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(57) Abrégé/Abstract:

Described are methods for improving oxygen saturation in patients suffering from hypoxemia, wherein said patients are receiving a
continuous flow of oxygen at 10L/min and exhibit an initial oxygen saturation of at least about 88%, comprising administering
inhaled nitric oxide to said patients in an outpatient setting. Methods for improving quality of life for a hospitalized patient, reducing
patient hospitalization time, and reducing costs associated with patient hospitalization are also described.
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FIG. 1

(57) Abstract: Described are methods for improving oxygen saturation in patients suffering from hypoxemia, wherein said patients
are receiving a continuous flow of oxygen at 10L/min and exhibit an initial oxygen saturation of at least about 88%, comprising
administering inhaled nitric oxide to said patients in an outpatient setting. Methods for improving quality of life for a hospitalized
patient, reducing patient hospitalization time, and reducing costs associated with patient hospitalization are also described.
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USE OF INHALED NITRIC OXIDE (iNO) FOR THE IMPROVEMENT OF SEVERE
HYPOXEMIA

FIELD OF THE INVENTION

[001]  The present application relates generally to apparatus and methods for administration of

inhaled nitric oxide (iNO) for therapeutic improvement to severe hypoxemia.
CROSS REFERENCE TO RELATED APPLICATIONS

[002]  This international PCT application claims the benefit of U.S. Provisional Application
No. 62/717,433, filed August 10, 2018, which is hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[003]  Nitric oxide (NO) is a gas that, when inhaled, acts to dilate blood vessels in the lungs,
improving oxygenation of the blood and reducing pulmonary hypertension. Because of this,
nitric oxide is provided as a therapeutic gas in the inspiratory breathing phase for patients having
difficulty breathing due to a disease state, for example, pulmonary arterial hypertension (PAH),
chronic obstructive pulmonary disorder (COPD), combined pulmonary fibrosis and emphysema
(CPFE), cystic fibrosis (CF), idiopathic pulmonary fibrosis (IPF), emphysema, interstitial lung
disease (ILD), chronic thromboembolic pulmonary hypertension (CTEPH), chronic high altitude
sickness, or other lung disease.

[004] While NO may be therapeutically effective when administered under the appropriate
conditions, it can also become toxic if not administered correctly. NO reacts with oxygen to
form nitrogen dioxide (NO2), and NO2 can be formed when oxygen or air is present in the NO
delivery conduit. NO: is a toxic gas which may cause numerous side effects, and the
Occupational Safety & Health Administration (OSHA) provides that the permissible exposure
limit for general industry is only 5 ppm. Thus, it is desirable to limit exposure to NO2 during NO
therapy.

[005]  Effective dosing of NO is based on a number of different variables, including quantity
of drug and the timing of delivery. Several patents have been granted relating to NO delivery,
including US Patent Nos. 7,523,752; 8,757,148; 8,770,199; and 8,803,717, and a Design Patent
D701,963 for a design of an NO delivery device, all of which are herein incorporated by
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reference. Additionally, there are pending applications relating to delivery of NO, including

US2013/0239963 and US2016/0106949, both of which are herein incorporated by reference.

[006] The maximum level of oxygen delivery on an outpatient basis is 10 L/min. Some
patients with severe hypoxemia due to, for example, advanced lung disease, may have an
oxygenation level that drops to less than 88% while already on the maximum 10 L/min oxygen.
These patients are unable to be discharged from the hospital because oxygen saturation less than
88% can lead to life threatening situations. In the hospital, these patients are maintained on both
nasal cannula oxygen and a high flow oxygen mask. The need to maintain high levels of oxygen

therapy prevents these patients from being discharged from the hospital.

[007] Inhaled NO is an effective vasodilator, for example, for use in pediatric pulmonary
hypertension. Using continuous flow devices for delivery of iNQ, it has been shown that both in
adults and newborn infants with severe hypoxemia in the acute care setting, iNO improves
oxygenation (Teman NR, et al, AJCC Journal, 2018; Tang SF, et al, Arch Dis Child, 1998).
However, continuous flow iNO requires large tanks of gas and adequate ventilation to prevent
buildup of environmental NO and other byproducts. This limits the use of continuous iNO to
hospital settings and prevents the ability to treat patients in the home or in an ambulatory setting.
There remains a need for patients requiring improved oxygenation to be able to receive high
levels of oxygen through use of iNO delivery devices outside of a hospital setting, that is, in an
outpatient, ambulatory, or home environment so that the patient is not required to be hospitalized

to receive the appropriate oxygen therapy.
SUMMARY OF THE INVENTION

[008] In an embodiment of the present invention, a method for improving oxygen saturation
in a patient suffering from hypoxemia is described. The method comprises delivering a dose of
iNO in a pulsatile manner. In an embodiment of the invention, the iNO is delivered during a
portion of the inspiratory phase of a breath. In an embodiment of the invention, the patient is

receiving continuous oxygen therapy at a flow of about 10L/min.

[009] In an embodiment of the invention, a method for improving oxygen saturation in a
patient having an initial oxygen saturation of less than 88% when receiving continuous oxygen

therapy at a flow of 10L/min. is described. The method comprises administering iNO to the
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patient in an inpatient setting until the oxygen saturation is at least 88%, and continuing said iNO
and oxygen administration in an outpatient setting. In an embodiment of the invention, the iNO

delivered in an outpatient setting is delivered in a pulsatile manner.

