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SYSTEMS AND METHODS FOR
THERAPEUTIC INTRATHORACIC
PRESSURE REGULATION

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application is a nonprovisional of and claims
the benefit of priority to U.S. Patent Application No. 61/577,
565 filed Dec. 19, 2011, the contents of which are incorpo-
rated herein by reference. This application is also related to
U.S. Pat. Nos. 6,938,618, 7,195,012, 7,275,542, 7,836,881
and to U.S. Patent Publication Nos. 2010/0319691 and 2011/
0098612, the contents of which are incorporated herein by
reference.

BACKGROUND OF THE INVENTION

[0002] Embodiments of the present invention relate gener-
ally to the field of respiratory and circulatory enhancement,
and in particular to systems and methods for providing a
patient with intrathoracic pressure regulator treatment, for
example when the patient is spontaneously breathing, during
an anesthesia regimen, or when providing positive pressure
ventilation with other external sources such as a mechanical
ventilator or a manual resuscitator bag.

[0003] Current treatment techniques may include the use an
anesthesia machine, a ventilator, or a bag valve mask to
deliver positive pressure breaths to a patient as part of a
therapeutic protocol.

[0004] Although these and other proposed treatments may
provide real benefits to patients in need thereof, still further
advances would be desirable. Embodiments of the present
invention provide novel and clinically important solutions
that address the problems which may be associated with the
techniques described above, and hence provide answers to at
least some of these outstanding needs. In some cases,
embodiments provide for the delivery of therapeutic intratho-
racic pressure regulation when used with a mechanical ven-
tilator or other forms of positive pressure ventilation.

BRIEF SUMMARY OF THE INVENTION

[0005] Intrathoracic pressure regulators can provide a
patient with positive pressure ventilation and then generate
negative intrathoracic pressure, which enhances blood flow
back to the heart and lowers intracranial pressures. These
physiological benefits result in greater circulation of oxygen-
rich blood to the heart and brain. An intrathoracic pressure
regulator can be coupled with or attached externally to an
anesthesia machine in a variety of ways. The incorporation of
an intrathoracic pressure regulator into an anesthesia machine
or ventilation device in a manner that does not interrupt or
minimally changes current practice allows an operator to
administer beneficial respiratory and circulatory treatments
to a patient in need thereof.

[0006] Embodiments of the present invention encompass
flow control assemblies for anesthesia rebreathing systems,
mechanical ventilators, self-refilling resuscitators such as bag
valve masks (BVM), and spontaneous breathing without
added mechanical ventilation devices. In some cases, a
blower or pump operates to modulate flow in the expiratory
limb, and a threshold valve operates to modulates flow in the
inspiratory limb. In some cases, a single mechanism, such as
a blower, pump, or turbine, may operate to modulate flow in
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both the inspiratory limb and the expiratory limb, as well as
other locations along a rebreathing circuit.

[0007] Inoneaspect,embodiments of the present invention
encompass systems and methods for providing anesthesia
therapy to a patient. Exemplary systems may include a
machine-side assembly having a rebreathing circuit, a carbon
dioxide absorber mechanism providing an inlet in fluid com-
munication with the rebreathing circuit and an outlet in fluid
communication with the rebreathing circuit, an inhalation
check valve providing an inlet and an outlet, where the inlet of
the inhalation check valve in fluid communication with the
outlet of the carbon dioxide absorber mechanism via the
rebreathing circuit, an exhalation check valve providing an
inlet and an outlet, where the outlet of the exhalation check
valve in fluid communication with the inlet of the carbon
dioxide absorber mechanism via the rebreathing circuit, and
an anesthesia delivery mechanism in fluid communication
with the rebreathing circuit. Exemplary systems may also
include a patient-side assembly having an inspiratory limb
mechanism fluidly coupleable with the outlet of the inhala-
tion check valve, an expiratory limb mechanism fluidly cou-
pleable with the inlet of the exhalation check valve, and a
patient airway flow tube that provides a fluid connection
between an airway of the patient and the inspiratory and
expiratory limb mechanisms. Exemplary systems may further
include an expiratory limb flow control assembly operable to
modulate gas flow through the expiratory limb mechanism,
and an inspiratory limb flow control assembly operable to
modulate gas flow through the inspiratory limb mechanism.
In some instances, the expiratory limb control assembly
includes a reciprocating pump, a turbine, a centrifugal
blower, a roots blower, a vacuum source, or the like. In some
instances, the inspiratory limb control assembly comprises a
valve mechanism. In some instances, the valve mechanism
inhibits gas flow into the patient airway flow tube from the
inspiratory limb mechanism when a pressure in the inspira-
tory limb mechanism is between about 0 cm H,O and about
-15 ¢m H,0. In some instances, the valve mechanism allows
gas flow into the patient airway flow tube from the inspiratory
limb mechanism when a pressure in the inspiratory limb
mechanism is greater than about 0 cm H,O or equal to or less
than a maximum negative pressure value. Optionally, the
maximum negative pressure value may be between about 0
cm H,O and about -15 cm H,O. According to some embodi-
ments, the expiratory limb flow control assembly operates to
remove gas from the flow circuit, from the expiratory limb
mechanism, or from both. According to some embodiments,
the expiratory limb flow control assembly operates to circu-
late gas within the rebreathing circuit, away from the exhala-
tion check valve and toward the inhalation check valve. The
expiratory limb flow control assembly may be coupled with
the expiratory limb mechanism. The inspiratory limb flow
control assembly may be coupled with the inspiratory limb
mechanism. The expiratory limb flow control assembly may
be coupled with the rebreathing circuit at a location between
the carbon dioxide absorber mechanism and the exhalation
check valve. The inspiratory limb flow control assembly may
be coupled with the rebreathing circuit at a location between
the carbon dioxide absorber mechanism and the inhalation
check valve. In some instances, the expiratory limb flow
control assembly includes a pump or a suction source located
on the expiratory limb mechanism or on the rebreathing cir-
cuit, optionally at a location described in FIG. 3. In some
instances, the expiratory limb flow control assembly is
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present in the rebreathing circuit and provides an enhance-
ment of CO, absorption, a reduction of CO, absorber chan-
neling, a resultant increased inspired humidity level, or a
homogenization of an anesthetic gas mixture, or any combi-
nation thereof.

[0008] Insome instances, a patient side assembly of a ven-
tilator or anesthesia system may include a single limb cir-
cuitry mechanism having an inner passage (e.g. outer tube)
and an outer passage (e.g. inner tube) arranged in a concentric
or nested fashion, wherein the outer passage or tube provides
an expiratory path and the inner passage or tube provides an
inspiratory path, or wherein the inner passage or tube pro-
vides an expiratory path and the outer passage or tube pro-
vides an inspiratory path.

[0009] In another aspect, embodiments of the present
invention encompass systems for providing therapy to a
patient that include, for example, means for delivering a posi-
tive pressure breath to an airway of the patient during an
inspiration phase, and means for delivering a negative pres-
sure to the airway of the patient during the inspiration phase
and during an expiration phase.

[0010] In another aspect, embodiments of the present
invention encompass systems for providing therapy to a
patient that include, for example, means for intermittently
delivering a positive pressure breath to an airway of the
patient, and means for continuously delivering a negative
pressure to the airway of the patient.

[0011] In yet another aspect, embodiments of the present
invention encompass mechanical ventilator systems and
methods for providing ventilation therapy to a patient. Exem-
plary systems include a machine-side assembly having an
inspiratory flow delivery system, an expiratory flow return
system, an inhalation port providing an inlet and an outlet,
where the inlet of the inhalation port is in fluid communica-
tion with inspiratory flow delivery system, and an exhalation
port providing an inlet and an outlet, where the outlet of the
exhalation port is in fluid communication with the expiratory
flow return system. Exemplary systems may also include a
patient-side assembly having an inspiratory limb mechanism
fluidly coupleable with the outlet of the inhalation port, an
expiratory limb mechanism fluidly coupleable with the inlet
of the exhalation port, and a patient airway flow tube that
provides a fluid connection between an airway of the patient
and the inspiratory and expiratory limb mechanisms. Further,
exemplary systems may include an expiratory limb flow con-
trol assembly operable to modulate gas flow through the
expiratory limb mechanism, and an inspiratory limb flow
control assembly operable to modulate gas flow through the
inspiratory limb mechanism. In some cases, the expiratory
limb flow control assembly includes a pump or suction source
located in the expiratory limb mechanism, and the inspiratory
limb flow control assembly is located in the inspiratory limb
mechanism. In some cases, the expiratory limb flow control
assembly is positioned at any location specified in FIG. 4, and
the expiratory limb mechanism is positioned at any location
specified in FIG. 4.

[0012] In another aspect, embodiments of the present
invention encompass manual ventilator systems and methods
for providing ventilation therapy to a patient. Exemplary
systems may include a resuscitator valve assembly having an
inspiration gas flow input, an expiration gas flow output, and
a patient connection, a self-refilling resuscitator mechanism,
an inspiratory limb mechanism that provides fluid communi-
cation between the self-refilling resuscitator mechanism and
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the inspiration gas flow input of the resuscitator valve assem-
bly, an inspiratory limb flow control assembly operable to
modulate gas flow through the inspiratory limb mechanism,
an expiratory limb flow control assembly, and an expiratory
limb mechanism that provides fluid communication between
the expiratory limb flow control assembly and the expiration
gas flow output of the resuscitator valve assembly. In some
instances, the self-refilling resuscitator mechanism includes a
self-refilling manual resuscitation bag, wherein the expira-
tory limb mechanism comprises a negative pressure turbine,
optionally with an exhalation flow sensor, and wherein the
negative pressure turbine is positioned along an exhalation
path of a manual resuscitator valve to provide IPR therapy. In
some cases, the resuscitation bag is attached to an external
suction source. In some cases, the turbine includes an external
vacuum source. In some cases, the manual ventilator system
further includes a controller in operative association with the
expiratory limb flow control assembly. In some cases, the
device or turbine is connected between the patient and the
breathing system. In some cases, the patient breathes room air
or mixed gas, spontaneously through the device or turbine. In
some cases, the controller is configured to provide instruction
to an operator regarding proper timing and minimum and
maximum inspiratory pressure, as measured by the patient
circuit pressure sensor, of a manually delivered positive pres-
sure breath, optionally in conjunction with the administration
of cardiopulmonary resuscitation. In some cases, the inspira-
tory limb flow control assembly comprises a threshold valve
that is electronically gated. In some cases, the inspiratory
limb flow control assembly includes a threshold valve that is
pneumatically or electronically controlled by a control
means. In some cases, the control means includes a control
systems located in a control box.

[0013] Instill a further aspect, embodiments of the present
invention encompass systems and methods for providing
anesthesia and ventilation in conjunction with intrathoracic
pressure regulation (IPR) to a patient to enhance circulation.
Exemplary systems include a circle breathing system, a gas
mover, and first and second valves. A circle breathing system
may include a fresh gas inlet, an inhalation uni-directional
check valve, an exhalation uni-directional check valve, an
absorber, a driving assembly, and tubing for providing a con-
nection with the patient. A gas mover may include a recipro-
cating pump, a turbine, a centrifugal blower, aroots blower, or
a venture mechanism. The gas mover may operate to remove
gas from the patient, or circulate gas through the circle breath-
ing system, or both. A first valve can be located in the circle
breathing system on an inspiratory side of the circle, between
the absorber and a patient fitting, and may be configured to
close when the pressure in the valve reaches a set gauge
pressure within a range from about -5 cm H,O to about -30
c¢m H,0, and may be configured to prevent breathing gas from
flowing in the inspiratory side of the circuit during the admin-
istration of intrathoracic pressure therapy. The second valve
may be located parallel to the first valve in the circle breathing
system, and may regulates a negative pressure and an amount
of intrathoracic pressure regulation from about 0 cm H,O to
about -30 cm H,0. According to some embodiments, the
second valve operates to provide a safety limit on a maxinum
negative pressure in the patient’s breathing system. In some
cases, the gas mover operates to controls the duration and
slope to and from a targeted negative pressure. In some cases,
the first valve and the second valve are coupled with a com-
mon housing. In some cases, the first valve, the second valve,
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or both, are integral components of the breathing system. In
some cases, the first valve, the second valve, or both, are
add-on components which can be added to the breathing
system or patient airway connection.

[0014] In another aspect, embodiments of the present
invention encompass systems and methods for providing
anesthesia and ventilation in conjunction with intrathoracic
pressure regulation (IPR) to an individual to enhance circu-
lation. Exemplary systems may include a circle breathing
system, a gas mover, and a valve. The circle breathing system
may include a fresh gas inlet, inlet and outlet uni-directional
valves, an absorber, and tubing for connecting with a patient.
The gas mover may operate to circulate breathing gas through
the circle breathing system, or remove gas therefrom. The gas
mover may be located on an expiratory side of the circle,
between a patient connection to the circle and the absorber.
The gas mover may be configured to regulate a negative
pressure and an amount of intrathoracic pressure regulation
between a range from about 0 cm H,O to about -30 cm H,O.
The gas mover may be configured to control a duration and
slope to and from a targeted negative pressure and controls an
IPR pressure. The valve may be located in the circle breathing
system on an inspiratory side of the circle between the
absorber and a patient fitting. The valve may be configured to
close when the pressure in the valve reaches a set gauge
pressure that is between a range from about -5 cm H,O to
about 30 cm H,0. The valve may be configured to prevent
breathing gas from flowing in the inspiratory side of the
circuit during IPR therapy. In some cases, the valve is an
integral components of the breathing system. In some cases,
the valve is add-on components which can be added to the
breathing system.

[0015] In another aspect, embodiments of the present
invention encompass systems and methods for providing
anesthesia and ventilation in conjunction with intrathoracic
pressure regulation (IPR) to an individual to enhance circu-
lation. Exemplary systems may include an open breathing
system, a gas mover, and first and second valves. The open
breathing system may include an inspiratory limb, an expira-
tory limb, a patient wye connection, an inlet valve, and an
outlet valve. The gas mover may include a reciprocating
pump, a turbine, a venturi, a centrifugal blower, and a roots
blower. The gas mover may be configured to pull breathing
gas through the expiratory limb of the open breathing system.
The first valve may be located in the open breathing system on
the inspiratory limb, and may be configured to close when the
pressure in the first valve reaches a set gauge pressure that is
within a range from about -5 cm H,O to about 30 ¢cm H,O.
The first valve may be configured to prevent breathing gas
from flowing in the inspiratory limb during IPR therapy. The
second valve may be located parallel to the first valve in the
open breathing system and may regulate a negative pressure
and an amount of intrathoracic pressure regulation within a
range from about 0 cm H,O to about =30 cm H,O. In some
instances, the second valve provides a safety limit on a maxi-
mum negative pressure in the patient’s breathing system. In
some instances, the gas mover operates to control a duration
and a slope to and from the targeted negative pressure. In
some instances, the first valve and the second valve are
coupled with a common housing. In some instances, the first
valve, the second valve, or both, are integral components of
the breathing system. In some instances, the first valve, the
second valve, or both, are add-on components which can be
added to the breathing system. In some instances, the rate at
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which the IPR therapy is applied is controlled by the speed of
the gas mover. In some instances, the gas mover is a variable
speed gas mover, and the rate at which the TPR therapy is
applied is controlled by varying the speed of the gas mover. In
some instances, the rate at which the IPR therapy is applied
corresponds to the rate at which a vacuum is generated during
an expiratory phase.

[0016] In another aspect, embodiments of the present
invention encompass systems and methods for providing
anesthesia, mechanical ventilation, or spontaneous breathing
in conjunction with intrathoracic pressure regulation (IPR) to
an individual to enhance circulation, where the system returns
patient expiratory gas to the ventilator or anesthesia machine.
In some instances, the ventilation includes mechanical ven-
tilation. In some instances, the ventilation includes manual
ventilation. In some instances, the system may provide the
capacity to create negative airway pressure during spontane-
ous breathing of room air or mixed gasses.

[0017] In another aspect, embodiments of the present
invention encompass systems and methods for providing
anesthesia or ventilation in conjunction with intrathoracic
pressure regulation (IPR) to an individual to enhance circu-
lation, where the system does not remove expiratory gas
proximal to a patient wye fitting.

[0018] In another aspect, embodiments of the present
invention encompass systems and methods for providing
anesthesia and ventilation in conjunction with intrathoracic
pressure regulation (IPR) to an individual to enhance circu-
lation. Exemplary systems may include a circle breathing
system, a spill over valve control means, a vacuum generator,
and an interface mechanism. The circle breathing system may
include a fresh gas inlet, inlet and outlet uni-directional
valves, an absorber, and tubing to connect with a patient and
with a positive pressure breath driving portion. The means for
controlling a spill over valve may operate to allow the circle
breathing system to be pulled sub-atmospheric up to about
=30 ¢cm H,O during an exhalation phase. The vacuum gen-
erator may operate to generate a negative pressure to set a
reference pressure of the spill over valve to a sub-atmospheric
pressure pneumatically. Optionally, systems may include a
direct electronic controller for the spill over valve. The inter-
face mechanism may be configured to provide an interface
from the vacuum generator to a negative pressure relief
assembly on a scavenger system as a reference to allow a
slight negative pressure generation in the scavenger system
during use. In some instances, systems may include a
mechanical safety on the interface between the vacuum gen-
erator and the negative pressure relieve valve.

[0019] In another aspect, embodiments of the present
invention encompass systems and methods for providing
therapy to a patient. Exemplary systems may include means
for intermittently delivering a positive pressure breath to an
airway of the patient, and means for continuously delivering
anegative pressure to the airway of the patient. Systems may
also be provided as an accessory to an anesthesia system, a
mechanical ventilator system, a spontaneous breathing sys-
tem, or a manual ventilator system. In some cases, the means
for continuously delivering a negative pressure to the airway
of the patient includes a limb flow control assembly. In some
cases, the limb flow assembly is present in the member as a
discrete component. In some cases, the limb flow assembly is
present in the member as multiple components working in
concert throughout the member. In some cases, physical loca-
tions of the multiple components can be distributed through-
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out the member. In some cases, the means for continuously
delivering a negative pressure to the airway of the patient
includes a negative pressure pump, a gas mover, a turbine, a
blower, a pump, a venturi, or a piston. Optionally, the member
may be managed by a control box. In some cases, the control
box includes a power supply and is configured to deliver
controlling signals to the member. In some cases, the control
box is connected with airway sensors to facilitate specific
timing, including ramp up, ramp down, contour, flow targets,
pressure targets, and monitoring. In some cases, the control
box is configured to provide controlling signals in response to
a measured parameter and a target assigned to the parameter
to produce an error, which is then minimized by the control
system. In some cases, the control box is configured to use an
iterative process loop automatically control and adjust the
IPR system to achieve targeted results. In some cases, the
control box is configured to accept outside information to
enable physiologic measurements or control the IPR based
upon those inputs or measurements. In some cases, the con-
trol box is configured to communicate, via digital or analog
signal. In some cases, the control box is configured to coor-
dinate with exteral devices, physiologic monitors, and
record keeping systems.

