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( 57 ) ABSTRACT 
Systems and methods may include a gas source , a gas 
delivery circuit , and a nasal interface allowing breathing 
ambient air through the nasal interface . A gas flow path 
through the nasal interface may have a distal gas flow path 
opening . A nozzle may be associated with a proximal end of 
the nasal interface a distance from the distal end gas flow 
path opening . At least a portion of an entrainment port may 
be between the nozzle and the distal end gas flow opening 
The nozzle may deliver gas into the nasal interface to create 
a negative pressure area in the gas flow path at the entrain 
ment port . The nasal interface and the nozzle may create a 
positive pressure area between the entrainment port and the 
distal end gas flow path opening . Gas from the gas delivery 
source and air entrained through the entrainment port may 
increase airway pressure or lung pressure or provide venti 
latory support . 
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METHODS , SYSTEMS AND DEVICES FOR 
NON - INVASIVE VENTILATION INCLUDING 

A NON - SEALING VENTILATION 
INTERFACE WITH AN ENTRAINMENT 
PORT AND / OR PRESSURE FEATURE 

CROSS - REFERENCE TO RELATED 
APPLICATIONS 

2 
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for far less severe forms of clinical syndromes compared to 
ventilation therapy . For example , some nasal mask oxygen 
therapy systems have been developed for the purpose of 
delivering mixtures of air and oxygen by entraining air into 
the mask , however these are not considered ventilation 
therapy or respiratory support , because they do not mechani 
cally help in the work of breathing . Recently , a variant of 
oxygen therapy has been employed , known as high flow 
oxygen therapy ( HFOT ) . In this case , the oxygen flow rate 
is increased beyond standard long term oxygen therapy 
( LTOT ) , for example , above 15 LPM . Because of the high 
flow rate , the oxygen must be humidified to prevent drying 
out the patient's airway . It has been reported that HFOT can 
slightly reduce the patient's absolute pleural pressure during 
spontaneous breathing , thus have a slight effect on work of 
breathing . These systems are inefficient in that they consume 
a significant quantity of oxygen , rendering them non - mobile 
systems and encumbering the patient . 
[ 0005 ] Respiratory support and ventilation therapies exist 
that provide mechanical ventilation ( MV ) to the patient , and 
mechanically contribute to the work of breathing . MV 
therapies connect to the patient by intubating the patient 
with a cuffed or uncuffed tracheal tube , or a sealing face or 
nasal mask or sealing nasal cannula . While helpful in 
supporting the work of breathing , the patient interfaces used 
for MV are obtrusive and / or invasive to the user , and MV 
does not facilitate mobility or activities of daily living , 
therefore encumbers that patient and is a drawback to many 
potential users . Non - invasive ventilation ( NIV ) exists which 
ventilates a patient with a face or nasal mask rather than 
requiring intubation , which can be an advantage in many 
situations . However , the patient cannot use their upper 
airway because the interface makes an external seal against 
the nose and / or mouth , and in addition the system is not 
mobile , the combination of which does not enable activities 
of daily living 
[ 0006 ] For treating obstructive sleep apnea ( OSA ) , the 
gold standard ventilation therapy is continuous positive 
airway pressure ( CPAP ) or bilevel positive airway pressure 
( BiPAP ) , which is a variant to NIV in that the patient 
partially exhales through exhaust ports in the mask and back 
into large gas delivery tubing , rather than through an exha 
lation circuit as in MV . Continuous positive pressure applied 
by the ventilator to the patient by a nasal or face mask that 
seals against the nose or face prevents upper airway obstruc 
tion . While effective , this therapy has poor patient compli 
ance because the patient interface is obtrusive to the patient 
and the patient unnaturally breathes through both a mask and 
gas delivery circuit . 
[ 0007 ] In summary , existing therapies and prior art have 
the following disadvantages : they do not offer respiratory 
support or airway support in a manner that unencumbers the 
patient and ( 1 ) is non - invasive , and un - obtrusive such that it 
allows for mobility and activities of daily living , ( 2 ) allows 
the sensation of breathing from the ambient surroundings 
normally , and ( 3 ) is provided in an easily portable system or 
a system that can be easily borne or worn by the patient . 

FIELD OF THE INVENTION 

[ 0002 ] The present invention relates to the field of venti 
lation therapy for persons suffering from respiratory and 
breathing disorders , such as respiratory insufficiency and 
sleep apnea . More specifically , the present invention relates 
to providing open airway ventilation with methods and 
devices that use non - sealing non - invasive nasal ventilation 
patient interfaces . 

BACKGROUND OF INVENTION 

[ 0003 ] There is a need for a minimally obtrusive nasal 
mask and ventilation system that delivers mechanical ven 
tilatory support or positive airway pressure , and which 
unencumbers the patient . There are a range of clinical 
syndromes that require ventilation therapy that would ben 
efit from such a mask and system , such as respiratory 
insufficiency , airway or sleeping disorders , congestive heart 
failure , neuromuscular disease , and a range of situations that 
would be benefited , such as chronic , acute , emergency , mass 
casualty and pandemic situations . 
[ 0004 ] Oxygen therapy is available with devices that do 
not encumber the patient . However , oxygen therapy is used 

SUMMARY OF INVENTION 

[ 0008 ] The invention provides ventilation to a patient 
using non - invasive open - airway ventilation ( NIOV ) , and a 
non - sealing nasal mask interface with a Venturi arrangement 
that does not completely cover or seal the opening of the 
patient's mouth or nose . A non - invasive open - airway non 

? 
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a 

sealing mask is preferably configured with a Venturi 
arrangement to create a change from negative pressure to 
positive pressure within the mask . 
[ 0009 ] Embodiments of the present invention may include 
a system for providing ventilatory support , the system 
including : a gas source ; a gas delivery circuit ; a nasal 
interface that allows the patient to breathe ambient air 
through the nasal interface ; a gas flow path through the nasal 
interface , wherein the gas flow path comprises a distal end 
gas flow path opening ; a nozzle associated with a proximal 
end of the nasal interface at a distance from the distal end gas 
flow path opening ; and an entrainment port associated with 
the nasal interface , wherein at least a portion of the entrain 
ment port is between the nozzle and the distal end gas flow 
opening , wherein the nozzle is in fluid communication with 
the gas delivery circuit and the gas source , wherein the 
nozzle delivers gas into the nasal interface to create a 
negative pressure area in the gas flow path at the entrainment 
port , wherein the nasal interface and the nozzle create a 
positive pressure area between the entrainment port and the 
distal end gas flow path , and wherein a combination of gas 
from the gas source and air entrained through the entrain 
ment port provide ventilatory support . 
[ 0010 ] Embodiments of the present invention may include 
a method of increasing airway pressure , the method includ 
ing : providing a nasal interface that allows the patient to 
breathe ambient air through the nasal interface , wherein the 
nasal interface comprises a gas flow path , wherein the gas 
flow path comprises a distal end gas flow path opening and 
a proximal end gas flow path opening ; providing a nozzle 
associated with a proximal end of the nasal interface at a 
distance from a nose ; providing an entrainment port asso 
ciated with the nasal interface substantially between the 
nozzle and a distal end of the nasal interface , wherein at least 
a portion of the entrainment port is between the nozzle and 
the distal end gas flow opening ; and adapting the nozzle to 
be in fluid communication with a gas delivery circuit and a 
gas source , wherein the nozzle is capable of delivering gas 
into the nasal interface to create a negative pressure area in 
the gas flow path at the entrainment port , wherein the nasal 
interface and the nozzle create a positive pressure area 
between the entrainment port and the distal end of the nasal 
interface , and wherein a combination of gas from the gas 
source and air entrained through the entrainment port 
increases airway pressure . 
[ 0011 ] The systems and methods of the present invention 
may further include that the nasal interface includes a sound 
reducing feature . The sound reducing feature may be angling 
the nozzle at an approximately 1-30 degree angle from a 
manifold gas flow path centerline axis . The sound reducing 
feature may be an off - centered nozzle positioned off of the 
manifold gas flow path centerline by 5-25 % . The sound 
reducing feature may include a secondary gas flow exit that 
is separate from the entrainment port . The sound generated 
by the nasal interface may be < 50 db at 1 meter . The gas flow 
path may include a first section that is a substantially 
lateral - to - midline section and a second section distal to the 
first section that is a substantially inferior - to - superior sec 
tion , and a curve between the two sections , with the positive 
pressure area substantially generated proximal to the curve . 
A pressure sensing port may terminate in positive pressure 
region in the gas flow path . The gas flow path may include 

gas flow path and a separate right gas flow path . The 
left gas flow path and the right gas flow path may be 

pneumatically interconnected with an interconnecting chan 
nel . A manifold may be included , wherein the manifold is 
curved with a lateral - posterior - inferior curve on each side of 
the midline to position the manifold where most comfortable 
to the user . A manifold may be included , wherein the 
manifold includes at least one flex joint , and the at least one 
flex joint is located at a midline of the manifold . The 
manifold may be made of a flexible material . A manifold 
may be included , and wherein the manifold is made of a 
malleable material to be shaped to a face of a user . A 
manifold may be included , and a space adjustment at a 
center of the manifold . One or more nasal cushions may be 
attachable to the distal end gas flow opening , the one or more 
nasal cushions comprising a snap ring on pillows comprising 
a hard material , and a mating ring surrounding the distal end 
gas flow openings . One or more nasal cushions attachable to 
the distal end gas flow opening , the one or more nasal 
cushions including a rotatable connection to the nasal inter 
face . A cross - sectional area of the gas flow path that may not 
decrease from the entrainment port to the distal end gas flow 
opening . A cross - sectional area of the gas flow path may be 
uniform from the entrainment port to the distal end gas flow 
opening . A cross - sectional area of the gas flow path may 
increase from the entrainment port to the distal end gas flow 
opening . Delivery of gas from the gas source may be 
synchronized with an inspiratory phase . A time of delivery 
of gas from the gas source may be modulated with respira 
tory rate to deliver a set volume at a different time and 
pressure amplitude based on a patient's spontaneous respi 
ratory rate . The gas from the gas delivery source may be 
controlled by a wear - able ventilator . Ventilatory support may 
include reducing the work of breathing to treat respiratory 
insufficiency . Ventilatory support may include elevating 
airway pressure to treat sleep apnea . The nozzle and gas 
delivery tubing may be attached to only one side of the nasal 
interface . The gas flow path may not include abrupt angles . 
The abrupt angles may be substantially 90 degrees . A patient 
may receive approximately 20-200 % entrained air relative to 
gas from the gas source in the combination of gas from the 
gas source and the air entrained through the entrainment 
port . The nozzle may include a tip , wherein at least a portion 
of the entrainment port is between the tip of the nozzle and 
the distal end gas flow opening . The tip of the nozzle may 
be located at a midpoint of the entrainment port . The tip of 
the nozzle may be approximately 5-60 mm from a center 
line . The entrainment port may be completely distal to the 
nozzle . The entrainment port may have an average cross 
sectional area of approximately 0.035-0.095 square inches . 
The negative pressure area may be within the gas flow path . 
The negative pressure area may extend from the entrainment 
port to a location proximal to the distal end of the nasal 
interface . The negative pressure may be less than ambient . 
The negative pressure may be approximately –5 to -40 
cmH20 . The positive pressure area may be within the gas 
flow path . The positive pressure area may extend within the 
gas flow path from a location distal to the entrainment port 
the distal end of the nasal interface . The positive pressure 
may be greater than ambient . The positive pressure may be 
approximately 0.01 to 0.50 psi . The combination of gas from 
the gas source and the air entrained through the entrainment 
port may increase upper airway pressure by approximately 
2-35 cwp . The combination of gas from the gas source and 
the air entrained through the entrainment port may exit the 
nasal interface as laminar flow . The nasal interface may have 
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throat length of approximately -0.75-2.0 inches . The gas 
delivery circuit may have an inner diameter of less than 
approximately 4 mm . At least one sensor may measure 
phases of breathing . A ventilator may be provided , wherein 
the ventilator comprises a control unit , and wherein the 
control unit adjusts an output of the ventilator to match a 
patient's ventilation needs based on information from the at 
least one sensor . 
[ 0012 ] Embodiments of the present invention may include 
a system for increasing airway pressure , the system includ 
ing : a gas source ; a gas delivery circuit ; a nasal interface that 
allows the patient to breathe ambient air through the nasal 
interface ; a gas flow path through the nasal interface , 
wherein the gas flow path comprises a distal end gas flow 
path opening ; a nozzle associated with a proximal end of the 
nasal interface at a distance from the distal end gas flow path 
opening ; and wherein the nozzle is in fluid communication 
with the gas delivery circuit and the gas source , wherein the 
nozzle delivers gas into the nasal interface to create a 
negative pressure area in the gas flow path near the proximal 
end of the nasal interface , wherein the nasal interface and the 
nozzle create a positive pressure area within the gas flow 
path distal to the negative pressure area , and wherein a 
combination of gas from the gas source and air entrained in 
the gas flow path increases airway pressure . 
[ 0013 ] The systems and methods of the present invention 
may further include an entrainment port associated with the 
nasal interface , wherein at least a portion of the entrainment 
port is between the nozzle and the distal end gas flow 
opening . The negative pressure area may extend from the 
entrainment port to a location proximal to the distal end of 
the nasal interface . A negative pressure may be less than 
ambient . The negative pressure may be approximately -10 
to -50 cmH20 . The positive pressure may be greater than 
ambient . The positive pressure may be approximately 2-30 
cmH20 . 
[ 0014 ] Embodiments of the present invention may include 
a method of delivering a therapeutic level of gas to a patient 
wherein the amount of gas increases the pressure in the 
oropharyngeal airway to a pressure level able to reduce 
obstructive sleep apnea airway obstructions , the method 
including : attaching a nasal interface to a patient wherein the 
interface does not impede the patient from breathing ambi 
ent air directly through the interface ; placing a jet nozzle in 
the nasal interface at the proximal end of the interface lateral 
to the nose , and placing an entrainment port in the nasal 
interface between the jet nozzle and the distal end of the 
nasal interface ; attaching a ventilator to a gas delivery circuit 
and the gas delivery circuit to the jet nozzle and delivering 
gas from the ventilator to the nasal interface ; delivering the 
gas from the nozzle into the nasal interface with a velocity 
that creates a negative pressure inside the interface at the 
location of the aperture , at a distance from the interface 
distal end ; and the interface to create a positive pressure 
between the negative pressure area in the nasal interface and 
the interface distal end , wherein substantially all of the 
patient's exhaled gas flows through the ambient air entrain 
ment aperture and virtually none flows through the gas 
delivery circuit , and wherein the therapeutic level of gas 
requires ( a ) gas from the ventilator and ( b ) ambient air 
entrained through the aperture by the velocity in the nasal 
interface created by the ventilation gas delivery . 
[ 0015 ] The systems and methods of the present invention 
may also include monitoring the breathing pressure of the 

