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APPARATUS AND METHOD TO PROVIDE BREATHING SUPPORT

CROSS-REFERENCE TO RELATED APPLICATIONS
This application is a continuation-in-part of co-pending
U.S Patent Application No. 14/468,320, filed August 25, 2014;
which claims the benefit of the earlier filing dates of
U.S. Provisional Patent Application No. 61/874,323, filed September 5, 2013;
U.S. Provisional Patent Application No. 61/929,947, filed January 21, 2014;

and these patent applications are incorporated herein by reference.

FIELD
[0001] Embodiments described herein concern devices and methods that assist

gas exchange and stabilize lung volume in patients of all ages with breathing problems.

BACKGROUND
[0002] Patients who have breathing difficulties are conventionally provided
breathing assistance using mechanical ventilators. These devices are generally expensive
and out of reach of a large portion of the population, particularly in economically
disadvantaged countries. These devices also require substantial training and expertise to
operate and maintain. Further, these devices do not provide the user the ability to set and
vary upper limit of safe positive pressure that is patient specific and commensurate with
the peak inspiratory pressure levels set during ventilation in an easy and less expensive

way.

[0003] In recent years, there has been increasing interest in the development of
breathing assistance devices that are less expensive. U.S. Patent No. 8,499,759 discloses
the use of a two-way valve in a pressure regulating breathing assistance apparatus
wherein the valve 1s placed intermediate two pressure control conduits that are
submerged at varying lengths in a single container containing a fluid. In such apparatus,
depending on the size of the valve, back pressure is generated whereby the pressure of

gas at a patient interface may be higher than the pressure set using one of the control
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conduits, but not the other. This back pressure, if not correctly accounted for, has
important treatment and safety implications if the device is used on a patient. Further,
such apparatus require a container containing a fluid. The use of a container containing
fluid may not be practical in certain conditions, e.g., when the patient is in a location
where fluid is not readily available or fluid shakes and spills because of motion during

transport of patients.

[0004] There 1s a significant need to provide a respiratory assistance apparatus
that is easy and less expensive to make, operate and maintain, and has high-positive-
pressure safety feature that is simple, reliable and easily adjustable relative to the desired

patient-specific inspiratory pressure level.

SUMMARY OF THE INVENTION
[0005] It is generally known in the medical profession that stabilization of lung
volumes and improvement in gas exchange in patients receiving ventilation assistance
could be achieved through appropriate settings and control of the positive pressures
generated, amplitude and frequency of oscillating positive pressure in the ventilator.
Embodiments described herein provide the user a device and method to set peak
inspiratory pressure, positive end-expiratory pressure, breaths per minute, inspiratory
time, and further allows the user to set the upper limit of positive pressure that is specific
for a patient to reduce the likelihood of damage to the lungs. Additionally, the
embodiments described herein maintain a patient's mean airway pressure at controlled
levels. Device parameters such as the values of pressures for inhalation and exhalation
are adjustable. These embodiments also have features that allow a user to select and
modulate breaths per minute, inspiratory time, and the ratio of inspiratory to expiratory
time. The embodiments described herein are useful to adults, children and newborn
babies. Further, the embodiments can be used during transport of patients, and may be

used in facilities that do not have access to mechanical ventilators.

[0006] In one embodiment, a ventilator system is provided having a pressurized

gas supply, two pressure-relief valves, and a primary duct with two ends - the proximal
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end and the distal end. The proximal end is connected to the pressurized gas supply. The
primary duct is adapted for connection to a patient interface between the proximal and
distal ends. A peak inspiratory pressure control duct is connected to the distal end and a
first pressure-relief valve is connected to the peak inspiratory pressure control duct. A
positive end-expiratory pressure control duct is also connected to the distal end of the
primary duct and a second pressure-relief valve 1s connected to the positive end-
expiratory pressure control duct. A two-port valve, also known as a two-way valve, is
connected in between the inspiratory pressure control duct and the positive end-
expiratory pressure control duct wherein the rate of opening and closing of the valve can
be controlled. In addition, at least one safety duct is connected to the primary duct near
the proximal end and is connected to a third pressure-relief valve. The value of pressure
at which pressure will be relieved using the pressure-relief valve connected to the at least
one safety duct is controlled by the user. In some embodiments, pressure-relief valves
are adjustable and have simple markings, for example in cm of water, to help the user set
high pressure (peak inspiratory pressure), low pressure (positive end-expiratory pressure),
and high-pressure limit (Pop-Off). In other embodiments, a pressure-relief valve is
adjusted by rotating a knob connected to the valve or by pressing buttons that send signal
to the pressure-relief valve to deliver high and low pressures. In yet another embodiment,
the pressure-relief valve is adjusted using a signal from a programmable controller. In
certain embodiments, as a safety feature, the default position of the ventilator system is to
deliver the lower pressure at all times as CPAP when the ventilator system is connected

to the patient.

[0007] In another embodiment, a pressure-relief valve is connected to the PIP
control duct and the PEEP control duct is immersed in a liquid column inside a container.
In yet another embodiment, a pressure-relief valve is connected to the PEEP control duct
and the PIP control duct is immersed in a liquid column inside a container. In some
embodiments, two-way or three-way valve allows the user to set breathing rates from 4-
60 per minute, known as conventional mechanical breaths. In other embodiments, the
breathing rates are in the range of 60-900 per minute, known as high frequency range. In

yet another embodiment, a controller allows the user to control inspiratory to expiratory
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ratios or have it fixed as percent of cycle time to maintain a desired inspiration time to
expiration time ratio, when the cycle frequencies are adjusted. Valves used in the
embodiments include without limitation solenoid valves, pneumatic valves and solar

powered valves.

[0008] In another embodiment, a ventilator system is provided having a
pressurized gas supply, two pressure-relief valves, and a primary duct with two ends - the
proximal end and the distal end. The proximal end is connected to the pressurized gas
supply. The primary duct is adapted for connection to a patient interface between the
proximal and distal ends. Also provided is a three-port valve (also known as a three-way
valve) having one inlet port and two outlet ports. The distal end of the primary duct is
connected to the inlet port of the valve. The first outlet port of the valve is connected to a
peak inspiratory pressure control duct that is connected to a first pressure-relief valve.
The second outlet port of the valve is connected to a positive end-expiratory pressure
control duct that is connected to a second pressure-relief valve. In operation, the valve
alternatively connects the inlet port to the first outlet port and the second outlet port, i.e.,
the gas entering the inlet port passes through the first outlet port for a period of time and
then the gas entering the inlet port passes through the second outlet port for another
period of time, completing a cycle of passage of gas through the first outlet port and the
second outlet port. The cycle then repeats. A controller communicably connected to the
valve controls the number of cycles per unit time, for example, number of cycles per
minute. In addition, at least one safety duct is connected to the primary duct near the
proximal end and 1s connected to a third pressure-relief valve that is set at a value greater
than the value set for the pressure-relief valve connected to the peak inspiratory pressure

control duct.

