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METHODS AND DEVICES FOR PROVIDING MECHANICAL
VENTILATION WITH AN OPEN AIRWAY INTERFACE
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FIELD OF THE INVENTION

[003] The present invention relates to ventilation therapy for persons suffering from

respiratory impairment and breathing disorders, such as chronic obstructive pulmonary

disease (COPD), pulmonary fibrosis, acute respiratory distress syndrome (ARDS),

neuromuscular impairment, sleep apnea, influenza, various forms of mass casualty, and

military use, and/or other breathing and airway impairments. More specifically, the

present invention relates to providing mechanical respiratory support to a patient in an

open airway ventilation system.

BACKGROUND OF THE INVENTION

[004] There are two general types of mechanical ventilation control modes. A first

type delivers gas to a patient based on a frequency selected by the clinician which is

independent of patient activity. This type of ventilation, known as controlled mechanical



ventilation, is used when the ventilator is needed to breathe for the patient such as when

the patient is non-alert, sedated, unresponsive or paralyzed. A second type of ventilation,

known as assisted mechanical ventilation, or assisted ventilation, or augmented

ventilation, delivers gas to the patient in response to an inspiratory effort generated by the

patient. This type of ventilation helps the patient breathe, such as when the patient has

respiratory insufficiency such as COPD. There are also ventilators and modes of

ventilation that combine the two modes of ventilation described above.

[005] In the use of all ventilators a gas delivery circuit is required to deliver the gas

from the ventilator to the patient. Also required is a ventilation patient interface which is

in communication with the patient's airway. The gas delivery circuit connects to the

patient interface so that the ventilator can deliver air into the patient's airway through the

gas delivery circuit and through the patient interface. These interfaces can be non

invasive such as a mask over the nose and/or mouth or a nasal cannula, or can be

invasive, such as an endotracheal tube, tracheostomy tube, or transtracheal catheter which

is placed into the airway of the patient.

[006] In a more specific case of respiratory support ventilation, the patient receives

gas from the ventilator with a patient interface configuration known as an "open airway"

system, meaning the patient's respiratory tract is open to atmosphere through their

normal upper airway breathing routes (mouth and nose). Open airway ventilation

(OAV) when used is typically used with spontaneously breathing patients who need

respiratory support; however, OAV can also be used for ventilator dependent patients

who cannot breathe. In the former case, the patient may be breathing "spontaneously" or

naturally through their upper airway but their breathing is augmented by receiving

additional gas from the ventilator through the "open" patient interface. The goal of this

therapy is to help the patient's work of breathing with an OAV system, such that the

patient is not encumbered with the various problems, limitations, obtrusiveness and side

effects of closed airway positive pressure ventilation. This system is described in US

Patent 7,487,778 (Freitag) and US Printed Publication 2005/0005936 (Wondka). The

ventilation interface described in this prior art is typically a transtracheal ventilation

catheter that is placed percutaneously through the patient's neck into the tracheal lumen,



or a catheter placed into an existing airway tube, such as an uncuffed tracheostomy tube.

Alternatively, the ventilation catheter is placed into a stent or stoma guide, such as a

Montgomery T-Tube, or an endotracheal tube, or an airway prosthesis. In OAV,

providing mechanical ventilation support to the lungs is not obviously possible, because

air delivered from the ventilator has the potential of leaking out of the upper airway of the

airway is open, thus rendering the system ineffective and limiting the additive volume

that can be delivered to the lung. Therefore, special airflow delivery fluid dynamics are

required to make the system efficacious and efficient, and special delivery systems and

interface designs are required to accomplish these dynamics.

SUMMARY OF THE INVENTION

[007] The present invention may be directed to methods and systems for providing

ventilation mechanical support in an open airway ventilation system. In an embodiment

of the present invention, a ventilation system may include a ventilator for supplying

ventilation gas. A patient interface may include distal end in communication with a

patient airway, a proximal end in communication with ambient air, and an airflow

channel between the distal end and the proximal end. A gas delivery circuit may be

adapted to attach to the patient interface without occluding the patient interface to allow

ambient air to flow from outside the patient interface to the patient airway. The

ventilation gas may entrain air from ambient and from the patient airway.

[008] In another embodiment of the present invention, a ventilation system may

include a ventilator for supplying ventilation gas. A patient interface may include distal

end in communication with a patient airway, a proximal end in communication with

ambient air, and an airflow channel between the distal end and the proximal end. A gas

delivery circuit may be adapted to attach to the patient interface without occluding the

patient interface to allow ambient air to flow from outside the patient interface to the

patient airway. The gas delivery circuit may include a nozzle on a distal end of the gas

delivery circuit, and wherein the nozzle is positioned outside the patient interface when

supplying ventilation gas.



[009] In another embodiment of the present invention, a ventilation system may

include a ventilator for supplying ventilation gas. A patient interface may include distal

end in communication with a patient airway, a proximal end in communication with

ambient air, and an airflow channel between the distal end and the proximal end. The

distal end may include one or more fenestrations. A gas delivery circuit may be adapted

to attach to the patient interface without occluding the patient interface to allow ambient

air to flow from outside the patient interface to the patient airway. The gas delivery

circuit may include a nozzle located within the patient interface where the nozzle is

positioned in proximity to the one or more fenestrations when supplying ventilation gas.

[0010] Embodiments of the present invention may include a ventilation system

including a ventilator, a gas delivery circuit and a patient interface, the patient interface

including a distal end in communication with a patient airway and a proximal end in

communication with ambient air, wherein the gas delivery circuit is adapted to attach to

the patient interface without occluding the patient interface to allow ambient air to flow

from outside the interface into the patient airway, and wherein the gas delivery circuit is

adapted to deliver the ventilator gas into the patient airway through the patient interface.

Embodiments of the present invention may also include a ventilation system including a

ventilator, a gas delivery circuit, and a patient interface, wherein the patient interface

includes a distal end and a proximal end and an airflow channel extending from the

proximal end to the distal end, wherein the distal end is in communication with a patient

airway, and wherein the proximal end is in communication with ambient air, and

wherein: (a) the gas delivery circuit includes a first end connected to the ventilator and a

second end connected to the patient interface, and wherein the second end connection to

the patient interface does not occlude the airflow channel such that ambient air can flow

through the airflow channel into the airway; and (b) wherein the gas delivery circuit

delivers gas from the ventilator to the patient airway. Embodiments of the present

invention may also include a ventilation system including a ventilator, a gas delivery

circuit, and a patient interface, wherein the patient interface includes a distal end and a

proximal end and a airflow channel extending from the proximal end to the distal end,

wherein the distal end is in communication with a patient airway, and wherein the

proximal end is in communication with ambient air, and wherein: (a) the gas delivery



circuit includes a first end connected to the ventilator and a second end connected to the

patient interface, and wherein the second end connection to the patient interface does not

occlude the airflow channel such that ambient air can flow through the airflow channel

into the airway, and lung air can flow out of the airflow channel to ambient air; and (b)

wherein the gas delivery circuit delivers gas from the ventilator to the patient airway.

Embodiments of the present invention may also include a ventilation system including a

ventilator and a gas delivery circuit, wherein the gas delivery circuit includes a first end

adapted to connect to the ventilator and a second end including a connector adapted to

connect to a ventilation patient interface, wherein the second end connector is adapted to

connect to the ventilation patient interface so the ventilation patient interface maintains

an open channel such that the open channel allows ambient air to flow from ambient

through the patient interface into an airway.

[001 1] Embodiments of the present invention may also include that the ventilator gas

is delivered as a volume synchronized with the patient's inspiratory cycle, in which the

volume is selected by the user. The ventilator gas may be delivered continuously,

cyclically at a rate determined by the ventilator, as a volume cyclically synchronized with

the patients breathing, and with a back up rate to deliver a mandatory number of breaths

over a period of time, or as a volume cyclically during an inspiratory cycle to reduce the

work of breathing, and during an expiratory cycle to create PEEP. The system may be

used to treat a lung disease, a breathing disorder, or a neuromuscular disorder. The

system may be used with a portable gas supply and used to enhance mobility. The

patient interface may be an airway tube, tracheostomy tube, a T-tube, and stomal stent, a

stoma, an endotracheal tube, a trans-cricothryoid tube, a trans-laryngectomy tube, a mask,

a nasal mask, an oral mask, a nasal-oral mask, a cannula, a transtracheal cannula, a nasal

cannula, an oral cannula, or a nasal-pharyngeal cannula.

