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(57) ABSTRACT 

A pressure support system and method of using same that 
includes a pressure generator adapted to provide a gas ?oW, 
a conduit coupled to the pressure generator to deliver a gas 
How to a patient, an interface device coupled to the conduit 
to communicate the gas How to an airWay of the patient. An 
exhaust vent that provides a How of exhaust gas to atmo 
sphere is provided in the conduit or the interface device. A 
How sensor detects a rate at Which gas ?oWs in the conduit 

and provides a ?rst output indicative thereof, and a pressure 
sensor detects a pressure of gas at the patient and provides 
a second output indicative thereof. Acontrol system receives 
the ?rst and second outputs and determines Whether a 
current How of exhaust gas passing through the exhaust vent 
is beloW an alarm threshold based on the ?rst and second 
outputs and provides a third output indicative of this deter 
mination. 
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PRESSURE SUPPORT SYSTEM WITH A LOW 
LEAK ALARM AND METHOD OF USING SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention pertains to a pressure support 
system that includes a loW leak alarm and to a method of 
providing such an alarm, and, in particular, to a pressure 
support system, Which provides positive pressure therapy to 
a patient via a single limb patient circuit, that includes an 
alarm indicating that the current system leak from the patient 
circuit via an exhaust port is beloW an acceptable level, 
Which involves comparing a current system leak With an 
adaptive alarm threshold. 

[0003] 2. Description of the Related Art 

[0004] Pressure support systems that provide a gas How to 
an airWay of a patient at an elevated pressure via a single 
limb patient circuit to treat a medical disorder are Well 
knoWn. For example, it is knoWn to use a continuous 
positive airWay pressure (CPAP) device to supply a constant 
positive pressure to the airWay of a patient to treat obstruc 
tive sleep apnea (OSA). It is also knoWn to provide a 
positive pressure therapy in Which the pressure of gas 
delivered to the patient varies With the patient’s breathing 
cycle or varies With the patient’s effort to increase the 
comfort to the patient. It is further knoWn to provide a 
positive pressure therapy in Which the pressure provided to 
the patient changes based on the detected conditions of the 
patient, such as Whether the patient is snoring or experienc 
ing an apnea, hypopnea or upper airWay resistance. 

[0005] Conventional pressure support devices typically 
include a pressure generator, for example, a bloWer, piston 
or belloWs, that creates a How of breathing gas having a 
pressure greater than the ambient atmospheric pressure. A 
patient circuit delivers the elevated pressure breathing gas to 
the airWay of the patient. Typically, the patient circuit 
includes a conduit, i.e., a single lumen, having one end 
coupled to the pressure generator and a patient interface 
device coupled to the other end of the conduit. The patient 
interface connects the conduit With the airWay of the patient 
so that the elevated pressure gas How is delivered to the 
airWay of the patient. Examples of patient interface devices 
include a nasal mask, nasal and oral mask, full face mask, 
nasal cannula, oral mouthpiece, tracheal tube, endotracheal 
tube, or hood. A single limb patient circuit further includes 
an exhalation port, also referred to as an exhalation vent, 
exhaust port or exhaust vent, to alloW expired gas from the 
patient to exhaust to atmosphere. Generally, the exhaust vent 
is located in the conduit near the patient interface and/or in 
the patient interface device itself. 

[0006] A concern in a single limb pressure support device 
is that the exhalation port remains open during use so that a 
sufficient amount of expired gas exhausts from the system. 
Complete or partial blockage of the exhaust port can occur, 
for example, by a buildup of secretions from the patient in 
the exhaust port. Blockage can also occur as a result of an 
external item, such as the patient or the patient’s bedding, 
covering the port. For example, a patient using the pressure 
support system at night to treat OSA might roll over during 
sleep so that the exhaust port is covered by the patient’s 
sheets, pilloW and/or mattress and cause a complete or 
partial blockage of one or more of the exhaust ports in the 
patient circuit. 
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[0007] Conventional pressure support device attempt to 
mitigate this concern by designing exhaust ports that are 
dif?cult to block. For example, multiple ?oW paths may be 
provided so that if one path becomes blocked, another path 
provides the necessary exhaust function. Also, routine main 
tenance, such as daily inspection and/or Weekly cleaning, are 
recommended to ensure the integrity of the exhaust paths. 
These techniques, hoWever, have several disadvantages. For 
example, they may not be suf?cient to ensure the continuity 
of the exhaust paths at all times during the patient’s therapy, 
are relatively time consuming, and place a signi?cant burden 
on the user in requiring the user to perform the routine 
maintenance and to remember to perform the maintenance. 
In addition, these conventional techniques do nothing to 
Warn the user that an exhaust port blockage has taken place 
at the time the blockage occurs. 

SUMMARY OF THE INVENTION 

[0008] Accordingly, it is an object of the present invention 
to provide a single limb pressure support device having an 
exhaust vent in the patient circuit and/or patient interface 
device and that does not suffer from the above disadvantages 
associated With conventional single limb pressure support 
devices. This object is achieved, according to one embodi 
ment of the present invention, by providing a pressure 
support device that includes a pressure generator adapted to 
provide a gas ?oW, a conduit coupled to the pressure 
generator to deliver the gas How to a patient, an interface 
device coupled to the conduit to communicate the gas How 
to an airWay of the patient, and an exhaust vent that provides 
a How of exhaust gas to atmosphere from the conduit and/or 
the interface device. A ?rst sensor detects the rate at Which 
gas ?oWs in the conduit, and a second sensor detects the 
pressure of gas at the patient. A control system receives the 
outputs from the ?rst and second sensors and determines 
Whether a current How of exhaust gas passing through the 
exhaust vent is beloW an alarm threshold based on the ?rst 
and second outputs and provides a third output indicative of 
this determination. 

[0009] It is a further object of the present invention to 
alloW the pressure support system to set the alarm threshold 
based on the speci?c conditions of that pressure support 
system, so that the alarm threshold is optimiZed for the 
current conditions of the pressure support system. This 
object is achieved, according to one embodiment of the 
present invention, by having the pressure support system 
enter a learn period in Which at least one parameter associ 
ated With the pressure support system is monitored. This 
parameter, or a plurality of parameters, are used to set the 
alarm threshold. Thus, the present invention can set the 
alarm threshold taking into consideration the speci?c con 
ditions of pressure support system, such as the introduction 
of a supplemental breathing gas, e.g. oxygen, into the 
system, and not produce a false alarm. 

[0010] It is still another object of the present invention to 
provide a method of providing pressure support to a patient 
via a single limb circuit having an exhaust vent in that circuit 
and that does not suffer from the disadvantages associated 
With the above-described conventional single limb pressure 
support techniques. This object is achieved, according to one 
embodiment of the present invention, by providing a method 
of providing pressure support via a pressure support system, 
Wherein the method includes the folloWing steps: (1) pro 
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viding a gas ?oW from a pressure generator to a patient via 
a conduit coupled to the pressure generator, Wherein an 
interface device is also coupled to the conduit to commu 
nicate the gas ?oW from the conduit to an airWay of the 
patient, and Wherein an exhaust vent in disposed in the 
interface device or the conduit to communicate a How of 
exhaust gas to atmosphere, (2) detecting a rate at Which gas 
?oWs in the conduit, (3) detecting a pressure of gas at the 
patient, (4) determining Whether a current rate at Which 
exhaust gas passes through the exhaust vent is below an 
alarm threshold based on the detected gas How and pressure, 
and (5) providing a third output indicative of a result of the 
determining step. 

[0011] It is a still further object of the present to provide 
a method of setting the alarm threshold based on the 
conditions of the pressure support system so that the alarm 
threshold is optimiZed for the current conditions of the 
pressure support system. This object is achieved, according 
to one embodiment of the present invention, by monitoring 
the rate at Which gas ?oWs in the conduit and the pressure 
of gas at the patient during a learn period and setting the 
alarm threshold based on the monitored rate of gas How in 
the conduit and the pressure at a patient during the learn 
period. Thus, the present method can set the alarm threshold 
to account for the speci?c condition of the pressure support 
system, such as the introduction of a supplemental breathing 
gas, e.g., oxygen, into the system and not produce a false 
alarm. 