patient using an open airway pressure sensing port posi 
tioned between the entrainment aperture and the patient's 
nose , in the zone of positive pressure in the interface distal 
to the entrainment zone in the interface . A sound reduction 
feature may be provided in the nasal interface , selected from 
the group of ( i ) aligning the nozzle off axis with the axis of 
the gas flow path between the nozzle and the nose , ( ii ) 
off - centering the nozzle with the centerline axis of the gas 
flow path between the nozzle and the nose , ( iii ) including a 
secondary port in addition to the aperture in the interface for 
the escape - age of gas , ( iv ) a combination of the above . The 
ventilator may be provided with an OFF - ON mode including 
a first power - on / gas - delivery - OFF state , and a second 
power - on / gas - delivery - ON state , the OFF state preceding 
the ON state and providing zero gas delivery , and the ON 
state providing the therapeutic gas delivery , and providing a 
delay between the gas delivery OFF and ON state , wherein 
the gas delivery OFF state is activated initially after the 
ventilator is powered on and the interface is connected to the 
patient , and where during the gas delivery OFF state the 
patient breathes ambient air freely through the interface , and 
wherein after a delay , the gas delivery ON state is activated , 
wherein the activation is selected from the group of : ( i ) a 
predetermined time , ( ii ) a reduction in breath rate , ( iii ) a 
reduction in breathing pressure signal , ( iv ) a reduction in 
breathing pressure level , ( v ) a combination of the above . A 
speech detection filtering algorithm may be provided that 
prevents inadvertent delivery of gas to the patient in 
response to speech . Multiple amplitudes of gas may be 
delivered to the patient , wherein the different amplitudes are 
synchronized with the spontaneous breathing pattern of the 
patient , wherein a first amplitude is the therapeutic level of 
gas delivered in synchrony with the inspiratory phase , and a 
second amplitude is delivered in synchrony with the expi 
ratory phase , where the transition from the expiratory phase 
amplitude to the inspiratory phase amplitude begins in 
expiratory phase before inspiratory phase begins . Greater 
than 1 / 3rd of the gas delivered to the patient may come from 
the ventilator , and greater than 1 / sth of the gas delivered to 
the patient may come from ambient air entrained through the 
entrainment aperture . The gas delivery pressure output from 
the ventilator may be greater than 10 psi , wherein the flow 
rate output from the ventilator may be less than 25 lpm , 
wherein the gas delivery circuit gas delivery channel internal 
diameter may be less than 3 mm , and wherein the gas 
velocity exiting the nozzle may be greater than 100 meters / 
second . Humidified gas may be delivered to the patient with 
a delivery circuit in parallel with the ventilator gas delivery 
circuit and wherein the humidified gas is added to the 
interface at the negative pressure entrainment zone . A sepa 
rate left and right breathing sensor may be used to measure , 
monitor , process and track left nostril and right nostril 
breathing pressures separately . The gas may be laminar 
when entering the nose by delivering the gas so that it exits 
the nozzle into the interface at high velocity of greater than 
100 m / s , and enters the patient's nose with the entrained air 
at low velocity of less than 50 m / sec . 
[ 0016 ) Embodiments of the present invention may include 
a ventilator for treating sleep apnea , the ventilator including : 
a gas delivery output , when enabled to deliver the therapeu 
tic level , comprises an output pressure of > 15 psi , and output 
flow rate of < 25 lpm ; a gas delivery output port of less than 
3 mm internal diameter that is connectable to a gas delivery 
circuit ; an input for an airway pressure sensing signal that is 
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not in series with the ventilator gas flow line ; a control 
system including : an input for the airway pressure sensing 
signal ; speech filtering mode configured to prevent speech 
sounds from being classified as a breath ; and an algorithm to 
deliver a required amount of flow to generate a desired 
amount of airway pressure proximal to the patient's airway 
based on the airway pressure sensing signal . 
[ 0017 ] The systems and methods of the present invention 
may also include that the ventilator includes a cycling mode , 
the cycling mode comprising delivering multiple amplitudes 
of gas to the patient , wherein the different amplitudes are 
synchronized with the spontaneous breathing pattern of the 
patient , wherein a first amplitude is the therapeutic level of 
gas delivered in synchrony with the inspiratory phase , and a 
second amplitude is delivered in synchrony with the expi 
ratory phase , where the transition from the expiratory phase 
amplitude to the inspiratory phase amplitude begins in 
expiratory phase before inspiratory phase begins . The ven 
tilator may further include an OFF - ON algorithm compris 
ing a power - on and gas flow off state and a power - on and gas 
flow on state , and comprising a delay between the gas flow 
OFF and ON state , wherein the gas flow OFF state is 
activated initially after the ventilator is powered on and a 
interface is connected to the patient , and where during the 
gas delivery OFF the control system receives breathing 
pressure signals from the patient while the patient breathes 
ambient air freely through the interface , and wherein after a 
delay , the gas flow ON state is activated , wherein the 
activation is selected from the group of : ( i ) a predetermined 
time , ( ii ) a reduction in breath rate , ( iii ) a reduction in 
breathing pressure signal , ( iv ) a reduction in breathing 
pressure level , ( v ) a combination of the above . The ventilator 
control system may be adapted to receive multiple breathing 
pressure inputs , corresponding to a dedicated input for the 
left and right nostril , and further wherein the control system 
comprises an algorithm adapted to adjust the gas output 
parameters based on comparing the two signals . 
[ 0018 ] Embodiments of the present invention may include 
a nasal interface for treating sleep apnea comprising a 
tubular body with a distal end and proximal end and a gas 
flow path extending from the distal end to the proximal end , 
wherein the tubular body includes : a distal end configured to 
impinge with the nostril airway ; a tubular body configured 
to curve laterally from the nostril distal end to the proximal 
end ; an ambient air entrainment aperture in the tubular body 
between the proximal end and the distal end adapted to 
permit spontaneous breathing of ambient air directly through 
the aperture without impeding the user's breathing ; a jet 
nozzle port positioned proximal to the aperture at the 
proximal end of the tubular body , and adapted to direct gas 
into the gas flow path and entrain air in from the entrainment 
aperture ; and a pressure sensing port , wherein gas is deliv 
ered to the patient airway from a combination of the nozzle 
and air entrained through the aperture , and wherein substan 
tially all the gas exiting the patient exits out of the aperture . 
[ 0019 ] The systems and methods of the present invention 
may also include that the gas flow path includes a length 
between the nozzle and distal end allowing the velocity 
profile exiting the jet to merge with the walls of the gas flow 
path , and develop a positive pressure at a location proximal 
to the distal end and outside the nose . The minimum cross 
section of the gas flow path may be greater than or equal to 
the cross sectional area of the entrainment aperture . The 
entrainment aperture may be positioned in the tubular body 

at the anterior side of the tubular body , to entrain airflow into 
the aperture from in front of the face , and to direct exhaled 
gas flowing out of the aperture away from the face . The 
tubular body may include a sound reducing feature selected 
from the group of : a secondary port near the distal end , a 
nozzle position that is off - centered from the centerline axis 
of the tubular body , a nozzle angle that directs gas into the 
wall of the tubular body . The tubular body may include an 
internal volume of less than 0.40 cubic inches . The tubular 
body may include a gas flow resistance of less than 4 
cmH20 pressure at 60 lpm gas flow . The pressure sensing 
port may be positioned in the positive pressure area of the 
tubular body . A left and a right tubular body may be 
provided , wherein each tubular body includes a pressure 
sensing port . An entrainment pressure sensing port may be 
located near the entrainment aperture , and a pressure sensing 
port may be located near the distal end . 
[ 0020 ) Embodiments of the present invention may include 
a method of delivering a therapeutic level of gas to a patient 
wherein a delivered amount of gas increases pressure in an 
oropharyngeal airway to a pressure level able to reduce an 
obstructive sleep apnea airway obstruction , the method 
including : providing a nasal interface that does not impede 
the patient from breathing ambient air directly through the 
nasal interface , wherein the nasal interface includes : a jet 
nozzle in the nasal interface at a proximal end of the nasal 
interface substantially lateral to a nose ; and an entrainment 
port in the nasal interface substantially between the jet 
nozzle and a distal end of the nasal interface ; a ventilator and 
a gas delivery circuit , wherein the ventilator is in fluid 
communication with the jet nozzle via the gas delivery 
circuit ; and delivering gas from the jet nozzle into the nasal 
interface with a velocity that creates a negative pressure area 
inside the nasal interface at the location of the entrainment 
port , at a distance from the distal end of the nasal interface , 
wherein the nasal interface is adapted to create a positive 
pressure area between the negative pressure area and the 
distal end of the nasal interface , and wherein substantially all 
exhaled gas flows through the entrainment port and virtually 
none of the exhaled gas flows through the gas delivery 
circuit . Delivery of gas may be synchronized with breathing 
of a patient . 
[ 0021 ] Additional features , advantages , and embodiments 
of the invention are set forth or apparent from consideration 
of the following detailed description , drawings and claims . 
Moreover , it is to be understood that both the foregoing 
summary of the invention and the following detailed 
description are exemplary and intended to provide further 
explanation without limiting the scope of the invention as 
claimed . 

? 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0022 ] The accompanying drawings , which are included 
to provide a further understanding of the invention and are 
incorporated in and constitute a part of this specification , 
illustrate preferred embodiments of the invention and 
together with the detailed description serve to explain the 
principles of the invention . 
[ 0023 ] FIG . 1 shows a prior art conventional oxygen 
delivery cannula for administering oxygen therapy . 
[ 0024 ] FIG . 2 shows a prior art conventional non - invasive 
ventilation using a nose mask and using a CPAP or BiPAP 
ventilation mode . 
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[ 0025 ] FIG . 3 shows an unencumbered patient using an 
embodiment of the invention to receive work of breathing 
support while ambulating . 
[ 0026 ] FIG . 4 is a schematic showing an exemplary sys 
tem of the invention . 
[ 0027 ] FIG . 5 shows an exemplary embodiment of a nasal 
interface where an open , non - sealing nasal mask may be 
curved and configured to be placed under the nose of the 
user , and which may extend bilaterally from the midline of 
the face to the sides of the nose . 
[ 0028 ] FIG . 6 shows a top view of the mask of FIG . 5 . 
[ 0029 ] FIG . 7 shows a front sectional view along part of 
the gas flow path of the mask at line A - A of FIG . 6 . 
[ 0030 ] FIG . 8A shows an isometric side view of the mask 
of FIG . 5 . 
[ 0031 ] FIG . 8B shows a sectional view through the gas 
flow path of the mask at Line B - B of FIG . 8A , showing the 
gas delivery nozzle . 
[ 0032 ] FIG.9 shows a view of an alternate embodiment of 
a nasal mask of the invention . 
[ 0033 ] FIG . 10 shows a rear sectional view through the gas 
flow path of the mask at line C - C of FIG . 9 . 
[ 0034 ] FIG . 11 shows a sectional view of the mask of FIG . 
9 along a line D - D . 
[ 0035 ] FIG . 12 is a front view of the mask of FIG . 9 . 
[ 0036 ] FIG . 13 is a hidden line view of the mask as 
oriented in FIG . 12 showing the gas flow path and exhaust 
flow path . 
[ 0037 ] FIG . 14 is a bottom view of the mask of FIG . 12 . 
[ 0038 ] FIG . 15 is a hidden line view of the mask as 
oriented in FIG . 14 , showing the gas flow path and sensing 
path . 
[ 0039 ] FIG . 16 shows a front view of an alternative 
embodiment of the nasal mask being worn by a patient , in 
which the mask is optimized for minimal size , ergonomics , 
form , fit and function . 
[ 0040 ] FIG . 17 is a top - posterior view of the mask shown 
in FIG . 16 . 
[ 0041 ] FIG . 18 shows a front cross - sectional view through 
the gas flow path , sensing line path and exhaust path of the 
mask of FIG . 16 through line E - E . 
[ 0042 ] FIG . 19A shows a top view of the mask of FIG . 16 . 
[ 0043 ] FIG . 19B shows a sectional view through the gas 
flow path , sensing line path and exhaust path of the mask of 
FIG . 19A through line F - F . 
[ 0044 ] FIG . 19C shows a sectional view through the gas 
flow path of FIG . 19A through line G - G . 
[ 0045 ] FIG . 20 shows a top view of the mask of FIG . 16 
without nasal cushions . 
[ 0046 ] FIG . 21 shows a hidden line view of the gas flow 
path of the mask of FIG . 16 , showing the gas flow path . 
[ 0047 ] FIG . 22 shows an anterior - bottom view of the mask 
of FIG . 16 . 
[ 0048 ] FIG . 23 shows a hidden line view of the mask as 
oriented in FIG . 22 , showing the gas flow path . 
[ 0049 ] FIG . 24 shows an alternative embodiment of the 
mask of FIG . 16 in which the mask can flex at its center 
portion . 
[ 0050 ] FIG . 25 shows that the nasal cushions may be 
removable . 
[ 0051 ] FIG . 26 is a schematic sectional view of a Venturi 
system embodiment of the invention , with the gas delivery 
nozzle protruding slightly distally from the proximal end of 
the entrainment window . 

