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(57) ABSTRACT

Described are systems and methods for providing a pulse of a
therapeutic gas with a desired flow profile to maximize thera-
peutic effectiveness. Systems and methods of the present
disclosure can generate and/or provide desired flow profiles
with various shapes and/or properties by configuring, modi-
fying, optimizing, and/or factoring in aspects of at least one
fixed flow rate assembly of a therapeutic gas delivery system
such as, but not limited to, spatial relationships of elements of
the fixed flow rate assembly, rate of valve closure and open-
ing, latent flows, transient wave generation and/or propaga-
tion, to name a few.
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SYSTEMS AND METHODS FOR PROVIDING
A PULSE OF A THERAPEUTIC GAS WITHA
DESIRED FLOW PROFILE TO MAXIMIZE
THERAPEUTIC EFFECTIVENESS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit under 35 U.S.C.
§119(e)to U.S. Provisional Application No. 62/065,046, filed
Oct. 17, 2014, the entire contents of which are incorporated
herein by reference in their entirety

FIELD

[0002] The present disclosure generally relates to systems
and methods for providing a pulse of a therapeutic gas with a
desired flow profile to maximize therapeutic effectiveness.

BACKGROUND

[0003] A number of gases have been shown to have phar-
maceutical action in humans and animals. One such gas is
Nitric oxide (NO) that, when inhaled, acts to dilate blood
vessels in the lungs, improving oxygenation of the blood and
reducing pulmonary hypertension. Because of this, NO can
be provided as a therapeutic pharmaceutical drug in gas form
in the inspiratory breathing gases for patients with diseases
(e.g., pulmonary hypertension).

[0004] The dosing ofan inhaled pharmaceutical drug in gas
form can be based on numerous variables. For example dos-
ing can be based on the quantity of drug (usually in weight)
per unit weight of the patient (e.g., mg/Kg) with the dose
being specified to be delivered over a period of time or being
repeated at specified intervals of time. This can allow users to
control the quantity of drug and ensure the quantity of drug
being delivered is in proportion to the patient’s size. Further,
this dosing technique can reduce the patient to patient vari-
ability in response to the drug due to the size of the patient (i.e.
a7 Kg baby will not get the same quantity of drug as a 80 Kg
adult). Of course other techniques and/or variables can be
used for dosing.

[0005] The dosing of a pharmaceutical drug in gas form for
apharmaceutical action and/or for a specific disease can have
a tight window between the therapeutic level for the pharma-
ceutical drug and the level that causes harm. For example,
various quantities of pharmaceutical gas can provide benefits
to patients; however, if a pharmaceutical gas is delivered in
too high a quantity then harm can be caused to a patient. For
another example, timing delivery of pharmaceutical gas to
various points during inspiration can provide benefits to
patients; however, if delivery is timed to other points during
inspiration the beneficial effects can be diminished and/or
harm may be caused to a patient.

[0006] In light of at least these tight windows, it would be
beneficial to deliver doses of a pharmaceutical drug in gas
form to patients with specific flow profiles. However, these
dosing flow profiles can be substantially complex and/or can
require substantially accurate and precise quantities of gas
that may be substantially small and/or that may vary with
respect to substantially short durations of time. Further, gen-
erating and/or providing dosing with these specific flow pro-
files that have such requirements can be substantially difficult
and require specific delivery systems that may require the use
of expensive components. These expensive components can
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increase the cost of such systems, reduce availability to the
public, and/or utilize resources that may be limited.

[0007] Accordingly, it would be advantageous to have a
system and method that can accurately and precisely generate
and/or provide pharmaceutical gases with specific desired
dosing flow profiles. It would also be advantageous to have
such as system and method be fabricated and/or utilize tech-
niques that reduce costs, for example, to increase availability
to the public and/or more effectively allow for use of
resources.

SUMMARY

[0008] One aspect of the present invention relates to a sys-
tem for providing a pulse of a pharmaceutical gas having a
desired flow profile to deliver to a patient. In various embodi-
ments of this aspect, the system comprises a first fixed flow
rate assembly including a first fixed flow valve in fluid com-
munication with a first fixed flow orifice, the first fixed flow
valve being (1) a fixed flow valve that rapidly opens and
rapidly closes, (2) located upstream or downstream of first
fixed flow orifice and (3) at a volumetric offset from the first
fixed flow orifice; and a flow delivery control that rapidly
opens and rapidly closes the first fixed flow orifice located at
least one of upstream or downstream of, and at the volumetric
offset from, the first fixed flow valve to provide a pulse of a
pharmaceutical gas having a desired flow profile to a patient.
[0009] In exemplary embodiments, the pulse of a pharma-
ceutical gas having a desired flow profile may provided to a
patient to treat a specific disease, such as at least one of
chronic obstructive pulmonary disease (COPD), idiopathic
pulmonary fibrosis (IPF), and pulmonary hypertension (PH).
[0010] In exemplary embodiments, when the first fixed
flow orifice is upstream to the first fixed flow valve at least one
of (1) an initial flow spike in volume of transient therapeutic
gas substantially equal to the volume in the volumetric offset
is delivered when the first fixed flow valve is opened rapidly,
and (2) a sharp cutoff is provided when the first fixed flow
valve is closed rapidly.

[0011] In exemplary embodiments, when the first fixed
flow orifice is downstream to the first fixed flow valve at least
one of (1) a sharp turn on is provided when the first fixed flow
valve is opened rapidly, and (2) a waning flow having a
volume substantially equal to a volume in the volumetric
offset is provided when the first fixed flow valve is closed
rapidly.

[0012] In exemplary embodiments, when the first fixed
flow orifice is upstream from the first fixed flow valve, the
volumetric offset is substantially minimized to decrease dura-
tion of a waning flow generated when the first fixed flow valve
is closed rapidly. In some embodiments, the volumetric offset
has a volume of less than 1 mL. In some embodiments, the
system of claim 6, wherein the volumetric offset has a volume
in the range 0f 0.0005 mL to 0.1 mL..

[0013] In exemplary embodiments, the cannula or tube
includes a dampener for ringing.

[0014] Inexemplary embodiments, the desired flow profile
for the pulse of pharmaceutical gas is one that minimizes the
time that the first fixed flow valve is open. In some embodi-
ments, the first fixed flow valve provides a pulse having a
pulse width of less than 500 milliseconds.

[0015] Another aspect of the present invention relates to a
method of providing a pulse of a pharmaceutical gas with a
desired flow profile to deliver to a patient, the method com-
prising rapidly opening a first fixed flow valve that is located
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upstream from a first fixed flow orifice to commence delivery
of a first dose of a pharmaceutical gas in a pulse having a
desired flow profile to a patient that abruptly increases flow to
a desired initial flow rate over negligible time; rapidly closing
the first fixed flow valve to end flow, through the first fixed
flow valve, ofthe pharmaceutical gas; and providing a waning
flow of the pharmaceutical gas after rapidly closing the first
fixed flow valve to complete delivery, to the patient, of the
pulse of the pharmaceutical gas with the desired flow profile,
wherein the waning flow is generated in response to arranging
the first fixed flow valve at a volumetric offset from the first
fixed flow orifice such that the waning flow is at least one of
reduced by lessening the volumetric offset or increased by
increasing the volumetric offset.

[0016] In exemplary embodiments, the pulse of a pharma-
ceutical gas having a desired flow profile is provided to a
patient to treat at least one of chronic obstructive pulmonary
disease (COPD), idiopathic pulmonary fibrosis (IPF), and
pulmonary hypertension (PH).

[0017] Inexemplary embodiments, the desired flow profile
is downwardly sloped triangular shaped.

