection link 39 (for data
transmission and power supply). This connection link 39 can be a
connection cable 39.

The controller 35 is associated to measurement means, i.e. sensors
34 (in particular a gas flow sensor and a pressure sensor).

More precisely, “associated to” means that the controller 35 either
includes such sensors 34, or is connected to them via a connection link.

Part or all of these sensor(s) can indeed be located proximally, that is
located near the gas regulating valve 32. It is also possible that part or all of
these sensor(s) are located on the rest of the gas transmission duct 31,
such as near its distal end 31d.

The controller 35 further includes data processing means, i.e. data
processors, in particular to enable processing of the signals coming from the
different sensor(s).
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The data processors of the controller 35 are generally all located at a
distal position, that is on the gas source S.

However, a data processor 38 may be located at a proximal position,
that is near the patient P. Indeed, the more sensors there will be near the
gas regulating valve 32, the more wires there will have to be in the
connection cable 39 along the gas transmission duct 31, in order to power
supply these sensors but also to collect the different emitted signals.

It is therefore interesting to provide a proximal data processor 38 so
that the different signals from the sensor can be processed to be transmitted
to distal data processor of the controller 35 through a single data
transmission wire. Such a configuration of the data processor will therefore
emphasize the miniaturization process, the connection cable 39 between
the distal data processing device and the proximal sensor needing only

three wires, i.e. one data transmission wire and two power supply wires.

The gas transmission duct 31 may be of different diameters. In
particular, this gas transmission duct 31 may have a smaller diameter than
the ducts used in the known breathing assistance devices as those
represented in figures 1a through 1d and 2a through 2d.

The particular gas regulating valve 32 of the invention, interposed in
the gas transmission duct 31, enables namely to fulfil the pressure loss and
safety standards without needing a minimal diameter duct. It is therefore
possible for the gas transmission duct 31 to have a diameter smaller than

22 mm for adults and 15 mm for children.

The gas regulating valve 32 has indeed a structure that emphasizes
the miniaturization of the breathing assistance device. In fact, the gas
regulating valve 32 is electrically controlled no air feeding conduit is required
leading thus to a more compact device. Further, as explained above, the
gas transmission duct may be smaller than the usual ones. Finally,
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miniaturization of the breathing assistance device is increased when using a
data processor located on the gas regulating valve, i.e. proximally.

As exposed further in this text, the breathing assistance device remains also
highly safe and reliable.

First embodiment of the invention

The breathing assistance device according to a first embodiment of
the invention comprises a gas regulating valve as represented in figures 4a
to 4e. The gas regulating valve 40 according to this embodiment of the

invention is mounted coaxially relative to the gas transmission duct 31.

The gas regulating valve 40 includes a casing made of three hollow
portions, namely a distal portion 41, a central portion 42 and a proximal
portion 43.

The three portions are coaxially connected together so as to form an
integral casing. Each portion is formed so that the casing comprises a
passage through which the pressurised gas can circulate form the gas
source S to the patient P and vice-versa.

The distal portion 41 and proximal portion 43 are formed to be
connected to the gas transmission duct 31, respectively in direction of the
source S and the patient P.

The proximal portion 43 is provided with an aperture 431 so as to
form a leakage orifice between the inside and the outside of the gas
regulating valve 40. Gas may therefore leak from the gas transmission
circuit to the atmosphere and vice-versa. It is preferred that this aperture is
as wide as possible, that is the aperture covers most of the circumference of
the proximal portion 43.

The gas regulating valve 40 further includes an obstruction means,
i.e. an obstruction element 44 in order to vary the opening of the leakage
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orifice. The obstruction element 44 is preferably an electromagnetic
obstruction element.

The obstruction element 44 includes a metallic toric sheath 441,
preferably made of soft iron, wherein a coil 442 is fixed. This assembly is
fixed around the proximal portion 43 and is surrounded by the central
portion 42 of the casing.

The coil 442 may be a single toric coil but it is preferable to use two
coaxial toric coils, both surrounded by the toric sheath 441. The coil 442 is

powered by the controller 35 via the connection cable 39.

The obstruction element 44 further includes a magnetic element
comprising a toric magnet 444, a first polar piece 443 and a second polar
piece 445. The polar pieces are coaxially fixed on either side of the toric
magnet 444, and are of different polarities. The polar pieces have a
rotational symmetry relative to the axis of revolution of the toric magnet 444
and include a passage through which gas can circulate from the source S to
the patient P and vice-versa.

This magnetic element is arranged within the proximal portion 43 and
is at least partially surrounded by the coil 442. The magnetic element is
movable within the proximal portion 43, it is namely translatable along the
axis of revolution of the toric magnet 444. This translation movement is at
least partially confined within the coil 442, the two extreme positions being
defined by abutments provided in the inner side of the casing.

The magnetic element is provided with an obstruction piece 446
capable of obstructing the leakage orifice 431 of the proximal portion 43.
This obstruction piece 446 is fixed on a polar piece of the magnetic element
and follows therefore the translation movement of the magnetic element.

Dimension and shape of the obstruction piece 446 depend on the
characteristics of the leakage orifice 431 and the magnetic element. The
obstruction element 44 must namely be dimensioned so that the obstruction
piece 446 totally closes the leakage orifice 431 when the magnetic element
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is positioned in one of its two extreme positions. The obstruction piece 446
is also preferably made of a hard material.

The magnetic element is therefore composed of different pieces,
whose shapes and configuration allow a passage, through which gas can

circulate form the gas source S to the patient P and vice-versa.

Another arrangement of this embodiment of the invention would be to
have an obstruction element including a fixed magnetic element, that is at
least a fixed magnet, and a movable coil, said movable coil being provided
with an obstruction piece so as to be capable of obstructing the leakage
orifice of the proximal portion. Such arrangement may take the form of the

fourth embodiment described below.

Second embodiment of the invention

Another embodiment of a breathing assistance device according to
the invention comprises a gas regulating valve as represented in figures 5a
to 5e. The gas regulating valve 50 of this second embodiment is very similar
to the gas regulating valve 40 according to a first embodiment of the
invention.

The gas regulating valve 50 of the second embodiment has namely
the same structure as the gas regulating valve 40 according to a first
embodiment of the invention, in particular concerning the obstruction
element. However, the gas regulating valve 50 comprises a proximal portion
53 being provided with a housing 532 for sensor(s) connected to the
controller 35 via the connection cable 39.

There is for example provided a gas flow pressure sensor (such as a
hot wire sensor) and a pressure sensor. In this case the connection cable
39 comprises at least seven wires. There will namely be needed two power
supply wires for the flow pressure sensor, two power supply wires and a
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data transmission wire for the pressure sensor, and two additional wires to

power supply the magnetic mechanism of the gas regulating valve 50.

