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(57) ABSTRACT

Embodiments of the present invention encompass systems
and methods for administering intrathoracic pressure and
cooling treatments to patients suffering from or at risk of
developing heart failure, cardiac arrest, sepsis, shock, acute
respiratory distress syndrome, polytrauma, head disease,
elevated hepatic or portal vein pressures, bleeding during
abdominal, head and neck surgery, or insufficient circulation
during open heart surgery.
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AIRWAY ADJUNCT RESUSCITATION
SYSTEMS AND METHODS

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application is a nonprovisional of, and claims
the benefit of the filing date of, U.S. Provisional Patent Appli-
cation No. 61/368,150 filed Jul. 27, 2010 (Attorney Docket
No. 80118-788149), the entire content of which is incorpo-
rated herein by reference for all purposes. This application is
also related to U.S. patent application Ser. No. 12/119,374
filed May 12, 2008 (Attorney Docket No. 016354-
006400US), the content of which is incorporated herein by
reference for all purposes.

BACKGROUND OF THE INVENTION

[0002] Embodiments of the present invention relate gener-
ally to the field of cardiopulmonary resuscitation and, in
particular, to techniques to increase circulation when per-
forming cardiopulmonary resuscitation (“CPR”).

[0003] Despite current methods of CPR most people die
after cardiac arrest. One of the major reasons is that blood
flow to the heart and brain is very poor with traditional manual
closed chest CPR. Greater circulation of blood during CPR
would result in improved outcomes.

[0004] CPR has traditionally been performed by repeti-
tively compressing the chest and intermittently providing
positive pressure ventilation. Each time the chest is com-
pressed and then allowed to recoil, blood circulates to the
heart and brain; and each time a breath is delivered, the lungs
fill with oxygen. This approach is extremely inefficient, in
part, because each positive pressure ventilation results in an
increase in pressure within the thorax and a consequent
reduction in venous blood flow back to the heart. In addition,
each positive pressure breath increases intracranial pressure
and thereby reduces cerebral blood flow.

[0005] Multiple methods may be used when performing
CPR in patients in cardiac arrest. In this life-threatening situ-
ation, the heart is not capable of circulating blood, so non-
invasive external means are used to assist in the circulation of
blood to the vital organs, including the heart, lungs, and brain.
The methods and devices that may be used to circulate blood
during cardiac arrest usually include the manipulation of one
ormore of a patient’s body parts, usually the chest, to increase
the magnitude and duration of the patient’s negative intratho-
racic pressure. The most common methods include manual
closed chest CPR, active compression/decompression (ACD)
CPR, mechanical CPR with manual or automated devices that
compress the chest and either allow the chest to recoil pas-
sively or actively, and devices that compress the chest wall
and then function like an iron lung and actively expand the
thoracic cage. Some of these approaches and devices only
compress the anterior aspect of the chest, such as the sternum,
while other approaches and devices compress all or part of the
thorax circumferentially. Some approaches and devices also
compress the thorax and abdomen in an alternating sequence.
Some approaches also involve compressing the lower
extremities to enhance venous blood flow back to the heart
and augment arterial pressure, so that more blood goes to the
brain. Other approaches also involve compressing the back
while the patient is lying on his/her stomach. Some devices
include the non-invasive methods and devices outlined above
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that are coupled with invasive devices, such as an intra-aortic
balloon, and devices to simultaneously cool the patient.
[0006] Because the cardiac valves remain essentially intact
during CPR, blood is pushed out of the heart into the aorta
during the chest compression phase of CPR. When the chest
wall recoils, blood from extrathoracic compartments (e.g.,
the abdomen, upper limbs, and head) enters the thorax, spe-
cifically the heart and lungs. During the chest wall recoil
phase, blood fills the cardiac chambers as well as the coronary
arteries, i.e., the arteries that provide blood to the heart
muscle. Without the next chest compression, the blood would
pool in the heart and lungs during cardiac arrest, as there is
insufficient intrinsic cardiac pump activity to promote for-
ward blood flow. Thus, chest compressions are an essential
part of CPR.

[0007] Blood flows to the brain during both the chest com-
pression and decompression phases. The amount of blood
flow to the brain depends upon the gradient between forward
blood flow (determined in large part by the arterial pressure)
and the resistance in flow into the brain (determined in large
part by the intracranial pressure).

[0008] During the compression phase of closed chest
manual (standard) CPR, air is pushed out of the thorax and
into the atmosphere via the trachea and airways. During the
decompression phase, air passively returns back into the tho-
rax via the same airway system. As such, respiratory gases
move out of and back into the thorax. With each compression
the pressure within the chest is nearly instantaneously trans-
mitted to the heart, and also to the brain via the spinal column
and vascular connections. Thus, with each external chest
compression, pressure is increased in the thorax and within all
of the organs in the thorax.

[0009] A variety of impeding or preventing mechanisms
may be used to prevent or impede respiratory gases from
flowing back into the lungs, including those described in U.S.
Pat. Nos. 5,551,420; 5,692,498; 6,062,219; 5,730,122; 6,155,
257; 6,234,916; 6,224,562; 6,986,349; and 7,204,251, the
complete disclosures of which are herein incorporated by
reference. The mechanisms may be configured to completely
prevent or provide resistance to the inflow of respiratory gases
into the patient while the patient inspires. In devices that
completely prevent the flow of respiratory gases, the valves
may be configured as pressure responsive valves that open
after a threshold negative intrathoracic pressure has been
reached. Such systems and devices are referred to herein
collectively by the name “impedance threshold device” or
“ITD”. Other examples of such ITDs are described in U.S.
Pat. Nos. 6,526,973 and 6,604,523, incorporated herein by
reference. However, it will be appreciated that a wide variety
of devices may be used. As another example, devices may be
interfaced with a person’s airway to prevent respiratory gas
flow to the person’s lungs during a portion of an inhalation
event to enhance circulation and decrease intracranial pres-
sure, including those described in U.S. Pat. No. 7,195,012,
incorporated herein by reference.

[0010] Methods and devices, such as ITDs that reduce the
amount of respiratory gases inside the thorax by preventing
said gases from reentering the thorax during the chest wall
recoil phase, or by actively removing said gases either inter-
mittently or continuously, result in less and less air in the
thorax. Less air in the thorax makes room for more and more
blood to return to the heart during the chest wall recoil phase.
Application of the aforesaid methods and devices cause a
reduction in intrathoracic pressures, either during the chest
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wall recoil phase or continuously during the chest compres-
sion and decompression phases, which results in a simulta-
neous decrease in intracranial pressures. As such, application
of these methods and devices increases circulation to the
coronary arteries during the chest wall decompression phase,
and increases blood flow to the brain during the compression
and decompression phases, thereby delivering more oxygen-
rich blood to the brain.

[0011] Known techniques have failed to take a systems-
based approach that includes methods and devices that are
optimized to interface with the patient’s airway, provide the
benefits of ITD therapy and maximize circulation to the heart
and brain by compressing and decompressing the chest. Such
an approach would be desirable since it may result in an
overall increase in the likelihood of a positive outcome after
cardiac arrest.

[0012] As previously mentioned, traditional or standard
CPR also includes the delivery of a positive pressure breath
periodically, in order to inflate the lungs and provide oxygen
(“05”). In addition, positive pressure ventilation provides a
means to remove carbon dioxide (“CO,”) from the lungs.
Since the delivery of O, is an important aspect of CPR, peri-
odic positive pressure ventilation traditionally needs to be
delivered to inflate the lungs and provide oxygen. However,
recently some harmful effects of positive pressure ventilation
have been demonstrated. See, K. Lurie et al.; “Hyperventila-
tion-induced hypotension during cardiopulmonary resuscita-
tion,” Circulation; 2004 Apr. 27; 109(16):1960-5, incorpo-
rated herein by reference. Each time positive pressure
ventilation is delivered, intrathoracic pressure rises. The rise
in intrathoracic pressure results in an immediate reduction in
venous blood flow back to the heart, and an immediate rise in
intracranial pressures, thereby resulting in greater resistance
to forward blood flow to the brain. This occurs when the chest
compressions are delivered continuously or with periodic
pauses for a positive pressure breath. When chest compres-
sions are stopped in order to deliver a positive pressure breath
(which is currently recommended by the American Heart
Association when the airway is not secured by a ventilation
tube such as an endotracheal tube), blood flow to the heart and
brain nearly ceases. Without the chest compressions to serve
as a pump during the period of time a positive pressure breath
is delivered, there is no circulation of blood to the heart and
brain.

[0013] With traditional CPR, the lungs need to be regularly
inflated to provide O, to the lungs and to support movement of
blood through the pulmonary vasculature. O, exchange is
inadequate without positive pressure ventilation, especially
for prolonged resuscitation efforts, and the lungs develop
atelectasis or collapse, making blood flow through the lungs
more difficult as the pulmonary vascular resistance becomes
too high. See K. Lurie et al.; “Comparison of 10 versus 2
breaths per minute strategy during cardiopulmonary resusci-
tation in a porcine model of cardiac arrest,” Journal of Res-
piratory Care; 2008, in press, incorporated herein by refer-
ence. Thus, periodic inflation of the lungs provides O,, helps
to clear CO,, and helps to reduce pulmonary vascular resis-
tance (resistance to blood flow through the lungs) by prevent-
ing lung collapse.

[0014] However, in light of these recently discovered
advances in understanding the physiology of blood flow, and
the effects of positive pressure ventilation on blood flow to the
heart and brain, as well the resistance to blood flow through
the lungs, new methods and devices are needed that: a) obvi-

Feb. 2, 2012

ate the need for positive pressure ventilation, b) provide a
means to lower intrathoracic pressure during CPR (to aug-
ment venous blood flow back to the heart and lower intracra-
nial pressures), and c) still provide a means to prevent lung
collapse. Accordingly, the present invention provides new
methods, systems and devices that optimize circulation and
respiration during CPR while avoiding the harmful effects of
positive pressure ventilation.

BRIEF SUMMARY OF THE INVENTION

[0015] In one embodiment, the invention provides a
method for performing cardiopulmonary resuscitation which
comprises interfacing with a person’s airway an airway sys-
tem that includes at least a first lumen and a second lumen.
CPR chest compressions may be repeatedly performed on the
person, and simultaneously with the chest compressions, a
continuous vacuum may be applied to the airway. In one
embodiment, the continuous vacuum may be applied to the
first lumen of the airway system. In one embodiment, the
continuous vacuum may be applied for a period of time rang-
ing from 10 seconds to the end of the CPR chest compres-
sions. Simultaneously, an effective amount of O, gas may be
injected into the person’s lungs through the second lumen at
a high velocity. By applying continuous vacuum to the
patient’s airway and simultaneously insufflating O, into the
lungs at a high velocity sufficient to circulate O, into the
alveoli, the present invention provides significantly greater
blood flow to the heart and brain during CPR, and thereby
provides an improved method for resuscitation without the
necessity of positive pressure ventilation.

[0016] Inoneembodiment, the continuous vacuum applied
to the first lumen may be about -2 mmHg to about -20
mmHg. In another embodiment, the velocity of the O,-rich
gas may be about 20 ft./sec. to about 1100 ft./sec. In still
another embodiment, additional steps may be added wherein
the continuous vacuum may be discontinued and positive or
negative pressure ventilation may be supplied through the
first lumen to the patient with or without the CPR chest
compressions and with or without the injection of high veloc-
ity oxygen gas through the second lumen.