[0018] In exemplary embodiments, the method further
comprises maintaining open the first fixed flow valve to con-
tinue delivery, to the patient, of the pulse of the pharmaceu-
tical gas with the desired flow profile at a desired continued
flow rate for a period of time. In some embodiments, the
desired flow profile is quadrilateral shaped. In some embodi-
ments, the volumetric offset has a volume of less than 1 mL
and the quadrilateral is substantially rectangular shaped.
[0019] Another aspect of the present invention relates to a
method of providing a pulse of a pharmaceutical gas with a
desired flow profile to deliver to a patient, the method com-
prising rapidly opening a first fixed flow valve that is located
downstream from a first fixed flow orifice to commence deliv-
ery of a first dose of a pharmaceutical gas in a pulse having a
desired flow profile to a patient that abruptly increases flow to
a desired initial flow rate including an initial flow spike over
negligible time, wherein the initial flow spike is generated in
response to arranging the first fixed flow valve at a volumetric
offset from the first fixed flow orifice such that the initial flow
spike is at least one of reduced by lessening the volumetric
offset or increased by increasing the volumetric offset; rap-
idly closing the first fixed flow valve to end flow, through the
first fixed flow valve, of the pharmaceutical gas to complete
delivery, to the patient, of the pulse of the pharmaceutical gas
with the desired flow profile.

[0020] In exemplary embodiments, the pulse of a pharma-
ceutical gas having a desired flow profile is provided to a
patient to treat at least one of chronic obstructive pulmonary
disease (COPD), idiopathic pulmonary fibrosis (IPF), and
pulmonary hypertension (PH).

[0021] In exemplary embodiments, the method further
comprises maintaining open the first fixed flow valve to con-
tinue delivery, to the patient, of the pulse of the pharmaceu-
tical gas with the desired flow profile at a desired continued
flow rate for a period of time.

[0022] Inexemplary embodiments, the desired flow profile
is quadrilateral shaped.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The features and advantages of the present disclo-
sure will be more fully understood with reference to the
following, detailed description when taken in conjunction
with the accompanying figures, wherein:
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[0024] FIGS. 1A-1C illustratively depict exemplary
desired flow profile for pulse doses of'a pharmaceutical gas, in
accordance with exemplary embodiments of the present dis-
closure;

[0025] FIGS. 2A- 2B illustratively depict an exemplary
front panel of apparatuses that may be used for carrying out at
least some aspects of the present disclosure, in accordance
with exemplary embodiments of the present disclosure;
[0026] FIG. 3 is an exemplary schematic view of appara-
tuses that can be used and/or modified to carry out at least
some aspects of the present disclosure, for example, with a
spontaneously breathing patient, in accordance with exem-
plary embodiments of the present disclosure;

[0027] FIG. 4 is an exemplary schematic view of appara-
tuses that can be used and/or modified to carry out at least
some aspects of the present disclosure, for example, with a
patient being breathed by way of a ventilator, in accordance
with exemplary embodiments of the present disclosure;
[0028] FIGS.5A-5D illustratively depict configurations for
generating exemplary desired flow profile, in accordance
with exemplary embodiments of the present disclosure;
[0029] FIGS. 6A-6D illustratively depict modifying at least
exemplary volumetric offsets and/or generating initial flow
spikes, in accordance with exemplary embodiments of the
present disclosure;

[0030] FIGS.7A-7D illustratively depict modifying at least
exemplary volumetric offsets and/or generating waning
flows, in accordance with exemplary embodiments of the
present disclosure;

[0031] FIGS. 8A-8D illustratively depict modifying at least
exemplary volumetric offsets and/or generating pulse waves,
in accordance with exemplary embodiments of the present
disclosure;

[0032] FIGS.9A-9D illustratively depict modifying at least
exemplary volumetric offsets and/or generating waning
flows, in accordance with exemplary embodiments of the
present disclosure;

[0033] FIGS. 10A-10H illustratively depict exemplary
volumetric offsets, in accordance with exemplary embodi-
ments of the present disclosure; and

[0034] FIGS. 11A-11B illustratively depict additional
exemplary volumetric offsets, in accordance with exemplary
embodiments of the present disclosure.

DETAILED DESCRIPTION

[0035] In exemplary embodiments, systems and methods
of'the disclosure provide pulse doses of a pharmaceutical gas
with a desired flow profile to maximize therapeutic benefits,
for example, for patients suffering from chronic obstructive
pulmonary disease (COPD), idiopathic pulmonary fibrosis
(IPF), and pulmonary hypertension (PH), cystic fibrosis (CF),
to name a few. The desired flow profile can vary for substan-
tially small doses of gas with respect to substantially short
durations of time. Generating and/or providing these desired
flow profiles with a substantially high degree of precision and
accuracy can be difficult, but may be necessary to maximize
therapeutic benefits. Noting this difficulty, systems and meth-
ods of the present disclosure can generate and/or provide
desired flow profiles by configuring, modifying, optimizing,
and/or factoring in aspects of at least one fixed flow rate
assembly of a therapeutic gas delivery system.

[0036] Referring to FIGS. 1A-1C, in exemplary embodi-
ments, desired flow profile 100 for pulse doses of a pharma-
ceutical gas can vary for substantially small doses of gas with
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respect to substantially short durations of time can be deliv-
ered to a patient during specific points of the respiratory cycle
101. For example, desired flow profile 100 for pulse doses of
a pharmaceutical gas can be delivered to a patient, during
patient inspiration, during at least the first half of patient
inspiration, during specific points of a patient’s respiratory
cycle, etc. Further, in exemplary embodiments, desired flow
profiles caninclude shapes and/or properties (e.g., flow rate at
a specific time, spikes in flow, waning tails, etc.).

[0037] In exemplary embodiments, shapes and/or proper-
ties of desired flow profiles for pulse doses of a pharmaceu-
tical gas can be generated and/or provided for a specific
pharmaceutical action and/or for a specific disease. For
example, shapes and/or properties of desired flow profiles for
pulse doses of a pharmaceutical gas can be can be generated
and/or provided to provide benefits to patients suffering from
COPD, IPF, CF, and PH, to name a few.

[0038] In exemplary embodiments, shapes and/or proper-
ties of desired flow profiles can be generated and/or provided
by configuring, modifying, optimizing, and/or factoring in
aspects of at least one fixed flow rate assembly of a therapeu-
tic gas delivery system such as, but not limited to, spatial
relationships of elements of the fixed flow rate assembly, rate
of valve closure and opening, latent flows, transient wave
generation and/or propagation, to name a few. By way of
example, systems and methods of the present disclosure can
generate and/or provide desired flow profiles by configuring,
modifying, optimizing, and/or factoring in, amongst other
things, (1) the rapid opening and closing the flow valve, (2)
transient wave generation and/or propagation in response to
the rapid opening and closing the flow valve, (3) the location
of the flow valve upstream or downstream of the orifice, (4)
the including and/or adjusting of a volumetric offset separat-
ing the flow valve from the orifice, and (5) the flow of a
volume of gas affiliated with the volumetric offset, to name a
few. Any of these variables and/or aspects can be configured,
modified, optimized, and/or factored in to generate and/or
provide desired flow profiles to patients suffering from
COPD, IPF, CF, and PH, to name a few.

[0039] Further, in exemplary embodiments, systems and
methods of the present disclosure can be used to modify
and/or enhance previous systems and/or methods used to
deliver pulse doses of a pharmaceutical gas so they can gen-
erate and/or provide these desired flow profiles without
requiring substantially expensive components (e.g., expen-
sive valve assemblies, etc.) and/or by utilizing newly discov-
ered properties and/or techniques so the previous systems
and/or methods can be enhanced, for example, without nec-
essarily including substantially expensive components.