Third embodiment of the invention

A third embodiment of a breathing assistance device according to the
invention comprises a gas regulating valve as represented in figures 6a to
6f. The gas regulating valve 60 according to this embodiment of the

invention is mounted transversally relative to the gas transmission duct 31.

The gas regulating valve 60 comprises a casing 61 having a distal
end 611 and a proximal end 612, the distal end 611 being coupled to the
gas transmission duct 31 in direction of the source S and the proximal end
612 being coupled to the gas transmission duct 31 in direction of the patient
P.

The casing 61 has a shape very similar to a duct except the fact that
it also includes a housing 613 for receiving an obstruction element 62.

A first aperture 614 is provided between the duct 616 of the casing 61
and a first zone 6131 of the housing 613.

A second aperture 615 is provided in the first zone 6131 of the
housing 613, so that a gas flow may circulate between the inside of the
casing 61 and the outside.

The first and second apertures (614,615) thus define a leakage
orifice 617. Gas may circulate through this leakage orifice 617 from the gas
transmission circuit to the atmosphere and vice-versa

A cover 63 is foreseen to close the housing 613 and protect the
obstruction element 62 disposed in a second zone 6132 of said housing
613.

The obstruction element 62 is preferably an electromagnetic

obstruction element.
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The obstruction element 62 comprises a metallic armature 622 which
is fixed in the second zone 6132 of the housing 613. This armature 622 may
be made of soft iron. The armature 622 comprises a cylindrical passage
6221 whose axis of revolution is perpendicular to the duct 616 of the casing
61.

The armature 622 is preferably a revolution solid whose axis of
revolution corresponds to the axis of revolution of the cylindrical passage
6221. The armature 622 comprises a bottom disc 6222 having a circular
opening at its centre and a top disc 6223 having a circular opening at its
centre, the diameters of the bottom disc 6222 and of the circular opening of
the bottom disc 6222 being respectively larger than the diameters of the top
disc 6223 and of the circular opening of the top disc 6223.

Bottom and top discs (6222,6223) are coaxially coupled together
through a peripheral coaxial cylindrical portion 6224 having the same
diameter as the one of the bottom disc’s circular opening.

A central coaxial cylindrical portion 6225 is provided in the armature
622, between the bottom disc 6222 and the top disc 6223. This central
coaxial cylindrical portion 6225 has the same diameter as the one of the top
disc’s circular opening, and has an end fixed to the top disc 6223.

A central disc 6226 having the same diameter as the one of the
central coaxial cylindrical portion 6225 is coaxially fixed to the other end of
the central coaxial cylindrical portion 6225. This central disc 6226 is
provided with a circular opening at its centre.

In this configuration, the peripheral and central coaxial cylindrical
portions (6224, 6225) of the armature 622 define a toric space 6227.

The obstruction element 62 further comprises a coil 621 that
surrounds the first cylindrical portion of the armature 622.

This configuration creates therefore an air-gap in the toric space
6227, between the coil 621 and the central coaxial cylindrical portion 6225
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of the metallic armature 622, which is closed at one end with the top disc
6223 of the armature 622.

The obstruction element 62 also includes a magnetic element, the
magnetic element comprising a toric magnet 624 and a magnet guide 623.

The magnet guide 623 is a revolution solid comprising a bottom disc
6231 and a top disc 6232 of a larger diameter, the top disc 6232 having a
circular opening at its centre, the diameter of this opening being the same
as the diameter of the top disc. The bottom and top discs (6231,6232) are
coaxially coupled through a peripheral coaxial cylindrical portion 6233
having a diameter identical to the diameter of the bottom disc 6231. A
central coaxial cylindrical portion 6234 having a smaller diameter is provided
on the bottom disc 6231, between the top and bottom discs (6232,6231).

The toric magnet 624 has an inner diameter similar to the diameter of
the first cylindrical portion 6233 of the magnet guide 623, so that the magnet
guide 623 is inserted within the toric magnet 624.

The outer diameter of the toric magnet 624 is similar to the inner
diameter of the peripheral coaxial cylindrical portion 6224 of the armature
622. The diameter of the circular opening of the top disc 6232 of the magnet
guide 623 is similar to the outer diameter of the central coaxial cylindrical
portion 6225 of the armature 622. The central coaxial cylindrical portion
6234 of the magnet guide 623 has an outer diameter similar to the diameter
of the circular opening of the central disc 6226 of the armature 622.
Therefore the magnetic element can be coaxially inserted within the toric
space 6227 defined by the peripheral and central coaxial cylindrical portions
(6224,6225) of the armature 622.

The magnetic element is movable, it is namely translatable along the
axis of revolution of the armature 622, within the toric space 6227 defined
by the peripheral and central coaxial cylindrical portions (6224,6225) of the
armature 622.
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An annular ridge 6141 is provided within the housing 613 on the
periphery of the first aperture 614. The outer diameter of the toric magnet
624 is larger than the diameter of the first aperture 614. Therefore the
translation movement of the magnetic element is confined between the
armature 622 and the first aperture 614. More precisely the magnetic
element abuts against the armature 622 in a first extreme position (see Fig.
6e) and against the annular ridge 6141 of the first aperture 614 in a second
extreme position (see Fig. 6d).

In the second extreme position (see Fig. 6d), the magnetic element of
the obstruction element 62 totally closes the first aperture 614 and thus
prevents any gas flow between the duct 616 of the gas regulating valve 60
and the housing 613. As a consequence, in this second extreme position,
no gas can circulate between the inside and the outside of the gas

regulating valve 60.

In this configuration of the obstruction element 62, the magnetic
element translates within the toric space 6227 depending on the state of the

coils 621 controlled by the controller 35.

The obstruction element 62 further comprises a spring 626 having an
outer diameter similar to the inner diameter of the central coaxial cylindrical
portion 6225 of the armature 622, and which is inserted within said central
coaxial cylindrical portion 6225 of the armature 622. The spring 626 is
preferably a compression spring.

The spring 626 is maintained within the central coaxial cylindrical
portion 6225 of the armature 622 with a screw 627 which is screwed within
the central coaxial cylindrical portion 6225 of the magnet guide 623. The
spring 626 has namely an end abutting against the head of the screw 627
and another end abutting against the central disc 6226 of the armature 622
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The gas regulating valve 60 may comprise a protection element 625
within the housing 613 of the casing 61. This protection element 625
delimits the first and second zones within the housing 613, the first zone
6131 wherein the first and second apertures (614,615) are located and the
second zone 6132 containing the obstruction element 62.

The protection element 625 is gas impermeable and prevents
therefore gas within the duct of the gas regulating valve 61 from polluting
the obstruction element 62.