[0017] Inone embodiment, negative intrathoracic pressure
may be maintained at least in part by using an impedance
threshold device that prevents respiratory gases from return-
ing to the patient’s thorax during the decompression phase of
each CPR chest compression. In another embodiment, the
CPR chest compressions may be performed using closed
chest CPR, active compression/decompression CPR, or
mechanical CPR with a manual or automated device that
compresses the chest wall and either allows the chest to recoil
passively or actively re-expands the thoracic cage of the
patient. In another embodiment, the delivery of O, gas and/or
the application of continuous vacuum may be regulated based
upon one or more physiological measurements such as air-
way pressure, intracranial pressure, O, saturation, end tidal
CO.,, transcutaneous lactate, pH measurements, and the like.
[0018] In another embodiment, the invention provides a
cardiopulmonary resuscitation system for use during the per-
formance of CPR chest compressions on a patient. The CPR
resuscitation system may comprise an airway system config-
ured to interface with a patient’s airway. The airway system
includes at least a first and a second lumen, with the first
lumen being configured to ventilate the patient’s lungs during
the CPR chest compressions. A source of oxygen gas may be
coupled to the second lumen, which may be configured to
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inject an effective volume of oxygen gas from the source of
oxygen gas into the patient’s lungs at high velocity during the
CPR chest compression. Means may also be provided for
applying a continuous vacuum to the person’s airway simul-
taneously with the injection of oxygen gas and the perfor-
mance of CPR chest compressions, at least for a period of
time ranging from 10 seconds to the end of the CPR chest
compressions. In one embodiment, the continuous vacuum is
applied forat least 15 seconds and in some cases for at least 30
seconds. For example, the vacuum means may comprise a
source of continuous vacuum coupled with the first lumen.
The airway system may further comprise at least a second
lumen configured to be coupled with a source of O,, so that O,
gas may be injected at high velocity into the person’s airway
through the second lumen during the performance of the
repeated CPR chest compressions and the application of con-
tinuous vacuum through the first lumen.

[0019] In one embodiment, the first lumen of the airway
system may comprise the central lumen of a ventilation tube,
e.g., an endotracheal tube or a supraglottic airway adjunct,
and the second lumen may comprise one or more small diam-
eter (e.g., about 0.025-1.0 cm) tubules or cannula positioned
within the ventilator tube’s central lumen. In another embodi-
ment, the airway system may further comprise an impedance
threshold device configured to prevent respiratory gases from
flowing into the person’s airway. In other embodiments, the
resuscitation system may include a valve system configured
to discontinue the application of continuous vacuum and
thereafter supply positive pressure ventilation to the person’
airway through the first lumen of the airway system. Such
valve systems may include a fish mouth valve that is closed
when continuous vacuum is being applied to the first lumen
and is opened when positive pressure ventilation is applied to
the first lumen. Another example of such a valve system may
comprise a piston and a pair of rolling diaphragms that are
movable between a first position that allows the application of
continuous vacuum to the first lumen and seals off the source
of positive pressure ventilation to the first lumen, and a sec-
ond position that allows the application of positive pressure
ventilation to the first lumen and seals off the source of
continuous vacuum to the first lumen.

[0020] Inone embodiment, the continuous vacuum may be
regulated by one or more regulators configured to generate a
negative airway pressure of between about -2 mmHg and
about —20 mmHg, and, in another embodiment, a pressure
gauge may be incorporated to measure airway pressures and/
or intrathoracic pressure during application of the resuscita-
tion system. In another embodiment, the resuscitation system
may include a controller comprising control valves connected
to a microcontroller to regulate the application of continuous
vacuum and the delivery of high velocity O, gas in one phase,
and the application of positive airway pressure to the person
in a second phase.

[0021] In another embodiment, the invention provides a
locking supraglottic airway system comprising an airway
tube having a central lumen with a proximal supraglottal
section and a distal esophageal section. The system may
further comprise means for applying a continuous vacuum to
the central lumen; means for advancing the airway tube into a
patient’s airway; a first inflatable cuff positioned in the esoph-
ageal section of the airway tube and configured to seal off the
esophageal area of the patient’s airway when inflated; and a
second inflatable cuff positioned in the supraglottal section of
the airway tube and configured to seal off the laryngeal area of
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the patient’s airway when inflated. The second cuff may com-
prise an extension configured to seal off the nasopharyngeal
area of the patient’s airway when inflated. The first and sec-
ond cuffs act to maintain a negative intrathoracic pressure in
the patient’s airway when a vacuum is applied to the central
lumen.

[0022] Inoneembodiment, the locking supraglottic airway
system may further comprise one or more tubules disposed in
the central lumen and configured to deliver oxygen to venti-
lation ports in the second cuff, thereby injecting oxygen at
high velocity into the patient’s airway. In another embodi-
ment, the means for advancing the airway tube into the
patient’s airway may comprise a pilot tube running the length
of the exterior of the airway tube and an orogastric tube. The
pilot tube may be configured to slide over and be guided by
the orogastric tube after the orogastric tube has been posi-
tioned in the patient’s airway.

[0023] For a fuller understanding of the nature and advan-
tages of the present invention, reference should be had to the
ensuing detailed description taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1 is a hemodynamic tracing from a pig study
wherein the pig receives CPR in accordance with embodi-
ments of the present invention;

[0025] FIG. 2 is a cross-sectional view of one embodiment
of a CPR resuscitation system in accordance with embodi-
ments of the present invention;

[0026] FIG. 3 is a perspective view of another embodiment
of'a CPR resuscitation system device of the invention;
[0027] FIG. 4 is a cross-sectional view of another embodi-
ment of a CPR resuscitation system in accordance with
embodiments of the present invention having a fish mouth
valve mechanism;

[0028] FIG. 5a is cross-sectional view of a valve device in
accordance with embodiments of the present invention show-
ing the position of a rolling piston mechanism during positive
pressure ventilation of a patient;

[0029] FIG. 5bis a cross-sectional view of the valve device
of FIG. 5a showing the position of the valve mechanism
during the application of continuous vacuum to the patient;
[0030] FIG. 6a is a cross-sectional view of another valve
device according to embodiments of the present invention
showing the closed position of the valve mechanism;

[0031] FIG. 6bis a cross-sectional view of the valve device
of FIG. 6a showing the open position of the valve mechanism;
[0032] FIG. 6c¢ is a cross-sectional view of a resuscitation
system according to embodiments of the present invention
employing the valve device of FIG. 6a/b;

[0033] FIG. 7a illustrates one perspective view of a Lock-
ing Supraglottic Airway in accordance with embodiments of
the present invention;

[0034] FIG. 75 illustrates another perspective view of the
Locking Supraglottic Airway of FIG. 7a;

[0035] FIG. 7c¢ is a sagittal view of patient’s airway inter-
faced with the Locking Supraglottic Airway of FIG. 7a/b;
[0036] FIG. 8 is a block diagram showing the components
of an automated control system in accordance with embodi-
ments of the present invention.

[0037] FIGS. 9A and 9B illustrate aspects of an airway
adjunct resuscitation system according to embodiments of the
present invention.
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[0038] FIG. 10 illustrates aspects of an airway adjunct
resuscitation system according to embodiments of the present
invention.
[0039] FIG. 11 illustrates aspects of an airway adjunct
resuscitation system according to embodiments of the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

[0040] In one embodiment, the invention provides a
method for performing cardiopulmonary resuscitation which
comprises: 1) interfacing an airway system with a patient’s
airway, wherein the airway system includes at least a first
lumen and a second lumen; 2) repeatedly performing CPR
chest compressions on the patient; and simultaneously with
the CPR chest compressions 3) applying a continuous
vacuum to the first lumen for a period of time ranging from 10
seconds to the end of the CPR chest compressions; and 4)
injecting an effective volume of oxygen gas into the person’s
lungs at high velocity through the second lumen.

[0041] As used herein, including the appended claims, the
“patient” may include any subject undergoing cardiopulmo-
nary respiration (CPR), and may include both human and
non-human animals.

[0042] As used herein including the appended claims, the
phrase “airway system” is intended to include any system that
is adapted to be interfaced with a patient’s airway and has at
least one lumen adapted to ventilate the patient’s lungs during
CPR; i.e. is adapted to move respiratory gases into and out of
the patient’s lungs. Such airway systems are sometimes
referred to herein as “airway adjuncts” or “ventilation tubes”.
Non-limiting examples of airway systems may include endot-
racheal tubes, supraglottic airway devices, Combitubes, obtu-
rator airways, laryngeal mask airways, and the like. Airway
systems of the present invention also comprise at least a
second lumen adapted to deliver oxygen gas into the patient’s
lungs.

[0043] As used herein including the appended claims, the
phrase “CPR chest compressions” is intended to include any
ofthe aforementioned CPR methods having a chest compres-
sion phase and a chest decompression (or recoil) phase. The
chest compression phase serves to increase intrathoracic
pressure and, thus, generate a pressure gradient between the
thorax and the rest of the body, which in turn forces blood to
the brain and other extra-thoracic organs. In addition, the
chest compression phase causes the collapse of some of the
bronchioles and, as a result, gas that is trapped in the distal
portions of the airways is compressed. Thus, when there are
respiratory gases in the lungs, the chest compression phase
can help to open up the lungs and thus prevent atelectasis
(collapse of the lungs). CPR chest compressions may also
help to adequately exchange respiratory gases and help to
maintain blood flow, as long as the lungs are partially inflated
during the chest decompression phase. As a result, tissue
oxygenation is maintained at a high level, CO, can be
removed, and blood can move from the right heart to the left
heart with a better match between perfusion and ventilation.
In the context of the present invention, CPR chest compres-
sions may be viewed as providing a motor, and the combina-
tion of continuous high velocity O,-rich gas delivery and the
application of a continuous vacuum to the patient’s airway
may be viewed as optimizing or improving the blood circu-
lation to the heart and brain that is produced by that motor. In
addition, the present invention may optimize the delivery of
O, to and CO, removal from the patient’s lungs.
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[0044] The CPR chest compressions may also generate
decompression phase negative intrathoracic pressure with
each chest wall recoil. An ITD may be used to prevent respi-
ratory gases from returning to the thorax during the chest wall
recoil of the decompression phase of each CPR chest com-
pression. By preventing respiratory gases from reentering the
lungs during the decompression phase of CPR, the ITD helps
maintain the decompression phase negative intrathoracic
pressure. However, even when an ITD is used, the level of
decompression phase negative intrathoracic pressure during
standard CPR may oscillate with each compression and
decompression cycle. This oscillation may result in a failure
to maintain a continual negative intrathoracic pressure since
atthe peak of the oscillation, intrathoracic pressure may reach
values that are at or above atmospheric pressure.

[0045] As used herein, the phrase “continuous vacuum”
means that, when simultaneously combined with CPR chest
compressions and the injection of high velocity O, in accor-
dance with the invention, the application of vacuum to the
patient’s airway is not interrupted for a period of time ranging
from 10 seconds to the end of the CPR chest compressions. In
some cases it could be for at least 15 seconds and in other
cases at least 30 seconds to the end of performing CPR. In one
embodiment of the invention, a continuous vacuum is applied
to the patient’s airway at a level sufficient to supplement the
decompression phase negative intrathoracic pressure in the
patient and remove respiratory gases from the patient’s air-
way. In some embodiments, the continuous vacuum may be
applied to the patient’s airway by connecting a vacuum source
to the lumen of an airway system such as an endotracheal
tube. In other embodiments, the continuous vacuum may be
applied to the patient’s airway by other means; e.g. through a
connector for the vacuum source at a remote location in a
ventilation circuit or through a separate lumen, such as a nasal
tube. As described above, the values of the intrathoracic pres-
sure provided by the continuous vacuum may oscillate; e.g.
with each CPR chest compression, and therefore the intratho-
racic pressures values may not remain continuously negative
relative to atmospheric pressure. However, it is understood
that the negative pressure (vacuum) applied to the patient’s
airway will remain continuously negative for at least 10 sec-
onds during the performance of CPR chest compressions and
the injection of high velocity O,.

[0046] The oxygen gas injected into the patient’s lungs in
accordance with the invention is sometimes simply referred
to herein, including the appended claims, as “O,”. It is under-
stood that the term “O,” is intended to include mixtures of
oxygen and other gases. In some embodiments, the second
lumen through which O, is delivered may be incorporated
within the first lumen. For example, the first lumen may
comprise the central lumen of a ventilation tube, e.g., an
endotracheal tube, through which the second lumen may be
disposed, and a continuous vacuum may be applied and main-
tained in the central lumen of the tube, e.g. through a valve
mechanism or impedance threshold device.