[0040] To provide and/or generate desired flow profiles,
systems and methods of the present disclosure can use,
modify, and/or be affiliated with various systems for deliver-
ing a pulse of a pharmaceutical gas to a patient. For example,
systems and methods of the present disclosure can use,
modify, and/or be affiliated with the teachings of U. S. Pat.
No. 7,523,752 entitled “System and Method of Administer-
ing a Pharmaceutical Gas To A Patient”, the content of which
is incorporated herein by reference in its entirety and at least
partially reproduced below. For ease, the systems and meth-
ods are disclosed, at times, as being used with, moditying,
and/or being affiliated with the teachings of U. S. Pat. No.
7,523,752. This is merely for ease and is in no way meant to
be a limitation.
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[0041] In exemplary embodiments, providing and/or gen-
erating desired flow profiles for pulse doses of pharmaceuti-
cal gas, systems and methods of the present disclosure can
determine, factor in, and/or allow setting of a desired quantity
and/or duration of pharmaceutical gas therapy. For example,
referring now to FIG. 2A, a front panel 10 of an apparatus is
illustrated that can be modified and/or used in carrying out
exemplary embodiments of the present disclosure. Front
panel 10 can be a part of the apparatus and on that panel there
can be input settings (e.g., input knobs) and displays which
can allow the user to set and monitor the amount of pharma-
ceutical gas to be delivered to the patient.

[0042] The desired quantity of pharmaceutical gas to be
delivered can be set and/or determined using a setting control
including an input setting knob 12 and/or the set amount can
be shown on the setting display 8. The units shown in FIG. 2A
can be in milligrams per kilogram. The units can be measured
in a dosage per kilogram of the patient’s ideal body weight.
Along with that input, there can be a further input 14 whereby
the user can enter the patient’s ideal body weight inkilograms
and/or the amount can also displayed on the setting display 8.
With those inputs, the user can set the quantity of the phar-
maceutical gas to be administered to the patient in proportion
to the size of the patient. This can be done to reduce the patient
to patient variability in response to the pharmaceutical gas
due to the size of the patient (i.e. a 7 kilogram baby will not be
administered the same quantity of the pharmaceutical gas as
a 80 kilogram adult).

[0043] Front panel 10 can also have a monitor display 6
which can display total dose of pharmaceutical gas (mg) to be
delivered (e.g., shown at 16) as calculated for multiplying the
dosage/kg by the patients ideal body weight in kg.

[0044] Once the desired quantity of gaseous drug has been
set on the device the system can then determine the amount of
pharmaceutical gas to be delivered in each breath and the
amount of time and/or the number of breaths that it may take
to deliver the total desired quantity of drug. Monitor display
6 can also display a running total of the delivered dose of
pharmaceutical gas (mg) (e.g., shown at 17) as delivered to
the patient so the user can monitor the progress of the treat-
ment. This can be updated each breath as more pharmaceuti-
cal gas is delivered.

[0045] As stated, the units illustrated in FIG. 2A can be
metric units, however, it will be understood that other units of
mass and volume could be used in carrying out the present
disclosure i.e. ounces and cubic inches and other designs of'a
front panel can be used as will later be understood.

[0046] Referring to FIG. 2B, a similar front panel 10 for the
apparatus as shown in FIG. 2A is depicted illustrating a dif-
ferent user setting option. The desired quantity of pharma-
ceutical gas to be delivered to the patient can be prescribed as
a rate of delivery that can be set and/or determined using a
setting control that can include an input setting knob 13 that
can be in units of mass per time such as mg/hr of pharmaceu-
tical gas to be delivered. In this option, the device can allow
the time duration (e.g., in hours) of treatment to be set and/or
determined, for example, using an input setting knob 15. If
required, the input setting by input setting knob 15 could be
set to continuous where the dose per hour would run continu-
ously until the user changed the setting. With these input
settings, the apparatus can calculate and/or display the
desired quantity of the pharmaceutical gas to be administered
to the patient.
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[0047] Also, as in FIG. 2A, front panel 10 can also have a
monitor display 6 which can display total dose of pharmaceu-
tical gas (e.g., in mg) to be delivered (e.g., shown at 16) as
calculated by multiplying the dosage/hr by the total time
duration (e.g., hr.). Once the desired quantity of pharmaceu-
tical gas has been set on the device, the system can then
determine the amount of pharmaceutical gas to be delivered
in each breath and the amount of time and/or the number of
breaths that it will take to deliver the total desired quantity of
drug. As before, monitor display 6 can display a running total
of'the delivered dose of pharmaceutical gas (mg) (e.g., shown
at 17) as it is delivered to the patient so the user can monitor
the progress of the treatment. This can be updated each breath
as more pharmaceutical gas is delivered.

[0048] As can be appreciated, FIGS. 2A and 2B illustrate
two of the many options for setting the desired quantity and
duration of pharmaceutical gas therapy. These options are not
meant to be exhaustive and there are other setting options
described or that can be understood from the detailed descrip-
tions that follow.

[0049] In exemplary embodiments, providing and/or gen-
erating desired flow profiles for pulse doses of pharmaceuti-
cal gas, systems and methods of the present disclosure can,
determine, factor in, and/or allow setting of an amount of
pharmaceutical gas to be delivered in each breath and an
amount of time, and/or the number of breaths that it will take
to deliver the desired quantity of pharmaceutical gas. For
example, once the desired quantity of gaseous drug has been
set and/or determined, the gas control system can then deter-
mine the amount of pharmaceutical gas to be delivered in each
breath and the amount of time and/or the number of breaths
that it will take to deliver the desired quantity of pharmaceu-
tical gas.

[0050] There are a number of different approaches that the
gas control system can use to determine the amount per breath
and how long to deliver that dose so the desired quantity of
pharmaceutical gas can be delivered independent of the res-
piratory pattern of the patient:

[0051] a) The user can set the quantity of pharmaceutical
gas to be delivered during each breath (M,,, breath) and the
gas control system can calculate the number of breaths
(0,0 0ms) Which will be required to deliver the total quantity of
pharmaceutical gas (M,,,) i.e.

Hpreaths :Mp‘g/ Mpg breath (5)

[0052] Once the total number of breaths (n,,.,,,s) required
has been determined the value can be displayed on the front
panel 12 by way of display 16 to inform the user of the number
of breaths.

[0053] b) The user can set the number of breaths (n,,.,.5)
that will administer the total quantity of the pharmaceutical
gas and the system calculates the amount per breath (M,
breazn) 10 be delivered.

Mg brean :Mp‘g/ Mpreasns(ME) (6)

[0054] Once the amount per breath (M, ,.,.) to be deliv-
ered has been determined, the value can be displayed on the
front panel 10 to inform the user of the amount.

[0055] (c) Theusercould set the time duration for which the
treatment is to be delivered over. The amount per breath may
then be determined by calculating the quantity per minute and
then, for example, by monitoring the patient’s respiration rate
in breaths per minute, the amount per breath can be calcu-
lated. This calculation can be repeated after every breath so
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any changes in the patients respiratory rate does not affect the
overall quantity of gaseous drug being delivered.

[0056] d) If the desired quantity of pharmaceutical gas was
entered as a dose per Kg of the patient’s ideal body weight
(ng/kg) along with the patient’s ideal body weight (Kg) then
the amount per breath (M,,; ,..,) can be determined as a
function of the patient’s ideal body weight (IBW), the set
dose per kilogram (M, ) and the patient’s monitored respira-
tory rate (RR) or combinations thereof;

[0057] M, breath=f(IBW, M, , RR) and the number of
breaths can then be calculated as;

M preaths :Mpg/Mpg breath 7

[0058] Once the amount per breath (M, ,,..4) and the
number of breaths (n,,,,,,,) required to be delivered has been
determined, the values can be displayed on the front panel 10
to inform the user of the amounts the device has selected.
[0059] e) Instead of the ideal body weight (IBW) of the
patient, the height and sex of the patient could be entered
(which is how IBW is determined).

