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METHODS AND DEVICES FOR TREATING SLEEP APNEA

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority to U.S. Provisional Patent Application No.
60/960,362, filed September 26, 2007, the content of which is incorporated by reference
herein in its entirety. This application incorporates by reference U.S. Non-Provisional
Patent Application No. 10/870,849, filed June 17, 2004, and U.S. Non-Provisional Patent
Application No. 10/771,803, filed February 4, 2004, the contents of which arc

incorporated by reference herein in their entireties.

FIELD OF THE INVENTION

The present invention relates to ventilation therapy for persons suffering from
breathing disorders, such as obstructive sleep apnea and central sleep apnea. More
specifically, the present invention relates to methods and apparatus for restoring,

augmenting, or providing ventilation to the lungs using a ventilation catheter.

BACKGROUND OF THE INVENTION

There are two forms of sleep apnea known in the art. Central sleep apnea (CSA)
is the loss of neurological drive to breathe. Obstructive sleep apnea (OSA) syndrome, the
more common form of the two, is a physical obstruction of the oropharyngeal arca of the
upper airway. Due to morphology and neuromuscular tone, the tissue structures can
close and remain closed for a prolonged period of time during sleep. These apneic
episodes are followed by sudden attempts to breathe, which may cause partial arousal to a
lighter state of sleep. The result is fragmented sleep, and, more importantly,

cardiovascular disecase and other diseases. Conventional therapy for OSA is delivery of
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continuous positive airway pressure (CPAP) from a pressure generator unit, delivered via
a mask worn on the face, thereby, delivering positive pressure to the airway to keep the
airway propped open.

OSA therapy is unique from all other forms of ventilation therapy in that the
patient has to use the therapy only during sleep. Use during sleep requires that the
therapy and devices be comfortable and un-obtrusive for a successful treatment. CPAP
has significant unmet needs in that it is highly obtrusive and uncomfortable, because of
which a majority of people with OSA remain untreated.

To address the limitations of CPAP, other therapies and interventions have been
attempted. Less conventional therapies to treat OSA include tissue ablation, tissue
resection, mandibular advancement appliances, implants, magnets and tissue suction
devices. These approaches are all intended to prevent the obstruction of the oro-
pharyngeal airway, however, cach has disadvantages. Ablation and resection do not
work because too much airway must be removed or reduced, thus affecting other airway
functions, like swallowing and speech. Implants and magnets do not work because the
procedures and devices cither do not affect enough of the anatomy to prevent
obstructions, or affect too much of the anatomy and adversely affect other airway
functions. Suction devices and oral appliances do not work because of user
unfriendliness.

Needs exist for approaches that prevent obstruction in a safe and effective
manner, while at the same time preserving function of the oro-pharyngeal airway and
avoiding any adverse side effects. Needs also exist for methods and apparatus that are
less-obtrusive and more comfortable.

Other ventilation-based therapies using catheters or cannula have been described
in the prior art. Jacobs (“Transtracheal Catheter Ventilation: Clinical Experience in 36
Patients”; Chest 1974; 65;36-40) describes ventilating non-spontaneously breathing
patients with a transtracheal catheter. McGinley (“A nasal cannula can be used to treat
obstructive sleep apnea”; Am J Respir Crit Care Med. 2007 Jul 15; 176(2):194-200)
describes nocturnal treatment of OSA by nasal delivery of oxygen using modified oxygen

therapy nasal prongs. Christopher (“Oxygen Therapy Using Pulse and Continuous Flow
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With a Transtracheal Catheter and a Nasal Cannula”; Chest 1994; 106:854-860) describes
treating oxygen dependent patients using a transtracheal catheter for synchronizing the
delivery of oxygen therapy to conserve oxygen. Breitenbiicher (“Transtracheal oxygen
therapy in obstructive sleep apnea syndrome”; Schweiz Med Wochenschr. 1989 Nov 18;
119(46):1638-41) describes nocturnal treatment of OSA using a transtracheal cannula for
continuous flow of gas. Christopher (U.S. Patent Publication No. 2005/0121038)
describes a nasal catheter advanced toward the pharynx to directly ventilate the pharynx.
Christopher (U.S. Patent No. 5,954,050) describes a diagnostic transtracheal catheter
equipped with respiration sensors used for diagnosing sleep apnea while providing
continuous flow oxygen therapy.

While these catheter-based approaches have had some measure of clinical
success, they are not effective enough to be embraced as mainstream therapies. The nasal
cannula-based approaches tend to be effective with snoring or light OSA, but not
moderate or severe OSA, because of the limited pressure it can create at the oropharynx.
The transtracheal approaches tend not to have the fidelity and control system intelligence
to make the therapies effective over a range of patient and clinical conditions, and, also,
do not direct ventilation gas in the most optimal manner.

Needs exist for more effective ways to prevent or treat sleep apnea using catheter

ventilation based systems and methods that address the aforementioned shortcomings.

SUMMARY OF THE INVENTION

The current invention is an improvement over existing sleep apnea ventilation
therapies. The present invention prevents obstruction of the airway, or alternatively
ventilates the lung during an obstruction, with a catheter-based system that is less
obtrusive than CPAP, thereby improving compliance and efficacy of the therapy.

In addition, the invention provides improved prediction of the onset of an apneic
episode so that the therapy can intervene in a more precise, intelligent and more tolerant

manner for the patient. Embodiments of the present invention may include one or more
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of the following features: (1) catheter-based synchronized ventilation of the lung and/or
oropharyngeal airway; (2) catheter-based pressurization of the oropharyngeal airway to
prevent or reverse airway obstruction; (3) retrograde ventilation of the oropharyngeal
airway; (4) using breathing effort and breathing sensors for apnea prediction and
detection and for regulating the therapeutic parameters.

Embodiments of the present invention may include an apparatus for treating sleep
apnea having a ventilator for delivering ventilation gas; a control system for the
ventilator; a transtracheal ventilation catheter for insertion into a trachea; a distal tip on
the transtracheal ventilation catheter; one or more sensors for detecting a breathing cycle;
a ventilation gas delivery circuit connecting the ventilator to the transtracheal ventilation
catheter; wherein the control system operates the ventilator such that ventilation gas is
delivered in synchrony with the breathing cycle; and wherein the distal tip delivers the
ventilation gas in a direction selected from the group consisting of superiorly from the
transtracheal ventilation catheter towards an upper airway, inferiorly from the
transtracheal ventilation catheter towards a lung, and combinations thercof.

The control system may operate the ventilator such that ventilation gas is
delivered in a manner selected from the group consisting of during an inspiration phase of
the breathing cycle, during an expiration phase of the breathing cycle, during both an
inspiration phase and an expiration phase of the breathing cycle, continuously during the
breathing cycle, cyclically during the breathing cycle, with a flow amplitude that
increases over time, with flow rates adjusted by the control system in response to
measurements from the one or more sensors, and combinations thercof. The ventilation
gas may be delivered at a low flow rate and a high pressure, or at a high frequency. The
ventilation gas may be delivered as a jet. The ventilation gas may be delivered in a
manner selected from the group consisting of preemptively to prevent or minimize an
obstruction or apneic event, while an obstruction or apneic event is developing, in
reaction to an obstruction or apneic event, and combinations thereof.

The one or more sensors may be coupled to the transtracheal ventilation catheter,
or external to the trachea. The one or more sensors may be one or more airflow sensors

in the trachea and one or more pressure sensors in the trachea. Signals from the one or
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more airflow sensors and signals from the one or more pressure sensors may be combined
by the control system to activate the ventilator. The one or more sensors may be a first
sensor for measuring actual respiration air movement and a second sensor for measuring
direct or indirect respiratory muscle effort, and wherein the control system processes
signals from the first sensor and the second sensor to distinguish conditions selected from
the group consisting of light breathing, an obstruction, a reduced respiratory drive, and
combinations thercof, wherein the control system activates the ventilator to deliver
ventilation gas if the first sensor measures a signal that is abnormally low in amplitude
and the second sensor simultancously measures a signal that is abnormally high in
amplitude.

The apparatus may include a humidifier. The ventilation catheter may be inserted
through a stoma guide. The distal tip may curve superiorly towards the upper airway
within the trachea. The transtracheal ventilation catheter include multiple lumens with a
function selected from the group consisting of delivering gas toward the lung, delivering
gas toward the upper airway and away from the lung, monitoring pressure of the trachea,
containing breath sensor wiring, or combinations thercof. The distal tip may include two
ventilation gas exit ports, wherein a first gas exit port directs ventilation gas toward the
lung and a second gas exit port directs gas superiorly away from the lung toward the
upper airway. The distal tip may include a bifurcation, wherein a first part of the
bifurcation is curved or angled inferiorly toward the lung and a second part of the
bifurcation is curved or angled superiorly away from the lung toward the upper airway.
The ventilation apparatus may operate in a first mode during daytime use for respiratory
insufficiency using a first set of parameters and in a second mode during nocturnal used
during sleep using a second set of parameters.

Embodiments of the present invention may include a method of treating sleep
apnea including inserting a transtracheal ventilation catheter with a distal tip into a
trachea; measuring a breathing cycle with one or more sensors; controlling a ventilator
with a control system based upon signals from the one or more sensors; delivering
ventilation gas from the ventilator to the transtracheal ventilation catheter through a

ventilation gas delivery circuit in synchrony with the breathing cycle; and wherein the
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distal tip of the transtracheal ventilation catheter directs the ventilation gas in a direction
selected from the group consisting of superiorly from the transtracheal ventilation
catheter towards an upper airway, inferiorly from the transtracheal ventilation catheter
towards a lung, and combinations thereof.

Embodiments of the present invention may include a ventilation apparatus for
treating sleep apnea including a ventilator for delivering ventilation gas; a control system
for the ventilator; a trans-oral ventilation catheter for insertion into an oral cavity; a distal
tip on the trans-oral ventilation catheter; one or more first sensors; one or more second
sensors; wherein signals from the one or more first sensors and the one or more second
sensors are combined to determine a breathing cycle; a ventilation gas delivery circuit
connecting the ventilator to the trans-oral ventilation catheter; wherein the control system
operates the ventilator such that ventilation gas is delivered in synchrony with the
breathing cycle; and wherein the distal tip delivers the ventilation gas in a direction
inferiorly from the trans-oral ventilation catheter towards a lung.