[0047] In one embodiment of the invention, the volume of
O, delivered via the second lumen is sufficient to result in
adequate oxygenation of the alveoli of the lungs (sometimes
referred to herein, including the appended claims, as an
“effective volume” or an “effective O, volume”). In one
embodiment, an effective O, volume may be in the range of
about 1 liter to about 20 liters delivered to the lungs during
one minute of CPR chest compressions. Accordingly, these
effective O, volumes may be referred to herein in units of
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“liters per minute” or “L/min”. In some embodiments, an
effective O, volume of between about 3 [./min and 15 L/min
may be preferred. In other embodiments, an effective volume
may be about 12 L/min. In one embodiment, the second
lumen is positioned within the patient’s airway so as to deliver
an effective O, volume in close proximity to the patient’s
carina tracheae.

[0048] The velocity at which the effective O, volume is
injected into the lungs in accordance with the invention is
largely dependent on the diameter of the delivery lumen. In
one embodiment, an effective O, volume may be delivered
through one or more tubules having a lumen diameter small
enough to generate what is sometimes referred to herein,
including the appended claims, as a “high velocity” flow of
O, or “high velocity O,”. As used herein, including the
appended claims, the term “high velocity” is intended to
mean a velocity that is high enough to inject an effective O,
volume into the patient’s lungs without interfering with the
generation and maintenance of a continuous vacuum in the
patient’s airway. In one embodiment, high velocity O, may
have a velocity in the range of about 20 ft/sec to about 1100
ft/sec. In order to generate high velocity O,, the diameter of
the lumen delivering the effective O, volume may be in the
range of about 0.1 cm to about 1.0 cm in some embodiment.
In other embodiments, the lumen diameter may be about 0.25
cm to about 1.0 cm.

[0049] The injection of high velocity O, into the patient’s
lungs through the trachea may produce a laminar or turbulent
flow pattern. The flow pattern will depend upon a number of
factors including the volumetric flow rate, O, velocity, size of
the one or more tubules used to inject the high velocity O,,
and the size and architectural characteristics of the receiving
airway system. Optimizing the degree of laminar and/or tur-
bulent flow patterns may help to improve the overall effi-
ciency of the invention. For example, in one embodiment O,
may be delivered as a high velocity O, laminar flow in one
direction primarily in the middle of the trachea, bronchi, and
bronchioles. As a result, the flow of gases in the reverse
direction resulting from the applied vacuum may move closer
to the walls of these structures. Accordingly, a simultaneous
bidirectional exchange of respiratory gases can occur in a
relatively efficient manner. Physiological feedback sensors
that measure flow and pressure, for example, may provide a
means to further optimize the flow characteristics and, thus,
the efficiency of the invention. Other physiological sensors
may provide a similar kind of benefit.

[0050] FIG. 1 shows several hemodynamic tracings that
illustrate the results of a pig study wherein CPR was per-
formed in accordance with one embodiment of the invention.
A 30 kg pig was placed into ventricular fibrillation with
methods previously described in: “Hyperventilation-induced
hypotension during cardiopulmonary resuscitation,” Circula-
tion; 2004 Apr. 27; 109(16):1960-5, incorporated herein by
reference. After 8 minutes of untreated cardiac arrest, CPR
compressions were performed at 100 times per minute using
an automated CPR device at a depth of 25% of the anterior-
posterior diameter of the pig. After each compression, the
automated CPR device pulled the compressing pad upwards
to allow for the natural recoil of the chest wall in an unim-
peded manner. During the time the automated CPR device
was activated, a continuous vacuum was pulled via an endot-
racheal tube, and an ITD with a cracking pressure 0of 0.17 1bs,
was used to provide a resistance of -9 mmHg. About 12
L/min of 100% oxygen was delivered through a single 1 mm
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(0.1 cm) diameter tube inserted into the lumen of the endot-
racheal tube to provide high velocity O, of about 830 ft/sec.

[0051] Tracing panel A in FIG. 1 depicts the intrathoracic
pressure (“ITP”) in mmHg as measured in the trachea of the
pig by a micromannometer-tipped catheter. It can be seen
from tracing panel A that a continual negative I'TP was main-
tained during the entire 9 minutes of CPR and oscillated with
each compression and decompression cycle between —1 and
-9mmHg. Tracing panel B of FIG. 1 depicts blood flow to the
carotid artery in mL/min as measured with a Doppler flow
probe around the carotid artery, and shows how blood flow
may vary with each compression and decompression cycle.
Tracing panel C of FIG. 1 depicts the changes in aortic pres-
sure (Ao), right atrial pressure (RA) and intracranial pressure
(ICP) during CPR in accordance with the invention, and
shows how the values for Ao, RA and ICP increase and
decrease with each compression and decompression cycle.
The difference between the values for Ao and RA in the
decompression phase is called the “coronary perfusion pres-
sure,” and the difference between the values for Ao and ICP is
called the “cerebral perfusion pressure.” With the present
invention, lung oxygenation is maintained at clinically
acceptable values, and coronary and cerebral perfusion pres-
sure is maintained at a level adequate to allow for the return of
spontaneous circulation after a cardiac arrest. The arterial and
venous blood gases, after 9 minutes of CPR in accordance
with the invention, were as follows: arterial blood pH=7.26,
pCO,=48, p0,=396, HCO;=22, base excess=-5, and % satu-
ration=100%; and the venous blood pH=7.17, pCO,=74.6,
p0O,=20, HCO,=27, base excess=-1, and % saturation=21%.
[0052] A device 20 suitable for the practice of one embodi-
ment of the invention is shown in FIG. 2. Device 20 may
comprise a housing 211 that defines a central lumen 212. A
ventilation tube 201 comprising central lumen 213 may be
connected to the patient’s respiratory system at its distal end
214 and may be attached to device 20 at fitting 202, which
communicates with central lumen 212. As used throughout
the description provided herein, the term “ventilation tube”
refers to any airway system having a central lumen through
which respiratory gases may pass, e.g., an endotracheal tube,
laryngeal mask airway device, supraglottic airway device,
etc. High velocity O, may be delivered into proximal end 203
of ventilation tube 201 through one or more tubules (cannu-
lae) 204 that extend from O, source 205 into central lumen
212 of device 20 through opening 206. Tubule(s) 204 may run
the length of ventilation tube 201 and direct a flow of high
velocity O, into the patient’s respiratory system at the distal
tip 214 thereof, as shown by the arrow labeled “O,”. In one
embodiment, the high velocity O, may be delivered at a
velocity of between 20 and 1100 ft/sec and the diameter of
tubules 204 may be between 0.025-1.0 cm, depending upon
the number of tubules 204 used.

[0053] A vacuum line 207 connected to a vacuum source
208 may be attached to device 20 at fitting 209, which com-
municates with central lumen 212 of device 20. When acti-
vated, vacuum source 208 generates a continuous vacuum in
lumen 212 of device 20 and lumen 213 of ventilation tube
201, which results in a negative intrathoracic pressure in the
patient’s airway and lungs. This vacuum may generate a flow
of respiratory gases R from the patient’s respiratory system
into lumen 213 of ventilation tube 201 and lumen 212 of
device 20. An impedance threshold device (ITD) 210 may be
attached to device 20 at fitting 215, which communicates with
lumen 212. ITD 210 may be any of the known ITDs that
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prevent or impede respiratory gases R from flowing back into
the patient’s respiratory system thereby helping maintain
negative intrathoracic pressure. Examples of ITDs may be
found in the aforementioned U.S. patents previously incor-
porated herein by reference. ITD 210 may be set to maintain
a negative intrathoracic pressure between about —2 mmHg
and about -20 mmHg, and preferably between about -6
mmHg and about -12 mmHg. Optionally, one or more gauges
to assess changes in pressure within device 20 could be
attached, for example, via a Y-connector attached to fitting
209, 211, or another connection to device 20. Such gauge(s)
may be used to provide the user with information regarding
the pressure within device 20 at any point in time.

[0054] Device 20 may be activated by turning on O, source
205 and vacuum source 208 as soon as ventilation tube 201 is
inserted into the patient’s airway. In some cases, O, source
205 may be turned on before vacuum source 208. Simulta-
neously with the injection of O, and the application of con-
tinuous vacuum, CPR chest compressions on the patient may
be performed until there is a successful resuscitation, or other
CPR procedures are performed. The continuous vacuum may
be regulated by ITD 210, which opens at the preset cracking
pressure, such that the intrathoracic pressure in the patient’s
respiratory system remains below atmospheric pressure, e.g.
never exceeds a predetermined negative intrathoracic pres-
sure value. Further, if the patient starts to breath during CPR
or after a successful resuscitation the inspiratory resistance
may never be greater that that to which ITD 210 is set. Thus,
ITD 210 not only serves to regulate the applied vacuum but
also provides a safety feature so that the patient can breathe,
if spontaneous respiratory efforts are present during the CPR
effort. Once the patient has been resuscitated and CPR is no
longer performed, vacuum line 207 may be disconnected, or
vacuum source 208 may be switched off if connected to a
switch.

[0055] In another embodiment, the means for delivering
high velocity O, may be incorporated into the central lumen
of a standard ventilator tube and may be separate from the
means for applying the continuous vacuum. For example, in
the embodiment illustrated in FIG. 3, adaptor 30 may com-
priseabody 301 having an attached O, cannula 302 extending
therethrough. O, cannula 302 may comprise a proximal end
303 attached to an O, source (not shown) and a distal portion
306. Body 301 may be adapted to be coupled with proximal
end 305 of standard endotracheal tube 306 with the distal
portion 304 of tubule 302 positioned within the central lumen
307 of endotracheal tube 306 so that tubule 302 extends
substantially the entire length of endotracheal tube 306 and
directs high velocity O, into the patient’s respiratory system.
This arrangement enables personnel administering CPR to
deliver high velocity O, into the distal portions of a standard
endotracheal tube 306, and simultaneously pull a continuous
vacuum in lumen 307 using another separate device. Adapter
30 may also include one or more optional sideline attach-
ments 308 to measure airway pressures, temperature, O, satu-
ration, end tital carbon dioxide (ETCO,), transcutaneous lac-
tate, pH and a variety of other physiological parameters and/
or respiratory metabolites Endotracheal tube 306 may also
contain standard attachments, e.g., endotracheal cuff 309.

[0056] In another embodiment, the present invention may
be used in combination with traditional CPR methods that
employ the periodic delivery of positive pressure ventilation
to the patient’s respiratory system; e.g. to expand the lungs
fully. This additional step may in some cases add further
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benefit, particularly in a setting of prolonged resuscitations.
Although such positive pressure ventilation is optional in the
practice of the invention, it may serve a function which is the
equivalent of a sigh during normal respiration in a healthy
person. Both the sigh and intermittent positive pressure ven-
tilation help to recruit more alveoli in the lungs, which may
help prevent collapse and/or closure of the smaller airways
and some alveoli.

[0057] Accordingly, in some embodiments of the inven-
tion, the patient may be ventilated actively during traditional
CPR with either positive or negative pressure ventilation
before or after the performance of CPR in accordance with the
invention. For example, in one embodiment of the invention,
avalve device may be attached to a source of positive pressure
ventilation, such as a resuscitator bag, a mechanical ventilator
or an anesthesia machine, so that ventilation may be applied
immediately before or after CPR in accordance with the
invention without having to change equipment. As one non-
limiting example, device 40 shown in FIG. 4 may be con-
nected at port 401 to mechanical ventilator 402 through ven-
tilator circuit 403. Device 40 may also be connected at fitting
405 to the patient’s airway through ventilation tube 404 hav-
ing central lumen 414. Device 40 may also be connected at
fitting 406 to vacuum source 407 through vacuum line 408
and switching mechanism 415, and connected through
switching mechanism 409 to O, source 410. The supply of O,
may be turned off and on using switching mechanism 409, so
that high velocity O, may be used during CPR according to
the invention and then either used or not used during tradi-
tional CPR.

