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Description

TECHNICAL FIELD

[0001] The invention relates to respiratory devices.
BACKGROUND OF THE INVENTION

[0002] Positive Airway Pressure (PAP) devices that
deliver a pressurized flow of breathable gas to a patient
are known. Typically, these PAP devices include a pres-
sure generator that pressurizes the breathable gas, and
one or more sensors for monitoring various parameters
of the breathable gas and/or the ambient atmosphere. A
PAP device usually uses the information received from
the sensor(s) to control the pressure generator in a feed-
back loop to provide the breathable gas to the patient at
adesired pressure and/or flow. The PAP device may also
monitor the total amount of gas provided to the patient.
[0003] US6,644,310B1 discloses an apparatus for de-
livering a breathing gas to the user comprising a blower
with an alternating current motor and a blower control
system providing a motor control signal of variable fre-
quency and amplitude.

[0004] US 6,237,592 B1 discloses a flow generator for
the supply of breathable gas. A control circuitry controls
aturbine and determines whether the turbine is operating
and if there is no pressure activity measured by a pres-
sure sensor. In case these conditions are fulfilled the sig-
nal from the pressure sensor is used as calibrated pres-
sure of said value.

[0005] US 6,349,724 B1 discloses adual pressure gas
delivery device. The device includes means for measur-
ing air flow movements to the mask.

[0006] US 2003/0066529 A1 discloses the use of any
sensor or plurality of sensors which can quantitatively
measure air flow in a patient circuit.

[0007] US 2003/0150455 A1 discloses a system for
delivering supplemental gas to a patient. The system
comprises a source of pressurized gas, a user interface,
a pressure transducer, a transducer line in communica-
tion with the pressure transducer and an orifice that is
open to atmospheric pressure, and a valve.

[0008] US 5,048,515 discloses a method for supplying
a supplemental respiratory gas through a single hose
cannula to an in vivo respiratory system. Calibrating is
performed at ambient atmospheric pressure.

[0009] Pm Pstd etal.: "STANDARD FLOW RATE VS.
VOLUMETRIC FLOW RATE",1 December 2001
(2001-12-01) discloses an application note applying to
TSI flowmeters.

[0010] In order to provide an enhanced accuracy in
determining the pressure, flow, and/or total Volume of
the breathable gas delivered to the patient, some PAP
devices include various mechanisms, such as a baro-
metric pressure sensor to monitor atmospheric pressure,
to improve accuracy of measurement. While these sen-
sors may enhance the accuracy of the determination of

10

15

20

25

30

35

40

45

50

55

the pressure, flow and/or total volume of the breathable
gas, they add to the total cost of the device.

DISCLOSURE OF THE INVENTION

[0011] The invention relates to a gas delivery system
comprising a pressure generator, a pressure sensor, a
control valve, and a processor. The pressure generator
pressurizes breathable gas for delivery to a patient. The
pressure sensor measures a pressure difference be-
tween the pressurized breathable gas and atmospheric
pressure. The control valve is disposed downstream from
the pressure generator and is constructed and arranged
to control a flow rate of the pressurized breathable gas.
The processor controls the control valve to bring the flow
rate of the pressurized breathable gas to substantially
zero while the pressure generator is operating and, when
the flow rate is substantially zero, determines atleastone
of atmospheric pressure, an atmospheric air density, or
a density correction factor based at least in part on the
pressure difference between the pressurized breathable
gas and the atmospheric pressure.

[0012] The invention also relates to a gas delivery sys-
tem comprising a pressure generator, a pressure sensor,
a flow sensor, and a processor. The pressure generator
pressurizes breathable gas for delivery to a patient. The
pressure sensor measures a pressure difference be-
tween the pressurized breathable gas and atmospheric
pressure. The flow sensor measures a standard flow rate
of the pressurized breathable gas output by the pressure
generator. The processor determines at least one of at-
mospheric pressure, an atmospheric air density, or a
density correction factor based at least in part on the
pressure difference and the measured standard flow rate.
[0013] The invention further relates to a method of
monitoring a pressurized breathable gas thatis delivered
to a patient. The method comprises pressurizing a
breathable gas with a pressure generator, determining a
pressure imparted to the breathable gas by the pressure
generator, and determining at least one of atmospheric
pressure, an atmospheric air density, or a density cor-
rection factor based at least in part on the pressure im-
parted to the breathable gas by the pressure generator.
[0014] The standard flow rate is a flow rate that is
measured by means of a flow sensor which is calibrated
to assume the pressurized breathable gas is at standard
temperature (273K) and standard pressure. The density
correction factor is a proportionality factor that is multi-
plied by the standard flow rate of a flow of gas to deter-
mine the volumetric flow rate of the gas. The density cor-
rection factor is a function of ambient conditions including
ambient pressure, ambient temperature, and/or ambient
air density.

[0015] Theinventionisdefinedinthe appended claims.
[0016] These and other objects, features, and charac-
teristics of the present invention, as well as the methods
of operation and functions of the related elements of
structure and the combination of parts and economies of
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manufacture, will become more apparent upon consid-
eration of the following description and the appended
claims with reference to the accompanying drawings, all
of which form a part of this specification, wherein like
reference numerals designate corresponding parts in the
various figures. Itis to be expressly understood, however,
that the drawings are for the purpose of illustration and
description only and are not intended as a definition of
the limits of the invention. As used in the specification
and in the claims, the singular form of "a", "an", and "the"
include pluralreferents unless the context clearly dictates
otherwise.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017]

FIG. 1 is a schematic representation of a patient
treatment system, according to the invention;

FIG. 2 is an exemplary illustration of a pressure gen-
erator, in accordance with an embodiment of the
present invention;

FIG. 3 illustrates an alternative configuration of the
patient treatment system according to an example;
and

FIG. 4 is an exemplary illustration of an alternative
configuration of the patient treatment system, in ac-
cordance with an example.