The protection element 625 may be a rubber membrane. This
membrane is a revolution solid comprising a central disc 6251, this central
disc 6251 having a relatively large peripheral and circular groove 6252.

The peripheral edge of the protection element 625 is pressed by the
armature 622 against a circular abutment between the first and the second
zone of the housing 613. The annular ridge 6228 of the armature 622
prevents the peripheral edge of the protection means 625 from moving.

Another arrangement of this embodiment of the invention resides in
an obstruction element comprising a magnetic element being fixed, that is at
least a magnet being fixed, and a movable coil, said movable coil allowing
the obstruction of the leakage orifice.

The housing 613 may comprise a third zone 6133 for receiving
sensor(s) 65 such as gas flow and/or pressure sensors for measuring gas
flow and/or pressure in the duct of the gas regulating valve 60.

The sensor(s) 65 may be directly connected to the controller 35
located on the source S, via the connection cable 26. In this case, the
connection cable 39 is provided with a least seven wires (two power supply
wires for the flow pressure sensor, two power supply wires and a data
transmission wire for the pressure sensor, and two additional wires to power

supply the magnetic mechanism of the gas regulating valve).
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Therefore, a processing means 64 is preferably provided between the
sensor(s) 65 and the connection cable 39. This processing means 64 is
located within the housing 613 and lies on both the sensor(s) 65 and the
obstruction element 62.

The processing means 64 is connected to both the sensor(s) 65 and
the obstruction element 62. Thus the processing means 64 allows the
sensor(s) 65 and the obstruction element 62 to be power supplied.
Moreover the processing means 64 is capable of managing the data from
the sensor(s) 65 in order to precisely control the obstruction element 62.
The processing means 64 is capable of controlling the PEP, in processing
the data from the sensor(s) 65 and operating the obstruction element 62 in
consequence.

The connection cable 39 between the processing means 64 and the
controller 35 is also much simpler, being provided only with three wires, i.e.
two power supply wires and one data wire.

The control of the gas regulating valve 60 being totally operated by
the processing means 64, the controller 35 located in the central unit 30
may also be simplified, if not totally removed. This thus contributes to the

miniaturization of the breathing assistance device.

Fourth embodiment of the invention

A fourth embodiment of a breathing assistance device according to
the invention shall now be described.
In this embodiment, the regulating valve is — like in all other
embodiments — in a proximal location near the patient.
In addition to the advantages already exposed about the invention,
this embodiment allows in particular :
o offering particular high performance for avoiding leakage of gas (e.g.
between internal walls of inner elements of the valve), while at the same

time allowing a coaxial configuration, where the main elements of the
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valve are aligned around the longitudinal axis of the duct (this type of
configuration tends to decrease the size of the valve and hence increase
capacity),

e allowing excellent performance in terms of control of the valve — in
particular real-time control — since in the specific configuration of such
valve the moving parts have less inertia and their quick and accurate
displacement is facilitated,

e furthermore allowing smooth operation of the valve with the use of an
elastic membrane having among its functions a function of smoothly

restoring a reference position of the moving parts of the valve.

This fourth embodiment comprises a gas regulating valve as
represented in figures 9a to 9e. The gas regulating valve 90 according to
this embodiment of the invention is mounted coaxially relative to the gas
transmission duct 31. According to this embodiment of the invention the
obstruction element includes a fixed magnetic element with a fixed magnet,
and a movable coil, said movable coil being provided with an obstruction
piece so as to be capable of obstructing a leakage orifice provided in a

proximal portion of the expiratory valve.

The gas regulating valve 90 includes a casing made of two hollow
portions, namely a distal portion 91, and a proximal portion 93 (as illustrated
in particular on figure 9c).

These two portions are coaxially connected together so as to form an
integral casing. Each portion is formed so that the casing comprises a
passage through which the pressurised gas can circulate form the gas
source S to the patient P and vice-versa.

The distal portion 91 and proximal portion 93 are formed to be
connected to the gas transmission duct 31, respectively in direction of the

source S and the patient P.
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The proximal portion 93 is provided with an aperture 931 so as to
form a leakage orifice between the inside and the outside of the gas
regulating valve 90. Gas may therefore leak from the gas transmission
circuit to the atmosphere and vice-versa. It is preferred that this aperture is
as wide as possible, that is the aperture covers most of the circumference of

the proximal portion 93.

The gas regulating valve 90 further includes an obstruction element
92 in order to vary the opening of the leakage orifice. The obstruction
element 92 is preferably an electromagnetic obstruction element.

In the example illustrated in figures 9, the obstruction element 92
comprises a metallic armature 922 which is fixed coaxially within the distal
portion 91. This armature 922 may be made of soft iron.

The armature 922 is preferably a revolution solid whose axis of
revolution corresponds to the axis of revolution of both proximal 93 and
distal 91 portions. The armature 922 comprises two coaxial cylindrical
portions, namely an inner cylindrical portion 9221 having a smaller diameter
than an outer cylindrical portion 9222.

These two cylindrical portions 9221 and 9222 are coupled together
with an annular portion 9223 located on the proximal side of the armature.
The annular portion 9223 is provided with a plurality of apertures, each
aperture having preferably the form of a curved slot.

The proximal end of the outer cylindrical portion 9222 may be
provided with an annular ridge 9224 for maintaining the obstruction piece
(925,926,927) of the obstruction element 92 (described below) pressed
between the armature 922 and the proximal portion 93.

The obstruction element 92 further includes a magnetic element
comprising a toric magnet 924 and a toric metallic piece 923.
Both the toric magnet 924 and the toric metallic piece 923 have an

inner diameter similar to the outer diameter of the inner cylindrical portion



WO 2006/117379 30 PCT/EP2006/061989

10

15

20

25

30

9221. The toric magnet 924 and the toric metallic piece 923 both surround
the inner cylindrical portion 9221 of the armature 922, in a fixed manner.

The outer diameter of the toric magnet 924 and the toric metallic
piece 923 is smaller than the inner diameter of the outer cylindrical portion
9222, thus creating a toric space 9225 within the armature 922. There is
therefore an air-gap within the toric space 9225, between the toric magnet
924 and the outer cylindrical portion 9222 of the metallic armature 922,
which is closed at one end with the annular portion 9223 of the armature
922.

The obstruction element 92 further includes a movable coil 921
adapted to be inserted within the toric space 9225, and to be coaxially
translatable therein.