Embodiments of the present invention may include a method of treating sleep
apnea including inserting a trans-oral ventilation catheter with a distal tip into an oral
cavity; measuring a breathing cycle with one or more first sensors and one or more
second sensors; controlling a ventilator with a control system based upon signals from the
onc or more first sensors and the one or more second sensors; delivering ventilation gas
from the ventilator to the trans-oral ventilation catheter through a ventilation gas delivery
circuit in synchrony with the breathing cycle; and wherein the distal tip of the trans-oral
ventilation catheter directs the ventilation gas in a direction inferiorly from the trans-oral
ventilation catheter towards a lung.

Embodiments of the present invention may include a ventilation apparatus for
treating sleep apnea including a ventilator for delivering ventilation gas; a control system
for the ventilator; a trans-nasal ventilation catheter for insertion into an nasal cavity; a
distal tip on the nasal-oral ventilation catheter; one or more first sensors; one or more
second sensors; wherein signals from the one or more first sensors and the one or more
second sensors are combined to determine a breathing cycle; a ventilation gas delivery

circuit connecting the ventilator to the trans-nasal ventilation catheter; wherein the
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control system operates the ventilator such that ventilation gas is delivered in synchrony
with the breathing cycle; and wherein the distal tip delivers the ventilation gas in a
direction inferiorly from the trans-nasal ventilation catheter towards a lung.

Embodiments of the present invention may include a method of treating sleep
apnea including inserting a trans-nasal ventilation catheter with a distal tip into an nasal
cavity; measuring a breathing cycle with one or more first sensors and one or more
second sensors; controlling a ventilator with a control system based upon signals from the
onc or more first sensors and the one or more second sensors; delivering ventilation gas
from the ventilator to the trans-nasal ventilation catheter through a ventilation gas
delivery circuit in synchrony with the breathing cycle; and wherein the distal tip of the
trans-nasal ventilation catheter directs the ventilation gas in a direction inferiorly from the
trans-oral ventilation catheter towards a lung.

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 FIGURES

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:
Fig. 1 is a diagram showing prior art for treating OSA with CPAP therapy.

Fig. 2a is a diagram showing a transtracheal ventilation method and apparatus for
treating OSA, including a transtracheal ventilation catheter, gas delivery circuit, breath

sensing, ventilator, and ventilation control system.
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Fig. 2b describes the ventilation catheter and gas delivery circuit of Fig. 2a in

more detail, in which the breath sensing is performed with a pressure sensing lumen.

Fig. 2¢ describes an alternative to Fig. 2b in which the sensing is performed with

an active intratracheal sensor.

Fig. 2d describes an alternative to Fig. 2¢ in which the sensing is performed with

both an active intratracheal sensor and a pressure sensing lumen.

Fig. 3 is a graph showing when the transtracheal ventilation is activated in

reaction to an obstruction or apneic event.

Fig. 4 is a graph showing when the transtracheal ventilation is activated in

anticipation of an obstruction or apneic event.

Fig. 5 is a graph showing when the transtracheal ventilation is activated

proactively to prevent an obstruction or apneic event.

Fig. 6 is a graph showing when the transtracheal ventilation is activated to
alleviate an obstruction or apneic event, where the ventilation gas is synchronized with

the inspiratory phase of the breath cycle.

Fig. 7 is a graph showing when the transtracheal ventilation is activated to
alleviate an obstruction or apneic event, where the ventilation gas is delivered as a

continuous flow.

Fig. 8 is a graph showing when the transtracheal ventilation is activated to
alleviate an obstruction or apneic event, where the ventilation gas is delivered at a
periodicity that is predicted from past history of the patient’s breath rate, or alternatively
delivered at a predetermined rate and possibly asynchronous with the patient’s breath

effort.

Fig. 9 is a graph showing when the transtracheal ventilation is activated to
alleviate an obstruction or apneic event, where the ventilation gas is synchronized with
the inspiratory phase of the breath cycle, and the ventilation gas delivery has variably
increasing strength, such as volume, speed, or pressure, until alleviation of the

obstruction is detected, at which time the ventilation gas delivery strength subsides.

8
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Fig. 10 is a graph showing when the transtracheal volume delivery is activated
proactively to help prevent an obstruction or apneic event, where, when an obstruction or
apneic event occurs, transtracheal ventilation gas flow alternates between volume
deliveries during the inspiratory phase and continuous flow in-between volume

deliveries.

Fig. 11 is a graph showing when the transtracheal ventilation is activated
proactively with continuous flow to help prevent an obstruction or apneic event or to help
prevent desaturation, and where, when an obstruction or apneic event occurs, the
transtracheal ventilation gas flow alternates between a volume delivery during the

inspiratory phase, and a continuous flow in-between volume deliveries.

Fig. 12 is a graph showing when the transtracheal ventilation is activated
proactively with continuous flow to help prevent an obstruction or apneic event or to help
prevent desaturation, and wherein the amplitude of the continuous flow increases when
an obstruction or apneic event is detected, and then subsides after the apneic event is

corrected.

Fig. 13 is a graph showing when the transtracheal ventilation is activated to
alleviate an obstruction or apneic event wherein the ventilation gas is delivered in
synchronization with the patient’s expiratory phase, and where the ventilation gas is
delivered in a retrograde direction, i.c., away from the lungs and toward the

oropharyngeal airway.

Fig. 14ais a graph showing when the transtracheal ventilation is synchronized to
deliver augmentation to the lung during the inspiratory phase and augmentation in a

retrograde direction toward the oropharyngeal airway during exhalation.

Fig. 14b is a graph showing when the transtracheal ventilation is synchronized to
deliver augmentation to the lung during the inspiratory phase and during the expiratory

phase.

Fig. 15ais a graph showing when the transtracheal ventilation is synchronized to
deliver augmentation to the lung during the expiratory phase and augmentation in a

retrograde direction toward the oropharyngeal airway during the inspiratory phase.

9
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Fig. 15b is a graph showing when the transtracheal ventilation is synchronized to
deliver augmentation in the retrograde direction toward the oropharyngeal airway during

the inspiratory phase and during the expiratory phase.

Fig. 16ais a diagram showing a retrograde transtracheal ventilation method and
apparatus used to treat obstructive sleep apnea, in which ventilation gas is delivered in a

retrograde fashion toward the oropharyngeal airway.
Fig. 16b describes the retrograde catheter of Fig. 16a.

Fig. 17ais a diagram showing a transtracheal ventilation apparatus and method
used to treat obstructive sleep apnea in which a ventilator and bidirectional transtracheal
catheter are configured to deliver gas in both the direction of the lung and the

oropharyngeal airway.
Fig. 17b describes the ventilator of Fig. 16a with the distal tip curved superiorly.
Figs. 18a and 18b arc diagrams showing a bidirectional ventilation catheter in

which the catheter distal tip is curved in the direction of retrograde flow toward the

oropharyngeal airway of Fig. 17a with two lumens used for the bidirectional flow.

Figs. 19a and 19b arc diagrams showing a bidirectional ventilation catheter of Fig.

17a with two lumens and a bidirectional tip.

Fig. 19c¢ is a diagram showing a bidirectional ventilation catheter of Fig. 17a with

the distal tip curved inferiorly.

Fig. 19d is a diagram showing a bidirectional ventilation catheter of Fig. 17a with

the distal tip curved greater than 210 degrees.

Fig. 20 is a graph showing when the transtracheal ventilation is activated to
alleviate an obstruction or apneic event, where the augmentation flow to the lung is
synchronized with the inspiratory cycle of the patient and the retrograde flow is

synchronized with the expiratory cycle of the patient.

Fig. 21 is a graph showing when the transtracheal ventilation is activated to

alleviate an obstruction or apneic event, where both the augmentation flow to the lung

10
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and the retrograde flow to the oropharyngeal airway are synchronized with the inspiratory

cycle of the patient.

Fig. 22 is a graph showing when the transtracheal ventilation is activated to
alleviate an obstruction or apneic event, where the augmentation flow to the lung is
synchronized with the inspiratory cycle of the patient, and retrograde flow toward the

oropharyngeal airway is delivered at a high frequency of volume oscillations.

Fig. 23 is a graph showing when the transtracheal ventilation is activated to
alleviate a potential obstruction or apneic event, where augmentation flow to the lung is
synchronized with the inspiratory cycle of the patient during unobstructed breathing, and
where retrograde continuously increasing flow is delivered toward the oropharyngeal

airway.

Figs. 24a and 24b is a diagram showing a trans-oral ventilation method, ventilator

and catheter used to treat sleep apnea.

Figs. 25a and 25b is a diagram showing a trans-nasal ventilation method,

ventilator and catheter used to treat sleep apnea.

Fig. 26 is a diagram showing a transtracheal ventilation method, ventilator and
catheter for treating OSA, including an external breath sensor to detect respiration and

obstruction or apneic events.

Fig. 27 is a graph showing administering the transtracheal ventilation method,

over a period of time.

11
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List of reference symbols used in the Figures

lung

trachea

ventilator

ventilator gas output

oropharyngeal airway

upper airway

inspiratory flow

expiratory flow

inspiratory pressurc

expiratory pressure

ventilation flow

retrograde gas flow

time

airway flow signal

airway pressure signal

inferior side

superior side

ventilation catheter neck flange
connection

oropharyngeal obstruction

transtracheal catheter

transtracheal catheter with retrograde flow
transtracheal catheter with normal and retrograde flow
inferior gas exit port

stoma

superior gas exit port

ventilation gas delivery circuit

gas delivery circuit

gas delivery circuit

normal airflow signal

reduced airflow signal

increased breath cffort signal

ventilator flow/volume synchronized with inspiration
continuous flow

increasing ventilator continuous flow signal

ventilator flow/volume at rate based on past breath rate history

ventilator volume in retrograde direction

ventilator flow/volume synchronized with exhalation
cyclical volume delivery

obstructed breath signal

retrograde high frequency volume delivery

retrograde ramping continuously increasing flow delivery

proximal end connector
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61
62
63
64
65
66
67
68
70
72
74
75
76
77
78
79
80
82
84
85
86
88
90
92
100
120
121
123
125
130
131
133
135
136
160
161
162
163
165
168
169
170
171
172
180

gas delivery channel connector
respiration sensor connector

pressure monitoring lumen connector
main channel

secondary lumen

delivery circuit pneumatic sensing lumen
combined connector

detachable connector

CPAP ventilation mask

CPAP ventilator

CPAP single limb breathing circuit
mask vent port

flow generator

pressure sensor

control system

control valve

intra-tracheal airflow sensor

sensor wires

sensor wire lumen

tubing

pressure sensing port

pressure sensing lumen

catheter distal tip restriction

catheter distal tip section

retrograde catheter

combined retrograde and normal direction ventilation catheter
gas delivery channel