[0012] These and other objects, features and characteris 
tics 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 manufacture, 
Will become more apparent upon consideration of the fol 
loWing description and the appended claims With reference 
to the accompanying draWings, all of Which form a part of 
this speci?cation, Wherein like reference numerals designate 
corresponding parts in the various ?gures. It is to be 
expressly understood, hoWever, that the draWings are for the 
purpose of illustration and description only and are not 
intended as a de?nition of the limits of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is schematic diagram of a pressure support 
system according to the principles of the present invention; 

[0014] FIG. 2 is a schematic diagram illustrating further 
details of the pressure support system shoWn in FIG. 1; 

[0015] FIG. 3 is a chart illustrating an exemplary rela 
tionship betWeen pressure and leak rate for a conventional 
exhaust port; 

[0016] FIG. 4 is a How chart illustrating the steps per 
formed in determining the alarm threshold according to the 
principles of the present invention; and 

[0017] FIG. 5 is a How chart illustrating the steps per 
formed in monitoring the current system leak and comparing 
this leak rate to an alarm threshold to determine Whether the 
current system leak through the exhaust port is beloW an 
acceptable value. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0018] The basic components of a pressure support system 
30 according to the principles of the present invention are 
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discussed beloW With reference to FIGS. 1 and 2. Pressure 
support system 30 includes a pressure generating system 32 
and a patient circuit 31, Which includes a conduit 34 and a 
patient interface 36. Pressure generating system 32 is a 
ventilation or pressure support device that delivers breathing 
gas to the patient at a variable or constant pressure that is 
greater than atmospheric pressure. Pressure generating sys 
tem 32 includes a pressure generating device 33, such as a 
bloWer, belloWs or piston, that receives a breathing gas and 
outputs the breathing gas at a pressure that is greater than 
atmosphere. 

[0019] Typically, the breathing gas received by pressure 
generating device 33 is air taken from the ambient atmo 
sphere. It is to be understood, hoWever, that the present 
invention contemplates that a source of pressuriZed breath 
ing gas can be used in combination With the mechanical 
pressure generating device to provide the breathing gas to 
the patient at an elevated pressure. For example, in the 
embodiment illustrated in FIGS. 1 and 2, pressure generator 
32 is a mechanical pressure generator, such as a bloWer, 
belloWs or piston, that receives ambient air at an inlet as the 
gas source. FIG. 2 further illustrates an optional arrange 
ment in Which a supplemental gas, such as oxygen from an 
oxygen source 35, is delivered to the inlet of the pressure 
generator via a delivery tube 37. 

[0020] It is to be further understood that pressure genera 
tor 33 can also be a source of pressuriZed air, oxygen or an 
oxygen mixture in lieu of a mechanical pressure elevating 
device. For example, pressuriZed air can be provided to the 
airWay of the patient directly from a tank of pressuriZed air 
via the patient circuit Without using a mechanical device, 
such as a bloWer, belloWs or piston, to increase the pressure 
of the air. The important feature With respect to the present 
invention is that pressuriZed breathing gas is provided in the 
patient circuit for delivery to the patient, not necessarily the 
source of the pressuriZed breathing gas. 

[0021] If the pressure of the breathing gas delivered to the 
patient is variable, pressure generating system 32 includes a 
mechanism that creates the pressure variations. Examples of 
suitable pressure control mechanisms include (1) a pressure 
control valve (not shoWn) doWnstream of the bloWer, bel 
loWs or piston or (2) a variable speed motor (not shoWn) 
associated With the bloWer, belloWs or piston to vary the 
pressure output by pressure generator 33 by controlling 
bloWer, belloWs or piston speed. The pressure control valve 
or viable speed motor typically operate under the control of 
a control unit 38 in a feedback fashion based on signals from 
sensors associated With the patient circuit. A pressure sup 
port system that provides a variable pressure to the patient 
based on patient’s respiratory cycle, for example, is taught 
in US. Pat. Nos. 5,148,802 and 5,433,193, both to Sanders 
et al., the contents of Which are incorporated by reference 
into the present application. 

[0022] Although pressure generating system 32 has been 
described above in the context of providing CPAP or bilevel 
pressure therapy to a patient, it is to be understood that other 
types of pressure support functions can be provided by this 
system. For example, the present invention contemplates 
that pressure generating system 32 can correspond to a 
pressure support device that provides proportional airWay 
pressure ventilation or PAV® to the patient, as taught, for 
example, in US. Pat. No. 5,044,362 to Younes, the contents 
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of Which are incorporated by reference into the present 
application. Pressure generating system 32 can also provide 
proportional positive airWay pressure or PPAP to the patient, 
as taught, for example, in US. Pat. Nos. 5,535,738 and 
5,794,615 both to Estes et al., the contents of Which are also 
incorporated by reference into the present application, Which 
teach providing PPAP to treat OSA and to treat congestive 
heart failure (CHF), respectively. Furthermore, pressure 
generating system 32 can correspond to a system that 
monitors the conditions of the patient, such as the occur 
rence of snoring or an apnea or a lack thereof, and auto 
matically alters the pressure provided to the patient based on 
this monitoring. 

[0023] In the illustrated embodiment, conduit 34 has one 
end coupled to the output of the pressure generator 33 and 
another end coupled to patient interface 36. Conduit 34 is 
any tubing capable of carrying the gas ?oW from the 
pressure generator to the airWay of the patient. Typically, a 
distal portion of the conduit 34 relative to pressure generator 
33 is ?exible to alloW for freedom of movement of the 
patient. It is to be understood that various components may 
be provided in or coupled to patient circuit 31. For example, 
a bacteria ?lter, pressure control valve, ?oW control valve, 
sensor, meter, pressure ?lter, humidi?er and/or heater can be 
provided in or attached to the patient circuit. 

[0024] Patient interface 36 in patient circuit 31 is any 
device suitable for communicating an end of conduit 34 With 
the airWay of the patient. Examples of suitable patient 
interface devices include a nasal mask, oral mask or mouth 
piece, nasal/oral mask, nasal cannula, trachea tube, intuba 
tion tube, hood or full face mask. It is to be understood that 
this list of suitable interface devices is not intended to be 
exclusive or exhaustive. 

[0025] In the single limb patient circuit of the present 
invention, a majority of the exhaled gas from the patient 
exits the pressure generating system via an exhaust vent 40. 
In the illustrated embodiment, exhaust vent 40 is provided 
on a distal portion of conduit 34. Depending on the tidal 
volume of the patient, a small percentage of the exhaled gas 
may travel back up the conduit into pressure generator 33 
and may even be exhausted to atmosphere through the gas 
inlet of the pressure generator and/or through a pressure 
control valve associated thereWith, if such a valve is being 
used With the pressure generator. Typically, exhaust vent 40 
is an ori?ce provided in the conduit that communicates the 
interior of the conduit With atmosphere, With no active 
control over the How of gas from the system. It is to be 
understood, hoWever, that a Wide variety of exhaust devices 
and con?gurations are contemplated for use With the pres 
sure generating system of the present invention. For 
example, US. Pat. No. 5,685,296 to ZdrojkoWski et al. 
discloses an exhalation device and method Where the exha 
lation ?oW rate through the device remains substantially 
constant over a range of pressures in the patient circuit. This 
exhalation device, Which is commonly referred to as a 
plateau exhalation valve or PEV, is suitable for use With the 
pressure support system of the present invention. 

[0026] As shoWn in FIG. 2, pressure generating system 32 
in pressure support system 30 also includes a How sensor 42 
that measures a rate at Which the breathing gas ?oWs Within 
conduit 34. The present invention contemplates that any 
suitable sensor, such as a pneumatach, can be used for How 
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sensor 42. It is to be further understood that How sensor 42 
need not be coupled directly to conduit 34. On the contrary, 
the present invention contemplates the use of any sensor or 
a plurality of sensors that can quantitatively measure air?oW 
in the patient circuit. For example, How in the system can be 
measured at the patient interface device or can be measured 
or estimated from the motor or piston speed or from torque 
used to provide the elevated pressure by pressure generator 
33. 

[0027] Pressure support system 30 also includes a pressure 
sensor 44 that detects the pressure of the gas at the patient. 
In the illustrated embodiment, pressure sensor 44 is in ?uid 
communication With patient interface device 36 via a con 
duit 46. Furthermore, pressure support system 30 includes 
an alarm 48 that communicates With control unit 38 to output 
a human perceptible Warning, such as an audible sound or a 
visual light, to Wake and/or Warn the user or caregiver of an 
occlusion of exhaust vent 40. 

[0028] Although not illustrated, the present invention con 
templates that pressure generating system 32 includes an 
input/output interface device, such as a keypad and/or dis 
play, for communicating, information, data and/or instruc 
tions betWeen the user and control unit 38. Also, computer 
communications, either hard-Wired or Wireless, can be pro 
vided to alloW an external device to communicate With the 
control unit using conventional communication methods, 
such as by modem. In addition, the components illustrated in 
FIG. 2 need not be in hardWired communication With one 
another as shoWn and need not be provided in the same 
housing. On the contrary, the present invention contem 
plates, for example, that alarm 48, How sensor 42 and 
pressure sensor 44 can be provided at locations remote and 
external to pressure generating system 32 and can commu 
nicate With control unit 38 Wirelessly or via hardWires. For 
example, in a clinical or hospital setting, a single control unit 
can be used to communicate With a plurality of alarms, 
sensors, and ?oW/pressure generators. Alternatively, a cen 
tral base station can be provided that communicates With a 
plurality of pressure support systems 30 so that a central 
operator can monitor the operation and alarms for each 
system. 