[0009] In another embodiment, the pressure-relief valves are mechanical and the
level at which pressure will be relieved is set by a mechanical device, e.g., a knob that is
connected to the valve. In another embodiment, the pressure-relief valves are electro-
mechanical and the level at which pressure will be relieved is set by a controller that

sends a signal to the pressure-relief valve. In yet another embodiment, the pressure-relief
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valve is a pneumatic valve or a solenoid valve. In one embodiment, the pressure relief
valve is a variable pressure-relief valve in which the value of pressure at which a pressure

relief occurs can be varied.

[0010] In some embodiments, the peak inspiratory pressure control duct and the
end-expiratory pressure control duct are substantially circular having an inside diameter
of between about 0.5 to 2 cm and the pressure-relief valves are adjustable in the pressure

range of about 0-50 cm H20.

DESCRIPTION OF THE DRAWINGS

[0011] Figure 1 depicts a ventilator system utilizing a peak inspiratory pressure
control duct connected to a first pressure-relief valve; a positive end-expiratory pressure
control duct connected to a second pressure-relief valve; and one two-port valve located
in-between the peak inspiratory pressure control duct and the positive end-expiratory
pressure control duct. Based on the durations of valve open and shut times, low as well
high frequency breathing support can be delivered at fixed or variable ratio of inspiratory

to expiratory time.

[0012] Figure 2 depicts a ventilator system utilizing a peak inspiratory pressure
control duct connected to a first pressure-relief valve; a positive end-expiratory pressure
control duct immersed in a fluid in a container; one two-port valve located in-between the
peak inspiratory pressure control duct and the positive end-expiratory pressure control

duct; and one high pressure safety duct connected to a second pressure-relief valve.

[0013] Figure 3 depicts a ventilator system as shown in Figure 2 without the
high pressure safety duct and with an angled portion added to the positive end-expiratory

pressure control duct.

[0014] Figure 4 depicts a ventilator system as shown in Figure 1 with an

addition of one high pressure safety duct connected to a third pressure-relief valve.
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[0015] Figure 5 depicts a ventilator system utilizing a peak inspiratory pressure
control duct connected to a first pressure-relief valve; a positive end-expiratory pressure
control duct connected to a second pressure-relief valve; one three-port valve connected
to the peak inspiratory pressure control duct, the positive end-expiratory pressure control

duct and a primary duct.

[0016] Figure 6 depicts a ventilator system utilizing a peak inspiratory pressure
control duct connected to a first pressure-relief valve; a positive end-expiratory pressure
control duct immersed in a fluid in a container; one three-port valve connected to the
peak inspiratory pressure control duct, the positive end-expiratory pressure control duct
and a primary duct; one high pressure safety duct connected to a second pressure-relief

valve.

[0017] Figure 7 depicts a ventilator system as shown in Figure 6 without the
high pressure safety duct and with an angled portion added to the positive end-expiratory

pressure control duct.

[0018] Figure 8 depicts a ventilator system as shown in Figure 5 with an

addition of one high pressure safety duct connected to a third pressure-relief valve.

[0019] Figure 9 depicts a spring-loaded pressure-relief valve.
[0020] Figure 10 depicts a manually adjusted pressure-relief valve.
[0021] Figure 11 depicts a ventilator system utilizing a peak inspiratory pressure

control duct connected to a first pressure-relief valve; a positive end-expiratory pressure

control duct connected to a second pressure-relief valve; one three-port valve connected

to the peak inspiratory pressure control duct, the positive end-expiratory pressure control
duct and a primary duct; and a controller communicably connected to the three-port

valve, the first pressure-relief valve, and the second pressure-relief valve..
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[0022] Figure 12 depicts a ventilator system utilizing a peak inspiratory pressure
control duct connected to a first pressure-relief valve; a positive end-expiratory pressure
control duct connected to a second pressure-relief valve; one two-port valve located on
the positive end-expiratory pressure control duct; one two-port valve located on the peak
inspiratory pressure control duct; a controller communicably connected to both the two-
port valves, and also communicably connected to the first pressure-relief valve and the

second pressure-relief valve.

DETAILED DESCRIPTION

[0023] Embodiments described herein provide the user a device and method to set
high and low pressures, oscillations, amplitude and frequency and further allows the user
to set the upper limit of positive pressure that is specific for a patient to reduce the
likelihood of damage to the lungs. Device parameters such as pressure value at which the
pressure-relief valve will activate, level of fluid in a container, length of the duct
immersed in the fluid in the container can be varied to control the pressures. In another
embodiment, a system may not use a duct immersed in a fluid in a container for pressure
control, and all pressures are controlled by pressure-relief valves. In some embodiments,
pressure regulators or pressure control valves may be used instead of a pressure-relief
valve. For example, a diaphragm pressure regulator may be used instead of a pressure-
relief valve. In the present description, a reference to a pressure-relief valve also refers to

any valve such as a pressure regulator that can control pressure upstream of the valve.

[0024] The embodiments described herein also have features that allow the user
to select and modulate breaths per minute, inspiratory time, and the ratio of inspiratory to
expiratory time. The embodiments are useful for patients of all ages including adults,
children and newborn babies. Further, the embodiments can be used during transport of
patients of all ages and in facilities that do not have access to mechanical ventilators. In
operation, pressurized gas is released from the gas supply into the primary duct of an

embodiment described herein, and the gas is delivered to a patient
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[0025] Figure 1 illustrates a patient ventilation system 100 having a pressurized
gas supply 102, two pressure-relief valves 118 and 122, and a primary duct 108 with two
ends - the proximal end 110 and the distal end 112. The proximal end 110 is connected to
the pressurized gas supply 102. The duct 108 is adapted for connection to a patient
interface 114 between the proximal end 110 and distal end 112. At the distal end 112, at
least one peak inspiratory pressure (PIP) control duct 116 is connected. The proximal
end of the PIP control duct 116 is connected to the distal end 112 of the primary duct
108. The distal end of the PIP control duct 116 is connected to a pressure-relief valve
118. At least one positive end-expiratory pressure (PEEP) control duct 120 is also
connected to the distal end 112 of the primary duct 108. The proximal end of the PEEP
control duct 120 is connected to the distal end 112 of the primary duct 108. The distal
end of the PEEP control duct 120 is connected to a pressure-relief valve 122. A two-port
valve 124 is connected in between the inspiratory pressure control duct and the positive
end-expiratory pressure control duct. The valve 124 cycles from open to shut position
and back to open position, and the rate of cycling of the valve can be controlled by a
controller (not shown) communicably connected to the valve. The failure mode of the
valve 124 is the open position whereby the gas flow is directed to the positive end
expiratory pressure (PEEP) control duct 120 and the pressure at the patient interface 114

1s maintained at the lower or baseline level.