[0010] In an embodiment of the invention, a method for reducing costs associated with patient
hospitalization is described. The method comprises identifying a patient with an oxygen
saturation level of below 88% while on continuous oxygen therapy at 10L/min., delivering iNO
to the patient until the oxygen saturation level rises to above 88%, discharging the patient from
the hospital and continuing to deliver iNO in a pulsatile manner to the patient together with

continuous oxygen therapy in an outpatient setting.

[0011] In an embodiment of the invention, a method for improving quality of life for a
hospitalized patient is described. The method comprises identifying a patient with an oxygen
saturation level of below 88% while on continuous oxygen therapy at 10L/min., delivering iNO
to the patient until the oxygen saturation level rises to above 88%, discharging the patient from
the hospital and continuing to deliver iNO in a pulsatile manner to the patient together with

continuous oxygen therapy in an outpatient setting.

[0012] In an embodiment of the invention, a method for reducing patient hospitalization time is
described. The method comprises identifying a patient with an oxygen saturation level of below
88% while on continuous oxygen therapy at 10L/min., delivering iNO to the patient until the
oxygen saturation level rises to above 88%, discharging the patient from the hospital and
continuing to deliver iNO in a pulsatile manner to the patient together with continuous oxygen

therapy in an outpatient setting.

[0013] Various embodiments are listed above and will be described in more detail below. It
will be understood that the embodiments listed may be combined not only as listed below, but in

other suitable combinations in accordance with the scope of the invention.

[0014] The foregoing has outlined rather broadly certain features and technical advantages of
the present invention. It should be appreciated by those skilled in the art that the specific
embodiments disclosed may be readily utilized as a basis for modifying or designing other
structures or processes within the scope present invention. It should also be realized by those
skilled in the art that such equivalent constructions do not depart from the spirit and scope of the

invention as set forth in the appended claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The foregoing summary, as well as the following detailed description of the invention,

will be better understood when read in conjunction with the appended drawings.

[0016] So that the manner in which the above recited features of the present invention can be
understood in detail, a more particular description of the invention, briefly summarized above,
may be had by reference to embodiments, some of which are illustrated in the appended
drawings. It is to be noted, however, that the appended drawings illustrate only typical
embodiments of this invention and are therefore not to be considered limiting of its scope, for the

invention may admit to other equally effective embodiments.
[0017] FIG. 1 is a graph demonstrating a single measurement of a breath.

[0018] FIG. 2 is a graph demonstrating measurement of a delivered pulse of nitric oxide to a

patient according to the present invention.

[0019] FIG. 3 is a graph demonstrating detection of breaths as a percentage of nitric oxide
delivery over total inspiratory time. The orange line represents a breath sensitivity setting of 8 of
10 (e.g., 80% of maximum sensitivity) on Embodiment 1, the blue line represents a breath
sensitivity setting of 10 of 10 (e.g., maximum sensitivity) on Embodiment 1, and the green line
represents a fixed breath sensitivity setting of 10 on Embodiment 2. The green line demonstrates
that about 93% of the nitric oxide dose is delivered during the first 33% (or first third) of total
inspiratory time, and 100% of the nitric oxide dose is delivered during the first 50% (or first half)
of total inspiratory time. The blue line demonstrates that about 62% of the nitric oxide dose is
delivered during the first 33% (or first third) of total inspiratory time, about 98% is delivered
during the first 50% (or first half) of total inspiratory time, and 100% is delivered during the first
67% (or first two-thirds) of total inspiratory time. The orange line demonstrates that about 17%
of the nitric oxide dose is delivered during the first 33% (or first third) of total inspiratory time,
about 72% is delivered during the first 50% (or first half) of total inspiratory time, and about
95% during the first 67% (or first two-thirds) of total inspiratory time.

[0020] FIG. 4 depicts the combined results described in FIG. 3.

[0021] FIGS. 5A and 5B depict an algorithm for breath detection and delivery of nitric oxide.
FIG. SA demonstrates a threshold algorithm. FIG. 5B demonstrates a slope algorithm.
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[0022] FIG. 6 is a graph demonstrating cumulative distribution curves for the change in SpO2
Nadir during the SMWT for subjects on placebo, iNO at 25mg/kg, and iNO at 75mg/kg.

DETAILED DESCRIPTION OF THE INVENTION

[0023] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as is commonly understood by one of skill in the art to which this invention belongs.

All patents and publications referred to herein are incorporated by reference in their entireties.

[0024] Before describing several exemplary embodiments of the invention, it is to be
understood that the invention is not limited to the details of construction or process steps set forth
in the following description. The invention is capable of other embodiments and of being

practiced or being carried out in various ways.

[0025] Reference throughout this specification to "one embodiment," "certain embodiments,"
"one or more embodiments" or "an embodiment" means that a particular feature, structure,
material, or characteristic described in connection with the embodiment is included in at least
one embodiment of the invention. Thus, the appearances of the phrases such as "in one or more
embodiments," "in certain embodiments," "in one embodiment" or "in an embodiment" in
various places throughout this specification are not necessarily referring to the same embodiment
of the invention. Furthermore, the particular features, structures, materials, or characteristics may

be combined in any suitable manner in one or more embodiments.