[ 0052 ] FIG . 27 is a schematic sectional view of a Venturi 
system embodiment of the invention , with the gas delivery 
nozzle proximal to the entrainment window . 
[ 0053 ] FIG . 28A is a schematic sectional view of a mask 
and a Venturi system embodiment , shown during gas deliv 
ery phase , with additional features for additional sound 
reduction , pressure balancing , flow measurement , gas sam 
pling , pressure artifact dampening , and humidification deliv 
ery . 
[ 0054 ] FIG . 28B shows the mask of FIG . 28A shown 
during an expiratory phase when gas delivery is off . 
[ 0055 ] FIG . 29 is a perspective view of the nasal mask 
assembly of FIG . 16 , but including a flexible center portion 
as shown in FIG . 24 . 
[ 0056 ] FIG . 30 is a top - posterior view of the mask of FIG . 
16 , with an optional posterior side skin positioning cushion . 
[ 0057 ] FIG . 31 is a schematic view of an optional embodi 
ment in which the ventilation gas is delivered to one side of 
the mask , with other features including a snap fit nasal 
cushion and a flex joint in the mask between the cushions . 
[ 0058 ] FIG . 32 graphically shows how the patient's work 
of breathing may be beneficially affected by the invention 
when the invention is used for lung disease or neuromus 
cular disease applications . 
[ 0059 ] FIG . 33 graphically shows lung volume on the 
X - axis and lung pressure on the y - axis to illustrate how the 
lung volumes achieved with NIOV on a lung simulator 
bench model in comparison to conventional ventilation . 
[ 0060 ] FIG . 34 graphically illustrates the lung volumes 
achieved with NIOV in comparison to oxygen therapy , using 
the lung simulator bench model . 
[ 0061 ] FIG . 35A graphically shows a square waveform 
gas delivery pressure , according to one embodiment . 
[ 0062 ] FIG . 35B graphically shows the volume delivery of 
FIG . 35A . 
[ 0063 ] FIG . 35C graphically shows resulting lung pressure 
of FIG . 35A . 
[ 0064 ] FIG . 35D graphically shows a sinusoidal waveform 
gas delivery pressure , according to one embodiment . 
[ 0065 ] FIG . 35E graphically shows the volume delivery of 
FIG . 35D . 
[ 0066 ] FIG . 35F graphically shows resulting lung pressure 
of FIG . 35D . 
[ 0067 ] FIG . 356 graphically shows a square waveform 
gas delivery pressure for a portion of the inspiratory phase , 
according to one embodiment . 
[ 0068 ] FIG . 35H graphically shows the volume delivery of 
FIG . 35G . 
[ 0069 ] FIG . 351 graphically shows resulting lung pressure 
of FIG . 35G . 
[ 0070 ] FIG . 35J graphically shows a multi - level waveform 
gas delivery pressure , according to one embodiment . 
[ 0071 ] FIG . 35K graphically shows the volume delivery of 
FIG . 35J . 
[ 0072 ] FIG . 35L graphically shows resulting lung pressure 
of FIG . 35J . 
[ 0073 ] FIG . 36A graphically shows an ascending wave 
form gas delivery pressure , according to one embodiment . 
[ 0074 ] FIG . 36B graphically shows the volume delivery of 
FIG . 36A . 
[ 0075 ] FIG . 36C graphically shows resulting lung pressure 
of FIG . 36A . 
[ 0076 ] FIG . 36D graphically shows a descending wave 
form gas delivery pressure , according to one embodiment . 
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[ 0077 ] FIG . 36E graphically shows the volume delivery of 
FIG . 36D . 
[ 0078 ] FIG . 36F graphically shows resulting lung pressure 
of FIG . 36D . 
[ 0079 ] FIG . 36G graphically shows a two - stage amplitude 
waveform gas delivery pressure for a portion of the inspira 
tory phase , according to one embodiment . 
[ 0080 ] FIG . 36H graphically shows the volume delivery of 
FIG . 36G . 
[ 0081 ] FIG . 361 graphically shows resulting lung pressure 
of FIG . 36G . 
[ 0082 ] FIG . 36J graphically shows an oscillatory wave 
form gas delivery pressure , according to one embodiment . 
[ 0083 ] FIG . 36K graphically shows the volume delivery of 
FIG . 36 . 
[ 0084 ] FIG . 36L graphically shows resulting lung pressure 
of FIG . 36J . 
[ 0085 ] FIG . 37 graphically shows the timing and ampli 
tude of a breath frequency modulated gas flow amplitude 
delivery , according to one embodiment . 
[ 0086 ] FIG . 38 describes a system schematic diagram 
when the invention is used for treating sleep apnea . 
[ 0087 ] FIG . 39 is a diagram showing the timing and 
operation of an embodiment of the invention when used to 
treat sleep apnea , including ramping and biofeedback algo 
rithms . 
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DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

[ 0088 ] FIG . 1 shows a prior art conventional oxygen 
delivery cannula 101 for administering oxygen therapy . 
Extensions 105 on the cannula 101 are configured to enter 
nares 103. A proximal end ( not shown ) of the cannula 101 
is connected to an oxygen delivery device that delivers 
continuous flow oxygen at 1-6 LPM to the user's nose , or 
delivers a bolus of oxygen upon detection of an inspiratory 
effort . The system of FIG . 1 does not mechanically support 
the work of breathing of the patient , and is not believed to 
be effective in preventing moderate to severe forms of OSA . 
The cannula of FIG . 1 is also used with another oxygen 
delivery therapy , high flow oxygen therapy ( HFOT ) , in 
which more than 15 LPM of humidified oxygen is delivered 
at a continuous flow rate to the user's nose . Due to the high 
flow required for HFOT , the system is non - portable and the 
oxygen must be humidified . 
[ 0089 ] FIG . 2 shows a prior art respiratory support therapy 
for non - invasive ventilation ( NIV ) , using a nose mask 201 
in a bilevel positive airway pressure ( BiPAP ) ventilation 
mode . NIV is used to breathe for the patient , or can be used 
to help the breathing of a patient , in which case the patient's 
spontaneous breathing effort triggers the ventilator to deliver 
the pressure or volume - based mechanical ventilation ( MV ) . 
All of the volume delivered to and from the lungs is 
delivered and removed from a ventilation circuit 203 and the 
nose mask 201 . 
[ 0090 ] A similar system to FIG . 2 can be used for OSA 
where a mask is sealed to the face so ventilation gas is 
provided by the ventilator and a portion of exhaled gas is 
exhaled through exhaust vents 205. NIV , continuous positive 
airway pressure ( CPAP ) and BiPAP are believed to be 
clinically effective modes and therapies for spontaneously 
breathing patients . These modes and therapies , however , do 
not facilitate activities of daily living ( ADL’s ) . For example , 
the ventilator cannot be borne by the patient , the patient 

cannot breathe room air naturally and freely because of the 
sealing mask , and the patient's upper airway cannot function 
normally and naturally because it is sealed off with the 
external mask seal , and in addition the gas delivery tubing 
is too bulky to realistically support mobility and ADL's . 
[ 0091 ] Embodiments of the present invention will now be 
described with reference to the remaining figures . Respira 
tory support or airway support is provided in a manner and 
way that the patient is unencumbered . The non - invasive , 
non - sealing and unobtrusive systems and methods may 
allow for mobility and activities of daily life . The systems 
and methods allow for the sensation of breathing from 
ambient surroundings normally . The systems and methods 
provide an easily portable system that can be readily borne 
or worn by the patient , and gas delivery tubing that does not 
encumber the patient . 
[ 0092 ] Systems and methods may include a gas delivery 
source , a gas delivery circuit , and a nasal interface that allow 
breathing ambient air through the nasal interface . A gas flow 
path through the nasal interface may have a distal gas flow 
path opening . A nozzle may be associated with a proximal 
end of the nasal interface a distance from the distal end gas 
flow path opening . In certain embodiments , at least a portion 
of an entrainment port may be between the nozzle and the 
distal end gas flow opening . The nozzle may deliver gas into 
the nasal interface to create a negative pressure area in the 
gas flow path at the entrainment port . The nasal interface and 
the nozzle may create a positive pressure area between the 
entrainment port and the distal end of the nasal interface . 
Gas from the gas delivery source and air entrained through 
the entrainment port may increase airway pressure . 
[ 0093 ] FIG . 3 shows a patient 301 using an embodiment of 
the invention to provide mechanical ventilatory support , or 
work of breathing support , while being mobile . Conven 
tional ventilators would require the patient to be stationary 
while receiving ventilatory support , or to use a wheel chair 
to carry the bulky and heavy equipment that is required for 
conventional ventilators . Conventional ventilators also 
require an encumbering sealing mask and large bore gas 
delivery tubing . The patient may also wear a ventilator 
module 307 , which may be ultra - small that enables mobility 
when the invention is used for respiratory insufficiency . The 
ventilator may be coupled by tubing or other means 309 to 
an air and or oxygen supply 311. The ventilator module 307 
may include a display 313 and / or input devices . 
[ 0094 ] The present invention may include a non - sealing 
nasal mask patient interface , connected to the ventilator with 
small bore gas delivery tubing . The nasal mask may be 
uniquely non - sealing , so that the patient can inhale and 
exhale ambient air directly through the mask while receiving 
ventilatory support , in which there is negligible dead space 
volume in the mask . The mask may include a unique Venturi 
system that makes it possible for the ventilator to deliver 
relatively small amounts of gas to achieve relatively high 
levels of ventilatory support or airway pressure . The Venturi 
mask is described in more detail in FIGS . 6-31 . 
[ 0095 ] Various embodiments of the nasal interface 303 are 
described in detail in the following disclosure . The nasal 
interface 303 may be minimally obtrusive compared to 
standard masks , so that the patient can feel and act normally 
while receiving the therapy . For example , the patient can 
talk , swallow , eat or drink , and feel like they are breathing 
normally , with the nasal interface and therapy . The gas 
delivery tubing required may be very small compared to 
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standard ventilator tubing , which more readily allows the 
patient to move around with the system , and to conceal the 
equipment and tubing needed for the therapy . The efficiency 
of the Venturi system in achieving therapeutic levels of lung 
or airway pressure while using low levels of gas volume , 
allows the gas supply to be relatively small , further enabling 
mobility of the patient , and or miniaturization of the venti 
lation equipment . 
[ 0096 ] While FIG . 3 shows the patient using the invention 
for mobility , the invention can also be applied to sleep 
disordered breathing . In the later case , an advantage of the 
invention is that the mask and tubing is smaller than standard 
sleep apnea therapy masks and tubing . Additionally , the 
patient can have the sensation of breathing ambient air more 
directly making the therapy tolerable to the patient , rather 
than breathing through a machine , which is the sensation 
when using standard sleep apnea ventilation devices . 
[ 0097 ] FIG . 4 is a block diagram describing an exemplary 
system of the invention . The exemplary system of FIG . 4 
may be a wearable ventilator with portable gas source as 
shown in FIG . 3 , or may be a different ventilator and / or gas 
source . Ventilator and patient interface features associated 
with the system are shown schematically . FIG . 4 depicts a 
non - invasive open nasal interface 400. The non - invasive 
open nasal interface will be described in various embodi 
ments described herein , for example , in FIGS . 5-8B ( curved 
nasal mask ) , FIGS . 9-15 ( flexible joint ) , and FIGS . 16-25 
and 29-31 ( ergonomic configuration ) . 
[ 0098 ] A ventilator module 401 may include or is in 
communication with several other functional accessories . 
The ventilator and the patient's internal anatomy from FIG . 
3 are shown in schematic format in FIG . 4. A nasal airflow 
or nasal pressure sensor 429 is typically included . A trans 
mitter 403 may be included to transmit information regard 
ing the patient , the patient's therapy , and the ventilator 
performance to a remote location for review , analysis , 
remote intervention , two - way communication , and 
archiving . For example , the patient's compliance with the 
therapy or utilization of the therapy can be monitored and 
assessed . Important information can be trended , for example 
the patient's breath rate , I : E ratio , oxygen usage , activity 
level , or depth of breathing . Also , information can be sent to 
a ventilator 433 , such as for example , sending programming 
instructions for setting titration options for the ventilator 
output to meet the needs of the patient , or sending instruc 
tions to the patient . The patient can also send information or 
questions to a remote clinician through the ventilator and 
transmitter 403 . 
[ 0099 ] An oxygen source 407 and / or a compressed air 
source 409 can be included , typically external to the venti 
lator module 401. In certain embodiments , however , the 
oxygen source 407 and / or the compressed air source 409 can 
be internal to the ventilator module 401 if the therapy is 
being used for stationary use , for example , in the home . A 
blender 411 can be included to control the fractional deliv 
ered O2 in a gas delivery circuit 413. A pulse oximeter 415 
can be used to titrate settings of the ventilator module 401 
to meet the physiological needs of the patient , for example 
setting the correct oxygen blender setting or ventilator 
volume output . In addition to compressed supplies of oxy 
gen and air gas , the ventilator module 401 can include 
internal or external air and oxygen generating systems 417 , 
such as a compressor , pump or blower to create pressurized 
air , an oxygen generator and / or pump to create pressurized 