[0060] ) If the desired quantity of pharmaceutical gas per
unit of time is entered into the device, then the device can
calculate the quantity per breath to be delivered to the patient
based on the current monitored respiratory breath rate (as
determined by the breath trigger sensor). This quantity per
breath can be recalculated after every breath when new infor-
mation on the respiratory rate is available to ensure the quan-
tity per unit of time is maintained even if the patient respira-
tory breath pattern changes over time.

[0061] g) There can also be other ways of varying the quan-
tity of pharmaceutical gas delivered per breath to ensure the
quantity per unit of time is maintained even if the patients
respiratory rate changes. Another example may be where the
device has two different amounts of delivery per breath, a
high amount and a low amount. The device chooses which
one to use based on the calculated quantity per unit of time
being delivered over the past number of breaths. [fthe amount
per unit oftime is greater than required, it uses the low amount
per breath until the situation corrects itself; likewise, if the
quantity per unit of time is running low, then the unit switches
to the high amount per breath.

[0062] The device can also have programmed limits which
restrict the maximum and minimum values that can be
selected for M, breath so that the system doesn’t select
inappropriately too high or too low values. These limits can
be set to vary based on the patient’s ideal body weight, or
other indicator of the patient size such as the patient’s height,
or the respiratory rate of the patient.

[0063] The aforesaid information can be utilized to deliver
the doseto the patient and to determine the amount per breath,
time of administration, and/or other parameter in order to
commence the administration of pharmaceutical gas and/orto
terminate that administration when the user set quantity of the
pharmaceutical gas has been delivered to the patient. Further,
in exemplary embodiments, doses delivered to the patient can
be provided and/or generated in pulses of pharmaceutical gas
that can include desired flow profiles.

[0064] Turning now to FIG. 3, there is shown a schematic of
a system comprising various elements that can be used and/or
modified to carry out various exemplary embodiments of the
present disclosure, for example, when the patient is breathing
spontaneously and/or that can be used and/or modified to
provide and/or generate desired flow profiles for pulse doses
of pharmaceutical gas, for example, when the patient is
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breathing spontaneously. As can be seen, a patient device 18
can deliver the dosage of the pharmaceutical gas from a gas
delivery system 22 to a patient 41 via a gas conducting con-
duit 19. As indicated, patient device 18 can be any one of a
variety of devices that may actually direct the pharmaceutical
gas into the patient and/or may be a nasal cannula, a mask, an
endotracheal tube and the like, to name a few.

[0065] Inexemplary embodiments, there can be a source of
the pharmaceutical gas that can be a gas supply tank 20
containing the pharmaceutical gas generally in a carrier gas.
When the pharmaceutical gas is carbon monoxide, for
example, the conventional, commercially available carrier
gas may be air. The supply of carbon monoxide and air can be
provided in concentrations of 3000 ppm however, concentra-
tions within the range of 1000 to 5000 ppm of pharmaceutical
gas in air may also be possible alternatives. In the case of NO
as the pharmaceutical gas, the carrier gas may be nitrogen and
that may be available in concentrations range from 100 ppm
to 5000 ppm. Of course other concentrations can be used
and/or provided.

[0066] Accordingly, from supply tank 20, there can be a
tank pressure gauge 21 and a regulator 23 to bring the tank
pressure down to the working pressure of gas delivery system
22. The pharmaceutical gas can enter gas delivery system 22
through an inlet 24 that can provide a ready connection
between delivery system 22 and supply tank 20 via a conduit.
Gas delivery system 22 can have a filter 25 to ensure no
contaminants can interfere with the safe operation of the
system and/or a pressure sensor 27 to detect if the supply
pressure is adequate and can thereafter include a gas shut off
valve 26 as a control of the pharmaceutical gas entering
deliver system 22 and to provide safety control in the event
delivery system 22 is over delivering the pharmaceutical gas
to the patient. In the event of such over delivery, shut off valve
26 can be immediately closed and an alarm 42 can be sounded
to alert the user that the gas delivery system has been disabled.
As such, shut off valve 26 can be a solenoid operated valve
that can be operated from signals directed from a central
processing unit including a microprocessor.

[0067] Downstream from shut off valve 26 can be a flow
control system that controls the flow of the pharmaceutical
gas to the patient through patient device 18. In exemplary
embodiments, the flow control system can comprise a first
flow control valve that can be a high flow control valve 28 and
a second flow control valve that can be a low control valve 30
and just downstream and/or upstream (not shown) from flow
control valves 28, 30, respectively, there can be a first flow
orifice that can be a high flow orifice 32 and a second flow
orifice that can be a low flow orifice 34. The purpose and use
of the flow valves 28, 30 and flow orifices 32, 34 will be later
explained. A gas flow sensor 36 can also be located in the flow
of' pharmaceutical gas to patient device 18 and, as shown, can
be downstream from the flow control system, however, gas
flow sensor 36 may alternatively be located upstream of the
flow control system.

[0068] In exemplary embodiments, volumetric offset (e.g.,
volumetric offset 33 and 35) can be located between and/or
can separate flow valves (e.g., flow valves 28 and 30) from
orifices (e.g., flow orifices 32 and 34) such that a volume of
gas can be in the volumetric offset. The purpose and use of
volumetric offset 33 and 35 as well as flow valves 28, 30 and
flow orifices 32, 34 will be later explained.

[0069] Next, there can be a patient trigger sensor 38. When
the patient breathes in during inspiration it can create a small
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sub atmospheric pressure in the nose or other area where
patient device 18 is located, and hence in patient device 18
itself. Patient trigger sensor 38 can detect this pressure drop
and can provide a signal indicative of the start of inspiration of
the patient. Similarly, when the patient breathes out there can
be a positive pressure in patient device 18 and patient trigger
sensor 38 can detect that positive pressure and can provide a
signal indicative of the beginning of expiration. This can
allow patient trigger sensor 38 to determine not only the
respiratory rate of the patient but also the inspiratory times
and/or expiratory times. It will be understood that other tech-
niques can be used to determine the respiratory rate of the
patient, inspiratory times, and expiratory times, and/or other
aspects of patient breathing.

[0070] Finally there can be a central processing unit (CPU)
40 that can communicate with patient trigger sensor 38, flow
valves 28, 30, gas shut off valve 26, and other components in
order to carry out various exemplary embodiments of the
present disclosure. CPU 40 can include a processing compo-
nent such as a microprocessor to carry out all of the solutions
to the equations that can be used by the gas delivery system 22
to deliver the predetermined quantity of the pharmaceutical
gas to a patient. The CPU 40 can be connected to the front
panel 10 where the user can enter settings and monitor
therapy.

[0071] In exemplary embodiments, various elements of
delivery system 22 can be used and/or modified to carry out
various exemplary embodiments of the present disclosure
when spontaneous breathing occurs. Also, in exemplary
embodiments, various elements of delivery system 22 can be
used and/or modified to provide and/or generate desired flow
profiles for pulses of pharmaceutical gas. By way of example,
when delivery system 22 detects, (e.g., by way of patient
trigger sensor 38) that inspiration has started, a signal can be
provided to CPU 40 to deliver a dose of a pharmaceutical gas
(M, breath) into the patient’s inspiratory gas flow, preferably
during the first %5 of the inspiratory cycle. This amount per
breath can have been determined based on the desired quan-
tity of pharmaceutical gas that may have been set on the
system and the calculations made in a) to g) described earlier.
[0072] Theactual volume of gas delivered during the breath
can depend on the concentration of the pharmaceutical gas in
the carrier gas supplied by supply tank 20. A typical source
concentration (C,,) for pharmaceutical gas can be 3000 ppm
(range 500 to 5000). The volume of source gas (V) per breath
to provide a dose per breath (M,,, breath) when the source of
pharmaceutical gas is 3000 ppm can be given by the following
equation, combining equations 2, 3, 4 and 6;

V=M ol (28-Cord 16x1071) o

[0073] Given that M,,~60x107> (g), C,,~3000 (ppm),
1700 =600, then V =286 (mL).