gas delivery channel

combined retrograde and normal direction gas delivery lumen
stoma guide

stoma guide neck flange

stoma guide pedals

stoma guide strap

stoma guide keyway

gas delivery pressure sensor

gas delivery mechanism

pressure monitoring line

gas delivery control system

gas delivery control valve

humidifier

patient spontaneous respiration sensor
dual control valve

lung directed valve gas output
retrograde directed valve gas output
dual connector
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181
182
200
220
222
224
225
230
232
234
235
236
300
302
304
306
308
310
312
314

lung directed gas flow connector
retrograde directed gas flow connector
trans-nasal catheter

trans-oral catheter

lingual flange

buccal flange

ventilation circuit neck strap
oral breath sensor

intra-oral breath sensor

nasal breath sensor

flange

intra-nasal breath sensor
external airflow sensor

external airflow sensor securing tape or head strap
external airflow sensor wireless signal transmission

external airflow sensor signal wire
ventilator airflow sensor signal receiver
wireless external breath effort sensor
external breath effort sensor

external breath effort sensor wire
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DETAILED DESRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 illustrates a continuous positive airway pressure (CPAP) system, which is
the state-of-the-art therapy for treating obstructive sleep apnea (OSA). When an
oropharyngeal obstruction 8 occurs, the patient can no longer breathe spontancously
through their mouth or nose. The oropharyngeal obstruction 8 may occur above a trachea
(T) and an upper airway (UA). For treatment, CPAP is delivered with a CPAP ventilator
72, a CPAP single limb breathing circuit 74, and a CPAP ventilation mask 70 with one or
more mask vent ports 75. Pressurized gas is delivered to the upper airway (UA) to
prevent the oropharyngeal airway (OA) from obstructing. All of the gas being received
by the lungs of the patient is received from the CPAP ventilator 72 because the CPAP
system is a closed system. The pressurized gas is created by a pressure or flow generator
76, typically a blower, in the CPAP ventilator 72. During exhalation, the patient exhales
through the one or more mask vent ports 75 and back through the CPAP single limb
breathing circuit 74. The CPAP ventilator 72 also includes a pressure sensor 77, a
control system 78 and a control valve 79 to control CPAP ventilator 72. CPAP therapy is
unpopular due to the invasiveness of a closed system, the obtrusiveness of wearing the
mask, the unnatural feeling of positive pressure delivery and exhalation, and added

artificial heated humidification (not shown).
Figs. 2 - 27 illustrate various embodiments of the present invention.

Fig. 2 illustrates an embodiment of the invention in which a minimally invasive
open airway transtracheal ventilation system may be used to prevent, minimize or reverse
an upper airway obstruction, or provide ventilation while there is an obstruction. The
present invention may include a ventilator (V) with a gas delivery mechanism 161, a gas
delivery control system 163, a gas delivery control valve 165, a gas delivery pressure

sensor 160, and a patient spontancous respiration sensor 169.

The gas delivery mechanism 161 can include a piston, blower, pump, gas

accumulator, pressurized gas source or liquid oxygen source, or can simply be an input

15
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from an external gas source. The output of the gas delivery mechanism 161 may be
controlled by a gas delivery control valve 165 or a proportional valve. The gas delivery
control system 163 may receive information from either or both of a respiration sensor
internal to the ventilator, or a respiration sensor external to the ventilator, for example, an
intra-tracheal airway sensor 80, as shown, or a pressure sensing lumen described later.
The gas delivery control system 163 may receive input from a gas delivery pressure
sensor 160 and/or respiration sensor or other sensors. The gas delivery control system
163 may control the ventilation gas delivery mechanism 161 and the gas delivery control

valve 165 to provide a desired therapeutic output and effect on the patient.

The present invention also includes a ventilation gas delivery circuit 20, and a
transtracheal catheter 10, which may include the respiration sensor such as, for example,
the intra-tracheal airflow sensor 80. Ventilation gas can be air, oxygen or blended air and
oxygen. Humidity can be fed into the gas delivery circuit from an optional humidifier

168.

One or more respiration sensors, such as the intra-tracheal airflow sensor 80, and
the gas delivery control system 165 may be critical in monitoring a patient’s breathing,
predicting or detecting of the presence of obstructions or apneic episodes, and
synchronizing the ventilator (V) output with the patient’s respiration. The one or more
respiration sensors can measure airflow in the trachea (T), measure tracheal pressure, or
both. When measuring airflow, the airflow signal reduces during an upper airway
obstruction because the obstruction reduces the actual airflow through the trachea. When
measuring pressure, the tracheal pressure signal may increase during an obstruction
because of the increased pressure drop occurring in the trachea. As will be described
throughout, a dual sensing approach may be preferred because one sensor is used for
measuring actual respiration while the other sensor is used for measuring respiration
effort. The combination of the two measurements may allow the system to distinguish
between apnea and light breathing or between OSA and CSA. The two measurement
system may provide more predictive information than a single sensor. For example,
actual respiration can be sensed via sensing airflow in the trachea, and respiration effort

can be sensed via measuring tracheal pressure or chest movement.
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The one or more intra-tracheal airflow sensors 80 can be, for example, one or
more thermal sensors detecting direction of airflow in the trachea T, pressure sensors
such as strain gage sensors, a pressure monitoring lumen terminating in a pressure
monitoring port, airflow sensors such as a heated wire anemometer, an accelerometer
sensor, or a gas composition sensor such as a CO; sensor. The one or more intra-tracheal
airflow sensors 80 can optionally be in contact with tissue. If the one or more intra-
tracheal airflow sensors 80 are in contact with tissue, they may be, for example, pulse
oximetry sensors, strain gauge sensors, muscle activity sensors or neurological sensors.
The one or more intra-tracheal airflow sensors 80 can also optionally be external to the
transtracheal catheter (See, for example, element 300 in Fig. 26). In this case, the one or
more intra-tracheal airflow sensors 80 may be nose or mouth thermal or airflow sensors

or chest impedance sensors, such as RespiTrace sensors.

The transtracheal catheter 10 may be placed through a stoma 12 in the neck of a
patient and into the trachea (T). Optionally, a stoma guide 130 may be placed into the
stoma 12, and the transtracheal catheter 10 placed into the stoma guide 130 to allow
easier removal and reinsertion of the transtracheal catheter 10, as needed. The stoma
guide 130 may typically include one or more flanges or pedals on an outside proximal
end and, optionally, one or more flanges or pedals on the inside distal end to secure the
stoma guide 130 in place in the neck and stoma 12. The transtracheal catheter 10 may
typically include a neck flange 5 to secure the transtracheal catheter 10 to the stoma guide
130 or neck, and a connection 7 to the gas delivery circuit 20. Ventilation flow may exit
the transtracheal catheter 10 at a distal tip gas exit port 11. The gas exit port 11 may
direct ventilation flow (A) toward a lung (L).

A patient may generally have inspiratory flow (IQ) and expiratory flow (EQ). In
addition to inspiratory flow (IQ) and expiratory flow (EQ), the ventilation flow (A) of the
present invention may be described as augmentation or augmented ventilation; however,
this is exemplary only and the ventilation may include higher levels of volume and may
be considered simply ventilation. Ventilation gas delivery can be: (1) a volume level that
augments the patient’s spontancous tidal volume, such as 50ml to 200ml; (2) a substantial

amount of the patient’s required at-rest tidal volume, such as 150ml to 300ml; (3) a full at
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rest tidal volume, such as 350ml to 600ml; (4) a volume in excess of the patient’s normal

at rest volume, such as 400ml to 800ml; or (5) another suitable volume.

The transtracheal catheter 10 and the ventilation gas delivery circuit 20 is
described in more detail in Figs. 2b — 2d. In Fig. 2b, the ventilation gas delivery circuit
20 may include a proximal end connector 60, which further includes a gas delivery
channel connector 61 and a respiration sensor connector 62. The ventilation gas delivery
circuit 20 may include a main channel 64 for gas delivery, and a secondary lumen 65 for
conducting a respiration sensor signal. A pressure monitoring lumen connector 63 may
be located in a combined connector 67 and in communication with a delivery circuit
pneumatic sensing lumen 67. The ventilation gas delivery circuit 20 may be connected to
the transtracheal catheter 10 with a detachable connector 68 near the patient or,
alternatively, a connector permanently attached to the transtracheal catheter 10. The
transtracheal catheter 10 may include a ventilation catheter neck flange 5 if the
transtracheal catheter 10 is inserted directly into the patient’s stoma 12. Using stoma
guides 130 between the transtracheal catheter 10 and stoma 12, however, may also be

possible as will be explained later.

The transtracheal catheter 10 may include a gas delivery channel 123, a pressure
sensing lumen 88 and a pressure sensing port 86. The transtracheal catheter may be
curved so that a catheter distal tip section 92 is parallel with the axis of the trachea (T),
typically curved in a 90-110 degree bend. The catheter distal tip section 92 may include
a catheter distal tip restriction 90 at an exit point to increase the exit velocity of the
ventilation flow (A), if a venturi is the desired effect. The pressure sensing lumen 88 can
optionally be flushed to maintain patency with a flushing mechanism typically included
in the ventilator (V). Other types of sensor designs are described in subsequent
descriptions and may be used in any of the embodiments of the present invention. The
pressure sensing port 86 may be positioned parallel to the trachea’s longitudinal axis to
reduce directionality-related artifacts. Other possible positions and orientations of the

pressure sensing port 86 are described below.
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Optionally, the pressure sensing port 86 can be positioned orthogonal to the
trachea’s longitudinal axis, such as on the top or superior surface (S) of the transtracheal
catheter 10. A superior orientation may provide a sensitive reading for inspired airflow
and a less sensitive reading during expired airflow, perhaps due to venturi effects. If
accuracy during inspiration is deemed more critical, then the pressure sensing port 86 can
be oriented on the superior surface. If, however, accuracy during exhalation is deemed
more critical, then the pressure sensing port 86 can be oriented on the inferior surface (I)
of the transtracheal catheter 10. Alternatively, the transtracheal catheter 10 can be
configured with two pressure sensing ports 86 connected to the pressure sensing lumen
88 and, therefore, the signals seen at the two pressure sensing ports 86 may be combined
into one average signal. Alternatively, the transtracheal catheter 10 can be configured
with two pressure sensing ports 86, one on the inferior surface (I) and one on the superior
surface (S) with each pressure sensing port 86 connected to a dedicated pressure sensing
lumen 88 connected to two dedicated pressure transducers in the ventilator (V). This
configuration may provide high accuracy for both exhalation (the inferior sensing port)
and inspiration (the superior sensing port). This configuration can also be used to

determine flow.