[0026] Although the invention herein has been described with reference to particular
embodiments, it is to be understood that these embodiments are merely illustrative of the
principles and applications of the present invention. 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
invention without departing from the spirit and scope of the invention. Thus, it is intended that
the present invention include modifications and variations that are within the scope of the

appended claims and their equivalents.
Definitions

[0027] The term “effective amount” or “therapeutically effective amount” refers to that amount

of a compound or combination of compounds as described herein that is sufficient to effect the
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intended application including, but not limited to, disease treatment. A therapeutically effective
amount may vary depending upon the intended application (in vitro or in vivo), or the subject and
disease condition being treated (e.g., the weight, age and gender of the subject), the severity of
the disease condition, the manner of administration, efc. which can readily be determined by one
of ordinary skill in the art. The term also applies to a dose that will induce a particular response
in target cells (e.g., the reduction of platelet adhesion and/or cell migration). The specific dose
will vary depending on the particular compounds chosen, the dosing regimen to be followed,
whether the compound is administered in combination with other compounds, timing of
administration, the tissue to which it is administered, and the physical delivery system in which

the compound is carried.

[0028] A “therapeutic effect” as that term is used herein, encompasses a therapeutic benefit
and/or a prophylactic benefit. A prophylactic effect includes delaying or eliminating the
appearance of a disease or condition, delaying or eliminating the onset of symptoms of a disease
or condition, slowing, halting, or reversing the progression of a disease or condition, or any

combination thereof.

[0029] When ranges are used herein to describe an aspect of the present invention, for
example, dosing ranges, amounts of a component of a formulation, etc., all combinations and
subcombinations of ranges and specific embodiments therein are intended to be included. Use of
the term "about" when referring to a number or a numerical range means that the number or
numerical range referred to is an approximation within experimental variability (or within
statistical experimental error), and thus the number or numerical range may vary. The variation is
typically from 0% to 15%, preferably from 0% to 10%, more preferably from 0% to 5% of the
stated number or numerical range. The term “comprising” (and related terms such as “comprise”
or “comprises” or “having” or “including”) includes those embodiments such as, for example, an
embodiment of any composition of matter, method or process that “consist of”” or “consist

essentially of” the described features.

[0030] For the avoidance of doubt, it is intended herein that particular features (for example
integers, characteristics, values, uses, diseases, formulae, compounds or groups) described in
conjunction with a particular aspect, embodiment or example of the invention are to be

understood as applicable to any other aspect, embodiment or example described herein unless
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incompatible therewith. Thus such features may be used where appropriate in conjunction with
any of the definition, claims or embodiments defined herein. All of the features disclosed in this
specification (including any accompanying claims, abstract and drawings), and/or all of the steps
of any method or process so disclosed, may be combined in any combination, except
combinations where at least some of the features and/or steps are mutually exclusive. The
invention is not restricted to any details of any disclosed embodiments. The invention extends to
any novel one, or novel combination, of the features disclosed in this specification (including any
accompanying claims, abstract and drawings), or to any novel one, or any novel combination, of

the steps of any method or process so disclosed.

[0031] With respect to the present invention, in certain embodiments, a dose of a gas (e.g., NO)
is administered in a pulse to a patient during an inspiration by the patient. It has been
surprisingly discovered that nitric oxide delivery can be precisely and accurately delivered within
the first two-thirds of total breath inspiration time and the patient obtains benefits from such
delivery. Such delivery minimizes loss of drug product and risk of detrimental side effects
increases the efficacy of a pulse dose which in turn results in a lower overall amount of NO that
needs to be administered to the patient in order to be effective. Such delivery is useful for the
treatment of various diseases, such as but not limited to idiopathic pulmonary fibrosis (IPF),
pulmonary arterial hypertension (PAH), including Groups I-V pulmonary hypertension (PH),
chronic obstructive pulmonary disorder (COPD), cystic fibrosis (CF), interstitial lung disease
(ILD), combined pulmonary fibrosis and emphysema (CPFE), chronic high altitude sickness,
chronic thromboembolic pulmonary hypertension (CTEPH), and emphysema, and is also useful

as an antimicrobial, for example, in treating pneumonia.

[0032] Such precision may have further advantages in that only portions of the poorly ventilated
lung area is exposed to NO. Hypoxia and issues with hemoglobin may also be reduced with such

pulsed delivery, while NO2 exposure is also more limited.

Methods for Improving Oxygen Saturation

[0033] When a patient suffers from extreme hypoxemia (e.g., an SpO:z level of lower than 88%)
while on a maximum flow of continuous oxygen (e.g., 10L/min), the patient is required to be
admitted to and/or stay in the hospital because hypoxemia at that level may cause life threatening

injury and/or further illness. The need to maintain high levels of oxygen therapy prevents these
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patients from being discharged from the acute care setting (e.g., a hospital). Use of continuous
flow iNO has been shown to improve oxygen saturation in patients with severe hypoxemia in an
acute care setting. However, continuous flow iNO also requires hospitalization due to
ventilation requirements and gas tank sizes. Thus, even if the patient’s SpOa level rises to above
the 88% threshold, the patient would still require hospitalization to receive the continuous iNO

therapy.