BEST MODE(S) FOR CARRYING OUT THE INVEN-
TION

[0018] FIG. 1 schematically illustrates a patient treat-
ment system 10 according to the principles of the present
invention. Patient treatment system 10 generally in-
cludes a gasdelivery system 12. The gas delivery system
12 controls a flow of breathable gas to a patient and in-
cludes a pressure generator 14 that receives a supply of
breathable gas from a gas source 16. The gas source
16, in one embodiment, is simply atmospheric air. Pres-
sure generator 14 elevates the pressure of gas from gas
source 16 for delivery to the airway of the patient.
[0019] In one embodiment of the present invention,
pressure generator 14 comprises a blower, as will be
described later in greater detail in connection with FIG.
2. The blower can optionally be driven at a constant
speed during the course of the pressure support treat-
ment to produce a constant pressure or flow rate at its
output 18. The present invention also contemplates that
breathing gas source 16 can be any supply of breathing
gas, such as air or an oxygen mixture, e.g., heliox, or a
mixture of a breathing gas and a medication in gaseous
form, such as nitric oxide.

[0020] Accordingtothe invention, gas delivery system
12 includes a control valve 20. The elevated pressure
flow of breathing gas from pressure generator 14 is de-
livered to the control valve 20 downstream ofthe pressure
generator 14. Control valve 20, either alone or in combi-
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nation with pressure generator 14, controls the final pres-
sure or flow of gas 22 exiting the gas delivery system 12.
Examples of a control valve 20 may include a sleeve or
poppet valve, that exhausts gas from the patient circuit
as a method of controlling the pressure in the patient
circuit. As another example, U.S. Pat. No. 5,694,923 to
Hete et al., teaches a dual poppet valve system suitable
for use as control valve 20 that exhausts gas to atmos-
phere and restricts the flow of gas from the pressure gen-
erator 14 to the patient.

[0021] Inone embodiment, pressure generator 14 is a
blower that operates at only one speed. In such an em-
bodiment, control valve 20 alone controls the final pres-
sure and flow rate for the breathing gas 22 delivered to
the patient. However, the presentinvention also contem-
plates controlling the operating speed of the blower of
pressure generator 14 in combination with control valve
20 to control the final pressure and flow rate for the
breathing gas delivered to the patient. For example, a
pressure or flow rate close to the desired pressure or flow
rate can be set by establishing an appropriate operating
speed for the blower (macro control). Fine tuning (micro
control) of the pressure or flow rate can then be provided
by control valve 20 so that the two, operating together,
determine the final pressure for the breathing gas deliv-
ered to the patient.

[0022] Theincreasein pressureimparted tothe breath-
able gas by pressure generator 14 can be measured by
a pressure sensor 21 disposed between pressure gen-
erator 14 and control valve 20. More particularly, in one
embodiment, pressure sensor 21 is disposed at or near
an inlet of control valve 20 that receives the breathable
gas from pressure generator 14. The pressure sensor 21
is a differential pressure sensor that measures the differ-
ential pressure of the breathable gas at or near the inlet
of control valve 20. Thatis, pressure sensor 21 measures
the difference between the pressure of the breathable
gas at or near the inlet of control valve 20 and the atmos-
pheric pressure. The differential pressure sensor is cal-
ibrated to measure the ambient pressure as zero pres-
sure. Thus, the differential pressure sensor 21 measures
a substantially zero pressure reading when pressure
generator 14 is not operating, and measures changes in
pressure in terms of the variation from this zero pressure
(atmospheric pressure).

[0023] In in FIG. 1, gas delivery system 12 also in-
cludes a flow sensor 24 for measuring a standard flow
rate of the pressurized breathable gas. That is, flow sen-
sor 24 is calibrated to assume that the pressurized
breathable gas is at standard temperature (273 K) and
standard pressure (1 atm), and thus provides what is
termed the "standard flow rate." Because the flow sensor
24 measures "standard flow rate," that measurement
may vary slightly from the volumetric flow rate because
the temperature and pressure of the breathable gas will
likely vary from standard temperature and pressure. Flow
sensor 24 may include a device suitable for measuring
standard flow rate, such as a hot-wire anemometer,
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spirometer, pneumotach, variable orifice transducer, or
other conventional flow transducer. In the disclosure, flow
sensor 24 is provided at a location relatively distant from
apatientinterface assembly. The presentinvention, how-
ever, contemplates locating flow sensor 24 at any loca-
tion along a patient circuit 26 as well as at a patient in-
terface assembly 28. For example, U.S. Pat. No.
6,017,315to Starretal., teaches a quantitative flow mem-
ber that is located at the patient interface 28.

[0024] The flow of breathing gas is carried from gas
delivery system 12 to the patient via patient circuit 26,
which is typically a single flexible conduit that carries the
flow of breathing gas to a patient interface assembly 28.
Patient interface assembly 28 is any appliance, either
invasive or non-invasive, such as a nasal mask, na-
sal/oral mask, total face mask, nasal cannula, endotra-
cheal tube, or tracheal tube, suitable for communicating
a supply of breathing gas to the airway of a patient. The
patient interface assembly 28 may include headgear for
mounting the appliance on the head of a patient. In the
illustrated embodiment, the patient interface assembly
28 and/or patient circuit 26 includes a suitable exhaust
port 30 for exhausting gas from these components to
ambientatmosphere. Exhaust port 30is preferably a pas-
sive exhaust port in the form of a continuously open port
that imposes a flow restriction on the exhaust gas to per-
mit control of the pressure of gas within patient interface
assembly 28. It is to be understood, however, that ex-
haust port 30 can be an active exhaust port that assumes
different configurations to control the exhaust rate. Ex-
amples of suitable exhaust ports are taught, for example,
in U.S. Pat. Nos. 5,685,296 and 5,937,855 both to Zdro-
jkowski et al.

[0025] As shown in FIG. 1, gas delivery system 12 in-
cludes a processor module 32 that controls various op-
erating aspects of gas delivery system 12. For example,
the outputs of flow sensor 24 and pressure sensor 21 are
provided to processor module 32 for processing, if need-
ed, to determine the standard flow rate and the differential
pressure of the breathable gas delivered to the patient.
[0026] A control interface 34 included in gas delivery
system 12 provides data and commands to processor
module 32. Although control interface 34 may include
any device suitable to provide information and/or com-
mands to processor module 32 via a hardwire or wireless
connection, examples of controlinterface 34 may include
a keypad, keyboard, touch pad, mouse, microphone,
switches, button, dials, or any other devices that allow a
user to input information to the patient treatment system
10.