[0074] To deliver the volume of source gas per breath (V ),
that is, the pharmaceutical gas and the carrier gas, delivery
system 22 can open a flow control valve, such as a first flow
valve that can be high flow valve 28 and/or a second flow
valve that can be a low flow valve 30 to allow the gas to flow
to the patient until the volume per breath (V,) has been
delivered. The presence of the first flow orifice that can be
high flow orifice 32 and the second flow orifice that can be low
flow orifice 36 can limit the flow of gas to a fixed set level
during the period that flow valves 28, 30 are open so delivery
system 22 can determine the period of time flow valves 28, 30
should be open to deliver the volume per breath (V) required.
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Also, the flow can be determined by gas flow sensor 36 to
monitor the gas flow to patient device 18 and thus to the
patient and can shut off the appropriate flow control valve 28,
30 when the desired predetermined quantity of pharmaceuti-
cal gas dose has been delivered to the patient.

[0075] In exemplary embodiments, to provide enough
range to cover all the possible doses, the use of multiple flow
valves such as, but not limited to, flow valve 28 and flow valve
30 along with corresponding multiple orifices, flow orifice 32
and flow orifice 34, can be used in parallel so as to provide
ranges of gas flow. For instance, gas flow through flow valve
30 could be set to 1 L/min and gas flow through flow control
valve 28 could be set to 6 [/min. The flow range of the
particular gas flow valve can be selected to ensure that the
volume of gas per breath (V) can be delivered to the patient
in at least %% the inspiratory time.

[0076] As an example, if the patient was breathing at 12
breaths per minute and had an I:E ratio of 1:2 then the inspira-
tory time would be 1.66 seconds and half that would be 0.83
seconds.

[0077] The time (t) taken to deliver a V;, of 28 mL can be
calculated as follows.

1=V ;60/(0Q-1000) (secs) ()]

[0078] When Q (the flow of gas when the flow valve 28 is
open)=6 L/mins t=0.28 (secs).

[0079] That time is therefore well within % the inspiratory
time allowed of 0.83 seconds.

[0080] Delivery system 22 can also include monitoring and
alarm features to alert the user if delivery system 22 is, for
example, not working correctly. Those alarm conditions can
be determined by CPU 40 and/or alarm 42 can be activated to
alert the user to the particular fault condition. Alarm 42 can be
audible, visual or both and the alarm conditions can be any
one orall of the following: No breath detected Low source gas
pressure Inaccurate delivery of the volume per breath (V,),
Over delivery of the volume per breath (V ), Under delivery
of the volume per breath (V ), to name a few.

[0081] Under certain conditions, such as when the delivery
system 22 is over delivering the pharmaceutical gas, CPU 40
may signal gas shut off valve 26 and immediately cease any
further delivery of the pharmaceutical gas and/or alarm 42
may also be activated.

[0082] The use of alarm 42 can also be an alternative to
actually shutting off the supply of the pharmaceutical gas to a
patient when the predetermined desired quantity of pharma-
ceutical gas has been fully delivered to the patient. In such
case, as an alternative to ceasing the further supply of the
pharmaceutical gas to the patient, delivery system 22 may, by
way of CPU 40, activate alarm 42 to alert the user that the total
predetermined desired quantity of the pharmaceutical gas has
been delivered. The user can then determine whether to
manually deactivate delivery system 22 or continue the deliv-
ery of the pharmaceutical gas, for example, under more
watchful control of the patient’s status.

[0083] Turning now to FIG. 4, there is shown a schematic
view of a gas delivery system 44 used in conjunction with a
patient being breathed by a ventilator 46. Various elements of
gas delivery system 44, used in conjunction with ventilator
46, can used and/or modified to provide and/or generate
desired flow profiles for pulses of pharmaceutical gas. Similar
to FIG. 3, again there is a supply tank 20 that can include a
conventional gas regulator 23 and a pressure gauge 21 to
supply the pharmaceutical gas along with the carrier gas to an

Apr. 21, 2016

inlet 24 in gas delivery system 44. Briefly summarizing the
components of the FIG. 4, since they may be basically the
same components as described with respect to the FIG. 3,
there can be a filter 25 and a pressure sensor 27 in gas delivery
system 44. Again there can be a shut off valve 26 to control the
overall flow of the pharmaceutical gas through gas delivery
system 44.

[0084] Flow control valves 28 and 30 can control the flow
of'the pharmaceutical gas through gas delivery system 44 and,
flow valves 28, 30 can operate as described with respect to the
FIG. 3 with flow orifices 32, 34 located downstream and/or
upstream (not shown) of the flow control valves.

[0085] Further, volumetric offset 33 and 35 can be located
between and/or can separate flow valves 28 and 30 flow
orifices 32 and 34 such that a volume of gas can be in the
volumetric offset.

[0086] Again there can be a gas flow sensor 36 and/or a
patient trigger sensor 66, both of which can communicate
with a CPU 40. In exemplary embodiments, the pharmaceu-
tical gas can be carried through an outlet conduit 70 to a
patient device 72 that can also receive breathing gas from
ventilator 46. As such, ventilator 46 can deliver a flow of gas
through an inspiratory limb 74 and gas can be returned to
ventilator 46 through an expiratory limb 76.

[0087] The flow of gas from ventilator 46 can thus be
supplemented by the flow of pharmaceutical gas from gas
delivery system 44 where that gas may be mixed at, or proxi-
mate to, patient device 72 for introduction into patient 78.
Since the pharmaceutical gas can be delivered to the patient
over the plurality of breaths, as disclosed above, CPU 40 can
carry out the same and/or similar determinations of flows and
the like as explained with respect to the FIG. 3. A difference
between FIG. 4 and that shown in FIG. 3 is that the patient
trigger sensor 66 can be designed to operate in a way that
works with ventilator 46.

[0088] For instance, when ventilator 46 provides gas flow
to a patient during inspiration, it can cause a positive pressure
in the breathing circuit. The positive pressure can be con-
ducted through outlet conduit 70 and can be detected by
patient trigger sensor 66 and can be recognized as the start of
inspiration. This is unlike exemplary embodiments of FIG. 3
where the patient breathes spontaneously and a negative pres-
sure can be generated during inspiration in patient device 18;
this negative pressure can be conducted to patient trigger
sensor 38 of FIG. 3 and can be recognized as the start of
inspiration. As can be appreciated, patient trigger sensor 38 of
FIG. 3 and patient trigger sensor of FIG. 4 could be the same
pressure sensor and gas delivery system 44 can be set for work
with a ventilator or a spontaneously breathing patient.

[0089] Inexemplary embodiments, the shape and/or prop-
erties of desired flow profiles generated and/or provided by a
pharmaceutical gas delivery system can be based on aspects
such as, but not limited to, spatial relationships of elements of
the fixed flow rate assembly, rate of valve closure and open-
ing, latent flows, and/or transient wave generation and/or
propagation. By way of example, systems and methods of'the
present disclosure can generate and/or provide desired flow
profiles by configuring, modifying, optimizing, and/or fac-
toring in, amongst other things, (1) the rapid opening and
closing the flow valve, (2) transient wave generation and/or
propagation in response to the rapid opening and closing the
flow valve, (3) the location of the flow valve upstream or
downstream of the orifice, (4) the including of a volumetric
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offset separating the flow valve from the orifice, and (5) the
flow of a volume of gas affiliated with the volumetric offset.
[0090] Using systems and methods of the present disclo-
sure variables and/or aspects can be configured, modified,
optimized, and/or factored in to generate and/or provide
desired flow profiles to patients suffering from COPD, IPF,
and PAH, to name a few. At times, the name of a specific
disease may not be provided; however, this is merely for ease.
[0091] Referring to FIGS. 5A-9D, in exemplary embodi-
ments, a desired flow profile that is substantially polygonal in
shape can be generated and/or provided such that it includes
an initial flow spike, as shown in FIGS. 5B, 6B, and 6D,
and/or a waning flow, as shown in FIGS. 5D, 7B, 7D, 9B, and
9D, and/or a substantially rectangular shape, as shown in
FIGS. 8B and 8D. The shape of the desired flow profile as well
as attributes such as an initial flow spike and/or a waning flow
can be generated and/or produced in response to, amongst
other things, configuring a pharmaceutical gas delivery sys-
tem such that the location of a first fixed flow valve 502 (e.g.,
flow valve 28, flow valve 30, etc.) can be upstream or down-
stream of a first fixed flow orifice 504 (e.g., a high flow orifice
32, low flow orifice 34, etc.) with a volumetric offset 506
located between and/or separating first fixed flow valve 502
and first fixed flow orifice 504 whereby first fixed flow valve
502 is rapidly opened and closed.