oxygen gas , and / or a compressed gas accumulator . The 
oxygen source can also be liquid oxygen , or a liquid oxygen 
generating system . An internal or external humidifier 405 
can be included for extended uses of the therapy , or if using 
in dry climates . 
[ 0100 ] As the therapy is frequently used to help ADL's , 
and to promote activity , a pedometer 419 and / or actigraphy 
sensor 421 can be included internal to or external to a 
ventilator module 401. Optional sensors may include a CO2 
sensor 425 , and / or an external breathing sensor unit 437. A 
CO2 sensing line 439 and / or an airway pressure sensing line 
441 may be present . One or more other external sensors may 
be included . For example , other external sensors may 
include an external respiration sensor or respiration effort 
sensor 427 , such as a respiratory muscle effort sensor , a chest 
impedance sensor 435 , or other types of sensors , such as a 
tracheal or other microphone or vibration sensor 443 or 
acoustical or ultrasonic sensor . The one or more external 
sensors may be used either as a redundant sensor to a nasal 
airflow or nasal pressure sensor 429 , or to complement the 
information obtained from the nasal airflow or nasal pres 
sure sensor 429 , or in place of the nasal airflow or nasal 
pressure sensor 429. An oral airflow breathing sensor may 
also be used , for example , nasal airflow or nasal pressure 
sensor 429 may alternatively be an oral airflow sensor . 
[ 0101 ] A drug delivery module 431 can be incorporated 
internally or externally to a ventilator module 401. Because 
of the challenges with current aerosolized drug delivery 
inhalers , the drug delivery module 431 can be used to propel 
and deposit medication particles deep in the respiratory 
system without a carrier propellant . Because the patient's 
using the therapy often may also require prescription medi 
cation , this may be a convenient and efficient way to 
administer the medication . 
[ 0102 ] When the therapy is being used for respiratory 
support , the user may have two options : ( 1 ) wearing or 
toting the ventilator module 401 so that the user can be 
ambulatory or enjoy the activities of daily living , or ( 2 ) 
stationary use , in the event the patient plans on being 
stationary or does not have the ability to ambulate . For the 
later , the delivery circuit can optionally be provided in a 
25-100 foot length , such that the gas source and ventilator 
module 401 can be stationary in the patient's home , while 
the patient can move around their home while wearing the 
interface and receiving the therapy . Or , the gas source can be 
stationary , and connected to the ventilator module 401 with 
a 25-100 foot hose , so that the patient can wear or tote the 
ventilator and be mobile within the range of the hose . 
[ 0103 ] The ventilator module 401 may include one or 
more processors 445 and one or more memories 447 to 
analyze information and output therapies . 
[ 0104 ] Ventilation gas 449 may exit at a speed that 
entrains ambient air 451 , such that the combination of 
ventilation gas 449 , entrained ambient air 451 and sponta 
neously inhaled air , if the patient is spontaneously breathing , 
is delivered 453 to the patient's airways , such as the nasal 
cavity 455 , oropharyngeal airway 457 , trachea 459 , lung 461 
and others , under power to create a clinically efficacious 
effect on the lung and airways . Patient may exhale 463 
through the nose or mouth . Various airways are also 
included , such as nostril airway 473 , nasal airway 475 , oral 
airway 481 , upper airway 477 , and lower airway 479 . 
[ 0105 ] When using the invention , the patient breathes 
normally through their upper airway and through their nose , 
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while receiving mechanical support through the interface . 
During exhalation , the exhaled gas preferably does not enter 
the gas delivery circuit but rather exits the nose or mouth 
directly to ambient air , or through , across or around the nasal 
interface 400 to ambient air . The patient can keep their 
mouth closed during use for example during inspiration , to 
help direct the mechanical support to the lower airways and 
past the oral cavity 465 , base of the tongue 467 , palate 469 
and esophagus 471 , or can use a mouth guard or chin band , 
if necessary . The patient may exhale through their mouth 
when using the therapy . 
[ 0106 ] FIGS . 5-8B describe an embodiment of the non 
sealing open - airway nasal mask with a unique Venturi 
arrangement . FIG . 5 describes the nasal mask being worn on 
a person's face , with gas delivery exemplary shown routed 
around the patient's ears . FIG . 6 shows a top view of the 
mask of FIG . 5. FIG . 7 shows a sectional view of the mask 
of FIG . 6 along a mid - line A - A showing internal features of 
the mask . FIG . 8A shows a top - side view of the mask of FIG . 
5 and FIG . 8B shows a sectional view of the mask of FIG . 
8A along a line B - B showing internal features of the mask . 
As shown in FIGS . 6-8B , the mask may include a manifold 
517 , which can include one or more gas flow path 601 ( FIG . 
7 ) inside the manifold 517 , one or more gas delivery jet 
nozzles 611 ( FIG . 7 ) in communication with the gas flow 
path , and a gas delivery tube attachment 513 ( FIG . 6 ) 
typically at or near a proximal end 509 ( FIG . 6 ) of the 
manifold 517 and in communication with the gas delivery jet 
nozzles 611 . 

[ 0107 ] The gas flow path 601 may terminate at a distal end 
at a distal end gas opening 603 on a superior or superior 
posterior side of the manifold 517 just lateral to a midline 
503 of the manifold 517 on both sides of the midline 503 . 
Each side of the manifold 517 may include a separate or 
interconnected gas flow path 601. The gas flow path 601 
may direct ventilation gas into the user's nasal airway . The 
distal end gas flow openings 603 may include and / or be in 
fluid communication with a nasal cushion 515 , which may 
engage with and / or impinge on the nostrils . The gas flow 
path 601 may proximally terminate at or near a proximal end 
of the gas flow path 601 at entrainment apertures 505 on an 
inferior , anterior , or inferior - anterior side of the manifold 
517. The gas flow path 601 may distally terminate at or near 
the distal end gas flow openings 603 . 
[ 0108 ] The gas exiting the gas delivery jet nozzles 611 
within the gas flow path 601 may create a negative pressure 
area at and / or near the entrainment apertures 505. The 
negative pressure may draw ambient air into the gas flow 
path 601 through the entrainment apertures 505. Preferably , 
at least a portion of the entrainment apertures 505 are located 
between the gas delivery jet nozzles 611 and the distal end 
gas flow openings 603. This unique Venturi configuration 
may allow a negative pressure region to form in the gas flow 
path 601 just inside the entrainment apertures 505 while 
forming a positive pressure region between the entrainment 
apertures 505 and the distal end gas openings 603. When gas 
is emitting from the gas delivery jet nozzles 611 , this gas 
creates a cone - shaped flow or velocity profile . Typically , as 
explained in more detail subsequently , the area within this 
cone is positive pressure and the area outside of this cone is 
negative pressure . Typically , when the cone intersects with 
the internal walls of the gas flow path 601 , the entire area 
distal to that intersecting point is under positive pressure . 

[ 0109 ] Typically , the nasal interface 501 permits the user 
to breathe ambient air freely in and out of the manifold 517 , 
through the entrainment apertures 505. Alternatively , the 
user may breathe ambient air at least partially in and out of 
separate spontaneous breathing ports , which may be sepa 
rate from the entrainment apertures 505 and positioned 
elsewhere along the gas flow path 601 of the manifold 517 , 
which will be described in more detail subsequently . The 
entrainment apertures 505 may be single apertures or mul 
tiple apertures and the spontaneous breathing ports , if pres 
ent and separate from the entrainment apertures , may be 
single ports or multiple ports . In certain embodiments , the 
spontaneous breathing ports can be roughly or substantially 
in - line with the distal end gas flow openings 603. Alterna 
tively , the spontaneous breathing ports can be located on a 
superior , inferior , or anterior surface of the manifold 517 , or 
a combination of these surfaces . In general , the spontaneous 
breathing ports are preferably placed so that exhaled gas 
from the patient is directed in a natural velocity and or 
direction , so it does not irritate the users . 
[ 0110 ] The entrainment apertures 505 are preferably 
located near tips 613 of the gas delivery jet nozzles 611 , but 
can be placed in other locations on the manifold 517 as well . 
In certain embodiments , the tips 613 of the gas delivery jet 
nozzles 611 can be completely proximal to the entrainment 
aperture 505. In other embodiments , the tips 613 may be 
approximately flush with a proximal end 615 of the entrain 
ment aperture 505 , between a distal end 617 and the proxi 
mal end 615 of the entrainment aperture 505 , or approxi 
mately flush with the distal end 617 of the entrainment 
aperture 505 . 
[ 0111 ] The entrainment apertures 505 can be positioned 
near the lateral proximal ends 509 of the manifold 517 , and 
can be on the superior , anterior , inferior surfaces of the 
manifold 517 or combinations thereof . The entrainment 
apertures 505 can be variably adjusting . For example , the 
entrainment apertures 505 can be adjusted between fully 
open and fully closed . The adjustment can control the level 
of ventilatory support to the desired level that the overall 
system is intended to provide for the prevailing situation . 
The adjustment can be manual , but is preferably automatic 
with the use of valves , for example a valve that is controlled 
by a pressure signal delivered from the ventilator though a 
small bore conduit to the valve . Alternatively , the position of 
the gas delivery jet nozzles 611 relative to the entrainment 
apertures 505 can be adjusted by a slide mechanism , either 
manually or automatically . The level of support can range 
from partial support to full ventilator support . 
[ 0112 ] As shown in FIG . 7 , the gas delivery nozzle 611 of 
certain mbodiments of the present invention may be proxi 
mal to the entrainment aperture 505 , or as shown in other 
embodiments , the gas delivery nozzle 611 may be proximal 
to at least a portion of the entrainment aperture 505 . 
[ 0113 ] In contrast , typical jet pump systems position a 
nozzle distal and / or concentric to an entrainment port . The 
proximal positioning of the gas delivery jet nozzle 611 in the 
present invention preferably allows flow inside the manifold 
517 to develop into positive pressure laminar flow in the 
shortest possible length or distance , which preferably mini 
mizes obtrusiveness , which is a significant advantage . It is a 
significant advantage to develop laminar positive pressure 
flow within the manifold 517 prior to the gas entering the 
patient . Turbulent flow entering the nose is uncomfortable to 
the patient . Typical jet pumps are not concerned with gen 
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erating positive pressure laminar flow within the jet pump 
area , rather the aim of a jet pump is to maximize the pressure 
exiting the jet pump area . Turbulent flow , if entering the 
patient , would include vortices and velocities that would 
create shearing effects that would increase noise and bound 
ary effects that would irritate the nasal tissue . The laminar 
flow generated by the present invention may smooth out the 
flow profile , such that vortices and velocity profiles are more 
uniform , reducing the noise and irritation to a level accept 
able for the application . For example , turbulent flow may 
include localized velocity currents that are greater than 300 
lpm , whereas the laminar flow of the invention may produce 
a maximum localized velocity current of less than 200 lpm , 
based on nominal conditions . 
[ 0114 ] In certain embodiments of the present invention , 
the gas flow path cross sectional area may not reduce 
between the entrainment aperture 505 and the distal end of 
the gas flow path 601 , whereas typical jet pump systems 
include a reduction in cross section , which increases pres 
sure output but decreases flow rate throughput , which would 
be undesirable in a medical ventilation application . The 
substantially uniform or optionally increasing cross sec 
tional area between the proximal and distal ends of the gas 
flow path 601 , may maximize the flow rate capable of being 
delivered by the system into the patient , and also reduces the 
inhalation and exhalation resistance through the manifold 
517. In alternative embodiments , the gas delivery jet nozzles 
611 can be positioned in the manifold 517 near the base of 
nasal cushions 515 , inside the nasal cushions 515 , or in the 
manifold 517 at any distance proximal to the nasal cushions 
515 . 
[ 0115 ] It may be desirable to measure pressure being 
delivered to the patient , which can be done by sensing the 
pressure in the manifold 517 in a positive pressure zone 
using a pressure sensing lumen 621 terminating at a sensing 
port 619 in the positive pressure zone , shown in FIG . 7. The 
pressure inside the manifold 517 may be measured continu 
ously by a transducer in a ventilator by a conduit connecting 
the pressure tap 607 to the transducer . Ideally , the pressure 
tap 607 may terminate at a point in the gas flow path 601 that 
has as few artifacts as possible , which is typically as close 
as possible to the distal end gas flow openings 603. The 
pressure taps 607 may typically include the pressure sensing 
port 619 and a sensing lumen 621 that extends back to the 
ventilator and is in communication with the ventilator con 
trol system . 
[ 0116 ] The pressure inside the manifold 517 may be 
measured to detect the breathing of the patient , determine 
the phases of breathing , patient status , and time the delivery 
of the ventilation gas as appropriate , as well as for moni 
toring of the patient and ventilation pressure for alarm and 
control system purposes . 
[ 0117 ] One or more other respiration sensors may be 
located inside the manifold 517 or on a surface of the 
manifold 517 , as depicted in FIG . 4 by nasal airflow or nasal 
pressure sensor 429. The one or more other respiration 
sensors may be positioned in a location that is minimally 
affected by artifacts caused by the gas delivery jet nozzles 
611 , such as a vacuum signal . The one or more other 
respiration sensors can be other types of sensors , such as 
thermal , sound , vibration , gas composition , humidity , and 
force , or any combination thereof . The one or more other 
respiration sensors can be used to measure breathing pres 
sures , but can also be used to measure breathing gas flows , 

or other breath - related parameters , such as sound or gas 
composition . There may be a combination of respiration 
sensors inside the manifold 517 and / or one or more respi 
ration sensors on the outside of the manifold 517. The 
respiration sensors can be integral to the manifold 517 , or 
located remotely from the nasal interface 501 in a ventilator 
( not shown ) . There may be two breath sensors , one for each 
nostril , or a single breath sensor . There may be multiple 
respiration sensors for a nostril , for example , an inspiratory 
breath sensor , and an expiratory breath sensor . The sensors 
can also be used to measure gas flow and gas volume , for 
example inspired and expired flow rate and inspired and 
expired tidal volume , of both the ventilator delivered gas and 
the spontaneously breathed gas . In addition to breath sens 
ing , the apparatus may also include gas composition sensors , 
such as end - tidal CO2 sensors , and oxygen sensors . CO2 is 
a useful clinical parameter to measure and respond to , and 
can also be used as an additional breath detector , apnea 
detector , leak detector , and interface fitting detector ( a 
certain characteristic CO2 signal may indicate proper or 
improper fitting and placement of the interface ) . Oxygen 
may be a useful parameter to measure and can be used to 
determine the FIO2 being delivered by the system to the 
patient and therefore can be used as a measured parameter 
and to make ventilator adjustments to achieve the desired 
FIO2 . 