[0027] The present invention also contemplates that
the patient circuit 26 can be a two-limb circuit, which is
common in conventional ventilators. The first limb, like
patient circuit 26, delivers breathing gas to the patient,
except that it lacks an exhaust port. Instead, the second
limb carries the exhausted gases from the patient to am-
bient atmosphere. Typically, an active exhaust port in the
second limb under the control of a controller (e.g. proc-
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essor module 32) provides the desired level of positive
end expiratory pressure (PEEP) to the patient. In addi-
tion, gas delivery system 12 and related components can
include other conventional devices and components,
such as a humidifier, heater, bacteria filter, humidity sen-
sor, and a gas sensor (e.g., a capnometer), that filter,
measure, monitor, and analyze the flow of gas to or from
the patient.

[0028] Processor module 32 controls the actuation of
control valve 20, thereby controlling the pressure of the
breathing gas delivered to the patient. Processor module
32 is suitably programmed with an algorithm or algo-
rithms for calculating the pressure to be applied to the
patient according to various modes of ventilation. In a
more advanced embodiment of the present invention,
the processor module 32 optionally includes a memory
36 associated with gas delivery system 12 that stores
the programming necessary to perform any of a plurality
of modes of ventilation, depending on which mode of
ventilation is selected by the caregiver or patient using
control interface 34. Memory 36 is also capable of storing
data regarding the operation of the patient treatment sys-
tem 10, input commands, alarm thresholds, as well as
any other information pertinent to the operation of the
patient treatment system, such as measured values of
patient flow, volume, pressure, device usage, operating
temperatures, and motor speed.

[0029] FIG. 2is an exemplary illustration of a pressure
generator 14 according to an embodiment of the inven-
tion. The pressure generator 14 comprises a blower 38
that receives the breathable gas from gas source 16 (not
shown in FIG. 2), and elevates the pressure of the breath-
able gas for delivery to the patient at a pressure that is
greater than the ambient, i.e., atmospheric, pressure.
The pressurized flow of breathable gas is then carried to
the patient by patient circuit 26.

[0030] As is shown in FIG. 2, blower 38 includes an
impeller 40 disposed within a housing 42. A motor 44
coupled to a drive shaft 46 rotates impeller 40. The
breathable gas is delivered to the center of impeller 40
via a blower inlet 50. Rotation of impeller 40 applies a
force to the breathable gas, thereby pressurizing the gas
and propelling the gas out of blower 38 at a blower outlet
52. The operation of motor 44 is controlled by processor
module 32. In one embodiment of the present invention,
processor module 32 is capable of adjusting the speed
of motor 44 to set the desired pressure to be output by
pressure generator 14. To this end, conventional con-
trols, which may be included in control interface 34, are
provided for providing inputs to processor module 32, for
example to select the desired output pressure, and,
hence, the operating speed of motor 44. The operating
speed of motor 44 is measured by a tachometer 48 that
is in operative communication with processor module 32.
U.S. Patent No. 6,622,724 to Truitt et al., describes with
greater particularity a blower and impeller that may be
implemented as blower 38 and impeller 40, in one em-
bodiment of the invention.
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[0031] In other embodiments of the present invention,
the pressure generator 14 can be a piston, a pump, or a
bellows without departure from the principles set forth
herein.

[0032] Referring back to FIG. 1, during the operation
of gas delivery system 12, processor module 32 deter-
mines various parameters of the flow of breathable gas
delivered to the patient that are not directly measured by
pressure sensor 21 and flow sensor 24. For example,
processor 32 may determine an atmospheric pressure
(i.e., barometric pressure), an atmospheric air density, a
volumetric flow rate of the pressurized breathable gas,
or other parameters. The determination of these param-
eters, among other things, enables processor module 32
to monitor the volume of the breathable gas delivered to
patient interface assembly 28.

[0033] The volume of breathable gas delivered to pa-
tient interface assembly 28 is dependent on the volumet-
ric flow rate of the pressurized breathable gas. However,
the flow measured by flow sensor 24 is the standard flow
rate, which would be equivalent to the volumetric flow
rate (actual volume flow of gas) if the pressure and tem-
perature of the breathable gas were at standard condi-
tions (e.g., 273 K and 1 atm). The relationship between
the volumetric flow rate and the standard flow rate can
be expressed as follows:

1.

(1) Qvol =Qstd * C;

where Q,,, represents the volumetric flow rate, Qg
represents the standard flow rate, and C represents
a density correction factor. Thus, it is possible to de-
termine or approximate the volumetric flow rate
based upon the standard flow rate measured by flow
sensor 24, and by determining the density correction
factor. For the purposes of this disclosure, the "den-
sity correction factor" is the proportionality factor that
is multiplied by the standard flow rate of a flow of gas
to determine the volumetric flow rate of the gas. The
density correction factor is a function of the ambient
conditions surrounding and within gas delivery sys-
tem 12 such as ambient pressure, ambient temper-
ature, and/or ambient air density. For example, the
density correction factor may be determined accord-
ing to the following:

2.

T | P
@ c=| 2] s
std m

which can be re-written, using the ideal gas law, as:
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@ c=f;

m

where T, represents a measured absolute temper-
ature, Ty represents standard temperature, Pgyy
represents standard pressure, P,, represents a
measured absolute pressure, pg;, represents stand-
ard air density, and p,,, represents a measured air
density.

[0034] Inorderto determine the density correction fac-
tor according to one of the relationships expressed in
equations (2) or (3), the processor module 32 first calcu-
lates either a measured absolute pressure (Eqn. 2) or a
measured air density (Eqn. 3). By making several as-
sumptions, including the assumption that the pressuriza-
tion of the breathable gas is an isothermal process and
the assumption that the pressure applied to any differ-
ential volume of gas along impeller 44 is a function of
only the distance between the differential volume and the
axis of rotation of impeller 44 (i.e., drive shaft 46), the
increase in pressure applied by blower 38 to the breath-
able gas can be expressed as follows:

4.

e r?

2RT 11,
2

(4) AP =‘Pinlet* €

where AP represents the increase in pressure ap-
plied by blower 38, P, represents a pressure of
the breathable gas at blower inlet 50, @ represents
the angular frequency of impeller 40, r represents
the radius of impeller 40, R represents the gas con-
stant for the breathable gas, and T represents the
temperature of the breathable gas.