[0029] As discussed in greater detail beloW, control unit 38 
determines, based on the output of How and pressure sensors 
42 and 44, When the rate of exhaust gas passing through 
exhaust vent 40, i.e., the system leak rate, falls beloW an 
acceptable leak rate level and provides the user or caregiver 
With a Warning, via alarm 48, of this condition. Adrop in the 
system leak rate beloW the alarm threshold level is an 
indication that the exhaust ports are at least partially 
occluded and, therefore, are not venting a suf?cient amount 
of expired gas to atmosphere. This loW leak alarm alerts the 
user and caregiver of the potential that the user may be 
rebreathing expired CO2 and ensures that the patient or 
caregiver is Warned Whenever the exhaust ports become 
blocked so that appropriated remedial action can be taken. 

[0030] In general, the present invention determines 
Whether the current rate of exhaust is suf?cient, i.e., the 
exhaust ports are not occluded or signi?cantly occluded so 
as to create a haZard, by comparing the current system leak 
With an alarm threshold leak rate. If the current system leak 
rate is less than the alarm threshold for a predetermined time 
period, the alarms sounds. The alarm is not actuated unless 
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the current system leak rate is less than the alarm threshold 
for a predetermined time period to account for transient 
aberrations in the current leak rate. 

[0031] For example, the predetermined time period during 
Which the current system leak rate must be less than the 
alarm threshold before the alarm is triggered is selected to be 
sufficiently long so that the alarm is not actuated if the 
patient momentarily blocks the exhaust port While adjusting 
the mask. On the other hand, the time period should not be 
so long that the user’s exposure to rebreathing of expired 
gasses posses a safety concern. In a preferred embodiment 
of the present invention, this period is selected to be approxi 
mately one minute. 

[0032] In a preferred embodiment of the present invention, 
operation of the pressure support system begins by having 
the user perform an exhaust vent test. The exhaust vent test 
establishes the knoWn rate at Which gas ?oWs through the 
exhaust port, referred to as the knoWn leak rate, Qknown, over 
a range of pressures. FIG. 3 illustrates an example of a 
pressure versus ?oW relationship 50 betWeen the knoWn leak 
rate, Qknown, through a constant ori?ce exhaust vent over a 
range of system pressures. It should be noted that different 
exhaust ports Will have different pressure versus ?oW rela 
tionships, because the pressure-?oW relationship depends on 
a number of factors, such as port siZe and geometry, as Well 
as the density and viscosity of gas passing through the port. 

[0033] The pressure versus ?oW relationship determined 
from the exhaust vent test is used, at least one embodiment, 
to set the alarm threshold. For example, one embodiment of 
the present invention contemplates setting the alarm thresh 
old at a certain percentage, such as approximately 50%, less 
than the knoWn leak. Alternatively, the alarm threshold can 
be set at a ?xed ?oW rate, such as 5 liters per minute (lpm), 
less than the knoWn leak. The pressure versus ?oW relation 
ship 52 corresponding to an alarm threshold leak rate over 
a range of pressures that is approximately 50% less than the 
knoWn leak rate is illustrated in FIG. 3. 

[0034] By determining the pressure versus ?oW relation 
ship for the particular system con?guration being used by 
the patient and by basing the alarm threshold on this 
relationship, the present invention alloWs the alarm thresh 
old to be optimiZed for each pressure support system. Thus, 
the present invention provides ?exibility in the alarm gen 
erating function to take into consideration that fact that not 
all pressure supports systems are the same. For example, tWo 
pressure support systems may use differently siZed exhala 
tion ports so that the rate at Which exhaust gas passes 
through these ports Will be different for each system. In 
Which case, different alarm thresholds Will be used. 

[0035] While the present invention is described above as 
setting the alarm threshold at 50% of Qknown or at 5 lpm less 
than Qknown, it is to be understood that other alarm thresh 
olds can be selected. The particular percentage of Qknown, or 
rate less than Qknown Will depend, for example, on the 
patient’s tolerance for CO2 rebreathing. For example, in 
some patients, it may be desirable that as little CO2 rebreath 
ing as possible occurs. In Which case, the alarm threshold is 
set higher than those patients in Which a greater amount of 
CO2 rebreathing is tolerable. It should also be noted that 
different alarm thresholds can used depending on the Which 
ever one is higher or loWer or depending on the monitored 
conditions. For example, one alarm threshold may be used 
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for patient pressures up to 10 cmHZO, and another threshold 
used for patient pressures at or above 10 cmHZO. 

[0036] It should also be noted that the pressure support 
system being used by one patient may not alWays have the 
same con?guration or may not be used in the same manner 
by that patient. In Which case, it is again preferable that the 
same alarm not be used in both con?gurations or uses. For 
example, the user may introduce oxygen as a supplemental 
gas doWnstream of the How sensor during a portion of the 
pressure support therapy or may change the type or number 
of exhaust ports. A common alarm threshold Would not be 
suitable if either of these alterations in the pressure support 
system have taken place. Instead, different alarm thresholds 
should be used for the original system and the modi?ed 
system. Thus, it is particularly advantageous that the present 
invention alloWs the alarm threshold to be optimiZed for the 
speci?c pressure support system being used by the patient. 

[0037] In a preferred embodiment of the present invention, 
the exhaust vent test is performed by the user, e.g., the 
patient or caregiver, once the system con?guration is estab 
lished. For example, once the system has been assembled 
and is ready for use, an input device, such as a button 
provided on the housing of pressure generating system 32 or 
a remote control that communicates With control unit 38, is 
actuated by the user to initiate the exhaust vent test. To 
perform the exhaust vent test, the user blocks the end of the 
patient circuit, for example, by blocking the opening in the 
mask, so that all gas delivered to the patient circuit is vented 
to atmosphere through the exhaust vent. The pressure gen 
erating system 32 then varies the pressure delivered to the 
patient circuit and measures the How in the conduit associ 
ated With each pressure level. In a preferred embodiment of 
the present invention, the system also detects the pressure at 
patient interface 36 using pressure sensor 44 and measures 
the How through conduit 34 at that pressure and plots this 
pressure-?oW relationship, as shoWn, for example, in FIG. 
3. The diamond-shaped boxes in pressure versus ?oW rela 
tionship 50 represent speci?c pressure-?oW points measured 
in this manner. 

[0038] Once a number of such points have been deter 
mined over a range of pressures, any one of a number of 
techniques are used to de?ne the pressure versus ?oW 
relationship. For example, in a preferred embodiment of the 
present invention, control unit uses 38 linear interpolation 
betWeen the ?xed, measured points, Which are calculated at 
10 msec intervals, to derive the pressure versus ?oW rela 
tionship 50, Qknown, over a range of pressures. As a result of 
performing the exhaust vent test, the How out of the exhaust 
vent, Qknown, Which is also referred to as the leak rate, that 
is expected for any pressure detected at the patient interface 
device is knoWn. 

[0039] As noted above, in normal circumstances, Qknown, 
represented by pressure versus ?oW relationship 50, is used 
to set the alarm threshold 52. For example, the alarm 
threshold in one embodiment of the present invention is set 
at 50% less than Qknown or at 5 lpm less than Qknown. If the 
total system leak during normal operation falls beloW this 
alarm threshold for more than a predetermined period of 
time, such as one minute, the alarm triggers. 

[0040] As noted above, this one minute delay is provided 
to give a modicum of noise immunity in the alarm detection. 
In the normal case, When the accumulation of the patient’s 
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secretions are blocking the exhaust port, there Will be a 
steady decline in the total system leak and reasonable delays, 
such as one minute, can be used Without sacri?cing patient 
safety. 

[0041] In a preferred embodiment of the present invention, 
the results of the exhaust vent test are also used to verify the 
integrity of the exhaust vent and to verify that the exhaust 
vent test Was valid. For example, maximum and/or mini 
mum leak rates can be set so that if these rates are exceeded 

during the exhaust vent test, this is an indication that the test 
Was performed incorrectly and/or that the exhaust vents are 
leaking excessively or are occluded. For example, in a 
preferred embodiment of the present invention, the knoWn 
leak should less than 80 lpm at 40 cmHZO, otherWise there 
is deemed to be an excessive leak in the exhaust port and/or 
the exhaust vent test is considered invalid. Similarly, 
Qknown, should be greater than 5 lpm at 20 cmHZO, other 
Wise there is deemed to be an insufficient leak in the exhaust 
port and/or the exhaust vent test considered invalid. 