Fig. 2¢ illustrates an alternative transtracheal catheter with retrograde flow 10" and
gas delivery circuit 20". In this example, the transtracheal catheter with retrograde flow
10" may include an intra-tracheal airflow sensor 80. The intra-tracheal airflow sensor 80
communicates with the ventilator (V) via one or more sensor wires 82 placed in a sensor
wire lumen 84 in the transtracheal catheter with retrograde flow 10' and tubing 85 in the
gas delivery circuit 20". In Fig. 2c, the intra-tracheal airflow sensor 80 may include an
active element such as, but not limited to, a thermal, mechanical, electrical, chemical, or
optical element. Also in Fig. 2¢, a stoma guide 130 may be placed between the
transtracheal catheter with retrograde flow 10' and the stoma 12. The stoma guide 130
may include a stoma guide neck flange 131 or pedals on the surface of the neck and a
stoma guide strap 135 to secure the stoma guide 130 in place. The stoma guide 130 may
optionally include a flange or one or more stoma guide pedals 133 on the inside of the

trachea (T) to prevent dislodgement. The stoma guide 130 can include a stoma guide
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keyway 136 to mate with a mating feature on the transtracheal catheter with retrograde
flow 10" to rotationally orient the alternative transtracheal catheter with retrograde flow
10' correctly. The alternative transtracheal catheter with retrograde flow 10" may be

connected to the stoma guide 130 with a ventilation catheter neck flange 5.

Fig. 2d illustrates an alternative catheter design in which a transtracheal catheter
with normal and retrograde flow 10" includes both an active intra-tracheal airflow sensor
80 with a pressure sensing port 86 and a pressure sensing lumen 88. In this case, for
example, the intra-tracheal airflow sensor 80 can be used for measuring one respiration
parameter, such as air flow or gas composition, while the pressure sensing port 86 can be
used to measure a different respiration parameter, such as tracheal pressure or respiratory
effort. A gas delivery circuit 20" may have necessary connections for connecting to the
ventilator (V). Connections may include the gas delivery channel connector 61, a

pneumatic pressure sensing connector 63, and the respiration sensor connector 62.

The transtracheal catheters 10, 10', 10" of Figs. 2a - 2d may include one or more
curves to position the distal tip in the tracheal lumen in a non-irritating fashion. Irritation
may be minimized by reducing or climinating contact of the transtracheal catheters with
the tracheal wall. Alternatively, irritation may be minimized by contacting the
transtracheal catheters with the tracheal wall but reducing or eliminating movement
against the tracheal wall. Reduction of irritation may be best accomplished if there is no
moveable contact between the transtracheal catheters and tracheal wall, and, most
preferably, if there is no contact between the transtracheal catheters and a tracheal wall,
especially the posterior tracheal wall. Ideally, the transtracheal catheters are designed
with a curve of approximately 90°-120° in the inserted section to curve the catheter distal
tip section into alignment with the axis of the trachea (T), and to direct the catheter tip

toward the main stem bronchii.

The length of the transtracheal catheters 10, 10, 10" may extend distal to the skin
for a distance of approximately 10-200mm, preferably approximately 20-100mm; and an

outer diameter (OD) of the ventilation catheters may be approximately 3-10mm,
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preferably approximately 4-6mm; and an inner diameter of the ventilation catheters 10

may be approximately 0.75-3mm, preferably approximately 1-2mm.

The transtracheal catheters 10, 10", 10" may have one gas delivery channel 123.
The transtracheal catheters may have a secondary lumen 84 for sensor wires 82 and/or for
a pressure sensing lumen 88. The transtracheal catheters 10, 10", 10" may be molded,
extruded or formed from thermoplastic material such as PVC, nylon-based materials, or
PVC-urethane blends, or alternatively, may be molded using an clastomeric material,
such as silicone or urcthane. The transtracheal catheter material may typically be
approximately 30-90 Shore A durometer. A transtracheal catheter tip may be rounded to
provide an atraumatic surface. The ID at the distal tip is optionally restricted to
approximately 10-75%, preferably 40-60%, to increase gas flow exit speed, which is

desirable when a venturi effect is desired.

The gas delivery circuits 20, 20', 20" lengths may be approximately 20-100
inches, preferably approximately 30-40inches, with an OD of approximately 6-16mm,
preferably approximately 6-10mm, and an ID of approximately 2-10mm, preferably
approximately 3-5mm. The gas delivery circuits 20, 20", 20" may be very lightweight,

extruded thermoplastic material such as polypropylene or polyethylene.

Figs. 3-5 and 27 graphically illustrate the respiration sensing, ventilation control
and gas delivery aspects of the embodiment shown in Fig. 2a. This series of graphs show
alternative gas delivery methods of the present invention: Fig. 3 shows transtracheal
ventilation in response to an apneic event; Fig. 4 shows transtracheal ventilation in
response to the beginning or precursor of an apneic event to prevent the apneic event
from worsening; Fig. 5 shows transtracheal ventilation proactively to preempt an apneic
event; and Fig. 27 shows transtracheal ventilation activated during periods of apnea or
airway obstruction and then deactivated when breathing is restored. In this series of
graphs, t is the time axis, Q is the airway flow signal, IQ is the inspiratory flow signal,
EQ is the expiratory flow signal, VO is the ventilator output, 32 is the normal breathing
flow curve, 34 is a breathing flow curve when the airway is partially obstructed, and 48 is

an obstructed airflow signal.
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Fig. 3 graphically shows transtracheal ventilation activated in reaction to an
obstruction or apneic event. The one or more intra-tracheal airflow sensors 80 may
detect a shift in tracheal airflow from a normal airflow signal 32 to a reduced airflow
signal 34. As seen in the graph labeled “with intervention”, immediately after the
reduced airflow signal 34 is detected by the respiration sensor or, alternatively, after
some desired delay, the gas delivery control system 163 may command the ventilator (V)
to deliver ventilation flow/volume at a rate based on past breath rate history 44. The
ventilation flow A may open the obstruction and restore respiration as seen in the graph
labeled “with intervention” and restore ventilation to and at the lung (L). For contrast,
the graph labeled “without intervention” shows the respiration signal eventually going to
no airflow signal 48, thus indicating a substantially complete obstruction. In the example
shown, during the period of partial or complete obstruction, the flow signal in the trachea
(T) is not strong enough for the one or more intra-tracheal airflow sensors 80 to detect
respiration, and ventilation flow A is delivered from the ventilator (V) at a rate based on
previous spontaneous breath rate history 44 of the patient. Alternatively, the ventilation

flow (A) can be delivered from the ventilator (V) at a pre-determined back-up rate.

In a variation to Fig. 3, in which transtracheal ventilation is activated upon
detection of an obstruction, Fig. 4 graphically shows transtracheal ventilation activated in
anticipation or prediction of an obstruction or apneic event. The one or more intra-
tracheal airflow sensors 80 may detect a shift in tracheal airflow from a normal airflow
signal 32 to a reduced airflow signal 34. Either immediately or after some desired delay,
the control unit 159 may command the ventilator (V) to deliver ventilation flow (A)
synchronized with inspiration 40. Alternatively, the ventilation flow (A) can be delivered

at a pre-determined back-up rate.

Fig. 5 graphically shows transtracheal ventilation activated proactively to prevent
an obstruction or apneic event. The one or more intra-tracheal airflow sensors 80 may
detect a shift in tracheal airflow from a normal airflow signal 32 to a reduced airflow
signal 34. The control unit 159 may command the ventilator V to deliver ventilation flow
(A) synchronized with inspiration 40. Alternatively, the ventilation flow (A) can be

delivered at a pre-determined back-up rate.
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In the embodiments of Figs. 3 - 5, activation of transtracheal ventilation prior to
an obstruction can have the unwanted side effect of creating additional negative pressure
in the upper airway due to the venturi effect of the gas exiting the catheter. This
increased negative pressure can contribute to airway collapse. To prevent or minimize
this side effect, the ventilation gas parameters may be constantly adjusted to an
appropriate pressure, speed, and volume. During proactive transtracheal ventilation, if
the respiration sensors detect an onset of upper airway closure, the ventilation parameters
may be adjusted. If, however, obstruction occurs partly because of proactive
transtracheal ventilation, then the mechanism of action described in Fig. 3 may prevail
and the treatment will be successful. Additional embodiments are presented to prevent

having to compensate for an unwanted side effect.

Optionally, high frequency low volume ventilation can be delivered by the
ventilator (V) and transtracheal catheters 10, 10", 10" where very low volumes of gas arc
delivered at very fast frequencies, such as approximately 5-100ml at approximately 12-
120 cycles per minute, or preferably approximately 10-20ml at approximately 30-60
cycles per minute. In this manner, substantial minute volumes can be delivered to the
lung (L) without creating a substantial negative pressure at the oropharyngeal airway

(OA).

Fig. 27 graphically shows that transtracheal ventilation can be activated during
periods of apnea or airway obstruction, where the ventilation flow (A) is activated and
then is deactivated when breathing is restored. The ventilation flow (A) may be delivered
cyclically when activated. The one or more intra-tracheal airflow sensors 80 may detect
a shift in tracheal airflow from a normal airflow signal 32 to a reduced airflow signal 34.
The control unit 159 may command the ventilator (V) to deliver augmentation flow (A) at
a rate based on past breath rate history 44 during an obstructed breath signal 48.
Alternatively, the ventilation augmentation (A) can be delivered at a pre-determined

back-up rate.

The one or more intra-tracheal airflow sensors 80 may operate according to the

following principles. During a partial obstruction, gas flow in the trachea (T) is reduced
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due to the obstruction. The tracheal pressure signal may typically increase because of the
increased pressure drop required to move air across the partial obstruction. During a
complete obstruction, the gas flow in the trachea consists of back and forth movement of
air that is already in the trachea (T) and the lung (L), and the tracheal pressure signal
registers a higher amplitude because the trachea (T) and the lung (L) are closed off from
ambient. While tracheal flow is shown in the graphs, that is exemplary, and with the
above explanation, the present invention also includes using tracheal pressure for a
control system input as well as tracheal airflow, or both pressure and airflow. Therefore,
during a partial or complete obstruction, the pressure based respiration sensor may be
particularly effective in detecting the obstruction because of measuring the pressure
amplitude increase that may occur due to the higher pressure drop across the obstructed

ore more resistive airway.