[0058] Regulator valve 411 in FIG. 4 may serve as a
vacuum regulator during the practice of the invention, and
may also facilitate positive pressure ventilation via the same
circuit if the patient needs positive pressure ventilation before
or after the performance of CPR in accordance with the inven-
tion. Valve 411 may be a diaphragm with an integrated valve
that is capable of opening at a predetermined pressure differ-
ential that is greater than the differential required to move the
diaphragm, e.g., a “fish mouth” or “duck bill” valve. When
used in accordance with the invention, valve 411 may pref-
erably be fixed at one vacuum level, e.g. -8 to -9 mmHg, but
the vacuum level may be varied with an alteration in the fish
mouth valve design.

[0059] When clinically indicated, positive pressure venti-
lation may be periodically delivered to the patient through
ventilator circuit 403 by opening and closing valve 411. The
delivery of high velocity O, to the patient may be provided
through tubule 412 into lumen 414 and may be switched off
and on using switch 409. A vacuum may be applied through
vacuum line 408 to provide a continuous vacuum at a prede-
termined level in central lumen 413 of device 40 and ventila-
tion tube lumen 414 by switching on switch 415 and closing
valve 411. Alternatively, the supply of continuous vacuum
may be switched off by switch 415 and valve 411 may be
opened to provide for periodic positive pressure ventilation
when necessary or desirable.

[0060] FIGS. 5a and 55 illustrate a device 50 wherein posi-
tive pressure ventilation of the patient may be provided in one
phase; e.g., when device 50 is being used in association with
a CPAP system; and alternative continuous vacuum may be
provided in a second phase in which the patient may be
isolated from the CPAP system; e.g. when device 50 is being
used to apply continuous vacuum to an airway system during
CPR in accordance with the invention. Device 50 may com-
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prise a housing 501 that defines a longitudinal lumen 502 and
a branch lumen 503 in fluid communication with lumen 502.
Piston 504 may be disposed within lumen 502, which may be
sealed at the upper section of piston 504 by rolling diaphragm
505 and may be sealed at the lower section of piston 504 by
rolling diaphragm 506. The lower section of piston 504 may
comprise an internal chamber 507 having an entrance open-
ing 508 at its lower end and an exit opening 509 in its side
wall. Lumen 502 may communicate with a CPAP machine
(not shown) through connection 510 and may communicate
with a vacuum source (not shown) through vacuum connec-
tion 511. Oxygen catheter 512, disposed within branch lumen
503, may be connected at one end to an O, source (not shown)
through connector/valve 513 communicating with branch
lumen 503. The opposite end of oxygen catheter 512 may
extend the length of a patient’s ventilation tube (not shown) so
as to direct high velocity O, to the patient’s respiratory sys-
tem. The ventilation tube may be connected to lumen 503
through patient connector 514.

[0061] Piston 504 and rolling diaphragms 505 and 506 may
be moveable between the positions shown in FIGS. 5a and 54.
When positive pressure is present in lumen 502, e.g., when
CPAP is being applied to the patient, piston 504 may be
moved against biasing spring 515 to the position shown in
FIG. 5a. In this position, rolling diaphragm 506 seals lumen
502 above branch lumen 503 and uncovers exit opening S09
so that lumen 502 communicates with branch lumen 503. As
illustrated by flow line A in FIG. 5a, this position allows gas
under positive pressure to flow into lumen 502 from the
ventilator, into chamber 507 through entrance opening 508,
into branch lumen 503 through exit opening 509, and then
into the patient’s ventilation tube connected to branch lumen
503 through connector 514.

[0062] When positive pressure is not present in lumen 502,
e.g., when the patient is undergoing CPR in accordance with
the invention, piston 504 may be moved by the action of
biasing spring 515 to the position shown in FIG. 54. In this
position, rolling diaphragm 505 seals lumen 502 at the top of
piston 504 and rolling diaphragm 506 seals lumen 502 at the
bottom of piston 504. As illustrated by flow line B in FIG. 54,
gas under negative pressure (vacuum) may flow into lumen
502 from the patient’s ventilation tube through connector
514, may flow around piston 504, and may exit through
vacuum connector 511. Rolling diaphragms 505 and 506 seal
the portion of lumen 502 surrounding piston 504 so that
ventilator gas leakage into that portion is prevented while
vacuum is being applied, thereby isolating the patient from
the ventilator gas.

[0063] Device 50 may be particularly useful when it is
critical to prevent gas applied by the ventilator from reaching
the patient during the administration of CPR, e.g., when anes-
thesia gas is applied to the patient by the ventilator. In addi-
tion, device 50 may provide a pressure-balanced system
wherein the level of continuous vacuum being applied during
CPR according to the invention does not affect the level of
pressure required to activate the device when positive pres-
sure ventilation is desired. During CPR in accordance with
the invention, a continuous flow of high velocity O, may be
supplied to the patient’s ventilation tube via oxygen catheter
512 and a continuous vacuum may be simultaneously applied
as shown in FIG. 5b. Alternatively, e.g. during traditional
CPR procedures using positive pressure ventilation, device
50 may allow the supply of O, to be turned on or off at
connector/valve 513. In other embodiments, device 50 may
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be used to apply O, and a continuous vacuum during CPR for
at least 20 seconds according to the invention, but then inter-
spersed with short periods of traditional CPR conducted at
atmospheric pressure or with positive pressure ventilation.
This combination of CPR methods of the present invention
with traditional CPR methods may in some circumstances aid
in the ventilation if the patient is found to have inadequate
oxygenation.

[0064] As previously described in connection with FIG. 3,
O, may be continuously injected into the patient’s lungs at a
relatively high velocity during continuous CPR chest com-
pressions using apparatus separate from apparatus used to
apply and maintain the vacuum to the patient’s airway. FIGS.
6a and 65 illustrate a valve 60 that may be used for applying
vacuum when the injection of high velocity O, is accom-
plished using a separate device, e.g. an adaptor coupled with
ventilator tube such as shown in FIG. 3. Valve 60 may also be
useful to help clear CO, from the airway each time the chest
is compressed while preventing respiratory gases from reen-
tering the patient’s respiratory system during the decompres-
sion phase of CPR.

[0065] FIG. 6c¢ illustrates a resuscitation system 600 com-
prising a valve 60 coupled with a patient’s endotracheal tube
608 through an adaptor 609. Adaptor 609 may comprise a
body 610 configured to connect patient lumen 602 with cen-
tral lumen 611 of endotracheal tube 608. O, cannula 612 may
enter body 610 through side port 613 and, when adaptor 609
is connected to endotracheal tube 608, may extend the length
of central lumen 611. The proximal end 614 of O, cannula
612 may be connected to a source of O, and the distal end 615
of O, cannula 612 may be disposed to inject high velocity O,
into the patient’s lungs.

[0066] Valve 60 may comprise a housing 601 including a
patient lumen 602 and a vacuum lumen 603 attached to a
vacuum source (not shown). The vacuum source may be
powered by a small Venturi attached to the O, cannula 612 to
produce a relatively low level vacuum, or may be an external
vacuum source that produces a somewhat higher level of
vacuum. Vacuum lumen 603 may be connected to patient
lumen 602 through circumferential conduit 604. Biasing
spring 605 may be disposed in housing 601 and may be
adapted to exert downward force on circumferential sealing
gasket 606 so as to keep sealing gasket 606 in the position
shown in FIG. 6a. In that position, sealing gasket 606 closes
the gap 607 between patient lumen 602 and conduit 604 and
prevents respiratory gases from entering or leaving patient
lumen 602. For example, each time the chest wall recoils in
the decompression phase of CPR chest compressions, sealing
gasket 606 occludes patient lumen 602 and thereby allows for
the generation and maintenance of decompression phase
negative intrathoracic pressure within the patient’s airway;
provided O, flow into the patient’s lungs from O, cannula 612
is maintained at a rate less than the intrathoracic vacuum
generated by the chest recoil.

[0067] During the compression phase of CPR chest com-
pressions, the compression forces on the chest may generate
a positive intrathoracic pressure which causes respiratory
gases such as CO, to flow from the patient’s lungs and endot-
racheal tube 608 through patient lumen 602. The intrathoracic
positive pressure in combination with the negative pressure
generated by the low level vacuum applied through vacuum
connection 603 acts to move sealing gasket 606 into the
position shown in FIG. 65, wherein sealing gasket 606 is
separated from patient lumen 602. As a result, respiratory
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gases may be allowed to flow through patient lumen 602, into
conduit 604 and out vacuum connection 603, as shown by
flow path C in FIG. 6b. Each time sealing gasket 606 is
separated from the patient lumen 602 during the compression
phase, respiratory gases are sucked out of the trachea, thereby
facilitating the efflux of respiratory gases from the patient’s
lungs. At the end of the compression phase, the absence of
positive intrathoracic pressure and the force of biasing spring
605 act to return sealing gasket 606 to the position shown in
FIG. 6a, thereby resealing patient lumen 602. In that position,
sealing gasket 606 closes the gap 607 between patient lumen
602 and conduit 604 and prevents respiratory gases from
entering the patient lumen 602.

[0068] In another embodiment, a continuous vacuum may
be applied through vacuum connection 603 at a level suffi-
cient to exert an upward force on sealing gasket 606 that is
greater than the downward force provided by biasing spring
605. Accordingly, sealing gasket 606 may remain in the open
position shown in FIG. 65 as long as such continuous vacuum
is being applied at the required level. In this way, a continuous
vacuum may be applied to the patient’s airway for a sustained
period of time through device 60; e.g. for a time period
ranging from about 15 seconds to the end of the CPR proce-
dure in accordance with the invention. When the continuous
vacuum is removed or reduced; e.g. when it is desired to use
device 60 in a conventional CPR procedure, the absence of the
greater force provided by the continuous vacuum may allow
the force of biasing spring 605 to return sealing gasket 606 to
the position shown in FIG. 6a, thereby resealing patient
lumen 602.

[0069] A variety of airway systems may be modified so as
to be suitable for the practice of the invention. In one embodi-
ment, one or more additional lumens may be added within an
existing lumen of an airway adjunct specifically to carry O,
and direct it towards the patient’s trachea. The additional
lumen(s) may vary in size and design, but the diameter of the
lumen(s) will be sufficient to deliver a high O, velocity.

[0070] Airway adjuncts may be used to protect the lungs
from aspiration as well as provide a means to ventilate
patients who require assisted ventilation. A number of the
previously mentioned airway adjuncts are available for this
purpose, including without limitation endotracheal tubes,
supraglottic airway devices, Combitubes, obturator airways,
laryngeal mask airways, and the like. All of these airway
adjuncts may be designed to maintain a seal when positive
pressure ventilation is administered to the patient. Some of
the airway adjuncts may be further designed to provide a
means to prevent gastric contents from entering the lungs; e.g.
the airway adjunct may comprise an additional tube portion
that can be inserted into the esophagus or stomach. A number
of variations are possible; e.g. to enable measuring pressures
within the airway adjunct, delivering electrical therapy from
the airway adjunct to the body, draining the stomach and
gastric content, and the like. Some airway adjuncts are able to
be placed in a blinded manner to facilitate ease of insertion.
The latter are particularly helpful during the performance of
CPR or in treating other life-threatening emergency where
endotracheal intubation may be difficult. Most airway
adjuncts have one or more cuffed balloons (“cuffs”) to seal off
the trachea, the esophagus, the larynx, and other part of the
airway tree such that when a positive pressure is delivered to
the patient it is directed into the lungs. Dual lumen tubes have
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also been developed; e.g. to provide ‘jet ventilation’ to suction
out mucous and deliver O, within the lumen of an endotra-
cheal tube.