[0012] Embodiments of the present invention may include those where the second end

of the gas delivery circuit includes two gas delivery exit ports, and wherein the

ventilation patient interface includes a left and right nasal cannula; where the second end

of the gas delivery circuit includes a distal tip, wherein the distal tip includes a gas

delivery nozzle and is adapted to locate the gas delivery nozzle between a distal end and



proximal end of the ventilation patient interface; where the gas delivery circuit distal tip

coplanar with entrance of the airway tube; where the gas delivery circuit distal tip is

outside of entrance to airway tube; where the gas delivery circuit distal tip is coplanar

with transition from straight section to curved section; where the gas delivery circuit

connection to the patient interface includes an adjustment to adjust the position of the

distal tip of the nozzle.

[0013] In certain embodiments, the patient interface may be an airway tube and the

airway tube includes a fenestration and the gas delivery circuit distal tip is located near

the fenestration; the gas delivery circuit distal tip is low profile, nozzle is side port in gas

delivery circuit distal tip; the gas delivery circuit distal tip is angled to point toward distal

end opening of airway tube; the gas delivery circuit distal end attaches to patient interface

with an elbow connector; the gas delivery circuit distal end attaches to patient interface

with an T-shaped connector; the gas delivery circuit distal end attaches to patient

interface with an L-shaped connector; the gas delivery circuit distal end attaches to

patient interface with an swivel connector; the gas delivery circuit distal attaches to

patient interface with a connector which includes a one-way inspiratory valve allowing

air flow in the inspired direction; the gas delivery circuit distal end attaches to patient

interface with a connector which includes a one-way expiratory valve allowing air flow

in the exhaled direction; the gas delivery circuit distal end connection to the patient

interface includes a PEEP valve; the gas delivery circuit distal end connection to the

patient interface includes a PEEP valve wherein the PEEP valve includes an adjustment;

the gas delivery circuit distal end connection to the patient interface includes a PEEP

valve wherein the PEEP valve setting is controlled by a pressure signal provided by the

ventilator; the gas delivery circuit distal end connection to the patient interface includes

an Inspiratory and Expiratory valve; the gas delivery circuit distal end connection to the

patient interface includes an Inspiratory and PEEP valve; the gas delivery circuit distal

end connection to the patient interface includes a baffle connection; the gas delivery

circuit distal end connection to the patient interface includes a Heat moisture exchanger;

the gas delivery circuit distal end connection to the patient interface includes a connector

with a HME, inspiratory valve, and PEEP valve; the gas delivery circuit distal end

connection to the patient interface includes a connector with a side connector; the gas



delivery circuit distal end connection to the patient interface includes a connector with

two side connectors; the gas delivery circuit distal end connection connects to the inside

of the patient interface; or the gas delivery circuit distal end nozzle includes a tapered ID

where the tapered ID restricts the ID from a larger dimension to a smaller dimension at

the nozzle distal tip.

[0014] In certain embodiments, the ventilator gas exits the gas delivery circuit distal

end as a Jet, with an exit speed of 50-350 meters per second; the ventilator gas exits the

gas delivery circuit distal end as a jet, which entrains ambient air from outside the

connector, where the entrainment is 25-300% of the ventilator gas.

[0015] In certain embodiments, the system includes sensors to measure the amount of

air entrainment, and a control unit to adjust and regulating the amount of entrainment.

The system may include humidity delivery, a humidification lumen, or a humidified gas

delivery attachment. The gas delivery circuit distal end may include a breath sensor,

which may be a breath sensor is a pressure sensing line included of a sensing lumen and

sensing port; a sensing port orthogonal to air flow path facing distal direction; a sensing

port orthogonal to air flow path facing proximal direction; sensing port parallel with gas

flow path; a thermal flow sensor; an airway pressure sensing extension line adapted to

extend a distance into the airway tube; an airway pressure sensing channel, and wherein

the gas delivery circuit includes sensing connector to connect to the patient interface

sensing channel; or a ventilation gas delivery channel, a pressure sensing channel, a

humidification delivery channel, an oxygen bleed delivery channel, an oxygen and CO2

sensing channel, and a thermal sensor wire channel.

[0016] Embodiments may include those where the ventilation gas is air and oxygen is

bled into the airway tube; the ventilation gas is oxygen; the ventilation gas is blended air

and oxygen; or an oxygen sensing mechanism; a CO2 sensing mechanism. In certain

embodiments the ventilator is adapted to vary the gas output parameters to achieve a

desired FIO2; the ventilator is adapted to vary the gas output parameters to achieve a

desired airway pressure; the ventilator is adapted to vary the gas output parameters to

achieve a desired lung volume; the ventilator is adapted to vary the gas output parameters



to achieve a desired inspiratory flow rate; a therapeutic gas is bled into the patient

interface, such as helium, NO, HeIiOx; output titration algorithms, to adjust the delivery

of volume based on patient activity level using biofeedback, such as respiratory rate,

inspiratory strength, I:E ratio, exhaled gas composition; output triggering algorithms, to

adjust the timing of the delivery of volume based on patient comfort and activity level

using biofeedback, such as respiratory rate, inspiratory strength, I:E ratio, exhaled gas

composition; delivering blended air and oxygen and wherein the ventilator includes a

blender, an external oxygen and air supply, and an external compressor; delivering

blended air and oxygen and wherein the ventilator includes a blender, an external oxygen

and air supply, and an internal compressor; or delivering blended air and oxygen and

wherein the ventilator includes a blender, an external oxygen supply wherein the external

oxygen supply is selected from the group of compressed oxygen gas, liquid oxygen or an

oxygen concentrator, and an internal compressor, a gas analyzer, a humidifier unit, a

microprocessor control system, and a lung volume sensor.

[0017] 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 DESCRIPTIONS OF THE FIGURES

[0018] 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. In the drawings:

[0019] Figure 1 shows a prior art conventional closed airway ventilation system, using

a cuffed endotracheal tube.

[0020] Figure 2 shows a conventional non-invasive ventilation system using a sealing

nasal mask.



[0021] Figure 3 shows an overview of an open airway ventilation system of the

present invention with an open airway patient interface.

[0022] Figure 4 shows a gas delivery circuit with a ventilation catheter placed into a

trach tube patient interface with an open connection, with the ventilation catheter

extending part way into the trach tube.

[0023] Figure 5 shows a gas delivery circuit with a ventilation catheter placed into a

trach tube patient interface with an open connection, with the ventilation catheter

extending to that the distal tip protrudes out of the tip of the trach tube.

[0024] Figure 6 shows a gas delivery circuit and ventilation catheter connected to a

fenestrated cuffed trach tube patient interface with a swivel elbow connection, with the

ventilation catheter distal tip positioned near the fenestration, and with the swivel elbow

connector capped.

[0025] Figure 7 shows a gas delivery circuit and ventilation catheter connected to a

fenestrated trach tube patient interface with a swivel elbow connection, with the

ventilation catheter distal tip positioned near the fenestration.

[0026] Figure 8 shows a gas delivery circuit connected to an airway tube with a

baffled connection, with the nozzle tip located a distance outside of the proximal end of

the airway tube.

[0027] Figure 9 shows a gas delivery circuit connected to an airway tube with an open

adaptor, and shows the sources of gas being delivered to the airway, and shows a breath

sensing extension tube.

[0028] Figure 10 shows a gas delivery circuit connected to an airway tube with an

open elbow connector.

[0029] Figure 11 shows a gas delivery circuit connected to an airway tube with an

open T connector.



[0030] Figure 12 shows a gas delivery circuit connected to an airway tube with an

open swivel elbow connection.

[003 1] Figure 13 shows a gas delivery circuit connected to an airway tube with an

open adaptor connector with a sliding nozzle adjustment.

[0032] Figure 14 shows a gas delivery circuit connected to an airway tube with an

open adaptor connection, with the gas delivery nozzle located slightly inside the airway

tube proximal end.

[0033] Figure 15 shows a gas delivery circuit connected to an airway tube with an

open adaptor connector, with the gas delivery nozzle located a distance inside of the

airway tube.

[0034] Figure 16 shows a gas delivery circuit with a low profile connection connected

directly to the proximal end of an airway tube.

[0035] Figure 17 shows a gas delivery circuit connected to an airway tube with a low

profile open connection with the connection inside the proximal end of the airway tube.

[0036] Figure 18 shows a gas delivery circuit connected to an airway tube with an

open adaptor connection, with an inspiratory valve on the proximal end of the inspiratory

valve.