[ 0118 ] The mask may be configured to curve from the 
nose laterally and posteriorly away from the nose , which 
positions the components of the mask lateral to the nose , 
which makes the mask as unobtrusive as possible . The mask 
therefore does not hinder speaking or eating , and is away 
from the line of sight . The manifold 517 may be typically 
shaped in a compound arcuate shape to match the contours 
of the face under and to the side of the nose . The manifold 
517 may typically curve bilaterally and posteriorly . The 
manifold 517 can also curve superiorly or inferiorly as it is 
curving laterally and posteriorly . The mask can be a bilateral 
assembly meaning gas delivery tubing 507 is attached to 
both the left and right side , or it can be unilateral meaning 
that the gas delivery tubing 507 is attached to only one side . 
The later configuration may be useful for side sleeping or to 
reduce the obtrusiveness on one side of the face . 
[ 0119 ] FIGS . 5-8B describe a curved flow path devoid of 
abrupt angles , and a divided left and right flow path that are 
not pneumatically interconnected in the manifold 517 . 
Abrupt angles may be substantially 90 degrees . Abrupt 
angles may hinder formation of laminar flow and may , 
therefore , be undesirable . The gas delivery tubing 507 can be 
routed around the ears of the user , or routed differently . The 
gas delivery tubing 507 may include a channel for delivering 
gas from the ventilator , and additional lumens , for example 
those found in FIG . 28 , such as a pressure sensing lumen , 
gas sampling lumen or humidification delivery lumen . 
[ 0120 ] Overall cross sectional geometry of the manifold 
517 can be generally round or semi - round , or can be 
D - shaped , oval or variable , to optimize performance and 
ergonomics . The cross - sectional area can be variable , vari 
ably increasing from proximal to distal , and / or constant . 
Flatter cross sectional geometries that do not protrude far 
from the user's skin may be configured ergonomically . The 
internal structure of the manifold 517 may be devoid of 
corners and abrupt bends and angles to facilitate efficient gas 
flow fluid dynamics and sound generation . An abrupt bend 
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or angle may be a bend or angle other than approximately 90 
degrees , preferably approximately 120-150 degrees . 
[ 0121 ] The manifold 517 may be made of a semi - rigid 
material , either a thermoplastic or elastomeric material , 
typically of 30-60 Shore A hardness in applications in which 
the manifold 517 is desired to be flexible , and 60-90 Shore 
A hardness in applications in which the manifold 517 is 
desired to be rigid or semi - rigid . The manifold 517 can also 
be constructed of both semi - rigid or rigid and flexible 
materials , for example a rigid construction for the gas flow 
path 601 and / or sensing lumen 621 portions . A soft flexible 
material may be found at one or more flex points , as 
described below in regards to FIGS . 9-31 , or surrounding the 
gas flow path 601 and / or sensing lumen 621 portions . 
Alternatively , the skin or posterior side of the manifold 517 
can be soft and flexible , while the anterior side of the 
manifold 517 can be rigid or semi - rigid . 
[ 0122 ] The manifold 517 can also be constructed to be 
malleable or moldable by the user for the user to make minor 
adjustments to allow the nasal interface 501 to fit ideally to 
that individual . The overall nasal interface 501 can be 
disassemble - able , so the user can take the assembly apart for 
cleaning , or to assemble correct sizes of the different parts 
together to customize the fit . The manifold 517 and nasal 
cushions 515 , if included , may typically be translucent , but 
also can be transparent or opaque . The gas flow path 601 
geometry can be round in cross section or can be non - round , 
such as D - shaped , oval , or elliptical , in order to optimize 
both flow dynamics , sound and ergonomics . The gas flow 
path 601 in the manifold 517 may be dimensioned such that 
the patient can breathe freely through the gas flow path 601 
without feeling restricted . Typically , the gas flow path 601 
and Venturi are configured so that positive pressure is 
developed in the gas flow path 601 before the gas flow path 
601 curves superiorly toward the distal end gas flow opening 
603. The gas flow path 601 may be curved and devoid of 
abrupt angles and corners to channel the gas with as little 
resistance and disturbance as possible and so that the gas 
being delivered by the gas delivery jet nozzles 611 flows in 
an organized flow profile with minimal turbulence . 
[ 0123 ] An inner diameter of the tip 613 of the gas delivery 
jet nozzle 611 can be between approximately 0.010 " to 
approximately 0.080 " in diameter or effective diameter , and 
may be preferably approximately 0.020 " to approximately 
0.060 " in diameter or effective diameter . Other dimensions 
are possible depending on certain uses . The position of the 
gas delivery jet nozzles 611 within the manifold 517 and 
relative to the entrainment apertures 505 can be adjustable 
such that the adjustment can change the level of ventilatory 
support provided . Typically , the gas delivery jet nozzles 611 
are positioned bilaterally ; however , a single gas delivery jet 
nozzle is also contemplated . 
[ 0124 ] The supplemental ventilation gas from the venti 
lator may be delivered to the manifold 517 from the venti 
lator via gas delivery tubing 507 , which may be coupled to 
the lateral proximal ends 509 of the manifold 517. The gas 
delivery tubing 507 may include both a ventilator gas 
delivery channel and a pressure sensing conduit , as well as 
other channels such as a CO2 sampling channel or a humidi 
fication delivery channel , as depicted in FIG . 4. The gas 
delivery tubing 507 may typically extend around the ear to 
secure the nasal interface 501 to the patient , or may be 
routed in other positions on the user's face , for example , 

around the corners of the mouth to the front of the neck , in 
which case a strap may be included to strap the manifold 517 
to the face and head . 
[ 0125 ] Nasal cushions 515 may be coupled with and 
extend superiorly from the distal end gas flow openings 603 . 
The nasal cushions 515 may impinge on the rim of the 
nostril , seal on the rim of the nostril , seal inside the nostril , 
impinge on the tissue underneath the nose , or various 
combinations of the above . The nasal cushions 515 may 
typically be soft and compliant to allow for comfortable 
contact with the nostril and , if a seal is intended , compress 
against the nostril in a comfortable manner . The nasal 
cushions 515 may typically include convolutions in the 
shape to allow the extension to flex in multiple planes , and 
to compresses along a centerline axis , to conform to the 
user's nose . The nasal cushions 515 can seal against the 
nostril rim or other part of the nostril so that there is not 
inadvertent leakage between the nasal cushions 515 and 
nose and so that the majority of the breathing gas flows 
through the nasal cushions 515. However , this seal does not 
need to be leak free , and in some embodiments the may be 
a desired gas flow between the nasal cushions 515 and the 
nostril . The nasal cushions 515 can be permanently affixed 
to the nasal interface 501 or can be removably attached . The 
nasal cushions 515 may be available in different sizes so that 
the user can select a size that matches their anatomy . 
[ 0126 ] FIGS . 9-15 describe an alternate embodiment of a 
manifold 901. FIG . 9 shows a top view of the manifold 901 . 
FIG . 10 shows a cross - sectional view of the manifold 901 at 
line C - C of FIG . 9 , showing internal features including a gas 
flow path 903 , an interconnecting channel 905 , gas delivery 
jet nozzles 907 , pressure sensing lumens 909 , pressure 
sensing ports 911 , entrainment apertures 913 , gas sampling 
channel / spontaneous breathing aperture 915 , exhaust flow 
path 917 , and distal end gas flow openings 919. In this 
embodiment , spontaneous breathing is achieved through the 
entrainment apertures 913 and exhaust flow path 917. FIG . 
11 shows a cross - sectional end view at line D - D of FIG . 9 , 
showing internal features including the gas delivery jet 
nozzle 907 , the gas flow path 903 , the breathing and mani 
fold pressure sensing lumen 909 , gas sampling channel / 
spontaneous breathing aperture 915 and the exhaust flow 
path 917. The manifold 901 may flex along a centerline 925 . 
[ 0127 ] As shown in FIG . 10 , the left and right gas flow 
path 903 can alternatively be joined together pneumatically 
with an interconnecting channel 905. A channel 905 may be 
useful in equalizing the flow delivery to each nostril in the 
event one nasal passage is congested . Providing an inter 
connecting channel 905 may allow the positive pressure in 
the left and right gas flow path 903 to equalize . The 
interconnecting channel 905 can be a fixed unchanging 
channel , or can be a channel with a valve that changes flow 
characteristics as needed . The interconnecting channel 905 
cross sectional area may typically be greater than half of the 
cross sectional area of the gas flow path 903. In an alternate 
embodiment , the manifold 901 and the gas flow path 903 can 
also include a secondary channel , an exhaust flow path 917 , 
used to divide the flows of exhaled gas exiting the patient 
and gas being delivered to the patient by the mask . Dividing 
these paths may significantly reduce shearing that occurs 
when gases are simultaneously exiting and being delivered 
to the patient , when these gas flows share a common path . 
The reduction in shearing leads to a reduction in sound 
generated by the system , which is a significant advantage in 
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the applications intended by the invention , such as mobile 
ventilatory support , and sleep disordered breathing . When 
the exhaust flow path 917 is included , the exhaust flow path 
917 may permit the patient to inspire through the exhaust 
flow path 917 in addition to inspiring through the entrain 
ment aperture 913. The total gas inspired by the patient may 
be a combination of ( 1 ) supplemental ventilation gas being 
delivered from a ventilator through the gas delivery jet 
nozzles 907 , ( 2 ) entrained air drawn through the entrainment 
apertures 913 by the ventilation gas exiting the gas delivery 
jet nozzles 907 , and ( 3 ) air drawn through the entrainment 
apertures 913 or spontaneous breathing ports from the 
patient's own spontaneous breathing effort . Exhaled gas 
may be exhaled entirely through the entrainment apertures 
913 , through other ports in the manifold 901 , through the 
patient's mouth , or any combination thereof . 
[ 0128 ] The gas delivery jet nozzle 907 directional align 
ment may be aligned with the average centerline arc of the 
internal gas flow path 903 geometry of the manifold 901 in 
applications in which pressure generation is more important 
than minimizing sound . In alternate embodiments as shown , 
when minimizing sound generation is more important how 
ever , the gas delivery jet nozzles 907 can be angled away 
from a centerline and can be off - center which reduces sound 
generation but reduces pressure output generation . In the 
mobile ventilation application , a balance in the sound and 
pressure generated by the device is achieved by placing the 
gas delivery jet nozzle 907 at an approximately 10-30 degree 
angle to centerline , and approximately 5-25 % off center , 
which can result in a sound of approximately 40-60 dbs and 
a maximum pressure output of approximately 12-35 
cmH20 . 
[ 0129 ] The gas delivery jet nozzle 907 at a proximal end 
921 of the manifold 901 may also slightly protrude into the 
manifold gas flow path 903 to reduce sound generation , but 
not distal to the entrainment aperture 913 as shown . The 
manifold 517 may also include a nasal cushion connection 
element 923 at the distal end gas flow openings 919 of the 
gas flow opening 603 to which soft cushions may be 
attached , which impinge with or engage with the nares . 
[ 0130 ] FIGS . 12-15 describe in more detail the gas flow 
path 903 , the exhaust flow path 917 , the pressure sensing 
lumen 909 and pressure sensing port 911 , the gas delivery jet 
nozzle 907 , and the gas sampling channel / spontaneous 
breathing aperture 915 and the entrainment aperture 913 . 
FIG . 13 is a hidden line view of the mask manifold front 
view shown in FIG . 12 , and FIG . 15 is a hidden line view 
of the mask manifold bottom view shown in FIG . 14 . 
[ 0131 ] FIGS . 16-23 describe an alternate embodiment in 
which a nasal mask 1601 includes a manifold 1603 that is 
optimized for minimal size , minimal obtrusiveness , ergo 
nomics , maximum comfort in form and fit , and maximal 
function . The nasal mask 1601 may include gas delivery 
tubing 1605 , entrainment apertures 1607 , and / or nasal cush 
ions 1609. FIG . 16 shows a front view of the nasal mask 
1601 being worn by a person . FIG . 17 is a top - posterior view 
of the mask shown in FIG . 16 . 
[ 0132 ] In certain embodiments , rotatable joints 1631 
between the gas delivery tubing 1605 and the manifold 1603 
may include detent settings . These detent setting joints can 
be used to adjust the angle of the manifold 1603 to adjust the 
angle of gas delivery nozzles to be in alignment with the 
patient's nostril airway . Alternatively , the gas delivery tub 
ing 1605 can be connectable to the manifold 1603 in 

different rotational orientations to likewise align the gas 
delivery nozzles with the patient's nostril airway . 
[ 0133 ] FIG . 18 is a front cross - sectional view of the nasal 
mask 1601 of FIG . 17 at line E - E , without nasal cushions . 
FIG . 18 shows the internal manifold features , including an 
interconnecting channel 1611 , exhaled gas exhaust paths 
1613 , gas flow path 1615 , pressure sensing lumens 1617 and 
ports 1619 terminating near a distal end 1621 of the gas flow 
path 1615 , entrainment apertures 1607 , gas delivery nozzles 
1623 positioned proximal to a portion of the entrainment 
apertures 1607 , and stems 1625 for attachment of the nasal 
cushions 1609. The stems 1625 can be positioned on the 
superior surface of the manifold 1603 , or the superior 
posterior surface . The nasal cushions 1609 can be attached 
to the manifold 1603 with a flex joint or comprise a flex 
point or corrugation to allow the nasal cushions 1609 to flex , 
bend , or angulate under slight pressure so that they self - align 
with the nostril openings . The nasal cushions 1609 can also 
compress inward toward the manifold 1603 so that the 
contact force at the contact points between the nasal cush 
ions 1609 and the nostril are dampened and absorbed . The 
nasal cushions 1609 can have a distal round or oval opening 
that is off - center from the proximal base . For example , the 
distal end opening can be biased to the inward edge and 
posterior edge of the nasal cushions 1609. These features 
may make the nasal cushions 1609 a flexible seal or flexible 
quasi - seal with the nares and may make the assembly more 
forgiving to mate with different facial structures and inad 
vertent movement of the nasal mask 1601 while being worn . 
The nasal cushions 1609 are typically a compliant material 
such as silicone or elastomeric or thermoplastic material of 
Shore 10-60A , but other materials may be used . 
[ 0134 ] FIG . 19A shows a top view of the mask of FIG . 16 . 
FIG . 19B shows a sectional view through the gas flow path 
1615 , pressure sensing lumen 1617 and exhaust path 1613 of 
the mask of FIG . 19A through line F - F . FIG . 19C shows a 
sectional view through the gas flow path 1615 of FIG . 19A 
through line G - G . FIG . 20 shows a top view of the nasal 
mask 1601 of FIG . 16 without nasal cushions 1609. A 
flexible joint 1627 may be included . FIG . 21 shows a hidden 
line of the gas flow path 1615 of the nasal mask 1601 of FIG . 
16. FIG . 22 describes an anterior - bottom view of the nasal 
mask 1601 of FIG . 16. FIG . 23 shows a hidden line view of 
the gas flow path 1615 of the nasal mask 1601 of FIG . 22 . 
[ 0135 ] FIG . 24 is a front view of a device with a flexible 
manifold 2401 , according to one embodiment , in which a 
center portion 2403 of the manifold 2401 flexes to allow a 
more comfortable and or secure fit for the user . A nasal 
interface 2405 may include nasal cushions 2407 , entrain 
ment apertures 2409 , and gas tubing 2411. FIG . 25 illustrates 
that the nasal cushions 2407 may be removable from stems 
2413. The removable nasal cushions 2407 may allow for 
cleaning or customizing fit by replacing with more appro 
priate sized nasal cushions 2407 . 
[ 0136 ] FIG . 26 is a schematic view of a section of a nasal 
mask manifold 2601 , describing the basic dimensional rela 
tionships . One half of a nasal interface is shown , for 
example , the left side or the right side . A gas delivery jet 
nozzle 2603 is positioned near a proximal end 2605 of the 
manifold 2601 and proximal to a distal end 2609 of an 
entrainment aperture 2607. The gas delivery jet nozzle 2603 
is shown positioned in parallel with the entrainment aperture 
2607 , rather than in series or coaxial . For purposes of this 
disclosure , parallel refers to gas flow direction . As such , the 