[0026] In some embodiments of the PIP and PEEP control ducts, the diameters of
the ducts are about 0.5 cm to 2 cm. In other embodiments, more than one PIP control duct
and more than one PEEP control duct may be used. In yet other embodiments, the PIP
and PEEP control ducts may each have substantially similar lengths and diameters or
different lengths and diameters. The lengths and cross-sectional shapes of the primary
duct, the PIP control duct, and the PEEP control duct are preferably short and
substantially circular or slightly oval in shape. However, any or all of the ducts can have
any length or cross-sectional shape including but not limited to square, rectangular,

triangular etc., without departing from the spirit of the present disclosure.
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[0027] A gas supply provides pressurized medical grade gas to the ventilator
system including to the primary duct, patient duct, PIP control duct and PEEP control
duct. Gas delivered by the gas supply may comprise atmospheric gases or any
combination, mixture, or blend of suitable gases, including but not limited to atmospheric
air, oxygen, nitrogen, helium, or combinations thereof. The gas supply may comprise a
gas compressor, a container of pressurized gases, a substantially portable container of
pre-pressurized gases, a gas-line hookup (such as found in a hospital) or any other
suitable supply of pressurized gas, or combinations thereof. The gas supply is preferably
controlled or configured to have a variable gas flow rates that can be controlled by user
and adjusted according to the individual requirements of each patient. The patient
ventilation system or gas supply may also include one or more flow control devices (not
shown) including but not limited to a mechanical valve, an electronically controlled
mechanical valve, a rotameter, a pressure regulator, a flow transducer, or combinations
thereof. Gas flow rates, which are commonly used in the art, typically range from about 2
liters/minute (L/min) to about 15 L/min. However, these embodiments allow any flow
rates of gas set by the user. For example, larger patients may require larger gas flows.
Increasing the flow rates could result in the delivery of higher pressures; however, by
setting the high-pressure blow-out level of the safety duct to a safe level, one can avoid

inadvertent delivery of excessively high pressures to the patient.

[0028] A Heat and Moisture Exchanger (not shown) can also be included in the
patient ventilation system to control the temperature and humidity of gas delivered to the
patient interface. Continuous flow of gas in the delivery duct also prevents the patient

from re-breathing gases exhaled from the lungs.

[0029] Referring to Figure 1, the patient interface 114 can be invasive or non-
invasive, including but not limited to face or nasal masks, nasal prongs, nasal cannula,
short tube(s) placed in the nasal or naso-paharynx, endotracheal tubes, tracheostomy
tubes, or combinations thereof. The two-port valve 124 may comprise a mechanical or
electromechanical valve. The two-port valve 124 may be electronically controlled or

mechanically controlled such that the user is able to set the ventilation rate and
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inspiratory time or the ratio of inspiratory to expiratory time. The two-port valve 124 is
preferably "normally open” such that in the event of failure the valve would remain open
and the patient would be subjected to the lower or baseline pressure. When the two-port
valve 124 is open, gases flow through PEEP control duct 120 to PEEP pressure-relief
valve 122, which is set to relieve pressure at a level lower than the set level of PIP
pressure-relief valve 118 thereby controlling the positive end expiratory pressure in the
circuit. When the two-port valve 124 is closed, gas in the pressurized circuit flows
through PIP control duct 116 to PIP pressure-relief valve 118, which is set to relieve
pressure at a level higher than the set level of PEEP pressure-relief valve 122, thereby
raising the pressure to peak inspiratory pressure and delivering a "mandatory breath” to
the patient. The valve 124 can then be opened again to allow the patient to exhale, and
the process may be repeated. In this manner, a patient can receive peak inspiratory
pressure and positive end expiratory pressure (Bi-PAP ventilation) or intermittent
positive pressure ventilation (IPPV). In some embodiments, any number of valves, PIP
control ducts and PEEP control ducts can be used to provide different levels of high and
low pressures. In another embodiment, the PIP and PEEP pressure-relief valves may be
directly and/or logically connected to a controller (not shown) associated with the system.
In one embodiment, each of a movement of PIP valve, PEEP valve, and the two-way
valve is controlled by controller. In one embodiment, controller contains machine-

readable program instructions as a form of non-transitory tangible media.

[0030] Figure 2 illustrates a ventilator system similar to Figure 1, the difference
being the PEEP safety relief valve 122 of Figure 1 is replaced with a container 206
having a fluid 222. In addition, the ventilator system of Figure 2 has at least one safety
duct 230. The safety duct 230 1s connected to the primary duct 208 near the proximal
end 210 of the primary duct 208. The safety duct 230 is connected to a pressure-relief
valve 204 which is set at a level of pressure greater than the level of pressure set in the
PIP pressure-relief valve 218. The safety duct allows setting the limit of a safe pressure
relative to the set PIP pressure. For example, in some embodiments the safety pressure-
relief valve 204 is set to relieve pressure at a level that 1s 5 cm of water higher than the

set level of pressure in the PIP pressure-relief valve 218, if the user wants the maximum
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pressure that the lungs may be subjected to be not greater than the set PIP pressure by 5

cm of water.

[0031] The fluid 222 may comprise any number of suitable fluids or liquids
exhibiting a wide range of densities, masses and viscosities including but not limited to
water, or water with added vinegar to reduce the likelihood of bacterial contamination of
the water. In certain embodiments, the peak inspiratory pressure control duct and the
positive end-expiratory pressure control duct are substantially circular having an inside
diameter of between about 0.5-2 cm. The immersed length inside the container is in the
range of about 2-50 cm. The immersed vertical length of PEEP control duct can be
measured as the vertical distance from the fluid surface to the distal ends of the ducts. In
all embodiments, the immersed vertical length of the PEEP control duct can be adjusted
to any value by adding or removing fluid to adjust fluid level, by sliding the ducts up and
down to adjust the duct location, or doing both. The set level of PEEP pressure

corresponds to the immersed vertical length of the PEEP control duct.

[0032] Figure 3 illustrates a patient ventilator system similar to that illustrated in
Figure 2 utilizing a PEEP control duct 320 in the container 306, except that the system in
Figure 3 does not have a safety duct and a safety valve as shown in Figure 2 . The duct
320 is immersed in fluid and configured to modulate airway pressures in a patient
receiving Bi-PAP or IPPV. The embodiment illustrated in Figure 3 further comprises an
angled section 334 connected to the distal ends of the PEEP control duct. The angle of
angled section may be altered between 0 and 180 degrees to the vertical to control the
amplitude and frequency of airway pressure oscillations that are superimposed on top of
the airway pressure wave form for the exhalation cycle. In some embodiments, the angled
arm of the angled section has length of between 2 cm and 10 cm. In other embodiments,
more than two angled sections may be used. In one embodiment, the angles of the two or
more angled sections may be substantially similar. In other embodiments, the angles of
the two or more angled sections may be different. In one embodiment, the diameter of the
angled section is the same as the diameter of the PEEP control duct. In another

embodiment, the diameter of the angled section is different from the diameter of the
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PEEP control duct. The immersed vertical length of PEEP control duct can be measured

as the vertical distance from the fluid surface to the elbow of the angled section.