[0071] Prior to the present invention there has not been a
need to seal the patient’s airway to allow for the application of
a continuous vacuum, nor has there been airway systems
adapted to accomplish this result. Standard cuffs are designed
to prevent air leaks when positive pressure ventilation is
delivered to the patient’s airway. Pulling a continuous
vacuum by an external means to create a negative intratho-
racic pressure in accordance with the invention creates the
opportunity for leaks to develop around such standard cuff
because the forces on the tube generated by the vacuum may
pull the tube inward and create gaps, especially in the
nasopharyngeal region of the airway. In one embodiment, the
present invention provides a means to easily and effectively
generate and maintain a continuous vacuum without air leaks
to the outside. The present invention is thereby useful for
optimizing new therapies for the treatment of various condi-
tions that take advantage of the beneficial effects of negative
intrathoracic pressure. Such conditions include without limi-
tation cardiac arrest, shock, stroke, brain injury and other
states of low blood circulation.

[0072] The following description refers to FIGS. 7a-7c,
and sets forth one non-limiting example of a novel airway
system that may be used in accordance with the present inven-
tion, as well as prior art therapies wherein the development
and maintenance of a negative intrathoracic pressure may be
beneficial; e.g. methods, systems and devices that utilize
ITDs as described in the aforementioned and previously
incorporated U.S. patents.

[0073] FIG. 7a shows a side view of a novel locking supra-
glottic airway (LSA) adjunct 70 that may be used in the
practice of the present invention, and FIG. 75 shows a view of
LSA 70 on a plane perpendicular to the view of FIG. 7a. FIG.
7c¢ shows a sagittal view of LSA 70 interfaced with a patient’s
airway 716.SLA 70 may comprise an airway tube 701 having
a central lumen 702 with a proximal supraglottal section 703
and a distal esophageal section 704. System 705 may be
attached to proximal end 706 of airway tube 701. System 705
may be any of the previously described systems of the present
invention that comprise means for applying a continuous
vacuum and means for delivering high velocity O,, either
integrated into a single device or separated into more than one
device. For example, system 705 may comprise one or more
of'the devices shown in FIGS. 2-6. Accordingly, a continuous
vacuum may be applied by system 705 to central lumen 702
of airway tube 701 and O, may be delivered by system 704
through one or more O, cannula 707 disposed in supraglottal
section 703 of central lumen 702. Distal end 708 of esoph-
ageal section 704 may be surrounded by esophageal cuff 706.
[0074] Laryngeal cuff 709 may be positioned so as to sur-
round airway tube 701 at the distal end of supraglottal section
703. Laryngeal cuff 709 may comprise cuff body 710 and
nasopharyngeal extension 711, which may include a thick-
ened wall portion 712 that serves as a stiffener. Laryngeal cuff
709 and esophageal cuff 706 may comprise balloons that
could be inflated with a syringe. In one embodiment, both
cuffs may be inflated with a single syringe, or a separate
syringe may be used to inflate each balloon. O, cannula 707
may extend the length of supraglottal section 703 from proxi-
mal end 706 to laryngeal cuft 709, where O, cannula 707 may
terminate as one or more ventilation ports 713 in laryngeal
cuff 709. LSA 70 may also comprise pilot tube 714 attached
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to and extending the length of airway tube 701. Pilot tube 714
is adapted to receive orogastric tube 715.

[0075] LSA 70 may be interfaced with airway 716 of
patient 717 as shown in FIG. 7¢. For a more complete under-
standing, various parts of the anatomy of patient 717 are
labeled in FIG. 7¢ without reference numerals. Whereas even
skilled individuals may have difficulty easily and reliably
placing prior art supraglottic airways, orogastric tubes are
generally easy to pass into a patient’s airway. Accordingly,
orogastric tube 715 may be first passed into esophagus 718 of
patient 717. Once orogastric tube 715 is inserted and
advanced into esophagus 718, pilot tube 714 may be slid over
orogastric tube 715 so that orogastric tube 715 may be used as
a guide to facilitate the proper placement of LSA 70 in
esophagus 718 as well as the proper seating of laryngeal cuff
709 and esophageal cuff 706. For example, LSA 70 may be
advanced down along the length of orogastric tube 715 until
distal end 720 of pilot tube 714 stops short of the distal tip 721
of orogastric tube 715, as shown in FIG. 7c. Also as shown in
FIG. 7¢, esophageal cuff 706 and body 710 of laryngeal cuff
709 may be positioned to seal off esophagus 718, and
nasopharyngeal extension 711 of laryngeal cuff 709 may be
positioned to seal off the nasopharyngeal section 722 of air-
way 716. As one example of a benefit derived from this
facilitated placement, LSA 70 may be blindly placed by a
rescuer performing CPR under field conditions without stop-
ping CPR chest compressions. The improved seating of
laryngeal cuff 709, esophageal cuff 706 and nasopharyngeal
extension 711 may also assure a more complete sealing of
airway 716 when a vacuum is generated and maintained in
trachea 719 of patient 717, below supraglottic section 703 of
LSA 70.

[0076] In one embodiment of the invention, high velocity
O, may be injected from O, cannula 707 directly into the
trachea of patient 717 through ventilation ports 713 by posi-
tioning laryngeal cuff 709 so that high velocity O, exiting
from ventilation ports 713 are physically directed toward the
central lumen of the patient’s trachea and main stem bronchi,
as shown in FIG. 7¢. In another embodiment, a continuous
vacuum may be applied to airway tube 701 at a level sufficient
to generate a negative pressure in the trachea of patient 717,
which as previously described, is facilitated by the improved
seating of laryngeal cuff 709, esophageal cuff 706 and
nasopharyngeal extension 711 provided by LSA 70.

[0077] LSA 70 provides novel means for interfacing with
the patient’s airway in the practice of the invention. LSA 70 is
designed with special nasopharyngeal appendage 711, which
seals off the nasopharyngeal passageway 722 when inserted
into the patient’s airway 716. As shown in FIG. 7a, LSA 70
may in one optimal embodiment have a bend to direct the
distal tip 721 into the esophagus when it is inserted blindly.
Distal tip 721 may be used to stabilize LSA 70 and orogastric
tube 715 may optionally serve as a conduit to drain gastric
contents.

[0078] As previously described, laryngeal cuff 709 may be
a small balloon that has a unique feature, nasopharyngeal
appendage 711, that serves to seal the nasopharyngeal region
of the airway concurrently with the laryngeal-pharyngeal
cavity. As a result, the patient’s airway may be sealed and the
airway tube may be stabilized so that it is more difficult for the
airway tube to advance into the airway and leak when a
continuous vacuum is drawn in the thorax relative to the
atmosphere. In addition, LSA 70 may prevent gastric contents
from being sucked into the patient’s lungs. In contrast with
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prior art airway adjuncts that have inflatable cuffs to help seal
off the airway and allow for the delivery of a positive pressure
breath, LSA 70 is designed to assure the maintenance of
continuous vacuum in the patient’s airway and to continu-
ously deliver high velocity O, to the patient in accordance
with the present invention. In addition, SLA 70 may provide
a means for rapidly placing an airway adjunct blindly by the
rescuer performing CPR, without stopping chest compres-
sions, and may also protect against pulmonary aspiration.
Laryngeal cuff 709 and nasopharyngeal extension 711, along
with esophageal cuff 709, may assure a tight seal, even when
a vacuum is generated below the position of SLA 70 in the
patient’s airway. SLA 70 also may provide an optional means
to cannulate and/or suction the stomach through orogastric
tube 715.

[0079] FIG. 8 is a block diagram of an apparatus 80 that
may be used in one embodiment of the invention suitable for
providing intermittent or continuous O, delivery and continu-
ous or intermittent vacuum to a patient 801. Apparatus 80 may
also be used to provide intermittent positive airway pressure
to patient 801. It should be understood that all of the compo-
nents of apparatus 80 shown in FIG. 8 may not be required for
apparatus 80 to function, and merely represent one example
of a suitable apparatus.

[0080] Referring to FIG. 8, controller 802 of apparatus 80
may be connected to gas line 803, which runs from O, source
804 through control valve 805 to continuous positive airway
pressure or bi-level positive pressure (CPAP/BiPAP) device
806. Controller 802 may also be connected to vacuum line
807, which runs from vacuum source 808 through control
valve 809 to impedance threshold device or intrathoracic
pressure regulator (ITD/ITPR) 810. CPAP/BiPAP device 806
and ITD/ITPR device 810 may be connected by line 811 and
ITD/ITPR device 810 may be connected to patient 801 by line
812. Control valve 805 and 809 may be electrically controlled
by microcontroller 811 through wires 813 so as to regulate the
application of O, and vacuum and the positive airway pres-
sure to patient 801. Microcontroller 811 may be adjusted
using timer 813, CO, detector 814 that measures the amount
of CO, present in the respiratory system of patient 801, or a
using a variety of other instruments for determining the
proper application of O, and vacuum, or positive airway pres-
sure, to patient 817, for example, an airway pressure sensor.

[0081] FIGS. 9A and 9B show aspects of an airway adjunct
system 900, according to embodiments of the present inven-
tion. Airway adjunct system 900 can be used during admin-
istration of a resuscitative procedure to a patient. As shown
here, airway adjunct system 900 includes a support assembly
910 defining an intrathoracic pressure monitoring lumen, a
fluid delivery lumen through which a cooling fluid may be
delivered, a fluid return lumen through which a cooling fluid
may be returned, and an orogastric lumen. Treatment of the
patient with cooling fluid can provide a preservative effect on
the patient’s heart tissue, as well as the patient’s cerebral and
brain tissue. The support assembly 910, and other compo-
nents of the system, can be configured to present an oval
profile, which can prevent or inhibit the system from
unwanted rotation within the patient. The support assembly
can also define a lumen for passage of electrical stimulation
and recording wires. Such wires can be coupled with sensing
elements for monitoring the patient’s heartbeat, or with pac-
ing or stimulation elements for restoring cardiac rhythm in
the patient. Airway adjunct system 900 also includes an
intrathoracic pressure monitoring mechanism (not shown) in
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fluid communication with the intrathoracic pressure monitor-
ing lumen. The intrathoracic pressure monitoring mechanism
monitors pressure within the intrathoracic pressure regulation
lumen during administration of the resuscitative procedure to
the patient. Additionally, airway adjunct system 900 includes
a laryngeal cuff assembly 920 coupled with the support
assembly 910. The laryngeal cuff assembly 920 can be posi-
tioned within the patient’s supraglottic airway, for example
by maneuvering the support assembly 910. In some cases, the
laryngeal cuff assembly 920 at least partially isolates and
seals a portion of the supraglottic airway of the patient. The
laryngeal cuff assembly 920 can operate to assist in position-
ing a distal section of the intrathoracic pressure monitoring
lumen in fluid communication with the patient’s trachea,
during administration of the resuscitative procedure to the
patient. Airway adjunct system 900 also includes an esoph-
ageal cuff assembly 930 coupled with the support assembly
910 distal to the laryngeal cuff assembly 920. The esophageal
cuff assembly 930 can interface with the esophagus of the
patient during administration of the resuscitative procedure to
the patient. In use, the esophageal cuff assembly 930 can
provide a platform against which the heart may be com-
pressed against, when positioned accordingly within the
patient’s anatomy. The esophageal cuff assembly 930 may
also include an electrode assembly for monitoring or stimu-
lating electrical activity within the patient, such as cardiac
electrical activity. Further, airway adjunct system 900
includes a gastric cuff assembly 940 coupled with the support
assembly 910 distal to the esophageal cuff assembly 930. The
gastric cuff assembly operates to assist in positioning a distal
section of the orogastric lumen in fluid communication with
the patient’s stomach, so that the orogastric lumen can facili-
tate removal of gastric contents from the patient during
administration of the resuscitative procedure to the patient.
For example, a gastric balloon can operate to perform an
anchoring function. Airway adjunct system 900 also includes
a fluid passage circuit defined at least in part by the esoph-
ageal cuff assembly 930 and the gastric cuffassembly 940 and
in fluid communication with the fluid delivery lumen and the
fluid return lumen of the support assembly 910. The fluid
passage circuit can be used to circulate cooling fluid through
the esophageal cuff assembly 930 and the gastric cuff assem-
bly 940, for example. Hence, the esophageal cuff assembly
930 and the gastric cuff assembly 940 can be inflated in
unison. In some cases, the fluid passage circuit can include
one or more valves, such as one-way or two-way valves. A
syringe can be used to introduce cooling fluid into the fluid
delivery lumen.