The movable coil 921 is preferably a revolution solid whose axis of
revolution corresponds to the axis of revolution of the armature 922. The
movable coil 921 comprises a bottom disc 9211 having a circular opening at
its centre and a top disc 9212 having a circular opening at its centre. The
diameters of the circular opening of the bottom 9211 and top 9212 discs are
both similar to the outer diameter of the toric magnet 924. The outer
diameter of the top disc 9212 is similar to the inner diameter of the outer
cylindrical portion 9222 of the armature 922, so that the top disc 9212 can
translate within the toric space 9225. The outer diameter of the bottom disc
9211 is larger than the inner diameter of the outer cylindrical portion 9222 of
the armature 922, so that the bottom disc 9212 may abut against the
armature 922 to limit the translation movement of the coil 921.

Bottom 9211 and top 9212 discs are coaxially coupled together
through a coaxial cylindrical portion 9213 having the same diameter as the
circular openings of the discs.

Top disc 9212 is provided with a plurality of projecting portions 9214
around its circular opening. Each projecting portion 9214 is substantially flat
and curved with the same curvature as the cylindrical portion 9213 so as to
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lengthen this latter. Further, each projecting portion 9214 is provided with a
ridge 9215 at its proximal end, this ridge 9215 enabling coupling of the
movable coil 921 with the obstruction piece (925,926,927).

The obstruction piece comprises an elastic membrane 925 (made of
rubber or silicone for example) and a pusher element 927 that is adapted for
deforming the membrane 925 depending on the translation of the coil 921
within the toric space 9225.

The membrane 925 is relatively resilient and is adapted to obstruct
the leakage orifice 931 of the proximal portion 93 when the coil 921 is
translated towards the proximal portion. The membrane 925 may be a
revolution solid comprising an annular portion 9251, this annular portion
9251 having a relatively large peripheral and circular groove 9252, which is
oriented proximally. The peripheral edge of the annular portion 9251 is
maintained pressed between the proximal portion 93 and the outer
cylindrical portion 9222 of the armature 922.

The membrane 925 is further provided with a cylindrical portion 9253
having a similar diameter to the inner diameter of the annular portion 9251.
This cylindrical portion 9253 is provided with an annular ridge 9254 for
coupling the pusher element 927 to the membrane 925.

Finally the membrane 925 comprises a bellows 9255 extending from
the cylindrical portion 9253 and comprising an annular ridge 9256 (not
visible in Fig. 9e). This annular ridge 9256 enables the inner edge of the
membrane 925 to be maintained on the armature 922 with a toric element
926 for example.

Using such a rubber membrane 925 allows absorption of the shocks
that the gas regulating valve may undergo while the obstruction piece is
moving.

Further, the particular form of the membrane 925, and in particular of
the bellows 9255, in addition to its resilience, implies that the membrane
925 works as a return means, i.e. a return, for the coil 921. In particular, as
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will be explained in detail below, the membrane 925 will prevent the leakage
orifice 931 to be obstructed in case operation of the coil 921 is not working
correctly.

Such a membrane could also be used for other embodiments, such
as a transversally mounted gas regulating valve similar to the third
embodiment. Indeed, this specific membrane could be used as a return

instead of the spring.

As described above, the pusher element 927 is adapted for
deforming the membrane 925 on translation of the coil 921. Preferably, the
pusher element 927 comprises an annular flat portion 9271 with a curved
peripheral edge 9272. The curved peripheral edge 9272 is adapted to
cooperate with the ridges 9215 of the projecting portions 9214 of the coil
921 so that the pusher element 927 is engaged with the coil 921. The
annular flat portion 9271 is adapted to cooperate with the annular portion
9251 of the membrane 925. More precisely it enables deformation of the
membrane 925, and particularly of the groove 9252 and of the bellows

9255, upon movement of the coil 921 within the toric space 9225.

This particular embodiment of the valve, and in particular the
arrangement of the obstruction element within the valve, increases its
reliability. Indeed, the movable coil is confined within a dedicated space
which is separated from the passage of the valve through which pressurised
gas circulates from the source to the patient. Therefore, this arrangement
prevents undesired leakages which might happen between the movable
element and the inner wall of the passage if the movable element were
located inside the passage.

The gas regulating valve may further be adapted for receiving
sensor(s) 95 such as gas flow and/or pressure sensors for measuring gas
flow and/or pressure in the duct of the gas regulating valve 90.
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To this end the distal portion 91 is provided with an external chamber
912 provided with apertures through which the sensor(s) 95 may be
plugged. The active portion of the sensor is thus located within the gas duct
of the valve.

The sensor(s) 95 may then be directly connected to the controller 35
located on the source S. However, similarly to the third embodiment, a
processing means 94 is preferably provided between the sensor(s) 95 and
the connection cable 39.

To this end, the distal portion 91 is further designed to receive the
processing means 94. In this case the distal portion 91 will need to be larger
to be able to receive the processing means 94. A cover 911 is in this case
foreseen to close the distal portion 91 and protect both the sensor(s) 95 and

the processing means 94.

Fifth embodiment of the invention

A variant of the invention shall now be described, in particular as an
evolution of the valve described above in reference to figures 9.

This variant is presented as a separate — and thus fifth — embodiment
of the invention since it implies a particular configuration of the valve
assembly as a modular assembly made of distinct modules.

This modular configuration can also be used with a valve different
from the valve more specifically illustrated in figures 10, and this
configuration provides by itself a number of specific advantages which shall
be mentioned in the present section.

For providing the gas regulating valve 90 with a processing means
such as means 94 of figures 9 it is indeed possible to use an independent
processing module 104, as illustrated more specifically in figure 10c.

Figures 10a to 10d represent a gas regulating valve 100 according to

a fifth embodiment of the invention, this valve having an obstruction element
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similar to the obstruction element of the expiratory valve 90 but which is

enclosed in a modular casing.

Similarly to the fourth embodiment, the gas regulating valve 100
includes a casing made of two hollow portions, namely a distal portion 101,
and a proximal portion 103.

Again, these two portions are coaxially connected together so as to
form an integral casing. Each portion is formed so that the casing comprises
a passage through which the pressurised gas can circulate form the gas
source S to the patient P and vice-versa.

However, contrary to the fourth embodiment, the distal portion 101 is
more compact. Indeed, the distal portion 101 is designed to receive only the
obstruction element 102. If the sensor 105 may be plugged on the distal
portion 101, there is no space provided for receiving connections to the
controller 35, or any processing means. Therefore, if no measurement is
needed, the gas regulating valve remains very compact and reliable.

In case measurements of the gas flow and/or pressure in the duct of
the gas regulating valve are needed, an independent processing module
104 may be connected to the valve. This processing module is designed to
be removably connected on the casing, that is the processing module is an
independent module that may be mounted directly and easily on the casing
if measurements are needed. The processing module may for example be
designed to be clipped on the distal portion 101 for example.