[0033] Figure 4 illustrates a ventilator system similar to Figure 1, but has in
addition, at least one safety duct 430. The safety duct 430 is connected to the primary
duct 408 near the proximal end 410 of the primary duct 408. The safety duct 430 is
connected to a pressure-relief valve 404 which is set at a level of pressure greater than the
level of pressure set in the PIP pressure-relief valve 418. The safety duct allows setting

the limit of a safe pressure relative to the set PIP pressure.

[0034] In another embodiment, the PEEP pressure-relief valve 422 may be absent
and the gas coming out of the PEEP duct 420 is released directly to the atmosphere
without passing through a PEEP pressure-relief valve. The PEEP pressure of the
ventilator system then corresponds to the back-pressure of the two-port valve 424. The
PEEP pressure in this embodiment would be equal to the back pressure of the valve 424

at the flow rate of gas in the ventilator system.

[0035] Figure 5 illustrates a patient ventilator system 500 having a pressurized
gas supply 502, two pressure-relief valves 518 and 522, and a primary duct 508 with two
ends - proximal end 510 and distal end 512. The proximal end 510 1s connected to the
pressurized gas supply 502. The primary duct 508 is adapted for connection to a patient
interface 514 between the proximal end 510 and distal end 512. A three-port (also known
as three-way) valve 525 is provided with one inlet port and two outlet ports. The distal
end 512 is connected to the inlet port of the three-port valve 525. The first outlet port of
the valve 525 is connected to at least one peak inspiratory pressure (PIP) control duct
516. A proximal end of the PIP control duct 516 is connected to the first outlet port of
the valve 525 and the distal end of the PIP control duct 516 is connected to a PIP
pressure-relief valve 518. The second outlet port of the valve 525 is connected to at least
one positive end-expiratory pressure (PEEP) control duct 520. The proximal end of the
PEEP control duct 520 is connected to the second outlet port of the valve 525. The distal
end of the PEEP control duct 520 is connected to a PEEP pressure-relief valve 522.
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[0036] The valve 525 cycles between the first outlet port and the second outlet
port thereby continuously switching the flow of gas from the inlet port to the first outlet
port and the inlet port to the second outlet port. Each cycle corresponds to one breath. In
operation, when the gas flows from the inlet port to the first outlet port of valve 525, gas
flows through PIP control duct 516 to the PIP pressure-relief valve 518, which is set at a
level of pressure higher than the level of pressure set in the PEEP pressure-relief valve
522, thereby controlling the PIP in the circuit. When the gas flows from the inlet port to
the second outlet port of valve 525, gas in the pressurized circuit flows through PEEP
control duct 520 to the PEEP pressure-relief valve 522, which 1s set at a level of pressure
lower than the level of pressure set in the PIP pressure-relief valve 518, thereby lowering
the pressure to PEEP and allowing the patient to exhale. The valve 525 can then cycle
back to the first outlet port to allow the patient to receive PIP, and the cycle may be
repeated. In this manner, a patient can receive peak inspiratory pressure and positive end
expiratory pressure (Bi-PAP ventilation) or intermittent positive pressure ventilation

(IPPV)).

[0037] In one embodiment, rate of cycling (measured in cycles per minute) of the
valve 525 is controlled using a controller (not shown) communicably connected to the
valve. In another embodiment, controller allows user to set time T1 (Inspiratory Time)
during which gas flows from the inlet port to the first outlet port and time T2 (Expiratory
Time) during which gas flows from the inlet port to the second outlet port. In one
embodiment, T1 is set as time in seconds. In another embodiment, T1 or T2 can be set
as a fraction of cycle time or as a ratio of T1 and T2 such that the sum of T1 and T2
equals time of one cycle. Because the PIP control duct is connected to the first outlet port
and the PEEP control duct is connected to the second outlet port, T1 is inspiratory time
and T2 is expiratory time of a cycle or breath. In one embodiment, the expiratory time
T2 is set to be greater than inspiratory time T1, and the ratio T2/T1 1s greater than 1. The
ratio of inspiratory time and expiratory time may be depicted as T1:T2 and the ratio
shown as 1:N where, in one embodiment, N is a number greater than 1. In another

embodiment, the controller does not allow the value of N to be less than 1. In another
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embodiment, breaths per minute (bpm) and inspiratory time (T1) in seconds are set by the
user, and the controller calculates expiratory time (T2) in seconds using the formula T2 =
(60/bpm) — T1. In yet another embodiment, if the calculated expiratory time (T2) in
seconds is less than the inspiratory time (T1) in seconds set by the user, the controller sets
T1=T2=30/bpm. In another embodiment, controller allows the user to control the ratio
of inspiratory time T1 to expiratory time T2 or have T1 fixed as percent of cycle time to
maintain a desired inspiration time to expiration time ratio. For example, if T1 is set as
33% of cycle time, then T2 will be 67% of cycle time, giving T1:T2 ratio of 1:2. In
another embodiment, the controller is integrated with the valve, with the control logic
embedded in the valve. In one embodiment, the failure mode of the valve 525 is the open
position to the second outlet port whereby the gas flow is directed to the PEEP control
duct 520 and the pressure in the ventilator system is maintained at the baseline, i.e. lower
level. In another embodiment, if the controller sets the cycling rate of the valve 525 as
zero, the valve remains in the open position to the second outlet port whereby the gas
flow 1s directed to the PEEP control duct 520 and the pressure in the ventilator system is
maintained at the baseline i.e. lower level. In another embodiment, if power to the valve
525 is shut off, the valve remains in the open position to the second outlet port whereby
the gas flow is directed to the PEEP control duct 520 and the pressure in the ventilator
system is maintained at the baseline i.e. lower level. Thus the apparatus can be converted
from Bi-PAP ventilation to CPAP by simply shutting off power to the valve or setting

cycling rate of the valve to zero.

[0038] In one embodiment, the pressure-relief valves 518 and 522 are
mechanical. The level of pressure at which the pressure relief will occur is set manually
using a knob or a dial. In another embodiment, the pressure-relief valves are electro-
mechanical. The level of pressure at which the pressure relief will occur is set using a
controller. Depending on the level set in the controller at which the pressure relief is to
occur, the controller sends a signal to valve whereby the valve adjusts the valve position

and opening to the required level of pressure relief.
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[0039] Figure 6 illustrates a ventilator system similar to Figure 5, the difference
being the PEEP pressure-relief valve 522 of Figure 5 is replaced with a container 606
having a fluid 622. In addition, the ventilator system of Figure 6 has at least one safety
duct 630. The safety duct 630 is connected to the primary duct 608 near the proximal end
610 of the primary duct 608. The safety duct 630 is connected to a pressure-relief valve
604 which 1s set at a level of pressure greater than the level of pressure set in the PIP
pressure-relief valve 618. The safety duct allows setting the limit of a safe pressure
relative to the set PIP pressure. For example, in some embodiments the safety pressure-
relief valve 604 is set to relieve pressure at a level that is 5 cm of water higher than the
set level of pressure in the PIP pressure-relief valve 618, if the user wants the maximum
pressure that the lungs may be subjected to be not greater than the set PIP pressure by 5

cm of water.