In order to determine the atmospheric pressure by
implementing equation (4), control valve 20 is closed
while blower 38 is running, effectively lowering the
flow of the breathable gas (both standard and volu-
metric) to zero (or substantially zero), which causes
the pressure of the breathable gas at blower inlet 50
(Pinjet) to be equal (or substantially equal) to the at-
mospheric pressure. This is because the gas source
16 being used is simply atmospheric air. Since pres-
sure sensor 21 is disposed upstream from (or prior
to) control valve 20, and measures the difference
between the atmospheric pressure (now equal to the
pressure at blower inlet 50) and absolute pressure
of the breathable gas that has been pressurized by
blower 38 but is blocked by the closed control valve
20, the differential pressure measured by pressure
sensor 21 is substantially equal to the pressure ap-
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plied to the breathable gas by the blower 38 (AP).
Based on these relationships, equation (4) maybe
solved for atmospheric pressure to yield the follow-
ing:

5.

(8]
()
-e

P
(5) P atmn :_w—T_

where P, represents the atmospheric pressure,
and P, represents the differential pressure meas-
ured by pressure sensor 21. In one embodiment, the
temperature of the breathable gas may be measured
directly, such as by a thermometer or other temper-
ature sensor, although this would add cost to the
device. Thus, in another embodiment, the tempera-
ture may be estimated based on typical operating
conditions. In one embodiment, the temperature of
the breathable gas is assumed to be approximately
315 degrees Kelvin. In such an embodiment, flow
sensor 24 may include a sensor that compensates
somewhat for temperature in measuring the stand-
ard flow rate of the pressurized gas. For example,
flow sensor 24 may include a hot-wire anemometer
that includes a core comprising an exposed hot wire
either heated up by a constant current or maintained
at a constant temperature. In such an embodiment,
the fluid velocity of the pressurized breathable gas
may be measured as a function ofthe heat convected
away by the pressurized breathable gas. As should
be appreciated, since such an anemometer would
rely on a detection of the temperature of the gas
(which would be influenced by the ambient temper-
ature at the sensor, as well as the convection of the
pressurized breathable gas), the determination
standard flow made from this detection would par-
tially compensate for the ambient temperature at the
sensor.

[0035] Since the atmospheric pressure typically re-
mains relatively stable for time periods over which patient
treatment system 10 would typically be used by the pa-
tient (e.g., overnight), in one embodiment the atmospher-
ic pressure is measured only once, during start-up, and
assumed to remain constant, that is, control valve 20 is
closed, after blower 38 has been brought up to an oper-
ating speed, at the start-up of gas delivery system 12 for
a treatment session, to enable processor module 32 to
make a single determination of atmospheric pressure at
the beginning of the treatment session. The atmospheric
pressure is assumed to be constant throughout the ses-
sion. In another embodiment, control valve 20 may be
closed to enable re-calculation of the ambient pressure
at pauses during the treatment session.

[0036] In other examples, the atmospheric pressure
may be determined without closing control valve 20. For
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example, in single limb systems, like patient treatment
system 10, the patient exhales into patient circuit 26
against the flow of the breathable gas delivered by gas
delivery system 10. These exhalations may, at least in-
stantaneously, bring the flow of pressurized gas to sub-
stantially zero, as the gas leaving the airway of the patient
is forced back up patient circuit 26 toward gas delivery
system 12 against the pressurized flow of breathable gas.
The absence of flow throughout gas delivery system 12,
due to patient exhalation, or other phenomena, creates
substantially the same conditions as the closing of control
valve 20. This enables processor module 32 to imple-
ment equation (5) to determine the current atmospheric
pressure from the measurements of pressure sensor 21,
tachometer 48, and a temperature sensor (or with an
assumed temperature if patient treatment system 10
does not include a temperature sensor). In this embodi-
ment, a detection by flow sensor 24 of an instantaneous
flow of zero (or substantially zero) may act as a prede-
termined trigger event that triggers processor module 32
to re-calculate the current atmospheric pressure.
[0037] Once the atmospheric pressure is determined,
the absolute pressure of the breathable gas may be de-
tected by adding the differential pressure detected by
pressure sensor 21 to the atmospheric pressure previ-
ously determined (e.g., Py, = Payn + Pgim)- Using the
measurement of the absolute pressure, the density cor-
rection factor is then monitored by processor module 32
by inserting the absolute pressure of the breathable gas
into equation (2), along with the temperature of the
breathable gas. From the calculation of the density cor-
rection factor, and the measurement of the standard flow
rate by flow sensor 24, processor module 32 monitors
the volumetric flow rate of the breathable gas according
to equation (1). Monitoring the volumetric flow rate of the
breathable gas enables the processing module to deter-
mine the total volume of breathable gas delivered by gas
delivery system 12, and adjust the operation of pressure
generator 14 and/or control valve 20 based on the spe-
cific parameters of the breathable gas and the ambient
conditions. For example, processing module 32 may re-
duce the speed of motor 44 based on a determination of
an elevated atmospheric pressure (or an elevated air
density). Reducing the speed of motor 44 reduces the
noise created by gas delivery system 12 and reduces the
power used by gas delivery system 12, and reduces wear
and tear on various components of blower 38 (e.g., im-
peller 40, motor 44, and drive shaft 46), among other
things.

[0038] In one embodiment, the processor module 32
monitors the density of the pressurized breathable gas
according to the ideal gas law as follows:

6.

P
6 = m .
© pu=%r
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In this embodiment, the processor module 32 may mon-
itor the density correction factor by inserting this calcu-
lation for the density of the pressurized gas into equation
(3), rather than employing equation (2) as was described
above.