Using both pressure and airflow sensors may be desired because the information
can be crosschecked against each other, for example, a reduced airflow signal plus a
increased pressure signal may correspond to an obstruction event. Further, other
respiration sensor types described previously, and their respective signal response to an
obstruction or apneic event, are also included in the present invention. It should be noted
that in CSA the lung is not breathing and hence there is no airflow or pressure signal
during an apneic event. The pressure sensor or flow sensor or combinations thereof can
distinguish between normal breathing and apneic events, for both OSA, CSA, and
patients with both OSA and CSA.

The following describes the mechanism of action of the therapy. During a partial
or complete obstruction of the upper airway, there is an increase in airway resistance
above or superior to a gas delivery exit point on a distal tip of a transtracheal catheter.
Therefore, the breathing system is no longer an open airway breathing system; it is now a
closed system, or partially opened system. Therefore, the gas being delivered by the
ventilator and catheter, has a significantly greater propensity of entering and inflating the
lung, rather than escaping out of the mouth. Assuming a normal adult and healthy lung,
for example, with a compliance of about 50ml/cmH,0O and lower airway resistance of

5ecmH,0/L/sec, before upper airway obstruction, 30-70% of the ventilation gas flow
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exiting the catheter may enter the lung and the balance may leak out of the mouth or
nose. In contrast, after the airway obstruction, 50-100% of the ventilation gas flow
exiting the catheter may enter the lung, depending on the degree of the obstruction.
Therefore, during a partial or complete upper airway obstruction, the present invention is
particularly effective in ventilating the lung, which is also an episode where lung

ventilation is most needed.

It is noted that because of the gas flow delivery from the catheter, a region of
transient negative pressure may be generated above the catheter, which induces further
collapse of the upper airway tissues and hence increases the obstruction. The transient
negative pressure should transition to positive pressure since the lung and trachea are a
closed or almost closed system to which gas volume is being added by the ventilator.
Nonetheless, the potential negative pressure in the upper airway is an undesirable side
effect. However, this side effect can be deemed clinically acceptable since the primary
objective, lung ventilation, is accomplished. Also, during the patient’s spontaneous
exhalation, the gas in the airways is pressurized due to lung and chest recoil, and hence
the airway pressure may open the obstruction to permit exhalation out the upper airway
and mouth or nose. Nevertheless, to help overcome the problem of ventilation-induced
upper airway collapse, exhalation can also be augmented by the invention, as will be

described in later embodiments.

In addition to therapeutic parameters described elsewhere, some of the parameters
are as follows: Volume delivery can be approximately 10ml to 200ml per ventilator
cycle depending on the breathing status of the patient. If complete apnea occurs, volume
delivery increases to approximately 200ml to 500ml per cycle, at a rate of approximately
6-20 cycles per minute. The flow rate of the gas being delivered is typically
approximately 6-50 LPM during the actual delivery of the gas, and preferably
approximately 10-20 LPM. Timing of the ventilator cycling can be in synch with the
patient’s breath rate, for example, approximately 6-30BPM, or if not synchronized or if
the patient is apneic, cycling can be approximately 8-20 cycles per minute unless high
frequency low volume ventilation is used, which is described subsequently. The drive

pressure at the ventilator output for the ventilation is typically approximately 5-60psi and
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preferably approximately 8-40, and most preferably approximately 10-15 psi, to create a
desired tracheal pressure of approximately 0-5cmH,0O under normal unobstructed
conditions during inspiration and up to approximately 20cmH,0 during obstructed

conditions.

It should be noted that in the graphical examples provided, the respiration sensor
waveform is exemplary only and actual waveforms can take on other characteristics, such
as different I:E ratios, breath rates, random behavior, ascending and descending shapes of
inspiratory and expiratory curves, and altering amplitudes.

It should also be noted that while ventilation flow (A) is often shown in
synchrony with a breath cycle, the breath cycle may not be detectable due to a partial
obstruction or apneic event, and, therefore, the ventilation flow (A) is simply applied at a
predetermined rate or a predicted rate. It should also be understood that depending on the
sensor used, the breath effort may still be detectable even though there is no or very little
airflow being inspired from ambient or being exhaled to ambient. However, the
movement of air in the trachea (T) in response to the breath effort in some cases,
depending on the sensor technology being used, may be enough to register as an
inspiratory effort and expiratory effort by the sensor. In fact, in some cases, depending
on the sensor used, an obstruction may be accompanied by an increased negative pressure
during inspiration, and, while there is reduced airflow in the trachea T because of the
obstruction, the breath signal may be stronger. Therefore, in the present invention, the
gas delivery control system 163 and algorithms in the gas delivery control system 163
takes all these matters into account while processing the sensor information and deciding
whether there is normal or reduced breathing taking place at any given time.

It should also be noted that ventilation gas delivery, when activated, can gradually
ramp up so that it is not a sudden increase in amplitude, which could arouse the patient.

The ventilation pressures achieved in the upper airway by the delivery of the
ventilation flow (A) may be in the range of approximately 1-20cmH20, preferably
approximately 2-5cmH20 when delivered preemptively, and approximately 5-10cmH20

when delivered in response to a detected obstruction event. The ventilation pressures
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achieved in the lower airways and lung may be similar to the pressures achieved in the
upper airway by the ventilation gas delivery.

As will be described later, ventilation can be delivered in synchrony with
inspiration, or in synchrony with exhalation, or both, or can be delivered at a high
frequency, a constant flow, in a retrograde direction, and all possible combinations of the
above. When synchronized with the patient’s inspiratory or expiratory phase, the
ventilator (V) may deliver volume in ranges from approximately 40-700ml per cycle,
preferably approximately 75-200ml, in delivery times of approximately 0.2 to 1.2
seconds, preferably approximately 0.35-0.75 seconds, and with a catheter exit speed of
approximately 50-300m/sec., preferably approximately 150-250m/sec.

When delivered at a high frequency rates, the ventilator (V) may deliver volume
at a rate of approximately 0.25 cycles per second to approximately 4 cycles per second,
preferably at a rate of approximately 0.5 to 2 cycles per second, in the range of
approximately 10ml to 100ml per cycle, preferably approximately 25-75ml per cycle.

When delivered at a constant flow, the ventilator V may deliver flow at a rate of
approximately 0.5LPM to 10LPM, preferably approximately 2-6L.LPM, and at a catheter
exit speed of approximately 50m/sec to 250m/sec, preferably approximately 100-
200m/sec.

Figs. 6-15 graphically describe variations of the transtracheal ventilation
parameters used in the present invention, including timing, synchronization, waveform
and amplitude alternatives. In this series of graphs, t is the time axis, P is the airway
pressure signal, Q is the airway flow signal, IP is the inspiratory pressure, EP is the
expiratory pressure, 1Q is the inspiratory flow signal, EQ is the expiratory flow signal,
VO is the ventilator output, 32 is the normal breathing flow curve, and 34 is a breathing

flow curve when the airway is partially obstructed.

Fig. 6 graphically describes an embodiment of the present invention where the
transtracheal ventilation is activated to alleviate an obstruction or apneic event and the
ventilation gas (A) flow/volume may be synchronized with the inspiration 40 of the
breath cycle. A reduced airflow signal 34 is detected by the one or more intra-tracheal

airflow sensors 80, however, an increased breath effort signal 38 may also be detected by
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a redundant pressure signal monitored via a catheter tip based sensor or a pressure
sensing lumen 88 in the transtracheal catheter 10 and connected to the ventilator (V)

through a channel typically connected to the gas delivery circuit.

Fig. 7 graphically describes an embodiment of the present invention where the
ventilation flow (A) is activated to alleviate an obstruction or apneic event where the

ventilation gas is delivered as a continuous flow 42.

Fig. 8 graphically describes an embodiment of the present invention where the
transtracheal ventilation is activated to alleviate an obstruction or apneic event shown by
an obstructed breath signal 48. The ventilation flow (A) may be delivered at a ventilator
flow/volume at a rate based on past breath rate history 44. Alternatively, the ventilation
flow (A) may be delivered at a predetermined rate and possibly asynchronous with the

patient’s breath effort.

Fig. 9 graphically describes embodiments of the present invention where the
ventilation flow (A) is activated to alleviate an obstruction or apneic event. The
ventilation flow (A) flow/volume may be synchronized with the inspiration 40 of the
breath cycle, and the ventilation flow (A) may be delivered with variably increasing
strength, such as volume, speed, or pressure, until it is detected that the obstruction is

being alleviated, at which time the ventilation flow (A) delivery strength may subside.

Fig. 10 graphically describes embodiments of the present invention where the
ventilation flow (A) flow/volume may be synchronized with the inspiration 40 of the
breath cycle, and is activated proactively to help prevent an obstruction or apneic event.
When an obstruction or apneic event occurs, the ventilation flow (A) flow may alternate
between cyclical volume delivery 47 synchronized with the inspiratory phase, and

continuous flow in-between volume deliveries.

Fig. 11 graphically describes embodiments of the present invention where the
ventilation flow (A) is activated proactively with continuous flow 42 to help prevent an
obstruction or apneic event or to help prevent desaturation. When an obstruction or

apneic event occurs, the ventilation flow (A) flow may alternate between a cyclic volume
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delivery 47 synchronized with the inspiratory phase, and continuous flow in-between

volume deliveries.

Fig. 12 graphically describes embodiments of the present invention where the
ventilation flow (A) is activated proactively with continuous flow 42 to help prevent an
obstruction or apneic event or to help prevent desaturation. The amplitude of the
continuous flow 42 may increase as shown by the increasing ventilator continuous flow
signal 43 when an obstruction or apneic event is detected, and then may subside after the

apneic event is corrected.

Fig. 13 graphically describes embodiments of the present invention where the
ventilation flow (A) is activated to alleviate an obstruction or apneic event. The
ventilation flow (A) may be delivered in synchronization with the patient’s expiratory
phase, and wherein the ventilation gas (A) volume may be delivered in a retrograde

direction 45, that is away from the lungs and toward the oropharyngeal airway.

Fig. 14a graphically describes embodiments of the present invention where the
ventilation flow (A) is synchronized to deliver ventilation toward the lung synchronized
with inspiration 40 and ventilation in a retrograde direction 45 toward the oropharyngeal

airway during exhalation.