[0037] Figure 19 shows a gas delivery circuit connected to an airway tube with an

open elbow adaptor with a side connector, with a HME attached to the side connector and

with an inspiratory valve.

[0038] Figure 20 shows a gas delivery circuit connected to an airway tube with an

open elbow connection, with a PEEP or exhalation valve attached to the side connection

and an inspiratory valve.

[0039] Figure 2 1 shows a gas delivery circuit connected to an airway tube with an

open adaptor and with an extension tube for airway breath sensing and pressure sensing.



[0040] Figure 22 shows a gas delivery circuit connected to an airway tube with an

open adaptor where the airway tube has an airway sensing channel, and the circuit has a

connection to attach to the sensing channel.

[0041] Figure 23 shows a gas delivery circuit connected to an airway tube with an

open adaptor with a humidification delivery attachment.

[0042] Figure 24 shows a gas delivery circuit connected to an airway tube with an

open adaptor with a humidification catheter attached.

[0043] Figure 25 shows a gas delivery circuit connected to an airway tube with an

open adaptor with integral breath sensing and humidification delivery channels in the gas

delivery circuit.

[0044] Figure 26 shows a close up view of the nozzle of the configuration shown in

Figure 25.

[0045] Figure 27 shows a cross sectional side view of the gas delivery circuit shown

in Figure 25.

[0046] Figure 28 shows a gas delivery circuit connected to an airway tube with one or

more sensing ports.

[0047] Figure 29 shows a cross section along section A-A of Figure 28.

[0048] Figure 30 shows a close up view of the nozzle of Figure 28 with breath sensing

ports facing the expiratory flow.

[0049] Figure 31 shows a close up view of the nozzle of Figure 28 with breath sensing

ports facing the inspiratory flow.

[0050] Figure 32 shows a close up view of the nozzle of Figure 28 with breath sensing

ports facing the inspiratory and expiratory flow.



[005 1] Figure 33 shows a gas delivery circuit connected to an airway tube with an

open adaptor, and with a valve attached to the open adaptor to convert to a closed or

partially closed system.

[0052] Figure 34 shows a close up view of the valve shown in Figure 33.

[0053] Figure 35 shows an adjustable valve which is an alternate to the valve shown

in Figure 33.

[0054] Figure 36 shows a gas delivery circuit connected to a patient interface mask.

[0055] Figure 37 shows a gas delivery circuit connected to a patient interface mask

with a nozzle outside the patient interface mask.

[0056] Figure 38 shows a system schematic of the open airway ventilation system

when used with an external gas supply.

[0057] Figure 39 shows a system schematic of the open airway ventilation system

when used with an internal compressor, a blender an optional external gas supply and an

optional humidification unit.

[0058] Figure 40 shows a system schematic of the open airway ventilation system that

is converted to a closed or partially closed system, with a gas composition analyzer, an

internal blender, external oxygen supply and lung volume sensor.

DETAILED DESRIPTION OF THE PREFERRED EMBODIMENTS

[0059] In some cases, special airflow delivery fluid dynamics can be created by

special drive pressures and escape velocities of the ventilation gas, and in other cases the

special airflow delivery fluid dynamics can be created by special patient interface

configurations. Embodiments of the present invention may include special patient

interface configurations and geometries that optimize the efficacy of open system

augmented ventilation.



[0060] Figure 1 describes a conventional ventilation system, known as controlled

mechanical ventilation (CMV) in which a ventilator 1 is connected to a patient Pt with a

dual limb gas delivery circuit 2 and delivers gas to the patient Pt via an inspiratory limb 3

and gas is exhaled from lungs L back to the ventilator 1 through an expiratory limb 4 . A

typical patient ventilation interface is an endotracheal tube 6 with a cuff 7 within a

trachea T such that the patient's lung L is closed off from ambient air, and is only

connected to an air source through the ventilator gas delivery circuit 2 . Air is forced into

the lung L and the ventilator 1 can increase lung volume because it is a closed system,

which is not open to ambient.

[0061] Figure 2 describes a conventional ventilation system, typically referred to as a

Continuous Positive Airway Pressure (CPAP) system. There is a single limb gas delivery

circuit 8 in this case through which the patient inhales and exhales. This system is also a

closed ventilation system in that the patient ventilation interface is typically a non

invasive ventilation mask 9 (known as a non-invasive ventilation (NIV) mask), which is

sealed against the patient's face so that the respiratory system is closed to ambient air.

The non-invasive ventilation mask may include one or more mask exhaust ports 10. In

this system the patient is spontaneously breathing, but spontaneously breathing from the

gas supply supplied by the ventilator 1. Volume is forced into the lung and the ventilator

1 can increase lung volume because the system is a closed system, not connected to

ambient. Airflow may pass through an upper airway UA and/or the oropharyngeal

airway PA.

[0062] Figure 3 describes an overview of an exemplary open ventilation system of the

present invention in which the patient is inspiring and exhaling naturally through their

upper airway. A patient ventilation interface may be a tracheostomy tube, or

transtracheal catheter, which is typically connected to a ventilator 20 with a single limb

gas delivery circuit 21. The single limb gas delivery circuit 2 1 may couple to an airway

tube 60. An airway tube 60 may be various types of structures, including, but not limited

to trach tubes, masks, cannulas, etc. The ventilator 20 in this case may provide

ventilation assistance, or augmented ventilation to the patient. If the breathing circuit is



large enough the patient can partially exhale through the breathing circuit, or if not, the

patient exhales completely through the upper airway.

[0063] An open ventilation system is described by Freitag in US Patent Application

No. 2005/0003472 and by Wondka in US Patent Application No. 2005/0005936. In these

references, the breathing circuit is small for reasons of un-obtrusiveness and convenience

to the user, or because of other performance factors such as gas delivery dynamics, and

hence the patient exhales completely through their natural breathing route (upper airway),

and only receives augmented ventilation through the breathing circuit. Due to special

ventilator driving pressures and gas exit fluid dynamics out of the catheter, the ventilator

has the potential of increasing lung volume or pressure despite the fact that it is an open

upper airway system. Standard gas delivery techniques, such as with oxygen therapy, the

lung volume and pressure would not be affected.

[0064] Figure 4 describes a side view of a tracheostomy tube 23 and ventilation

catheter 40 combination in which the connection between the ventilation catheter 40 and

the trach tube 23 is open at the trach tube proximal end, and in which the catheter distal

tip 45 is placed at a location near the mid length of the trach tube 23. This configuration

may provide an increase in entrained airflow from ambient air through the trach tube

opening. This configuration may enhance entrainment by resembling features of a jet

pump. The section of trach tube distal to the catheter tip may be known as the nozzle of a

jet pump, and the section proximal to the catheter tip (including the volume inside the

trach tube proximal connector and ambient air volume directly outside the trach tube

connector) may be considered the vacuum chamber of the jet pump, from which the

catheter exit gas entrains the volume. The ventilation catheter 40 can be pre-formed to

match with the curvature of the trach tube 23, or can be shaped to be in contact with the

superior surface of the inside of the trach tube, or can be shaped to be in contact with the

inferior surface of the inside of the trach tube. The distal tip of the ventilation catheter 40

can be angulated to direct the jet exiting the nozzle through a trach tube airflow channel

24 and toward the distal tip 27 opening of the trach tube 23, which is essential in

optimizing the jet performance of the system. The ventilation catheter 40 can also be

shaped to be in contact with one of the lateral walls of the trach tube 23. The single limb



gas delivery channel 2 1 may be coupled to the trach tube 23 using an airway tube

connector 42 in communication with a connector 44, preferably a 15mm connector,

which is also in communication with a trach tube flange 43.

[0065] Figure 5 describes a side view of a tracheostomy tube configuration where the

ventilation catheter 40 extends past a tip of the trach tube 23. The gas exiting from the

ventilation catheter 40 may entrain upper airway flow from the trachea T as well as some

gas from inside the trach tube airflow channel 24 and from proximally outside the trach

tube 23. If the connection between the ventilation catheter 40 and the trach tube 23 at the

proximal end of the trach tube 23 is closed, there is no additional entrainment of air from

ambient through the trach tube airflow channel 24, and the patient cannot breathe through

that route. If, however, the trach tube 23/ventilation catheter 40 connection is open, the

may be additional entrainment of air from ambient, depending on the exact location of

the tip of the catheter, and the patient can breathe through that route as well as the upper

airway route.