The processing module 104 may comprise a support means 1041
provided with clipping means 1042 designed for surrounding the distal
portion 101 and maintained the processing module engaged around the
distal portion 101. The support means 1041 is further adapted for supporting
a processing means 1044 thereon. An aperture 1043 through the support
means 1041 is also foreseen so that the processing means 1044 may be
connected to the sensor 105 plugged on the distal portion 101.
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Finally, a cover 1045 encloses the processing means 1044 on the
support means 1041 to protect it. An aperture is also provided through the

cover 1045 to connect the processing means 1044 to the controller 35.

Not only this gas regulating valve has the advantage of being
compact, the modular arrangement is also very advantageous in terms of
maintenance.

The valve being intended to be used mostly for medical applications,
the valve must be adapted for sterilisation processes, with an autoclave for
example. More precisely, each element that may have been polluted by the
gas flow must be adapted for sterilisation. This is the case of the distal
portion 101, the obstruction element 102, the proximal portion 103, and
eventually the sensor 105. Indeed, the processing module 104 is completely
independent from the gas flow passage which means that it does not need
to be autoclaved contrary to the other elements. This is particularly
advantageous as it would be particularly difficult and expensive to
manufacture an autoclavable processing module 104, and more particularly
an autoclavable processing means 1044. It would namely be expensive to
have a processing means 1044 with autoclavable components. Further, the
connections and particularly the connection between the processing means
1044 and the controller 35 may not withstand an autoclave curing.

A further advantage of having an independent processing module is
that it may be removed from the valve as a single unit, thus preventing any

damages of the processing module 1044 or of the connections.

Sixth embodiment of the invention

In reference now to figures 11a to 11f, a valve arrangement which

can be used in accordance with the invention shall now be described.
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This valve arrangement can in particular be used in a regulating
valve in a breathing assistance device as mentioned above and generally
illustrated in figure 3.

However such valve arrangement constitutes in itself a specific
feature which can be used in different valve and/or device configurations.

An example of a very compact breathing assistance device 110 is
illustrated in figure 11f, with :

e a blower 111 (in fact a compressor blower, but generally called a
“blower”) for feeding a patient with compressed air (the blower being
possibly provided with an inlet for a secondary gas such as oxygen),

e a valve housing 112, sealingly attached to the outlet 1110 of the blower
by its firstend 1121,

e a valve 113, arranged into the valve housing and having an outlet 1131
which can be directly put in contact with the patient (i.e. the patient
breathes directly at outlet 1131).

Figure 11a illustrates in an exploded view the elements of the valve
113.

These elements are arranged coaxially, aligned around the axis A of
the valve housing 112 (which is typically itself aligned with the outlet of the
blower).

On the exploded view of figure 11a, these elements are, from the
proximal end of the valve (side opposed to the valve housing) to its distal
end (side close to the valve housing) :

e the outlet 1131 which is on a hollow valve body 1132,

o the valve body 1132 has two stages of coil 11321 and 11322

aligned in sequence along the axis A

e aspring 1133,

e a cylinder 1134, made of a material such a plastic, adapted to be light
(since this cylinder has to be easily moved), adapted to be engaged in

the central cavity of the valve body,
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another cylinder 1135 in a material such as iron, and having an inner
diameter corresponding to the outer diameter of the valve body 1132
with its coils,

an assembly 1136 made of a permanent magnet 11360 axially
surrounded by two iron cylinders 11361 and 11362, all three items
forming a single assembly 1136 made of one piece,. This assembly is
hollow and has the general shape of a ring since all its components have
a central axial hole,

an O-ring 1137,

a ring 1138 called a flow-path ring, since it is provided with holes 13380
disposed regularly around its central axis, for letting the flow of gas
circulate through, (these holes 11380 are separated by radial arms
which join a central part of the flow-path ring 11381 to its periphery
11382 — these arms are not visible on the figure). The number of holes
can be adapted (e.g. two, three, or more holes disposed regularly
around the periphery of the central part — or even a single hole),

o the outer diameter of the central part of the flow-path ring
corresponds to the inner diameter of the assembly, with a
tolerance allowing relative movement of these two elements along
the axis A,

o and the distal end of the assembly 1136 has a width which is
adapted to close the holes 11380 of this flow-path ring,

» more precisely, once the elements are mounted together,
the flow-path ring 1138 is sealingly mounted inside the
distal end of the valve body, so as to define an inner
channel 11350 having the shape of a ring in regard of the
holes 11380, said channel being between the inner wall of
the valve body and the outer wall of the central part of the
flow path ring (see figure 11b),
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= and the width of the assembly 1136 is the same as the
width of the channel 11350, with a tolerance to allow
longitudinal sliding of said assembly into this channel,
e a sensor 11385 for sensing flow and/or pressure, e.g. a hot-wire sensor.
5 This sensor is disposed on an axial arm attached to the proximal end of
the central part 11381 of the flow-path ring, so as to be placed on the
axis A when the device is mounted.

Figure 11b shows that these elements form two main parts once
10  they are mounted together:
e a fixed part comprising :
o the valve body with its coils,
o said coils being surrounded by the iron cylinder 1135,
o the flow path ring 1138 with its arm and sensor 11381, said flow
15 path ring being mounted at the distal end of the valve body so that
when said valve body is mounted inside the valve housing 112,
any air coming from and going to the blower has to flow through
the holes 11380,
= said flow path ring 1138 being furthermore provided with a
20 distal deflector for smoothly deflecting the air from the
blower towards the holes 11380,
e and a moving part comprising the following elements attached together :
o the assembly 1136 (adapted as mentioned above to axially slide
inside the channel 11350 so as to sealingly close this channel),
25 o the cylinder 1134,
o the spring 1133
= gaid spring being is designed to abut against an inner
shoulder 11323 of the valve body so as to push the moving
part towards the distal end of the fixed part when said
30 spring is compressed because the moving part has been
displaced towards the proximal end of said fixed part.
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OPERATION OF THE DEVICE

The breathing assistance device according to the invention is capable
of being operated even if the gas source S and/or the controller 35 are
disabled (e.g. in case of a breakdown).

We shall describe the operation of the breathing assistance device in

different cases, as illustrated in figures 7a to 7¢ and figures 8a to 8b.

Normal operation

The normal operation of the device corresponds to the case when

both the gas sources S and the controller 35 operate normally.

During the inspiration phase, the obstruction element (72;82) of the
gas regulating valve is an extreme position so that the leakage orifice
(71;81) of the gas regulating valve is totally obstructed, as illustrated in
figures 7a and 8a.

As a consequence, when the patient P inspires, the pressurised gas
Gs coming from the gas source S is transmitted to the patient P. The
leakage orifice (71;81) of the gas regulating valve being namely closed, the
pressurised gas Gs can circulate in the gas transmission duct until the
patient P.