[0042] It can be appreciated that a Wide variety of param 
eters associated With the pressure versus ?oW relationship 
can be monitored to determine the validity of the exhaust 
vent test. For example, the present invention also contem 
plates that as the pressure increases, the ?oW cannot 
decrease by more than 5 lpm. Monitoring these parameters 
ensures the accuracy of the exhaust vent test and that the 
exhaust vents are operating Within acceptable parameters. 

[0043] The present invention also uses the exhaust vent 
test to test the operation of pressure generating system 32. 
For example, if pressure generating system 32 is instructed 
to output a certain pressure, the pressured measured by 
pressure sensor 44 provides a check on the ability of the 
pressure generating system to hit the target pressure. In a 
preferred embodiment of the present invention, the pressure 
generating system is instructed to output a pressure of 30 
cmHZO. If the pressured measured by pressure sensor 44 is 
:2 cmH2O from 30 cmHZO, the ?oW/pressure generating 
system is considered to be operating normally. 

[0044] The present invention contemplates that the pres 
sure versus ?oW relationship, Qknown, for a particular pres 
sure support system con?guration can be established Without 
performing the above-described exhaust vent test. More 
speci?cally, the pressure versus ?oW relationship, i.e., 
Qknown, for a plurality of different patient circuits or a 
plurality of different types of exhaust ports that can be 
inserted into or used With the patient circuit are stored in 
advance in control unit 38. The user can designate the patient 
circuit and/or the exhaust vent that is being used in their 
particular pressure support system con?guration, and the 
appropriate relationship for that patient circuit and/or 
exhaust vent is retrieved from memory and used to set the 
alarm threshold. This embodiment provides the ?exibility 
advantages associated With performing the exhaust vent test 
but does not require the user to perform this test. It does, 
hoWever, require that the pressure versus ?oW relationship 
for a variety of different exhaust vents or patient circuit be 
determined in advance and stored in the pressure support 
system. It also requires that there by a technique for identify 
the particular type of exhaust vent and/or patient circuit to 
the control unit so that the appropriate pressure versus ?oW 
relationship for that exhaust vent and/or patient circuit can 
be retrieved. Of course, the pressure versus ?oW relationship 
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can be manually entered or doWnloaded to the control unit 
for each patient circuit and/or exhaust port. 

[0045] The present invention also contemplates that the 
control unit automatically retrieve the proper pressure versus 
?oW relationship by identifying Which patient circuit and/or 
exhaust port is currently being used in the pressure support 
system. Automatically identifying the patient circuit and/or 
exhaust port being used in the pressure support system can 
be accomplished, for example, using a resistance identi? 
cation technique. According to this technique, for example, 
the control unit can recogniZe, via an electrical contact on 
the patient circuit and/or the exhaust vent and an identi? 
cation resistance located thereon, Which patient circuit and/ 
or exhaust vent is coupled to the pressure generating system. 

[0046] If exhaust vent test is not performed or if the 
pressure versus ?oW relationship, i.e., Qknown, for the 
exhaust vent patient circuit is not knoWn, the system sets 
Qknown to Zero and the alarm threshold is set based on the 
knoWn ?oW rate out of the smallest exhaust port that can be 
used With the patient circuit, referred to as the “minimum 
exhalation port.” For example, in a preferred embodiment of 
the present invention the alarm threshold is set to 50% or 5 
lpm less than the How rate out of the minimum exhalation 
port When Qknown cannot not be established using either of 
the other tWo techniques discussed above. 

[0047] Of importance in carrying out the present invention 
is the ability to accurately measure the system leak, i.e., the 
rate at Which gas exits the pressure support system. This is 
done in the present invention by ?rst assuming that, based on 
human physiology, over a single breath, a person exhales 
generally the same amount of gas that he or she inhales so 
that the patient’s end tidal volume is Zero. This circumstance 
most de?nitely is true over an integral number of breaths, 
and assuming it to be true over a single breath is a close 
approximation. Stated another Way, the integral of patient 
?oW, Qp, over any one complete breathing cycle is Zero, as 
folloWs: 

[0048] Because pressure support system 30 has no provi 
sion for measuring the patient ?oW Qp, the pressure support 
system of the present invention instead measures the ?oW, 
QC, in the patient circuit, i.e., the How Within conduit 34. 
FloW in the patient circuit QC is measured, for example, by 
How sensor 42. The How in patient circuit Qc is the sum of 
the patient How and any leak ?oWs and is de?ned as folloWs: 

Qc=Qp+Qleak (2) 

[0049] Where, 

Qleak=QknoWn+QunknoWn (3) 

[0050] Qknown is any leak other than the knoWn leak 
Qknown out of the exhaust port, Which, as discussed above, is 
determined via the exhaust port test or from predetermined 
pressure versus ?oW data. Q is modeled according to 
the folloWing equations: 

unknown 

QunknownRleakvlTp (4) 
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[0051] if Rleak is positive or Zero, and 

QunknoWn=Rleak [0052] if Rleak is negative. Pp is the pressure at the mask 
measured by pressure sensor 44 in FIG. 2, for example. 
Rleak is a constant that is calculated by the processor in control 
unit 38 and is described in greater detail beloW. 

[0053] Determining Whether the constant Rleak is positive, 
Zero or negative is accomplished by determining Whether the 
folloWing relation is positive, Zero or negative: 

Tbreath (6) 
I (Q — Q/mownWl 

[0054] As noted above, QC is the measured How in the 
patient circuit, preferably measured by How sensor 42, and 
Qknown is a predetermined knoWn flow out of the exhaust 
port associated With the measured pressure at the patient 
interface device. Preferably, the pressure at the patient 
interface device is measured by pressure sensor 44. 

[0055] If the result of equation (6) is positive or Zero, Rleak 
it is calculated as folloWs: 

Tbreath (7) 

Rmk = W 

[0056] If the result of equation (6) is negative, Rleak is 
calculated as ?oWs: 

Tbreath (3) 

R1 k = 
m Tbreath 

[0057] Once the sign of equation (6) is knoWn, the appro 
priate equation, i.e., equation (7) or (8), is used to calculate 
Rleak, Which is then used in either equation (4) or 
equation (5) for determining Qunknown. For example, if 
equation (6) is positive or Zero, equation (7) is used to 
calculate Rleak, Which is then used in equation (4) for 
determining Qunknown. If, on the other hand, equation (6) is 
negative, Rleak is calculated using equation (8), and used in 
equation (5) to calculate Qunknown. In this manner, the 
present invention calculates system leak as a function of 
pressure. It should be noted that equation (6) is the equation 
used in the numerator of equations (7) and (8) to determine 
Rleak. Therefore, the steps to determine the sign of 
equation (6) are directly applicable to the calculation to 
determine Rleak using equation (7) or Similarly, the sign 
of Rleak is determined based on equation (6) because the 
denominators of equations (7) and (8) are never negative in 
a positive pressure support system. 

[0058] The operation of the system is described beloW 
With reference to FIGS. 4 and 5. FIG. 4 illustrates the 
process carried out by the pressure support system 30, and, 
in particular, control unit 38, in establishing the alarm 
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thresholds. FIG. 5 illustrates the process by Which the 
control unit compares the current system leak, Which is 
determined from data gathered from the How and pressure 
sensors, With the alarm threshold to determine Whether the 
leak rate from the system is beloW an acceptable level. 

[0059] The operation of the pressure support system of the 
present invention begins by causing the system to enter a 
learn period, shoWn in step 54, Which is initiated in any one 
of a variety of Ways. In an exemplary embodiment of the 
present invention, as illustrated in FIG. 4, the learn period 
in step 54 is initiated either (1) automatically When the 
system is activated, preferably after a system diagnostic is 
completed, step 56, (2) When a manual input device, such as 
a learn key, is actuated, step 58, or (3) automatically after a 
change in the operating mode of the pressure support 
system, step 60. 

[0060] The learn period is a period of time during Which 
a learned constant Rleak is calculated and stored in control 
unit 38. The learned constant Rleak is the same constant Rleak 
discussed except that the learned constant Rleak is deter 
mined over this learn period. In a preferred embodiment of 
the present invention, the learn period is a one minute time 
interval. It is to be understood, hoWever, that the length of 
the learn period is not limited to this particular value. On the 
contrary the learn period is any timer interval that is long 
enough to alloW the patient to enter their normal breathing 
pattern. Typically, this takes approximately 1-5 minutes. 