[0092] Referring to FIGS. 5A-5B, in exemplary embodi-
ments, to generate and/or provide a desired flow profile 508
that includes an initial flow spike 510, a pharmaceutical gas
delivery system can be configured to include a volumetric
offset 506 located between and/or separating a first fixed flow
orifice 504 located upstream to a first fixed flow valve 502,
first fixed flow valve 502 being capable of rapidly actuating.
In this configuration, desired flow profile 508 that includes
initial flow spike 510 can be generated and/or provided to a
patient by rapidly opening first fixed flow valve 502 at time
(T1) to flow (Q1) causing an initial flow spike 510 of flow
(Q2) of transient therapeutic gas to be generated and/or
propagated to the patient. In exemplary embodiments, the
volume of flow (Q2-Q1 for T2-T1) associated with initial
flow spike 510 can be substantially equal to the volume in
volumetric offset 506. In exemplary embodiments, this vol-
ume can be set to a desired amount to provide a specific initial
flow spike to a patient.

[0093] Still referring to FIGS. 5A-5B, following desired
flow profile 508, therapeutic gas flow can be provided to the
patient for a duration of time (e.g., T2 to T3) until first fixed
flow valve 502 is closed rapidly at T3 causing a sharp cutoff
in flow of therapeutic gas to the patient.

[0094] Referring to FIGS. 5C-5D, in exemplary embodi-
ments, to generate and/or provide a desired flow profile 512
that includes a waning flow 514, a pharmaceutical gas deliv-
ery system can be configured to include a volumetric offset
506 located between and/or separating a first fixed flow ori-
fice 504 located downstream to a first fixed flow valve 502,
first fixed flow valve 502 being capable of rapidly actuating.
In this configuration, desired flow profile 512 can be gener-
ated and/or provided to a patient by rapidly opening first fixed
flow valve 502 at time (T1) to flow (Q1) and continuing to
flow therapeutic gas to a patient for a duration of time (e.g., T1
to T2).

[0095] Still referring to FIGS. 5C-5D, in exemplary
embodiments, at time (T2) first fixed flow valve 502 can be
closed rapidly ceasing flow through first fixed flow valve 502
while a volume of waning flow 514 can be provided to the
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patient until T3. In exemplary embodiments, the volume of
flow associated with waning flow 514 can have a volume
substantially equal to a volume in volumetric offset 506. In
exemplary embodiments, this volume can be set to a desired
amount to provide a specific waning flow to a patient.
[0096] Referring to FIGS. 6A-6D, in exemplary embodi-
ments, the volume of flow (Q2-Q1 for T2-T1) associated
with initial flow spike 510 of desired flow profile 508 can be
adjusted by varying the amount of volumetric offset 506, and
therefore volume, between and/or separating first fixed flow
valve 502 and first fixed flow orifice 504. Referring to FIGS.
6A-6B, the volume of flow (Q2-Q1 for T2-T1) associated
with initial flow spike 510 can be augmented by increasing
the amount of volumetric offset 506, and therefore volume,
between and/or separating first fixed flow valve 502 and first
fixed flow orifice 504. Referring to FIGS. 6C-6D, the volume
of flow (Q2-Q1 for T2-T1) associated with initial flow spike
510 can be reduced by decreasing the amount of volumetric
offset 506, and therefore volume, between and/or separating
first fixed flow valve 502 and first fixed flow orifice 504. Q2
may change as a result of varying the amount of volumetric
offset 506 and/or Q2 may constant as the amount of volumet-
ric offset 506 is varied with only the volume of flow (Q2-Q1
for T2-T1) associated with initial flow spike 510 changing.
[0097] Referring to FIGS. 7A-7D, in exemplary embodi-
ments, the volume of flow associated with waning flow 514 of
desired flow profile 514 can be adjusted by varying the
amount of volumetric offset 506, and therefore volume,
between and/or separating first fixed flow valve 502 and first
fixed flow orifice 504. Referring to FIGS. 7A-7B, the volume
of flow associated with waning flow 514 can be augmented by
increasing the amount of volumetric offset 506, and therefore
volume, between and/or separating first fixed flow valve 502
and first fixed flow orifice 504. Referring to FIGS. 7C-7D, the
volume of flow associated with waning flow 514 can be
reduced by decreasing the amount of volumetric offset 506,
and therefore volume, between and/or separating first fixed
flow valve 502 and first fixed flow orifice 504.

[0098] In exemplary embodiments, the shape and/or slope
of waning flows and/or initial flow spikes can be modified
and/or based on aspects of fixed flow rate assemblies and/or a
pharmaceutical gas delivery system. In exemplary embodi-
ments, waning flows and/or initial flow spikes can have linear
and/or exponential shapes by modifying elements of fixed
flow rate assemblies and/or a pharmaceutical gas delivery
system such that flow is laminar and/or non-laminar. To pro-
duce laminar and/or non-laminar flow the ratio of the orifice’s
opening to tubing cross-section and/or volumetric offsets
cross-section can be modified. To produce laminar and/or
non-laminar flow the ratio of the shape of orifices and/or
elements of fixed flow rate assemblies and/or a pharmaceuti-
cal gas delivery system can be modified.

[0099] As can be taken from FIGS. 6 A-D and 7A-D, reduc-
ing the amount of volumetric offset 506 can adjust the flow
profile to decrease the initial flow spike 510 and/or the waning
flow 514. Accordingly, in exemplary embodiments, the
amount of volumetric offset 506 can be minimized such that
the initial flow spike 510 and/or the waning flow 514 is
minimized, and thus producing a desired flow profile 508 or a
desired flow profile 512 that is substantially rectangular in
shape (e.g. a pulse wave).

[0100] Referring to FIGS. 8A-D, in exemplary embodi-
ments, the volumetric offset 506 is negligible (and therefore
not shown) such that the desired flow profile 508 or 512 is
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substantially rectangular in shape. As can be seen from FIGS.
8A-8B (first fixed flow orifice 504 located upstream from first
fixed flow valve 502) and FIGS. 8C-8D (first fixed flow orifice
504 located downstream from first fixed flow valve 502), a
pulse wave can be generated by having the first flow orifice
504 either upstream or downstream from the first fixed flow
valve 502.

[0101] Accordingly, in exemplary embodiments, the
amount of volumetric offset can be less than or equal to a
certain volume, such as less than or equal to any of the
following volumes: 5 mL, 4 m[.,3 mL, 2 mL,, 1.5 ml, 1 mL,
0.9ml,0.8mL,0.7mL,0.6mL,0.5mL,0.4mL,0.3mL,0.2
mL,0.15ml, 0.1 mL, 0.09 mL, 0.08 mL, 0.07 mL, 0.06 mL,
0.05 mL, 0.04 mL,, 0.03 mL, 0.02 mL, 0.015 mL, 0.01 mL,
0.009 mL, 0.008 mL, 0.007 mL, 0.006 mL, 0.005 mL, 0.004
mL, 0.003 m[, 0.002 mL, 0.0015 mL, 0.001 mL or 0.0005
mL.