[0039] It will be appreciated that the configuration of
patient treatment system 10 illustrated in FIG. 1 is not
intended to be limiting, and that the scope of the invention
includes any other configuration that enables processor
module 32 to monitor the volumetric flow rate and/or air
density of the pressurized gas to the patient, and/or the
atmospheric pressure without directly measuring these
parameters. For example, FIG. 3 illustrates a configura-
tion of patient treatment system 10 according to an ex-
ample of the present disclosure gas delivery system 12
does notinclude control valve 20. In FIG. 3, like parts are
given the same reference numerals as in FIGS. 1 and 2.
[0040] In the configuration of patient treatment system
10 illustrated in FIG. 3, gas delivery system 12 controls
the pressure ofthe breathable gas delivered to the patient
based only on the output of pressure generator 14. That
is, processor module 32 controls the pressure of breath-
ing gas delivered to the patient by controlling only the
motor speed of pressure generator 14, which may again
take the form of blower 38. According to this embodiment,
processor module 32 may control pressure generator 14
in a feedback manner based on one or more of the meas-
uring of the pressure of the breathable gas by pressure
sensor 21 and/or tachometer 48 (see FIG. 2).

[0041] Since the configuration of gas delivery system
12 shown in FIG. 3 does not include control valve 20, the
flow of the pressurized breathable gas cannot be con-
trollably brought to zero by processor module 32 while
pressure generator 14 is running. However, processor
module 32 may still determine the atmospheric pressure
according to equation (5) when the instantaneous flow
of the pressurized breathable gas reaches zero, for ex-
ample, when the flow rate instantaneously reaches zero
due to patient exhalation, or through some other mech-
anism or phenomena that brings the flow of the breath-
able gas to zero. Based on the determination (or deter-
minations) of atmospheric pressure, the processing mod-
ule may monitor the density of the pressurized breathable
gas, the volumetric flow rate of the breathable gas, or
other parameters of the breathable gas, as was de-
scribed above.

[0042] According to one aspect of the invention, the
measured atmospheric pressure, the atmospheric air
density, and/or the density correction factor can be used
by the processor 32 in a feedback loop to control various
aspects of the patient treatment system 10. For example,
the processor 32 can be used to control operation (e.g.,
speed and output) of the pressure generator 14. In ad-
dition, in embodiments in which the control valve 20 is
provided, the processor 32 can be used to control the
operation of valve 20 to regulate flow to the patient. Con-
trol of the pressure generator 14 and/or valve 20 with the
processor 32 being provided, the added information in
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accordance with the above disclosure can enable an en-
hanced control and measurement of output flow to a pa-
tient.

[0043] FIG. 4 illustrates an alternate configuration of
patient treatment system 10. Again, like parts are given
like reference numerals. More particularly, in the config-
uration of patient treatment system 10 shown in FIG. 4,
gas delivery system 12 does not include flow sensor 24.
However, processor module 32 may still determine the
atmospheric pressure according to equation (5) by clos-
ing control valve 20, measuring differential pressure
(Pgifp) With pressure sensor 21, and assuming (rather than
measuring) a flow of zero. Based on this determination,
processor module 32 may monitor the various parame-
ters of the pressurized breathable gas described above
while the gas delivery system 12 operates.

[0044] It will be appreciated that the specific equations
presented above have been provided merely for illustra-
tive purposes only, and that the intended scope of the
invention encompasses alternate algorithms for monitor-
ing parameters of the breathable gas that are a function
of the atmospheric pressure without directly measuring
the atmospheric pressure.

[0045] Although the invention has been described in
detail for the purpose of illustration based on what s cur-
rently considered to be the most practical and preferred
embodiments, it is to be understood that such detail is
solely for that purpose and that the invention is not limited
to the disclosed embodiments, but, on the contrary, is
intended to cover modifications and equivalent arrange-
ments that are within the scope of the appended claims.

Claims

1. Agasdelivery system (12) for delivery of breathable
gas (22) to a patient comprising:

a pressure generator (14) that pressurizes the
breathable gas (22) for delivery to the patient;
a pressure sensor (21) that measures a pres-
sure difference between the pressurized breath-
able gas (22) and atmospheric pressure;

a flow sensor (24) adapted to measure a stand-
ard flow rate of the pressurized breathable gas
(22) output by the pressure generator (14); and
wherein the gas delivery system (12) further
comprises:

a processor (32) that calculates a density
correction factor based at least in part on
the pressure difference and the measured
standard flow rate and multiplies the stand-
ard flow rate of the pressurized breathable
gas (22) by the density correction factor to
determine a volumetric flow rate of the pres-
surized breathable gas (22), characterized
in that
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the gas delivery system (12) further com-
prises a valve (20) downstream from the
pressure generator (14), the valve (20) be-
ing controlled by the processor (32);

wherein the density correction factor is

oL\ Pu
Tstd Pm

wherein T, represents a measured abso-
lute temperature, Tg4 represents standard
temperature, Pgq represents standard
pressure, and P, represents a measured
absolute pressure of the pressurized
breathable gas, and

wherein the processor (32) is configured to
control the valve (20) to bring the flow rate
of the pressurized breathable gas (22) to
substantially zero while the pressure gen-
erator (14) is operating, and, when the flow
rate is substantially zero, the processor (32)
calculates the density correction factor
based at least in part on an assumption that
the standard flow rate is zero.

The system (12) of claim 1, wherein the flow sensor
(24) is a hot wire anemometer.

The system (12) of claim 2, wherein the processor
(32) is triggered to determine at least one of an at-
mospheric pressure, an atmospheric air density, and
the density correction factor upon a detection of a
predetermined triggering event.

The system (12) of claim 3, wherein the predeter-
mined triggering event comprises the pressurized
breathable gas (22) having a standard flow rate of
substantially zero.

The system (12) of claim 1, further comprising a tem-
perature monitor that monitors the temperature of
the pressurized breathable gas (22).

The system (12) of claim 5, wherein the processor
(32) determines the at least one of an atmospheric
pressure, an atmospheric air density, or the density
correction factor also based at least in part on the
temperature of the pressurized breathable gas (22).

The system (12) of claim 1, wherein the pressure
generator (14) comprises a blower (38), the blower
(38) further comprising:

amotor (44) associated with the blower (38); and
animpeller (40) associated with the blower (38),
the impeller (40) being rotatably driven by the
motor (44) to pressurize the breathable gas (22),
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10.

wherein the processor (32) determines at least
one of an atmospheric pressure, an atmospheric
airdensity, and the density correction factor also
based at least in part on a dimension of the im-
peller (40) and a rotational velocity at which the
impeller (40) is driven.