[0061] During this period, the pressure at the patient 
interface and the How in the patient circuit is measured and 
used by the control unit to calculate equation (6), Which, as 
discussed above, is then used to establish Whether 
equation (7) or (8) is used to calculate the learned constant 
Rleak. The appropriate equation (7) or (8) is selected and the 
learned constant Rleak is calculated. If the learned constant 
Rleak at the end of the learn period is positive or Zero, no 
special processing is necessary. If, hoWever, Rleak at the end 
of the learn period is negative, then the system is placed into 
a special mode of loW leak detection discussed in greater 
detail beloW. 

[0062] A negative learned constant Rleak at the end of the 
learn period implies, in most cases, one of tWo scenarios. 
The ?rst scenario occurs if the caregiver adds a supplemen 
tal gas, such as oxygen, doWnstream of How sensor 42 into 
the patient circuit during the learn period. FIG. 2 illustrates 
this scenario, With dashed line 51 representing an oxygen 
delivery tube that delivers oxygen from source 35 to patient 
interface device 36, Which is doWnstream of How sensor 42 
relative to How provided by pressure generator 33. Deliv 
ering a supplemental gas flow to the patient circuit doWn 
stream of How sensor 42 increases the learned constant Rleak 
negatively because leak How is modeled above in a direction 
leaving the circuit, While the supplemental gas, on the other 
hand, is entering the circuit. If, during the knoWn period, the 
knoWn leak, Qknown, out of the exhaust vent is less than the 
rate at Which the supplemental gas is added, the learned 
constant Rleak, Will be negative. It should be understood that 
this is possible because leaks at the mask-patient interface, 
for example, can vent off the excess supplemental gas and/or 
the excess supplemental gas may back-up into the pressure 
generator and possibly exit the system from the pressure 
generator inlet or pressure control valve associated there 
With. 
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[0063] The second scenario that can cause the learned 
constant Rleak to be negative at the end of the learn period 
pertains to the exhaust vent test. If the user performs the 
exhaust vent test With a given leak device and then sWitches 
the exhaust vent With a more restrictive exhaust port that is 
used to calculate the learned constant Rleak during the learn 
period, the learned constant Rleak detected during the learn 
period Will become negative. Similarly, if the learn period is 
executed With the same exhaust vent used during the exhaust 
vent test but the exhaust vent is more obstructed during the 
learn period than it Was during the exhaust vent test, it 
appears to the control unit that a neW, more restrictive 
exhaust vent has replaced the previous exhaust vent and the 
alarm threshold Will be reduced, as discussed beloW, because 
the learned constant Rleak Will be negative. It should be 
understood that the learned constant Rleak is calculated 
during the learn period based on Qknown, Which is deter 
mined, at least in one embodiment, based on the exhaust 
vent test and in another embodiment based on predetermined 
pressure versus ?oW relationships. Therefore, using a dif 
ferent exhaust vent in the exhaust vent test than that used 
during the learn period, retrieving pressure versus flow 
information for the Wrong patient circuit or exhaust vent, or 
changing the rate of exhaust betWeen the exhaust vent test 
and the learn period for the same exhaust vent, such as 
Would occur if the vent becomes obstructed, affects the 
results of the learn period and can cause the resulting learned 
constant Rleak to be negative. 

[0064] If the learned constant Rleak determined at the end 
of the learn period is positive or Zero, the alarm threshold is 
determined based on Whether or not the exhaust vent test 
Was performed, step 62. If the exhaust vent test Was deter 
mined to have been performed in step 62, the alarm thresh 
old is set in step 64, according to a preferred embodiment of 
the present invention, as either (1) a predetermined percent 
age of the knoWn leak rate, Qknown, determined during the 
exhaust vent test or (2) a predetermined amount less than 
this knoWn exhaust vent leak rate. In a preferred embodi 
ment of the present invention, Whichever alarm threshold is 
the smallest is used. An example of this alarm threshold is 
illustrated in FIG. 3 by curve 52, Which is generally 50% of 
the knoWn leak 50. In a preferred embodiment of the present 
invention, and as illustrated in FIG. 4, the alarm threshold 
is set to either 50% or 5 lpm less than the knoWn leak 
Qknown, Whichever is smaller. 

[0065] It is to be understood that different percentages of 
the knoWn leak, amounts of the knoWn leak or combinations 
of the tWo can be used as the alarm threshold depending, for 
example, on the detected pressure. For example, an alarm 
threshold of 75% of the knoWn leak can be used for 
pressures betWeen 0-5 cmH2O and an alarm threshold of 
50% of the knoWn leak or 5 lpm less than the knoWn leak, 
Whichever is smaller, can be used for all other pressures. 

[0066] It is to be understood that the alarm threshold Will 
also be set as described above With respect to step 64 if the 
knoWn leak, Qknown, is established based on data stored in 
memory. The effect of (1) performing the exhaust vent test 
or (2) recalling predetermined pressure versus flow data 
from memory based on the system con?guration, and, more 
particularly, the type of exhaust vent or vents used, is the 
same. In both situations, a knoWn pressure versus ?oW 
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relationship, Qknown, is established so that the flow out of the 
exhaust vent associated With a given pressure at the patient 
interface device is knoWn. 

[0067] If the exhalation vent test Was not performed or if 
the pressure versus ?oW relationship is not knoWn, the alarm 
threshold is set in step 66 as either (1) a predetermined 
percentage or (2) a predetermined amount less than the leak 
from the smallest knoWn port that can be used in the patient 
circuit. Preferably, Whichever of the predetermined percent 
age or the predetermined amount less than the leak from the 
smallest knoWn port that results in the loWest alarm thresh 
old is used. Also, in this situation, the knoWn leak, Qknown, 
is set to Zero in step 68. 

[0068] If the learned constant Rleak at the end of the learn 
period is negative, the alarm threshold must be carefully 
monitored to ensure that false alarms are not generated, 
Which might otherWise occur, for example, once the car 
egiver ceases supplying supplemental oxygen. If the learned 
constant Rleak at the end of the learn period is negative, the 
alarm threshold is set in step 70 as the sum of the knoWn 
leak, Qknown, and the constant Rleak, Which Was determined 
in the learn period, minus either (1) a predetermined per 
centage of the sum of the knoWn leak, Qknown, and the 
constant Rleak or (2) a predetermined amount of flow less 
that this sum. In the exemplary embodiment illustrated in 
FIG. 4, the alarm threshold is set in step 70 as either 50% 
or 5 lpm less than the knoWn leak, Qknown, plus the constant 
Rleak established as a result of the learn period. The knoWn 
leak value Qknown varies With pressure, but the learned 
constant Rleak established as a result of the learn period is 
noW representative of an average leak valve and does not 
change With pressure. 

[0069] Setting the alarm threshold in the manner discussed 
above With respect to step 70 is necessary to prevent 
situations, for example, Where supplemental oxygen is 
added to the patient circuit doWnstream of the pressure/?ow 
generator from generating a false alarm. When the supple 
mental gas is ?rst introduced, the user initiates the learn 
period, for example, by actuating the learn key. (It is also 
preferable for the user to make sure that the patient interface 
device is properly positioned.) The system sets the alarm 
threshold as discussed above taking into consideration the 
fact that supplemental gas is being introduced into the 
patient circuit. 

[0070] When the supplemental gas is not longer being 
administered, the system leak Will return to its original 
value. Therefore, it is preferable to again initiate the learn 
period in step 54 to reestablish the normal baseline alarm 
threshold of the exhaust port Without the supplemental gas 
being introduced into the system. Preferably, the user actu 
ates the learn key, step 58, to initiate the learn period. 
HoWever, the present invention contemplates that the learn 
period can be automatically. For example, if the system 
detects that a neW exhaust port has replaced the previous 
port, the learn period can be automatically entered. 

[0071] If, hoWever, the learn period is not initiated at the 
cessation of the supplemental gas therapy, either manually or 
automatically, the system of the present invention automati 
cally returns the alarm threshold to the exhaust port’s 
baseline values. This is accomplished in step 72 in FIG. 4. 
According to step 72, if the learned constant Rleak Was 
determined to be negative during the learn period, the 
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system continuously calculates Rleak. If Rleak becomes Zero 
or positive for a predetermined period of time, such as 
one (1) minute, the alarm threshold is then set as discussed 
above according to step 64 or step 66 depending on Whether 
the exhaust vent test Was performed (step 62). OtherWise, if 
Rleak remains negative, the alarm threshold continues to be 
set according to step 70. It is to be understood that the 
predetermined period of time set forth in step 72 can be 
values other than one minute, so long as this period of time 
is suf?cient to detect an actual change in the system con 
?guration and not a temporary phenomena, such as a read 
justment of the patient interface device by the user. 