[0034] The present invention provides for a method of improving oxygen saturation using pulsed
dose delivery of iNO in order to reduce the hospitalization time and costs. The pulsed dose
delivery method uses a portable, personal device, and delivers small, pulsed doses of iNO at
specific times during inspiration, as described in more detail below, which obviates the need for
large tanks, appropriate ventilation, and hospitalization. This gives the patient more freedom and
comfort to get on with their life, and reduces hospitalization time and costs for the patient and for

the healthcare system.

[0035] The present invention provides for a method for improving oxygen saturation in patients
displaying little or no improvement to SpO2 with long term oxygen therapy (LTOT). Patients
must first have their SpOa levels reach or exceed a threshold to be discharged from the hospital.
Thus, in an embodiment of the invention, pulsed iNO delivery may occur in the hospital setting.
In another embodiment, when the threshold SpOzlevel is reached or exceeded, the patient may
be discharged from the hospital setting and use or continue to use the pulsed iNO delivery
system in an outpatient setting. In certain embodiments, the threshold SpOz level is between
80% and 90%, is between 82% and 88%, is between 84% and 86%. In certain embodiments, the
threshold SpO2 level is 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, or 90%. In
certain embodiments, the threshold SpOz level is 88%.

[0036] In an embodiment of the invention, a method for reducing hospitalization costs is
described. The method includes identifying a patient with an oxygen saturation level of below
88% while on continuous oxygen therapy at 10L/min; delivering iNO (e.g., in a pulsatile manner
as described herein or in a continuous manner) to said patient until said oxygen saturation level
rises to above 88%; discharging said patient from the hospital; and continuing to deliver iNO in a
pulsed manner to said patient together with continuous oxygen therapy in an outpatient setting.

In certain embodiments, the oxygen saturation is maintained at or above 88% for the patient in
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the outpatient setting.

A Device For Use With The Present Invention

[0037] In certain embodiments, the present invention includes a device, e.g. a programmable
device for delivering a dose of a gas (e.g., nitric oxide) to a patient in need. The device can
include a delivery portion, a drug cartridge including a compressed gas for delivery to a patient, a
breath sensitivity portion to detect a breath pattern in patient comprising a breath sensitivity
setting, at least one breath detection algorithm for determining when to administer the
compressed gas to the patient and a portion for administering the dose of nitric oxide to the

patient through a series of one or more pulses.
[0038] In certain embodiments, the drug cartridge is replaceable.

[0039] In certain embodiments, the delivery portion includes one or more of a nasal cannula, a
face mask, an atomizer, and a nasal inhaler. In certain embodiments, the delivery portion can
further include a second delivery portion to permit the simultaneous administration of one or

more other gases (e.g., oxygen) to a patient.

[0040] In certain embodiments, and as detailed elsewhere herein, the device includes an
algorithm wherein the algorithm uses one or both of a threshold sensitivity and a slope algorithm,
wherein the slope algorithm detects a breath when the rate of pressure drop reaches a

predetermined threshold.

[0041] In an embodiment of the invention, mechanically, a pulse dose of a gas can reduce, if not
eliminate, venturi effects which would normally create problems for other gas sensors. For
example, in the absence of the pulse doses of the present invention, Oz back pressure sensors
may override delivery of O2 when Oz is administered simultaneously with another gas such as

NO.

Breath Patterns, Detection and Triggers

[0042] Breath patterns vary based on the individual, time of day, level of activity, and other
variables; thus it is difficult to predetermine a breath pattern of an individual. A delivery system
that delivers therapeutics to a patient based on breath pattern, then, should be able to handle a

range of potential breath patterns in order to be effective.
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[0043] In certain embodiments, the patient or individual can be any age, however, in more

certain embodiments the patient is sixteen years of age or older.

[0044] In an embodiment of the invention, the breath pattern includes a measurement of total
inspiratory time, which as used herein is determined for a single breath. However, depending on
context “total inspiratory time” can also refer to a summation of all inspiratory times for all
detected breaths during a therapy. Total inspiratory time may be observed or calculated. In
another embodiment, total inspiratory time is a validated time based on simulated breath

patterns.

[0045] In an embodiment of the invention, breath detection includes at least one and in some
embodiments at least two separate triggers functioning together, namely a breath level trigger

and/or a breath slope trigger.

[0046] In an embodiment of the invention, a breath level trigger algorithm is used for breath
detection. The breath level trigger detects a breath when a threshold level of pressure (e.g., a

threshold negative pressure) is reached upon inspiration.

[0047] In an embodiment of the invention, a breath slope trigger detects breath when the slope of
a pressure waveform indicates inspiration. The breath slope trigger is, in certain instances, more

accurate than a threshold trigger, particularly when used for detecting short, shallow breaths.

[0048] In an embodiment of the invention, a combination of these two triggers provides overall a
more accurate breath detection system, particularly when multiple therapeutic gases are being

administered to a patient simultaneously.

[0049] In an embodiment of the invention, the breath sensitivity control for detection of either
breath level and/or breath slope is fixed. In an embodiment of the invention, the breath
sensitivity control for detection of either breath level or breath slope is adjustable or
programmable. In an embodiment of the invention, the breath sensitivity control for either
breath level and/or breath slope is adjustable from a range of least sensitive to most sensitive,
whereby the most sensitive setting is more sensitive at detecting breaths than the least sensitive

setting.