[0066] Figure 6 describes a side view of a configuration in which the trach tube 23

includes one or more fenestrations 25 along its length. The ventilation catheter distal tip

45 nozzle may be located near the fenestration 25 to entrain air through the fenestration

25. In this case, the vacuum or entrainment chamber of the system may be both (a) the

tracheal airway compartment above the fenestration 25 and (b) the trach tube 23 and

swivel elbow connector 47 and ambient air outside the trach tube 23. A tracheostomy

tube cuff 26 may prevent passage of air from the upper airway past the trach ventilation

catheter 40. By adjusting the exact detailed dimensions of the configuration, such as

fenestration dimensions and location, catheter tip dimensions and location, trach tube

nozzle section dimensions, etc., the amount of entrained air can be increased or decreased

for both the tracheal entrained air and the ambient entrained air. Entrainment from the

trachea may be preferred in that the entrained air would include naturally humidified air.

Sometimes entrained air through the trach tube from ambient can be preferred, for

example, in the case of upper airway obstruction or in cases where the patient's upper

airway is becoming dry in which case additional entrainment may not be desired. The

ventilation gas delivery circuit 2 1 and ventilation catheter 40 may be attached to the trach



tube connector 44 with a swivel elbow connector 47, which may have a female 15mm

distal connector 48 and a male 15mm proximal connector 49. Optionally the proximal

connector of the trach tube or swivel elbow connector can include the attachment of other

features as will be described later. A connector cap 29 may seal the swivel elbow

connector 47. In the case shown, the distal end of the connector 47 is capped with a cap

49, in which case the jet entrainment occurs through the trach tube fenestration 25 and the

patient's spontaneous breathing occurs through the upper airway through the fenestration

25 when the cuff 26 is inflated, and if the cuff 26 is deflated spontaneous breathing

occurs through both the fenestration 25 and also around the outside of the trach tube 23.

[0067] Figure 7 describes a side view of a patient interface configuration in which the

trach tube 23 is a fenestrated trach tube. In the case shown, the distal end of the

connector 47 is not capped with a cap 49. In this case, the patient may spontaneously

breathe through the open connector 47.

[0068] Figure 8 describes a side view of an open interface. A gas delivery circuit 2 1

is attached to an airway tube 60 with a baffle attachment. The airway tube 60 may be an

endotracheal tube, a tracheostomy tube, a laryngectomy tube, or any other airway tube.

The airway tube 60 may include an airway tube flange 6 1. The airway tube 60 may also

include an airway tube distal end 63, which may include a cuff. The tip of the gas

delivery circuit may be configured as a gas delivery nozzle 66 and a tip of the gas

delivery nozzle 66 may be positioned proximal to or a distance outside of the entrance to

the airway tube 60. A baffle connector 64 may be open so that ambient air can be

entrained by the ventilator gas exiting the gas delivery nozzle 66. In Figure 8, the baffle

connector 64 is shown attached to an outside of the airway tube proximal connector 62;

however; the baffle connector 64 may be attached to an inside surface of the airway tube

60, or connected to a proximal edge of the airway tube 60. Ideal distance between the

gas delivery nozzle 66 and airway tube entrance varies depending on conditions such as

type and size of the airway tube 60, desired therapeutic effect, and ventilator drive

pressures, as well as catheter and nozzle dimensions, however, exemplary spacing ranges

from 2" to -2", and ideally 1.5" proximal to 0.5" recessed . The gas delivery nozzle 66 is

attached to the baffle connector 64 with a baffle swivel connector 65 so the gas delivery



circuit 2 1 can swivel to route the tubing where most convenient. The gas delivered by

the gas delivery circuit 2 1 can be oxygen, air, air-oxygen mixtures, therapeutic gases, or

drugs as well. Optionally, therapeutic gases can be bled into the system. Additional

details about the gas delivery system are described in Figures 28 and 38-40.

[0069] Embodiments of the present invention may impact efficacy. The location of

the tip of the ventilation catheter relative to the tracheostomy tube, or more generically an

airway tube, is a key primary contributor to the amount of air entrained, and, therefore,

the physical efficiency of the system, and to the amount of volume and pressure that the

ventilation system can create in the patient's lung. Increasing pressure or volume in the

patient's lung is necessary for the system to be clinically efficacious. For example, an

increase of inspiratory lung pressure from an unassisted value of -5CmH O to an assisted

value Of-ICmH O may reduce the inspiratory muscle work and provide relief and support

to the patient. Or, an increase of lung pressure from an unassisted value of -5CmH2O to

an assisted value of +5CmH2O may provide relief and even more support to the patient.

In a spontaneously breathing patient, these pressure increases can be considered potential

increases, as the patient effort may compensate by expending more or less breathing

effort based on the sensation of the ventilation support. In a ventilator dependent patient

or controlled breath, the pressure increases may apply. The higher the increase in lung

pressure caused by the ventilator system, the higher the potential increase in lung volume,

which is also efficacious in improving gas exchange. Also, for obstructive lung disease

patients, the added support from the ventilation system may shorten inspiratory time,

which may provide a longer time for exhalation and reduce dynamic hyperinflation. The

work of breathing assistance provided by the potential of increased lung pressure may

unload and rest the respiratory muscles, so that they have more strength and reserve

which may help re-model the lung mechanics and potentially reduce static hyperinflation.

In restrictive lung disease patients the potential for increased lung pressures and lung

volumes may help compensate for the restrictive airways and stiff lung, giving the

sensation that it is easier to breathe. For neuromuscular patients, the increased lung

pressures and volume help compensate for the body's inability to neurologically or

mechanically breathe adequately. Other contributors to the physically efficiency and

clinical efficacy of the ventilation system include the exit velocity of gas exiting the



ventilation catheter, the alignment of the velocity of the gas relative to the tip of the

airway tube or the airway lumen, the gas volume surrounding and in the immediate

vicinity of the ventilation catheter nozzle.

[0070] Three cases may be considered for the location of the tip of the ventilation

catheter with respect to the airway tube. In Case A (Figure 5), the catheter tip may

extend to, or past a distal tip of the airway tube. In Case B (Figures 4, 6 and 7), the

catheter tip may be positioned approximately halfway between the proximal and distal

end of the airway tube. In Case C (Figure 8), the catheter tip may be positioned outside

of the proximal end of the airway tube.

[0071] In Case A, the jet has the opportunity to entrain gas in the airway. In the case

that the airway is the trachea or another large airway, this volume of gas in the airway

column is substantial. One skilled in the art of jet pump design might expect therefore

that the Case A tip position would be the optimal configuration to optimize entrainment,

compared to Case B and Case C. However, empirical examination reveals that Case B

and Case C result in superior entrainment efficiency over Case A. In Case B, the jet

entrains some air from outside the proximal end of the airway tube and this entrainment

can exceed the entrainment of Case A. Case C provides the best entrainment efficiency,

which may not be intuitive. One skilled in the art may think that the gas exiting the

catheter tip outside of the airway tube would create turbulence at the entrance to the

airway tube, and significantly degrade performance. However, empirical evaluation

reveals that this is not the case and rather, the velocity flow profile is well organized as it

enters the entrance to the airway tube, along with the entrained ambient air. Referring

back to Case B, where the airway tube has an aperture near the position of the catheter

tip, for example, the fenestration in a trach tube, the system has two potential sources of

entrainment: (1) ambient air from outside the airway, and (2) airway air through the

fenestration. This case can improve the efficiency of Case B, however, is still not as

efficient as Case C. Another advantage of Case C is that it is less prone to performance

degradation based on misalignment between the catheter tip and the airway tube tip.



[0072] Note, however, that Case A and Case B are advantageous over Case C in terms

of delivering humidified gas to the lung. Case C delivers the most un-humidified gas

because of the high amount of ambient air entrained verses Case A, which delivers the

most humidified gas because the entrained gas is from the upper airway which is

humidified by the nasal passage. Case B and Case C, however, can be modified by

introducing artificial humidification with the ventilation and entrained gas, or by using a

heat moisture exchanger. Some exemplary values of Case A, B and C are listed below in

Table 1.

Table 1

[0073] The values above are based on a ventilator gas delivery of 15 lpm, which is

near the low end of the range of ventilator flow rate in this invention. Typically the

ventilator flow rate in this invention may be 15-40 lpm average flow rate, and 20-60 lpm

peak flow rate. As the flow rate increases, the entrainment percentage increases in a

linear relationship, and the pressure potential increase, increases in a squared relationship.