The system (12) of claim 7, further comprising a ta-
chometer (48) that monitors the rotational velocity at
which the impeller (40) is driven.

The system (12) of claim 1, wherein the processor
(32) assumes that the pressurization of the breath-
able gas (22) is an incompressible, isothermal proc-
ess.

A method of monitoring a pressurized breathable gas
(22) that is delivered to a patient, the method com-
prising:

(a) pressurizing a breathable gas (22) with a
pressure generator (14);

(b) determining a pressure imparted to the
breathable gas (22) by the pressure generator
(14);

measuring a standard flow rate of the pressu-
rized breathable gas (22) output by the pressure
generator (14) by a flow sensor (24);

(c) determining a density correction factor based
at least in part on a pressure difference and the
measured standard flow rate, wherein the pres-
sure difference is between the pressurized
breathable gas (22) and atmospheric pressure;
and multiplying the standard flow rate of the
pressurized breathable gas (22) by the density
correction factor to determine a volumetric flow
rate of the pressurized breathable gas (22),
wherein the standard flow rate of the pressurized
breathable gas (22) is determined by measuring
the standard flow rate with a flow sensor (24),
characterized in that

the density correction factor is
C — Tm Pstd
7—'sta’ Pm

wherein T, represents a measured absolute
temperature, T4 represents standard temper-
ature, Py represents standard pressure, and
P, represents a measured absolute pressure of
the pressurized breathable gas;

wherein the method further comprises control-
ling a control valve (20) downstream from the
pressure generator (14) based at least in part
on the density correction factor, and

bringing the flow rate of the pressurized breath-
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able gas (22) to substantially zero, and wherein
the determining step (c) is also based at least in
part on an assumption that the standard flow
rate is zero, wherein bringing the standard flow
rate of the pressurized breathable gas (22) to
substantially zero comprises closing the control
valve (20).

The method of claim 10, wherein the flow sensor (24)
is a hot wire anemometer.

The method of claim 10, further comprising detecting
a predetermined triggering event, and wherein the
step of determining at least one of an atmospheric
pressure, an air density, or the density correction
factor is triggered by the detection of the predeter-
mined triggering event.

The method of claim 12, wherein the predetermined
triggering event comprises determining that the
pressurized breathable gas (22) has a standard flow
of substantially zero.

The method of claim 10, further comprising deter-
mining a temperature of the pressurized breathable
gas (22).

The method of claim 14, wherein the determination
of at least one of the atmospheric pressure, the at-
mospheric air density, or the density correction factor
is based at least in part on the pressure imparted to
the breathable gas (22) by the pressure generator
(14), and the temperature of the pressurized breath-
able gas (22).

The method of claim 10, further comprising:
controlling the pressure generator (14) based atleast
in part on at least one of an atmospheric pressure,
an atmospheric air density, or the density correction
factor.

Patentanspriiche

1.

Gasabgabesystem (12) zur Abgabe von Atemgas
(22) an einen Patienten, umfassend:

einen Druckgenerator (14), der das Atemgas
(22) zur Abgabe an den Patienten mit Druck be-
aufschlagt;

einen Drucksensor (21), der eine Druckdifferenz
zwischen dem unter Druck stehenden Atemgas
(22) und dem atmosphérischen Druck misst;
einen Durchflusssensor (24), der dafiir ausge-
legt ist, eine Standarddurchflussrate des unter
Druck stehenden Atemgases (22) zu messen,
das durchden Druckgenerator (14) ausgegeben
wird; und
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wobei das Gasabgabesystem (12) ferner um-
fasst:

einen Prozessor (32), der einen Dichtekor-
rekturfaktor zumindest teilweise basierend
auf der Druckdifferenz und der gemesse-
nen Standarddurchflussrate berechnet und
die Standarddurchflussrate des unter Druck
stehenden Atemgases (22) mit dem Dich-
tekorrekturfaktor multipliziert, um eine Vo-
lumendurchflussrate des unter Druck ste-
henden Atemgases (22) zu ermitteln, da-
durch gekennzeichnet, dass T
das Gasabgabesystem (12) ferner ein Ven-
til (20) stromabwérts von dem Druckgene-
rator (14) umfasst, wobei das Ventil (20)
durch den Prozessor (32) gesteuert wird;

wobei der Dichtekorrekturfactor

= () (29
Tsta Pm iSt,

wobei T, eine gemessene absolute Tem-
peratur darstellt, T die Standardtempera-
tur darstellt, Py, den Standarddruck dar-
stellt und P, einen gemessenen absoluten
Druck des unter Druck stehenden Atemga-
ses darstellt, und

wobei der Prozessor (32) konfiguriert ist,
um das Ventil (20) zu steuern, um die
Durchflussrate des unter Druck stehenden
Atemgases (22) auf im Wesentlichen null
zu bringen, wahrend der Druckgenerator
(14) in Betrieb ist, und wobei der Prozessor
(32), wenn die Durchflussrate im Wesentli-
chen null ist, den Dichtekorrekturfaktor zu-
mindest teilweise basierend auf der Annah-
me berechnet, dass die Standarddurch-
flussrate null ist.

System (12) nach Anspruch 1, wobei der Durchfluss-
sensor (24) ein Hitzdrahtanemometer ist.

System (12) nach Anspruch 2, wobei der Prozessor
(32) angesteuert wird, um bei Erkennung eines vor-
gegebenen Ansteuerungsereignisses einen atmos-
pharischen Druck, eine atmospharischen Luftdichte
und/oder den Dichtekorrekturfaktor zu ermitteln.

System (12) nach Anspruch 3, wobei das vorgege-
bene Ansteuerungsereignis umfasst, dass das unter
Druck stehende Atemgas (22) eine Standarddurch-
flussrate von im Wesentlichen null hat.

System (12) nach Anspruch 1, ferner umfassend ei-
nen Temperaturmonitor, der die Temperatur des un-
ter Druck stehenden Atemgases (22) liberwacht.
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System (12) nach Anspruch 5, wobei der Prozessor
(32) einen atmosphérischen Druck, eine atmosphéa-
rische Luftdichte und/oder den Dichtekorrekturfaktor
auch zumindest teilweise basierend auf der Tempe-
ratur des unter Druck stehenden Atemgases (22) er-
mittelt.