[0050] In certain embodiments where at least two triggers are used, the sensitivity of each trigger

is set at different relative levels. In one embodiment where at least two triggers are used, one

10
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trigger is set a maximum sensitivity and another trigger is set at less than maximum sensitivity.
In one embodiment where at least two triggers are used and where one trigger is a breath level

trigger, the breath level trigger is set at maximum sensitivity.

[0051] Oftentimes, not every inhalation/inspiration of a patient is detected to then be classified as
an inhalation/inspiration event for the administration of a pulse of gas (e.g., NO). Errors in
detection can occur, particularly when multiple gases are being administered to a patient

simultaneously, e.g., NO and oxygen combination therapies.

[0052] Embodiments of the present invention, and in particular an embodiment which
incorporates a breath slope trigger alone or in combination with another trigger, can maximize
the correct detection of inspiration events to thereby maximize the effectiveness and efficiency

of a therapy while also minimizing waste due to misidentification or errors in timing.

[0053] In certain embodiments, greater than 50% of the total number of inspirations of a patient
over a timeframe for gas delivery to the patient are detected. In certain embodiments, greater
than 75% of the total number of inspirations of a patient are detected. In certain embodiments,
greater than 90% of the total number of inspirations of a patient are detected. In certain
embodiments, greater than 95% of the total number of inspirations of a patient are detected. In
certain embodiments, greater than 98% of the total number of inspirations of a patient are
detected. In certain embodiments, greater than 99% of the total number of inspirations of a
patient are detected. In certain embodiments, 75% to 100% of the total number of inspirations of

a patient are detected.

Dosages and Dosing Regimens

[0054] In an embodiment of the invention, nitric oxide delivered to a patient is formulated at
concentrations of about 3 to about 18mg NO per liter, about 6 to about 10 mg per liter, about 3
mg NO per liter, about 6 mg NO per liter, or about 18 mg NO per liter. The NO may be
administered alone or in combination with an alternative gas therapy. In certain embodiments,

oxygen (e.g., concentrated oxygen) can be administered to a patient in combination with NO.

[0055] In an embodiment of the present invention, a volume of nitric oxide is administered (e.g.,
in a single pulse) in an amount of from about 0.350mL to about 7.5mL per breath. In some

embodiments, the volume of nitric oxide in each pulse dose may be identical during the course of
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a single session. In some embodiments, the volume of nitric oxide in some pulse doses may be
different during a single timeframe for gas delivery to a patient. In some embodiments, the
volume of nitric oxide in each pulse dose may be adjusted during the course of a single
timeframe for gas delivery to a patient as breath patterns are monitored. In an embodiment of the
invention, the quantity of nitric oxide (in ng) delivered to a patient for purposes of treating or
alleviating symptoms of a pulmonary disease on a per pulse basis (the “pulse dose”) is calculated

as follows and rounded to the nearest nanogram value:

Dose pg/kg-IBW/hr x Ideal body weight in kg (kg-IBW) x ((1 hr/60 min) x (1

min/respiratory rate (bpm)) x (1,000ng/uLg).

[0056] As an example, Patient A at a dose of 100 ug/kg IBW/hr has an ideal body weight of
75kg, has a respiratory rate of 20 breaths per minute (or 1200 breaths per hour):

100 ng/kg-IBW/hr x 75 kg x (1 hr/1200 breaths) X (1,000 ng/ng) = 6250 ng per pulse

[0057] In certain embodiments, the 60/respiratory rate (ms) variable may also be referred to as
the Dose Event Time. In another embodiment of the invention, a Dose Event Time is 1 second,
2 seconds, 3 seconds, 4 seconds, 5 seconds, 6 seconds, 7 seconds, 8 seconds, 9 seconds, or 10

seconds.

[0058] In an embodiment of the invention, a single pulse dose provides a therapeutic effect (e.g.,
a therapeutically effective amount of NO) to the patient. In another embodiment of the
invention, an aggregate of two or more pulse doses provides a therapeutic effect (e.g., a

therapeutically effective amount of NO) to the patient.

[0059] In an embodiment of the invention, at least about 300, about 310, about 320, about 330,
about 340, about 350, about 360, about 370, about 380, about 390, about 400, about 410, about
420, about 430, about 440, about 450, about 460, about 470, about 480, about 490, about 500,
about 510, about 520, about 530, about 540, about 550, about 560, about 570, about 580, about
590, about 600, about 625, about 650, about 675, about 700, about 750, about 800, about 850,

about 900, about 950, or about 1000 pulses of nitric oxide is administered to a patient every hour.

[0060] In an embodiment of the invention, a nitric oxide therapy session occurs over a
timeframe. In one embodiment, the timeframe is at least about 1 hour, about 2 hours, about 3

hours, about 4 hours, about 5 hours, about 6 hours, about 7 hours, about 8 hours, about 9 hours,
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about 10, hours, about 11 hours, about 12 hours, about 13 hours, about 14 hours, about 14 hours,

about 15 hours, about 16 hours, about 17 hours, about 18 hours, or about 24 hours per day.