a 
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parallel position of FIG . 26 refers to the parallel flow of the 
ventilation gas delivered from the gas delivery jet nozzle 
2603 and the flow of entrained ambient air through the 
entrainment aperture 2607 . 
[ 0137 ] The Venturi configuration of FIG . 26 may allow the 
device to accomplish several important things . First , it 
allows the nasal interface to be as small as possible because 
the gas delivery jet nozzle 2603 does not obstruct the 
spontaneous breathing path . If the gas delivery jet nozzle 
2603 is in the spontaneous breathing path , the area around 
the gas delivery jet nozzle 2603 likely must be bigger to 
compensate for the space taken up by the gas delivery jet 
nozzle 2603 so that the flow path is not made too resistive . 
Additionally , the parallel entrainment aperture 2607 may 
allow the device to channel the gas flow away from the 
mouth . Also , locating the entrainment aperture 2607 parallel 
to the gas delivery jet nozzle 2603 may reduce the sound 
created by the gas delivery jet nozzle 2603. An outer tube 
2611 can be a nasal cushion or a manifold 2601. The outer 
tube 2611 in the schematic is shown expanding from a 
proximal end 2605 to a distal end 2613 , but it could have a 
constant cross section . Additionally , the outer tube 2611 may 
be straight or curved . The area included inside the gas 
delivery path being emitted from the nozzle , depicted by 
cone 2615 , that is , inside and to the left of the cone 2615 , 
may have positive pressure , and the area to the right of and 
outside of the cone 2615 may have negative pressure . 
[ 0138 ] Dimension “ A ” is distance from a tip 2617 of the 
gas delivery jet nozzle 2603 to a distal end 2609 of the 
entrainment aperture 2607. Dimension “ B ” is a length of 
throat area of device . A + B should be kept to a minimum 
length while still ( 1 ) producing the entrainment desired , ( 2 ) 
producing the positive pressure desired , and ( 3 ) minimizing 
the overall size for user acceptance . Optimizing size , sound 
and output pressure and flow require an ideal dimension for 
A + B . Moving the gas delivery jet nozzle 2603 to the distal 
end 2609 of the entrainment aperture 2607 , may set dimen 
sion A negative , which may require a commensurate 
increase in B , which is undesirable . Increasing A may move 
the gas delivery jet nozzle 2603 distally , and cause an 
increase in noise , which is undesirable . Positioning the tip 
2617 of the gas delivery jet nozzle 2603 in the middle of the 
entrainment aperture 2607 may optimize pressure and flow 
performance while minimizing size and noise . 
[ 0139 ] FIG . 27 illustrates an alternate embodiment of FIG . 
26 where increased sound levels are acceptable , and in 
which the gas delivery jet nozzle 2603 is positioned at the 
proximal end 2605 of the manifold 2601 and proximal to an 
entrainment aperture 2607. In this embodiment , A1 + B1 
from FIG . 27 = A + B from FIG . 26 , thus resulting in the same 
length but increasing sound . 
[ 0140 ] FIG . 28A is a schematic cross - sectional view of a 
nasal interface 2801 , according to one embodiment . Mul 
tiple pressure sensing ports may be used , for example a first 
port 2803 and a second pressure sensing port 2805 to give 
the nasal interface 2801 the ability to also work as a 
pneumotach and determine flow rates and volumes flowing 
through the nasal interface 2801 during inhalation including 
gas from a gas delivery jet nozzle 2807 plus entrained air 
plus spontaneously breathed air , and during exhalation . 
Optionally , multiple pressure sensing port locations can be 
used by measuring an inspiratory phase signal in one ideal 
location and an expiratory phase signal in a different ideal 
location . Alternatively , an ideal location can be used to 

measure spontaneous breathing pressures while a second 
location can be used to measure the ventilation gas delivery 
pressure . A dampening feature ( not shown ) may be included 
near the pressure sensing ports to smooth out artifacts , for 
example a screen to produce eddy currents or flow damp 
ening near the sensing port . 
[ 0141 ] FIG . 28A describes the system during ventilation 
gas delivery , typically during the patient's spontaneous 
inspiratory phase and optionally during expiratory phase . 
Gas delivered by the ventilator through the gas delivery 
nozzles 2807 is depicted by arrows , ambient air entrained is 
depicted by 2829 , gas being delivered to the patient is 
depicted by 2827 , and surplus gas depicted by 2831 is 
directed out of the nasal interface 2801 through the exhaled 
gas exhaust port to prevent the surplus gas 2831 from 
colliding with gas being delivered by the nozzles 2807 and 
gas being entrained by the delivered gas 2829. Surplus gas 
2831 may occur when gas is being delivered to the patient 
after inspiration has been completed , or during periods when 
the prevailing conditions downstream inside the patient's 
respiratory tract generate enough back pressure to cause gas 
flow to move at least in part away from the nose . Positive 
pressure is created inside and distal to the cone of flow 2823 
emitted from the gas delivery nozzles 2807 , and negative 
pressure is created outside and proximal to this cone of flow 
2823 . 
[ 0142 ] FIG . 28B describes the nasal interface 2801 of FIG . 
28A when the gas delivery is off , typically during the 
patient's spontaneous expiratory phase . Gas exhaled by the 
patient 2851 can exit 2853 through the entrainment aperture 
2813 and / or exit 2855 through the exhaled gas exhaust path 
2811 . 
[ 0143 ] An angled gas delivery jet nozzle 2807 may further 
reduce sound generation . An exhaled gas exhaust path 2811 
or return path divides delivered flow and exhaust flow to 
reduce sound generation caused by shearing . An entrainment 
aperture 2813 is positioned distal to or in part distal to the 
gas delivery jet nozzle 2807. One or more gas sampling 
ports 2815 may be located in the nasal interface 2801 , such 
as for ETCO2 or FIO2 sampling . Nasal cushions 2817 may 
be located at gas flow path distal ends 2821. The gas flow 
path distal ends 2821 may or may not be connected by a 
channel 2819. Positive pressure which is created inside of a 
gas delivery cone of flow 2823 is created in the substantially 
constant cross - sectional area throat section 2825 , before the 
gas flow path begins to curve 2827 superiorly toward the gas 
flow path distal ends 2821 . 
[ 0144 ] Humidification can be added to the gas delivery 
circuit , either by active heated humidification or by aero 
solizing liquid particles into the gas delivery system , typi 
cally into the nasal interface 2801 or by adding a heat 
moisture exchanger ( HME ) to the manifold gas exit path or 
combinations of the above . To prevent rainout from occur 
ring in the nasal interface 2801 , the nasal interface 2801 may 
have a drainage line ( not shown ) to scavenge any moisture 
that is collecting . A humidification / aerosol injection port 
2809 is preferably located in a negative pressure zone so that 
the aerosol can enter the nasal interface 2801. If the humidi 
fication / aerosol injection port 2809 was in a positive pres 
sure zone , the pressure would prevent the humidified gas or 
aerosol from entering the nasal interface 2801. Alternately , 
a heat moisture exchanger ( HME ) ( not shown ) may be 
coupled with exhaled gas exhaust path 2811 or entrainment 
aperture 2813 . 
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[ 0145 ] FIG . 29 is an isometric view of a nasal mask 
assembly 2907 , with a nasal mask 2909 , which includes the 
mask manifold 2911 , nasal cushions 2913 , bilateral gas 
delivery tubing 2915 , entrainment apertures 2917 , exhaust 
ports 2919 , flexible connector 2921 , a Y - connector 2901 , a 
gas delivery circuit 2903 , and a ventilator connector 2905 . 
[ 0146 ] FIG . 30 is a top view of the device of FIG . 29 with 
the optional embodiment of a skin cushion 2923 which may a 
also serve as an angle adjustment cushion . The skin cushion 
2923 can be made of a soft elastomeric or viscoelastic 
material that conforms to the user's face under their nose , 
and can be used to cushion and dissipate any forces of 
strapping the nasal mask 2909 and manifold 2911 to the 
user's face . The skin cushion 2923 can be used to space the 
manifold 2911 at the appropriate distance from the skin so 
that the distal end gas flow openings in the manifold 2911 , 
or nasal cushions 2913 if included , are properly aligned with 
the entrance to the nose and the nasal foramen in the saggital 
plane . The skin cushion 2923 can be removably attachable 
for cleaning or replacement if dirty , and available in different 
sizes to set the correct angle . The shape of the skin cushion 
2923 shown is convex at the posterior side ; however , the 
skin cushion 2923 can be concave to match the curvature of 
the user's skin , or flat . Alternately , the skin cushion 2923 can 
create multiple separate contact points with the skin , for 
example , at a point directly under the nose , and at two 
additional points on each lateral side of the nose . The surface 
of the skin cushion 2923 may be treated with a special 
surface to prevent it from irritating the user's skin or causing 
ulcerations , such as with a lubricous coating , such as a 
hylauronic acid coating or hydrophilic coating , and can be 
dimpled so that air pockets can form between the skin 
cushion 2923 and skin , to avoid drying out of the skin . 
[ 0147 ] FIG . 31 is a cross sectional diagram through a gas 
flow path 3101 of an optional embodiment in which gas 
delivery tubing 3103 and a gas delivery nozzle 3105 connect 
to only one side of the mask's manifold 3107 to create a 
unilateral design . Gas enters the manifold 3107 from the gas 
delivery nozzle 3105 on one side , left side of FIG . 31 
although the sides may be reversed , of the manifold 3107 
and generates negative pressure on the proximal side of a 
Venturi gas flow cone 3109. Air may be entrained through an 
entrainment port 3111 on the left side of the manifold 3107 . 
Positive pressure may be created inside the manifold 3107 
on the right side of the Venturi cone 3109. The positive 
pressure in the manifold may be measured in the left and 
right side of the manifold 3107 by the pressure sensing 
lumens 3113 and ports 3115. Gas may flow out of manifold 
distal end gas flow openings 3117 , 3119. The left distal end 
gas flow opening 3119 can be more restrictive than the right 
side distal end gas flow openings 3117 so as to direct an 
equal amount of flow to the right side distal end gas flow 
opening 3117 and balance the gas output between the left 
and right openings . The manifold 3107 may include sec 
ondary gas flow path for exhaust 3121 on both the left and 
right side of the manifold 3107 , or just the left or just the 
right side of the manifold 3107. The mask may include a 
humidification delivery port , as shown in FIG . 28 , or a gas 
sensing composition port , a flex joint 3123 to flex the 
included angle between the left and right gas distal end gas 
flow openings 3117 , 3119 or nasal cushions 3125 , if 
included . The nasal cushions 3125 , if included , can be 
removably attachable from mating connection features 
3127 , for cleaning , replacement or adjustment . The nasal 

cushions 3125 can include a semi - rigid or rigid ring 3129 at 
or near its proximal end base which snaps over or onto a 
mating connection feature 3127 or boss on the manifold 
3107. The ring 3129 can be a complete 360 degree ring or 
a partial incomplete ring . The nasal cushions 3125 can be 
rotationally adjustable on the manifold 3107 , and can 
optionally have detent settings for facilitating a correct 
rotational setting . 
[ 0148 ] The dimensions of key functional features may be 
selected and varied to optimize the primary critical perfor 
mance attributes such as sound , entrained flow , and output 
pressure . Functional features may include , but are not lim 
ited to : throat length and diameter , input pressure to the gas 
delivery nozzle , input flow rate to the gas delivery nozzle , 
nozzle exit diameter , nozzle end internal diameter radius , 
gas exit velocity from the gas delivery nozzle , breathing 
resistance of the mask , entrainment aperture size , 
ery jet nozzle distance to the entrainment aperture , gas 
delivery nozzle distance to the throat entrance , exhaust flow 
path cross sectional area , gas delivery nozzle , and gas 
delivery nozzle concentricity . 
[ 0149 ] Because the dimensions of functional features may 
compete with one another in a way that can oppositely affect 
performance attributes , these variables preferably must be 
balanced to create a successful device . If throat diameter is 
decreased , pressure and flow can increase , however , breath 
ing resistance may increase , which is undesirable . If the gas 
delivery jet nozzle is moved further away from the throat , 
pressure and entrainment may increase , however , noise may 
also increase , which is undesirable . If the entrainment aper 
ture cross sectional area is increased , entrainment can 
increase , however , a bigger overall device may be needed to 
accommodate the larger entrainment aperture . The entrain 
ment aperture is dimensioned such that it is about 0-50 % and 
preferably about 10-20 % more than the minimum cross 
sectional area of the throat section to ensure that the entrain 
ment aperture does not restrict breathing resistance , and to 
optimize entrainment while limiting the overall size of the 
device . If the entrainment aperture location is at the proxi 
mal end of the device , approximately a 2-5x entrainment 
factor can be achieved ( 3 to 5 times more entrained flow than 
delivered flow ) . If the entrainment aperture is on a side of the 
device , approximately a 1-3x entrainment factor can be 
achieved . The side configuration may be selected to opti 
mize the balance between output and the intended applica 
tion in which it is desired to direct exhaled flow in a natural 
direction away from the face . If the gas delivery jet nozzle 
diameter is reduced , the exit velocity can increase and the 
entrainment can increase , however , this can reduce the 
output pressure , so a balance is selected . The overall length 
is selected so that fully developed positive pressure flow is 
achieved before the flow path turns to the nasal cushions 
section of the nasal interface , for optimal flow and pressure 
performance . 
[ 0150 ] Embodiments of the present invention may achieve 
up to 35 cmH2O lung pressure ( output pressure ) and up to 
150 LPM total flow ( delivered flow plus entrained flow ) , and 
a sound level of approximately 30-60 db , with the following 
configuration variables . The tables list exemplary values 
only and are not to be construed as limiting the disclosure . 
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TABLE 1 TABLE 3 - continued 

Nasal Mask Exemplary Key Dimensions and Values Sleep Apnea Parameters 

Feature Preferred / ideal Range Parameter Range Preferred ( Adult * ) 
0.033 " Ventilator Output 
30 lpm 
35 psi 

1.9 " 
0.04 in ? 
0.06 in 

Nozzle diameter : 
Flow rate delivered to nozzle : 
Input pressure delivered to nozzle : 
Throat length : 
Throat typical cross sectional area : 
Entrainment aperture cross sectional 
area : 

Nozzle distance to proximal edge of 
entrainment window : 
Nozzle distance to throat area : 

.010 - .050 
6-40 lpm 
5-60 psi 

1.0-3.0 " 
0.02-0.06 in ? 
0.04-0.08 in 

Continuous , 
intermittent or 

multilevel 
continuous 
50-1000 

Continuous , 
intermittent or 

multilevel 
continuous 
60-500 

0.250-2.000 0.400-1.50 0.19 in 0.10-0.30 in 

Ventilator Intermittent 
mode Output Volume per 
breath ( ml ) 
Ventilator Intermittent 
mode Output Pulse Time 
( sec . ) 
Ventilator Intermittent 
mode Output Waveform 

0.07 in 0.05-0.09 in ( 1 ) Descending 

TABLE 2 
Notes : Exemplary Ventilatory Support Parameters 

Parameter Range Preferred ( Adult * ) [ 0151 ] * Pediatric and neonatal : Pressure and volume 
values are 25-75 % less ( Ped ) and 50-90 % less ( Neo ) . 