[0082] According to embodiments of the present invention,
intrathoracic pressure regulation can occur during active
chest compression and decompression, and can be regulated
by an intrathoracic pressure regulation mechanism such as an
Impedance Threshold Device (ITD) or an Intrathoracic Pres-
sure Regulator (ITPR). Both ITD and ITPR mechanisms can
be used to decrease intrathoracic pressure or otherwise facili-
tate negative airway pressure in a patient, so as to enhance
circulation. Operation of an ITD mechanism involves
vacuum associated with recoil, and operation of an ITPR
mechanism involves the active application of a vacuum. Both
ITD and ITPR mechanisms can be used to lower intrathoracic
pressure during the chest wall recoil phase of CPR, thereby
enhancing the transfer of blood from outside the thorax into
the right heart. According to some embodiments, an ITD
valve system can be configured to prevent respiratory gas

Feb. 2, 2012

flow to the person’s lungs during the decompression phase
until a negative airway pressure achieved equals the opening
pressure of the valve system, and an ITPR valve system can be
used to withdraw air from the lungs via an active vacuum
source until a negative airway pressure is achieved. Often,
ITD and ITPR procedures can be used independently, such
that a patient may be treated with either an ITD mechanism or
an ITPR mechanism.

[0083] Airway adjunct systems can include intrathoracic
pressure monitoring mechanisms and intrathoracic pressure
regulation mechanisms. In some cases, monitoring and regu-
lation mechanisms are integral with each other. In some cases,
monitoring and regulation mechanisms are separate parts of
the system. Optionally, monitoring and regulation mecha-
nisms can either be operated in a coordinated fashion, or
independently from one another. In some cases, monitoring
mechanisms can be used to perform pressure regulation
operations, and regulation mechanisms can be used to per-
form pressure monitoring operations.

[0084] FIG. 10 schematically illustrates aspects of an air-
way adjunct system 1000, according to embodiments of the
present invention. Airway adjunct system 1000 can be used
during administration of a resuscitative procedure to a
patient. As shown here, airway adjunct system 1000 includes
a support assembly 1010 defining an intrathoracic pressure
monitoring lumen, a fluid delivery lumen 1012 through which
a cooling fluid may be delivered, a fluid return lumen 1013
through which a cooling fluid may be returned, and an oro-
gastric lumen 1014. Airway adjunct system 1000 also
includes an intrathoracic pressure monitoring mechanism
(not shown) in fluid communication with the intrathoracic
pressure monitoring lumen. The intrathoracic pressure moni-
toring mechanism monitors pressure within the intrathoracic
pressure regulation lumen during administration of the resus-
citative procedure to the patient. Additionally, airway adjunct
system 1000 includes a laryngeal cuff assembly (not shown)
coupled with the support assembly 1010. The laryngeal cuff
assembly can be positioned within the patient’s supraglottic
airway, for example by maneuvering the support assembly
1010. In some cases, the laryngeal cuff assembly at least
partially isolates and seals a portion of the supraglottic airway
of the patient. The laryngeal cuff assembly can operate to
assist in positioning a distal section of the intrathoracic pres-
sure monitoring lumen in fluid communication with the
patient’s trachea, during administration of the resuscitative
procedure to the patient. Airway adjunct system 1000 also
includes an esophageal cuff assembly 1030 coupled with the
support assembly 1010 distal to the laryngeal cuff assembly.
The esophageal cuff assembly 1030 can interface with the
esophagus of the patient during administration of the resus-
citative procedure to the patient. Further, airway adjunct sys-
tem 1000 includes a gastric cuff assembly 1040 coupled with
the support assembly 1010 distal to the esophageal cuff
assembly 1030. The gastric cuff assembly operates to assistin
positioning a distal section of the orogastric lumen 1014 in
fluid communication with the patient’s stomach, so that the
orogastric lumen 1014 can facilitate gastric decompression or
removal of gastric contents from the patient during adminis-
tration of the resuscitative procedure to the patient. Airway
adjunct system 1000 also includes a fluid passage circuit
defined at least in part by the esophageal cuff assembly 1030
and the gastric cuff assembly 1040 and in fluid communica-
tion with the fluid delivery lumen and the fluid return lumen
of'the supportassembly 1010. The fluid passage circuit can be
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used to circulate cooling fluid through the esophageal cuff
assembly 1030 and the gastric cuff assembly 1040, for
example. Optionally, the fluid passage circuit can include a
transfer passage 1015 through which fluid such as cooling
fluid may pass between the esophageal cuft assembly 1030
and the gastric cuff assembly 1040.

[0085] FIG. 11 shows placement of an airway adjunct sys-
tem within a patient’s anatomy, according to embodiments of
the present invention.

[0086] According to some embodiments, an esophageal
cuff assembly and a gastric cuff assembly can be contiguous.
Typically, the esophageal cuff assembly engages the esopha-
gus of the patient and the gastric cuff assembly engages the
stomach of'the patient so as to assist in securing the laryngeal
cuff assembly in place within the patient during administra-
tion of the resuscitative procedure to the patient. The laryn-
geal cuff assembly can include a nasopharyngeal extension to
help further secure the system at a desired location or position
within the patient. In some cases, the laryngeal cuff assembly
includes an elastomeric gel body that is shaped to interface
with contours of the patient’s airway. In some cases, the
laryngeal cuff assembly defines an inflatable lumen, and the
support assembly defines an inflation lumen that is in fluid
communication with the inflatable lumen of the laryngeal
cuff. Optionally, an airway adjunct resuscitation system can
include a bite block mechanism coupled with the support
assembly. In some cases, an esophageal cuff assembly has a
length of at least 3 cm. In some cases, an esophageal cuff
assembly has a length within a range from about 20 cm to
about 30 cm. According to some embodiments, the esoph-
ageal cuff assembly includes an inlet port in fluid communi-
cation with the fluid delivery lumen and an outlet port in fluid
communication with the fluid return lumen. Cooling fluid can
be circulated from the inlet tubing into the gastric balloon,
and through a connecting tubing which crosses the gastroe-
sophageal junction and serves as an inlet to the esophageal
balloon. The outlet port of the esophageal balloon can be at
the upper end of the balloon and connect to the outlet tubing
exiting the body via the support assembly. According to some
embodiments, a laryngeal cuff assembly can define a laryn-
geal cuff lumen and the esophageal cuff assembly can define
an esophageal cuff lumen, and the laryngeal cuff lumen can
be in fluid communication with the esophageal cuff lumen.
[0087] Insome cases, the laryngeal cuff assembly includes
a laryngeal cuff balloon and the esophageal cuff assembly
includes an esophageal cuff balloon. The laryngeal cuff bal-
loon can be contiguous with the esophageal cuff balloon, such
that pressure, volume, or both can be redistributed between
the laryngeal cuff balloon and the esophageal cuff balloon
when pressure is applied to or released from the patient’s
sternum during administration of the resuscitative procedure
to the patient when the resuscitative procedure comprises
administration of external chest compressions. In some cases,
the esophageal balloon is not contiguous with the supraglottic
balloon if there is a cooling system and if the supraglottic cuff
is made of elastomeric gel.

[0088] According to some embodiments, an esophageal
cuff assembly can provide a platform against which the
patient’s heart may be compressed during administration of
the resuscitative procedure to the patient when the resuscita-
tive procedure comprises administration of external chest
compressions. Optionally, the esophageal cuff assembly can
include a stimulation assembly. In some cases, the stimula-
tion assembly includes a cardiac stimulation mechanism. In
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some cases, the cardiac stimulation mechanism includes a
cardiac pacing electrode. In some cases, the cardiac stimula-
tion mechanism includes a cardiac defibrillation electrode.
According to some embodiments, the esophageal cuff assem-
bly includes a monitoring assembly. Optionally, the monitor-
ing assembly can include a cardiac monitoring mechanism. In
some cases, a support assembly further defines an esophageal
cuff assembly auxiliary component lumen. In some cases, an
airway adjunct resuscitation system can include a connectiv-
ity mechanism disposed within the auxiliary component
lumen, the esophageal cuff assembly can include a stimula-
tion assembly, and the connectivity mechanism can be
coupled with the stimulation assembly. An airway adjunct
resuscitation system can also have a connectivity mechanism
disposed within the auxiliary component lumen. The esoph-
ageal cuff assembly can include a monitoring assembly, and
the connectivity mechanism can be coupled with the moni-
toring assembly. According to some embodiments, an esoph-
ageal cuff assembly defines an esophageal cuff lumen and the
gastric cuff assembly defines a gastric cuff lumen, and the
esophageal cuff lumen is in fluid communication with the
gastric cuff lumen. The esophageal cuff assembly can present
an oval shape. Some airway adjunct resuscitation systems
may include an esophageal manometer that monitors fluid
pressure at a location within the airway adjunct resuscitation
system. Some airway adjunct resuscitation systems may
include an esophageal manometer that monitors fluid pres-
sure at a location within the patient. An esophageal manom-
eter can be integral with an esophageal balloon, and may
operate to monitor the pressure of cooling within the treat-
ment system, for example during the application of a chest
compression protocol. Optionally, an esophageal cuff assem-
bly may include a heat conducting material. In some
instances, an esophageal cuff assembly can include a non-
compressible and non-expansible material, such as Mylar,
that resists rupture during administration of the resuscitative
procedure to the patient when the resuscitative procedure
involves administration of external chest compressions. In
some instances, an airway adjunct resuscitation system can
include one or more physiological sensors. In some instances,
an airway adjunct resuscitation system can include a commu-
nication mechanism, such as a Bluetooth device, an RF com-
munication device, an antenna, or the like. In some instances,
an airway adjunct resuscitation system can include a con-
trolled valve regulation system in operative association with
the intrathoracic pressure regulation mechanism.

[0089] Embodiments of the present invention further
encompass methods of administering a resuscitative proce-
dure to a patient. Exemplary methods may include engaging
an airway adjunct resuscitation system with the patient. The
airway adjunct resuscitation system can include a support
assembly defining an intrathoracic pressure monitoring
lumen, an intrathoracic pressure monitoring mechanism in
fluid communication with the intrathoracic pressure monitor-
ing lumen, a laryngeal cuff assembly coupled with the sup-
port assembly, an esophageal cuff assembly coupled with the
support assembly distal to the laryngeal cuff assembly, and a
gastric cuff assembly coupled with the support assembly
distal to the esophageal cuff assembly. Methods may further
include positioning the laryngeal cuff assembly within the
patient’s supraglottic airway, positioning a distal section of
the intrathoracic pressure regulation lumen in fluid commu-
nication with the patient’s trachea, isolating and sealing a
portion of the supraglottic airway of the patient with the
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laryngeal cuff assembly, placing the esophageal cuff assem-
bly at the esophagus of the patient, placing the gastric cuff
assembly at the stomach of the patient, and monitoring pres-
sure within the intrathoracic pressure monitoring lumen with
the intrathoracic pressure monitoring mechanism. Methods
may also include lifting the patient’s heart anteriorly with the
esophageal cuff assembly in conjunction with application of
a CPR chest compression, so as to increase compression of
the patient’s heart between the patient’s sternum and esopha-
gus. Some methods include flowing an intrathoracic cooling
fluid through the esophageal cuff assembly, the gastric cuff
assembly, or both. Methods may also include modulating or
regulating intrathoracic pressure in the patient with an
intrathoracic pressure regulation mechanism, for example to
increase circulation within the patient. During the adminis-
tration of treatment methods, the patient may be disposed in a
prone position, a supine position, a standing position, a sitting
position, or a sideways lying position. Treatments may also
include engaging a bite block mechanism of the airway
adjunct resuscitation system with the patient’s mouth. Some
treatment methods include removing gastric contents from
the patient via an orogastric lumen defined by the support
assembly of the airway adjunct resuscitation system. Meth-
ods may also include monitoring a physiological parameter
with a physiological sensor of the airway adjunct resuscita-
tion system. In some cases, methods may include monitoring
a transthoracic impedance parameter of the patient with a
physiological sensor of the airway adjunct resuscitation sys-
tem. Optionally, methods may include assessing cardiac out-
put in the patient based on the transthoracic impedance
parameter. In some instances, methods may include admin-
istering a pacing treatment to the patient’s heart based on the
transthoracic impedance parameter. Further, methods may
include administering a defibrillation treatment to the
patient’s heart based on the transthoracic impedance param-
eter, or administering repeated chest compressions to the
patient. An intrathoracic pressure regulation mechanism can
have a sequential valve system configured to administer no
inspiratory resistance for a positive pressure ventilation, no
expiratory resistance, an optional PEEP, or a preset or vari-
able resistance to inflow of respiratory gases. In some cases,
an intrathoracic pressure regulation mechanism can be con-
figured to generate a continuous negative intrathoracic pres-
sure with intermittent positive pressure ventilation. Option-
ally, methods may include monitoring an end tidal CO, level
in the patient with an end tidal CO, sensor of the airway
adjunct resuscitation system, and adjusting the resuscitative
procedure based on the end tidal CO, level.