Non-intuitively, the amount of air entrained from the upper airway in Case A is less than

the ambient air entrained through the proximal end of the airway tube. Referring back to

Case B, it may be beneficial if the axial centerline of the distal tip of the catheter is

aligned with the axial centerline of the distal tip of the airway tube, so that the jet exiting

the tip of the catheter does not collide with the inner wall of the airway tube. This

alignment may preferably be within approximately 10 degrees of perfectly aligned.



Entrainment performance may degrade due to turbulence and disorganized air flow

velocity profiles occurring between the catheter tip and the airway tube tip.

[0074] Figure 9 describes a side view of an open interface depicting sources of gas

flowing into an airway A. Ventilator gas Gv exiting the nozzle may entrain air Ge from

outside the airway tube 60. The patient may spontaneously draw in ambient air from

outside the airway tube G
1
and from the upper airway Gsa. The total gas delivered into

the lung Gt, is a combination of these four sources. The gas delivery circuit 2 1 in Figure

9 is also shown with a breath sensing line 80. The purpose of the breath sensing line 80

is to measure the breathing pressure of the patient, to synchronize the ventilator functions

to the patient's breathing and to track the respiratory parameters of the patient. At or near

a distal end of the gas delivery circuit 21, the breath sensing line may divide from the

catheter and extend deeper into the airway tube 60 than the gas delivery nozzle 66. The

deeper extension may allow for more sensitive detection of airway breathing pressures.

The extension can extend to the airway tube distal end 63 or beyond the airway tube

distal end 63. The breath sensing line 80 can also attach to a lumen in the wall of the

airway tube 60 or be integral to the construction of the airway tube 60 to sense the airway

pressure. An airway tube adapter 8 1 may couple the gas delivery circuit 2 1 and/or breath

sensing line 80 to the airway tube 60.

[0075] Figure 10 describes a partial cross-sectional top view of an open interface with

an airway tube side connector 82. The airway tube side connector 82 may be attached to

a proximal end of the airway tube 60. The proximal end of the airway tube side

connector 82, opposite to the airway tube 60, may be open to ambient air so that the gas

exiting the gas delivery nozzle 66 entrains ambient air through the airway tube side

connector 82. In Figure 10, the path from ambient air into the airway tube side connector

82 and into the airway tube 60 is a relatively straight path with no or minimal abrupt

directional changes of the air required. A side connection 85 of the airway tube side

connector 82 may be available for attachment of a respiratory accessory, such as oxygen

attachment, etc. Alternatively to the design shown, the proximal side can either be open

as shown or closed. Any reasonable configuration of connectors can be used, such as Y-

shaped, T-shaped or L-shaped connectors can be used. For example, Figure 11 describes



an open interface with an airway tube T adapter 84, with two open side connections 85 to

allow passage of air and for connection of any necessary accessories. The proximal end

of the airway tube T adapter 84 opposite the airway tube 60 is shown closed in this

example, although it can be open or closed. Also, for example, Figure 12 describes an

open interface with an airway tube elbow connector 83, which preferably swivels. If an

accessory is attached to the airway tube elbow connector 83 the swivel may help position

it as desired.

[0076] Figure 13 describes an open interface with an adjustable gas delivery nozzle

66. The gas delivery nozzle 66 may move proximally and distally with respect to the

airway tube 60 in a guide or nozzle adjustment slot 86 in the airway tube adapter 81. The

purpose of being able to adjust the position is to increase or decrease the amount of

entrainment, and the resultant airway pressure created, based on the needs of the patient.

A signal from a pressure sensing port 87 can be used to determine the appropriate

location of the gas delivery nozzle 66. For example, if it is desired to maximize

entrainment, the gas delivery circuit 2 1 can be moved until the signal from the pressure

sensing port 87 registers a peak amplitude. A ventilator user interface can indicate this

position status to the user. Or, for example, if it is desired to achieve a certain amount of

entrainment, the gas delivery circuit 2 1 position can be moved until the proximal pressure

sensing port 87 registers the desired characteristic signal expected for that amount of

entrainment.

[0077] Figure 14 describes an open interface with the nozzle of the gas delivery circuit

positioned slightly inside a proximal end of the airway tube 60, rather than positioned at a

distance outside of the airway tube 60. The gas delivery nozzle 66 may be located in a

section of the airway tube that possesses a straight axial cross section, such that rotation

of the connection between the gas delivery circuit 2 1 and the airway tube 60 does not

change the alignment of the gas delivery nozzle 66 relative to the airway tube axial

centerline. By contrast, if the nozzle tip were positioned at a depth within the airway tube

where the airway tube axial centerline is arcuate or angled, rotation of the connection

between the gas delivery circuit 2 1 and the airway tube 60 would cause misalignment of

the jet with the airway tube 60 and poor aerodynamics, which would be unfavorable to



the therapeutic results. Therefore, this arrangement may allow the user to attach the two

pieces without being concerned about rotational alignment, and/or the attachment can

include a rotational swivel to allow the gas delivery circuit tubing to be routed away from

the patient as desired.

[0078] Figure 15 describes an open interface with the distal tip of the gas delivery

nozzle 66 positioned near the transition of the straight section of the airway tube 60 at its

proximal end, to the curved section of the airway tube 60.

[0079] Previous examples of the open airway interface describe connections to the

patient interface that protrude away from the patient. Figures 16 and 17 describe an

alternative connection that is low profile.

[0080] Figure 16 describes an open interface with the catheter attached to a nozzle

connection slot 89 in the proximal end of the airway tube 60. The nozzle connection slot

89 may avoid the need for a bulky connector. The gas delivery circuit 2 1 can attach

directly to the nozzle connection slot 89 with a removably attachable and secure

connection. A slotted proximal end of the airway tube 60 can be the tube itself, a 15mm

connector, or an outer cannula or an inner cannula of the airway tube.

[0081] Figure 17 describes an open interface with a low profile gas delivery nozzle

101 and low profile connector 100 coupled to the airway tube 60, with clips 99 engaging

the outside and/or inside of a proximal end of the airway tube 60. These low profile

connections may be advantageous when the patient is spontaneously breathing and using

the therapy when in public, such that the gas delivery circuit 2 1 and interface can be more

concealed. The clips 99 of the low profile connection may occupy as little of the inner

diameter of the airway tube 60 as possible so as to not restrict flow through the airway

tube 60. The clips 99 can be radially expanding so that the clips 99 engage with adequate

force against the inside wall of the airway tube 60 near the proximal end, for example

with 2-10 lbs radial force, preferably 4-6 lbs. The clips 99 may hold with a friction fit.

The clips 99 can be plastic or metal, for example, ULTEM or nylon, or stainless steel or

NITANOL, respectively. The low profile connection can also include one or more

external clips that attach to an outside of the proximal end of the airway tube, to pinch the



wall of the airway tube to attach to the airway tube 60 with adequate force. To facilitate

the low profile design, the gas delivery circuit 2 1 can include a low profile gas delivery

nozzle 101, which may include a ventilation gas delivery port 46 formed into a side wall

of the gas delivery nozzle 101 at a tip of the gas delivery circuit 21. The gas flow path

may be curved rather than at a right angle flow path near the tip to allow the flow profile

of the gas to develop appropriately before exiting the gas delivery nozzle 101.

[0082] Figures 18 and 19 show an open interface in which the gas delivery circuit 2 1

is attached to an airway tube 60 with an open airway tube adaptor 81 or airway tube

connector with side attachment 82. The airway tube adaptor 8 1 or airway tube side

attachment may include an inspiratory valve 103. Figure 18 shows the inspiratory valve

103 as part of a straight airway tube adaptor 8 1 and Figure 19 describes an airway tube

connector with side attachment 82 coupled to an airway tube 60. The airway tube

connector with side attachment 82 may include an inspiratory valve 103 at an end of the

airway tube connector with side attachment 82 opposite the airway tube 60, and a

respiratory accessory attached to the side connector of the airway tube connector with

side attachment 82. In the example shown, the accessory is a heat and moisture

exchanger (HME) 102, which traps exhaled moisture which can be returned to the patient

during inspiration. The inspiratory valve 103 is typically a low resistance, low cracking

pressure inspiratory valve, which easily opens to allow entrainment of ambient air with

the jet exiting the nozzle. For reference, the inspiratory valve 103 is shown both in the

closed state 108 and in the open state 107. The inspiratory valve 103 may include a valve

seat 104, a valve port 105, and/or a valve diaphragm 106. Inspired air may be drawn

through the inspiratory valve 103, and optionally also through the HME 102. The air

entrained by the jet exiting the gas delivery nozzle 66 may help draw humidified air

trapped by the HME 102 back into the patient's airway during inspiration. A purpose of

the inspiratory valve 103 may be that during exhalation some exhaled air is forced to vent

through the upper airway past the larynx, thus enabling phonation. Components other

than an HME 102 can be used as will be described later. In the various embodiments

described with an inspiratory valve 103, the inspiratory valve 103 may include flow ports

that permit venting of exhaled gas such that enough gas can be exhaled while maintaining

a back pressure to simulate pursed lips breathing. Cracking pressure of the inspiratory



valve 103 may be typically less than 2 cwp, and preferably 0.3-0.8 cwp. Airflow

resistance of the inspiratory valve 103 may be typically less than 10 cwp/L/sec, and

preferably less than 5 cwp/L/sec.