[0061] In an embodiment of the invention, a nitric oxide treatment is administered for a
timeframe of a minimum course of treatment. In an embodiment of the invention, the minimum
course of treatment is about 10 minutes, about 15 minutes, about 20 minutes, about 30 minutes,
about 40 minutes, about 50 minutes, about 60 minutes, about 70 minutes, about 80 minutes, or
about 90 minutes. In an embodiment of the invention, the minimum course of treatment is about
1 hour, about 2 hours, about 3 hours, about 4 hours, about 5 hours, about 6 hours, about 7 hours,
about 8 hours, about 9 hours, about 10, hours, about 11 hours, about 12 hours, about 13 hours,
about 14 hours, about 14 hours, about 15 hours, about 16 hours, about 17 hours, about 18 hours,
or about 24 hours. In an embodiment of the invention, the minimum course of treatment is about
1, about 2, about 3, about 4, about 5, about 6, or about 7 days, or about 1, about 2, about 3, about
4, about 5, about 6, about 7, or about 8 weeks, or about 1, about 2, about 3, about 4, about 5,

about 6, about 7, about 8, about 9, about 10, about 11, about 12, about 18, or about 24 months.

[0062] In an embodiment of the invention, a nitric oxide treatment session is administered one or
more times per day. In an embodiment of the invention, nitric oxide treatment session may be
once, twice, three times, four times, five times, six times, or more than six times per day. In an
embodiment of the invention, the treatment session may be administered once a month, once

every two weeks, once a week, once every other day, daily, or multiple times in one day.

Timing of a Pulse of NO

[0063] In an embodiment of the invention, the breath pattern is correlated with an algorithm to

calculate the timing of administration of a dose of nitric oxide.

[0064] The precision of detection of an inhalation/inspiration event also permits the timing of a
pulse of gas (e.g., NO) to maximize its efficacy by administering gas at a specified time frame of

the total inspiration time of a single detected breath.

[0065] In an embodiment of the invention, at least fifty percent (50%) of the pulse dose of a gas
is delivered over the first third of the total inspiratory time of each breath. In an embodiment of
the invention, at least sixty percent (60%) of the pulse dose of a gas is delivered over the first

third of the total inspiratory time. In an embodiment of the invention, at least seventy-five
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percent (75%) of the pulse dose of a gas is delivered over the first third of the total inspiratory
time for each breath. In an embodiment of the invention, at least eighty-five (85%) percent of
the pulse dose of a gas is delivered over the first third of the total inspiratory time for each
breath. In an embodiment of the invention, at least ninety percent (90%) of the pulse dose of a
gas is delivered over the first third of the total inspiratory time. In an embodiment of the
invention, at least ninety-two percent (92%) of the pulse dose of a gas is delivered over the first
third of the total inspiratory time. In an embodiment of the invention, at least ninety-five percent
(95%) of the pulse dose of a gas is delivered over the first third of the total inspiratory time. In an
embodiment of the invention, at least ninety-nine (99%) of the pulse dose of a gas is delivered
over the first third of the total inspiratory time. In an embodiment of the invention, 90% to 100%

of the pulse dose of a gas is delivered over the first third of the total inspiratory time.

[0066] In an embodiment of the invention, at least seventy percent (70%) of the pulse dose is
delivered to the patient over the first half of the total inspiratory time. In yet another
embodiment, at least seventy-five percent (75%) of the pulse dose is delivered to the patient over
the first half of the total inspiratory time. In an embodiment of the invention, at least eighty
percent (80%) of the pulse dose is delivered to the patient over the first half of the total
inspiratory time. In an embodiment of the invention, at least 90 percent (90%) of the pulse dose
is delivered to the patient over the first half of the total inspiratory time. In an embodiment of
the invention, at least ninety-five percent (95%) of the pulse dose is delivered to the patient over
the first half of the total inspiratory time. In an embodiment of the invention, 95% to 100% of

the pulse dose of a gas is delivered over the first half of the total inspiratory time

[0067] In an embodiment of the invention, at least ninety percent (90%) of the pulse dose is
delivered over the first two-thirds of the total inspiratory time. In an embodiment of the
invention, at least ninety-five percent (95%) of the pulse dose is delivered over the first two-
thirds of the total inspiratory time. In an embodiment of the invention, 95% to 100% of the pulse

dose is delivered over the first two-thirds of the total inspiratory time.

[0068] When aggregated, administration of a number of pulse doses over a therapy
session/timeframe can also meet the above ranges. For example, when aggregated greater than
95% of all the pulse doses administered during a therapy session were administered over the first

two thirds of all of the inspiratory times of all of the detected breaths. In higher precision
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embodiments, when aggregated greater than 95% of all the pulse doses administered during a
therapy session were administered over the first third of all of the inspiratory times of all of the

detected breaths.

[0069] Given the high degree of precision of the detection methodologies of the present
invention, a pulse dose can be administered during any specified time window of an inspiration.
For example, a pulse dose can be administered targeting the first third, middle third or last third
of a patient’s inspiration. Alternatively, the first half or second half of an inspiration can be
targeted for pulse dose administration. Further, the targets for administration may vary. In one
embodiment, the first third of an inspiration time can be targeted for one or a series of
inspirations, where the second third or second half may be targeted for one or a series of
subsequent inspirations during the same or different therapy session. Alternatively, after the
first quarter of an inspiration time has elapsed the pulse dose begins and continues for the middle
half (next two quarters) and can be targeted such that the pulse dose ends at the beginning of the
last quarter of inspiration time. In some embodiments, the pulse may be delayed by 50, 100, or

200 milliseconds (ms) or a range from about 50 to about 200 milliseconds.