[0040] The fluid 622 may comprise any number of suitable fluids or liquids
exhibiting a wide range of densities, masses and viscosities including but not limited to
water, or water with added vinegar to reduce the likelihood of bacterial contamination of
the water. In certain embodiments, the peak inspiratory pressure control duct and the end-
expiratory pressure control duct are substantially circular having an inside diameter of
between about (.5-2 cm. The immersed length inside the container is in the range of
about 2-50 cm. The immersed vertical length of PEEP control duct can be measured as
the vertical distance from the fluid surface to the distal ends of the ducts. In all
embodiments, the immersed vertical length of the PEEP control duct can be adjusted to
any value by adding or removing fluid to adjust fluid level, by sliding the ducts up and
down to adjust the duct location, or doing both. The set level of PEEP pressure

corresponds to the immersed vertical length of the PEEP control duct.

[0041] Figure 7 illustrates a ventilator system similar to that illustrated in Figure
6 utilizing a PEEP control duct 720 in the container 706, except that the system in Figure
7 does not have a safety duct and a safety valve as shown in Figure 6. The duct 720 is
immersed in fluid and configured to modulate airway pressures in a patient receiving Bi-

PAP or IPPV. The embodiment illustrated in Figure 7 further comprises an angled
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section 734 connected to the distal end of the PEEP control duct. The angle of angled
section may be altered between 0 and 180 degrees to the vertical to modify the amplitude
and frequency of airway pressure oscillations that are superimposed on top of the airway
pressure wave form for both the exhalation cycle. In some embodiments, the angled arm
of the angled section has length of between 2 cm and 10 cm. In some embodiments,
more than two angled sections may be used. In other embodiments, the angles of the two
or more angled sections may be substantially similar. In still other embodiments, the

angles of the two or more angled sections may be different.

[0042] Figure 8 illustrates a ventilator system similar to Figure S5, but has in
addition, at least one safety duct 830. The safety duct 830 is connected to the primary
duct 808 near the proximal end 810 of the primary duct 808. The safety duct 830 is
connected to a pressure-relief valve 804 which is set at a level of pressure greater than the
level of pressure set in the PIP pressure-relief valve 818. The safety duct allows setting

the limit of a safe pressure relative to the set PIP pressure.

[0043] In another embodiment, the PEEP pressure-relief valve 822 is absent and
the gas coming out of the PEEP duct 820 is released directly to the atmosphere without
passing through a PEEP pressure-relief valve. The PEEP pressure of the ventilator
system then corresponds to the back-pressure of the three-port valve 825. The PEEP
pressure in this embodiment would be equal to the back pressure of the valve 825 at the

flow rate of gas in the ventilator system.

[0044] In addition to the safety duct illustrated in Figures 2, 4, 6 and 8, some
embodiments can include additional safety features (not shown) such as a high pressure
"pop-off" or "pop-open" safety valve to protect the patient from receiving airway
pressures greater than a pre-determined threshold to reduce the likelihood of high
pressures reaching the patient in the unlikely event that the patient circuit is occluded
between the patient and the gas exiting the system through the fluid container. The pop-
off valve provides a second level of protection when the safety duct such as duct 230 in

Figure 2 is present in the ventilator system. The pressure level setting of pop-off valve
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will be generally higher than the blow-out pressure setting of the safety duct. Note
however that pop-off safety valve is generally pre-set to certain values and does not
provide user the flexibility provided by the safety duct, which allows setting the limit of

safe pressure relative to the set PIP pressure.

[0045] Figure 9 shows an embodiment of a pressure-relief valve. The pressure-
relief valve 900 can be set to control pressure of gas upstream of the valve. A knob 901
1s rotated manually clockwise or counter-clockwise to set the pressure at which the
pressure relief will occur. The relief pressure is set by rotating the knob to appropriate
pressure marking on the body of the valve 903. In another embodiment, the pressure
markings are on a circular dial around the top perimeter of the knob. The gas enters the
valve 900 at the inlet port 905 and exits the valve at outlet ports 906. A float 907 is
placed in a cavity 909 inside the body of the valve 903 with the conical end of the float
aligned with the conical end of the cavity 909. A spring 910 is then placed in the cavity
909 on top of the float and in between the float and the knob 901. In one embodiment,
when the knob 901 is rotated clockwise, the spring 910 compresses on the float 907
thereby pressing it against the entrance of the valve. Depending on the pressure of the
gas entering the valve 900, the spring is pushed back, thereby releasing the gas through
outlet ports 906 and maintaining a gas pressure in the system upstream of the valve. The
valve can be made of plastic or metals such as brass and steel. In other embodiments of
the ventilator system, a diaphragm pressure regulator may be used instead of the spring

pressure-relief valve.

[0046] Figure 10 shows an embodiment of pressure-relief valve similar to the
pressure-relief valve in Figure 9, except that the valve in Figure 10 does not have a
spring. In Figure 10, the float 917 is directly connected to the knob 911 and is an
integral part of the knob. When the knob 911 is screwed into the body 913, the float 917
takes a position inside the cavity 919 of the valve. The location of the float 917 inside
the cavity 919 depends on the number of times the knob is rotated on threads 922.
Depending on the location of the float 917, there remains a gap between the float 917 and

the cone 924 inside the cavity 919. This gap offers a resistance to the gas entering the
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valve at the inlet port 915. The upstream pressure of the gas can be set by adjusting the
size of the gap which in turn is done by rotating the knob 911. In another embodiment,
the pressure-relief valve may be directly and/or logically connected to a controller
associated with the system, and the movement of pressure-relief valve is controlled by the
controller. In one embodiment, controller contains machine-readable program

instructions as a form of non-transitory tangible media.

[0047] Some embodiments can include a low-pressure "pop-open” or one-way
valve (not shown) to protect the patient from receiving airway pressures lower than a pre-
determined threshold, for example sub-atmospheric pressures. In this manner, the one-
way valve can help prevent a lung from collapsing, help prevent the patient from inhaling
fluid, and help prevent the patient from re-breathing exhaled gases. Fresh gas of

controlled concentration (not shown) can also be supplied to the one-way valve.

[0048] Figure 11 illustrates a patient ventilator system having a pressurized gas
supply 502, two pressure-relief valves 505 and 523, and a primary duct 508 with two
ends - proximal end 510 and distal end 512. The proximal end 510 is connected to the
pressurized gas supply 502. The primary duct 508 is adapted for connection to a patient
interface 514 between the proximal end 510 and distal end 512. A three-port (also known
as three-way) valve 525 is provided with one inlet port and two outlet ports. The distal
end 512 is connected to the inlet port of the three-port valve 525. The first outlet port of
the valve 525 is connected to at least one peak inspiratory pressure (PIP) control duct
517. A proximal end of the PIP control duct 517 is connected to the first outlet port of
the valve 525 and the distal end of the PIP control duct 517 is connected to a PIP
pressure-relief valve 505. The second outlet port of the valve 525 is connected to at least
one positive end-expiratory pressure (PEEP) control duct 521. The proximal end of the
PEEP control duct 521 is connected to the second outlet port of the valve 525. The distal

end of the PEEP control duct 521 is connected to a pressure-relief valve 523.