[0072] The present invention further contemplates that the 
alarm threshold can be altered automatically (Without Wait 
ing for Rleak to be positive for a predetermined period of time 
as required by step 72) based on detected changes in the 
pressure support system. For example, sensors or other 
means can be provided for determining When the supple 
mental gas is no longer being introduced into the system. For 
example, a valve controlling the supplemental gas supply, or 
a control unit that controls the valve, can signal When the 
valve is shut, thereby causing the system to move from step 
70 to step 62. Alternatively, an oxygen sensor, for example, 
can be provided to detect When oxygen is no longer being 
administered to the patient and cause the system to enter the 
reset the alarm threshold via steps 62-66. 

[0073] This automatic resetting of the alarm threshold also 
guards against users that mistakenly initiate the learn period 
When no exhaust port is present in the patient circuit or When 
the exhaust port is blocked. In these situations, the learned 
constant Rleak Will likely be calculated during the learn 
period as being negative. If the exhaust port is later added to 
the circuit, becomes unblocked, or if another leak occurs, 
such as leak at the mask seal, Rleak becomes positive. This 
is detected in step 72, and the alarm threshold is set 
according to steps 64 or 66. Thus, the pressure support 
system of the present invention automatically corrects the 
alarm threshold for such user errors and other events to 
prevent false alarms. 

[0074] FIG. 5 illustrates the steps the control unit per 
forms in determining Whether the system leak through the 
exhaust port is beloW an acceptable value during normal 
operation of the pressure support system after the alarm 
threshold has been set as discussed above With respect to 
FIG. 4. During operation, the pressure support system 
continuously determines in step 74 Whether the constant 
Rleak is positive or not. This is accomplished by continuously 
calculating equation (6) based on the pressure and How 
measurements discussed above. (See above). Only 
equation (6) need be considered because equation (6) is the 
numerator for both equations (7) and The denominator 
for these equations is never negative. Thus, the result of 
calculating equation (6) establishes Whether Rleak is positive, 
Zero or negative. 

[0075] If the result of equation (6) is positive or Zero, the 
system compares in step 76 the sum of the knoWn leak, 
Qknown, and R1e,k*\/P—p to the alarm threshold established as 
discussed above With respect to FIG. 4. It should be noted 
that the product R1eak*\/P—p, When Rleak is positive or Zero, 
corresponds to equation (4) Which de?nes Qunknown. Thus, 
the sum of the knoWn leak, Qknown, and R1eak*\/P—p, When 
R is positive or Zero, corresponds to equation (3) Which 

leak 
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de?nes the system leak as QknOWn+QunknOWn. If this sum, i.e. 
Qleak or system leak, is less than the alarm threshold for 
more than a predetermined period of time, the loW leak 
alarm is actuated in step 78. 

[0076] In the illustrated exemplary embodiment, the pre 
determined period of time is selected to be one (1) minute. 
It is to be understood that this time period can be other 
values so long as the period of time is long enough to prevent 
transient aberrations from causing a false alarm yet not so 
long that the user suffers from having the system running 
With the exhaust port completely or partially blocked. 

[0077] If the result of equation (6) is not positive or Zero, 
i.e. negative, the system compares, in step 80, the sum of the 
knoWn leak, Qknown, and Rleak to the alarm threshold estab 
lished, as discussed above, With respect to FIG. 4. It should 
be noted that When result of equation (6) is negative, Rleak 

corresponds to Qunknown as set forth above in equation Thus, the sum of the knoWn leak, Qknown, and Rleak, When 

Rleak is negative, also corresponds to equation (3), Which 
de?nes the system leak as QknOWn+QunknOWn. If this sum, i.e. 
Qleak or system leak, is less than the alarm threshold for 
more than a predetermined period of time, the loW leak 
alarm is actuated in step 78. 

[0078] A more thorough understanding of the present 
invention may be appreciated by considering the folloWing 
examples. It is to be understood that these are hypothetical 
examples that illustrate, With reference to FIGS. 4 and 5, 
hoW the system determines the alarm threshold and uses this 
threshold to judge Whether the system leak rate is beloW 
acceptable levels. The values for the leak rate used in these 
examples are selected to illustrate the system operation and 
do not necessarily re?ect actual values. 

EXAMPLE 1 

[0079] In this example, the pressure support system is as 
shoWn in FIG. 1, and no supplemental gas is being delivered 
to the patient. Suppose that an exhaust vent test has been 
performed and the knoWn leak rate has been determined to 
be a constant 30 lpm, Qknown=30 lpm, for the entire range of 
operating pressures. Suppose, also, that the learn period has 
been performed and the learned constant Rleak is determined 
to be positive or Zero. The system determines the alarm 
threshold according to step 64 as, for example, 50% less than 
Qknown, i.e., 50% less than 30 lpm or 15 lpm. 

[0080] After the learn period, the system then continu 
ously determines Whether the sign on the constant Rleak is 
positive or Zero in step 74 of FIG. 5. As long as Rleak 
remains positive or Zero, step 76, Which is the test used if 
Rleak is positive, Will not produce an alarm because the knoWn 
leak, Qknown, plus a positive Rleak value multiplied by the 
square root of pressure at the patient interface, i.e., step 76, 
Will not yield a result that is less than the alarm threshold. 

[0081] HoWever, as the exhaust vent becomes occluded, 
Rlea Will decrease and become negative. If, for example, 
Rleak is —10 lpm, the system leak Qleak Will be QknOWn+R1eak, 
see equations (2) and (4) and step 80 in FIG. 5. In this 
example, Q1eak=30 lpm+(—10 lpm)=20 lpm. Because 20 lpm 
is not less than the alarm threshold of 15 lpm, the loW leak 
alarm Will not yet be activated. As the exhaust vent becomes 
more occluded, Rleak continues to decrease, i.e., become 
more negative, and eventually the system leak Qleak Will fall 
beloW the alarm threshold, and the loW leak alarm Will 
sound. 
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EXAMPLE 2 

[0082] This example is the same as the pervious example 
except that the exhaust vent test has not been performed. In 
this situation, because the learned constant Rleak determined 
during the learn period is positive and because the exhaust 
vent test Was not performed, the alarm threshold is set 
according to step 66 in FIG. 4, for example, as 50% less than 
the leak from the minimum exhaust vent that can be used 
With the patient circuit. Suppose, in this example, that the 
leak rate from the smallest useable exhaust port is a constant 
10 lpm over the range of operating pressures. Half of this 
rate is 5 lpm, so that the alarm threshold is set at 5 lpm. In 
addition, Qknown is set at Zero in step 68. 

[0083] Rleak is continuously calculated in step 74 folloW 
ing the learn period. If, for example, Rleak is determined to 
be 10, the system leak (knoWn leak, QknOWn+R1eak*\/P—p) in 
step 76 is determined as folloWs: 0+10\/Pp or simply, 10\/Pp; 
recall that the knoWn leak, Qknown, Was set to Zero. It can be 
appreciated that it may be possible for the value of Rleak to 
decrease, as the exhaust vent becomes occluded, such that 
Rleak drops to a level in Which the system leak, Q1eak(knoWn 
leak, QknOWn+R1eak*\/P—p) falls beloW the alarm threshold 
level so that the loWer leak alarm sounds. If Rleak becomes 
negative, Which might occur if supplemental gas is added to 
the system, the alarm threshold test set forth in step 80 of 
FIG. 5 is used. It can be appreciated that as Rleak falls as a 
result of the exhaust vent becoming more occluded, even 
tually Rleak Will fall to a level beloW the alarm threshold and 
the loW level alarm Will be actuated. 

EXAMPLE 3 

[0084] This example is the same as Example 1 in that the 
exhaust vent test has been performed so that Qknown, i.e., the 
pressure versus ?oW relationship for the pressure support 
system being used by the patient, is established as, for 
example, 30 lpm over the range of operating pressures. In 
this example, hoWever, suppose that as a result of the learn 
period, the learned constant Rleak is determined to be nega 
tive, such as —10 lpm. The alarm threshold is then set 
according to step 70 in FIG. 4 as, for example, 50% less than 
QknOWn+R1eak In this example, Qknown=30 lpm and R1631; 
10 lpm so that the alarm threshold is 50% less than 20 lpm 
or 10 lpm. 

[0085] Referring noW to FIG. 5, the system continuously 
determines Rleak in step 74. If Rleak continues to be —10 the 
system leak, alarm threshold test set forth in step 80 is used 
because Rleak is negative. In step 80, the current system leak, 
Qleak, is Qknown (30 lpm)+Rleak (-10 lpm)=20 lpm, Which is 
not less than the alarm threshold of 10 lpm so that the alarm 
is not actuated. As the exhaust port becomes occluded, Rleak 
drops. Eventually, Rleak Will drop to a level Where the system 
leak, QknOWn+Rleak of step 80, is less than the alarm thresh 
old. 