Fig. 14b graphically describes embodiments of the present invention where the
ventilation flow (A) is synchronized to deliver ventilation toward the lung synchronized

with inspiration 40 and during the expiratory phase.

Fig. 15a graphically describes embodiments of the present invention where the
ventilation flow (A) is synchronized to deliver ventilation toward the lung synchronized
with expiration 46 and ventilation in a retrograde direction 45 toward the oropharyngeal

airway during the inspiratory phase.

Fig. 15b graphically describes embodiments of the present invention where the
ventilation flow (A) is synchronized to deliver ventilation in the retrograde direction 45
toward the oropharyngeal airway during the inspiratory phase and during the expiratory
phase.
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Fig. 16a describes another embodiment of the present invention with retrograde
ventilation and a retrograde transtracheal catheter. Specifically, this embodiment
describes a transtracheal ventilation method and apparatus used to treat OSA, in which
ventilation gas is delivered in a retrograde direction or superiorly toward the
oropharyngeal airway using a catheter with a gas exit port directed away from the lung
toward the upper airway. This may be referred to herein as retrograde ventilation or
“retrograde transtracheal ventilation” (RTV). Other names can also be used, such as
“retrograde CPAP” , “retrograde PAP”, “retrograde AP”, “retrograde synchronized

2% <

ventilation”, “retrograde jet ventilation”, and/or “retrograde synchronized transtracheal
jet ventilation”. In RTV, the ventilator, gas delivery circuit, catheter and respiration
sensor share the characteristics of the transtracheal ventilation method and apparatus

described in Figs. 2a-2d, with some exceptions.

A retrograde catheter 100 may be configured to deliver retrograde gas flow R in
the superior direction from the trachea (T) towards the oropharyngeal airway (OA). The
gas delivery parameters described previously, and the gas delivery timing functions
described previously, also apply to RTV. For example, RTV can be applied as
continuous flow, in synchrony with the inspiratory phase of the breath cycle, in
synchrony with the expiratory phase of the breath cycle, at a predetermined back-up rate,
at a rate based on previous breath rate history, at a relatively high frequency, and as
combinations thercof. Also, RTV can be applied constantly, intermittently, proactively
before an obstruction, while an obstruction is taking place, or after an obstruction or
apneic event takes place. The respiration sensor may perform as described in previous

embodiments, such as those shown in Fig. 2a.
The mechanism action of RTV may be proactive, predictive and/or reactive.

Proactive RTV: If RTV is employed proactively during normal breathing, before
the onset of an upper airway obstruction, RTV can be delivered during the inspiratory
cycle. The RTV flow rate delivered is a fraction of the patient’s inspired flow rate, for
example, approximately 5-75%, or preferably approximately 10-25% or approximately 4-

10 LPM flow. Therefore, the patient’s inspiration may dominate the retrograde flow and
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substantially inflates the lung despite some of the inspired flow being canceled by the
retrograde flow. However, because the retrograde flow creates a counter resistance in the
patient’s airway between the mouth and catheter, the oropharyngeal airway is propped

open by this counter resistance, and may prevent collapse of the structures in that arca.

Predictive RTV: If RTV is employed when a partial obstruction occurs, the same
principle applies. RTV may create counter resistance and a slight positive pressure at the

oropharyngeal airway, and hence prop the structures open.

Reactive RTV: If RTV is employed when a substantially complete obstruction
occurs, RTV may pressurize the closed airway between the catheter and the site of
closure, and may open the closed structures and restore a flow path for breathing inspired

air from ambient.

The drive pressure at the ventilator output for RTV is typically approximately 5-
60psi and preferably approximately 15-30, which creates a tracheal pressure of
approximately 1-10cmH20 under normal conditions, and can achieve tracheal pressures
of up to approximately 15 cmH20O under partially obstructed conditions and up to
approximately 20 cmH20O under fully obstructed conditions. The volumes, pressures and
cycling rates and patterns of RTV delivery can be any of those described in embodiments
associated with Fig. 2a and the associated graphs. In the descriptions thus far describing
RTV, ventilation gas may be delivered during inspiratory phase; however, the gas can be
delivered with the full variety of options described in the previous graphs and
descriptions. The timing of delivery can be a critical factor in the efficacy of RTV. For
example, the delivery can be at the beginning of the inspiratory cycle to prevent the
collapse from occurring, or can be delivered slightly before the start of inspiration to
begin to establish the flow dynamics needed to prop the structures open prior to the start
of the next inspiratory cycle. RTV can potentially have the side effect of creating
negative pressure in the lung and atelectasis, because or creating a venturi inferior to the
gas exit port in the trachea (T). However, proper monitoring of the tracheal airflow and

pressure, and using this information to alter the RTV parameters, may obviate the
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concern of negative lung pressure and atelectasis. The dual sensing embodiment

described previously may also be applied to this embodiment.

Fig. 16b illustrates the retrograde catheter of Fig. 2a in more detail. In this
example, a stoma guide 130 is used. This is exemplary, however, and other structures
may be used. The retrograde catheter 100 may include a pressure sensing lumen 88 and a
pressure sensing port 86. Optionally, an active intra-tracheal respiration sensor 80,
sensor wire 82 and a sensor wire lumen 84 may be used. The retrograde catheter 100
may be placed in the stoma guide 130 for positioning and securing the rotational
alignment of the retrograde catheter 100. A ventilation catheter neck flange 5 can be
secured to the stoma guide 130, if a stoma guide 130 is used, or directly to the neck if a
stoma guide 130 is not used. If a stoma guide 130 is used, it is secured directly to the
neck with a stoma guide strap 135. The catheter distal tip section 92 may include a
catheter distal tip restriction 90 at its exit point to increase the speed of the gas exit
velocity, if a venturi is the desired effect. A stoma guide keyway 136 and a ventilation

gas delivery circuit 20 may be present.

Fig. 17a describes another embodiment of the present invention which is a
combination of the embodiments described in Figs. 2 and 16, specifically transtracheal
ventilation directed from the trachea (T) toward the lung (L) combined with RTV. In this
case, the combined retrograde and normal direction ventilation catheter 120, which is a
bi-directional-tipped catheter, and the ventilator (V) may have the ability to deliver
ventilation gas both (1) from the trachea (T) toward the lung (L) via an inferior gas exit
port 11, and (2) from the trachea (T) toward the oropharyngeal airway (OA) via superior
gas exit port 15. This can be done as shown in Figs. 19a and 19b with a combined
retrograde and normal direction ventilation catheter 120 having a combined retrograde

and normal direction gas delivery lumen 125.

The combined retrograde and normal direction gas delivery lumen 125 may be
bifurcated at an inferior gas exit port 11 so that the gas flow is split into flow to the lung
(A) and retrograde flow (R). In this case, the catheter distal tip material may be

especially pliable, for example approximately 10-40 Shore A durometer, to compress the
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tip of the combined retrograde and normal direction ventilation catheter 120 so it can be
inserted atraumatically. Or, preferably as shown in Fig. 18, the combined retrograde and
normal direction ventilation catheter 120 may be divided into two gas delivery lumens,
one as a gas delivery channel 121 and one as a gas delivery channel 123 to the lung (L).
The two lumens 121, 123 are shown side by side, however, the two lumens 121, 123 can

also be coaxial.

Alternate tip shapes and lumen configurations can be used. For example in Fig.
19¢, a distal tip section is shown curved inferiorly, in contrast to the superior curve
shown in Figs. 18a and 18b, with a first orifice 11 for lung (L) ventilation flow at the end
of the catheter, and a second orifice 15 for oropharyngeal airway (OA) flow necar the
center of the curve of the catheter. Or, as shown in Fig. 19d, the distal tip section of the
catheter can be curved greater than approximately 210 degrees and preferably
approximately 250-270 degrees, with a first orifice 11 formed near the approximately 80-
90 degree region, and a second orifice 15 formed near the tip. Therefore, gas exiting the
first orifice 11 is directed toward the lung (L) and gas exiting the second orifice 15 is

directed toward the oropharyngeal airway (OA).

As in all other embodiments, the catheter can have a single gas delivery lumen
and gas can alternate or be delivered simultancously through both lumens, or the catheter
can have multiple gas delivery lumens for dedicated lung and oropharyngeal directed
airflow. The ventilation gas delivery characteristics, breath sensing and gas delivery
timing are as described in other embodiments. The dual respiration sensing embodiment

described carlier may also apply to this embodiment.

Fig. 17b describes the ventilator in more detail associated with Fig. 17a The
ventilator (V) may include a dual control valve 170 with two outputs, a lung directed
valve gas output 171, and a retrograde directed valve gas output 172. A ventilator (V)
dual connector 180 for a gas delivery circuit may also include two gas outlet connections;
a lung directed gas flow connector 181 and a retrograde directed gas flow connector 182.
If a single gas delivery lumen is used for both lung flow (A) and retrograde flow (R) as

shown in Fig. 19a, then only one gas outlet connection may be required between the
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ventilator and gas delivery circuit. A pressure monitoring line 162 may be in

communication with a patient spontancous respiration sensor 169.

Optionally, two lumens can be provided in the catheter, one lumen for flow
toward the lung and one lumen for retrograde flow, and the ventilator gas output and
tracheal pressure monitoring can alternate between the two lumens; for example, gas
delivery in the retrograde lumen while tracheal pressure sensing in the other lumen,
following by tracheal pressure sensing in the retrograde lumen while gas delivery in the

other lumen.

Figs. 20-23 graphically describe some examples of combining lung and retrograde
ventilation. In this series of graphs, t is the time axis, Q is the airway flow signal, IQ is
the inspiratory flow signal, EQ is the expiratory flow signal, VO is the ventilator output,
A indicates ventilation gas directed toward the lung and R indicates ventilation gas
directed retrograde toward the oropharynx, 32 is the normal breathing flow curve, and 34

is a breathing flow curve when the airway is partially obstructed.

Fig. 20 graphically describes embodiments of the present invention where the
transtracheal ventilation is activated to alleviate an obstruction or apneic event, wherein
the ventilation flow (A) to the lung (L) is synchronized with inspiration 40 of the patient
and the retrograde flow (R) is synchronized with exhalation 46 of the patient.

Fig. 21 graphically describes embodiments of the present invention where the
transtracheal ventilation is activated to alleviate an obstruction or apneic event, wherein
both the ventilation flow (A) to the lung (L) is synchronized with inspiration 40 of the
patient and the retrograde flow 45 to the oropharyngeal airway (OA) are synchronized
with the inspiratory cycle of the patient.