[0083] Figure 20 describes an open interface with a gas delivery circuit 2 1 and an

airway tube connector with side connection 82 coupled to an airway tube 60. In Figure

20, an exhalation PEEP valve 109 is attached to the side connection of the airway tube

connector with side connection 82 and the side opposite the airway tube 60 includes an

inspiratory valve 103. Therefore, the configuration is open to ambient air during

inspiration and partially closed to ambient air during exhalation. During exhalation the

exhalation PEEP valve 109 allows some exhaled airflow, but with a back pressure to

create a desired PEEP level, for example 5 cwp. The resistance of the exhalation PEEP

valve 109 may be for example 5-20 cwp/L/sec to create the desired PEEP level. The

PEEP level can be adjusted to create the PEEP level desired. In Figure 20, the exhalation

PEEP valve 109 is a ball and cage valve with a spring. The tension on the spring

determines the air flow resistance of the exhalation PEEP valve 109. In addition to an

exhalation PEEP valve 109, the valve can be an expiratory valve or pressure relief valve,

or any combination of the above.

[0084] Figures 2 1 and 22 show an open airway system with a gas delivery circuit 2 1

attached to an airway tube 60 with an airway tube adapter 81, and with an airway sensing

extension line 120 extending into the airway tube 60 and/or airway of the patient. In

Figure 2 1 the airway sensing extension line 120 extends from the airway tube adaptor 8 1

into a channel of the airway tube 60. The airway sensing extension line 120 can extend

partway into the airway tube's length as shown, or can extend to a distal tip of the airway

tube 60 or beyond the distal tip of the airway tube 60. The airway sensing extension line

120 may include a distal sensing port 121 at or near the distal tip of the airway sensing

extension line 120, and may include a proximal sensing port 122 near the proximal end of

the airway sensing extension line 120. The proximal sensing port 122 and distal sensing

port 121, when used together can determine air flow through the channel of the airway

tube 60 by applying the Hagen-Poiseuille equation. Because the jet typically creates a

negative pressure in the zone around the gas delivery nozzle 66, a true pressure



measurement may not be possible; however, a microprocessor in the ventilator can apply

a correction factor to the measured value to obtain a derived pressure measurement.

Using the two pressure sensing ports to determine airflow through the airway tube 60

allows for the system to determine the amount of entrainment and amount of

spontaneously inspired air flow through the airway tube. This information can be used to

determine total volume delivered and can be used to adjust the ventilator settings to

create the desired therapeutic levels.

[0085] Figure 22 describes an alternative configuration to Figure 2 1 where an airway

tube sensing line 123 is integrated into the airway tube 60. The gas delivery circuit 2 1

may include a sensing line connector 126 that connects to the airway tube sensing line

123 in the airway tube 60. The airway tube sensing line 123 may extend to the tip of the

airway tube 60, or alternatively can terminate in an airway tube distal sensing port 124

positioned somewhere along the length of the airway tube 60, or alternatively the airway

tube sensing line 123 can include multiple sensing ports, including an airway tube

proximal sensing port 125 and/or the airway tube distal sensing port 124. Alternatively

the airway tube 60 or gas delivery circuit 2 1 can include multiple sensing line extensions.

[0086] Figure 23 describes an open interface with a humidification connector 128 for

a humidification delivery hose 129. In this embodiment, heated humidified air may be

delivered to the airway tube adapter 8 1 via a humidification delivery port 127 so that

when the patient inspires, or when the Jet exiting the nozzle entrains ambient air, the air

being drawn into the interface and patient's airways and lungs is humidified. The

artificially humidified air may compensate for the dry air or oxygen being administered

by the gas delivery catheter 21, and may also compensate for the drying of the airways

that might occur by convective airflow of the ventilation gas along the airway mucosa.

The humidity can be generated at the ventilator by a traditional heated humidifier, or can

be generated by a vaporizer or aerosolizer or misting system. A temperature sensor (not

shown) near the open interface can be provided to send a temperature signal back to the

humidifier to adjust or limit the vapor output and maintained the delivered vapor at a safe

temperature. The humidified gas can be air, oxygen or blended mixtures.



[0087] Figure 24 describes an open interface with a vapor or mist humidif ϊcation

catheter 140. In this embodiment, the humidifϊ cation catheter 140 may be attached to the

airway tube adapter 8 1 in addition to the gas delivery circuit 21. The humidif ϊcation

catheter 140 may deliver moisture to the airway in the form of vapor, mist, or water

droplets. The moisture can be fed under pressure to exit the distal end of the catheter, or

can be entrained out of the distal end of the catheter by the ventilation catheter Jet, or

both. The mist catheter can be a portion of the ventilation catheter tubing, or can be

separate.

[0088] Figure 25 describes an open interface with a humidifϊ cation channel 141 and

humidif ϊcation delivery port 127 integral to the gas delivery circuit 2 1 and gas delivery

nozzle 66, rather than a separate attachment for the mist catheter as shown in Figure 24.

Figure 26 describes an enlarged view of the catheter tip at section B of the system in

Figure 25. Figure 27 describes a cross section of the ventilation catheter at line A-A of

Figure 26. Moisture is conducted to the distal end of the gas delivery circuit 2 1 in a

humidifϊ cation channel 141. The source or generation of the moisture can be by heated

humidif ϊcation or aerosolization, and the moisture can be fed to the distal end of the

catheter under pressure, or can be entrained out of the distal end by the ventilation

catheter Jet, or both. Alternatively, moisture can be brought to the distal end of the

catheter in the ventilation gas delivery channel 144, by entraining or mixing moist gas

into the ventilation gas delivery channel 144 at some location between the ventilator and

the patient. A breath sensing lumen 143 may also be included in the ventilation gas

delivery circuit 2 1.

[0089] Figure 28 describes an embodiment of the invention in which the amount of

oxygen delivered by the therapy is adjustable, and/or monitored, and/or controlled. The

gas delivery circuit 2 1 may include an oxygen delivery port 162 or bleed port, an oxygen

and/or carbon dioxide sensing port 163, and a pressure sensing port 87. In this

embodiment, air rather than oxygen is delivered by the gas delivery nozzle 66 and

oxygen is supplied via an oxygen delivery lumen 164 and oxygen bleed port. The

oxygen may be delivered into the airway tube adapter 81 where it is entrained by the jet

exiting the gas delivery nozzle 66. Optionally, the oxygen is drawn out of the oxygen



delivery port 162 and oxygen delivery lumen 164 by being entrained by the ventilation

gas jet. An oxygen and/or carbon dioxide sensing port 163 and oxygen and/or carbon

dioxide sensing lumen 165 may be used to draw gas from the airway tube adapter 8 1

back to a sensor, typically at the ventilator, to determine the concentrations of oxygen in

the gas in that area, both during exhalation and at other times of the respiratory cycle, to

determine to the amount of oxygen in the patient's airway and lungs. The concentration

detected can be used to increase or decrease the amount of oxygen being bled into the

system, in order to achieve the desired fractional inspired oxygen (FIO2). In addition, the

jet amplitude and duration can be varied in order to achieve the desired FIO2.

Alternatively, the jet parameters and the oxygen bleed in parameters can be selected from

a predetermine set of values in order to achieve the desired FIO2 level. In the example

shown the oxygen can be bled in using a lumen in the gas delivery circuit, however, it

can also be bled in from a separate catheter or tubing that is attached to the connector.