[0020] According to some embodiments, systems may fur-
ther include an inspiratory limb flow control assembly that
includes a threshold valve that may be passive or may be
actively controlled. In some cases, the threshold valve is
controlled by ON/OFF functions and by the regulation of
negative pressure. In some cases, the threshold valve, in the
OFF position, is bypassed and has no effect on a breathing
circuit. In some cases, the threshold valve, in the OFF posi-
tion, facilitates spontaneous breathing through the anesthesia
breathing system. In some cases, the system is configured to
operate in the beginning of an anesthesia case to pre-oxygen-
ate the patient when the anesthesia breathing system is in bag
mode. In some cases, the system is configured to allow a user
to toggle the threshold valve ON or OFF and allows the user
to manually adjusta desired negative pressure level setting. In
some cases, the threshold valve integrates a bacterial/viral
filter. In some cases, the threshold valve is created by a modi-
fied function of an already existing, controlled valve in the
device. In some cases, the threshold valve is electronically or
pneumatically controlled and functions of the threshold valve
comprising ON/OFF, speed, timing, pressure, pressure slope,
and flow rate, are controlled to facilitate regulation of nega-
tive pressure. According to some embodiments, systems may
further include an inspiratory limb flow control assembly that
includes a threshold valve that is controlled by a control box,
where the control box provides signals, power, and coordina-
tion to the threshold valve. According to some embodiments,
systems may further include a control box, where the control
box is configured to operate as a user interface, a display, a
connection point, a power source, a communication device,
and an alarm source. According to some embodiments, sys-
tems may further include a control box, where the control box
is configured to manage outside signals, data, or information
to coordinate information such as patient monitoring infor-
mation, lab values, settings of other devices, and output from
clinical management systems, so as to automatically or inter-
actively modify behavior or settings of the system.

[0021] According to some embodiments, systems may fur-
ther include a control box, where the control box includes a
processor configured to create derived information from its
own measurements, calculations, control settings, and out-
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side data or signals. According to some embodiments, sys-
tems may further include a control box, where the control box
comprises a processor configured to determine a derived
parameter comprising volumetric CO, or VCO, based on the
patient’s exhaled CO, concentration information received
from an external CO, monitor and a volumetric flow infor-
mation received from a turbine module. According to some
embodiments, systems may further include a control box,
where the control box is configured to guide a user or control
or modify IPR settings of the system. According to some
embodiments, systems may further include a control box
configured to control IPR that is managed in multiple pres-
sure steps in time. In some cases, IPR is controlled to provide
several transitions of pressure which occur throughout a
patient breath. In some cases, the multiple pressure levels in
time create a sub-atmospheric airway pressure or a positive
pressureinthe airway during specified time intervals. In some
cases, a transition from one pressure level to another is con-
trolled to produce a controlled pressure change or slope as
airway pressure is changed from one pressure level or lung
volume level to another. In some cases, operation of the
system provides a treatment to a patient, the treatment
selected from the group consisting of increased circulation
and lower intracranial pressure. In some cases, the patient is
experiencing a state of low blood pressure or low circulation,
such as shock, cardiac arrest, stroke, blood loss, or sepsis,
which can be treated by the systems and methods disclosed
herein. In some cases, the system uses feedback loops and
physiological measures to alter gas flow in the system. In
some cases, the physiological measure is tidal volume, inspi-
ration pressure and volume, or end tidal carbon dioxide.

[0022] Insome aspects, embodiments of the present inven-
tion encompass systems and methods for providing intratho-
racic pressure regulation (IPR) to a spontaneously breathing
individual. Exemplary systems may include a patient connec-
tion mechanism for coupling with an airway of the spontane-
ously breathing individual, and a blower mechanism config-
ured to supply an amount of continuous negative pressure to
the airway of the spontaneously breathing individual via the
patient connection mechanism.

[0023] In some aspects, embodiments of the present inven-
tion encompass systems and methods for providing intratho-
racic pressure regulation (IPR) to an individual. Exemplary
systems include a patient connection mechanism for coupling
with an airway of the individual, and a blower mechanism
configured to supply an amount of continuous negative pres-
sure to the airway of the individual via the patient connection
mechanism. In certain instances, the blower mechanism is
coupled with a manual bag valve mask mechanism, a
mechanical ventilator machine, or an anesthesia machine. In
some aspects, embodiments of the present invention encom-
pass systems and methods for providing intrathoracic pres-
sure regulation (IPR) to an individual. Exemplary systems
may include a means for supplying an amount of continuous
negative pressure to an airway of the individual. Exemplary
methods may include supplying an amount of continuous
negative pressure to an airway of the individual.

[0024] In another aspect, embodiments of the present
invention encompass systems and methods for providing
intrathoracic pressure regulation (IPR) to an individual,
where systems may include a patient connection mechanism
for coupling with an airway of the individual, and a blower
mechanism configured to supply a negative pressure protocol
to the airway of the individual via the patient connection
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mechanism. The blower mechanism can be coupled with a
manual bag valve mask mechanism, a mechanical ventilator
machine, or an anesthesia machine. In certain instances, the
negative pressure protocol includes an intermittent applica-
tion of negative pressure. Optionally, a manual bag valve
mask mechanism, a mechanical ventilator machine, or an
anesthesia machine can be configured to provide a positive
pressure breath protocol to the airway of the patient. In some
cases, a negative pressure protocol includes an intermittent
application of individual negative pressure pulses to the ait-
way of the individual, and a manual bag valve mask mecha-
nism, a mechanical ventilator machine, or an anesthesia
machine is configured to provide positive pressure breath
pulses to the airway of the patient, such that alternating nega-
tive and positive pressure pulses are provided to the airway of
the patient.

[0025] In still another aspect, embodiments of the present
invention encompass systems and methods for providing
intrathoracic pressure regulation (IPR) to an individual which
involve a patient connection mechanism for coupling with an
airway of the individual, and a negative pressure mechanism
configured to supply a negative pressure protocol to the air-
way of the individual via the patient connection mechanism.
The negative pressure mechanism may include a negative
pressure pump, a gas mover, a turbine, a blower, a pump, or a
piston. In some cases, the negative pressure mechanism is
managed by a control box. In some instances, the negative
pressure mechanism is coupled with a manual bag valve mask
mechanism, a mechanical ventilator machine, or an anesthe-
sia machine. In some instances, the control box may include
a power supply and can be configured to deliver controlling
signals to the negative pressure mechanism. In certain
embodiments, the control box is connected with airway sen-
sors to facilitate specific timing, pressure targets, and moni-
toring. In certain embodiments, the control box is configured
to provide controlling signals in response to a measured
parameter and a target assigned to the parameter to produce
an error, which is then minimized by the control system. In
certain embodiments, the control box is configured to use an
iterative process loop automatically control and adjust the
IPR system to achieve targeted results. In certain embodi-
ments, the control box is configured to accept outside infor-
mation to enable physiologic measurements or control the
IPR based upon those inputs or measurements. In certain
embodiments, the control box is configured to communicate,
via digital or analog signal. In certain embodiments, the con-
trol box is configured to coordinate with external devices,
physiologic monitors, and record keeping systems. Accord-
ing to some embodiments, the negative pressure mechanism
includes a filter and a turbine. According to some embodi-
ments, the negative pressure mechanism includes a dispos-
able filter. According to some embodiments, the negative
pressure mechanism includes a motor. According to some
embodiments, the negative pressure mechanism includes a
filter, a turbine, and a motor. According to some embodi-
ments, the motor is disposed outside of an airway path pro-
vided by the negative pressure mechanism. According to
some embodiments, the motor is not disposed along an air-
way path provided by the negative pressure mechanism.

[0026] A common feature of certain embodiments dis-
closed herein involves a means to provide therapeutic
intrathoracic pressure regulation wherein a means is provided
to fill the lungs with respiratory gases, either through spon-
taneous inspiration, the delivery of positive pressure ventila-
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tion, or use of a thoracic cuirass to expand the thoracic cavity
followed by a means to actively extract respiratory gases from
the lungs for a period of time during the expiratory phase.
This generalized approach to therapeutic intrathoracic pres-
sure regulation provides a unique means to enhance circula-
tion to the heart and brain and other bodily organs.

[0027] Inoneaspect,embodiments of the present invention
encompass systems and methods for providing intrathoracic
pressure regulation (IPR) to an individual. Exemplary sys-
tems include a patient connection mechanism for coupling
with an airway of the individual, and a flow control assembly
that includes a housing having a vent, an impeller disposed
within the housing, and a motor in operative association with
the motor. Systems may also include an external pressure
source such as a manual bag valve mask mechanism, a
mechanical ventilator machine, or an anesthesia machine.
The external pressure source can be in fluid communication
with the housing vent of the flow control assembly. The
impeller of the flow control assembly can be disposed
between the patient connection mechanism and the external
pressure source, along a fluid passage that extends between
the patient connection mechanism and the external pressure
source. The flow control assembly can be configured to allow
retrograde airflow from the external pressure source to the
patient connection mechanism while simultaneously compel-
ling airflow from the patient connection mechanism to the
housing vent. In some instances, the impeller of the flow
control assembly is configured to produce a continuous pres-
sure differential within a range from about 12 cm H,O to
about 16 cm H,0. In some instances, the impeller of the flow
control assembly is configured to produce a continuous pres-
sure differential within a range from about 3 cm H,O to about
16 ecm H,0. In some instances, the external pressure source is
configured to provide a respiratory cycle duration of about 5
seconds. In some instances, operation of the flow control
assembly continuously permits airflow between the patient
connection mechanism and the external pressure source,
without forming a physical barrier that prevents airflow ther-
ebetween. In some instances, the external pressure source is
configured to maintain sub-atmospheric pressures within the
thorax of a patient. In some instances, systems include a
pressure sensor that monitors the patient’s airway pressure
between the flow control assembly and the patient. In some
instances, systems include a controller device that receives
information from the pressure sensor and controls operation
of the flow control assembly motor based on the information.

[0028] In another aspect, embodiments of the present
invention encompass systems and methods for promoting
venous blood flow to the thorax of a patient. Exemplary
systems include a patient connection mechanism for coupling
with an airway of the individual, and a flow control assembly
that includes a housing having a vent, an impeller disposed
within the housing, and a motor in operative association with
the motor. Systems may also include an external pressure
source such as a manual bag valve mask mechanism, a
mechanical ventilator machine, or an anesthesia machine.
The external pressure source can be in fluid communication
with the housing vent of the flow control assembly. The
impeller of the flow control assembly can be disposed
between the patient connection mechanism and the external
pressure source, along a fluid passage that extends between
the patient connection mechanism and the external pressure
source. The flow control assembly can be configured to allow
retrograde airflow from the external pressure source to the
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patient connection mechanism while simultaneously compel-
ling airflow from the patient connection mechanism to the
housing vent. In some instances, the impeller of the flow
control assembly is configured to produce a continuous pres-
sure differential within a range from about 12 cm H,O to
about 16 cm H,O. In some instances, the impeller of the flow
control assembly is configured to produce a continuous pres-
sure differential within a range from about 3 cm H,Oto about
16 cm H,O. In some instances, the external pressure source is
configured to provide a respiratory cycle duration of about 5
seconds. In some instances, operation of the flow control
assembly continuously permits airflow between the patient
connection mechanism and the external pressure source,
without forming a physical barrier that prevents airflow ther-
ebetween. In some instances, the external pressure source is
configured to maintain sub-atmospheric pressures within the
thorax of a patient. In some instances, systems include a
pressure sensor that monitors the patient’s airway pressure
between the flow control assembly and the patient. In some
instances, systems include a controller device that receives
information from the pressure sensor and controls operation
of the flow control assembly motor based on the information.

[0029] In yet another aspect, embodiments of the present
invention encompass method for providing intrathoracic
pressure regulation (IPR) to an individual, such methods
including coupling an IPR system with an airway of the
individual, and operating the system to provide therapy to the
patient. For example, the IPR system hay include a housing
with a vent, an impeller disposed within the housing, a motor
in operative association with the motor, and an external pres-
sure source in fluid communication with the housing vent.
The impeller may be disposed between the airway and the
external pressure source, along a fluid passage that extends
between the airway and the external pressure source. Meth-
ods may include activating the impeller and the external pres-
sure source, so as to allow retrograde airflow from the exter-
nal pressure source to the patient while simultancously
compelling airflow from the airway to the housing vent. In
some instances, methods include producing with the impeller
a continuous pressure differential throughout a respiratory
cycle of the individual within a range from about 12 ¢cm H,O
to about 16 cm H,O. In some instances, methods include
producing with the impeller a continuous pressure differen-
tial throughout a respiratory cycle of the individual within a
range from about 3 cm H,O to about 16 cm H,O. In some
instances, methods include providing a respiratory cycle
duration of about 5 seconds with the external pressure source.
In some instances, methods include continuously permitting
airflow between the patient connection mechanism and the
external pressure source, without forming a physical barrier
that prevents airflow therebetween. In some instances, meth-
ods include maintaining sub-atmospheric pressures within
the thorax of a patient throughout a respiratory cycle. In some
instances, methods include monitoring a patient’s airway
pressure between the impeller and the patient, and controlling
operation of the impeller based on the monitored pressure.

[0030] Instill a further aspect, embodiments of the present
invention encompass methods for providing intrathoracic
pressure regulation (IPR) to an individual that involve cou-
pling an IPR system with an airway of the individual, where
the IPR system includes a blower that enhances a negative
pressure within the patient’s lungs, and using the IPR system
to manipulate respiratory gas exchange such that intratho-
racic pressures during exhalation remain at or below atmo-
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spheric pressure, thereby enhancing venous blood flow back
to the thorax into the heart and lungs. Methods also include
periodically injecting air to the patient’s lungs while simul-
taneously operating the blower. Further, methods may
include using the IPR system to manipulate respiratory gas
exchange such that intrathoracic pressures during at least a
portion of an inhalation phase remain at or below atmospheric
pressure.

[0031] 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

[0032] FIG. 1 illustrates aspects of an anesthesia system
according to embodiments of the present invention.

[0033] FIG. 1A illustrates aspects of patient intrathoracic
or airway pressure regulation according to embodiments of
the present invention.

[0034] FIG. 2illustrates aspects of a method of operation of
an inspiratory limb flow control assembly or inspiratory valve
mechanism such as an impedance threshold device (ITD)
according to embodiments of the present invention.

[0035] FIG. 3 illustrates aspects of an anesthesia machine
according to embodiments of the present invention.

[0036] FIG. 4 illustrates aspects of a ventilator machine
according to embodiments of the present invention.

[0037] FIG. 5illustrates aspects of an anesthesia system or
ventilator system, which may include or be in operative asso-
ciation with a controller or control assembly, according to
embodiments of the present invention.

[0038] FIG. 6 illustrates aspects of an anesthesia system or
ventilator system, which may include or be in operative asso-
ciation with a controller or control assembly, according to
embodiments of the present invention.

[0039] FIG. 7 illustrates aspects of a manual ventilator sys-
tem according to embodiments of the present invention.
[0040] FIG. 8 depicts aspects of a blower mechanism
according to embodiments of the present invention.

[0041] FIG. 8A shows aspects of the operation of a blower
mechanism according to embodiments of the present inven-
tion.

[0042] FIG. 9 shows aspects of a treatment system which
includes a self-refilling resuscitator bag/valve mechanism
according to embodiments of the present invention.

[0043] FIGS.10A and 10B show aspects of blower mecha-
nisms according to embodiments of the present invention.
[0044] FIG. 11 show aspects of a blower mechanism
according to embodiments of the present invention.

[0045] FIG. 12 depicts aspects of a negative pressure relief
valve apparatus according to embodiments of the present
invention

[0046] FIG. 13 shows aspects of a treatment or anesthesia
system according to embodiments of the present invention.
[0047] FIG. 14 illustrates aspects of a gas driven ventilator
system according to embodiments of the present invention.
[0048] FIG. 15 shows aspects of an anesthesia or treatment
system according to embodiments of the present invention.
[0049] FIG. 16 illustrates aspects of an anesthesia machine
according to embodiments of the present invention.

[0050] FIG. 17 illustrates aspects of an anesthesia and
active exhalation system according to embodiments of the
present invention.
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[0051] FIG. 18 illustrates aspects of an exemplary anesthe-
sia system according to embodiments of the present inven-
tion.

[0052] FIG. 19 illustrates aspects of an exemplary anesthe-
sia system according to embodiments of the present inven-
tion.

[0053] FIG. 20 depicts aspects of a detachable negative
pressure turbine mechanism according to embodiments of the
present invention.

[0054] FIG. 21 illustrates aspects of an intrathoracic pres-
sure regulation (IPR) blower mechanism which can be used to
modulate flow or regulate negative pressure within the airway
of a patient according to embodiments of the present inven-
tion.

[0055] FIG. 22 depicts aspects of a therapeutic system for
providing a respiratory treatment to an individual, according
to embodiments of the present invention.

[0056] FIG. 23 depicts aspects of a system for providing a
respiratory and/or circulatory treatment to an individual,
according to embodiments of the present invention.

[0057] FIG. 24 depicts aspects of a system for providing a
respiratory and/or circulatory treatment to an individual,
according to embodiments of the present invention.

[0058] FIG. 25 depicts aspects of a system for providing a
respiratory and/or circulatory treatment to an individual,
according to embodiments of the present invention.

[0059] FIG. 26 depicts aspects of a technique for providing
a respiratory and/or circulatory treatment to an individual,
according to embodiments of the present invention.