[0049] The valve 525 cycles between the first outlet port and the second outlet

port thereby continuously switching the flow of gas from the inlet port to the first outlet
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port and the inlet port to the second outlet port. Each cycle corresponds to one breath. In
operation, when the gas flows from the inlet port to the first outlet port of valve 525, gas
flows through PIP control duct 517 to the PIP pressure-relief valve 505, which is set at a
level of pressure higher than the level of pressure set in the PEEP pressure-relief valve
523, thereby controlling the PIP in the circuit. When the gas flows from the inlet port to
the second outlet port of valve 525, gas in the pressurized circuit flows through PEEP
control duct 521 to the PEEP pressure-relief valve 523, which is set at a level of pressure
lower than the level of pressure set in the PIP pressure-relief valve 505, thereby lowering
the pressure to PEEP and allowing the patient to exhale. The valve 525 can then cycle
back to the first outlet port to allow the patient to receive PIP, and the cycle may be
repeated. In this manner, a patient can receive peak inspiratory pressure and positive end
expiratory pressure (Bi-PAP ventilation) or intermittent positive pressure ventilation

(IPPV).

[0050] In one embodiment, rate of cycling (measured in cycles per minute) of the
valve 525 is controlled using a controller 515 communicably connected to the valve. In
another embodiment, controller 515 allows user to set time T1 (Inspiratory Time) during
which gas flows from the inlet port to the first outlet port and time T2 (Expiratory Time)
during which gas flows from the inlet port to the second outlet port. In one embodiment,
T1 is set as time in seconds. In another embodiment, T1 or T2 can be set as a fraction of
cycle time or as a ratio of T1 and T2 such that the sum of T1 and T2 equals time of one
cycle. Because the PIP control duct is connected to the first outlet port and the PEEP
control duct is connected to the second outlet port, T1 is inspiratory time and T2 is
expiratory time of a cycle or breath. In one embodiment, the expiratory time T2 is set to
be greater than inspiratory time T1, and the ratio T2/T1 is greater than 1. The ratio of
inspiratory time and expiratory time may be depicted as T1:T2 and the ratio shown as
1:N where, in one embodiment, N is a number greater than 1. In another embodiment,
the controller 515 does not allow the value of N to be less than 1. In another
embodiment, breaths per minute (bpm) and inspiratory time (T1) in seconds are set by the
user, and the controller 515 calculates expiratory time (T2) in seconds using the formula
T2 = (60/bpm) — T1. In yet another embodiment, if the calculated expiratory time (T2) in
seconds is less than the inspiratory time (T1) in seconds set by the user, the controller 515
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sets T1=T2=30/bpm. In another embodiment, controller 515 allows the user to control
the ratio of inspiratory time T1 to expiratory time T2 or have T1 fixed as percent of cycle
time to maintain a desired inspiration time to expiration time ratio. For example, if T1 is
set as 33% of cycle time, then T2 will be 67% of cycle time, giving T1:T2 ratio of 1:2. In
another embodiment, the controller 515 is integrated with the valve, with the control

logic embedded in the valve.

[0051] In one embodiment, the failure mode of the valve 525 is the open position
to the second outlet port whereby the gas flow is directed to the PEEP control duct 521
and the pressure in the ventilator system is maintained at the baseline, i.e. lower level. In
another embodiment, if the controller 515 sets the cycling rate of the valve 525 as zero,
the valve remains in the open position to the second outlet port whereby the gas flow is
directed to the PEEP control duct 521 and the pressure in the ventilator system is
maintained at the baseline i.e. lower level. In another embodiment, if power to the valve
525 or the controller 515 is shut off, the valve remains in the open position to the second
outlet port whereby the gas flow is directed to the PEEP control duct 521 and the pressure
in the ventilator system is maintained at the baseline i.e. lower level. Thus the apparatus
can be converted from Bi-PAP ventilation to CPAP by simply shutting off power to the
valve or setting cycling rate of the valve to zero. In one embodiment, the controller 515 is
connected to the three-port valve 525 with wires, and the controller 515 communicates
with the three-port valve 525 through the wires. In another embodiment, the controller
515 communicates with the three-port valve 525 wirelessly and communication between
the three-port valve 525 and the controller 515 can be achieved using any of the generally
known wireless protocols. In another embodiment, the PIP pressure-relief valve 505 and
the PEEP pressure-relief valve 523 may be directly and/or logically connected to
controller 515 associated with the system. In one embodiment, each of a movement of
PIP valve 505, PEEP valve 523 and the three-way valve 525 is controlled by controller
515. In one embodiment, controller contains machine-readable program instructions as a
form of non-transitory tangible media. In another embodiment, controller may be
directly and/or logically connected to a monitoring device that monitors the vitals such as

blood oxygen level and blood pressure of a patient. In yet another embodiment,
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controller may communicate with an iDevice such as iPad or iPhone, and the settings of

the controller can be monitored and adjusted using the iDevice.

[0052] In one embodiment, the pressure-relief valves 505 and 523 are
mechanical. The level of pressure at which the pressure relief will occur is set manually
using a knob or a dial. In another embodiment, the pressure-relief valves are electro-
mechanical. The level of pressure at which the pressure relief will occur is set using the
controller 515. Depending on the level of pressure set in the controller 515 at which the
pressure relief is to occur, the controller sends a signal to the pressure-relief valve
whereby the valve adjusts the position and opening of the valve to the required level of
pressure relief. In one embodiment, the controller 515 is connected to the pressure-relief
valves 505 and 523 with wires and the controller 515 communicates with the pressure-
relief valves 505 and 523 through the wires. In another embodiment, the controller 515
communicates with the pressure-relief valves 505 and 523 wirelessly and the
communication between the pressure-relief valves and the controller is achieved using

any of the generally known wireless protocols.