Figure 28 also describes an optional in line thermal sensor 149 and a reference thermal

sensor 161, which can be used to measure respiration by temperature change. An adapter

swivel 147 connection is also shown to help orient the airway tube adapter 8 1 to the

airway tube 60 as desired.

[0090] Figure 29 describes a cross sectional view of the system in Figure 28 at line A-

A, showing the ventilation gas delivery channel 144, the oxygen delivery lumen 164,

oxygen and/or carbon dioxide sensing lumen 165, a humidif ϊcation channel 141, a breath

sensing lumen 143, and a thermal sensor wire 160 and related lumen.

[0091] Figures 30-32 describe different locations and configurations of the airway

pressure sensing port 87 at a distal tip of the gas delivery circuit 21. Figure 30 shows the

sensing port 145 positioned on the anterior side of the distal tip of the gas delivery circuit

2 1 and oriented orthogonal to the direction of exhaled airflow. This location may be

extra sensitive during exhalation since exhaled gas may impinge on the port without any

signal losses or artifacts. Figure 3 1 describes the gas delivery circuit 2 1 with a pressure

sensing port 146 facing the direction of inspired air flow. This location may be extra

sensitive during inspiration since inspired gas may impinge on the port without any signal

losses or artifacts. Figure 32 describes the gas delivery circuit 2 1 with two pressure



sensing ports, one facing the direction of inspired flow 146 and one facing the direction

of exhaled flow 145. This configuration may provide improved sensitivity for both the

inspiratory and expiratory phases. The sensing port can also be oriented to be parallel to

breathing airflow and can be positioned on the lateral sides, the superior surface or the

inferior surface of the nozzle.

[0092] Figures 33-35 describe an embodiment of the invention in which the open

interface can be converted into a closed or partially closed interface. Figure 33 describes

an open interface that is converted to a partially closed interface by attaching a valve

assembly to the airway tube adapter 8 1 of the open interface. The valve assembly may

include an inspiratory valve 103 and an exhalation PEEP valve 109. The exhalation

PEEP valve 109 may include a PEEP valve and a PEEP/PIP relief valve 180. The

inspiratory valve 103 may be a low cracking pressure low resistance valve that allows for

entrainment of ambient gas from the ambient side of the inspiratory valve 103 to the

airway tube 60 and patient. Figure 34 describes a detailed view of the valve assembly of

the system described in Figure 33. In the example shown, the exhalation valve 109 is a

ball check valve, with an exhalation valve seat 167, an exhalation valve ball 168, an

exhalation valve spring 169 to make it a normally closed valve, however, any type of

check valve or one way valve can be used, such as a duck bill valve, a diaphragm valve

or a leaflet valve. The exhalation valve 109 may include a valve adjustment 181 and/or a

valve pilot pressure line 182. During spontaneous breathing, the valve is typically a

passive valve and is opened with a light pressure, such as 1-10 CmH O, preferably 1-3

CmH O, which allows the gas volume in the patient's lung and airways to exhale. During

controlled mechanical ventilation when the patient is not breathing on his or her own, the

valve can be switched to an active valve which is cycled open by the ventilator controls

when the inspiratory phase is completed. In this case the exhalation valve includes a pilot

signal line that transmits a pressure signal from the ventilator to provide the opening or

closing control to the valve. Figure 35 is detailed view of an alternative

inspiratory/expiratory valve 166 of the system described in Figure 34, in which a pilot

signal from the ventilator regulates the opening and closing of the exhalation valve 109

and/or the PEEP level that the exhalation valve 109 creates, and in which there is a PEEP



adjustment to set the PEEP setting and pressure relief setting. Exhaled air may move

from a distal end D to a proximal end P.

[0093] Figure 36 describes an open airway ventilation system in which the gas

delivery circuit 2 1 is connected to a mask-type patient interface, such as a ventilation

mask 183. A mask proximal connector 184 may be open to allow ambient air flow in and

out of the ventilation mask 183. The distal tip and gas delivery nozzle 66 of the gas

delivery circuit 2 1 may be placed inside the ventilation mask 183 and/or inside the mask

proximal connector 184. The system may then provide a positive pressure in the

ventilation mask 183 by the jet and entrained ambient air. The patient may breathe

spontaneously from the source of positive pressure in the ventilation mask 183 as well as

ambient air through the ventilation mask 183. The ventilation mask 183 may include a

ventilation mask seal 185 and/or one or more mask strap connections 186.

[0094] Figure 37 describes an open airway ventilation system in which the gas

delivery circuit 2 1 is connected to a mask-type patient interface, such as a ventilation

mask 183. A mask proximal connector 184 may be open to allow ambient air flow in and

out of the ventilation mask 183. The distal tip and gas delivery nozzle 66 of the gas

delivery circuit 2 1 may be placed outside the ventilation mask 183 and outside the mask

proximal connector 184. The gas delivery circuit 2 1 may be coupled to the ventilation

mask 183 and/or the mask proximal connector 184 via a baffle connector 64 and/or baffle

swivel connector 65. The system may then provide a positive pressure in the ventilation

mask 183 by the jet and entrained ambient air. The patient may breathe spontaneously

from the source of positive pressure in the ventilation mask 183 as well as ambient air

through the ventilation mask 183. The ventilation mask 183 may include a ventilation

mask seal 185 and/or one or more mask strap connections 186.

[0095] Figure 38 describes a system schematic of an embodiment of the overall

invention, in which the ventilator 20 is powered by compressed oxygen and delivers a

high oxygen concentration to the patient, which would be useful in COPD or ARDS

applications in which the patient often requires enriched concentrations of oxygen to be

delivered. The gas source can be a variety of sources; the ventilator 20 can be powered



by a compressed oxygen supply 200, such as a cylinder or compressed oxygen wall

supply, as in a hospital setting. In this case 100% oxygen is delivered to the patient from

the ventilator 20, and the resultant FIO2 of the therapy is a result of the 100% oxygen

plus the entrained ambient air. For example, if 120 ml of 100% oxygen is delivered, and

there is 100% entrainment of ambient gas, i.e., 120 ml of air is entrained, plus there is an

additional 120 ml of ambient air inspired spontaneously by the patient, then the total gas

received by the lungs is 360 ml at 47.33% FIO2. Optionally, compressed air from a

compressed air supply 189 can be connected to the ventilator 20 and blended by a blender

187 coupled to an external compressor 188. The compressed air may be blended with the

compressed oxygen before entering the ventilator 20 or blended while inside the

ventilator 20 to adjust the oxygen concentration of the ventilation gas being delivered.

[0096] Figure 39 describes a system schematic of an embodiment of the overall

invention, in which the ventilator 20 is powered by blended compressed air and oxygen,

and delivers a blended concentration of air/oxygen to the patient. In this embodiment, the

ventilator 20 may include an internal compressor-turbine 202, which would be useful in a

neuromuscular application, in which high oxygen concentrations is often not required by

the patient. Optionally, the compressor-turbine may be external. Compressed air and

oxygen may be blended using a blender 187 external or internal to the ventilator 20, to

select and create the oxygen concentration required for the situation. Figure 44 also

shows humidity being bled into the system from a humidifier unit 201 via a

humidif ϊcation delivery hose 129, as previously described.

[0097] Figure 40 describes a system schematic of an embodiment of the overall

invention, in which the ventilator 20 is powered by compressed air, and bleeds in oxygen

from a compressed oxygen supply 200 to deliver a blended supply of air/oxygen to the

patient. The compressed air is generated by an internal compressor or external

compressed air source, or both. In a preferred embodiment, the oxygen is blended into

the ventilator gas delivery circuit 2 1 from an oxygen concentrator 206 or a source of

liquid oxygen 207, which can create oxygen out of the surrounding ambient air. This is

useful in situations where access to oxygen deliveries is expensive or logistically

complicated. The blender 187 can be inside or outside of the ventilator 20. Because the



gas being delivered in the gas delivery circuit 2 1 is typically being delivered at speeds

greater than 50m/sec, the speed may suck the oxygen into the gas delivery circuit 2 1 if

appropriate valves are used. In an optional embodiment, the system may include an

airway gas scavenging system in which some gas from the airway tube is conducted away

from the airway tube to an oxygen analyzer 203, a carbon dioxide analyzer 204, or a

combined device, which is typically inside of the ventilator 20, and which measures

oxygen concentration and/or carbon dioxide concentration. This reading may allow the

ventilator 20 or caregiver to know the oxygen concentration in the airway tube that is

then correlated to the oxygen concentration in the airways and lung, and, therefore, the

FIO2. Pulse oximetry may also be used to establish whether or not the proper air/oxygen

mixture is being delivered and what if any adjustment needs to be made. Figure 40 also

shows an optional embodiment in which an impedence breathing volume sensor 209, for

example, a thoracic impedance sensor, is used to determine the amount of volume

entering the lung during inspiration. The one or more sensors may be controlled by a

microprocessor control system 209. In this embodiment, the lung volume information is

used to determine the effect of the therapy in the open system, i.e., what is the tidal

volume in an open ventilation system. The information can be used to titrate and adjust

the parameters, for example increase or decrease the amount of entrainment by adjusting

the jet parameters. Tidal volume information can obviate the need for oxygen or carbon

dioxide sensors in that if the lung volume and ventilator oxygen volume output is known,

then the fractional oxygen concentration in the tidal volume can be calculated.