[0060] FIG. 27 depicts aspects of a technique for providing
a respiratory and/or circulatory treatment to an individual,
according to embodiments of the present invention.

[0061] FIG. 28 depicts aspects of a technique for providing
a respiratory and/or circulatory treatment to an individual,
according to embodiments of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0062] Exemplary treatment techniques can provide a
patient with intrathoracic pressure regulator treatment during
an anesthesia regimen, spontaneous breathing, or other ven-
tilation protocols. Optionally, such treatment techniques can
provide all, or substantially all, of the respiratory gas supplied
to apatient. Embodiments of the present invention encompass
non-invasive approaches to regulating intrathoracic pressure
and thereby increasing circulation of blood and blood pres-
sure while simultaneously lowering intracranial pressure. In
this way, circulation can be restored to a patient in a natural
way. Embodiments are well suited for use in treating hypoten-
sive (abnormally low blood pressure) patients with selected
intrathoracic pressure regulation (IPR) protocols. In some
cases, exemplary treatments may be administered to patients
in cardiac arrest receiving cardiopulmonary resuscitation
(CPR). In some cases, exemplary treatments may be admin-
istered to patients who are spontaneously breathing.

[0063] Inoneembodiment, atreatment system may include
a negative pressure blower or constant pressure blower in
combination with an intrathoracic pressure regulator, each of
which are interfaced directly or indirectly with an airway of a
patient, and a ventilation source. The blower may provide a
continuous low-level vacuum to a breathing circuit, in con-
junction with the administration of a positive pressure breath
that is delivered by a ventilation source, for example an anes-
thesia machine, a mechanical ventilator, or a manual resusci-
tator. The applied negative pressure can operate to decrease
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the airway pressure and thus the intrathoracic pressure of the
patient. When interposed between positive pressure ventila-
tions, a decrease in intrathoracic pressure can increase vital
organ perfusion and decrease intracranial pressure during
states of shock, cardiac arrest, and other low blood flow states
in animal studies. In some cases, the negative pressure
therapy can increase blood circulation, which is useful for
treating patients experiencing poor circulation, low blood
pressure, or insufficient cardiac preload that may be reflected
by low blood pressure.

[0064] According to some embodiments, the therapeutic
techniques involve creating or modulating a negative airway
pressure, while facilitating the flow of respiratory gas through
a breathing circuit, without removing gas from the breathing
circuit. Such approaches are particularly clinically valuable
and can be implemented in an anesthesia machine (e.g. anes-
thesia circulator with a threshold valve), a mechanical venti-
lator or intensive care unit (ICU) ventilator, or in a resuscita-
tor device such as a bag valve mask. Expiratory and
inspiratory limb flow control assemblies may be provided as
an auxiliary component which is configured for coupling with
an existing device. Flow control assemblies may also be inte-
grated into anesthesia systems, as well as mechanical and
manual ventilation systems.

[0065] Exemplary embodiments may provide direct con-
trol of a spillover valve or bellows via an electronic solenoid
valve. In some cases, the spillover valve is adjustable and can
be opened or closed at any desired pressure. Related embodi-
ments provide indirect control of a spillover valve or bellows
via active control of a driving gas source during exhalation.
Optionally, such control can be achieved or facilitated by
operation of a vacuum source. An exemplary treatment sys-
tem may include a ventilator mechanism, which may be
driven by a gas assembly or a piston assembly, for example.
According to some embodiments, active control of exhalation
is implemented in an anesthesia machine. A gas driven ven-
tilator or bellows can provide control of a spillover valve to
allow subatmospheric pressure. In some cases, a gas driven
ventilator or bellows can provide control of a driving gas to
allow return of respiratory gas. Optionally, a gas driven ven-
tilator or bellows can provide a means of controlling scaven-
ger pressure or regulation of a vacuum level. A piston driven
ventilator can provide control of a spillover valve, optionally
via electronic control. In some cases, a piston driven ventila-
tor can provide control of a piston or backstroke by means of
a pressure control loop.

[0066] Turning now to the drawings, FIG. 1 illustrates an
anesthesia system 10 according to embodiments of the
present invention. In operation, anesthesia system 10 pro-
vides anesthesia therapy to a patient. System 10 includes a
machine-side assembly 20 having a rebreathing or flow cir-
cuit 21, a carbon dioxide absorber mechanism 22, an inhala-
tion check valve 24, an exhalation check valve 26, and an
anesthesia delivery mechanism 28. As shown here, rebreath-
ing circuit 21 includes an exhalation conduit assembly 21a
that provides or facilitates fluid communication between
exhalation check valve 26 and carbon dioxide absorber
mechanism 22, and an inhalation conduit assembly 215 that
provides or facilitates fluid communication between carbon
dioxide absorber mechanism 22 and inhalation check valve
24. Carbon dioxide absorber mechanism 22 includes an inlet
22¢ in fluid communication with exhalation conduit assem-
bly 21a of rebreathing circuit 21 and an outlet 225 in fluid
communication with inhalation conduit assembly 216 of
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rebreathing circuit 22. Inhalation check valve 24 includes an
inlet 24q in fluid communication with outlet 224 of carbon
dioxide absorber mechanism 22 via rebreathing circuit 21.
Inhalation check valve 24 also includes an outlet 245. Exha-
lation check valve 26 includes an outlet 264 in fluid commu-
nication with inlet 22¢ of carbon dioxide absorber mecha-
nism 22 via rebreathing circuit 21. Exhalation check valve 26
also includes an inlet 26a4. Anesthesia delivery mechanism 28
is in fluid communication with rebreathing circuit 21 or any-
where in the inspiratory gas path between the patient and the
anesthesia machine expiratory inlet or exhalation check valve
inlet 26a.

[0067] Anesthesia system 10 also includes a patient side
assembly 30 having an inspiratory limb mechanism or
inspiratory gas path 32 fluidly coupleable with outlet 245 of
inhalation check valve 24, an expiratory limb mechanism or
expiratory gas path 34 fluidly coupleable with inlet 26a of
exhalation check valve 26, and a patient airway flow tube 36
or tracheal tube that provides a fluid connection between an
airway or thorax of the patient and the inspiratory and expi-
ratory limb mechanisms 32, 34. Anesthesia system 10 further
includes an expiratory limb flow control assembly 40 oper-
able to modulate gas flow through expiratory limb mecha-
nism 34, and an inspiratory limb flow control assembly 50
operable to modulate gas flow through inspiratory limb
mechanism 32. As shown in the embodiment depicted here,
expiratory limb flow control assembly 40 can be disposed at
or near the interface between expiratory limb mechanism 34
and exhalation check valve 26, and inspiratory limb flow
control assembly 50 can be disposed at or near the interface
between inspiratory limb mechanism 32 and inhalation check
valve 24.

[0068] In some instances, patent side assembly 30 may
include a single limb circuitry mechanism having an inner
passage (e.g. outer tube) and an outer passage (e.g. inner tube)
arranged in a concentric or nested fashion, wherein the outer
passage or tube provides an expiratory path and the inner
passage or tube provides an inspiratory path, or wherein the
inner passage or tube provides an expiratory path and the
outer passage or tube provides aninspiratory path. Exemplary
single limb mechanisms are described in U.S. Ser. No.
12/819,959 filed Jun. 21, 2010, the content of which is incor-
porated herein by reference.

[0069] Expiratory limb control assembly 40 may include a
reciprocating pump, a turbine, a centrifugal blower, a roots
blower, a vacuum source, other means to move respiratory
gases back into the anesthesia system 10, away from the
patient airway tube 36, or the like. Inspiratory limb control
assembly 50 can include a valve mechanism. In some
instances, inspiratory limb control assembly 50 can operate to
inhibit gas flow into patient airway flow tube 36 from inspira-
tory limb mechanism 32 when the pressure within inspiratory
limb mechanism 32 is between about -5 cm H,O and about
-30 cm H,O. In some instances, inspiratory limb control
assembly 50 can operate to allow gas flow into patient airway
flow tube 36 from inspiratory limb mechanism 32 when the
pressure within the inspiratory limb mechanism 32 is equal to
or less than a maximum or threshold negative pressure value.
According to some embodiments, the maximum negative
pressure value can be between about 0 cm H,O and about -30
cm H,O. Expiratory limb control assembly 40 can operate to
remove gas from rebreathing circuit 21, from expiratory limb
mechanism 34, or from both. In some instances, expiratory
limb flow control assembly 40 operates to circulate gas within
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rebreathing circuit 21, away from exhalation check valve 26
and toward inhalation check valve 24. According to some
embodiments, expiratory limb flow control assembly 40 can
be coupled with or in operative association with expiratory
limb mechanism 34. According to some embodiments,
inspiratory limb flow control assembly 50 can be coupled
with or in operative association with inspiratory limb mecha-
nism 32.

[0070] Inspiratory limb flow control assembly 50 may
include a valve mechanism configured to perform a series of
pressure and flow regulation operations. For example, a valve
mechanism can include or incorporate an impedance thresh-
old device (ITD) such as a ResQPOD® device (Advanced
Circulatory Systems Inc.). During operation of anesthesia
system 10, inspiratory limb flow control assembly 50 can
regulate or modulate pressure within or gas flow through
inspiratory limb mechanism 32. As the patient’s airway is
typically in fluid communication with inspiratory limb
mechanism 32 via patient airway flow tube 36, inspiratory
limb flow control assembly 50 can regulate pressure or flow
within the patient’s thorax or airway, create or modulate a
vacuum or negative pressure within the patient’s chest, regu-
late the influx of respiratory gases into the chest, lower or
modulate the intrathoracic pressure, and the like. Exemplary
ITD device embodiments are described in Yannopoulos et al.
“Intrathoracic Pressure Regulation Improves 24-Hour Sur-
vival in a Porcine Model of Hypovolemic Shock” Anesth.
Analg. 104:157-62 (2007) and Yannopoulos et al. “Intratho-
racic pressure regulation improves vital organ perfusion
pressures in normovolemic and hypovolemic pigs”’ Resusci-
tation 70(3):445-53 (2006), which are incorporated herein by
reference. Often, inspiratory limb flow control assembly 50
operates to modulate or regulate respiratory gas flow to the
person’s lungs, for example by remaining closed until a nega-
tive airway pressure within the trachea, patient airway flow
tube 36, or inspiratory limb mechanism 32 achieved equals
the opening or threshold pressure of the valve system. For
example, in some cases the negative threshold pressure of the
valve system is —12 cm H,O, and hence the valve is closed so
long as the airway pressure remains greater than—12 cm H,O.
When the airway pressure becomes equal to or more negative
than -12 cm H,O, the valve opens and allows flow to pass
toward the patient.

[0071] To prevent or impederespiratory gases from flowing
to the lungs, or to otherwise regulate flow through or pressure
within the patient’s airway, a variety of mechanisms such as
impedance threshold devices or ITDs may be incorporated
with anesthesia system 10, including those described in U.S.
Pat. Nos. 5,551,420, 5,692,498; 5,730,122; 6,062,219; 6,155,
257; 6,224,562, 6,234,916, 6,526,973, 6,604,523; 6,776,156;
6,986.349; 7.195,012; and 7,204,251; the complete disclo-
sures of which are herein incorporated by reference. Hence,
inspiratory limb flow control assembly 50 may also include or
incorporate such ITDs or airflow regulation mechanisms. The
valve systems may be configured to completely prevent or
provide resistance or impedance to the inflow of respiratory
gases into the patient while the patient inspires or during at
least a portion of an inspiration phase or cycle. For devices or
valve systems that completely prevent the flow of respiratory
gases, such valves may be configured as pressure responsive
valves that open after a threshold negative intrathoracic pres-
sure has been reached.

[0072] Insomeembodiments, inspiratory limb flow control
assembly 50 may include or be provided as a ResQPOD®
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impedance threshold device (Advanced Circulatory Systems,
Inc., Roseville, Minn.). Exemplary inspiratory limb flow con-
trol devices can use the recoil of the chest to create a suction,
and a threshold valve in the inspiratory limb flow control
device 50 can be configured to open only when negative
pressure threshold is exceeded (e.g. when the patient airway
pressure is more negative than the negative threshold pressure
of the valve). Such configurations can operate to regulate
patient airway pressure, where the valve is closed until the
threshold is reached.

[0073] According to embodiments of the present invention,
a negative airway pressure is not created by patient chest
recoil. Instead, expiratory limb flow control assembly 40 (e.g.
blower or gas mover) operates to create a negative airway
pressure in the patient. Relatedly, the inspiratory limb flow
control assembly 40 may conduct only unidirectional flow
(e.g. toward the patient), without conducting exhaled gas
from the patient. Anesthesia system 10 can operate to delivery
positive pressure breaths or inspiration flow to the patient, for
example by pushing or delivering breathing gas through the
inspiratory limb flow control assembly 50, which may
involve opening a bypass valve in the inspiratory limb flow
control assembly 50. In some instances, inspiratory limb flow
control assembly 50 can operate to regulate the negative
pressure in the inspiratory limb mechanism 32 and patient’s
lungs. The effect of suction produced by the expiratory limb
flow control assembly 40 (e.g. blower), can also operate to
pull gas through the inspiratory limb flow control device 50.
Physiologically, expiratory limb flow control assembly 40
can operate to lower or regulate patient airway pressure. In
some instances, the term “intra-thoracic pressure regulation”
(ITPR or IPR) may refer to the physiological effect in the
patient which results from operation of the expiratory limb
flow control assembly 40 and inspiratory limb flow control
assembly 50.

[0074] Thetechniques and methods disclosed herein can be
applied intraoperatively, for example to treat patients that
have a beating heart, but suffer from poor circulation because
of blood loss or other causes. Relatedly, the techniques and
methods may also be used for the resuscitation of a patient,
who may arrest on the operating table or elsewhere.

[0075] FIG. 1A depicts a pressure curve which may be
effected by operation of a treatment system according to
embodiments of the present invention. As noted elsewhere
herein, an inspiratory limb flow control assembly 50 may
operate to perform both a bypass valve function and a thresh-
old valve function. For example, an inspiratory limb flow
control assembly may include a bypass valve subassembly
and a threshold valve subassembly. This figure depicts syn-
chronization of the two ITD valve functions (bypass, thresh-
old), blower operation, positive pressure delivery, patient
breathing, and pressure values (inspiratory limb, patient air-
way).

[0076] The bypass valve, located in the inspiratory limb
flow control assembly 50 allows inspiratory gas to flow unim-
peded toward the patient. As shown in FIG. 1A, the bypass
remains open as long as pressure in the breathing circuit is
zero or greater (higher). Hence, the bypass valve will bypass
the threshold valve when inspiratory limb pressure s positive.
This feature keeps the valve from causing interference, or
creating resistance to positive pressure breaths. As soonas the
breathing circuit pressure passes through zero or drops suffi-
ciently, the bypass closes. When the bypass valve is closed,
the threshold valve will regulate or limit the excursion of
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negative pressure in the breathing circuit. During expiratory
phase, gas can flow to the patient through inspiratory limb
flow control assembly 50, if the negative pressure threshold is
exceeded. This occurs when the patient airway pressure
becomes sufficiently negative, as depicted in FIG. 1A.
[0077] The threshold valve, located in the inspiratory limb
flow control assembly 50 remains closed, thus preventing or
inhibiting gas flow from anesthesia system 10 into the patient,
so long as the pressure downstream (i.e. patient-side) of
inspiratory limb flow control assembly 50 remains higher
than the negative threshold pressure of the threshold valve.
When a sufficiently negative pressure is achieved within the
patient’s trachea, or downstream of the inspiratory limb flow
control assembly 50 for example, the threshold valve opens,
thus allowing gas to flow into the patient to relieve or regulate
negative pressure created by the expiratory gas mover. So
long as the pressure, downstream of the inspiratory limb flow
control assembly 50, is less than (i.e. more negative than) the
negative pressure threshold of the threshold valve, gas may
flow toward the patient. In this way, the inspiratory limb flow
control assembly 50 can prevent excess negative pressure in
the patient’s airway and lungs.

[0078] As depictedin FIG. 1A, when the blower or turbine,
which may be situated in the expiratory path or expiratory
limb mechanism 34 depicted in FIG. 1, is accelerated (e.g.
speeded up to create more suction in the patient circuit or
patient airway flow tube 36), air pressure in the patient’s lungs
and in the inspiratory path or inspiratory limb mechanism 32
is pulled down (e.g. sucked out and blown into the expiratory
inlet or inlet 26a), causing the bypass valve of the inspiratory
limb flow control assembly 50 to close. At this point, the
threshold valve of the inspiratory limb flow control assembly
50 is in series with the inspiratory gas flow through inspira-
tory limb mechanism 32. As shown in FIG. 1, inspiratory limb
flow control assembly 50 can be placed on outlet 245 of
machine side assembly 20 of the anesthesia system. Option-
ally, inspiratory limb flow control assembly 50 can be placed
in any part of the inspiratory gas flow path or inspiratory limb
mechanism 32, anywhere in the patient’s breathing path, or
anywhere in anesthesia system 10 (e.g. in machine side
assembly 20) where it can operate to regulate flow through
patient airway flow tube 36.

[0079] According to some embodiments, expiratory limb
flow control assembly 40 (e.g. blower or turbine) operates at
a constant speed, without acceleration and deceleration. In
this way, expiratory limb flow control assembly 40 can pro-
vide a constant pressure source. Hence, as pressures in the
circuit balance, new flow through the expiratory limb flow
control assembly 40 may stop or approach zero, even though
for example the blower or fan blade is still spinning

[0080] The term “breathing circuit” can refer to the com-
bined inspiratory limb mechanism 32 and expiratory limb
mechanism 34 (e.g. inspiratory and expiratory gas conductors
or tubes. The patient’s tracheal tube or airway flow tube 36
can operate to conduct both inspiratory and expiratory gas.
According to some embodiments, expiratory limb flow con-
trol assembly 40, inspiratory limb flow control assembly 50,
or both, may be situated at the airway flow tube 36. For
example, expiratory limb flow control assembly 40, inspira-
tory limb flow control assembly 50, or both, may be attached
to, mounted on, connected near to, or operate within, a tra-
cheal tube or patient airway flow tube 36.