[0070] The utilization of a pulsed dose during inhalation reduces the exposure of poorly
ventilated areas of the lung and alveoli from exposure to a pulsed dose gas, e.g., NO. In one
embodiment, less than 5% of poorly ventilated (a) areas of the lung or (b) alveoli are exposed to
NO. In one embodiment, less than 10% of poorly ventilated (a) areas of the lung or (b) alveoli
are exposed to NO. In one embodiment, less than 15% of poorly ventilated (a) areas of the lung
or (b) alveoli are exposed to NO. In one embodiment, less than 20% of poorly ventilated (a)
areas of the lung or (b) alveoli are exposed to NO. In one embodiment, less than 25% of poorly
ventilated (a) areas of the lung or (b) alveoli are exposed to NO. In one embodiment, less than
30% of poorly ventilated (a) areas of the lung or (b) alveoli are exposed to NO. In one
embodiment, less than 50% of poorly ventilated (a) areas of the lung or (b) alveoli are exposed to
NO. In one embodiment, less than 60% of poorly ventilated (a) areas of the lung or (b) alveoli
are exposed to NO. In one embodiment, less than 70% of poorly ventilated (a) areas of the lung
or (b) alveoli are exposed to NO. In one embodiment, less than 80% of poorly ventilated (a)
areas of the lung or (b) alveoli are exposed to NO. In one embodiment, less than 90% of poorly

ventilated (a) areas of the lung or (b) alveoli are exposed to NO.
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[0071] While preferred embodiments of the invention are shown and described herein, such
embodiments are provided by way of example only and are not intended to otherwise limit the
scope of the invention. Various alternatives to the described embodiments of the invention may

be employed in practicing the invention.

[0072] The embodiments encompassed herein are now described with reference to the following
examples. These examples are provided for the purpose of illustration only and the disclosure
encompassed herein should in no way be construed as being limited to these examples, but rather
should be construed to encompass any and all variations which become evident as a result of the

teachings provided herein.
EXAMPLES

[0073] Example 1. Determination of Precise Breath Sensitivity for Appropriate Trigger/Arming
Thresholds

[0074] A device using a threshold algorithm to detect breaths was used in this Example
(Embodiment 1). A threshold algorithm detects breaths using pressure; that is a pressure drop
below a certain threshold must be met upon inspiration to detect and count a breath. That
pressure threshold can be modified as a result of varying the detection sensitivity of the
Embodiment 1 device. Several breath sensitivity settings were tested in the present Example.
Settings from 1 to 10 were tested, with 1 being the least sensitive and 10 being the most
sensitive. The trigger threshold, shown in cm H2O, is the threshold level at which nitric oxide is
delivered. The arming threshold, also shown in cm H2O, is the threshold level at which the

device is armed for the next delivery of nitric oxide. The data are shown below in Table 1.

[0075] Table 1, below, illustrates a data set collected in this Example. Variation in the breath
sensitivity setting resulted in an increase in trigger threshold (measured in cm H20) from -1.0 at
the least sensitive setting (1) to -0.1 at the most sensitive setting (10). In addition, the arming
threshold (measured in cm H20) stayed constant at 0.1 from a sensitivity setting of 1 through a
setting of 6, and decreased by 0.02 for each sensitivity setting thereafter through 10. This
indicates that the most sensitive breath sensitivity setting allows breaths to be detected more
accurately, which leads to more accurate pulsatile delivery of nitric oxide in a shorter window of
time, i.e., earlier in the inspiratory part of the breath. Based on these data, additional tests were

performed at sensitivity settings of 8 and 10.
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[0076] Table 1. Breath Sensitivity and Trigger/Arming Thresholds

Breath 1 2 3 4 5 6 7 8 9 10
Sensitivity

Trigger -1.0 -0.9 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1
Threshold

(cm H20)

Arming +0.1 +0.1 +0.1 +0.1 +0.1 +0.1 | +0.08 | +0.06 | +0.04 | +0.02
Threshold
(cm H20)

[0077] The conclusion is that a higher breath sensitivity setting correlates to a lower trigger
threshold and a higher arming threshold, which prepares the device to deliver short, precise

pulses of nitric oxide over the therapy treatment course.

[0078] Example 2: Testing a Device Against Various Breath Patterns

[0079] As discussed above, accurate and timely delivery of nitric oxide is critical to the present
invention. In order to ensure that a device will deliver a precise dose of gas within a precise
window of time, ten different breath patterns were tested using a mechanical lung and nose
model. Ten different simulated breath patterns were analyzed, and the breath patterns had
varying respiratory rate (8 to 36 bpm), tidal volume (316 to 912 ml), and Inspiration:Expiration
(I/E) ratios (1:1 to 1:4). These variable breath patterns are patterns expected for subjects age 16
and up and are summarized in Table 2. Real world conditions were emulated to the extent

possible.