[0098] In the various embodiments of the present invention, the therapy can include a

ventilator gas output of 21-100% oxygen. Or, supplemental oxygen gas can be delivered

at various alternative locations, and at various points within the breath cycle (inspiration,

expiration, cyclically and continuously). The ventilator output can be synchronized with

all possible alternatives of the inspiratory cycle, such as early delivered early in

inspiration, delivered after a delay, at the middle of inspiration, at the end of inspiration,

or overlapping with inspiratory/expiratory phase transition.

[0099] Embodiments of the present invention may include various patterns and

configurations of fenestrations in the airway tube to allow gas from the airway to also be



entrained into the airway tube and out the airway tube distal end toward the lungs. The

shape of fenestrations may be circular, oval, or any other reasonable shape, and the

fenestrations may be located at any location on the airway tube.

[00100] The breathing sensors may be part of the ventilation catheter as is typically

shown, or may be part of the airway tube, or maybe inside or outside of the airway, or

may be a sensor not associated with the catheter or airway tube. These sensors can

measure the patient's respiration pattern for synchronization of the ventilator as desired,

and can also measure the entrainment, so the system intelligently knows what the

entrainment levels are. This later information can be used to alter the configuration to

adjust the source and amplitude of the entrainment. One or more pressure taps may be

used to measure gas flow through the airway tube.

[00101] 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 described in connection with one embodiment of the

invention may be used in conjunction with other embodiments, even if not explicitly

stated above.
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CLAIMS

1. A ventilation system comprising:

a ventilator for supplying ventilation gas;

a patient interface, wherein the patient interface comprises a distal end in

communication with a patient airway, a proximal end in communication with ambient air,

and an airflow channel between the distal end and the proximal end;

a gas delivery circuit, wherein the gas delivery circuit is adapted to attach to the

patient interface without occluding the patient interface to allow ambient air to flow from

outside the patient interface to the patient airway; and

wherein the ventilation gas entrains air from ambient and from the patient airway.

2 . The ventilation system of claim 1, wherein the ambient air flows through

the patient interface at least during application of the ventilation gas.

3. The ventilation system of claim 1, wherein the patient interface is selected

from the group consisting of: an airway tube; a mask; a cannula; and combinations

thereof.

4 . The ventilation system of claim 1, wherein a distal end of the gas delivery

circuit connects to an inner surface of the patient interface via a connector.

5 . The ventilation system of claim 1, wherein a distal end of the gas delivery

circuit attaches to the patient interface via a connector, wherein the connector comprises

one or more valves allowing airflow between the patient airway and ambient.

6 . The ventilation system of claim 1, wherein the ventilator gas is delivered

in a cycle selected from the group consisting of: as a volume synchronized with the

patient's inspiratory cycle, in which the volume is selected by the user; continuously; as a

volume delivered cyclically at a rate determined by the ventilator; as a volume cyclically

synchronized with the patients breathing, and with a back up rate to deliver a mandatory

number of breaths over a period of time; as a volume cyclically during an inspiratory

cycle to reduce the work of breathing, and during an expiratory cycle to create PEEP; and

combinations thereof.

7 . The ventilation system of claim 1, further comprising a nozzle on a distal

end of the gas delivery circuit, and wherein the nozzle is positioned outside the patient

interface when supplying ventilation gas.



8. The ventilation system of claim 1, further comprising one or more

fenestrations between the distal end and proximal end of the patient interface, and a

nozzle on a distal end of the gas delivery circuit, wherein the nozzle is located within the

patient interface, and wherein the nozzle is positioned in proximity to the one or more

fenestrations when supplying ventilation gas.

9 . The ventilation system of claim 1, further comprising a nozzle on a distal

end of the gas delivery circuit and wherein the nozzle is angled to direct the ventilation

gas toward an opening in the distal end of the patient interface.

10. A ventilation system comprising :

a ventilator for supplying ventilation gas;

a patient interface, wherein the patient interface comprises a distal end in

communication with a patient airway, a proximal end in communication with ambient air,

and an airflow channel between the distal end and the proximal end;

a gas delivery circuit, wherein the gas delivery circuit is adapted to attach to the

patient interface without occluding the patient interface to allow ambient air to flow from

outside the patient interface to the patient airway; and

wherein the gas delivery circuit comprises a nozzle on a distal end of the gas

delivery circuit, and wherein the nozzle is positioned outside the patient interface when

supplying ventilation gas.

11. The ventilation system of claim 10, wherein the ambient air flows through

the patient interface at least during application of the ventilation gas.

12. The ventilation system of claim 10, wherein the patient interface is

selected from the group consisting of: an airway tube; a mask; a cannula; and

combinations thereof.

13. The ventilation system of claim 10, wherein a distal end of the gas

delivery circuit connects to an inner surface of the patient interface via a connector.

14. The ventilation system of claim 10, wherein a distal end of the gas

delivery circuit attaches to the patient interface via a connector, wherein the connector

comprises one or more valves allowing airflow between the patient airway and ambient.

15. The ventilation system of claim 10, wherein the ventilator gas is delivered

in a cycle selected from the group consisting of: as a volume synchronized with the



patient's inspiratory cycle, in which the volume is selected by the user; continuously; as a

volume delivered cyclically at a rate determined by the ventilator; as a volume cyclically

synchronized with the patients breathing, and with a back up rate to deliver a mandatory

number of breaths over a period of time; as a volume cyclically during an inspiratory

cycle to reduce the work of breathing, and during an expiratory cycle to create PEEP; and

combinations thereof.

16. The ventilation system of claim 10, wherein the ventilation gas entrains air

from ambient and from the patient airway.

17. A ventilation system comprising :

a ventilator for supplying ventilation gas;

a patient interface, wherein the patient interface comprises a distal end in

communication with a patient airway, a proximal end in communication with ambient air,

and an airflow channel between the distal end and the proximal end;

one or more fenestrations between the distal end and the proximal end of the

patient interface;

a gas delivery circuit, wherein the gas delivery circuit is adapted to attach to the

patient interface without occluding the patient interface to allow ambient air to flow from

outside the patient interface to the patient airway; and

wherein the gas delivery circuit comprises a nozzle located within the patient

interface, and wherein the nozzle is positioned in proximity to the one or more

fenestrations when supplying ventilation gas.

18. The ventilation system of claim 17, wherein the ambient air flows through

the patient interface at least during application of the ventilation gas.

19. The ventilation system of claim 17, wherein the patient interface is

selected from the group consisting of: an airway tube; a mask; a cannula; and

combinations thereof.

20. The ventilation system of claim 17, wherein a distal end of the gas

delivery circuit connects to an inner surface of the patient interface via a connector.

21. The ventilation system of claim 17, wherein a distal end of the gas

delivery circuit attaches to the patient interface via a connector, wherein the connector

comprises one or more valves allowing airflow between the patient airway and ambient.



22. The ventilation system of claim 17, wherein the ventilator gas is delivered

in a cycle selected from the group consisting of: as a volume synchronized with the

patient's inspiratory cycle, in which the volume is selected by the user; continuously; as a

volume delivered cyclically at a rate determined by the ventilator; as a volume cyclically

synchronized with the patients breathing, and with a back up rate to deliver a mandatory

number of breaths over a period of time; as a volume cyclically during an inspiratory

cycle to reduce the work of breathing, and during an expiratory cycle to create PEEP; and

combinations thereof.

23. The ventilation system of claim 17, wherein the ventilation gas entrains air

from ambient and from the patient airway.

24. The ventilation system of claim 17, wherein the nozzle is angled to direct

the ventilation gas toward an opening in the distal end of the patient interface.
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