EXAMPLE 4 

[0086] This example is the same as Example 2 in that the 
exhaust vent test has not been performed. In addition, at a 
result of the learn period the learned constant Rleak is 
determined to be negative, for example —10. In this example, 
as With Example 3, the alarm threshold is set according step 
70 in FIG. 4. For example, the alarm threshold is set as 50% 
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less than QknOWn+R1eak In this example, Qknown=0 lpm and 
R1eak=—10 lpm so that the alarm threshold is 50% less 
than —10 lpm or —15 lpm. 

[0087] Thereafter, the pressure support system continu 
ously determines Rleak in step 74 of FIG. 5. If Rleak contin 
ues to be negative, the alarm threshold test set forth in step 
80 is used. According to step 80, the current system leak, 
Qleak, is determined as Qknown (0 lpm)+R1eak(—10 lpm)=—10 
lpm, Which is not less than the alarm threshold of —15 lpm 
so that the alarm is not actuated. As the exhaust port 
becomes occluded, Rleak drops. Eventually, Rleak Will drop to 
a level Where the system leak, QknOWn+Rleak because Rleak is 
negative, is less than the alarm threshold. 

[0088] It should be noted that in Examples 3 and 4, if Rleak 
becomes positive for more than one minute, for example, the 
alarm threshold Will be recalculated as discussed above With 
respect to step 72 of FIG. 4. 

[0089] It can thus be appreciated that the pressure support 
system of the present invention provides an alarm that 
indicates situations Where the system leak rate is beloW an 
acceptable level that is reliable for detecting blockage of an 
exhalation port under a variety of different scenarios. The 
loW leak alarm system of the present invention is particu 
larly advantageous in that the alarm threshold is adaptable to 
the speci?c exhaust port requirements through the use of the 
exhaust vent test or the ability to recall predetermined ?oW 
versus pressure relationships for a particular type of exhaust 
port. Furthermore, the loW leak alarm system can detect 
blockage of the exhaust vent even if a supplemental gas is 
added to the system While minimiZing false alarms once the 
supplemental gas ?oW ceases. 

[0090] Although the invention has been described in detail 
for the purpose of illustration, it is to be understood that such 
detail is solely for that purpose and that variations can be 
made therein by those skilled in the art Without departing 
from the spirit and scope of the invention except as it may 
be limited by the claims. 

What is claimed is: 
1. A pressure support system comprising: 

a pressure generator adapted to provide a gas ?oW; 

a conduit operatively coupled to said pressure generator to 
deliver a gas How to a patient; 

an interface device operatively coupled to said conduit to 
communicate a gas How to an airWay of a patient, 
Wherein at least one of said conduit and said interface 
device includes an exhaust vent that provides a How of 
exhaust gas to atmosphere from a respective one of said 
conduit and said interface device; 

a sensor operatively coupled to said conduit to detect a 
rate at Which gas ?oWs in said conduit and to provide 
a ?rst output indicative thereof; 

a sensor operatively coupled to at least one of said 
interface device and a portion of said conduit proximate 
to said interface device to detect a pressure of gas at a 
patient and to provide a second output indicative 
thereof; and 

a control system receiving said ?rst output and said 
second output, Wherein said control system determines 
Whether a current How of exhaust gas passing through 
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said exhaust vent is below an alarm threshold based on 
said ?rst and said second output and provides a third 
output indicative of said determination. 

2. Apressure support system according to claim 1, further 
comprising an alarm device operatively coupled to said 
control system to receive said third output, Wherein said 
control system generates said third output responsive to said 
current How of exhaust gas being beloW said alarm threshold 
for a predetermined period of time, and Wherein said alarm 
device outputs a human perceivable alarm responsive to 
receiving said third output. 

3. A pressure support system according to claim 1, 
Wherein said control system sets said alarm threshold 
according to at least one detected condition of said pressure 
support system determined during a learn period in Which at 
least one parameter associated With said pressure support 
system is monitored by said control system using at least one 
of said ?rst sensor and said second sensor. 

4. Apressure support system according to claim 3, further 
comprising a manual input device operatively coupled to 
said control system, Wherein said pressure support system is 
capable of being operated in a plurality of modes, and 
Wherein at least one of (1) actuation of said manual input 
device, (2) start up of said pressure support system, and (3) 
a change in a mode of operation of said pressure support 
system causes said control system to execute said learn 
period. 

5. A pressure support system according to claim 3, 
Wherein said detected conditions include said rate at Which 
gas ?oWs in said conduit and said pressure of gas at a patient, 
and Wherein said control system (1) determines a ?rst 
relationship de?ned as: 

Tbreath 
I (Q — Q/mownWl 

during said learn period, Where Qc is a current How of gas 
Within said conduit, Qknown is a predetermined How of 
exhaust gas passing through said exhaust vent, and Tbreath is 
an integral number of breaching cycles, and (2) sets said 
alarm threshold based on a ?rst set of criteria responsive to 
said ?rst relationship being negative and based on a second 
set of criteria responsive to said ?rst relationship not being 
negative. 

6. A pressure support system according to claim 5, 
Wherein said control system calculates a second relationship, 
Rleak, de?ned as: 

Tbreath 

R; k = — 

m Tbreath , 

and Wherein said control system sets said alarm threshold as 
one of (1) a predetermined percentage less than a sum of 
Qknown, and Rleak and (2) a predetermined amount less than 
a sum of Qknown, and Rleak, responsive to said ?rst relation 
ship determined during said learn period being negative. 

7. A pressure support system according to claim 5, 
Wherein said control system monitors said ?rst relationship 
during normal operation of said pressure support system and 
changes from said ?rst set of criteria to said second set of 
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criteria by Which said alarm threshold is set responsive to 
said ?rst relationship not being negative for a predetermined 
period of time and thereafter adjusts said alarm threshold 
according to said second set of criteria. 

8. A pressure support system according to claim 5, 
Wherein Qknown is determined by one of: 

(1) performing an exhaust vent test that includes: 

(a) providing a plurality of pressures to a patient via 
said pressure generator, 

(b) measuring a current How of gas Within said conduit 
associated With each of said plurality of pressures, 

(c) establishing a pressure versus ?oW relationship for 
said exhaust vent based on said plurality of pressures 
and How associated thereWith, and 

(d) setting Qknown based on said pressure versus ?oW 
relationship; 

(2) recalling Qknown from a database based on said 
exhaust vent being used With said pressure support 
system, Wherein said data base contains a plurality of 
pressure verses ?oW relationships associated With vari 
ous types of exhaust vents; and 

(3) setting Qknown to Zero if both steps (1) and (2) are not 
performed. 

9. A pressure support system according to claim 8, 
Wherein said control system sets said alarm threshold as one 
of (1) a predetermined percentage of Qknown and (2) a 
predetermined amount less than Qknown, responsive to said 
?rst relationship determined during said learn period not 
being negative and one of (1) said exhaust vent test having 
been performed and (2) Qknown having been recalled from 
said database, and Wherein said control system sets said 
alarm threshold as one of (1) a predetermined percentage of 
a predetermined minimum exhaust vent leakage rate and (2) 
a predetermined amount less than said predetermined mini 
mum exhaust vent leakage rate responsive to said ?rst 
relationship determined during said learn period not being 
negative and said exhaust vent test and recalling of Qknown 
from said database having not been performed. 

10. A pressure support system according to claim 9, 
Wherein said control unit determines, during normal opera 
tion of said pressure support system, Whether a current How 
of exhaust gas passing through said exhaust vent is beloW 
said alarm threshold by repeatedly determining Whether said 
?rst relationship is negative, and 

Wherein said control unit calculates, during normal opera 
tion, a constant Rleak according to a second relationship 
de?ned as: 

Tbreath 

Rleak : W 

if said ?rst relationship is not negative, Wherein Pp is a 
pressure at an airWay of a patient, and according to a 
third relationship de?ned as: 
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Tbreath 

R1 k = 
m Tbreath 

if said ?rst relationship is negative, and 

Wherein said control system, during normal operation, 
provides said third output based on Whether a fourth 
relationship de?ned as QknOWn+R1eak\/P—p is less than 
said alarm threshold for a ?rst predetermined period of 
time, responsive to Rleak not being negative, and 
Wherein said control system provides said third output 
based on Whether a ?fth relationship de?ned as Qkmwn+ 
Rleak is less than said alarm threshold for a second 
predetermined period of time, responsive to Rleak being 
negative. 