[0081] Asshownin FIG. 1, anesthesia breathing system 10
can encompass a patient side assembly 30 or patient circuit,
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and a machine side assembly 20 which may include a
rebreathing or flow circuit 21, optionally referred to as acircle
system or rebreathing system, an absorber 22, and a bellows
apparatus 25. FIG. 1 also shows a wye assembly 37 of the
patient circuit or patient side assembly 30. Wye 37 provides a
connection between patient airway flow tube 36, inspiratory
limb mechanism 32, and expiratory limb mechanism 34. In
some embodiments, patient airway flow tube may be referred
to as a patient breathing tube, a tracheal tube, or an endotra-
cheal tube (ET Tube).

[0082] Anesthesia delivery mechanism 28 can provide a
fresh gas connection, whereby anesthesia gas may be added
to the rebreathing or flow circuit 21 or circle breathing sys-
tem. A positive pressure breath can be delivered from anes-
thesia system 10 to the patient by pneumatically or mechani-
cally pressing down on bellows apparatus 25. For example,
positive pressure breaths can be generated by intermittently
pressurizing a bellows canister of bellows apparatus 25. Typi-
cally, a ventilator mechanism 27 is provided in operative
association with bellows 25. For example, a ventilator mecha-
nism 27 can be connected with a canister outside of the
bellows. When the ventilator-induced pressure on the bellows
is released (e.g. during exhalation phase), the bellows rises to
allow the patient to exhale. Hence, a positive pressure breath,
as depicted in FIG. 1A, can be delivered to the patient based
on operation of ventilator mechanism 27. Once the positive
pressure bypass valve of inspiratory limb flow control assem-
bly 50 is open, inspiratory limb flow control assembly 50
allows gas to flow from anesthesia system 10 to the patient
unimpeded. According to some embodiments, as shown in
FIG. 1, anesthesia system 10 may include or be in operative
association with a manual ventilator bag 31. As part of a
treatment, the operator can select whether to modulate flow
through rebreathing circuit 21 by activating the manual ven-
tilator bag 31 or the ventilator mechanism 27, for example by
appropriately adjusting a bag/ventilator selection switch 29.

[0083] Hence, embodiments of the present invention
encompass systems and methods that that reduce the amount
of gas inside the patient’s airway, for example by preventing
or impeding gas from entering the airway, optionally in com-
bination with removing gas from the airway, resulting in less
and less air in the airway. Less air in the airway or thorax
makes room for more and more blood to return to the heart.
For example, this physiological concept is important during
the chest recoil phase of CPR, when a reduction in intratho-
racic pressure together with a reduction of air in the lungs
provides a means to draw more blood back in to the thorax
without resistance form the air in the thorax. The physiologi-
cal concept is similarly important in states of hypovolemia,
when lower intrathoracic pressures associated with a
decrease in lung volumes actively draw more venous blood
back to the rightheart. The application of such techniques can
contribute to a reduction in intrathoracic pressures, which can
result in a simultaneous decrease in intracranial pressures.
Forexample, application of these methods and devices during
CPR can increase 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.

[0084] FIG. 2 illustrates a method 200 of operation of an
inspiratory limb flow control assembly or inspiratory valve
mechanism such as an impedance threshold device (ITD)
according to embodiments of the present invention. As shown
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in this logic flow diagram, the inspiration phase involves the
step 210a of delivering a positive pressure breath to the
patient, which can be accomplished, for example, when the
breathing circuit pressure is greater than zero. Relatedly, dur-
ing the inspiration phase, or during at least a portion of the
inspiration phase, the inspiratory limb flow control assembly
or valve mechanism (e.g. ITD) can provide unimpeded flow
to the patient as shown in step 2105. For example, with
reference to FIG. 1, the valve mechanism (e.g. bypass valve)
may be open so as to allow gas to freely flow from machine-
side assembly 20 to the patient via the inspiratory limb
mechanism of patient side assembly 30. During the exhala-
tion phase, the pressure in the breathing circuit typically
drops to a value of zero or less. In response, the valve mecha-
nism (e.g. bypass valve and threshold valve of ITD) closes as
shown in step 2205. Hence, during the exhalation phase, or
during at least a portion of the exhalation phase, the inspira-
tory limb flow control assembly or valve mechanism prevents
gas flow from machine-side assembly 20 to the patient via the
inspiratory limb mechanism of patient side assembly 30. The
exhalation phase involves the step 220a of pulling a breath
from the patient, for example by reducing or pulling the
patient’s breathing circuit pressure down to between 0 cm
H,0 and -12 e¢m H,QO, Such reduction in pressure can be
achieved by operation of the expiratory limb flow control
assembly, which may include for example a recirculating
pump mechanism, a reciprocating pump, a turbine, a centrifu-
gal blower, a roots blower, a vacuum source, or the like. The
expiratory limb flow control assembly can be configured to
deliver or administer a targeted negative pressure to the
breathing circuit. For example, the expiratory limb flow con-
trol assembly can be configured to deliver or administer a
pressure within a range from between 0 cm H,O and -12 cm
H,O. In some cases, the targeted negative pressure can be
adjusted, for example based on the speed of the pump. In
some cases, the expiratory limb control flow assembly can be
adjusted to provide any desired pressure or range of pressures
within the breathing circuit. When a negative threshold pres-
sure is achieved with in the patient airway, the threshold valve
of the inspiratory limb flow control assembly or inspiratory
valve can open, as shown in step 220c¢, thus allowing gas flow
from machine-side assembly 20 to the patient via the inspira-
tory limb mechanism of patient side assembly 30.

[0085] In some embodiments, the inspiratory limb flow
control assembly may provide a regulation mechanism
whereby if negative pressure within the breathing circuit
becomes too large as shown in step 230, the valve mechanism
will open, thus allowing or resuming flow from machine-side
assembly 20 to the patient via the inspiratory limb mechanism
of patient side assembly 30. In some cases, steps 220¢ and 230
are closely related or the same, such that the opening of the
threshold valve operates to perform the safety relief function.
For example, the inspiratory limb flow control assembly can
be configured so that flow from machine-side assembly 20 to
the patient via the inspiratory limb mechanism of patient side
assembly 30 is restored or achieved when the negative pres-
sure within the breathing circuit exceeds or becomes nmore
negative than a threshold value. In some instances, the thresh-
old value or design pressure can be about -12 cm H,O. This
feature can provide a safety limit on the maximum negative
pressure within the breathing circuit, for example by prevent-
ing the a negative pressure from going too negative. Various
safety valve configurations can be used to achieve this func-
tion.
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[0086] Subsequently, when a new positive pressure breath
is delivered by the anesthesia machine as shown by arrow
240a, the bypass valve of the valve mechanism opens again as
shown by arrow 2405, because the inflow of the positive
pressure breath pushes through the valve and circuit pressure
is driven greater than zero (positive). In this way, the anes-
thesia system allows another free-flow inspiration. Hence, the
inspiratory limb flow control assembly 50 can perform two
distinct valve functions or provide two valve mechanisms,
that is the bypass valve and the threshold valve, and these
functions can be carried out in parallel.

[0087] As depicted in FIG. 3, the inspiratory limb flow
control assembly, the expiratory limb flow control assembly,
or both, may be situated at various locations throughout an
anesthesia machine breathing system. For example, an anes-
thesia system 310 may include an inspiratory limb flow con-
trol assembly 350 at location A (at or near patient wye 337),
location B (at or near anesthesia system outlet 3244), location
C (ator near inhalation check valve inlet 324a), location D (at
or near absorber outlet 3225), location E (at or near INSP
between locations E and F), orlocation F (at or near the outlet
of ventilator mechanism 360). Relatedly, anesthesia system
310 may include an expiratory limb flow control assembly
340 at location G (at or near patient wye 337), location H (at
or near anesthesia system inlet 326a), location I (at or near
exhalation check valve outlet 3265), location J (at or near
driving bellows outlet 325b), location K (at or near EXP
between locations K and L), or location L (at or near Atmo-
sphere, e.g. atmosphere outlet. INSP (between E and F) and
INSP (between K and L) provide a valve system which allows
the bellows to be pressurized and depressurized. In some
instances, INSP and EXP provide intake and exhaust valves,
respectively, for the bellows drive. According to some
embodiments, the bellows drive gas is vented to the atmo-
sphere. This is not the same as the patient breathing gas,
which is on the other side of the bellows. The drive gas, from
the ventilator, is used to squeeze the breathing gas into the
patient’s lungs. In this way, the ventilator can drive the circle
breathing system.

[0088] Hence, a negative pressure blower or expiratory
limb flow control assembly 340, can be positioned near a
one-way exhalation valve 326 on an expiratory limb mecha-
nism 334. For example, expiratory limb flow control assem-
bly 340 may be coupled with inlet 3264 of the exhalation
valve 326. Expiratory limb flow control assembly 340 oper-
ates to pull gas from the patient connection or airway flow
tube 336, and can also operate to pull gas from the inspiratory
limb mechanism 332, or the inspiratory side of the breathing
circuit. Operation of the expiratory limb flow control assem-
bly 340 combines those two gases, and runs them through the
expiratory one-way valve 326. Thereafter, the combined
gases are transmitted into the CO, container or absorber 322,
and subsequently delivered out the inhalation check valve
324, and toward the patient. In this way, the expiratory limb
flow control assembly 340 or negative pressure blower can
push or force gas into or toward the expiratory inlet 3264, and
can also pull gas from the breathing circuit, while the inspira-
tory limb flow control assembly 350 performs a regulatory or
threshold function for gas flowing through inspiratory outlet
324b.

[0089] According to some embodiments, as the speed of the
negative pressure blower turbine or expiratory limb flow con-
trol assembly 340 increases, the amount of suction within the
patient side assembly increases, thus reducing the pressure
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therein, thereby causing a threshold valve of inspiratory limb
flow control assembly 350 to close. In some cases, the inspira-
tory limb flow control assembly 350 can operate, in conjunc-
tion with the expiratory limb flow control assembly 340, to
produce a threshold resistance within a range from about =10
cm H,O to about -12 em H,O. Hence, when the pressure
within the patient side assembly is reduced enough to reach
this threshold, the threshold valve opens, thus allowing gas
flow from the anesthesia system 310 and into the patient.
According to some embodiments, as the expiratory limb flow
control assembly 340 operates (e.g. the turbine spins), it
pushes gas into the expiratory inlet 3264, and pulls gas from
the patient, down to a -12 em H,O pressure level, at which
point the check valve opens up, thus allowing continuous
circulation of gases in the CO, container or absorber 322.
Hence, in some cases no gas is withdrawn from the breathing
circuit by the anesthesia system 310, but rather the gas is
recirculated. According to some embodiments, as the next
breath from the ventilator 360 occurs, the bellows are pushed
downward, thus squeezing the bag in the bellows box, thereby
producing an overpressure in both the inspiratory and the
expiratory sides of the circuit, which then forces air into
patient’s airway, based on the displacement of the driving
bellows. As this ventilation operation occurs, the blower is
running at a constant speed, thus allowing the recirculation of
gases. In some instances, an expiratory limb flow control
assembly 340 may include a pump, a blower, a piston, a gas
move, or the like. In some instances, expiratory limb flow
control assembly 340 may include an electrically operated
turbine.

[0090] In some cases, anesthesia system 310 may not
include an inspiratory limb flow control assembly 350. In
such cases, expiratory limb flow control assembly 340 (e.g. a
turbine) can operate to push or pull gas into the expiratory
inlet 3264, facilitating advancement of gas into and through
the CO, container or absorber 322, and out through inhalation
check valve 324 toward the patient, thus completing the cir-
cuit and providing a continuing circulation.

[0091] Placement of inspiratory limb flow control assem-
bly 350 on inspiratory limb mechanism 332 near anesthesia
system outlet 3245 can operate to restrict the flow going to the
patient. Hence, expiratory limb flow control assembly 340
(e.g. blower) pulls gas from the patient’s lungs, increasing the
magnitude of patient airway negative pressure until that pres-
sure reaches the opening threshold of the inspiratory limb
flow control assembly 350, in which case the threshold valve
of inspiratory limb flow control assembly 350 opens. As
shown in FIG. 3, expiratory limb flow control assembly 340
and inspiratory limb flow control assembly 350 can be posi-
tioned at various locations throughout the anesthesia system
310, and hence can be integral to a machine side assembly, or
to a patient side assembly. Optionally, expiratory limb flow
control assembly 340, inspiratory limb flow control assembly
350, or both, may be provided as discrete components.

[0092] According to some embodiments, expiratory limb
flow control assembly 340 (e.g. blower) is configured to opet-
ate at a low level or speed, or inspiratory limb flow control
assembly 350 can be operated in such a way, so that operation
of the expiratory limb flow control assembly 340 and inspira-
tory limb flow control assembly 350 does not produce a
negative airway pressure. The anesthesia system can be con-
figured to function in this capacity for any desired period of
time. When the action of the expiratory limb flow control
assembly 340 is increased (e.g. fan speed increased), and/or
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threshold resistance is introduced by inspiratory limb flow
control assembly 350 (e.g. closing the valve), however, the
anesthesia system can operate to generate or amplify negative
airway pressure in the patient. For example, operation of
assemblies 340 and 350 may produce not negative pressure,
unless or until closure of a valve in assembly 350 operates to
produce negative pressure at the patient connection. In some
cases, assembly 340 can be controlled actively (e.g. turned on
and off), instead of operating passively. Such active control
can be used with assembly 340, regardless of where it may be
positioned throughout the anesthesia system.

[0093] Operation of either or both of the expiratory limb
flow control assembly 340 and inspiratory limb flow control
assembly 350 can be controlled by automatic means. In some
instances, operation of expiratory limb flow control assembly
340 and/or inspiratory limb flow control assembly 350 can be
controlled based on pneumatic signals or electric signals. In
some cases, assemblies 340 and 350 may each be provided as
a single system. In other cases, assembly 340, assembly 350,
or both, may each be provided as a collection of multiple
subsystems, where each subsystem is positioned at a different
location throughout the anesthesia system. For example, a
flow control assembly may include a pressure sensor in one
location, and a step motor control threshold resistor in another
location.

[0094] Embodiments of the present invention also encom-
pass treatment system having a physical threshold valve or
means for providing equivalent functionality created by the
function or interaction of breathing circuit controlling valve
or valves, such as threshold valves shown in various positions
in FIG. 3.

[0095] Asshown in FIG. 4, an inspiratory limb flow control
assembly, an expiratory limb flow control assembly, or both,
may be situated at various locations throughout a ventilator
system 410, including in an anesthesia machine, such as an
intensive care unit (ICU) ventilator or a transport type
mechanical ventilator. For example, an anesthesia system 410
may include an inspiratory limb flow control assembly 450 at
location A (at or near patient wye 437), location B (at or near
ventilator system outlet 4245), or location C (at or near inha-
lation check valve inlet 4244). Relatedly, ventilator system
410 may include an expiratory limb flow control assembly
440 at location D (at or near patient wye 437), location E (at
or near ventilator system inlet 426a), location F (at or near
exhalation check valve 426), location G (at or near exhalation
check valve outlet 4265), location H (at or near exhalation
exhaust or atmosphere outlet 416). As shown here, ventilator
system 410 may include a controller 412 and an oxygen or air
supply mechanism 414.

[0096] In some instances, a patent side assembly of venti-
lator system 410 may include a single limb circuitry mecha-
nism having an inner passage (e.g. outer tube) and an outer
passage (e.g. inner tube) arranged in a concentric or nested
fashion, wherein the outer passage or tube provides an expi-
ratory path and the inner passage or tube provides an inspira-
tory path, or wherein the inner passage or tube provides an
expiratory path and the outer passage or tube provides an
inspiratory path. Exemplary single limb mechanisms are
described in U.S. Ser. No. 12/819,959 filed Jun. 21, 2010, the
content of which is incorporated herein by reference.

[0097] In operation, gas from O, or air supply mechanism
414 is delivered to the patient via inspiratory limb mechanism
432, and gas from the patient (optionally combined with gas
from limb mechanism 432) is transmitted away from patient
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via expiratory limb mechanism 434. A ventilator system may
also include pressure and volume monitoring devices, control
systems, and alarm systems, and limb flow assemblies 440
and 450 can be configured to operate in conjunction with such
monitoring, control, and alarm systems.

[0098] According to some embodiments, expiratory limb
flow control assembly 440 can operate to lower the expiratory
resistance of the ventilator. As shown in FIG. 4, limb flow
control assemblies 440, 450 can be placed in various loca-
tions located either internal to or external to the ventilator
device. In some instances, either or both of limb flow control
assemblies 440, 450 can be placed where the ventilator body
or casing connects with the patient circuit. In some instances,
either or both of limb flow control assemblies 440, 450 can be
placed between the patient circuit and the wye apparatus 437.
Optionally, either or both of limb flow control assemblies
440, 450 can be placed between the patient and the wye. In
some instances, inspiratory limb flow control assembly 450
includes a physical valve. In some cases, inspiratory limb
flow control assembly 450 includes an electronic valve that at
least partially controls flow to the patient.

[0099] Controller 412 can be programmed to, or contain
instructions for, effecting any of a variety of treatment proto-
cols. For example, controller 412 can be programmed to
deliver instructions to the ventilator for delivering normal
positive pressure breaths. In some instances, ventilator sys-
tem 410 may include a bacterial filter (e.g. at or near exhala-
tion check valve 426).

[0100] As shown in FIG. 4, inspiratory limb flow control
assembly 450 (e.g. threshold valve) and expiratory limb flow
control assembly 440 can be positioned in any of a variety of
positions throughout system 400. Means for providing
equivalent functionality to that of either or both of limb flow
control assemblies 440, 450, optionally for generating IPR,
can be created by existing valves or devices within the ven-
tilator design, either as discreet devices or via the interaction
of multiple valves and/or pumps.