Fig. 22 graphically describes embodiments of the present invention when the
transtracheal ventilation is activated to alleviate an obstruction or apneic event, wherein
the ventilation flow (A) to the lung (L) is synchronized with inspiration 40 of the patient,
and the retrograde flow (R) toward the oropharyngeal airway (OA) is delivered as a
retrograde high frequency volume delivery 49.
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Fig. 23 graphically describes embodiments of the present invention when the
transtracheal ventilation is activated to alleviate a potential obstruction or apneic event,
wherein the ventilation flow (A) to the lung (L) is synchronized with inspiration 40 of the
patient during unobstructed breathing, and wherein retrograde ramping continuously
increasing flow delivery 50 is directed toward the oropharyngeal airway (OA) during

periods of reduced airflow signal 34.

It is noted again that in these embodiments where lung ventilation and retrograde
ventilation are combined, all the possible variations described previously for gas delivery
apply. For example, retrograde flow can be continuous flow, while lung ventilation can
be delivered intermittently during an apneic period. Or, for example, retrograde gas
delivery can be provided as a jet, while lung ventilation can be provided as a non-jet or
vice versa. In general, the gas delivery parameters and the gas delivery timing functions,
as well as the apparatus characteristics described previously in Figs. 2 and 16 and the

associated graphs apply to this combined embodiment.

Figs 24a and 24b describe another embodiment of the present invention in which
a trans-oral ventilation method and apparatus is used to treat sleep apnea. The ventilator
(V), transtracheal catheter 10, breathing circuit characteristics, gas delivery and timing

characteristics described in Fig. 2 may apply to this embodiment.

A trans-oral catheter 220 may include an intra-oral breath sensor 232, a lingual
flange 222 on the lingual side of the tecth. Optional elements may include a buccal
flange 224 on the buccal side of the teeth, and an external oral breath sensor 230. In
addition, an external breath effort sensor can be combined with this embodiment.
Therefore, during a partial or complete obstruction, the intra-oral or extra-oral breath
sensor signal reduces in amplitude, while the breath effort sensor signal does not reduce
significantly. The external breath effort sensor can be a thoracic sensor measuring
dimensional excursions of the chest, or another type of neuromuscular sensor, or an
esophageal sensor or another type of intra-airway sensor or implanted sensor. Inside the
oral cavity, the trans-oral catheter 220 can be shaped to travel along the roof of the

mouth, or on the top surface of the tongue, and/or along the lingual/medial side of the

35



WO 2009/042973 PCT/US2008/078031

tecth or the buccal/lateral side of the teeth, or a combination of the above. The trans-oral
catheter 220 may be inserted into the oral cavity to the depth of approximately the distal
end of the hard palate. Optionally, the trans-oral catheter 220 may be inserted into the
oropharyngeal cavity to the depth of between the start of the soft palate and the uvula.
This depth is ample to direct the gas flow to the site of obstruction and to prevent or
reduce collapse of the obstruction. The trans-oral catheter 220 can optionally be secured
in position in the oral cavity with the aide of a very small and un-obtrusive oral appliance
(not shown). Outside of the mouth, the trans-oral catheter 220 can be conveniently
positioned on the user’s head or face so that it is un-obtrusive when compared to CPAP,

and optionally secured in place with a ventilation circuit neck strap 225.

Figs. 25a and 25b describe another embodiment of the present invention in which
a trans-nasal ventilation method and apparatus is used to treat sleep apnea. The ventilator
(V), transtracheal catheter 10 and breathing circuit characteristics, gas delivery and

timing characteristics described in Fig. 2 may apply to this embodiment.

A trans-nasal catheter 200 may comprise an intra-nasal breath sensor 236.
Optional clements may include a flange 235 near the septum of the nostrils, and
optionally an external nasal breath sensor 234. In addition, an external breath effort
sensor can be combined with this embodiment. Therefore, during a partial or complete
obstruction, the intra-nasal or extra-nasal breath sensor signal reduces in amplitude, while
the breath effort sensor signal does not reduce significantly. The external breath effort
sensor can be a thoracic sensor measuring dimensional excursions of the chest, or another
type of neuromuscular sensor, or an esophageal sensor or another type of intra-airway

sensor or implanted sensor.

Inside the nasal cavity the trans-nasal catheter 200 can be placed along the roof of
the nasal cavity, or along the bottom of the nasal cavity, in the midline or along the side,
or a combination of the above. The trans-nasal catheter 200 can also be a semi-implanted
such that it is attached to or partially or wholly implanted into the tissue inside the nasal
cavity, preferably along the top of the palate. In any of the above cases, the depth of

insertion of the trans-nasal catheter 200 may be approximately from the half way point of
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the palate to the end of the palate, or extending approximately 1cm beyond the depth of
the palate. This depth of insertion is adequate to direct the ventilation gas to the
oropharyngeal airway (OA). Optionally, the trans-nasal catheter 200 may inlcude, at a
point proximal to the gas exit port, an enlarged diameter to increase the resistance to
airflow through the nares. Preferably, the increase in diameter is a flange or cuff around
the diameter of the trans-nasal catheter 200 near the nose, either inside the nose or near
the nostrils. The feature can also be a flange or mask that is positioned outside the
nostrils to both secure the catheter in place and scal the nostrils so that the ventilation gas
does not leak out the nose. Optionally, this feature provides a partial or incomplete seal
such that there is still a natural exhalation pathway out the nose in case the patient is not

exhaling or can not exhale through the mouth.

Outside the nose, the trans-nasal catheter 200 can be conveniently positioned on
the user’s head or face so that it is un-obtrusive compared to CPAP, and optionally
secured in place with a ventilation circuit neck strap 225. The catheter configuration may

be similar to the characteristics described in Figs. 24a and 24b.

The ventilation parameters used in the trans-nasal ventilation embodiment of Figs.
25a and 25b may be similar to those parameters described in the foregoing in conjunction
with the embodiment described in Fig. 2 and the associated graphs and descriptions,
including timing, synchronization, volumes, pressures, gas compositions, amplitudes and

waveform parameters.

It is noted that in the graphs the ventilator output waveform is typically shown
square, however, other waveforms can be utilized with the invention, for example
sinusoidal waveforms, accelerating waveforms, decelerating waveforms, and

combinations thereof.

Fig. 26 illustrates another embodiment of the present invention in which an
external breath sensor 300 is used in conjunction with the embodiments described in Figs.
2A, 16A and 17A. The ventilation delivery approach described in Fig. 26 is transtracheal
ventilation, however trans-oral and trans-nasal ventilation also apply to this embodiment.

In the example shown, the external airflow sensor 300 is an airflow sensor positioned
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under the nose and secured in place with an external airflow sensor securing tape or a
head strap 302 or band. The external airflow sensor 300 can transfer information to the
ventilator control system via an external airflow sensor wireless signal transmission 304.
The external airflow sensor wireless signal transmission 304 may be received by a
ventilation airflow sensor signal receiver 308, or via an external airflow sensor signal
wire 306. The information from the external airflow sensor 300 may signal the ventilator
(V) to provide ventilation as desired, during periods of apnea, partial obstruction, or other
combinations described in the previous embodiments. The present embodiment may be
advantageous in some circumstances such as light breathing or in chronic bronchitis
when the airway has excessive secretions, in which case the intra-tracheal airflow sensors
80 may be less reliable than an external sensor. Additionally, included in this
embodiment is a dual sensor approach in which the transtracheal catheter 10 may include
a respiration sensor, especially useful for measuring breathing effort. The system may
additionally include an external breath sensor, especially useful for measuring respiration
airflow, to provide the overall system with a redundancy, and to be able to distinguish
between breathing effort and actual breathing. The external airflow sensor can be a
thermal sensor, a piezoclectric sensor, an ultrasonic sensor, a pneumotach sensor, a
heated wire anemometer, as well as other types of sensing clements. While the external
sensor is shown as a nasal or oral airflow sensor, this is exemplary and the external
sensor can be any other type of sensor that measures actual respiration, such as gas

composition sensor, pH sensor, and/or pulse oxymetry sensor.

In addition to the example in Fig. 26, the external breath sensor can be a breathing
cffort sensor rather than an actual respiration sensor. In this later case, an intra-airway
sensor is an actual respiration sensor, such as a flow sensor or gas composition sensor.

Examples of external breathing effort sensors are as described previously.

Another advantage of the present invention may be realized if the patient also
suffers from respiratory insufficiency. In this case, the ventilation apparatus may be
configured to be dual mode: during the daytime the patient may be administered
transtracheal augmented ventilation, or trans-oral or trans-nasal augmented ventilation,

using essentially the same ventilation apparatus and catheter. Then at night, the
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apparatus may be used for treating OSA, or for treating both OSA and respiratory
insufficiency. In this case, the ventilator’s therapeutic output parameters are likely
different for OSA and respiratory insufficiency. Therefore, the ventilator (V) may
include a convenient way for the user to switch from daytime mode to OSA mode. For
example, a switch can be used to activate RTV. For example, the transtracheal catheter
can be a dual gas delivery lumen, with a lung ventilation lumen and a retrograde lumen.
During the day, the retrograde lumen is turned off, and before sleeping, the retrograde
lumen and gas delivery controls on the ventilator is turned on. Daytime use for
respiratory insufficiency in a first mode may use a first set of parameters including
oxygen concentration, volume and pressure and timing output, and direction of airflow
(inferior or superior). Nocturnal use during sleep in a second mode may use a second set
of parameters including oxygen concentration, volume and pressure and timing output,
and direction of airflow (inferior or superior). This dual mode example is exemplary, and
all the possible combinations of gas delivery lumens, synchronization, retrograde directed
flow and lung directed flow described carlier may use this aspect of the invention.
Switching from daytime mode to OSA mode can also be automatic, controlled by a
programmable internal clock in the ventilator, and controlled by an external input such as

from the respiration sensor.

As part of the present invention, the ventilation gas delivered to the lung or the
gas delivered in the retrograde direction can optionally be delivered using jet gas delivery
dynamics. These dynamics can entrain airflow to amplify the effect from the ventilation
gas itself. The exit speed can be approximately 25-300m/s, and preferably approximately
100-200m/sec. As described carlier, the gas delivery can be intermittent delivery of
discrete volumes that have a therapeutic effect, or can be a high frequency rate creating
pressure dynamics that have a therapeutic effect, or anti-obstruction or anti-collapse
cffect on the airway tissues and structures, such as high minute volume deliveries with
low negative and positive pressure excursions. While in most cases it is desirable to
adjust the ventilation parameters to maintain or restore patency of the upper airway, in
some cases, it may be desired to close the upper airway with a venturi created by the

catheter gas exit, to facilitate inflation of the lungs with the ventilator gas flow. Non-jet
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delivery is also included in the invention for example exit speeds below approximately

50m/sec.