11. A pressure support system according to claim 1, 
Wherein said control unit determines, during normal opera 
tion of said pressure support system, Whether a current How 
of exhaust gas passing through said exhaust vent is beloW 
said alarm threshold by repeatedly determining Whether a 
?rst relationship de?ned as: 

Tbreath 
f (Qc — Q/mownWl 

is negative, Where QC is a How of gas Within said conduit, 
Qknown is a predetermined rate of How of exhaust gas passing 
through said exhaust vent, and Tbreath is an integral number 
of breaching cycles. 

12. A pressure support system according to claim 11, 
Wherein said control unit determines Whether said current 
rate of How of exhaust gas passing through said exhaust vent 
is beloW said alarm threshold by calculating a constant Rleak 
according to a second relationship de?ned as: 

Tbreath 

fTbreath I Pp d; 
Rleak = 

if said ?rst relationship is not negative, Wherein Pp is a 
pressure at an airWay of a patient, and according to a third 
relationship de?ned as: 

Tbreath 

R1 k = 
m Tbreath 

if said ?rst relationship is negative. 
13. A pressure support system according to claim 12, 

Wherein said control system, during normal operation, pro 
vides said third output based on Whether a fourth relation 
ship de?ned as QkmWn+R1e,k\/P—p is less than said alarm 
threshold for a ?rst predetermined period of time, responsive 
to Rleak not being negative, and Wherein said control system 
provides said third output based on Whether a ?fth relation 
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ship de?ned as QknOWn+Rleak is less than said alarm thresh 
old for a second predetermined period of time, responsive to 
Rleak being negative. 

14. A method of providing pressure support including a 
loW leak alarm comprising the steps of: 

providing a gas ?oW from a pressure generator to a patient 
via a conduit operatively coupled to said pressure 
generator, Wherein an interface device is also coupled 
to said conduit to communicate a gas ?oW from said 

conduit to an airWay of a patient, and Wherein an 
exhaust vent in disposed in one of said interface device 
and a portion of said conduit proximate to said interface 
device to communicate a How of exhaust gas to atmo 

sphere from a respective one of said conduit and said 
interface device; 

detecting a rate at Which gas ?oWs in said conduit and 

providing a ?rst output indicative thereof; 

detecting a pressure of gas at a patient and providing a 
second output indicative thereof; 

determining Whether a current How of exhaust gas passing 
through said exhaust vent is beloW an alarm threshold 
based on said ?rst output and said second output; and 

providing a third output indicative of a result of said 
determining step. 

15. Amethod according to claim 14, further comprising a 
step of outputting a human perceivable alarm responsive to 
said current How of said exhaust gas being beloW said alarm 
threshold for a predetermined period of time. 

16. A method according to claim 14, further comprising 
the steps of: 

monitoring said rate at Which gas ?oWs in said conduit 
and said pressure of gas at a patient during a learn 
period; and 

setting said alarm threshold based on said monitored gas 
How in said conduit and said pressure of gas at a patient 
during said learn period. 

17. A method according to claim 16, Wherein said moni 
toring step includes determining a ?rst relationship de?ned 
as: 

during said learn period, Where QC is a current How of gas 
Within said conduit, Qknown is a predetermined How of 
exhaust gas passing through said exhaust vent, and Tbreath is 
an integral number of breaching cycles; and 

Wherein said alarm threshold setting step includes setting 
said alarm threshold based on a ?rst set of criteria 
responsive to said ?rst relationship being negative and 
setting said alarm threshold based on a second set of 
criteria responsive to said ?rst relationship not being 
negative. 
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18. Amethod according to claim 17, further comprising a 
step of calculating a second relationship, Rleak, de?ned as: 

Tbreath 

R; k = — 

m Tbreath , 

and Wherein said setting step includes setting said alarm 
threshold as one of (1) a predetermined percentage less than 
a sum of Qknown, and Rleak and (2) a predetermined amount 
less than a sum of Qknown, and Rleak, responsive to said ?rst 
relationship determined during said learn period being nega 
tive. 

19. A method according to claim 17, further comprising 
the steps of: 

monitoring said ?rst relationship during normal operation 
of said pressure support system; 

changing from said ?rst set of criteria to said second set 
of criteria by Which said alarm threshold is set respon 
sive to said ?rst relationship not being negative for a 
predetermined period of time; and 

adjusting said alarm threshold based on said second set of 
criteria. 

20. A method according to claim 17, further comprising 
the step of determining Qknown by performing the folloWing 
steps: 

(1) performing an exhaust vent test by performing the 
folloWing steps: 

(a) providing a plurality of pressures to a patient via 
said pressure generator, 

(b) measuring a current How of gas Within said conduit 
associated With each of said plurality of pressures, 

(c) establishing a pressure versus ?oW relationship for 
said exhaust vent based on said plurality of pressures 
and rates of How associated thereWith, and 

(d) setting Qknown based on said pressure versus ?oW 
relationship; 

(2) recalling Qknown from a database based on said 
exhaust vent being used With said pressure support 
system, Wherein said database contains a plurality of 
pressure verses ?oW relationships associated With vari 
ous types of exhaust vents; and 

(3) setting Qknown to Zero if both steps (1) and (2) are not 
performed. 

21. A method according to claim 20, Wherein said alarm 
threshold setting step includes setting said alarm threshold 
as one of (1) a predetermined percentage of Qknown and (2) 
a predetermined amount less than Qknown, responsive to said 
?rst relationship determined during said learn period not 
being negative and one of (1) said exhaust vent test having 
been performed and (2) Qknown having been recalled from 
said database, and Wherein control system sets said alarm 
threshold as one of (1) a predetermined percentage of a 
predetermined minimum exhaust vent leakage rate and (2) a 
predetermined amount less than said predetermined mini 
mum exhaust vent leakage rate responsive to said ?rst 
relationship determined during said learn period not being 
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negative and said exhaust vent test and recalling Qknown 
from said database having not been performed. 

22. A method according to claim 21, Wherein said deter 
mining step includes determining, during normal operation, 
Whether a current rate of How of exhaust gas passing through 
said exhaust vent is beloW said alarm threshold by repeat 
edly determining Whether a ?rst relationship de?ned as: 

Tbreath 
I (Q — QkmwnWl 

is negative, Where QC is a How of gas Within said conduit, 
Qknown is a predetermined How of exhaust gas passing through 
said exhaust vent, and Tbreath is an integral number of 
breaching cycles, further comprising: 

calculating a constant Rleak according to a second rela 
tionship de?ned as: 

Tbreath 

R = — 

leak fTbreath I Pp d[ 

if said ?rst relationship is not negative, Wherein Pp is a 
pressure at an airWay of a patient; and 

calculating a constant Rleak according to a third relation 
ship de?ned as: 

Tbreath 

R1 k = 
m Tbreath 

if said ?rst relationship is negative; 

outputting a loW leak alarm responsive to a fourth rela 
tionship de?ned as QkmWn+R1e,k\/P—p being less than 
said alarm threshold for a ?rst predetermined period of 
time, responsive to Rleak not being negative; and 

outputting a loW leak alarm responsive to a ?fth relation 
ship de?ned as QknOWn+Rleak being less than said alarm 
threshold for a second predetermined period of time, 
responsive to Rleak being negative. 

23. A method according to claim 14, Wherein said deter 
mining step includes determining, during normal operation, 
Whether a current How of exhaust gas passing through said 
exhaust vent is beloW said alarm threshold by repeatedly 
determining Whether a ?rst relationship de?ned as: 

Tbreath 
I (Q — QkmwnWl 

is negative, Where QC is a How of gas Within said conduit, 
Qknown is a predetermined rate of How of exhaust gas passing 
through said exhaust vent, and Tbreath is an integral number 
of breaching cycles. 
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24. A method according to claim 23, further comprising 
the steps of 

calculating a system constant Rleak according to a second 
relationship de?ned as: 

Tbreath 

fTbreath I Pp d1 
Rleak = 

if said ?rst relationship is not negative, Wherein Pp is a 
pressure at an airWay of a patient; and 

calculating a system constant Rleak according to a third 
relationship de?ned as: 
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Tbreath 

R1 k = 
m Tbreath 

if said ?rst relationship is negative. 
25. A method according to claim 24, further comprising 

the steps of: 

determining Whether Rleak not being positive; 
outputting a loW leak alarm responsive to a fourth rela 

tionship de?ned as QkmWn+R1e,k\/P—p being less than 
said alarm threshold for a ?rst predetermined period of 
time, responsive to Rleak not being negative; and 

outputting a loW leak alarm responsive to a ?fth relation 
ship de?ned as QknOWn+Rleak being less than said alarm 
threshold for a second predetermined period of time, 
responsive to Rleak being negative. 

* * * * * 