[0053] Figure 12 illustrates a patient ventilation system having a pressurized gas
supply 102, pressure-relief valves 105 and 107, and a primary duct 108 with two ends -
the proximal end 110 and the distal end 112. The proximal end 110 is connected to the
pressurized gas supply 102. The duct 108 is adapted for connection to a patient interface
114 between the proximal end 110 and distal end 112. At the distal end 112, at least one
peak inspiratory pressure (PIP) control duct 117 is connected. The proximal end of the
PIP control duct 117 is connected to the distal end 112 of the primary duct 108. The
distal end of the PIP control duct 117 is connected to PIP pressure-relief valve 105. At
least one positive end-expiratory pressure (PEEP) control duct 121 is also connected to
the distal end 112 of the duct. The proximal end of the PEEP control duct 121 is
connected to the distal end of the primary duct 108. The distal end of the PEEP control
duct 121 is connected to the PEEP pressure-relief valve 107. The PIP pressure-relief
valve 105 is set to relieve pressure at a level greater than the level of pressure at which

the PEEP pressure-relief valve 107 is set to relieve the pressure. A two-port valve 109 is
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placed on the PIP control duct 117 and is located between the PIP control duct 117 and
the distal end 112 of the primary duct. Another two-port valve 1235 is placed on the PEEP
control duct 121 and is located between the PEEP control duct 121 and the distal end 112
of the primary duct. The valves 109 and 125 cycle from open to shut position and back to
open position, and the rate of cycling of the valves can be controlled by a controller 115
communicably connected to the valves 109 and 125. The valves 109 and 125 are
controlled by the controller 115 such that when the valve 109 is open, the valve 125 is

closed and when the valve 109 is closed, the valve 125 is open.

[0054] In operation, when the two-port valve 125 1s open and the two-port valve
109 is closed, gases flow through PEEP control duct 121, thereby controlling the PEEP in
the circuit. When the two-port valve 125 is closed and the two-port valve 109 is open,
gases in the pressurized circuit flows through PIP control duct 117, thereby raising the
pressure to peak inspiratory pressure. The valve 125 can then be opened again and valve
109 closed to allow the patient to exhale, and the process may be repeated. In this
manner, a patient can receive peak inspiratory pressure and positive end expiratory

pressure (Bi-PAP ventilation) or intermittent positive pressure ventilation (IPPV).

[0055] In one embodiment, the controller 115 is connected to the two-port valves
109 and 125 using wires and the controller 115 communicates with the two-port valves
109 and 125 through the wires. In another embodiment, the controller 115 is connected
to the two-port valves 109 and 125 wirelessly and communication between the two-port
valves and the controller is achieved using any of the generally known wireless protocols.
In one embodiment, the pressure-relief valves 105 and 107 are mechanical. The level of
pressure at which the pressure relief will occur is set manually using a knob or a dial. In
another embodiment, the pressure-relief valves are electro-mechanical. The level of
pressure at which the pressure relief will occur 1s set using the controller 115. Depending
on the level of pressure set in the controller 115 at which the pressure relief s to occur,
the controller sends a signal to the pressure-relief valve whereby the valve adjusts the
position and opening of the valve to the required level of pressure relief. In one

embodiment, the controller 115 communicates with the pressure-relief valves 105 and
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107 through wires. In another embodiment, the controller 115 communicates with the
pressure-relief valves 105 and 107 wirelessly and the communication between the
pressure-relief valves and the controller is achieved using any of the generally known

wireless protocols.

[0056] More embodiments concern methods of using one or more of the
aforementioned combinations to assist the breathing of a subject (e.g., an adult, child,
infant human being or another mammal). By some approaches, a subject having breathing
problems is identified or selected and said subject is connected to one or more of the
devices described herein. In some embodiments the subject 1s attached to the device by
nasal prongs and in other embodiments, the subject is attached to the device by face or
nasal masks, tube(s) placed in the nasopharynx, endotracheal tubes, tracheostomy tubes,
or combinations thereof. Once the subject and device are connected, gas flow is initiated.
Preferable gas flows for infants are about 1 to 10 L/min, whereas adults may require gas
flows of about 1 to 30 L/min and large mammals may require 1 to 100 L/min or more.
Optionally, the frequency, amplitude of cycling pressure, or volume of gas delivered is
monitored so as to adjust the breathing assistance for the particular subject. In some
embodiments, a patient in need of breathing assistance is selected or identified and a
breathing assistance device, as described herein, is selected or identified according to a

subject's age, size, or therapeutic need.

[0057] Some embodiments include a method for providing continuous positive
airway pressure with oscillating positive end-expiratory pressure to a subject by
providing any of the devices or apparatuses described herein, releasing gas from the gas
supply into the apparatus and delivering the gas to the subject. Other embodiments
include a method for increasing the volume of gas delivered to a subject by providing any
of the breathing assistance devices or apparatuses described herein, adjusting the angle of
the distal end of the duct with respect to a vertical axis and releasing gas from the gas
supply into the apparatus to deliver gas to the subject. In some embodiments, the distal

end of the duct is adjusted to an angle greater than or equal to between about 91-170
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degrees. In other embodiments, the distal end of the duct is adjusted to an angle of about

135 degrees with respect to a vertical axis.

EXAMPLE 1
[0058] This example describes the ventilator system used and experiments
performed to test the system described in Figure 5. A lung machine manufactured by

Ingmar Medical, Pittsburgh, Pennsylvania (www.ingmarmed.com) was connected at

patient interface of the ventilator system. Two different three-port valves were tested. (a)
A three-port (three-way) solenoid valve manufactured by MAC Valves, Inc., Wixom,

Michigan (www.imacvalves.com) was used in the system. (b) A three-port (three-way)

solenoid valve custom made with an orifice diameter of 10 mm. The cycling of the valve
was controlled using an electronic timer made by IDEC Corporation, Sunnyvale,
California (us.idec.com). Compressed air and air/oxygen mixtures were used in the tests.
The tubing used was the standard 10 mm plastic tubing used with conventional ventilator
systems in a hospital setting. The pressure at the patient interface was measured using a
manometer manufactured by Life Design Systems, Inc., Madison, Wisconsin. The
manometer had a range of -20 cm of water to +80 cm of water in increments of 1 cm
water. Tests were run for gas flow rates from 0.5 L/min through 5 L/min in increments of
0.5 L/min, and from 5 L/min through 15 L/min in increments of 1 L/min. The gas flow

rate was set using flowmeter manufactured by Precision Medical, Northampton,

Pennsylvania (www.precisionmedical.com). Two variable pressure-relief valves were
connected. Each variable pressure-relief valve had a rotatable knob that allowed
variation of set pressure by rotation of the knob. A scale allowed easy and accurate
adjustment of pressure setting at which a pressure relief would occur. The setting of the
PIP pressure-relief valve was varied from 10 to 30 cm of water, and the setting of the
PEEP pressure relief valve was varied from 2 to 10 cm of water. The cycling of the three-
port valve was done from 1 cycle per minute to 60 cycles per minute. Each cycle
corresponds to a breath and thus the tests were conducted from 1 breath per minute to 60

breaths per minute.
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[0059] The three-port valve manufactured by MAC Valves offers a resistance to
flow of gas, resulting in a loss of pressure. The loss of pressure due to the resistance of
the three-port valve increased as the flow rate of gas was increased. At gas flow rates of
15 L/min, a pressure loss as high as 4 cm water was observed in the valve, resulting in a
back pressure whereby observed PIP and PEEP at patient interface was about 4 cm of
water higher than that set by the PIP and PEEP pressure-relief valves. Therefore,
depending on the flow rate of gas, a correction to account for the back pressure of the
valve had to be made to the values of PIP and PEEP set using the pressure-relief valves.
When the back pressure was 4 cm of water, a correction of 4 cm to the setting of
pressure-relief valve was made such that actual set value was 4 cm less than the required
PIP or PEEP at the patient interface. Thus if the required PEEP at the patient interface is
10 cm of water and the back pressure is 4 cm of water, then the set value of PEEP at the