10-150 % 
5-80 % 
1-30 
3-34 

15-65 % 
10-50 % 
3-20 
7-25 

( 1 ) Square , Rounded , Descending , Ascending , Sinusoidal , 
Oscillating 
[ 0152 ] ( 1 ) 

20-200 % 
R 

50-100 % 

TABLE 4 
25-300 50-200 

Additional Exemplary Dimensions , Values and Materials 5-40 10-20 

Lung Volume Augmentation ( % ) 
WOB reduction ( % ) 
Lung Pressure increase ( cwp ) 
Upper Airway pressure increase 
( cwp ) 
Lung Pressure or Volume Waveform 
Entrained ambient air ( % of 
Ventilator gas delivery ) 
Gas exit speed out of gas delivery 
nozzle ( m / sec ) 
Ventilator Output flow rate , average 
( Ipm ) 
Gas Delivery Tubing outer diameter 
( mm ) 
Ventilator Output Pressure ( psi ) 
Ventilator Drive Pressure ( psi ) 
Ventilator Operating Pressure ( psi ) 
Ventilator Output Volume ( ml ) 
Ventilator Output Pulse Time ( sec . ) 
Therapy’s nominal source gas 
consumption ( Ipm ) 
Ventilator Output Synchronization 
( ms ) 

3-7 4-6 
Preferred 
Range Feature Range 

Dimensions 10-60 
10-80 
5-40 

25-750 
0.100-1.200 

0.5-6.0 

20-40 
20-50 
25-35 
50-350 

0.200-1.200 
2-3 

2.0-7.0 
2-6 

2.5-4.5 
2.5-4 

20-75 40-60 

4-15 6-10 

variable 
depending 
on comfort 
and need 

( 25-500 ms 
delay ) 

( 1 ) 

variable 
depending 
on comfort 
and need 

( 75-250 ms 
delay ) 

Descending 
0.25-2.0 
1.0-30 

0.05-1.75 
4-12 

15-40 mm Ventilator Output Waveform 5-60 mm 

20-160 mm 
.015-080 

30-80 mm 
.025-050 TABLE 3 

Sleep Apnea Parameters 2-12 ml 3-6 ml 

Gas delivery hose , ID ( mm ) 
Gas delivery hose , Length 
( ft ) , ambulating with 
wearable system 
Gas delivery hose , Length 
( ft ) , ambulating with 
stationary system 
Gas delivery hose , Length 
( ft ) , sleeping 
Nozzle , ID ( mm ) 
Nozzle , Length ( mm ) 
Nozzle distance to nose 
( and / or centerline of 
manifold ) ( mm ) 
Manifold Length ( mm ) 
Manifold throat cross 
sectional area ( in ) 
Manifold gas flow path 
volume 
Manifold Pillow opening 
CSA ( in ) 
Manifold pressure sensing 
line diameter ( in ) 
Manifold sound reducing 
return vent CSA ( inº ) 
Should be 1 / 5th to 2 / 2rd's 
the area of the manifold 
entrainment port 
Manifold breathing 
resistance ( cmH2O 
@ 60 lpm ) 
Breathing sensing port , 
distance to nose ( mm ) 
Angle adjustment in 
front plane between 
nozzles and / or outer 
tubes 

Parameter Range Preferred ( Adult * ) .040 - .120 .065 - .105 

.015 - .055 .025 - .045 0-30 
0-20 
3-30 

5-25 
4-20 
7-20 .002 - .050 005-020 

( 1 ) 
3-7 

Rounded 
4-6 

1-4 1.5-2.5 

Airway Pressure ( cwp ) 
Lung Pressure increase ( cwp ) 
Upper Airway pressure 
increase ( cwp ) 
Lung Waveform 
Tubing outer diameter to 
patient ( mm ) 
Entrained ambient air ( % ) 
Gas exit speed out of 
patient interface ( m / sec ) 
Ventilator Output Pressure 
( psi ) 
Ventilator Output flow 
rate , average ( Ipm ) 
Ventilator Operating 
Pressure ( psi ) 

20-200 % 
25-300 

50-100 % 
50-200 

5-40 25-35 -5-30 0-20 

5-40 10-20 Parallel 
to 

45 degree 
included 

5-20 degree 
included 
angle 10-80 20-50 
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TABLE 4 - continued 

Additional Exemplary Dimensions , Values and Materials 
angle 

Materials Types Preferred 

Gas delivery hose 
Cannula 
Manifold 

PE 
PVC , Silicone 
PVC , Silicone 

Jet Nozzle 

PP , PE , PS , PVC 
PU , PVC , Silicone 
PVC , Silicone , PU , 
PE , Polysolfone 
Metal , Ultem , Nylon , 
LCP , PVC , PC , ABS , 
PEEK 
PVC , Silicone , PS 
Silicone , Foam 

PVC 

Pillows 
Attachment and 
Positioning Pad 

Silicone 
Silicone 

Dimensions listed are exemplary and for average sized adults ; pediatric sizes 20 % less , 
neonatal sizes 50 % less . 

a 

Diameters listed are effective diameters ( average cross sec 
tional dimension ) . 
[ 0153 ] FIG . 32 describes the mechanism of action of the 
invention , and how the patient's work of breathing may be 
beneficially affected by the invention , when the invention is 
used for lung disease or neuromuscular disease applications . 
The patient's lung volume may be graphed as a function of 
lung pressure , the area inside the curve representing work , 
typically expressed in Joules per Liter ( J / L ) , and for a 
normal healthy adult can be 0.3-0.6 J / L . For a respiratory 
compromised patient , 4-10 times more work can be required 
to breathe during rest , and even more during exertion , to 
overcome the diseased state of the tissue , for example to 
overcome static and dynamic hyperinflation as in the case of 
COPD , or to overcome high airways resistance as in the case 
of fibrosis or ARDS . 
[ 0154 ] In the graph shown , the area inside the curve below 
the pressure axis is the inspiratory WOB , and the area 
defined by the area inside the curve above the pressure axis 
is the expiratory WOB . The arrows show the progression of 
a single breath over time , starting from RV to VT then 
returning from VT to RV . RV1 and VT1 are the residual 
volume and tidal volume without the therapy . Line 3201 
represents spontaneous breathing without non - invasive open 
nasal ventilation . Line 3203 represents spontaneous breath 
ing with non - invasive open nasal ventilation , with inspira 
tory augmentation and positive end - expiratory pressure 
( PEEP ) therapy . RV2 and VT2 are the residual volume and 
tidal volume with the therapy . As can be seen , RV increases 
with the therapy because in this example , expiratory flow is 
provided as part of the therapy , which may increase residual 
volume . Importantly , VT is increased with the therapy and is 
increased more that the RV is increased , indicating that more 
volume is entering and leaving the lung as a result of the 
therapy . The increase in tidal volume is considered clinically 
efficacious , however is technically challenging to achieve in 
an open ventilation , non - invasive and minimally obtrusive 
system . As is shown in the graph , the patient's inspiratory 
WOB with the invention ON may be about 25 % less than the 
patient's inspiratory WOB with the invention OFF . Also , 
inspiratory lung pressure increases ( is less negative ) and 
tidal volume increases , and optionally exhaled pressure 
increases if the therapy is provided during exhalation . While 
residual volume increases in the example shown because the 
ventilator is providing gas in this example during the expi 
ratory phase , the ventilation parameters can be titrated to not 
effect residual volume , and because of the ability of the 

patient to exercise their lung muscles when receiving the 
therapy , the patient's lung mechanics may remodel in the 
case of COPD , actually causing a reduction of residual 
volume to a more normal value . In the graph shown , the 
waveform with therapy assumes an early inspiratory trigger 
time for the ventilator inspiratory phase therapy output , and 
that the volume output is delivered within the patient's 
inspiratory time . Optionally , however , different delivery 
waveforms and delivery synchronizations can be performed , 
which may adjust the WOB curve . For example , the venti 
lator inspiratory phase therapy can be delivered late in the 
person's inspiratory cycle , with delivery completing at the 
end of inspiration , and delivered with a square or ascending 
waveform profile . In this case the WOB curve with therapy 
will be tilted upward to the right of the curve , such that 
inspiration ends and transitions to exhalation at a point 
above the lung pressure zero axis . 
[ 0155 ] FIG . 33 graphically illustrates the lung volumes 
achieved with NIOV on a lung simulator bench model in 
comparison to conventional ventilation . In all the wave 
forms the simulated patient is spontaneously breathing at the 
same inspiratory effort which results in a tidal volume of 245 
ml , and the clinical goal is to increase the patient's tidal 
volume from 245 ml 3301 to 380 ml 3303. In the first 
waveform from left to right in the graph , the patient's breath 
3305 is un - assisted and thus the patient receives a tidal 
volume of 245 ml . In the next waveform , the simulated 
patient with the same effort is assisted with a traditional 
closed system ventilator , such as with a sealed breathing 
mask or cuffed airway tube . The ventilator output 3309 is set 
to a level to achieve the desired “ assisted ” tidal volume of 
380 ml . The ventilator is set to 420 ml to achieve this goal , 
as there is a discrepancy between the gas delivered to the 
lung by the ventilator versus the gas delivered by the 
ventilator but not reaching the lung and wasting to ambient 
3307. In the third waveform , a small leak is introduced in the 
conventional ventilator system , such as would be done in the 
case of weaning the patient off of the ventilator . To achieve 
the desired “ assisted ” tidal volume of 380 ml , the ventilator 
must now be set at 705 ml . In the second and third wave 
forms , it can also be seen that all of the volume received by 
the patient's lung originates from the ventilator , which it 
must in these conventional systems . In the forth waveform , 
the patient is assisted with the NIOV , and as can be seen , the 
NIOV ventilator output only has to be set at 90 ml to achieve 
desired “ assisted ” level of 380 ml . In this case , only some of 
the 380 ml tidal volume comes from the ventilator , and a 
substantial portion of the 380 ml comes from entrainment 
and spontaneously inspired ambient air 3311 , therefore 
making the NIOV system far more efficient , comfortable , 
and healthier , than the other systems . 
[ 0156 ] FIG . 34 graphically shows NIOV in comparison to 
oxygen therapy , using the lung simulator bench model . In 
the first waveform on the left , the patient is unassisted and 
breathes at an effort of -0.8 cmH20 , generating 248 ml of 
inspired tidal volume 3401. In the second waveform and 
third waveform , the patient receives continuous flow 3403 
and pulsed flow 3405 of oxygen respectively via nasal 
cannula , with no or negligible effect on lung pressure and 
tidal volume . In the forth waveform , NIOV 3407 is used 
which shows a marked increase in lung pressure and tidal 
volume , thus indicating that NIOV helps in the work - of 
breathing as described earlier , despite the fact that NIOV is 
an open airway system . 
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[ 0157 ] FIGS . 35A - 35L show exemplary ventilation gas 
delivery profiles of the invention and their respective effect 
on lung volume and lung pressure . 
[ 0158 ] FIGS . 35A , 35D , 35G and 35J show exemplary 
pressure and / or flow waveforms delivered by the ventilator . 
FIG . 35A describes a square waveform 3501 delivered 
during the complete inspiratory cycle ; FIG . 35D describes 
an ascending and descending waveform 3503 ; FIG . 35G 
describes a square waveform 3507 delivered for the first part 
of the patient's spontaneous inspiratory time ; FIG . 35J 
shows a multilevel amplitude waveform 3509 with a first 
amplitude 3511 delivered during the inspiratory phase and a 
second amplitude 3513 during the expiratory phase , where 
the second amplitude 3513 for example is used to deliver 
positive end - expiratory pressure ( PEEP ) , which in some 
clinical applications will be efficacious . Other waveforms 
are also included in the invention , such as a descending 
trapezoidal or ascending trapezoidal square wave . The pres 
sure and flow rate output from the ventilator into the gas 
delivery tubing is typically in the 5-40 psi and 6-30 lpm 
range . 
[ 0159 ] FIGS . 353 , 35E , 35H and 35K describe the lung 
volume being delivered by the therapy including a ventilator 
output 3515 and an entrained volume 3517 . 
[ 0160 ] FIGS . 35C , 357 , 351 and 35L show the lung pres 
sure without therapy represented by the dashed line 3519 , 
and the resultant lung pressures with the therapy represented 
by the solid line 3521 , showing a positive inspiratory 
pressure in FIG . 35C for the entire inspiratory phase , a 
positive inspiratory pressure for part of the inspiratory phase 
in FIGS . 35F and 351 , with therapy extending into exhala 
tion 3523 , and an elevated negative inspiratory pressure in 
FIG . 35L . 
[ 0161 ] FIGS . 36A - 36L describe additional exemplary 
ventilation gas delivery profiles of the invention and their 
respective effect on lung volume and lung pressure . 
[ 0162 ] FIG . 36A describes an ascending waveform 3601 . 
FIG . 36D describes a descending waveform 3603. FIG . 36G 
describes a multi - level waveform 3605 with a lower ampli 
tude in the first portion of the inspiratory phase , for example 
to deliver the necessary oxygen molecules to the lung early 
in the breath phase , and a higher amplitude in the second 
portion of the inspiratory phase , for example to deliver the 
mechanical support portion of the therapy to help the work 
of breathing . FIG . 36J describes an oscillatory waveform 
3607 , which may be use the gas supply more efficiently 
while producing nearly the same Venturi , entrainment and 
therapeutic effect . 
[ 0163 ] FIGS . 36B , 36E , 36H and 36K describe the lung 
volume being delivered by the therapy including a ventilator 
output 3609 and an entrained volume 3611 . 
[ 0164 ] FIGS . 36C , 36F , 361 and 36L show the lung pres 
sure without therapy represented by the dashed line 3613 , 
and the resultant lung pressures with the therapy represented 
by the solid line 3615 . 
[ 0165 ] The lung pressure resulting from the therapy may 
be governed by a combination of factors : the gas delivery 
circuit pressure , the jet pump design and configuration , the 
patient's lung compliance and airway resistance , the 
patient's breathing effort , the timing of the ventilator output 
relative to the patient's inspiratory phase , and the ventilator 
output waveform . Typically , however , a gas delivery circuit 
pressure of 30 psi delivering 100 ml with a square wave 
form , and delivered for 500 msec starting at the beginning 