[0090] Embodiments of the present invention also encom-
pass methods for treating or evaluating a patient suffering
from or at risk of developing a condition selected from the
group consisting of heart failure, cardiac arrest, sepsis, shock,
acute respiratory distress syndrome, polytrauma, head dis-
ease, elevated hepatic or portal vein pressures, bleeding dur-
ing abdominal, head and neck surgery, and insufficient circu-
lation during open heart surgery. Exemplary methods may
include engaging an airway adjunct resuscitation system with
the patient, where the airway adjunct resuscitation system
includes a support assembly defining an intrathoracic pres-
sure monitoring lumen, an intrathoracic pressure monitoring
mechanism in fluid communication with the intrathoracic
pressure monitoring lumen, a laryngeal cuff assembly
coupled with the support assembly, an esophageal cuff
assembly coupled with the support assembly distal to the
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laryngeal cuff assembly, and a gastric cuff assembly coupled
with the support assembly distal to the esophageal cuff
assembly. Further, methods may include positioning the
laryngeal cuff assembly within the patient’s supraglottic air-
way, positioning a distal section of the intrathoracic pressure
regulation lumen in fluid communication with the patient’s
trachea, isolating and sealing a portion of the supraglottic
airway of the patient with the laryngeal cuff assembly, placing
the esophageal cuff assembly at the esophagus of the patient,
placing the gastric cuffassembly at the stomach of the patient,
and monitoring pressure within the intrathoracic pressure
monitoring lumen with the intrathoracic pressure monitoring
mechanism, so that the patient’s trachea is exposed to the
monitored pressure within the intrathoracic pressure moni-
toring lumen.

[0091] Embodiments of the present invention further
encompass methods for treating or evaluating a patient suf-
fering from or at risk of developing low circulation. Exem-
plary methods may include engaging an airway adjunct resus-
citation system with the patient. The airway adjunct
resuscitation system can include, for example, a support
assembly defining an intrathoracic pressure monitoring
lumen, an intrathoracic pressure monitoring mechanism in
fluid communication with the intrathoracic pressure regula-
tion lumen, a laryngeal cuff assembly coupled with the sup-
port assembly, an esophageal cuff assembly coupled with the
support assembly distal to the laryngeal cuff assembly, and a
gastric cuff assembly coupled with the support assembly
distal to the esophageal cuff assembly. Methods may also
include positioning the laryngeal cuff assembly within the
patient’s supraglottic airway, positioning a distal section of
the intrathoracic pressure monitoring lumen in fluid commu-
nication with the patient’s trachea, isolating and sealing a
portion of the supraglottic airway of the patient with the
laryngeal cuff assembly, placing the esophageal cuff assem-
bly at the esophagus of the patient, placing the gastric cuff
assembly at the stomach of the patient, and expanding the
esophageal cuff assembly so as to anteriorly move or provide
support for the heart within the patient’s body. Further, meth-
ods may include administering of external chest compres-
sions to the patient so as to compress the patient’s heart
against the esophageal cuff assembly, and monitoring pres-
sure within the intrathoracic pressure monitoring lumen with
the intrathoracic pressure monitoring mechanism, so that the
patient’s trachea is exposed to the monitored pressure within
the intrathoracic pressure monitoring lumen.

[0092] Embodiments of the present invention additionally
encompass methods for providing a cooling treatment to a
patient. Exemplary methods may include engaging an airway
adjunct resuscitation system with the patient. An airway
adjunct resuscitation system may include, for example, a
support assembly defining an intrathoracic pressure monitor-
ing lumen, an intrathoracic pressure monitoring mechanism
in fluid communication with the intrathoracic pressure moni-
toring lumen, a laryngeal cuff assembly coupled with the
support assembly, an esophageal cuff assembly coupled with
the support assembly distal to the laryngeal cuff assembly,
and a gastric cuff assembly coupled with the support assem-
bly distal to the esophageal cuff assembly. Further, methods
may include positioning the laryngeal cuff assembly within
the patient’s supraglottic airway, positioning a distal section
of the intrathoracic pressure monitoring lumen in fluid com-
munication with the patient’s trachea, isolating and sealing a
portion of the supraglottic airway of the patient with the
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laryngeal cuff assembly, placing the esophageal cuff assem-
bly at the esophagus of the patient, placing the gastric cuff
assembly at the stomach of the patient, and introducing a
cooling fluid into the esophageal cuff assembly, the gastric
cuff assembly, or both.

[0093] Embodiments of the present invention encompass
systems and methods that provide an esophageal balloon for
cooling or warming a patient, in conjunction with means to
ventilate a patient and also, in some modes of operation,
means to apply the use of impedance threshold device tech-
nology. Exemplary embodiments provide a device that
include a number of components attached together in a single
tube designed to provide a means to rapidly, reliably, and
safely secure a supraglottic airway for positive pressure ven-
tilation, to provide a means to seal the airway to allow for
developing and maintaining negative intrathoracic pressure
and to reduce the risk of respiration, a means to stabilize the
device with an esophageal balloon, a means to augment cir-
culation with an impedance threshold device incorporated
within the tube, a and means for management of stomach
contents through the tube. Additional optional elements
include: a means to cool the body by circulation of cold fluid
through the esophageal and optional gastric balloon, a means
to detect a number of physiological parameters, a means to
deliver therapy to the patient, including but not limited to drug
therapy and electrical stimulation, and a means to provide
feedback and instructions to rescue personnel to maintain
quality of care. Exemplary devices and techniques can utilize
the patient’s anatomy from the oropharynx to the stomach to
deliver life-saving therapies critical for resuscitation during
states of severe hypotension and cardiac arrest.

[0094] Securing the airway during CPR and other resusci-
tative procedures is often an important element in the care of
patients in extremis, including cardiac arrest. Embodiments
of the present invention provide for ease of insertion,
improved control of gastric contents, and reduced risk of
displacement, as compared with many currently available
products. Further, embodiments of the present invention are
well suited for delivering a number of different therapies
simultaneously, which can be particularly beneficial for treat-
ing patients in cardiac arrest. For example, embodiments of
the present invention allow the operator or physician to effi-
ciently secure the patient’s airway, to manage the gastric
contents, to isolate the airway for aspiration protection, to
control intrathoracic pressure during resuscitation, to provide
a platform or mechanical advantage during chest compres-
sion, to provide continuous core cooling, and to provide for
the monitoring of intrathoracic pressure and other physiologi-
cal parameters. System embodiments can be inserted into the
patient easily and reliably by an operator.

[0095] In some instances, systems provide a single device
having a supraglottic airway isolation and sealing device that
is flexible, durable, and conforms to the anatomy of the supra-
glottic space. Systems may also include a nasopharyngeal
anchor or laryngeal cuff, and can have the capacity for
replacement with an endotracheal (ET) tube using a guide and
guiding port. Some systems may include an integral bite
block, and can provide variable seal pressure during the
administration of chest compressions. Often, one or more
elements of a system present an anatomically compatible
shape or contour. Systems may include an esophageal balloon
with access port(s) for infusion of liquids and gases. In some
instances, esophageal balloons can have a minimal length of
about 3 cm, and optimal length of between about 20 cm and
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about 30 cm. Systems may further include a connection
between an supraglottic airway cuff and an esophageal bal-
loon. In some cases, systems include an esophageal balloon
having a contiguous gastric balloon. An esophageal balloon
can have an oval shape.

[0096] According to some embodiments, systems include
an integral impedance threshold device that provides a
sequential valve system for no inspiratory resistance for posi-
tive pressure ventilation, no expiratory resistance or optional
PEEP, and resistance to inflow of respiratory gases with a
threshold device either preset or variable. Integral impedance
threshold devices can also provide an optional means to gen-
erate a continuous negative intrathoracic pressure with inter-
mittent positive pressure ventilation. Exemplary systems may
also include an orogastric tube.

[0097] In some embodiments, systems include contiguous
balloons, which may involve a connection between an esoph-
ageal balloon and a cuff of a supraglottic airway, that allow for
pressure and/or volume redistribution when pressure is
applied to the sternum during external chest compressions of
a CPR treatment. Systems may also include an end tidal CO,
sensor, flashing lights and other user feedback tools, an
esophageal manometer, an esophageal balloon fluid circula-
tor system and elements in the balloon design for fluid
exchange to optimize heat transfer, electrodes for pacing,
defibrillation, and monitoring, and other physiological sen-
sors. Systems may also include Blue tooth communication
mechanisms or other RF means to communicate remotely to
an external receiver, and an antenna to receive input. In some
cases, systems include a solenoid based, software controlled
valve regulation system for an impedance threshold valve.
[0098] Treatment methods can be administered to enhance
circulation by altering the way the heart is compressed during
CPR. For example, treatments can involve lifting the heart
anteriorly with an esophageal balloon, or providing a plat-
form for cardiac compression using the esophageal balloon,
resulting in more compression of the heart between the ster-
num and the esophagus. Some treatment methods can be
administered for intrathoracic cooling, or for enhancing cir-
culation via impedance technology. Exemplary methods also
provide for rapid and reliable airway establishment indepen-
dent of patient position or if the patient is receiving chest
compression for CPR. Methods may also involve securing a
tube of the system inside the patient’s mouth, and removing
gastric contents from the patient. In some cases, methods
include sensing physiological parameters, such as the use of
transthoracic impedance to assess cardiac output, to pace the
heart, and to defibrillate.

[0099] According to some embodiments, treatment sys-
tems may include a nasopharyngeal extension which can
operate to help secure the system in place within the patient’s
anatomy. Optionally, or in place thereof, gastric and esoph-
ageal balloons can help to secure the system in place within
the patient’s anatomy. Systems may include an inflatable
supraglottic cuff that is separate from the gastric and esoph-
ageal balloons, and the gastric and esophageal balloons can
be part of a cooling system. In some cases, a supraglottic cuff
can include a gel material. An orogastric tube can operate as
a guide for the system, and can also be used to decompression
the patient’s stomach. Cooling lines may run with or in the
orogastric tube, in some cases.

[0100] Exemplary embodiments encompass airway
adjunct systems which provide a supraglottic airway mecha-
nism, optionally in operative association with an ITD mecha-
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nism. An on/off switch may be included with the ITD mecha-
nism. An esophageal balloon can operate to stabilize the
system, to increase CPR efficiency but propping up the
patient’s heart, and to cool the patient. The airway adjunct
system can also include mechanisms for monitoring airway
pressure, temperature, electrical signals, and other physi-
ological parameters.

[0101] Embodiments of the present invention have now
been described in detail for the purposes of clarity and under-
standing. However, it will be appreciated that certain changes
and modifications may practiced within the scope of the
appended claims.