[0101] FIG. 5illustrates aspects of an anesthesia system or
ventilator system 500, which may include or be in operative
association with a controller or control assembly, according
to embodiments of the present invention. As shown here,
anesthesia or ventilator system 500 includes an expiratory
limb flow control assembly 540 (e.g. pump or turbine) and an
inspiratory limb flow control assembly 550 (e.g. ITD device).
Anesthesia system or ventilator system 500 may be config-
ured so that expiratory limb flow control assembly 540 is in
fluid communication with an airway flow sensor 541. Anes-
thesia or ventilator system 500 may also include a bacterial
and/or viral exhalation filter 542 which receives and filters
gases from the patient airway flow tube (optionally in com-
bination with gases from the inspiratory limb mechanism),
and a patient circuit pressure sensor 543 that senses pressure
within the expiratory limb mechanism. Information or data
from flow sensor 541, pressure sensor 543, or both, can be
used to regulate operation of expiratory limb flow control
assembly 540.

[0102] According to some embodiments, when the pres-
sure regulation activity of expiratory limb flow control assem-
bly 540 operates to close a threshold valve of inspiratory limb
flow control assembly 550, this can effectively operate to
close the anesthesia or ventilator machine off from the
patient. In some cases, patient airway pressure can be mea-
sured at this time. For example, operation of a turbine may
reduce the airway pressure down to about =10 cm H,0O, and
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patient circuit pressure sensor 543, which is in fluid commu-
nication with the patient side assembly, or otherwise on the
patient side of the expiratory limb flow control assembly 540,
can effectively operate to measure airway pressure in the
patient circuit. Further, airway flow sensor 541, which is in
fluid communication with the patient side assembly, or oth-
erwise on the patient side of the expiratory limb flow control
assembly 540, can effectively operate to measure airway flow
in the patient circuit. As shown here, airway pressure sensor
543 can be disposed between the expiratory limb flow control
assembly 540 (e.g. turbine) and the patient. In some
instances, a blower mechanism may be operated continu-
ously, and/or during a period in which an inspiratory valve is
closed. Surprisingly, such techniques may consume less
power than otherwise previously believed.

[0103] Anesthesia or ventilator system 500 includes a con-
troller assembly 510 which can transmit instructions to and
receive data from each of expiratory limb flow control assem-
bly 540, airway flow sensor 541, and patient circuit pressure
sensor 543. Anesthesia or ventilator system 500 may also
include a power supply, or means for connecting with a power
supply. For example, means for connecting with a power
supply may include an electrical cord or a battery. In some
cases, controller assembly 510 may include a user interface,
an alarm, and a display. Optionally, controller assembly 510
may include an input/output mechanism 512 for transmitting
and receiving digital communications. As shown here, con-
troller assembly 510 can be in operational connectivity with
inspiratory limb flow control assembly 550 by way of an
external data input mechanism 520. According to some
embodiments, controller assembly 510 can be configured to
provide control instructions to expiratory limb flow control
assembly 540. According to some embodiments, controller
assembly 510 can be configured to receive data or informa-
tion from airway flow sensor 541, patient circuit pressure
sensor 543, or both. Controller assembly 510 may include a
processor which determines instructions for expiratory limb
flow control assembly 540, optionally based on input data
received from airway flow sensor 541, patient circuit pressure
sensor 543, or both. Controller assembly 510 may also be
configured to display information regarding the status of
anesthesia or ventilator system 500 to a user or operator. For
example, controller assembly 510 can be configured to ait-
way flow and patient circuit pressure information or dataon a
display screen for viewing by the operator.

[0104] FIG. 6 illustrates aspects of an anesthesia system or
ventilator system 600, which may include or be in operative
association with a controller or control assembly, according
to embodiments of the present invention. As shown here,
anesthesia or ventilator system 600 includes an expiratory
limb flow control assembly 640 (e.g. pump or turbine) and an
inspiratory limb flow control assembly (not shown). Anesthe-
sia system or ventilator system 600 may be configured so that
expiratory limb flow control assembly 640 is in fluid commu-
nication with an exhalation airway flow sensor 641. Anesthe-
sia or ventilator system 600 may also include a patient circuit
pressure sensor 643 that senses pressure within the expiratory
limb mechanism. Information or data from flow sensor 641,
for exaniple an exhalation flow signal 642, can transmitted to
controller assembly 610. Anesthesia or ventilator system 600
may also include an in line carbon dioxide sensor 660, which
may be in a patient’s airway or in fluid communication there-
with, coupled with a real-time carbon dioxide analyzer
mechanism 670 that can transmit information to controller
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assembly 610. In use, the carbon dioxide sensor 660 can
measure the concentration of carbon dioxide in the patient,
and the exhalation flow sensor 641 can measure gas flow
entering or flowing toward the expiratory limb flow control
assembly 640. The controller assembly 610 can include a
processor that determines volumetric carbon dioxide, for
example based on the product of the carbon dioxide concen-
tration and expiratory flow value. The controller assembly
610 can also display the value of the volumetric carbon diox-
ide measurement to the user or operator. In some cases, the
volumetric carbon dioxide measurement can be used to adjust
or control operation of the expiratory limb flow control
assembly 640. In this way, anesthesia system or ventilator
system 600 can operate to provide volumetric carbon dioxide
monitoring and feedback functions.

[0105] FIG. 7 illustrates aspects of a manual ventilator sys-
tem 700 according to embodiments of the present invention.
Manual ventilator system 700 can be configured as a bag
valve mask device, and can be used to deliver intrathoracic
pressure regulation treatment to a patient. For example, emer-
gency medical personnel may carry a manual ventilator sys-
tem 700 in an ambulance, and use the system on a patient who
is in cardiac arrest, or on a patient in hemorrhagic shock from
blood loss. As depicted here, manual ventilator system 700
includes a resuscitator bag 724 having an inlet 724a which
receives intake air, with ambient or supplemental oxygen, as
indicated by arrow C, and an outlet 7245 that is in fluid
communication with an inspiratory limb mechanism 732.
Upon compression of bag 724, such air is delivered toward the
patient through inspiratory limb mechanism 732, as indicated
by arrow D (inspiration gas flow). Manual ventilator system
700 can be used as a bag valve mask for emergent care
applications.

[0106] Manual ventilator system 700 also includes an expi-
ratory limb flow control assembly 740 (e.g. pump or turbine)
and an inspiratory limb flow control assembly 750 (e.g. ITD
device). Expiratory limb flow control assembly 740 operates
to withdraw gas from, or reduce pressure within, expiratory
limb mechanism 734. As shown here, manual ventilator sys-
tem 700 further includes a patient connection 760 such as a
mask or flow tube. Inspiratory and expiratory gases can be
exchanged between the patent and manual ventilator system,
as indicated by arrow E. Wye 737 provides a connection
between patient connection 760, inspiratory limb mechanism
732, and expiratory limb mechanism 734. In operation, expi-
ratory limb flow control assembly 740 receives gases from the
patient by way of the patient connection 760 or mask, option-
ally in combination with gases from the inspiratory limb
mechanism 732. Accordingly, such gases are transmitted
away from the patient through expiratory limb mechanism
734, as indicated by arrow F (exhalation gas flow). Such
patient air and intake air can then be exhausted through an
outlet 742 of expiratory limb flow control assembly 740, as
indicated by arrow G.

[0107] Anesthesia system or ventilator system 700 may be
configured so that expiratory limb flow control assembly 740
is in fluid communication with an airway flow sensor 741.
Manual ventilator system 700 may also include a patient
circuit pressure sensor 743 that senses pressure within the
expiratory limb mechanism. Information or readings from
flow sensor 741, pressure sensor 743, or both, can be used to
regulate operation of expiratory limb flow control assembly
740. In some cases, inspiratory limb flow control assembly
750 can be positioned on manual ventilator system 700 at
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location A (at or near patient wye 737), or at location B (at or
near resuscitator bag outlet 7245.

[0108] By placing the expiratory limb flow control assem-
bly 740 in fluid communication with the resuscitator bag 724,
it is possible to provide a negative phase capability to the
anesthesia system or ventilator system 700, and thus system
700 can be used to deliver a positive pressure ventilation to a
patient, in combination with delivering a negative pressure
therapy treatment to the patient.

[0109] Insome instances, a patent side assembly of venti-
lator system 700 may include a single limb circuitry mecha-
nism having an inner passage (e.g. outer tube) and an outer
passage (e.g. inner tube) arranged in a concentric or nested
fashion, wherein the outer passage or tube provides an expi-
ratory path and the inner passage or tube provides an inspira-
tory path, or wherein the inner passage or tube provides an
expiratory path and the outer passage or tube provides an
inspiratory path. Exemplary single limb mechanisms are
described in U.S. Ser. No. 12/819,959 filed Jun. 21, 2010, the
content of which is incorporated herein by reference.

[0110] In some embodiments, a single mechanism or sys-
tem can be used to modulate flow or regulate negative pres-
sure within the patient airway, inspiratory limb mechanism,
expiratory limb mechanism, and rebreathing circuit. FIG. 8
shows an example of an intrathoracic pressure regulation
(IPR) blower mechanism 800 which can be used to perform
such functions. In some cases, blower mechanism 800 is
provided as a centrifugal blower. Blower mechanism 800 may
operate as a pressure generator or modulator, and can be used
to create a controlled pressure between the patient and the
ventilation device (e.g. anesthesia machine, mechanical ven-
tilator, bag valve mask, and the like). In some cases, the
pressure provided by blower mechanism 800 can be referred
to as AP. When blower mechanism 800 is in fluid communi-
cation with the patient’s airway or mouth, which may be
accomplished using a mask, tube, or similar device, blower
mechanism 800 operates to pull air or gas from the patient’s
lungs until a set or desired pressure is achieved. When the
pressure in the lungs reaches the blower pressure, blower
mechanism 800 is in equilibrium and the net flow is zero, and
a steady state pressure is achieved. Hence, a patient attached
to blower mechanism 800 may inspire, at a pressure in excess
of the blower pressure AP, and pull in a breath. Subsequently,
when exhalation begins, that breath will be exhaled, by virtue
of the patient’s lung recoil and the pressure of the IPR blower
mechanism 800 until, once again, equilibrium is achieved. In
some instances, operation of blower mechanism 800 assists
exhalation and can be used in patient populations that benefit
not only from IPR but also from enhanced exhalation (e.g.
asthma, COPD, and the like). In this way, operation of blower
mechanism can remove gas from the breathing system until a
threshold pressure is achieved, as a results of the pressure
regulation activity of blower mechanism 800. As shown here,
blower mechanism is connected between a patient 810 and a
ventilation source or device 820. Hence, operation of blower
mechanism 800 or activity of patient 810 does not unduly
disturb the behavior of the ventilator or anesthesia machine
820. Accordingly, blower mechanism 800 can be used in a
contiguous way, for example with a spontaneously breathing
patient, during an intubation process, or with any ventilation
platform. As shown here, patient connection §05 may include
a mask, an airway tube, a tracheal tube, or the like. During
operation of blower mechanism 800, patient can breathe
spontaneously through blower mechanism 800.
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[0111] As shown in FIG. 8, during operation the blower
mechanism 800 operates to pull gas, for example at a con-
trolled pressure, from the patient, as indicated by arrow A.
Here, the output of the blower mechanism 800 is directed
toward or through the ventilation device connection 815. The
blower mechanism can be configured to create a differential
pressure AP, for example as a result of a spinning centrifugal
blower. In some cases, the speed of the blower determines the
differential pressure level. In some cases, the differential
pressure can be adjustable, for example throughout a range
that extends from 0 cm H,O to =20 cm H,O. As indicated by
arrow B, negative pressure is created at the patient’s airway.
When the pressure of arrow A and the pressure of arrow B are
equivalent, the net flow through the blower mechanism 800 is
zero. A positive pressure breath provided by the ventilation
source 820 need only overcome the blower pressure, in order
to deliver a breath to the patient. In this way, blower mecha-
nism 800 operates as both a pressure valve and a negative
pressure source.

[0112] In operation, it is possible to bi-directionally move
gas through blower mechanism 800. For example, a positive
pressure from the ventilation source can move gas through
blower mechanism 800 toward the patient as indicated by
arrow C, and exhalation gas from the patient can move
through blower mechanism 800 toward the ventilation system
as indicated by arrow D. Blower mechanism 800 may also
operate, for example by way of a centrifugal blower, to move
gas from the patient side toward the ventilator side, as indi-
cated by arrow E. Hence, the ventilation mechanism 820 can
push gas against the expiratory outflow and toward the
patient, for example during the exhalation phase. During
inhalation, the which may involve a spontaneous patient
breath or a positive pressure breath provided by an anesthesia
machine, ventilator, or bag valve mask, ventilation mecha-
nism 820 can operate to push gas through the turbine, over-
coming the pressure provided by the turbine, resulting an a
net flow of gas through blower mechanism 800 and into the
patient.

[0113] Relatedly, blower mechanism 800 may operate as a
pressure generator turbine or pressure source assembly. For
example, blower mechanism 800 can create a negative
intrathoracic pressure in the patient, and also provide a con-
duit for the delivery of a positive ventilation from ventilator
source 820 to the patient. In some cases, blower mechanism
800 includes a variable torque fan assembly. In some cases, as
gas from the ventilator flows through blower mechanism 800
toward the patient, opposite the direction of flow ofthe blower
itself, the blower mechanism continues to operate. For
example, a turbine fan of blower mechanism 800 may con-
tinue to spin in a direction which would otherwise provide a
net flow of gas from the patient to the ventilator, however due
to pressure from the ventilator, the net flow across blower
mechanism is toward the patient, instead of away from the
patient. As such, blower mechanism 800 may be considered
to operate as a pressure source, and it is possible to overcome
that pressure source, for example by operation of the ventila-
tor, so as to move gas in a contra-flow direction through
blower mechanism and toward the patient.

[0114] Hence, according to some embodiments, operation
of a turbine fan of blower mechanism 800 acts to pull gas out
of and away from the patient at a particular AP. While blower
mechanism 800 is delivering AP, however, the intrathoracic
pressure can be regulated by other factors, such as with an
impedance threshold device (e.g. an ITD such as that dis-
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closed in U.S. Pat. Nos. 5,551,420, 5,692,498; 5,730,122;
6,062,219; 6,155,257, 6,224.562; 6,234,916; 6,526,973;
6,604,523; 6,776,156; 6,986,349; 7,195,012; and 7,204,251;
incorporated herein by reference), or by operation of the
blower itself in response to positive pressure provided by a
ventilator. Typically, the turbine runs at acharacteristic speed,
and blower pressure AP is approximately proportional to the
speed. In some instances, blower mechanism 800 provides a
continuously variable pressure source, and as the fan speed
increases, AP increases. If maintained at a constant speed,
blower mechanism 800 can provide a constant AP.

[0115] In some aspects, operation of blower mechanism
provides an extra springiness in the patient’s exhalation, and
can be configured to run continually throughout the admin-
istration of a treatment. Blower mechanisms such as those
shown in FIG. 8 are transferable, and universal in their appli-
cability. For example, blower mechanisms can be incorpo-
rated into anesthesia machines, mechanical ventilators, bag
valve masks, and the like.

[0116] Insome instances, a blower mechanism may include
a motor and turbine, where the turbine is independent from
the motor. For example, a hermetic seal may be disposed
between the motor and turbine, and a magnetic clutch may be
used to operationally couple the turbine with the motor. Relat-
edly, turbines may be provided in a single-patient-use con-
figuration, as a disposable item that is coupled with the motor
assembly and used for a particular patient, and discarded
afterward. In some configurations, a blower mechanism pro-
vides a centrifugal fan that can be coupled between a patient
and a breathing system such as a ventilator. In some instances,
alimb flow control assembly, such as blower mechanism 800
of FIG. 8, blower mechanism 940 of FIG. 9, blower mecha-
nism 10004 of FIG. 10A, blower mechanism 10005 of FIG.
10B, or blower mechanism 1100 of FIG. 11, may include
separate motor and turbine mechanisms. For example, a
blower mechanism may include a motor mechanism and a
turbine mechanism which are hermetically sealed from one
another. The motor mechanism can be attached with the tur-
bine mechanism via a magnetic or mechanical clutch mecha-
nism. In some instances, the motor mechanism and the tur-
bine mechanism may not share a common gas path, for
example, through a turbine shaft bearing. In some instances,
a turbine mechanism may be provided and used as a single
patient use device. Relatedly, the motor mechanism may be
provided and used as a capital device. Exemplary detachable
negative pressure turbine mechanisms are further described
herein in association with FIG. 20.

[0117] If blower mechanism 800 is connected with a
patient, in the absence of a ventilation device, then operation
of blower mechanism 800 can provide a steady state by reduc-
ing the intrathoracic pressure to the level of AP. If the patient
takes a spontaneous inhalation breath, for example which acts
to draw air through blower mechanism, in a counter-flow
direction across the fan, and into the lungs, the patient is
effectively working against the AP (e.g. -10 cm H,0) pro-
vided by the blower. Upon exhalation, the intrathoracic pres-
sure returns to AP.

[0118] In addition to positive pressure provided by a ven-
tilator, and negative pressure provided by the blower, it is also
helpful to consider the pressure generated by the patient,
either by compliance or by recoil.

[0119] During inhalation, pressure within the lungs and
thorax is relatively less than pressure which is present in a
mask or tracheal tube. Consequently, gas flows from the mask
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or tube (higher pressure) into the lungs (lower pressure). The
pressure differential can be due to action of the patient’s
diaphragm, optionally in combination with operation of a
ventilator or blower, or both.

[0120] Conversely, during exhalation, pressure within the
lungs and thorax is relatively greater than pressure which is
present in a mask or tracheal tube. Consequently, gas flows
from the lungs (higher pressure) into the mask or tube (lower
pressure). The pressure differential can be due to elastic recoil
or rebound of the patient’s lungs, optionally in combination
with operation of a ventilator or blower, or both.

[0121] As anillustrative example, a turbine fan operating at
a given speed may produce 10 cm H,O of pressure, thus
pulling gas out of the patient at a pressure of 10 cm H,O.
When providing a positive pressure breath from a ventilator
which delivers gas to the patient, during exhalation the
expired gas flows out of the patient and out through the blower
mechanism. When the pressure in the patient’s lungs and the
pressure provided by the blower mechanism are equal, the net
flow through the blower mechanism is zero.

[0122] These techniques can be provided in a variety of
situations, including instances where a patient is spontane-
ously breathing. Optionally, these techniques may be used on
conjunction with a bag mask valve treatment, an anesthesia
treatment, or a mechanical ventilator treatment.