Figures 4d and 5d represent the gas regulating valve (40;50)
according to the first and second embodiments of the invention during the
ingpiration phase, that is when the leakage orifice (431;531) is totally closed.

In this case, the controller 35 operates the coil (442;542) of the
obstruction element (44;54) so that the magnetic element translates within
the proximal portion (43;53) of the gas regulating valve (40;50) and abuts
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against an abutment provided within the proximal portion (43;53) of the gas
regulating valve (40;50).

Therefore the obstruction piece (446;546) of the magnetic element
totally closes the leakage orifice (431;531). The passage between the inside
and the outside of a gas regulating valve (40;50) is thus closed and the
pressurised gas coming from the gas source S only circulates from the
distal portion (41;51) to the proximal portion (43;53) and then to the patient
P.

Operation of the gas regulating valve according to the fourth and fifth
embodiments is similar. The difference resides in the location of the
obstruction element and particularly of the movable element which moves in

a separate space.

Figure 6d illustrates the gas regulating valve 60 according to the third
embodiment of the invention during the inspiration phase, that is when the
leakage orifice 617 is totally closed.

In this case the controller 35 operates the coil 621 of the obstruction
element 62 so that the magnetic element translates until it abuts against the
annular ridge 6141 of the housing 613.

Therefore the leakage orifice 617 is closed and no gas can circulate
between the inside and the outside of the gas regulating valve 60. The
magnetic element namely obstructs the passage provided through the first
aperture 614 of the housing 613. In this situation, the pressurised gas Gs

coming from the gas source S has no other way but to reach the patient P.

During the expiration phase as illustrated in figures 7b and 8b, the
leakage orifice (71;81) is at least partially opened. The obstruction element
(72;82) has namely a position so that the gas flow can circulate between the
inside and the outside of the gas regulating valve through the leakage orifice
(71;81).
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In this case, the patient P rejects expiratory gases Ep that have to be
evacuated. The leakage orifice (71;81) of the gas regulating valve allows
such an evacuation of the expiratory gases.

Controlling the opening of the leakage orifice (71;81) with the
obstruction element (72;82) of the gas regulating valve is also a way of
controlling the PEP. The PEP in the gas transmission duct is namely
important for the patient P to expire correctly, as the PEP is a way to
balance the residual overpressure in the patient lungs.

The obstruction element being electrically controlled, the control of
the opening of the leakage orifice is a real time process.

Figures 4e and 5e illustrate the gas expiratory valve (40;50)
according to the first and second embodiments of the invention, during the
expiration phase.

These figures namely show gas regulating valves having a leakage
orifice (431;531) totally opened. The obstruction element (44;54) has indeed
been operated by the controller 35 through the coil (442;542) so as to
translate until an abutment provided on the distal portion (41;51) of the gas
regulating valve (40;50).

Operation of the gas regulating valve according to the fourth and fifth

embodiments is similar.

Figure 6e illustrates a gas regulating valve 60 according to the third
embodiment of the invention during the expiration phase.

This figure namely shows a leakage orifice being totally opened. In
fact, the magnetic element of the obstruction element 62 has been operated
by the controller 35 through the coil 621 in order to translate until abutting
against the armature 622.

In this position, the first aperture 614 between the duct 616 and the
housing 613 of the gas regulating valve is wildly opened. A gas flow can
therefore circulate between the duct 616 of the gas regulating valve 60 and



WO 2006/117379 42 PCT/EP2006/061989

10

15

20

25

30

the housing 613, this gas flow being then able to circulate from the first zone
of the housing 613 to the outside of the gas regulating valve 60 through the
leakage orifice 617.

It is to be noticed that the opening of the first aperture 614 between
the duct 616 and the housing 613 of the gas regulating valve 60 can be
precisely controlled in translating the magnetic element of the obstruction
element 62.

Operation of the valve arrangement of the sixth embodiment
described in reference to figures 11a-11f is more particularly illustrated in
reference to figures 11c-11e.

Figure 11c illustrates the operation of the valve arrangement during
expiration of the patient. Such valve arrangement can be controlled with a
device (e.g. as illustrated in figure 11f, or more generally in a schematic
manner in figure 3, or even more generally in any type of breathing
assistance device with control means for controlling the operation of the
valve through an adapted electric powering of the coils 11321, 11322).

During such expiration phase, the coils are controlled so as to bring
the moving part of the valve arrangement (by attraction of the magnet
11360) in an axial position which closes the holes 11380 — thus preventing
air to flow through the channels 11350.

In such position of this moving part, the blower cannot send any air to
(or receive any air from) the patient.

On the other hand, the proximal end of the valve housing 112 is
provided with apertures 1121 which allow the flow expired by the patient to
exit to the atmosphere in this position of the moving part.

Indeed, in this position the moving part is blocking the communication
between the gas source (blower) and the patient but still allows expiration
through the apertures of the valve housing.

In this position the air expired by the patient cannot flow towards the
gas source (blower) and thus there is no risk of pollution of the blower
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elements (or of the duct if there is any between the valve and the gas
source).

It is also to be noted that this allows using a blower which is operated
in a constant mode (i.e. the rotor of the blower turns at a constant speed).
This can be advantageous because it can be desired in some configurations
to have a blower operated in such constant mode — which keeps the
operation of the blower very simple — while regulating the flow only with the
valve (instead of varying the speed of the rotor of the blower).

This also allows avoiding “losing” gas from the blower since no gas
can flow through the valve from the blower. And if there is a secondary gas
such as oxygen this reveals advantageous since it is economical.

This position of the moving part also corresponds to a reference
position of this moving part submitted only to the action of the spring 1133
(i.e. when the coils are not powered).

In figure 11d, the moving part is controlled (always by the selective
electric alimentation of the coils) so as to :

e keep the gas source isolated from the patient (the holes 11380 are
liberated but the channel 11350 remains blocked),
¢ while also blocking the evacuation of air through the apertures 1121.

This is obtained by the controlled position of the moving part (along
the longitudinal axis A).

In this mode, the moving part can be translated by selective
alimentation of the coils so as to selectively allow a controlled leakage
through the apertures 1121 (i.e. by moving the moving part towards the
distal end of the valve — towards the right-hand side of figure 11 — so as to
open in a controlled manner the leakage apertures 1121). During such
controlled opening of the apertures 1121 the channel 11350 remain blocked
and a PEP regulation is provided through the controlled leakage through the
apertures 1121.

Figure 11e illustrates a configuration where the position of the

moving part is selectively controlled so as to open the channel therefore
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allowing gas flowing from the blower to the patient through the inner space
of the valve. In this configuration the apertures 1121 are also closed.