System (12) nach Anspruch 1, wobei der Druckge-
nerator (14) ein Geblase (38) umfasst, wobei das
Geblase (38) ferner Folgendes umfasst:

einen zu dem Geblase (38) gehdrigen Motor
(44); und

einzudem Geblase (38) gehdriges Laufrad (40),
wobei das Laufrad (40) drehbar durch den Motor
(44) angetrieben wird, um das Atemgas (22) mit
Druck zu beaufschlagen, wobei der Prozessor
(32) einen atmospharischen Druck, eine atmos-
phérische Luftdichte und/oder den Dichtekor-
rekturfaktor auch zumindest teilweise basierend
auf einer Abmessung des Laufrads (40) und ei-
ner Rotationsgeschwindigkeit ermittelt, mit der
das Laufrad (40) angetrieben wird.

System (12) nach Anspruch 7, ferner umfassend ein
Tachometer (48), das die Rotationsgeschwindigkeit
Uberwacht, mit der das Laufrad (40) angetrieben
wird.

System (12) nach Anspruch 1, wobei der Prozessor
(32) annimmt, dass die Druckbeaufschlagung des
Atemgases (22) eininkompressibler, isothermischer
Prozess ist.

Verfahren des Uberwachens eines unter Druck ste-
henden Atemgases (22), das an einen Patienten ab-
gegeben wird, wobei das Verfahren Folgendes um-
fasst:

(a) Druckbeaufschlagen eines Atemgases (22)
mit einem Druckgenerator (14);

(b) Bestimmen eines Drucks, mit dem Atemgas
(22) durch den Druckgenerator (14) beauf-
schlagt wird;

Messen einer Standarddurchflussrate des unter
Druck stehenden Atemgases (22), das durch
den Druckgenerator (14) ausgegeben wird,
durch einen Durchflusssensor (24);

c) Ermitteln eines Dichtekorrekturfaktor zumin-
dest teilweise basierend auf einer Druckdiffe-
renz und der gemessenen Standarddurchfluss-
rate, wobei die Druckdifferenz zwischen dem
unter Druck stehenden Atemgas (22) und dem
atmosphérischen Druck vorliegt; und Multipli-
zieren der Standarddurchflussrate des unter
Druck stehenden Atemgases (22) mit dem Dich-
tekorrekturfaktor, um eine Volumendurchfluss-
rate des unter Druck stehenden Atemgases (22)
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zu ermitteln, wobei die Standarddurchflussrate
des unter Druck stehenden Atemgases (22) er-
mittelt wird, indem die Standarddurchflussrate
mit einem Durchflusssensor (24) gemessen
wird, dadurch gekennzeichnet, dass

der Dichtekorrekturfaktor

¢ = () ()

std m ist
wobei T,,, eine gemessene absolute Temperatur
darstellt, T4 die Standardtemperatur darstellt,

Ptq den Standarddruck darstellt und P, einen

gemessenen absoluten Druck des unter Druck
stehenden Atemgases darstellt;

wobei das Verfahren ferner das Steuern eines
Steuerventils (20) stromabwarts von dem
Druckgenerator (14) basierend zumindest teil-
weise auf dem Dichtekorrekturfaktor umfasst,
und

Bringen der Durchflussrate des unter Druck ste-
henden Atemgases (22) auf im Wesentlichen
null, und wobei der Schritt des Ermittelns (c)
auch zumindest teilweise auf einer Annahme
basiert, dass die Standarddurchflussrate nullist,
wobei das Bringen der Standarddurchflussrate
des unter Druck stehenden Atemgases (22) auf
im Wesentlichen null das SchlieBen des Steu-
erventils (20) umfasst.

Verfahren nach Anspruch 10, wobei der Durchfluss-
sensor (24) ein Hitzdrahtanemometer ist.

Verfahren nach Anspruch 10, ferner umfassend das
Erkennen eines vorgegebenen Ansteuerungsereig-
nisses, und wobei der Schritt des Ermitteins eines
atmospharischen Drucks, einer Luftdichte und/oder
des Dichtekorrekturfaktors durch die Erkennung des
vorgegebenen Ansteuerungsereignisses angesteu-
ert wird.

Verfahren nach Anspruch 12, wobei das vorgege-
bene Ansteuerungsereignis das Ermitteln umfasst,
dass das unter Druck stehende Atemgas (22) einen
Standarddurchfluss von im Wesentlichen null hat.

Verfahren nach Anspruch 10, ferner umfassend das
Ermitteln einer Temperatur des unter Druck stehen-
den Atemgases (22).

Verfahren nach Anspruch 14, wobei das Ermitteln
des atmospharischen Drucks, der atmosphérischen
Luftdichte und/oder des Dichtekorrekturfaktors zu-
mindest teilweise auf dem Druck, mit dem das Atem-
gas (22) durch den Druckgenerator (14) beauf-
schlagt wurde, und auf der Temperatur des unter
Druck stehenden Atemgases (22) basiert.



19 EP 1 901 794 B1 20

16. Verfahren nach Anspruch 10, ferner umfassend:

Steuern des Druckgenerators (14) basierend zumin-
dest teilweise auf einem atmosphéarischen Druck, ei-
ner atmosphérischen Luftdicht und/oder dem Dich-
tekorrekturfaktor.

Revendications

Systeme de distribution de gaz (12) pour fournir un
gaz respirable (22) a un patient, comprenant :

un générateur de pression (14) qui place sous
pression le gaz respirable (22) pour le fournir au
patient ;

un capteur de pression (21) qui mesure la diffé-
rence de pression entre le gaz respirable sous
pression (22) et la pression atmosphérique ;
un capteur de débit (24) qui est a méme de me-
surer un débit standard du gaz respirable sous
pression (22) distribué par le générateur de
pression (14) ; et

dans lequel le systeme de distribution de gaz
(12) comprend en outre :

un processeur (32) qui calcule un facteur de cor-
rection de densité sur la base au moins en partie
de ladifférence de pression et du débit standard
mesuré et multiplie le débit standard du gaz res-
pirable sous pression (22) par le facteur de cor-
rection de densité pour déterminer un débit vo-
lumétrique du gaz respirable sous pression (22),
caractérisé en ce que :