[0123] With continuing reference to FIG. 8, arrow B repre-
sents the negative pressure created in the patients lungs, and
the blower pressure AP is represented by arrow A. When these
pressures become equal (e.g. negative pressure in patients
lungs equals the pull from the blower) then net flow through
the blower is zero. In this situation, the blower fan, operating
as a pressure source, is still spinning, however there is no
mass or net flow going one direction or the other.

[0124] In some cases, a mechanical ventilator may be con-
sidered as a volume device (e.g. administering 500 ml gas
volume) which delivers gas in a contra-flow direction through
the blower mechanism (e.g. against the blower backpressure).
Ventilating against such backpressure can be effected easily,
because the ventilator is only pushing back against that 5 or
10 em of H,0, or whatever AP is produced by the turbine
running at the designated IPR setting. In aerodynamic terms,
it is possible that when running such flow back through the
turbine, the turbine may stall slightly, because it is not as
effectively propelling gas forward in the intended direction.
[0125] As noted elsewhere herein, the blower mechanism
may operate at a continuously variable speed. Relatedly, it
may be possible to turn the blower off, so as to provide a AP
of zero, and turn the blower on to a selected speed, so as to
provide 5 cm of H,O, for example. In this instance, the ven-
tilator will need to produce an opposing 5 cm of H,O of
incremental pressure, in order to drive gas into the patients
lungs. Hence, when opening the exhalation valve, the patient
will exhale, with the energy of an additional 5 cm of H,O.
[0126] According to some embodiments, it is possible to
use a pressure difference between inlet and outlet of the
blower as a flow transducer, so as to measure patient flow.
[0127] FIG. 8A shows an exemplary pressure curve pro-
vided by a treatment system having a blower mechanism (e.g.
as shown in FIG. 8), but not a separate threshold valve (e.g as
shown in FIG. 1). As depicted here, a blower mechanism is
continually operated. A positive pressure breath provided by
a ventilator increases the intrathoracic pressure, and once the
positive pressure breath ceases, the activity of the blower
mechanism decreases the intrathoracic pressure.
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[0128] At the lowest airway pressure, the net flow across
the turbine is zero. For example, if the blower is spinning
sufficiently to produce 10 cm H,O, and the patient airway
pressure is at —10 cm H,O, then the net flow across turbine is
zero. During inspiration, gas flows from the ventilator or
bellows, in a counter-flow direction, across the turbine and
into the patient’s lungs. Upon expiration, gas flows out of the
patient’s lungs. In large part, each amount of gas volume that
enters or exits the patient’s airway also travels across the
turbine blade, which is in series with the patient’s airway. In
some instances, the pressure curve will not be a sine wave, but
instead will present an exponentially decelerating flow in a
downward direction, at exhalation/expiration, which corre-
sponds to a rapid or high speed initial exhalation upon open-
ing of an exhalation valve during a mechanical exhalation
phase of a ventilator.

[0129] The initial positive pressure curve may also corre-
spond to the compression of a bag valve mask, which pro-
duces retrograde flow across the turbine blade. The shape of
the inspiration pressure curve or waveform (e.g. sinusoidal)
reflects the characteristics of the compression applied. For
example, the bag may be compressed rapidly or gradually,
and may be released rapidly or gradually. Inspiratory flow,
upon release of the bag, will decelerate. As the bag compres-
sion is released, the pressure provided by the bag will at some
point no longer exceed the pressure countervailing pressure
provided by the blower mechanism (e.g the bag pressure falls
below the turbine AP). At this point, the blower mechanism
operates as a valve that switches open, thus allowing net flow
of gas to pass therethrough as exhalation. Hence, after the bag
1s released, gas flow exits the system thus providing a negative
pressure as shown on the pressure curve. When the turbine
acting in this way as an exhalation valve does open, the gas
may exitthe patient at a rapid rate of flow. The exhalation may
be due to the combined effect of the patient’s normal passive
exhalation, in series with the centrifugal blower. Hence, the
graph or waveform curve may exhibit an initial downward
spike, followed by an exponential decay in an upward direc-
tion. Accordingly, the bag initially pushes gas into the patient
by operating as an inspiration source, after which gas flows
back out of the patient while the bag refills. Upon exhalation,
gas exits the patient’s lungs, due to the patient’s compliance
and operation of the turbine.

[0130] Hence, with reference to both FIGS. 1A and 8B, it is
understood that during the expiration phase, the intrathoracic
pressure according to a particular profile or curve, which can
be characterized by the magnitude and/or the duration of the
pressure. In some embodiments, systems and methods pro-
vide a patient with a lower intrathoracic pressure for some
duration of time. For example, techniques may involve pro-
viding the patient with a lower intrathoracic pressure for a
duration that is based on a ventilation rate or a breathing rate
(e.g. from 25% up to 100% of the expiratory time period).
Hence, the duration of the lowered intrathoracic pressure may
depend on the duration of the expiratory phase. A typical
inspiratory:expiratory ratio is between about 1:2 and about
1:4, and the average respiratory rate for a healthy adult at rest
is between about 10 breaths per minute and about 20 breaths
per minute. Breathing rates of infants and children are typi-
cally higher (e.g up to 35 breaths per minute). Hence for an
adult, a relatively shorter expiratory phase may be about 2
seconds, and a relatively longer expiratory phase may be
about 4.8 seconds. Where the lower intrathoracic pressure is
about 25% of the expiratory time period, the duration may be

Jan. 2,2014

between about 0.5 seconds and about 1.2 seconds. Where the
lower intrathoracic pressure is about 100% of the expiratory
time period, the duration may be between about 2 seconds and
about 4.8 seconds. In some instances, the lowered intratho-
racic pressure may have a duration between about 0.5 seconds
and about 4.8 seconds. In some instances, the lowered
intrathoracic pressure may have a duration between about 0.8
seconds and about 4.5 seconds. In some instances, the low-
ered intrathoracic pressure may have a duration between
about 1.1 seconds and about 4.2 seconds. In some instances,
the lowered intrathoracic pressure may have a duration
between about 1.4 seconds and about 3.9 seconds. In some
instances, the lowered intrathoracic pressure may have a
duration between about 1.7 seconds and about 3.6 seconds. In
some instances, the lowered intrathoracic pressure may have
a duration between about 2.0 seconds and about 3.3 seconds.
In some instances, the lowered intrathoracic pressure may
have a duration between about 2.3 seconds and about 3.0
seconds. In some instances, the lowered intrathoracic pres-
sure may have a duration between about 1.0 seconds and
about 4.0 seconds. In some instances, the lowered intratho-
racic pressure may have a duration between about 2.0 seconds
and about 3.0 seconds. In some cases, the lowered intratho-
racic pressure may have a value between about 0 cm H,O and
about -15 cm H,0. Relatedly, embodiments encompass sys-
tems and methods for providing therapy to a patient that
involve means for delivering a positive pressure breath to an
airway of the patient during an inspiration phase, and means
for delivering a negative pressure to the airway of the patient
during the inspiration phase and during an expiration phase,
wherein the duration of the negative pressure is based on a
ventilation rate or a breathing rate (e.g. from 25% up to 100%
of the expiratory time period). In some instances, the lowered
intrathoracic pressure may have a duration between about 0.5
seconds and about 4.8 seconds. In some instances, the low-
ered intrathoracic pressure may have a duration between
about 0.8 seconds and about 4.5 seconds. In some instances,
the lowered intrathoracic pressure may have a duration
between about 1.1 seconds and about 4.2 seconds. In some
instances, the lowered intrathoracic pressure may have a
duration between about 1.4 seconds and about 3.9 seconds. In
some instances, the lowered intrathoracic pressure may have
a duration between about 1.7 seconds and about 3.6 seconds.
In some instances, the lowered intrathoracic pressure may
have a duration between about 2.0 seconds and about 3.3
seconds. In some instances, the lowered intrathoracic pres-
sure may have a duration between about 2.3 seconds and
about 3.0 seconds. In some instances, the lowered intratho-
racic pressure may have a duration between about 1.0 seconds
and about 4.0 seconds. In some instances, the lowered
intrathoracic pressure may have a duration between about 2.0
seconds and about 3.0 seconds. In some cases, the lowered
intrathoracic pressure may have a value between about 0 cm
H,O and about -15 cm H,O.

[0131] A single mechanism approach can also be used with
a resuscitator device. For example, FIG. 9 shows treatment
system 900 which includes a self-refilling resuscitator bag/
valve mechanism 910 having an intake 920 (e.g. for air and
oxygen) and a wye 930. In operation, gas is moved through
the bag intake 920, through bag 910, through wye 930,
through blower mechanism 940, and into the patient. Gas also
moves from the patient, through blower mechanism 940,
through wye 930, and through an outlet 950. As depicted here,
blower mechanism 940 may include a blower/filter module



US 2014/0005566 A1

942 coupled with a control box and rechargeable batter
assembly 944. Such embodiments are well suited for use by
emergency medical services (EMS) personnel, or in situa-
tions where patients benefit from out-of-hospital acute medi-
cal care. Optionally, such embodiments may be used in a
hospital setting.

[0132] In some embodiments, system 900 includes a
patient interface, such as a mask or tube 960. Compression of
bag 910 can force air across blower 940 in a direction indi-
cated by arrow A, through mask 960, and into the patient.
Upon release of compression from the bag 910, gas flows
from the patient’s lungs, through mask 960, across blower in
a direction indicated by arrow B, through wye 930, and out of
exhalation valve 950 which is now an open configuration,
until a steady state is reached between the blower and the
patient. In some embodiments, blower mechanism 940 is in
continual operation, thus providing a AP, while bag 910 is
repeatedly squeezed and released. At those times when pres-
sure in the patient’s lungs is equal to AP created by the fan,
there is no net flow across the blower. According to some
embodiments, when the IPR pressure, created by the turbine,
and the negative pressure in the patient’s chest are equal, flow
will be zero (e.g. no inflow, no outflow). In other words, the
turbine will spin, but with no gas-motive effect. A centrifugal
blower can be considered as a pressure generating device, as
opposed to a constant flow pump. When an equal and oppos-
ing pressure is present, the blower will not increase its opet-
ating pressure. Therefore, flow stops. Hence, a fan spinning at
a nominal speed produces a nominal pressure, and if that
pressure is exceeded (e.g. by compression of the bag), it is
possible to push gas back through the fan in retrograde flow,
across the blower and into the patient. When releasing com-
pression applied to the bag (or otherwise ceasing or reducing
delivery of the positive pressure breath), exhalation gas is
allowed to flow out in concert with patients recoil breath from
chest compliance, which in addition to pressure provided by
the fan, produces a total outward drive pressure.

[0133] In some embodiments, systems may include a con-
troller 944 which can operate based on monitoring and feed-
back (e.g. airway pressure or flow levels through the fan), for
example to determine desired fan speeds. Hence, controller
944 may provide instructions to reduce the fan speed during
inspiration, and increase the fan speed during exhalation.
Such techniques can be used to provide any of a variety of
pressure profiles, so for example pressure may be reduced or
increased to a desired level, for a desired period of time,
optionally in coordination with the ventilator operation and/
or patient breathing, throughout the course of a treatment or a
portion thereof. In some cases, such techniques involve acti-
vating, deactivating, or otherwise modulating the potential
pressure that is generated by the blower. Operation of the
blower can be based on monitoring or feedback information
from various places throughout a treatment system. In some
cases, a treatment system or blower mechanism may include
a pressure sensor, which detects or measures a AP across the
blower. Such sensors can be used to evaluate flow and other
parameters across the blower, or at other locations throughout
the treatment system.

[0134] As depicted in FIGS. 10A and 10B, blower mecha-
nisms can be used from intubation through anesthesia or
ventilator connections. FIG. 10A shows a blower mechanism
1000a coupled between a self-refilling resuscitator bag/valve
device 1010a and a patient. FIG. 10B shows a blower mecha-
nism 10005 coupled between an anesthesia machine or ven-
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tilator 10105 and a patient. Such systems are well suited for
use in emergency and hospital settings. For example, a hos-
pital may receive an extremely ill patient in the intensive care
unit. The patient may have been without food or nutrition for
several days, on the borderline of respiratory failure, option-
ally presenting a variety of other comorbidities. A doctor or
intensivist may wish to intubate the patient. However, in order
to intubate the patient it may be necessary to administer drugs
to paralyze or sedate the patient, and such pharmaceuticals
may cause a drop off in blood pressure and a reduction in
circulation, thus further compromising the patient’s precari-
ous condition. One example of this clinical scenario is before
and after a rapid sequence induction with an anesthetic regi-
men, where a device as described in FIG. 10B would be of
clinical value.

[0135] In these and similar instances, it is possible to pro-
vide intrathoracic pressure therapy to the patient according to
embodiments of the present invention, so as to ventilate the
patient (e.g. with a bag valve mask system), for example
while the patient is spontaneously breathing, so as to provide
the patient with improved or elevated oxygen levels, or oth-
erwise to provide them with a pre-oxygenation treatment,
thus improving or enhancing circulation. In this way, the
doctor or intensivist can pre-treat the patient with IPR therapy
prior to administering the sedation drugs, thus improving the
patient’s ability to accommodate the drugs and subsequent
intubation.

[0136] Once the patient has been intubated, embodiments
of the present invention may be used to deliver IPR therapy so
as to support the patient’s circulation. Hence, a single blower
mechanism (1000a as shown in FIG. 10A, and 10005 as
shown in FIG. 10B), coupled with the patient’s airway, can be
used with a bag (as shown in FIG. 10A) or with an anesthesia
machine or ventilator (as shown in FIG. 10B). Due to the
portability and universal applicability of the blower mecha-
nism, the patient can alternately be treated with the bag,
ventilator, or anesthesia system, as desired by the intensivist
or doctor, simply by disconnecting and connecting the blower
mechanism to the desired positive pressure administration
device (e.g. by connecting the blower with a wye piece asso-
ciated with the positive pressure system). Hence, the blower
mechanism allows the patient to be freely transferred from
one device to another, while retaining the ability to provide
IPR to the patient as desired.

[0137] When the patient is disconnected from the bag and
connected to the ventilator, the ventilator then can operate to
push gas back through the blower mechanism during inspi-
ration, thus continuing the IPR therapy previously provided
by the bag. During exhalation, the exhalation gas flows out of
the patient and through the blower, until the pressure is
equivalent to that provided by the blower mechanism, in
which case the flow become zero. In this way, the blower
mechanism can assist the exhalation action of the patient,
regardless of whether the patient is being treated with a bag,
an anesthesia machine, or a ventilator.

[0138] FIG. 11 shows a blower mechanism 1100 that can be
coupled with a patient, optionally in combination with a
supplemental oxygen source 1110. According to this embodi-
ment, it is possible to deliver supplemental oxygen to the
patient, by providing supplemental oxygen between the
blower and the patient, so that when the patient receives an
inspiration or takes an inspiration, or breathes spontaneously,
then they can obtain the supplemental oxygen.
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[0139] In some cases, a mechanical dead space may exist
within a turbine. By providing oxygen between the turbine
and the patient, it is possible to expeditiously or efficiently
deliver oxygen to the patient without the oxygen being diluted
by gas present in the dead space (e.g. if oxygen were to enter
the blower first, before reaching the patient, during inspira-
tion the patient would receive the gas content of the blower
prior to receiving the oxygen enriched air in the patient’s
lungs). As shown here, oxygen is initially directly adminis-
tered to the patient’s lungs, and is subsequently pulled back
out and through the turbine. The supplemental oxygen flow
configuration shown in FIG. 11 also provides the effect of
flushing out any carbon dioxide that may be present in the
turbine. Again, once the desired intrathoracic pressure has
been achieved in the patient’s lungs, net flow through the
blower mechanism become zero. If the net flow is not zero,
and there is carbon dioxide in the turbine, a nominal amount
of flush flow provided by the supplemental oxygen source
may operate to dispel carbon dioxide from the turbine. In
some cases, the supplemental oxygen may be provided with a
small amount of bias flow, which can clear out dead space
which may be present inside the turbine. Such bias flow can
also help to push carbon dioxide or exhaled gas out through
the blower and away from the patient. Hence, when the next
inspiration occurs, fresh gas is delivered to the patient.

[0140] FIG. 12 provides a schematic drawing of a negative
pressure relief valve apparatus 1200, according to embodi-
ments of the present invention. In some cases, valve apparatus
1200 may be referred to as an anti-asphyxiation valve. Opera-
tion of the valve apparatus may involve the use of a negative
pressure device positioned at the evacuator connection of an
anesthesia machine, which can reduce the pressure within the
entire circuit, while exhausting gas within the circuit to a
suction or to atmosphere. Hence, by connecting a suction
apparatus or source to the outlet of the anesthesia machine, or
to the evacuator connection of the anesthesia machine, it is
possible to reduce the circuit pressure down to a threshold
pressure. This may be done in conjunction with operation of
a relief valve.

[0141] Valve apparatus 1200 may include a positive pres-
sure relief valve 1210, which operates to prevent the reservoir
1220 from becoming overly full, in which case reservoir 1220
may produce an unwanted back pressure. A negative pressure
relief valve 1230 can operate to prevent the accumulation of
too much suction within the circuit. According to some
embodiments, evacuator 1220 operates to remove overflow
from the anesthesia breathing system. Typically, fresh gas is
constantly flowing in and, absent the small effects of patient
uptake and leakage, eventually leaves the breathing system.
Evacuator or scavenger 1220 operates to remove that gas to
the hospital suction system. Scavengers are typically
equipped with a valve to relieve overpressure and under-
pressure in the a scavenging system. This prevents either
back-flow or suction from being introduced in the circle, as
shown in FIG. 12. According to some embodiments, a nega-
tive pressure can be introduced at the scavenging port of the
anesthesia breathing system, as part of a technique for intro-
ducing IPR in an anesthesia breathing system. Such embodi-
ments may involve bypassing the +/-safety relief valves in the
evacuator. Relatedly, negative pressure relief can be provided
as a safety mechanism.