It is possible to finely control the position of the moving part of such
valve arrangement, in, real time, so as to adapt at any time the air
communication between the gas source and the patient through the channel
11350, with the opening of the proximal outlet 11351 of the channel 11350.

Operation of the device when the gas source is disabled

When the gas source S is disabled, e.g. when it breakdowns, the
patient P must however be able to breathe. The gas regulating valve
according to the invention allows the patient P to breathe normally in such a
case.

The controller of the breathing assistance device will namely operate
the gas regulating valve so that the leakage orifice remains opened or at

least partially opened during both inspiration and expiration phases.

During the expiration phase, the patient P will namely be able to
expire through the gas regulating valve as in normal operation of the
breathing assistance device.

Indeed, during expiration phases the pressurised gas, coming from
the gas source, has only a role for controling the PEP. However the
controller allows a very precise and real time control of the opening of the
leakage orifice through the control of the obstruction element. Therefore the
absence of pressurised gas coming from the gas source can be
counterbalanced in specifically operating the opening of the leakage orifice.

The inspiration phase is also possible as the leakage orifice of the
gas regulating valve is opened and allows a gas flow between the inside
and the outside of the gas regulating valve. Therefore the patient P will be
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able to inspire air from the atmosphere through the leakage orifice of the

gas regulating valve.

Operation of the device when the controller is disabled

When the controller is disabled, e.g. when the controller breakdowns,
the obstruction means cannot be controlled anymore. Therefore a return is
provided within the gas regulating valve so that the leakage orifice remains
opened in the absence of signal from the controller.

The leakage orifice of the gas regulating valve remaining opened
when the controller is disabled, the patient P can both inspire and expire
through the leakage orifice of the gas regulating valve.

However, the opening of the leakage orifice being not controllable, it

will not be possible to control the PEP anymore.

The gas regulating valve (40;50) of the first and second embodiments
comprise a return that consists in the metallic toric sheath (441,541) and the
toric magnet (444,544). The toric magnet (444,544) being coaxially
disposed within the metallic toric sheath (441,541), this naturally defines a
magnetic equator M.

Indeed, as illustrated in figure 7¢, the toric magnet 73, in the absence
of signal from the controller, remains located in the centre of the metallic
toric sheath 74 because of the magnetic forces operating between the toric
magnet 73 and the metallic toric sheath 74. The plan defined by the position
of the toric magnet 73 is the magnetic equator Me.

The obstruction element 72 of the gas regulating valve is preferably
shaped so that the leakage orifice 71 is widely opened when the controller is
disabled, that is when the toric magnet 73 of the obstruction element 72 is
located on the magnetic equator Me.
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The gas regulating valve 60 of the third embodiment of the invention
also comprises a return. This return comprises the spring 626 and the screw
627.

As illustrated in figures 6d and 6e, the spring 626 is a compression
spring. This compression spring 626 is compressed when the controller
controls the coil 621 so that the magnetic element abuts against the circular
ridge of the first aperture 614, that is when the leakage orifice is closed (as
illustrated in figure 6d).

If the controller is disabled, the magnetic element will not be
constraint by the coil 621 anymore and is therefore able to translate freely in
the toric space 6227. The magnetic element being however coupled with the
compression spring 626 via the magnet guide 623, the compression spring
626 draws the magnetic element against the top disc of the armature 622.

In case the controller is disabled, the compression spring 626 will
translate the magnetic element of the obstruction element 62, having

therefore a leakage orifice widely opened (as illustrated in figure 6e).

Finally, as already explained, a return means is also foreseen within
the gas regulating valve according to the fourth and fifth embodiments, this
return being embodied by the membrane 925.

Indeed, the membrane 925 is made in a material with a high
resilience. The specific form of the membrane 925, and in particular the use
of a bellows 9255 having a convex curvature oriented towards the walls of
the valve. Indeed, if the controller 35 are disabled, the coil 921 is not
constraint anymore, but the natural resilience of the material in addition to
the specific form of the membrane 925 will cause the pusher element 927
and the coil 921 attached therewith to move back to a position where the
leakage orifice 931 are not obstructed anymore. Once again, the patient P
will thus be able to breathe freely through the valve.

Further, the pressure within the duct enhances the returns function of
the membrane 925 because of its particular design. Indeed, the inner
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pressure, and more particularly the inspiratory pressure, deforms the
membrane 925 in a way that further maintains the coil 921 in its position
where the leakage orifice 931 is opened. The bellows 9255 are more
precisely deformed in a way that draws the cylindrical portion 9253 and the
annular portion 9251, so that the pusher element 927 is further maintained
in the open position.

In the case of the valve arrangement of figures 11 the moving part
comes in the reference position illustrated in figure 11c when the coils are

not powered.

Operation of the device when both the gas source and the controller
are disabled

In this case, the patient P will be able to breathe thanks to the return
provided in the gas regulating valve. Indeed it has been seen above that the
gas source S does not provide a solution for the breathing assistance
device to be operated when the controller is disabled.

Therefore, when both the gas source and the controller are disabled,
the breathing assistance device according to the invention is operated in the

same way as when only the controller is disabled.

The reader will have understood that many modifications may be
made without going beyond the new information and the advantages
described herein. Consequently, all modifications of this type shall be within
the scope of breathing assistance device and methods as defined in the
attached claims.
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CLAIMS

1. Breathing assistance device for a patient (P) breathing in successive
cycles, each cycle being defined by at least an inspiration phase and at
least an expiration phase, said breathing assistance device including :
- asource (S) of respiratory pressurised gas,
- agas transmission duct (31) comprising a distal end (31d) coupled to
said source (S) and a proximal end (31p) coupled to said patient (P),
- a gas regulating valve (32;40;50;60;90;100) comprising at least a
leakage orifice (431;531;617;71;81;931) between the inside and
outside of said duct (31), and an obstruction element
(44;54;62;72;82;92;102) capable of varying the opening of said
leakage orifice (431;531;617;71;81;931) upon signal of a controller
(35),
characterised in that the gas regulating valve (32;40;50;60;90;100) is
interposed in said duct (31) at a proximal location, and that the obstruction
element (44;54;62;72;82;92;102) is capable of allowing a bidirectional gas
flow through said leakage orifice (431;531;617;71;81;931) in both expiration
and inspiration phases.
2. Breathing assistance device according to claim 1, characterised in that
the obstruction element (44;54;62;72;82;92;102) is electrically controlled.
3. Breathing assistance device according to any one of claim 1 or 2,
characterised in that the obstruction element (44;54;62;72;82;92;102)
includes a return so that the leakage orifice (431;531;617;71;81;931)
remains at least partially opened in the absence of signal from the controller
(35).
4. Breathing assistance device according to claim 3, characterised in that
the obstruction element (44;54;62;72;82;92;102) is an electromagnetic
obstruction element.
5. Breathing assistance device according to claim 4, characterised in that
the return is a magnetic equator (Mg).
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6. Breathing assistance device according to claim 5, characterised in that
the electromagnetic obstruction element (44;54;72) includes a metallic
sheath (441;541;74) wherein a coil (442;542) is fixed, said coil (442;542)
being controllable by the controller (35) and surrounding a movable
magnetic element, the metallic sheath (441;541;74) and the movable
magnetic element defining the magnetic equator (Mg).