1. An airway adjunct resuscitation system for use during
administration of a resuscitative procedure to a patient, the
system comprising:

a support assembly defining an intrathoracic pressure
monitoring lumen, a cooling fluid delivery lumen, a
cooling fluid return lumen, and an orogastric lumen,
wherein the orogastric lumen is adapted for use in
removing gastric contents from the patient during
administration of the resuscitative procedure to the
patient;

a laryngeal cuff assembly coupled with the support assem-
bly, wherein the laryngeal cuft assembly is positioned
within the patient’s supraglottic airway at least in part by
the support assembly, wherein the laryngeal cuff assem-
bly at least partially isolates and seals a portion of the
supraglottic airway of'the patient, and wherein the laryn-
geal cuff assembly operates to assist in positioning a
distal section of the intrathoracic pressure monitoring
lumen in fluid communication with the patient’s trachea,
during administration of the resuscitative procedure to
the patient;

an esophageal cuff assembly coupled with the support
assembly distal to the laryngeal cuff assembly, wherein
the esophageal cuff assembly interfaces with the
esophagus of the patient during administration of the
resuscitative procedure to the patient; and

a fluid passage circuit defined at least in part by the esoph-
ageal cuff assembly and in fluid communication with the
fluid delivery lumen and the fluid return lumen of the
support assembly.

2. The airway adjunct resuscitation system according to
claim 1, further comprising an intrathoracic pressure regula-
tion mechanism in operative association with the support
assembly, wherein the intrathoracic pressure regulation
mechanism is adapted for use in regulating intrathoracic pres-
sure within the patient.

3. The airway adjunct resuscitation system according to
claim 2, wherein the intrathoracic pressure regulation mecha-
nism comprises a member selected from the group consisting
of an Impedance Threshold Device (ITD) mechanism and an
Intrathoracic Pressure Regulator (ITPR) mechanism.

4. (canceled)

5. (canceled)

6. The airway adjunct resuscitation system according to
claim 1, wherein the esophageal cuff assembly operates to
provide a support against which the patient’s heart is com-
pressed during administration of the resuscitative procedure,
so as to increase efficiency of the resuscitative procedure.

7. The airway adjunct resuscitation system according to
claim 1, wherein the esophageal cuff assembly operates to
provide a cooling treatment to the patient.
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8. The airway adjunct resuscitation system according to
claim 1, wherein the esophageal cuff assembly operates to (i)
assist in stabilizing the airway adjunct resuscitation system
within the patient, (ii) provide a support against which the
patient’s heart is compressed during administration of the
resuscitative procedure so as to increase efficiency of the
resuscitative procedure, and (iii) provide a cooling treatment
to the patient.

9. (canceled)

10. (canceled)

11. (canceled)

12. The airway adjunct resuscitation system according to
claim 1, wherein the support assembly defines an auxiliary
lumen for use in monitoring a physiological parameter within
the patient.

13. The airway adjunct resuscitation system according to
claim 1, further comprising an intrathoracic pressure moni-
toring mechanism in fluid communication with the intratho-
racic pressure monitoring lumen, wherein the intrathoracic
pressure monitoring mechanism monitors pressure within the
intrathoracic pressure monitoring lumen during administra-
tion of the resuscitative procedure to the patient.

14. (canceled)

15. (canceled)

16. (canceled)

17. (canceled)

18. (canceled)

19. The airway adjunct resuscitation system according to
claim 1, wherein the esophageal cuff assembly defines an
esophageal balloon and the gastric cuff assembly defines a
gastric balloon that is separate or continuous from the esoph-
ageal balloon.

20. The airway adjunct resuscitation system according to
claim 1, wherein the esophageal cuff assembly and the gastric
cuff assembly are contiguous.

21. (canceled)

22. (canceled)

23. The airway adjunct resuscitation system according to
claim 1, wherein the laryngeal cuff assembly comprises an
elastomeric gel body that is shaped to interface with contours
of the patient’s airway.

24. (canceled)

25. (canceled)

26. (canceled)

27. (canceled)

28. (canceled)

29. (canceled)

30. The airway adjunct resuscitation system according to
claim 1, wherein the laryngeal cuff assembly comprises a
laryngeal cuff balloon and the esophageal cuff assembly
defines an esophageal cuff balloon, and wherein the laryngeal
cuff balloon is contiguous with the esophageal cuff balloon,
such that pressure, volume, or both can be redistributed
between the laryngeal cuff balloon and the esophageal cuff
balloon when pressure is applied to or released from the
patient’s sternum during administration of the resuscitative
procedure to the patient when the resuscitative procedure
comprises administration of external chest compressions.

31. The airway adjunct resuscitation system according to
claim 1, wherein the esophageal cuff assembly provides a
platform against which the patient’s heart may be compressed
during administration of the resuscitative procedure to the
patient when the resuscitative procedure comprises adminis-
tration of external chest compressions.
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32. The airway adjunct resuscitation system according to
claim 1, wherein the esophageal cuff assembly comprises a
stimulation assembly.

33. (canceled)

34. (canceled)

35. (canceled)

36. (canceled)

37. (canceled)

38. (canceled)

39. (canceled)

40. (canceled)

41. (canceled)

42. (canceled)

43. (canceled)

44. (canceled)

45. The airway adjunct resuscitation system according to
claim 1, wherein the esophageal cuff assembly comprises a
heat conducting material.

46. The airway adjunct resuscitation system according to
claim 1, wherein the esophageal cuff assembly comprises a
non-compressible and non-expansible material that resists
rupture during administration of the resuscitative procedure
to the patient when the resuscitative procedure comprises
administration of external chest compressions.

47. The airway adjunct resuscitation system according to
claim 1, further comprising a physiological sensors.

48. The airway adjunct resuscitation system according to
claim 1, further comprising a communication mechanism.

49. (canceled)

50. (canceled)

51. A method of administering a resuscitative procedure to
a patient, the method comprising:

engaging an airway adjunct resuscitation system with the

patient, wherein the airway adjunct resuscitation system

comprises:

a support assembly defining an intrathoracic pressure
monitoring lumen;

an intrathoracic pressure monitoring mechanism in fluid
communication with the intrathoracic pressure moni-
toring lumen;

a laryngeal cuff assembly coupled with the support
assembly;

an esophageal cuff assembly coupled with the support
assembly distal to the laryngeal cuff assembly; and

a gastric cuff assembly coupled with the support assem-
bly distal to the esophageal cuff assembly;

positioning the laryngeal cuff assembly within the patient’s

supraglottic airway;

positioning a distal section of the intrathoracic pressure

monitoring lumen in fluid communication with the
patient’s trachea;

isolating and sealing a portion of the supraglottic airway of

the patient with the laryngeal cuff assembly;

placing the esophageal cuff assembly at the esophagus of

the patient;

placing the gastric cuff assembly at the stomach of the

patient, and

monitoring pressure within the intrathoracic pressure

monitoring lumen with the intrathoracic pressure moni-
toring mechanism, so that the patient’s trachea is
exposed to the monitored pressure within the intratho-
racic pressure monitoring lumen.

52. (canceled)

53. (canceled)
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54. (canceled)

55. (canceled)

56. The method according to claim 51, further comprising
engaging a bite block mechanism of the airway adjunct resus-
citation system with the patient’s mouth.

57. (canceled)

58. The method according to claim 51, further comprising
monitoring a physiological parameter with a physiological
sensor of the airway adjunct resuscitation system.

59. (canceled)

60. (canceled)

61. (canceled)

62. (canceled)

63. The method according to claim 51, further comprising
administering repeated chest compressions to the patient.

64. The method according to claim 51, wherein the
intrathoracic pressure monitoring mechanism comprises a
sequential valve system configured to administer no inspira-
tory resistance for a positive pressure ventilation, no expira-
tory resistance, an optional PEEP, or a preset or variable
resistance to inflow of respiratory gases.

65. The method according to claim 51, wherein the
intrathoracic pressure monitoring mechanism is configured
to generate a continuous negative intrathoracic pressure with
intermittent positive pressure ventilation.

66. The method according to claim 51, further comprising
monitoring an end tidal CO, level in the patient with an end
tidal CO, sensor of the airway adjunct resuscitation system,
and adjusting the resuscitative procedure based on the end
tidal CO, level.

67. A method for treating a patient suffering from or at risk
of developing a condition selected from the group consisting
ofheart failure, cardiac arrest, sepsis, shock, acute respiratory
distress syndrome, polytrauma, head disease, elevated
hepatic or portal vein pressures, bleeding during abdominal,
head and neck surgery, and insufficient circulation during
open heart surgery, the method comprising:

engaging an airway adjunct resuscitation system with the

patient, wherein the airway adjunct resuscitation system

comprises:

a support assembly defining an intrathoracic pressure
monitoring lumen;

an intrathoracic pressure monitoring mechanism in fluid
communication with the intrathoracic pressure moni-
toring lumen;

a laryngeal cuff assembly coupled with the support
assembly;

an esophageal cuff assembly coupled with the support
assembly distal to the laryngeal cuff assembly; and

a gastric cuff assembly coupled with the support assem-
bly distal to the esophageal cuff assembly;

positioning the laryngeal cuff assembly within the patient’s

supraglottic airway;

positioning a distal section of the intrathoracic pressure

monitoring lumen in fluid communication with the
patient’s trachea;

isolating and sealing a portion of the supraglottic airway of

the patient with the laryngeal cuff assembly;

placing the esophageal cuff assembly at the esophagus of

the patient;

placing the gastric cuff assembly at the stomach of the

patient; and

monitoring pressure within the intrathoracic pressure

monitoring lumen with the intrathoracic pressure moni-



US 2012/0029321 Al

toring mechanism, so that the patient’s trachea is
exposed to the monitored pressure within the intratho-
racic pressure monitoring lumen.
68. A method for treating a patient suffering from or at risk
of developing low circulation, the method comprising:
engaging an airway adjunct resuscitation system with the
patient, wherein the airway adjunct resuscitation system
comprises:
a support assembly defining an intrathoracic pressure
monitoring lumen;
an intrathoracic pressure monitoring mechanism in fluid
communication with the intrathoracic pressure moni-
toring lumen;
a laryngeal cuff assembly coupled with the support
assembly;
an esophageal cuff assembly coupled with the support
assembly distal to the laryngeal cuff assembly; and
a gastric cuff assembly coupled with the support assem-
bly distal to the esophageal cuff assembly;
positioning the laryngeal cuff assembly within the patient’s
supraglottic airway;
positioning a distal section of the intrathoracic pressure
monitoring lumen in fluid communication with the
patient’s trachea;
isolating and sealing a portion of the supraglottic airway of
the patient with the laryngeal cuff assembly;
placing the esophageal cuff assembly at the esophagus of
the patient;
placing the gastric cuff assembly at the stomach of the
patient; and
expanding the esophageal cuff assembly so as to anteriorly
move the heart within the patient’s body;
administering of external chest compressions to the patient
so as to compress the patient’s heart against the esoph-
ageal cuff assembly; and
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monitoring pressure within the intrathoracic pressure
monitoring lumen with the intrathoracic pressure moni-
toring mechanism, so that the patient’s trachea is
exposed to the monitored pressure within the intratho-
racic pressure monitoring lumen.
69. A method for providing a cooling treatment to a patient,
the method comprising:
engaging an airway adjunct resuscitation system with the
patient, wherein the airway adjunct resuscitation system
comprises:
a support assembly defining an intrathoracic pressure
monitoring lumen;
an intrathoracic pressure monitoring mechanism in fluid
communication with the intrathoracic pressure moni-
toring lumen;
a laryngeal cuff assembly coupled with the support
assembly;
an esophageal cuff assembly coupled with the support
assembly distal to the laryngeal cuff assembly; and
a gastric cuff assembly coupled with the support assem-
bly distal to the esophageal cuff assembly;
positioning the laryngeal cuff assembly within the patient’s
supraglottic airway;
positioning a distal section of the intrathoracic pressure
monitoring lumen in fluid communication with the
patient’s trachea;
isolating and sealing a portion of the supraglottic airway of
the patient with the laryngeal cuff assembly;
placing the esophageal cuff assembly at the esophagus of
the patient;
placing the gastric cuff assembly at the stomach of the
patient; and
introducing a cooling fluid into a member selected from
the group consisting of the esophageal cuff assembly
and the gastric cuff assembly.

sk sk Ed Ed sk
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