The gas composition delivered by the ventilator is typically normal air, since the
patient may not require extra oxygen to maintain proper blood gas levels; however, the
gas can be higher concentrations of oxygen by bleeding in oxygen from an oxygen
source, such as a liquid oxygen source, compressed oxygen gas source, or an oxygen
concentrator. Preferably, the oxygen concentration can be increased by allowing more
oxygen to bleed into the gas delivery circuit using a control system controlled by the
ventilator, in response to predicting or detecting an apnea event or obstruction.
Therefore, the system can conserve oxygen when not needed, and use oxygen when most
needed. Ideally, the system controls are configured to deliver approximately 21-35%
oxygen when apneas or obstructions are not occurring and approximately 35-75% when

apneas or obstructions are occurring.

In review of the invention, it should be noted that the invention addresses two
aspects of treating OSA. The invention both provides ventilation to the lung from the
ventilator, but also provides gas delivery to the obstruction to prevent, minimize or
reverse obstruction thus restoring spontancous breathing from ambient air. This has the
additional advantage over conventional CPAP in that in CPAP the CPAP ventilation gas
is both the gas used to open the obstruction and the gas used ventilate the lung. In this
invention, transtracheal ventilation may be used to augment ventilation to the lung, and
may also be used to open the obstruction so that the patient can breathe ambient air
spontancously. This can avoid the need for a heated humidifier that is required in CPAP,
which is required to avoid drying of the upper airway because of the excessive gas being
delivered by CPAP. Also, the gas delivery demands of this invention can be far less than
that of CPAP, and hence the overall therapy can be quicter and the equipment can be
packaged smaller which is useful for travel. Further, the patient interface, including the
gas delivery circuit and catheter, may be smaller and lighter weight than CPAP therapy
counterparts, making the therapy of this invention far less obtrusive and more tolerable

by the user.
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While the present invention is described in most of the examples to treat
obstructive sleep apnea (OSA), with the appropriate modifications the invention can be
applied to treat central sleep apnea (CSA), combinations of OSA and CSA, and other
airway or breathing disorders. Further, the present invention can also be applied to other
ventilation therapies or interventions such as anesthesia delivery, weaning from
mechanical ventilation, emergency ventilation, oxygen therapy, therapeutic gas delivery,
or drug delivery to name a few. Also, the transtracheal catheters included in the present
invention can be inserted into a trachesotomy tube, in addition to a stoma guide or
directly into the trachea. In addition, drug delivery can be included with the therapy, by
including a drug delivery module in communication with the ventilator control system
and gas delivery circuit. For example when an apneic event is predicted or detected, a
drug which helps restore tissue rigidity to prevent tissue collapse can be delivered with

the ventilation gas to the oropharyngeal airway.

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 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. The
present invention may be embodied in other specific forms without departing from its
spirit or essential characteristics. The described embodiments are to be considered in all

respects only as illustrative and not restrictive.
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CLAIMS

1. A ventilation apparatus for treating slecp apnea, the apparatus comprising:

a ventilator for delivering ventilation gas;

a control system for the ventilator;

a transtracheal ventilation catheter for insertion into a trachea;

a distal tip on the transtracheal ventilation catheter;

one or more sensors for detecting a breathing cycle;

a ventilation gas delivery circuit connecting the ventilator to the transtracheal

ventilation catheter;

wherein the control system operates the ventilator such that ventilation gas is

delivered in synchrony with the breathing cycle; and

wherein the distal tip delivers the ventilation gas in a direction selected from the

group consisting of superiorly from the transtracheal ventilation catheter
towards an upper airway, inferiorly from the transtracheal ventilation
catheter towards a lung, and combinations thercof.

2. The apparatus of claim 1, wherein the control system operates the
ventilator such that ventilation gas is delivered in a manner selected from the group
consisting of during an inspiration phase of the breathing cycle, during an expiration
phase of the breathing cycle, during both an inspiration phase and an expiration phase of
the breathing cycle, continuously during the breathing cycle, cyclically during the
breathing cycle, with a flow amplitude that increases over time, with flow rates adjusted
by the control system in response to measurements from the one or more sensors, and
combinations thereof.

3. The apparatus of claim 1, wherein the ventilation gas is delivered at a low

flow rate and a high pressure.

4. The apparatus of claim 1, wherein the ventilation gas is delivered at a high
frequency.
5. The apparatus of claim 1, wherein the ventilation gas is delivered as a jet.
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6. The apparatus of claim 1, wherein the ventilation gas is delivered in a
manner selected from the group consisting of preemptively to prevent or minimize an
obstruction or apneic event, while an obstruction or apneic event is developing, in
reaction to an obstruction or apneic event, and combinations thereof.

7. The apparatus of claim 1, wherein the one or more sensors are coupled to
the transtracheal ventilation catheter.

8. The apparatus of claim 1, wherein one or more sensors are external to the
trachea.

9. The apparatus of claim 1, wherein the one or more sensors are one or more
airflow sensors in the trachea and one or more pressure sensors in the trachea.

10. The apparatus of claim 15, wherein signals from the one or more airflow
sensors and signals from the one or more pressure sensors are combined by the control
system to activate the ventilator.

1. The apparatus of claim 1, wherein the one or more sensors are a first
sensor for measuring actual respiration air movement and a second sensor for measuring
direct or indirect respiratory muscle effort, and wherein the control system processes
signals from the first sensor and the second sensor to distinguish conditions selected from
the group consisting of light breathing, an obstruction, a reduced respiratory drive, and
combinations thereof.

12. The apparatus of claim 11, wherein the control system activates the
ventilator to deliver ventilation gas if the first sensor measures a signal that is abnormally
low in amplitude and the second sensor simultaneously measures a signal that is
abnormally high in amplitude.

13. The apparatus of claim 1, further comprising a humidifier.

14. The apparatus of claim 1, wherein the ventilation catheter is inserted
through a stoma guide.

15.  The apparatus of claim 1, wherein distal tip curves superiorly towards the
upper airway within the trachea.

16. The apparatus of claim 1, wherein the transtracheal ventilation catheter

comprises multiple lumens with a function selected from the group consisting of
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delivering gas toward the lung, delivering gas toward the upper airway and away from
the lung, monitoring pressure of the trachea, containing breath sensor wiring, or
combinations thereof.

17. The apparatus of claim 1, wherein the distal tip comprises two ventilation
gas exit ports, wherein a first gas exit port directs ventilation gas toward the lung and a
second gas exit port directs gas superiorly away from the lung toward the upper airway.

18. The apparatus of claim 1, wherein the distal tip comprises a bifurcation,
wherein a first part of the bifurcation is curved or angled inferiorly toward the lung and a
second part of the bifurcation is curved or angled superiorly away from the lung toward
the upper airway.

19. The apparatus of claim 1, wherein the ventilation apparatus operates in a
first mode during daytime use for respiratory insufficiency using a first set of parameters
and in a second mode during nocturnal used during sleep using a second set of
parameters.

20. A ventilation apparatus for treating sleep apnea, the apparatus comprising:

a ventilator for delivering ventilation gas;

a control system for the ventilator;

a trans-oral ventilation catheter for insertion into an oral cavity;

a distal tip on the trans-oral ventilation catheter;

one or more first sensors;

one or more second sensors;

wherein signals from the one or more first sensors and the one or more second

sensors are combined to determine a breathing cycle;

a ventilation gas delivery circuit connecting the ventilator to the trans-oral

ventilation catheter;

wherein the control system operates the ventilator such that ventilation gas is

delivered in synchrony with the breathing cycle; and

wherein the distal tip delivers the ventilation gas in a direction inferiorly from the

trans-oral ventilation catheter towards a lung.
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21. The apparatus of claim 20, wherein the control system operates the
ventilator such that ventilation gas is delivered in a manner selected from during an
inspiration phase of the breathing cycle, during an expiration phase of the breathing
cycle, during both an inspiration phase and an expiration phase of the breathing cycle,
and combinations thereof.

22. The apparatus of claim 20, wherein the one or more first sensors measure
actual respiration air movement, and the one or more second sensors directly or indirectly
measure respiratory muscle effort, and wherein the control system processes the signals
from the one or more first sensors and the one or more second sensors to distinguish
conditions selected from the group consisting of light breathing, an obstruction, a reduced
respiratory drive, and combinations thereof.

23. The apparatus of claim 22, wherein the control system activates the
ventilator to delivery ventilation gas if the one or more first sensors measure a signal that
is abnormally low in amplitude, and the one or more second sensors simultancously
measure a signal that is not abnormally low in amplitude.

24. A ventilation apparatus for treating sleep apnea, the apparatus comprising:

a ventilator for delivering ventilation gas;

a control system for the ventilator;

a trans-nasal ventilation catheter for insertion into an nasal cavity;

a distal tip on the nasal-oral ventilation catheter;

one or more first sensors;

one or more second sensors;

wherein signals from the one or more first sensors and the one or more second

sensors are combined to determine a breathing cycle;

a ventilation gas delivery circuit connecting the ventilator to the trans-nasal

ventilation catheter;

wherein the control system operates the ventilator such that ventilation gas is

delivered in synchrony with the breathing cycle; and

wherein the distal tip delivers the ventilation gas in a direction inferiorly from the

trans-nasal ventilation catheter towards a lung.
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25. The apparatus of claim 24, wherein the control system operates the
ventilator such that ventilation gas is delivered in a manner selected from during an
inspiration phase of the breathing cycle, during an expiration phase of the breathing
cycle, during both an inspiration phase and an expiration phase of the breathing cycle,
and combinations thereof.

26. The apparatus of claim 24, wherein the one or more first sensors measure
actual respiration air movement, and the one or more second sensors directly or indirectly
measure respiratory muscle effort, and wherein the control system processes the signals
from the one or more first sensors and the one or more second sensors to distinguish
conditions selected from the group consisting of light breathing, an obstruction, a reduced
respiratory drive, and combinations thereof.

27. The apparatus of claim 26, wherein the control system activates the
ventilator to delivery ventilation gas if the one or more first sensors measure a signal that
is abnormally low in amplitude, and the one or more second sensors simultancously

measure a signal that is not abnormally low in amplitude.
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