[0142] FIG. 13 shows aspects of a treatment or anesthesia
system 1300 according to embodiments of the present inven-
tion. This pneumatic schematic illustrates certain structural
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and functional features of a bellows driven ventilator as well.
Anesthesia system 1300 can include a pull vacuum mecha-
nism 1310. In some instances, mechanism 1310 operates in a
fashion similar to that of the expiratory limb flow control
assembly 40 of FIG. 1. Relatedly, in some instances, mecha-
nism 1310 may include a turbine, a pump, a blower, or the
like. Mechanism 1310 may be configured to run at a constant
speed, or at a variable speed. In some instances, vacuum
mechanism 1310 may provide for a connection to a vacuum
source (e.g. wall vacuum source). In a gas driving system,
operation of pull vacuum mechanism 1310 can generate a
patient vacuum. System 1300 can also include an anti-as-
phyxiation valve mechanism 1320 or negative pressure relief
valve. As shown here, the anesthesia system employs a circle
system breathing circuit with a pneurmatically driven airway
pressure limiting (APL) valve 1330. In some instances, APL
valve 1330 operates as an adjustable pop-off valve. APL valve
1330 may be a spring-loaded valve. The ascending bellows
1340 is depicted in the descended position at the end of an
inhalation. System 1300 also includes a breathing bag appa-
ratus 1350 which can be used to manually manipulate gas
flow provided to the patient. For example, an operator may
squeeze or compress breathing bag 1350, thus introducing
gas into the circuit or producing a breath for the patient. Upon
release of breathing bag 1350, the patient’s gas circulates and
ultimately fills the bag 1350. In this way, bag 1350 is filled by
pressure which is present in the breathing system. According
to some embodiments, breathing bag 1350 is always partially
inflated and partially flaccid. Fresh gas may be provided by
flow meters 1360. System 1300 may also include an auto-
matic/manual valve 1370 (shown here in the manual position)
through which exhalation gas may travel. By turning valve
1370 ninety degrees clockwise (e.g. into the automatic posi-
tion), it is possible to provide a connection between bellows
assembly 1340 and the breathing circuit 1380. Thus, when
valve 1370 is in the automatic position, breathing bag 1350 is
shut off from the breathing circuit 1380.

[0143] FIG. 14 illustrates aspects of a gas driven ventilator
system 1400, according to embodiments of the present inven-
tion. Treatment system 1400 includes a first valve 1401, a
second valve 1402, a connection tubing 1403 that provides
fluid communication between the first and second valves, a
tube 1404, an outlet from spill over valve 1405, a negative
pressure relief valve 1406, a connection to vacuum system
1407, a seat 1408, a spillover valve 1409, a bellows in box
body or spill over valve body 1410, a tube 1411, a bellows
1412, a chamber 1413, a vacuum generator 1414, an outlet to
atmosphere 1415, and a tube end 1416. In operation, a gas
driven ventilator can provide an interface between a driving
gas and a respiratory gas. In some cases, the techniques
described herein can be used to provide an anesthesia system
having an active exhalation control.

[0144] In FIG. 14, bellows 1412 is depicted in a bottom
position, which occurs at the end of inhalation. To create an
inhalation, valve 1401 is opened and valve 1402 is closed.
Gas can then flow from a high pressure at tube 1404 through
valve 1401 and into chamber 1413 via connection tubing
1403. This driving gas forces bellows 1412 downward and
closes spillover valve 1409, thereby causing seat 1408 to seal
on tube end 1416, which isolates the circle. The action of
bellows 1412 contracting and spillover valve 1409 closing
causes ventilation gas to pass through tube 1411 to the circle
system.
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[0145] As part of an exhalation phase, valve 1401 is closed,
valve 1402 is opened, and vacuum generator 1414 is acti-
vated. In this way, an active exhalation can be achieved. A
vacuum generator assembly 1414 may include a piston pump,
a centrifugal orientation blower, a regeneration blower, a
“roots” type blower, a turbine, a Venturi, and the like. The
action of closing valve 1401 and turning on vacuum generator
assembly 1414 causes diaphragm 1412 to rise which speeds
up the passive flow from the patient’s exhalation, causing
active exhalation.

[0146] FIG. 15 shows aspects of an anesthesia or treatment
system 1500 according to embodiments of the present inven-
tion. Treatment system 1500 can include a pull vacuum
mechanism 1510 and an anti-asphyxiation valve mechanism
1520. A patient circuit connects at an inspiratory valve 1530
and an expiratory valve 1540 of the anesthesia machine. A
disposable set of two flexible corrugated tubes 1532, 1542
and a wye piece 1550 can provide a connection to the patient,
for example via a tracheal tube or a mask.

[0147] FIG. 16 illustrates aspects of an anesthesia machine
1600. As shown here, anesthesia machine 1600 includes a
fresh gas flow 1610, an inspiration limb 1620, an expiration
limb 1630, a driving gas O, assembly 1640, an atmospheric
vent assembly 1650, a scavenger passage 1660 which routes
expelled air to ahospital vacuum, a driving bellows 1670, and
a CO, mechanism 1680. Anesthesia machine 1600 can be
used to treat a patient 1690. The bellows 1670 may include a
spillover valve 1672 which closes at atmospheric pressure
under normal operation to prevent the scavenger from pulling
into negative pressure.

[0148] FIG. 17 illustrates aspects of an anesthesia and
active exhalation system 1700 according to embodiments of
the present invention. System 1700 includes a fresh gas flow
mechanism 1710, an inspiration limb assembly 1720, an
expiration limb assembly 1730, a driving gas O, assembly
1740, a vacuum source assembly 1750, a scavenger passage
assembly 1760 which routes expelled air to a hospital
vacuum, a driving bellows assembly 1770, and a CO, mecha-
nism 1780. Anesthesia machine 1700 can be used to treat a
patient P. As shown here, system 1700 provides a circle circuit
that includes aspects of inspiration limb assembly 1720, an
expiration limb assembly 1730, CO, mechanism 1780, and a
wye or “T” passage 1790 which provides a fluid connection
between system 1700 and a patient P. Inspiratory limb assem-
bly 1720 includes an inspiratory check valve 1722, and expi-
ratory limb assembly 1730 includes an expiratory check valve
1732. Inuse, vacuum source assembly 1750 operates to lower
the pressure of the driving gas via bellows assembly 1770,
thus holding the spill over valve in an open position. In this
way, system 1700 can provide active exhalation for intratho-
racic pressure regulation therapy to the patient.

[0149] FIGS. 18 and 19 illustrate aspects of exemplary
anesthesia systems. As shown in FIG. 18, an anesthesia sys-
tem may include a manual ventilation or pneumatic valve that
allows the operator to switch back and forth between a bag
and a ventilator. As shown in FIG. 19, gas may be supplied by
wall supplies or by tanks Supplied gases may include medi-
cally certified gases such as O,, N,, N,O, He, or Air. A
ventilator mechanism may also include a gas mixer, which
operates to mix gases together before they are provided to the
patient. A ventilator can be configured to provide breaths to a
patient according to any of a variety of parameters, including
the respiration rate (breaths/minute), tidal volume (volume
per breath), LE ratio (Inspiration time:Expiration time ratio),
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inspiratory time (seconds), and inspiratory pause (delay
between breaths). A vaporizer can operate to vaporize an
anesthetic drug, such as Suprane, Halothane, or Enflourane,
which is delivered to the breathing circuit for administration
to the patient.

[0150] FIG. 20 depicts aspects of a detachable negative
pressure turbine mechanism according to embodiments of the
present invention. In some cases, the mechanism may include
a magnetic clutch which couples the motor with the turbine.
Optionally, such coupling can occur through a barrier, which
can effectively isolate the turbine from the motor. Hence,
potential problems associated with oxygen, moisture, or other
gases getting into the motor assembly can be reduced or
avoided. In some instances, the turbine can be a single-pa-
tient-use product as opposed to a capital piece of equipment.
Hence, such embodiments can lower the overall cost of own-
ership. When using a motorized device in the patient’s airway,
it is helpful to ensure that it is oxygen safe. Relatedly, to
eliminate pathogens, it is helpful if the motorized device is
protected with a filter, is cleanable, or is disposable. Embodi-
ments of the present invention encompass treatment systems
with disposable elements. For example, the motor assembly
and the turbine assembly can include a clutching mechanism
which transfers kinetic energy from the motor to the turbine.
In some cases, the clutching mechanism can include a mag-
netic clutch or a mechanical linkage. In this way, a used
blower assembly can be ejected from a motor assembly, and
anew blower assembly can be mounted thereon. As shown in
FIG. 20, there can be a magnetic or mechanical turbine con-
nection between the turbine and the drive motor assembly, in
the patient’s gas path. The mechanical interface can be gas
tight and oxygen safe. The turbine may be consumable.

[0151] FIG. 21 shows an example of an intrathoracic pres-
sure regulation (IPR) blower mechanism 2100 which can be
used to modulate flow or regulate negative pressure within the
airway of a patient. As shown here, the blower or air mover
can be placed in fluid communication with the patient airway,
for example via a patient connection, and can operate to
modulate flow or regulate negative pressure within the airway
in the absence of any other valves. In some cases, the patient
connection may include a mask, tube, or mouthpiece. The
blower mechanism 2100 can be used on a spontaneously
breathing person. Gas can flow in both directions through the
air mover (e.g. away from the patient, and toward the patient).
In some cases, the blower mechanism 2100 is attachable with
other systems, so that for example the blower mechanism can
be placed between the patient and a wye fitting on an anes-
thesia or ventilation machine, or between the patient and a
BVM for use in mechanical ventilation. According to some
embodiments, the blower mechanism 2100 can allow or pro-
vide fluid communication between the patient airway and a
ventilator (anesthesia) platform while implementing the
therapy. In some instances, the blower mechanism 2100 can
be used in several of the respiratory platforms disclosed
herein, for example anesthesia, ventilation (e.g. open circuit),
manual ventilation, and spontaneously breathing patients.
Blower mechanism 2100 can function in a manner similar to
that described herein with reference to the blower mechanism
shown in FIG. 8, may operate as a pressure generator or
modulator, and can be used to create a controlled or modu-
lated pressure within a patient airway (e.g. in a spontaneously
breathing patient) or between the patient and a ventilation
device (e.g. anesthesia machine, mechanical ventilator, bag
valve mask, and the like). In some cases, the pressure pro-



US 2014/0005566 A1

vided by blower mechanism 2100 can be referred to as AP.
When blower mechanism 2100 is in fluid communication
with the patient’s airway or mouth, which may be accom-
plished using a mask, tube, or similar device, blower mecha-
nism 2100 operates to pull air or gas from the patient’s lungs
until a set or desired pressure is achieved. When the pressure
in the lungs reaches the blower pressure, blower mechanism
2100 is in equilibrium and the net flow is zero, and a steady
state pressure is achieved. Hence, a patient attached to blower
mechanism 2100 may inspire, at a pressure in excess of the
blower pressure AP, and pull in a breath. Subsequently, when
exhalation begins, that breath will be exhaled. by virtue of the
patient’s lung recoil and the pressure of the IPR blower
mechanism 2100 until, once again, equilibrium is achieved.
In some instances, operation of blower mechanism 2100
assists exhalation and can be used in patient populations that
benefit not only from IPR but also from enhanced exhalation
(e.g. asthma, COPD, and the like). In this way, operation of
blower mechanism can remove gas from the breathing system
until a threshold pressure is achieved, as a results of the
pressure regulation activity of blower mechanism 2100. In
some instances, blower mechanism 2100 can be used in a
contiguous way, for example with a spontaneously breathing
patient, during an intubation process, or with any ventilation
platform. During operation of blower mechanism 2100,
patient can breathe spontaneously through blower mecha-
nism 2100.

[0152] According to some embodiments, a gas mover or
blower mechanism can be used in conjunction withanITD on
an anesthesia machine, without changing gas flow in the
anesthesia machine or altering the fresh gas flow (FGF). The
gas mover or blower mechanism can be used without affect-
ing volume monitors, delivered concentrations, or consump-
tion of fresh gas. In some instances, the gas mover or blower
mechanism can affect patient airway pressure monitoring.
According to some embodiments, patient airway pressure
will be lower, by the gas mover or blower mechanism pres-
sure setting, at all points in the airway pressure curve. In some
cases, a gas mover or blower mechanism can create a back
pressure during inspiration.

[0153] Operation or control of flow control assemblies as
discussed herein may be based on information obtained from
a variety of sending instruments. For example, the operation
of flow control assemblies can be based on information or
signals obtained from or sent by one or more flow sensors or
pressure sensors located throughout an anesthesia machine or
ventilator. FIGS. 3 and 4 illustrate various possible locations
for IPR threshold valves and IPR pumps. It is understood that
systems and methods as disclosed herein may involve one or
more flow sensors or pressure sensors positioned at such
locations.

[0154] FIG. 22 depicts aspects of a therapeutic system for
providing a respiratory treatment to an individual, according
to embodiments of the present invention. As depicted here,
the system includes an expiration circuit and an IPR turbine
coupled thereto, an inspiration circuit and an IPR threshold
valve coupled thereto, and an IPR controller. Such a system
may be attached with, or part of, an anesthesia machine, a
ventilator, or the like. In some instances, the system can be
used to lower the airway pressure of an individual to a desired
amount, for example to a pressure between about 0 cm H,O
and about -15 cm H,O. In some cases, the pressure lowering
can be achieved after positive pressure ventilation (PPV).
FIG. 22 shows the use of the IPR system in a ventilation
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circuit. The TPR turbine generates a level of intrathoracic
pressure, which may be determined by the operator, for
example using both the IPR controller, the IPR impedance
threshold valve, or both.

[0155] Periodic Pressure Profile or Administration

[0156] According to some embodiments, negative pressure
may be administered to or provided within the patient airway
on a continuous basis, or an intermittent or periodic basis. In
some cases, a positive pressure breath is always provided
between such episodic negative pressure pulses. Systems and
methods may involve the administration of periodic pressure
pulses applied to the airway of a patient. Relatedly, systems
and methods may involve generating a periodic pressure pro-
file within the airway of a patient. For example, a blower
mechanism can be configured to supply a negative pressure
protocol to the airway of the individual via the patient con-
nection mechanism. In some cases, the blower mechanism
may be operated in conjunction with operation of a manual
bag valve mask mechanism, a mechanical ventilator machine,
or an anesthesia machine. In some cases, the blower mecha-
nism may be coupled with a manual bag valve mask mecha-
nism, a mechanical ventilator machine, or an anesthesia
machine. Optionally, a negative pressure protocol may
include a continuous application of a negative pressure. In
some cases, a negative pressure protocol may include an
intermittent application of negative pressure. Relatedly, in
some cases operation of the blower may be activated and
deactivated throughout the course of a treatment. In some
cases, a manual bag valve mask mechanism, a mechanical
ventilator machine, or an anesthesia machine may be config-
ured to provide a positive pressure breath protocol to the
airway of the patient. In some cases, a negative pressure
protocolmay include an intermittent application of individual
negative pressure pulses to the airway of the individual, and a
manual bag valve mask mechanism, a mechanical ventilator
machine, or an anesthesia machine may be configured to
provide positive pressure breath pulses to the airway of the
patient, such that alternating negative and positive pressure
pulses are provided to the airway of the patient.

[0157] Dynamic Systems Optimization

[0158] In some embodiments, systems and methods may
employ Dynamic Systems Optimization to harness resonance
frequencies in the patient’s thoracic cavity, respiratory, and
cardiac systems, and dynamic interactions between these
individual patient systems. Dynamic Systems Optimization
provides a means for analysis of the patient in a frequency
domain by measuring at least one physiologic parameter, for
example the patient’s airway pressure, in response to a driv-
ing signal or input to the body, such as chest compressions or
other input signal, or to a natural physiologic parameter such
as pulse rate, for example. Based on the interaction between
the two signals the system can calculate and respond to time
constants in the patients physiology to optimize the applica-
tion of the therapy. Adjustment of therapeutic systems based
on Dynamic Systems Optimization can be in the form of
messaging, delivered to the clinician, or automated control
feedback, which adjusts the therapeutic intervention or intet-
ventions automatically, or a combination thereof. Dynamic
Systems Optimization can be used to optimize or enhance
circulation to the heart and/or brain, based upon the measured
physiological signal and the augmentation in circulation by
the methods and devices herein.

[0159] In other embodiments designed primarily for the
treatment of cardiac arrest and organ reperfusion after pro-
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longed ischemic periods, maintenance of continuous or peri-
ods of intermittent negative intrathoracic pressure, when
intentional pauses in chest compression (e.g. stutter CPR) are
used in the process of post-conditioning, may be used to pull
blood through the capillary beds and/or reduce intracranial
pressure. Hence, embodiments of the present invention pro-
vide systems and methods for improving reperfusion after
cardiac arrest, aspects of which are discussed in Yannopoulos
et al., “Controlled pauses at the initiation of sodium nitro-
prusside-enhanced cardiopulmonary resuscitation facilitate
neurological and cardiac vecovery after 15 minutes of
untreated ventricular fibrillation”’ Crit. Care Med. 2012 May
40(5):1562-9 (2012), the content of which is incorporated
herein by reference for all purposes, and also in U.S. Patent
Publication No. 2007/0277826, incorporated herein by refer-
ence for all purposes, as well as in U.S. patent application Ser.
Nos. 13/554,458 and 13/554,986 both filed Jul. 20,2012, both
incorporated herein by reference for all purposes, and in U.S.
Pat. Nos. 5,551,420, 5,692,498, 6,062,219, 6,526,973, 6,604,
523, 6,986,349, 7.195,013, and 7,210,480, each of which is
incorporated herein by reference for all purposes. The pres-
ence of a sustained negative intrathoracic pressure during the
intentional pause when providing reperfusion injury protec-
tion during cardiopulmonary resuscitation provides a means
to further reduce reperfusion injury and cell death after pro-
longed ischemic intervals at the time blood flow in reintro-
duced into the ischemic organ or body.

[0160] Flow Control Systems and Methods

[0161] FIG. 23 depicts aspects of an exemplary system for
providing intrathoracic pressure regulation (IPR) to a patient,
according to embodiments of the present invention. As
depicted here, the system 2300 includes a control and display
mechanism 2310, a reusable motor assembly 2320, and a
disposable blower apparatus 2330. The blower apparatus
includes an aperture or vent 2332, which optionally may be
configured to fluidly communication with an external pres-
sure source as described elsewhere herein. The blower appa-
ratus also includes a patient connection port 2334, which is
configured to provide fluid communication with an airway of
a patient. The systems also includes a cable 2350 for provid-
ing connectivity between the controller mechanism 2310 and
the blower motor assembly 2320, and a cable 2360 for pro-
viding connectivity between the controller mechanism 2310
and patient sensors (not shown).