7. Breathing assistance device according to claim 6, characterised in that
the magnetic element comprises a toric magnet (444;544;73), a first polar
piece (443;543) and a second polar piece (445;545), said first and second
polar pieces being coaxially fixed on either side of the toric magnet
(444;544;73) and being of different polarities, and said second polar piece
(445;545) comprising an obstruction piece (446;546) being capable of
obstructing the leakage orifice (431;531;71).

8. Breathing assistance device according to claim 7, characterised in that
the magnetic element is translatable along an axis of revolution of the toric
magnet (444;544;73).

9. Breathing assistance device according to claim 8, characterised in that
the electromagnetic obstruction element (44;54;72) includes two coaxial
coils controllable by the controller (35), the first coil substantially
surrounding the toric magnet (444;544;73) and the first polar piece
(443;543), and the second coil substantially surrounding the toric magnet
(444;544;73) and the second polar piece (445;545).

10. Breathing assistance device according to claim 9, characterised in that
the electromagnetic obstruction element (44;54;72) is mounted coaxially
relative to the gas transmission duct (31).

11. Breathing assistance device according to claim 4, characterised in that
the return is a compression spring (626).

12. Breathing assistance device according to claim 11, characterised in
that the electromagnetic obstruction element (62;82) includes an armature
(622) surrounded by a coil (621), said coil (621) being controllable by the
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controller (35), and said armature (622) comprising an inner toric space
(6227) wherein a magnetic element is translatable.

13. Breathing assistance device according to claim 11, characterised in
that the magnetic element is capable of obstructing the leakage orifice
(617;81).

14. Breathing assistance device according to claim 12, characterised in
that the magnetic element is constraint by the compression spring (626).

15. Breathing assistance device according to claim 12, characterised in
that the magnetic element comprises a toric magnet (624) and a magnet
guide (623).

16. Breathing assistance device according to claim 15, characterised in
that the electromagnetic obstruction element (62;82) is mounted
transversally relative to the gas transmission duct (31).

17. Breathing assistance device according to claim 4, characterised in that
the return is a rubber membrane (925) comprising a bellows (9255)
designed for maintaining the obstruction element (922) in a position where
the leakage orifice (931) is at least partially opened.

18. Breathing assistance device according to claim 17, characterised in
that the bellows (9255) is designed for enhancing the returning function if
gas pressure within the valve (90) increases.

19. Breathing assistance device according to claim 18, characterised in
that the bellows (9255) has a convex curvature oriented towards walls of the
valve (90).

20. Breathing assistance device according to any one of the preceding
claims, characterised in that the obstruction element is at least partially
confined within an independent space from the duct.

21. Breathing assistance method for assisting a patient (P) with a
breathing assistance device according any one of the preceding claims,
characterised in that the leakage orifice (431;531;617;71;81) is at least
partially opened in the absence of signal from the controller (35).
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22. Breathing assistance method for assisting a patient (P) according to
claim 21, characterised in that the leakage orifice (431;531;617;71;81) is
totally obstructed during inspiration phases whereas it is a least partially
opened during expiration phases.

23. Breathing assistance method for assisting a patient (P) according to
claim 22, characterised in that the leakage orifice (431;531;617;71;81),
during expiration phases, is opened so that positive expiratory pressure
(PEP) remains equal to expiration pressure of the patient (P).

24. Breathing assistance method for assisting a patient (p) according to
any one of claims 21 to 22, characterised in that the leakage orifice
(431;531;617;71;81) is totally opened in case of breakdown of the source
(S) of respiratory pressurised gas.

25. Gas regulating valve for a breathing assistance device, being
interposed in a gas transmission duct (31) of said breathing assistance
device at a proximal location, and comprising at least a leakage orifice
(431;531;617;71;81) between the inside and outside of said duct (31), and
an obstruction element (44;54;62;72;82) capable of varying the opening of
said leakage orifice (431;531;617;71;81) upon signal of a controller (35),
characterised in that the gas regulating valve (40;50;60) is capable of
allowing both an inward or an outward gas flow in both expiration and
inspiration phases.

26. Gas regulating valve according to claim 25, characterised in that the
obstruction element (44;54;62;72;82) includes a return so that the leakage
orifice (431;531;617;71;81) remains at least partially opened in the absence
of signal from the controller (35).

27. Gas regulating valve according to claim 26, characterised in that the
obstruction element is an electromagnetic obstruction element (44;54;72)
including a metallic sheath (441;541) wherein a coil is fixed (442;542), said
coil being controllable by the controller (35) and surrounding a translatable
magnetic element, the magnetic element comprising a toric magnet
(444;544), a first polar piece (443;543) and a second polar piece (445;545),
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said first and second polar pieces being coaxially fixed on either side of the
toric magnet (444;544) and being of different polarities, and said second
polar piece (445;545) comprising an obstruction piece (446;546) being
capable of obstructing the leakage orifice (431;531;71).

28. Gas regulating valve according to claim 26, characterised in that the
obstruction element is an electromagnetic obstruction element (62;82)
including an armature (622) surrounded by a coil (621), said coil (621) being
controllable by the controller (35), and said armature (622) comprising an
inner toric space (6227) wherein a magnetic element is translatable, the
magnetic element being capable of obstructing the leakage orifice (617;81)
and being constraint by a compression spring (626).

29. Valve arrangement for a breathing regulating device, comprising at
least a leakage orifice (1121) to the atmosphere and an obstruction element
(1136) capable of varying the opening of said leakage orifice upon signal of
a controller, and passage means (11350, 11380) between the valve and a
pressurized gas source, characterised in that said obstruction element
(1136) can be moved between a position where it closes said passage
means and a position where it closes said leakage orifice (1121).

30. Gas regulating valve for a breathing assistance device, comprising a
casing provided with at least a leakage orifice (931), an obstruction element
(102) capable of varying the opening of said leakage orifice upon signal of a
controller (35), and a processing portion (104) for connecting measurement
means (105) to the controller (35), characterised in that the processing
portion (104) is designed for being removably connected to the casing.

31. Gas regulating valve according to the preceding claim, characterised in
that the processing portion comprises a clip (1042) designed for surrounding
the casing so that processing portion (104) may be removably clipped on
the casing.
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