pressure-relief valve is 6 cm

[0060] Tests using the custom made three-port valve with an orifice diameter of
10 mm showed that the back pressure from this three-port valve was negligible for the
above test parameters. The back pressure from the valve is primarily due to size the valve
(e.g., diameter of valve orifice through which gas passes, diameter of inlet and outlet
passage ways and ports of valve) that creates resistance to flow of gas. The smaller the
orifice size, e.g., smaller the diameter, the higher the resistance. To minimize the back
pressure and the resulting correction to set values of PIP and PEEP, the size of orifice, the
size of internal passage ways, the size of the ports are preferably the same as or similar to
the size of the ventilator tubing. The pressure loss in the valve can be calculated using a
coefficient of flow (Cv) of the valve. The calculation method is generally known. The
pressure loss decreases as the Cv value increases. The gas is a compressible fluid and the
Cv value and pressure loss of gas depends on temperature and pressure of the gas. The
pressure of the gas in the ventilator system is slightly above atmospheric (2-50 cm of
water above atmospheric) and the temperature of the gas in the ventilator system may be
kept slightly above room temperature and could be as high as 40 degrees Celsius. For the

gas pressure and temperature that are generally prevalent in a ventilator system, the
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coefficient of flow Cv of the valve is preferably greater than about 1.5 and more

preferably greater than about 2.

EXAMPLE 2
[0061] This example describes the ventilator system used and tests performed
using a system as shown in Figure 12 wherein two two-port valves were used to
determine whether two two-port valves would replicate the system and tests done in
Example 1 where a single three-port valve was used. Two two-port solenoid valves
manufactured by MAC Valves, Inc., Wixom, Michigan were used in the system. The
size of the two-port (two-way) valve was the same as the three-port valve manufactured
by MAC Valves, Inc. that was used in part (a) of Example 1. The first two-port solenoid
valve was placed on the PIP control duct and is located between the PIP pressure-relief
valve and the distal end of the primary duct. The second two-port solenoid valve was
placed on the PEEP control duct and is located between the PEEP pressure-relief valve
and the distal end of the primary duct. The test parameters were the same as those in
Example 1. The two valves were controlled such that when the first valve was open, the
second valve was closed and when the first valve was closed, the second valve was open.
The two two-port valves were identical and their size including valve orifice and port
diameters was the same as that of the three-port MAC valve used in part (a) of Example
1. The observed performance of the system in Example 2 was similar to the performance

of the system in Example 1 when MAC valve was used.

[0062] There has thus been described a medically and commercially useful
method and apparatus for providing breathing support. It is appreciated that though
described for a patient, the method and apparatus can be used by a healthy mammal to
enhance breathing. It will be appreciated that well-known structures, devices, and
operations have been shown in block diagram form or without detail in order to avoid
obscuring the understanding of the description. Where considered appropriate, reference
numerals or terminal portions of reference numerals have been repeated among the
figures to indicate corresponding or analogous elements, which may optionally have

similar characteristics. The particular embodiments described are not provided to limit
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the invention, but to illustrate it. Further, as the following claims reflect, inventive
aspects may lie in less than all features of a single disclosed embodiment. In another
situation, an inventive aspect may include a combination of embodiments described
herein or in a combination of less than all aspects described in a combination of
embodiments. Thus, the claims following the Detailed Description are hereby expressly
incorporated into this Detailed Description, with each claim standing on its own as a

separate embodiment of the invention.
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CLAIMS

An apparatus to provide breathing support to a patient comprising:

a three-port valve comprising at least three ports, said three ports comprising an inlet
port, a first outlet port and a second outlet port, the inlet port adapted for connection to a
patient interface via a primary duct configured for a flow of a gas;

at least one peak inspiratory pressure (PIP) control duct connected to the first outlet
port of the valve;

at least one positive end-expiratory pressure (PEEP) control duct connected to the
second outlet port of the valve;

at least two pressure-relief valves wherein a first pressure-relief valve is connected to
the PIP control duct and a second pressure-relief valve is connected to the PEEP control
duct;

wherein the three-port valve is configured to cycle between the first outlet port and the
second outlet port thereby switching the flow of the gas from the inlet port to only the first
outlet port and from the inlet port to only the second outlet port;

wherein a cycle corresponds to one breath; and

wherein when the gas flows from the inlet port to the first outlet port of the three-port
valve, the gas flows through the PIP control duct, thereby controlling a PIP in the apparatus
so that the patient receives the PIP, and when the gas flows from the inlet port to the second
outlet port of the three-port valve, the gas in the apparatus flows through the PEEP control

duct, thereby lowering pressure in the apparatus to a PEEP so that the patient receives the
PEEP.

The apparatus of claim 1 further comprising at least one safety duct adapted for connection

to the primary duct and configured to be connected to a safety pressure-relief valve.

The apparatus of claim 1 further comprising at least one controller communicably connected
to the three-port valve to control a rate of cycling of the valve, thereby controlling a number
of breaths per minute, and to control at least one of (a) an inspiratory time in seconds, (b) a

ratio of the inspiratory time to an expiratory time, and (c) the inspiratory time as a percentage
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of a cycle time, thereby maintaining the ratio of the inspiratory time to the expiratory time

as determined by a user.

The apparatus of claim 3 wherein the PIP pressure-relief valve and the PEEP pressure-relief

valve are communicably connected to the controller.

The apparatus of claim 1 wherein the three-port valve has a coefficient of flow Cv greater

than about 1.5.

The apparatus of claim 1 wherein the three-port valve is a solenoid valve.

The apparatus of claim 1 further comprising a pressurized gas supply.

The apparatus of claim 1 wherein the PIP pressure-relief valve and the PEEP pressure relieve

valve are electro-mechanical valves.

The apparatus of claim 1 wherein at Ieast one pressure-relief valve selected from a group of

the PIP pressure-relief valve and the PEEP pressure relieve valve is a mechanical valve.

The apparatus of claim 1 wherein at least one pressure-relief valve selected from a group of
the PIP pressure-relief valve and the PEEP pressure-relief valve comprises a knob to vary

the pressure at which a relief of pressure will occur.

The apparatus of claim 2 wherein the safety pressure-relief valve is communicably connected

{o the controller.

The apparatus of claim 1 wherein the first pressure-relief valve is a variable pressure-relief

valve.

The apparatus of claim 12 wherein the second pressure-relief valve is a variable pressure-

relief valve.
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The apparatus of claim 2 wherein the safety pressure-relief valve is a variable pressure-relief

valve.

The apparatus of claim 4 further comprising at least one safety duct adapted for connection
to the primary duct and configured to be connected to a safety pressure-relief valve wherein

the safety pressure-relief valve is communicably connected to the controller.
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