[0162] The display mechanism 2310 is configured to pro-
vide a visual indication of peak inspiratory pressure (PIP) and
negative expiratory pressure (NEP). The upper waveform
corresponds to airway pressures present in a ventilator (or
other external positive pressure source) and the lower wave-
form corresponds to airway pressures present within the
patient. The offset shown here between the upper and lower
waveforms corresponds to a between what the airway pres-
sure as registered by a ventilator and the actual patient airway
pressure. Hence, the flow control system 2305 (e.g. motor
2320 and blower 2330) can operate as a valve-less pressure
regulator, and can effectively be invisible to the ventilator. In
some embodiments, the offset may be referred to as “IPR
therapy level” and may correspond to the number that repre-
sents the nadir of the patient airway pressure. As shown here,
the system can display patient proximal and ventilator pres-
sure waveforms, along with corresponding numerical values.
[0163] Hence, aspects of a flow control assembly 2305 may
be in operative association with a controller or control assem-
bly, according to embodiments of the present invention. Infor-
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mation or data from patient sensors (not shown) can be used
by the controller 2310 to regulate operation of motor assem-
bly 2350. As discussed elsewhere herein, a blower system
such as flow control system 2305 can be placed in fluid
communication between a patient and a manual or automatic
ventilation source. A blower 2330 can be controlled to create
and regulate a targeted pressure differential between the
patient and ambient air or a mechanical ventilation connec-
tion.

[0164] Insome instances, a patient may breathe ambient air
through vent 2332 and against impedance created by the
blower 2330 to reduce pressures in the thorax. The blower
2330 can also reduce the pressure during exhalation by
extracting gasses until a targeted negative pressure is
achieved by the blower and control mechanisms.

[0165] According to some embodiments, a manual ventila-
tion device may be placed in fluid communication with vent
2332. Exemplary devices include manual resuscitators,
manual ventilators, and the like. A manual ventilation device
may be connected to the blower. In some instances, a manual
ventilation device may have a blower integrated into the
structure of the manual resuscitator itself.

[0166] As described elsewhere herein, the flow control
assembly 2305 can operate as a valve-less pressure regulator
connected to a patient’s airway. Relatedly, the flow control
assembly 2305 can provide for to-and-fro gas flow during
inspiration and exhalation, without creating a physical barrier
or seal which would interrupt or impede such air flow at any
point during an inhalation:exhalation respiratory cycle.

[0167] During exhalation, the flow control assembly 2305
can be controlled in such a way as to produce a regulated
negative pressure in the patient’s airways. During exhalation,
the flow of gas is away from the patient.

[0168] During inspiration, the blower pressure of the flow
control assembly 2305 may be overcome by a ventilator or
manual resuscitator to allow the slippage of gas, retrograde
through the blower, and toward the patient. The added pres-
sure required to overcome the blower or flow control assem-
bly 2305 during inspiration can be offset by the incremental
reduction in pressure during the previous exhalation.

[0169] According to some embodiments, sub-ambient
pressures (e.g. within a patient airway) created by the flow
control assembly 2305 can cause a net reduction in the
intrathoracic volume of gas. This reduced volume of gas in
the thorax creates a potential space for the return of additional
venous blood to the heart and thus improves the circulation of
blood in the brain and vital organs.

[0170] According to some embodiments, the controller
system 2310 for the motor apparatus 2320 includes a pressure
sensor which monitors the patient’s airway pressure between
the blower 2330 and the patient. Information from such a
pressure sensor can be used to control the blower pressure or
the operation of the flow control assembly 2305, such that the
targeted negative pressure is achieved independent of small
amounts of pressure that may be produced by an attached
ventilator or anesthesia machine.

[0171] According to some embodiments, pressure sensors
may be present at the patient and ventilator connections to the
blower, and can be used to monitor the pressure produced by
an attached ventilation device and pressure in the patient’s
airway respectively. As shown in F1G. 23, such pressure infor-
mation can be displayed as waveform and numeric informa-
tion on a control box 2310.
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[0172] As discussed elsewhere herein, the interaction of the
flow control assembly 2305 with a patient receiving a series of
breaths can result in a reduction in the baseline pressure of the
patient. The inspiration breaths, for example as delivered by a
ventilator, may result in inspiration pressures that do not
exceed zero. Nevertheless, gas is exchanged, continues with
inspiration volumes being delivered to the patient and
exhaled volumes leaving the patient’s airways. The patient’s
airway pressure baseline is reduced by the blower pressure
provided by the flow control assembly 2305.

[0173] FIG. 24 depicts operational aspects of a flow control
assembly 2400 according to embodiments of the present
invention. As depicted here, the impeller blade 2405 provides
an air flow force with operates to remove gas from the patient
airway, for example by actively extracting gases from the
patient airway. Concurrently, the vent 2410 provides a pas-
sage for incoming air via inhalation (or via a positive pressure
source such as a bag, ventilator, anesthesia machine) to enter
the patient lungs, in a retrograde flow fashion (e.g. contra to
the pressure differential or flow force provided by the impel-
ler blade), as slippage across the blower (e.g. between the
blower fan blade 2405 and the blower housing 2415). Here,
the incoming flow force exceeds the exiting flow force, and
the net result is that there is air flow into the patient airway.
Alternatively, where the incoming flow force is equal to the
exiting flow force, there result is that there is no air flow into
or out of the patient airway.

[0174] FIG.25 depicts operational aspects of a flow control
assembly 2500 according to embodiments of the present
invention. As depicted here, the impeller blade 2505 provides
an air flow force with operates to remove gas from the patient
airway, for example by actively extracting gases from the
patient airway. Concurrently, the vent 2510 provides a pas-
sage for the air exiting the patient airway, in alignment with
the pressure differential or flow force provided by the impel-
ler blade. Here, there is little or no incoming flow force, and
the net result is that there is air flow out of the patient airway.

[0175] FIGS. 26 to 28 depict various pressure waveforms
associated with operational aspects of a flow control assem-
bly, according to embodiments of the present invention. Typi-
cally, a patient respiration cycle (inspiration:expiration)
occurs at a rate of about 12 breaths per minute, or 5 seconds
per cycle. The cycle ratios show here are about 1:1, although
other ratios are possible.

[0176] The peak inspiratory pressure (PIP) 2610 and nega-
tive expiratory pressure (NEP) 2620 of FIG. 26 can be 10cm
H,0 and -12 cm H,0, respectively, for example. Other simi-
lar pressure values can also be used. The zero line 2630 can
represent atmospheric or ambient pressure. In the inspiratory
phase 2640, gases enter the patient airway and there is retro-
grade air flow slippage across the blower fan. The entering air
can be a result of an administered amount of tidal volume or
pressure. In the expiratory phase 2650, gases are actively
extracted. As shown here, the continuous operation of the
blower mechanism 2660 generates a AP, which at times is
overcome by the countervailing inflow forces. Where the lung
pressure equals the blower pressure, there is no net flow 2670
into or out of the patient airway.

[0177] The peak inspiratory pressure (PIP) 2710 and nega-
tive expiratory pressure (NEP) 2720 of FIG. 27 can be 4 cm
H,0 and -12 cm H,0, respectively, for example. Other simi-
lar pressure values can also be used. The zero line 2730 can
represent atmospheric or ambient pressure. In the inspiratory
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phase 2740, gases enter the patient airway and there is retro-
grade air flow slippage across the blower fan.

[0178] Accordingly, the difference between the highest and
lowest airway pressures can be about 16 cm H,O. In some
instances, the difference may be about 12 cm H,O. In some
instances, the difference may be within a range from about 12
cm H,O to about 16 cm H,O. It is understood that operation
of the system may involve other values or ranges consistent
with the therapeutic objectives as discussed herein.

[0179] The entering air can be a result of an administered
amount of tidal volume or pressure. As compared to FIG. 26,
however, the administered tidal volume or pressure of FIG. 27
is lower, and hence a larger duration or proportion of the
respiratory cycle occurs at the sub-atmospheric range.
[0180] In the expiratory phase 2750, gases are actively
extracted. As shown here, the continuous operation of the
blower mechanism 2760 generates a AP, which at times is
overcome by the countervailing inflow forces. Where the lung
pressure equals the blower pressure, there is no net flow into
or out of the patient airway.

[0181] The peak inspiratory pressure (PIP) 2810 and nega-
tive expiratory pressure (NEP) 2820 of FIG. 28 can be 0 cm
H,0 and -16 cm H,0, respectively, for example. Other simi-
lar pressure values can also be used. The zero line 2830 can
represent atmospheric or ambient pressure. In the inspiratory
phase 2840, gases enter the patient airway and there is retro-
grade air flow slippage across the blower fan.

[0182] The entering air can be a result of an administered
amount of tidal volume or pressure. As compared to FIGS. 26
and 27, however, the administered tidal volume or pressure of
FIG. 28 is lower, or may be nonexistent. Hence, a larger
duration or proportion of the respiratory cycle, or even the
entirety of the duration of the respiratory cycle, may occur at
the sub-atmospheric range.

[0183] In the expiratory phase 2850, gases are actively
extracted. As shown here, the continuous operation of the
blower mechanism 2860 generates a AP, which at times is
overcome by the countervailing inflow forces. Where the lung
pressure equals the blower pressure, there is no net flow into
or out of the patient airway.

[0184] Accordingly, exemplary systems and methods
according to embodiments of the present invention provide
for the delivery of respiratory gas exchange at and below
atmospheric pressure. Lowering expiratory pressures to sub-
atmospheric levels can cause more venous blood flow back to
the thorax into the heart and lungs. Lowering expiratory pres-
sures to sub-atmospheric levels can also lower intracranial
pressure. In the three schematics of FIGS. 26 to 28, the lungs
are filled with respiratory gases. In FIGS. 27 and 28, however,
the lungs are filled but the thoracic pressures overall are reset
to less than atmospheric pressure. Yet importantly, the tho-
racic pressures are equal to or less than the pressure in the rest
of the body, which affects the net flow of blood into and out of
the thorax.

[0185] In the embodiment depicted in FIG. 27, intratho-
racic pressures are below atmospheric pressure except when
there is the delivery of a positive pressure breath at which
point the maximum pressures in the thorax exceed atmo-
spheric pressure. In the embodiment depicted in FIG. 28,
intrathoracic pressures are below atmospheric pressure even
at the point of maximum pressures used to fill the lungs.
[0186] In each of the three situations depicted by FIGS. 26
to 28, when the pressure inside the thorax is less than atmo-
spheric pressure, venous blood and to some extent cerebral
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spinal fluid in the spinal column is drawn into the thorax.
Further, there is the generation of a change in pressure from
peak to trough levels which results in the movement of res-
piratory gases into and out of the lungs which results in a net
exchange in volume of respiratory gases in the thorax for a
volume of blood in the thorax. As respiratory gases are
extracted, a volume of blood is returned to the thorax propor-
tional on a per volume basis.

[0187] Hence, the blower mechanism can operate to reduce
or remove volume, and thereby improve circulation. Further,
the blower mechanism can operate to reduce the baseline
pressure. What is more, embodiments of the present invention
encompass the operation of an inspiratory pressure trans-
ducer to regulate pressure.

[0188] Pleural Catheters

[0189] As discussed elsewhereherein, a blower mechanism
can be used to supply a negative pressure protocol to the
airway of the individual. Relatedly, a blower mechanism can
be used to transiently reduce lung volume in an individual,
which can facilitate the insertion of a pleural catheter or chest
tube into the patient. By reducing the Iung volume using the
blower mechanism, it is possible to reduce the possibility of
damaging the lung or otherwise impacting the lung during
insertion of a catheter, tube, or central line thereof. Hence, an
operator can use a blower mechanism to reduce an individu-
al’s lung when inserting a pleural catheter such as a PleurX®
pleural drainage catheter or an Aspira* pleural drainage cath-
eter. Similarly, an operator can use a blower mechanism to
reduce an individual’s lung when inserting a pleural pressure
catheter or other pleural manometry devices, such as those
described in Villena et al, Am. J. Respir. Crit. Care Med. Oct.
1, 2000 vol. 162 no. 4 1534-1538, the content of which is
incorporated herein by reference.

[0190] Embodiments of the invention have now been
described in detail for the purposes of clarity and understand-
ing. However, it will be appreciated that certain changes and
modifications may be practiced within the scope of the
appended claims.

1-109. (canceled)

110. A system for providing intrathoracic pressure regula-

tion (IPR) to an individual, the system comprising:

a patient connection mechanism for coupling with an air-
way of the individual,

a flow control assembly comprising a housing having a
vent, an impeller disposed within the housing, and a
motor in operative association with the motor; and

an external pressure source selected from the group con-
sisting of a manual bag valve mask mechanism, a
mechanical ventilator machine, and an anesthesia
machine,

wherein the external pressure source is in fluid communi-
cation with the housing vent of the flow control assem-
bly,

wherein the impeller of the flow control assembly is dis-
posed between the patient connection mechanism and
the external pressure source, along a fluid passage that
extends between the patient connection mechanism and
the external pressure source, and

wherein the flow control assembly is configured to allow
retrograde airflow from the external pressure source to
the patient connection mechanism while simultaneously
compelling airflow from the patient connection mecha-
nism to the housing vent.
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111. The system according to claim 110, wherein the
impeller ofthe flow control assembly is configured to produce
acontinuous pressure differential within a range from about 3
cm H,O to about 16 cm H,O.

112. The system according to claim 110, wherein the exter-
nal pressure source is configured to provide a respiratory
cycle duration of about 5 seconds.

113. The system according to claim 110, wherein operation
of the flow control assembly continuously permits airflow
between the patient connection mechanism and the external
pressure source, without forming a physical barrier that pre-
vents airflow therebetween.

114. The system according to claim 110, wherein the exter-
nal pressure source is configured to maintain sub-atmo-
spheric pressures within the thorax of a patient.

115. The system according to claim 110, further compris-
ing a pressure sensor that monitors the patient’s airway pres-
sure between the flow control assembly and the patient, and a
controller device that receives information from the pressure
sensor and controls operation of the flow control assembly
motor based on the information.

116. A system for promoting venous blood flow to the
thorax of a patient, the system comprising:

a patient connection mechanism for coupling with an air-

way of the individual,

a flow control assembly comprising a housing having a
vent, an impeller disposed within the housing, and a
motor in operative association with the motor; and

an external pressure source selected from the group con-
sisting of a manual bag valve mask mechanism, a
mechanical ventilator machine, and an anesthesia
machine,

wherein the external pressure source is in fluid communi-
cation with the housing vent of the flow control assem-
bly.

wherein the impeller of the flow control assembly is dis-
posed between the patient connection mechanism and
the external pressure source, along a fluid passage that
extends between the patient connection mechanism and
the external pressure source, and

wherein the flow control assembly is configured to allow
retrograde airflow from the external pressure source to
the patient connection mechanism while simultaneously
compelling airflow from the patient connection mecha-
nism to the housing vent.

117. The system according to claim 116, wherein the
impeller of the flow control assembly is configured to produce
acontinuous pressure differential within a range from about 3
c¢m H,O to about 16 cm H,0.

118. The system according to claim 116, wherein the exter-
nal pressure source is configured to provide a respiratory
cycle duration of about 5 seconds.

119. The system according to claim 116, wherein operation
of the flow control assembly continuously permits airflow
between the patient connection mechanism and the external
pressure source, without forming a physical barrier that pre-
vents airflow therebetween.

120. The system according to claim 116, wherein the exter-
nal pressure source is configured to maintain sub-atmo-
spheric pressures within the thorax of a patient.

121. The system according to claim 116, further compris-
ing a pressure sensor that monitors the patient’s airway pres-
sure between the flow control assembly and the patient.
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122. The system according to claim 121, further compris-
ing a controller device that receives information from the
pressure sensor and controls operation of the flow control
assembly motor based on the information.
123. A method of providing intrathoracic pressure regula-
tion (IPR) to an individual, the method comprising:
coupling an IPR system with an airway of the individual,
the IPR system having a housing with a vent, an impeller
disposed within the housing, a motor in operative asso-
ciation with the motor, and an external pressure source in
fluid communication with the housing vent, wherein the
impeller is disposed between the airway and the external
pressure source, along a fluid passage that extends
between the airway and the external pressure source, and

activating the impeller and the external pressure source, so
as to allow retrograde airflow from the external pressure
source to the patient while simultaneously compelling
airflow from the airway to the housing vent.

124. The method according to claim 123, comprising pro-
ducing with the impeller a continuous pressure differential
throughout a respiratory cycle of the individual within arange
from about 3 cm H,O to about 16 cm H,O.

125. The method according to claim 123, comprising pro-
viding a respiratory cycle duration of about 5 seconds with the
external pressure source.

126. The method according to claim 123, comprising con-
tinuously permitting airflow between the patient connection
mechanism and the external pressure source, without forming
a physical barrier that prevents airflow therebetween.
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127. The method according to claim 123, comprising
maintaining sub-atmospheric pressures within the thorax of a
patient throughout a respiratory cycle.

128. The method according to claim 123, further compris-
ing monitoring a patient’s airway pressure between the
impeller and the patient, and controlling operation of the
impeller based on the monitored pressure.

129. The method according to claim 123, wherein the
intrathoracic pressure regulation lowers intrathoracic pres-
sure and increases venous return from the head of the indi-
vidual, thereby lowering intracranial pressure of the indi-
vidual.

130. A method of providing intrathoracic pressure regula-
tion (IPR) to an individual, the method comprising:

coupling an IPR system with an airway of the individual,

wherein the IPR system includes a blower that enhances
a negative pressure within the patient’s lungs, and using
the IPR system to manipulate respiratory gas exchange
such that intrathoracic pressures during exhalation
remain at or below atmospheric pressure, thereby
enhancing venous blood flow back to the thorax into the
heart and lungs; and

periodically injecting air to the patient’s lungs while simul-

taneously operating the blower.

131. The method according to claim 130, comprising using
the IPR system to manipulate respiratory gas exchange such
that intrathoracic pressures during at least a portion of an
inhalation phase remain at or below atmospheric pressure.
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