of the patient's inspiratory phase , may increase lung pres 
sure by 5-15 cmH20 . And , typically a gas delivery circuit 
pressure of 30 psi delivering 250 ml with a trapezoidal 
waveform , and delivered for 700 msec during the majority 
of the patient's inspiratory phase , may increase lung pres 
sure by 10-25 cmH20 . The gas delivered by the ventilator 
can be oxygen , air , oxygen - air mixtures , or therapeutic gases 
such as helium . In a main mechanism of action of the 
invention , the patient's lung pressure and lung volume is 
increased , which allows the patient to exert them self 
without being limited by fatigue and dyspnea . In another 
main mechanism of action of the invention , the patient 
reduces their breathing effort in response to the pressure and 
volume support provided by the therapy , thus resulting in no 
change in total lung volume from the therapy , but resulting 
in a reduced work of breathing . In another main embodiment 
of the invention , a combination of the above two mecha 
nisms of action can occur . 
[ 0166 ] FIG . 37 is a diagram of timing and gas flow 
delivery , according to one embodiment . Amplitude of gas 
flow delivery rate 3701 modulates with respiratory rate to 
affect airway pressure 3703. The faster the respiratory rate , 
the higher the amplitude . The volume delivery may be 
maintained at a constant rate , unless changed by the user , 
between the restful state and exertion state . However , the 
amount of power delivered by the system may be higher 
during the exertion state , because the faster flow rate 
entrains more gas , which produces more power and higher 
lung pressures during inspiratory phase . Further , the deliv 
ery time of the delivered flow can be adjusted by the user as 
a percentage of the breath period . For example , if the breath 
period is 3 seconds , a 25 % delivery time setting would equal 
a delivered flow pulse width of 0.75 seconds . The delivered 
flow pulse width would change with the breath rate ; how 
ever , it may continue to be 25 % of the breath period ( unless 
changed by the user ) . The setting can be set for example in 
the range of 15 % to 70 % of the breath period . The setting 
may be independent of the volume setting . For example , a 
setting of 25 % versus 40 % may still deliver the same set 
volume , and may merely deliver the set volume at different 
flow rates . The algorithm for adjusting the delivered flow 
pulse time may , for example , look at the preceding 3 to 5 
breaths to determine what the current breath period is , and 
may have a correction factor to rule out outlier breaths . 
[ 0167 ] FIG . 38 describes a schematic diagram of an exem 
plary overall system 3801 when used to treat sleep apnea . In 
this embodiment , a ventilator 3809 delivers gas to a nasal 
interface 3805 from a gas generating system 3825 , such as 

a 

a 

a scroll pump . 
[ 0168 ] A patient may be ventilated with non - invasive open 
ventilation ( NIOV ) using a ventilation gas delivery circuit 
3803 , an airway pressure sensing line 3804 , and non - sealing 
nasal interface 3805. The nasal interface 3805 preferably 
does not seal against the patient's nose such as is typical 
with other ventilation interfaces , and rather leaves the nose 
open for the user to breathe normally and freely from the 
ambient surroundings . Ventilation gas 3807 delivered from 
a ventilator 3809 may travel through the ventilation gas 
delivery circuit 3803 and out one or more gas exit ports 3811 
in the nasal interface 3805. The ventilation gas 3807 may 
exit at a speed that entrains ambient air 3813 , such that the 
combination of ventilation gas 3807 , entrained ambient air 
3813 and spontaneously inhaled air 3815 , if the patient is 
spontaneously breathing , is delivered to the patient's air 
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ways , such as the nasal cavity 3817 , oropharyngeal airway 
3819 , trachea 3821 , lung 3823 and others , under power to 
create a clinically efficacious effect on the lung and airways . 
Patient may exhale 3816 through the nose or mouth . 
[ 0169 ] The nasal interface 3805 geometry and dimensions 
may optimize the physics and fluid dynamics of the system 
to maximize performance , and user acceptable and toler 
ability . The performance of the system may create an 
increase in lung volume , or increase in lung pressure , or 
reduction in the work - of - breathing of the user , or increase in 
airway pressure . 
[ 0170 ] The NIOV ventilation system may also include the 
ventilator 3809 in fluid communication with a gas supply or 
gas generating system 3825. The ventilator 3809 and / or gas 
supply or gas generating system 3825 may be separate or in 
a single ventilation system 3827. Ventilation gas 3807 can be 
oxygen as in the case of respiratory insufficiency applica 
tions , air in the case of sleep apnea or neuromuscular 
applications , combinations thereof , or any other clinically 
beneficial gas . The ventilator 3809 may have a control unit 
or system . The ventilator 3809 may be powered on and may 
have a delay of a predetermined time prior to supplying 
ventilation gas 3807. After a predetermined time , the ven 
tilator 3809 may deliver gas as needed , such as in synchrony 
with a breathing pattern . 
[ 0171 ] A spontaneous breathing respiration sensor 3829 
may also be used to detect , determine and measure the 
spontaneous breathing pattern and phases of the patient , as 
well as apnea or hypopnea events , via communication with 
the ventilation system 3827 , and also determine and measure 
other patient parameters such as respiratory rate or activity 
level . Using this information , the ventilator 3809 may then 
synchronize and titrate the therapy to the needs of the patient 
and to match the gas delivery with the patient's breathing for 
maximal comfort and therapeutic titration . 
[ 0172 ] An additional sensor 3831 may be used to detect 
breathing effort . The invention may be used to support the 
respiration of the patient , including supporting the work of 
breathing by increasing pressure and volume in the lung , and 
can be used for maintaining airway patency of the upper 
airways such as the oropharyngeal airway 3819. When using 
the invention , the patient breathes normally through their 
upper airway and through their nose , while receiving 
mechanical support through the interface . During exhala 
tion , the exhaled gas preferably does not enter the gas 
delivery circuit but rather exits the nose or mouth directly to 
ambient air , or through , across or around the nasal interface 
3805 to ambient air . The patient can keep their mouth closed 
during use for example during inspiration , to help direct the 
mechanical support to the lower airways and around the oral 
cavity 3833 , base of the tongue 3835 , palate 3837 and 
esophagus 3839 , or can use a mouth guard or chin band , if 
necessary . The gas delivery can be delivered cyclically in 
synchrony with the patient's breath phases , or continuously , 
or combinations thereof as will be described in subsequent 
sections . The patient can use the therapy while stationary , 
while being transported , while mobile and active , or while 
resting or sleeping . The therapy has homecare , hospital , 
subacute care , emergency , military , pandemic and transport 
applications . 
[ 0173 ] FIG . 39 graphically describes the timing and opera 
tion of the invention when used to treat sleep apnea . The top 
graph shows the patient's breathing pattern and effort 3911 , 
based on a respiration sensor that measures breathing effort , 

such as for example a chest impedance band , a neck sensor 
that measures breath effort by sensing tracheal activity , or 
other sensors , referred to as A. The middle graph indicates 
the patient's airway pressure signal as measured by the nasal 
mask and ventilator of the invention 3913 , referred to as B , 
and the lower graph indicates the ventilator output 3915 at 
the different stages of sleep in the bar 3917 below the lower 
graph , and different stages of airway obstruction as indicated 
in the lower bar . A bias flow is ramped at time 3901 , 
ventilator low output triggering is initiated at time 3903 in 
response to the signal B and optionally A ( amplitude ramps ) , 
ventilator therapeutic output triggering is initiated at time 
3905 in response to reduced airflow signal detected by B and 
optionally A , for example one breath after reduced expira 
tory airflow is detected by B ) , and ventilator output trigger 
ing is initiated in response to an apnea signal B for example 
one breath after B indicates no breath when a breath was 
expected , and optionally A simultaneously indicates a breath 
effort at time 3907 . 
[ 0174 ] At the beginning of the sleep session during the 
awake state , the ventilator gas flow output is off , however 
the ventilator monitoring functions are on , such as airway 
pressure monitoring . The patient can freely breathe through 
the spontaneous breathing apertures in the nasal mask during 
this stage . Before , when or after the patient enters S1 , when 
the airway may still be open , the ventilator gas output 
switches to an on state and delivers flow and pressure 
constantly or intermittently at levels below the therapeutic 
level to acclimate the patient to the sensation of the therapy . 
As some time before or after the airway begins to obstruct , 
such as when reduced expiratory airflow is detected typi 
cally in S2 , the ventilator gas flow output switches to a 
cyclical output and ramps to a therapeutic output which is 
capable of preventing or reversing airway obstruction , and is 
synchronized with the inspiratory effort of the patient . 
[ 0175 ] Ideally , airway obstructions will thus be prevented 
for the remainder of the sleep session , however , if an apnea 
is detected the ventilator output can increase , for example 
un - synchronized continuous flow can increase , until airflow 
is detected once again . In addition , the cyclical output can 
decrease until reduced expiratory airflow is detected , in 
order to titrate the therapy to lowest possible levels . In 
addition , delivering non - therapeutic levels of gas earlier in 
the session also serves to provide information to the system 
regarding the fit and function of the nasal interface . For 
example , the breathing pressure signal can be used to 
ascertain if the interface is attached and aligned properly . If 
the interface is attached correctly , the system will detect that 
and proceed normally , but if the interface is not attached or 
aligned correctly , the system will detect this with gnal 
processing , and can alert the user to make adjustments 
before the patient enters a deep stage of sleep . Alternatively , 
the system can provide therapeutic levels of therapy soon 
after the nasal interface is attached , and determine if the 
interface is connected properly , and if not , instruct the 
patient to make the necessary adjustments . Once properly 
fitted , as determined by the signal processing of the system , 
the ventilation gas output is turned off until needed , as 
described in the foregoing . 
[ 0176 ] Although the foregoing description is directed to 
the preferred embodiments of the invention , it is noted that 
other variations and modifications will be apparent to those 
skilled in the art , and may be made without departing from 
the spirit or scope of the invention . Moreover , features 



US 2021/0353884 A1 Nov. 18 , 2021 
18 

9 

a 

described in connection with one embodiment of the inven 
tion may be used in conjunction with other embodiments , 
even if not explicitly stated above . 

1-130 . ( canceled ) 
131. A ventilation system comprising : 
a ventilator ; and 
a nasal interface in fluid communication with the venti 

lator , the nasal interface comprising : 
one or more tubular bodies collectively defining a pair 

of gas flow paths that terminate respectively in a pair 
of distal gas flow openings ; 

one or more nozzles for delivering gas from the ven 
tilator into the one or more tubular bodies ; and 

a pair of nasal cushions attachable respectively to the 
pair of distal gas flow openings and in fluid com 
munication with the one or more gas flow paths , the 
nasal cushions being rotationally adjustable relative 
to the tubular body . 

132. The ventilation system of claim 131 , wherein each of 
the nasal cushions has a non - circular opening at a distal end 
thereof . 

133. The ventilation system of claim 132 , wherein the 
non - circular opening at the distal end of each of the nasal 
cushions is oval . 

134. The ventilation system of claim 132 , wherein the 
non - circular opening at the distal end of each of the nasal 
cushions is off - center with respect to a proximal base of the 
nasal cushion . 

135. The ventilation system of claim 131 , wherein each of 
the nasal cushions has an opening at a distal end thereof that 
is off - center with respect to a proximal base of the nasal 
cushion . 

136. The ventilation system of claim 135 , wherein the 
openings of the nasal cushions are biased inwardly toward 
each other . 

137. The ventilation system of claim 131 , wherein each of 
the nasal cushions is attachable to the respective distal gas 
flow opening by a flex joint . 

138. The ventilation system of claim 131 , wherein each of 
the nasal cushions comprises a flex point or corrugation to 
allow the nasal cushion to flex , bend , or angulate under 
pressure . 

139. The ventilation system of claim 131 , wherein each of 
the nasal cushions is compressible toward the respective 
distal gas flow opening . 

140. The ventilation system of claim 131 , wherein the 
nasal cushions comprise an elastomeric or thermoplastic 
material of Shore 10-60A . 

141. The ventilation system of claim 131 , wherein the 
nasal cushions comprise silicone . 

142. The ventilation system of claim 131 , wherein each of 
the nasal cushions includes a ring that snaps onto the one or 
more tubular bodies , the ring having greater rigidity than a 
more distal portion of the nasal cushion . 

143. The ventilation system of claim 131 , wherein the 
nasal interface further comprises a pair of pressure sensing 
lumens each of which terminates in a pressure sensing port 
in a respective one of the gas flow paths at a location nearer 
to the respective gas flow opening than to the one or more 
nozzles . 

144. The ventilation system of claim 131 , wherein the one 
or more tubular bodies includes a pair of tubular bodies 
respectively defining the pair of gas flow paths . 

145. The ventilation system of claim 131 , wherein the 
nasal interface further comprises a flex joint to flex an angle 
between the pair of distal gas flow openings . 

146. A nasal interface for delivering ventilation gas to a 
patient , the nasal interface comprising : 

one or more tubular bodies collectively defining a pair of 
gas flow paths that terminate respectively in a pair of 
distal gas flow openings ; 

one or more nozzles for delivering gas from a ventilator 
into the one or more tubular bodies ; and 

a pair of nasal cushions attachable respectively to the pair 
of distal gas flow openings and in fluid communication 
with the one or more gas flow paths , the nasal cushions 
being rotationally adjustable relative to the tubular 
body . 

147. The nasal interface of claim 146 , wherein the one or 
more tubular bodies includes a pair of tubular bodies respec 
tively defining the pair of gas flow paths . 

148. A nasal interface for delivering ventilation gas to a 
patient , the nasal interface comprising : 

one or more tubular bodies collectively defining a pair of 
gas flow paths that terminate respectively in a pair of 
distal gas flow openings ; 

one or more nozzles for delivering gas from a ventilator 
into the one or more tubular bodies ; and 

a pair of nasal cushions attachable respectively to the pair 
of distal gas flow openings and in fluid communication 
with the one or more gas flow paths , each of the nasal 
cushions having a non - circular opening at a distal end 
thereof . 

149. The nasal interface of claim 148 , wherein the non 
circular opening of each of the nasal cushions is off - center 
with respect to a proximal base of the nasal cushion . 

150. The nasal interface of claim 148 , wherein the one or 
more tubular bodies includes a pair of tubular bodies respec 
tively defining the pair of gas flow paths . 

a 