[0102] Inexemplary embodiments, smaller volumetric oft-
sets can be used when the expected pulse of pharmaceutical
gas is small, to ensure that any initial pulse spike and/or
waning flow is only a small portion of the total pulse volume.
For example, the volume of the pulse of pharmaceutical gas
depends on the concentration of the pharmaceutical gas and
the desired dose of pharmaceutical gas. Higher concentra-
tions of pharmaceutical gas can result in smaller pulse vol-
umes, and thus the volumetric offset can be smaller in phar-
maceutical gas delivery systems that are designed to have
small minimum pulse volumes or small average pulse vol-
umes. Exemplary pulse volumes may be in the range of 0.1
mL to 30 mL, such as 30 mL, 25 mL, 20 mL, 15 mL, 10 mL,
9mL,8mL,7mL, 6mL,5mL,4mL,3mL,2mL, 1mL,0.9
mL,0.8ml,0.7mL,0.6mL,0.5mL,0.4ml,0.3mL,0.2mL
or 0.1 mL.

[0103] Inexemplary embodiments, the volumetric offset is
only a certain proportion of a minimum pulse volume, aver-
age pulse volume, or maximum pulse volume that is expected
for the pharmaceutical gas delivery system. In some embodi-
ments, the volumetric offset has a volume that is less than or
equal to a certain percentage of the minimum pulse volume,
average pulse volume, or maximum pulse volume, such as
less than or equal to any of the following percentages: 50%,
40%, 30%, 25%, 20%, 15%, 10%, 9%, 8%, 7%, 6%, 5%, 4%,
3%, 2%, 1%, 0.9%, 0.8%, 0.7%, 0.6%, 0.5%, 0.4%, 0.3%,
0.2%, 0.1%, 0.05% or 0.01%.

[0104] For some pharmaceutical gases and some diseases,
it can be desired that the pulse of pharmaceutical gas is only
delivered during a portion of the patient’s inspiration, such as
during the first Y2 of inspiration, first ¥4 of inspiration, first Y4
of inspiration, etc. Accordingly, minimizing or eliminating
the waning flow of a pulse volume can help ensure that the
entire pulse of pharmaceutical gas is delivered during the
desired window. In various embodiments, the entire pulse
width (e.g. T1 to T3) is within a certain range, such as 10
milliseconds (msec) to 2 seconds (sec). Exemplary values
within this range include 10 msec, 20 msec, 30 msec, 40
msec, 50 msec, 60 msec, 70 msec, 80 msec, 90 msec, 100
msec, 150 msec, 200 msec, 250 msec, 300 msec, 350 msec,
400 msec, 450 msec, 500 msec, 600 msec, 700 msec, 800
msec, 900 msec, 1 sec, 1.5 sec or 2 sec.

[0105] Referring to FIG. 9A-9D, in exemplary embodi-
ments, a desired flow profile that is substantially triangular in
shape can be provided and/or generated. In exemplary
embodiments, with first fixed flow orifice 504 located down-
stream to first fixed flow valve 502 a substantially triangular
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desired flow profile can be generated and/or provided having
(1) a sharp turn on of flow (Q1) provided to a patient by
rapidly opening first fixed flow valve 502 at T1, (2) negligible
flow can then be provided for a de minimis duration of time,
and (3) after first fixed flow valve 502 closes rapidly at T2
flow through first fixed flow valve 502 can cease while the
volume associated with waning flow 514 can continue to be
provided to the patient until T3. Similar to above, the volume
associated with waning flow 514 of a triangular desired flow
profile can be adjusted by varying the amount of volumetric
offset 506, and therefore volume, between and/or separating
first fixed flow valve 502 and first fixed flow orifice 504.
[0106] Referring to FIGS. 10A-10H, in exemplary embodi-
ments, the volume associated volumetric offset 506 can
increased and/or decreased by adjusting the relative separa-
tion of first fixed flow orifice 504 to first fixed flow valve 502
and/or modifying the shape of volumetric offset 506. For
example, referring to FIGS. 10D and 10H, the volume of
volumetric offset 506 can increased and/or decreased by
adjusting the relative separation of first fixed flow orifice 504
to first fixed flow valve 502. For another example, referring to
FIGS. 10A-10C and 10E-10G the volume of volumetric off-
set 506 can increased and/or decreased by modifying the
shape of volumetric offset 506 between first fixed flow orifice
504 to first fixed flow valve 502.

[0107] Referring to FIGS. 11A-11B, in exemplary embodi-
ments, the volumetric offset can be a volume located off of a
connection between and/or separating first fixed flow orifice
to a first fixed flow valve. For example, volumetric offset 506
can be a separate reservoir providing volume between and/or
separating first fixed flow orifice to afirst fixed flow valve. For
ease, at times, the volumetric offset is illustrated and/or
described as being a volume between and/or separating a first
fixed flow orifice to a first fixed flow valve. This is merely for
ease and is in no way meant to be a limitation.

[0108] It will be understood that the volume associated
with the volumetric offset can be increased and/or decreased
by modifying the shape of the volumetric offset, the volumet-
ric offset can be any shape, and/or the shape of the volumetric
offset can be selected to modify the shape and/or properties of
desired flow profiles generated and/or provided by a pharma-
ceutical gas delivery system. For ease, at times, the volumet-
ric offset is illustrated and/or described as being increased
and/or decreased by adjusting the relative separation of, and
therefore volume, a first fixed flow orifice to a first fixed flow
valve. This is merely for ease and is in no way meant to be a
limitation.

[0109] In exemplary embodiments, systems and methods
of'the present disclosure can generate and/or provide desired
flow profiles having varying flow rates using fixed flow
valves. These desired flow profiles can provide flow rates
beyond those of the on and off values of fixed flow valves used
and/or associated with a pharmaceutical gas delivery system.
By way of example, as described herein, pharmaceutical gas
delivery systems using, for example, fixed flow assemblies
can provide varying flow rates by taking into account spatial
relationships of elements of the fixed flow rate assembly, rate
of valve closure and opening, latent flows, transient wave
generation and/or propagation, to name a few. This can allow
for, amongst other things, more complex flow profiles with-
out using expensive components (e.g., proportional flow
valves)

[0110] Further, in exemplary embodiments, systems and
methods of the present disclosure can generate and/or provide
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desired flow profiles having varying flow rates using multiple
fixed flow valves. These desired flow profiles can provide
flow profiles with flow rates beyond those of the on and off
values, and/or cumulative on and off values, of the multiple
fixed flow valves. At times, only one or two fixed flow valves
are described. This is merely for ease and is in no way meant
to be a limitation.

[0111] In exemplary embodiments, substantially complex
desired flow profiles can be generated and/or provided that
can have varying flow rates using fixed flow valves rather than
proportional valves. Proportional valves can be substantially
more expensive than fixed flow valves, and may not be as
reliable and/or as predictable as fixed flow valves. Systems
and methods of the present disclosure can allow for generat-
ing and/or providing substantially complex desired flow pro-
files without substantially increasing costs and/or without the
use of substantially expensive proportional valves. Accord-
ingly, using systems and methods of the present disclosure, a
pharmaceutical gas delivery system can be fabricated and/or
modified without including expensive components (e.g., pro-
portional valves, etc.) and/or by reducing the number of
expensive components used that can increase the cost of such
systems, reduce availability to the public, and/or utilize
resources that may be limited.

[0112] In exemplary embodiments, systems and methods
of'the present disclosure can generate and/or provide desired
flow profiles having varying flow rates using one or more
fixed flow valves as well as one or more proportional valve.
Various desired flow profiles can be generated by the combi-
nation of one or more fixed flow valves with one or more
proportional valve. At times, only fixed flow valves are
described. This is merely for ease and is in no way meant to be
a limitation.