le systéme de distribution de gaz (12) com-
prend en outre une soupape (20) en aval
du générateur de pression (14), la soupape
(20) étant commandée par le processeur
(32);

dans lequel le facteur de correction de den-

c- () (2
sité est Tsta Pm /"’

danslequel T, représente une température
absolue mesurée, T, représente la tem-
pérature standard, P44 représente la pres-
sion standard et P, représente une mesure
absolue mesurée du gaz respirable sous
pression, et

danslequelle processeur (32) est configuré
pour commander la soupape (20) pour
amener le débit du gaz respirable sous
pression (22) a sensiblement zéro tandis
que le générateur de pression (14) fonction-
ne et, lorsque le débit est sensiblement de
zéro, le processeur (32) calcule le facteur
de correction de densité sur la base au
moins en partie d’un hypothése que le débit
standard est de zéro.
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Systéme (12) selon la revendication 1, dans lequel
le capteur de débit (24) est un anémometre a fil
chaud.

Systéme (12) selon la revendication 2, dans lequel
le processeur (32) est déclenché pour déterminer au
moins l'un(e) d’'une pression atmosphérique, d’une
densité d’air atmosphérique et du facteur de correc-
tion de densité lors d’'une détection d’'un événement
de déclenchement prédéterminé.

Systéme (12) selon la revendication 3, dans lequel
I'agent de déclenchement prédéterminé comprend
le gaz respirable sous pression (22) ayant un débit
standard de sensiblement zéro.

Systéme (12) selon la revendication 1, comprenant
en outre un moniteur de température qui surveille la
température du gaz respirable sous pression (22).

Systéme (12) selon la revendication 5, dans lequel
le processeur (32) détermine la ou le au moins un(e)
d’'une pression atmosphérique, d’une densité d’air
atmosphérique ou du facteur de correction de den-
sité sur la base également au moins en partie de la
température du gaz respirable sous pression (22).

Systéme (12) selon la revendication 1, dans lequel
le générateur de pression (14) comprend une souf-
flerie (38), la soufflerie (38) comprenant en outre :

un moteur (44) associé a la soufflerie (38) ; et
une hélice (40) associée a la soufflerie (38), 'hé-
lice (40) étantentrainée enrotation par le moteur
(44) pour placer sous pression le gaz respirable
(22), dans lequel le processeur (32) détermine
au moins I'un(e) d’'une pression atmosphérique,
d’'une densité d’air atmosphérique et du facteur
de correction de densité également sur la base
au moins en partie d’'une dimension de I'hélice
(40) et d’'une vitesse de rotation a laquelle I'hé-
lice (40) est entrainée.

Systéme (12) selon la revendication 7, comprenant
en outre un tachymeétre (48) qui mesure la vitesse
de rotation a laquelle I'hélice (40) est entrainée.

Systéme (12) selon la revendication 1, dans lequel
le processeur (32) suppose que le placement sous
pression du gaz respirable (22) est un procédé iso-
thermique incompressible.

Procédé de surveillance d’'un gaz respirable sous
pression (22) qui est délivré a un patient, le procédé
comprenant :

(a) la mise sous pression d’'un gaz respirable
(22) avec un générateur de pression (14) ;
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(b) la détermination d’'une pression communi-
quée au gaz respirable (22) par le générateur
de pression (14) ;

la mesure d’'un débit standard du gaz respirable
sous pression (22) distribué par le générateur
de pression (14) par un capteur de débit (24) ;
(c) la détermination d’'un facteur de correction
de densité sur la base au moins en partie d’'une
différence de pression et du débit standard me-
suré, dans lequel la différence de pression se
situe entre le gaz respirable sous pression (22)
et la pression atmosphérique ; et la multiplica-
tion du débit standard du gaz respirable sous
pression (22) par le facteur de correction de den-
sité pour déterminer un débit volumétrique du
gaz respirable sous pression (22), dans lequel
le débit standard du gaz respirable sous pres-
sion (22) est déterminé en mesurant le débit
standard avec un capteur de débit (24), carac-
térisé en ce que :

le facteur de correction de densité est le

= (32) (29
. Tsta Pm ’
suivant :
danslequel T, représente une température
absolue mesurée, T, représente la tem-
pérature standard, P44 représente la pres-
sion standard et P,,, représente une pres-
sion absolue mesurée du gaz respirable
sSous pression ;
dans lequel le procédé comprend en outre
lacommande d’'une soupape de commande
(20) en aval du générateur de pression (14)
sur la base au moins en partie du facteur
de correction de densité, et
la conversion du débit du gaz respirable
sous pression (22) a sensiblement zéro et
dans lequel I'étape de détermination (c) est
également basée au moins en partie sur
une hypothése que le débit standard est de
zéro, dans lequel la conversion du débit
standard du gaz respirable sous pression
(22) a sensiblement zéro comprend la fer-
meture de la soupape de commande (20).

Procédé selon la revendication 10, dans lequel le
capteur de débit (24) est un anémometre a fil chaud.

Procédé selon la revendication 10, comprenant en
outre la détection d’'un événement de déclenche-
ment prédéterminé et dans lequel I'étape de déter-
mination d’au moins l'un(e) d’'une pression atmos-
phérique, d’'une densité de I'air ou du facteur de cor-
rection de densité est déclenchée par la détection
de I'événement de déclenchement prédéterminé.
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Procédé selon larevendication 12, dans lequel I'évé-
nement de déclenchement prédéterminé comprend
la détermination que le gaz respirable sous pression
(22) a un débit standard de sensiblement zéro.

Procédé selon la revendication 10, comprenant en
outre la détermination d’une température du gazres-
pirable sous pression (22).

Procédé selon la revendication 14, dans lequel la
détermination d’au moins 'un(e) de la pression at-
mosphérique, de la densité de I'air atmosphérique
ou du facteur de correction de densité est basée au
moins en partie surla pression communiquée au gaz
respirable (22) par le générateur de pression (14) et
la température du gaz respirable sous pression (22).

Procédé selon la revendication 10, comprenant en
outre :

la commande du générateur de pression (14) sur la
base au moins en partie d’au moins 'un(e) d’une
pression atmosphérique, d’une densité d’air atmos-
phérique ou du facteur de correction de densité.
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