[0113] Those skilled in the art will readily recognize
numerous adaptations and modifications which can be made
to the pharmaceutical gas delivery system and method of
delivering a pharmaceutical gas of the present disclosure
which will result in an improved method and system for
introducing a known desired quantity of a pharmaceutical gas
into a patient, yet all of which will fall within the scope and
spirit of the present disclosure as defined in the following
claims. Accordingly, the disclosure is to be limited only by the
following claims and their equivalents.

[0114] Reference throughout this specification to “one
embodiment,” “certain embodiments,” “one or more embodi-
ments,” “exemplary embodiment,” “exemplary embodi-

ments,” and/or “an embodiment” means that a particular fea-
ture, structure, material, or characteristic described in
connection with the embodiment is included in at least one
embodiment of the disclosure. Thus, the appearances of the
phrases such as “in one or more embodiments,” “in certain
embodiments,” “in one embodiment,” “exemplary embodi-
ment,” “exemplary embodiments,” and/or “in an embodi-
ment” in various places throughout this specification are not
necessarily referring to the same embodiment of the disclo-
sure. Furthermore, the particular features, structures, materi-
als, or characteristics can be combined in any suitable manner
in one or more embodiments.

[0115] It will be understood that any of the steps described
can be rearranged, separated, and/or combined without devi-
ated from the scope of the disclosure. For ease, steps are, at
times, presented sequentially. This is merely for ease and is in
no way meant to be a limitation.
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[0116] Further, it will be understood that any of the ele-
ments and/or embodiments of the disclosure described can be
rearranged, separated, and/or combined without deviated
from the scope of the disclosure. For ease, various elements
are described, at times, separately. This is merely for ease and
is in no way meant to be a limitation.

[0117] Although the disclosure herein has been described
with reference to particular embodiments, it is to be under-
stood that these embodiments are merely illustrative of the
principles and applications of the present disclosure. It will be
apparent to those skilled in the art that various modifications
and variations can be made to the method and apparatus of the
present disclosure without departing from the spirit and scope
of the disclosure. Thus, it is intended that the present disclo-
sure include modifications and variations that are within the
scope of the appended claims and their equivalents.

What is claimed is:

1. A system for providing a pulse of a pharmaceutical gas
having a desired flow profile to deliver to a patient, the system
comprising:

a first fixed flow rate assembly including a first fixed flow
valve in fluid communication with a first fixed flow
orifice, the first fixed flow valve being (1) a fixed flow
valve that rapidly opens and rapidly closes, (2) located
upstream or downstream of first fixed flow orifice and (3)
at a volumetric offset from the first fixed flow orifice; and

a flow delivery control that rapidly opens and rapidly closes
the first fixed flow orifice located at least one of upstream
or downstream of, and at the volumetric offset from, the
first fixed flow valve to provide a pulse of a pharmaceu-
tical gas having a desired flow profile to a patient.

2. The system of claim 1, wherein the pulse of a pharma-
ceutical gas having a desired flow profile is provided to a
patient to treat at least one of chronic obstructive pulmonary
disease (COPD), idiopathic pulmonary fibrosis (IPF), and
pulmonary hypertension (PH).

3. The system of claim 1, wherein when the first fixed flow
orifice is upstream to the first fixed flow valve at least one of
(1) an initial flow spike in volume of transient therapeutic gas
substantially equal to the volume in the volumetric offset is
delivered when the first fixed flow valve is opened rapidly and
(2) a sharp cutoffis provided when the first fixed flow valve is
closed rapidly.

4. The system of claim 1, wherein when the first fixed flow
orifice is downstream to the first fixed flow valve at least one
of (1) a sharp turn on is provided when the first fixed flow
valve is opened rapidly, and (2) a waning flow having a
volume substantially equal to a volume in the volumetric
offset is provided when the first fixed flow valve is closed
rapidly.

5. The system of claim 1, wherein when the first fixed flow
orifice is upstream from the first fixed flow valve, the volu-
metric offset is substantially minimized to decrease duration
of'a waning flow generated when the first fixed flow valve is
closed rapidly.

6. The system of claim 5, wherein the volumetric offset has
a volume of less than 1 mL.

7. The system of claim 6, wherein the volumetric offset has
a volume in the range of 0.0005 mL to 0.1 mL.

8. The system of claim 1, further comprising a dampener
for ringing.

9. The system of claim 1, wherein the desired flow profile
for the pulse of pharmaceutical gas is one that minimizes the
time that the first fixed flow valve is open.
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10. The system of claim 9, wherein the first fixed flow valve
provides a pulse having a pulse width of less than 500 milli-
seconds.

11. A method of providing a pulse of a pharmaceutical gas
with a desired flow profile to deliver to a patient, the method
comprising:

rapidly opening a first fixed flow valve that is located

upstream from a first fixed flow orifice to commence
delivery of a first dose of a pharmaceutical gas in a pulse
having a desired flow profile to a patient that abruptly
increases flow to a desired initial flow rate over negli-
gible time;

rapidly closing the first fixed flow valve to end flow,

through the first fixed flow valve, of the pharmaceutical
gas; and

providing a waning flow of the pharmaceutical gas after

rapidly closing the first fixed flow valve to complete
delivery, to the patient, of the pulse of the pharmaceuti-
cal gas with the desired flow profile, wherein the waning
flow is generated in response to arranging the first fixed
flow valve at a volumetric offset from the first fixed flow
orifice such that the waning flow is at least one of
reduced by lessening the volumetric offset or increased
by increasing the volumetric offset.

12. The method of claim 11, wherein the pulse of a phar-
maceutical gas having a desired flow profile is provided to a
patient to treat at least one of chronic obstructive pulmonary
disease (COPD), idiopathic pulmonary fibrosis (IPF), and
pulmonary hypertension (PH).

13. The method of claim 11, wherein the desired flow
profile is downwardly sloped triangular shaped.

14. The method of claim 11, further comprising:

maintaining open the first fixed flow valve to continue

delivery, to the patient, of the pulse of the pharmaceuti-
cal gas with the desired flow profile at a desired contin-
ued flow rate for a period of time.
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15. The method of claim 14, wherein the desired flow
profile is quadrilateral shaped.

16. The method of claim 15, wherein the volumetric offset
has a volume of less than 1 mL and the quadrilateral is
substantially rectangular shaped.

17. A method of providing a pulse of a pharmaceutical gas
with a desired flow profile to deliver to a patient, the method
comprising:

rapidly opening a first fixed flow valve that is located

downstream from a first fixed flow orifice to commence
delivery of a first dose of a pharmaceutical gas in a pulse
having a desired flow profile to a patient that abruptly
increases flow to a desired initial flow rate including an
initial flow spike over negligible time, wherein the initial
flow spike is generated in response to arranging the first
fixed flow valve at a volumetric offset from the first fixed
flow orifice such that the initial flow spike is at least one
of reduced by lessening the volumetric offset or
increased by increasing the volumetric offset; and
rapidly closing the first fixed flow valve to end flow,
through the first fixed flow valve, of the pharmaceutical
gas to complete delivery, to the patient, of the pulse of
the pharmaceutical gas with the desired flow profile.

18. The method of claim 17, wherein the pulse of a phar-
maceutical gas having a desired flow profile is provided to a
patient to treat at least one of chronic obstructive pulmonary
disease (COPD), idiopathic pulmonary fibrosis (IPF), and
pulmonary hypertension (PH).

19. The method of claim 17, further comprising:

maintaining open the first fixed flow valve to continue

delivery, to the patient, of the pulse of the pharmaceuti-
cal gas with the desired flow profile at a desired contin-
ued flow rate for a period of time.

20. The method of claim 17, wherein the desired flow
profile is quadrilateral shaped.
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