[0080] Table 2: Summary of Breath Patterns Tested
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Respiratory Male/ Height Ideal Body | Tidal Volume | Inspiration | I:E Ratio

Rate (bpm) Female (cm) Weight (kg) (mL) Time (sec)
8 F 174 68.1 456 1.5 1:4
8 M 186 86.4 564 1.5 1:4
12 F 152 51.9 316 1.25 1:3
12 M 186 86.4 564 1.25 1:3
18 F 174 68.1 456 1.1 1:2
18 M 186 86.4 564 1.1 1:2
24 F 152 51.9 316 1.0 1:1.5
24 F 174 68.1 456 1.0 1:1.5
36 F 152 51.9 632 0.8 1:1
36 F 174 68.1 912 0.8 1:1

[0081] Two device embodiments were tested — Embodiment 1 was tested at sensitivity level 8
and sensitivity level 10, and the other device embodiment (Embodiment 2, which further
includes a slope algorithm) was tested at sensitivity level 10. The investigation consisted of two
parts. Part 1 measured the time delay between the initiation of the inspiratory breath and the
onset of nitric oxide delivery using the 10 different simulated respiratory patterns. This time
delay is measured using two data points — the time between initiation of inspiration (FIG. 1,
Point A) and breath detection with concurrent opening of the delivery valve (FIG. 1, Point B).
Part 2 measured the duration and volume of the delivered pulse covering the same breath
patterns in Table 2. The time duration of the gas pulse is measured, from breath detection and
concurrent opening of the delivery valve, which corresponds to the initiation of gas delivery,
(FIG. 2, Point A) to the completion of the gas delivery (FIG. 2, Point B). The volume of the
delivered pulse is measured by integration of the gas flow over the pulse duration. In addition,
data from Part 1, measured time delay, and Part 2, measured pulse duration, are added to

calculate the dose delivery time, sometimes referred to as “delivered pulse width”.
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[0082] Part 1: Measuring time delay between initiation of inspiration and onset of NO delivery.

This portion of the test was conducted at a dose of 75 ug/kg-IBW/hr with a drug concentration
input of 6 mg/L (4880 ppm). This test was conducted using nitrogen only. The primary output
for Part 1 is time duration between initiation of inspiration and valve opening/breath detection
indication. Point A in FIG. 1 is the point where the lung air flow rises just above resting line.
The time of valve opening is indicated as Point B in FIG. 1 and is displayed as a sudden voltage
drop in the detector. The time interval between Point A and Point B is the valve time delay, or
trigger delay, and is calculated for each breath pattern. The total inspiratory time corresponds to

the interval from Point A to Point C (which is the end of inspiration).

[0083] Part 2: Measuring the duration and volume of the delivered pulse. The same breath

patterns were used in this part of the investigation. Doses of 10, 15, 30 and 75 pg/kg-IBW/hr
were tested. The device was programmed for each dose, patient IBW, and respiratory rate
(breaths per minute). The resulting pulsatile gas flow was determined by a flow meter. The pulse
duration is the time between the point at which the valve opening was indicated, displayed as a
sudden voltage drop in the detector, corresponding to Point A in FIG. 2, and the time at which
the gas flow returns to baseline at Point B in FIG. 2. The volume of the delivered pulse is the
integrated gas flow during the pulse duration. The pulse duration was added to the pulse delay
from Part 1 to give the dose delivery time or “delivered pulse width.” FIG 1. illustrates the
results of Part 1. There are four panels shown in FIG. 1. The second and fourth panels show the
breath detection which corresponds to the flow control valve operation and a representation of a
breath pattern, respectively. Point A shows initiation of inspiration, Point B shows breath
detection which corresponds to the opening of the flow valve, and Point C shows the end of

inspiration. From this data, the time delay between points A and B can be calculated.

[0084] FIG 2. illustrates the results of Part 2. There are four panels shown in FIG. 2. The
second and third panels show the breath detection which corresponds to the flow control valve
operation and a representation of the pulsatile gas flow, respectively. Point A shows breath
detection which corresponds to the opening of the flow valve and Point B shows the end of

pulsatile flow. From this data, the pulse duration between points A and B can be calculated.

[0085] Table 3, below, summarizes the results depicted in FIG. 3 and FIG. 4.
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% Delivery of NO Within Portion of Inspiratory Time

Device First Third First Half First Two-thirds

Embodiment 1 17 77 95
(Sensitivity 8)

Embodiment 62 98 100
1(Sensitivity 10)

Embodiment 2 93 100 100

Combined Data 64 93 99

[0086] FIG. 3 depicts results for the breath detection count for each device listed in Table 3. The
Embodiment 2, or the green data in FIG. 3, illustrates that at least 93% of nitric oxide is
delivered within the first third of the inspiratory portion of the breath. 100% of the nitric oxide is
delivered within the first half of the inspiratory portion of the breath. Comparatively, for the
Embodiment 1 at a sensitivity setting of 8, at least 17% of the nitric oxide is delivered within the
first third of the inspiratory portion of the breath, at least 77% within the first half, and at least
95% within the first two-thirds of the inspiratory portion of the breath. The Embodiment 1 at a
sensitivity setting of 10 showed results that at least 62% of nitric oxide is delivered within the
first third of the inspiratory portion of the breath, at least 98% in the first half, and 100% in the
first two-thirds of the inspiratory portion of the breath. FIG. 4 depicts the combined data curve

for all three tests.

[0087] This data concludes that lower doses of nitric oxide are needed over the course of a single
treatment because more nitric oxide is being more precisely delivered with each pulse over a
shorter period of time during the course of treatment. Lower doses of nitric oxide may lead to

use of less drug overall, and also may lead to less risk of detrimental side effects.

Example 3: Improvement to Oxyeen Saturation in Patients With Severe Hypoxemia

[0088] Patients suffering from pulmonary hypertension associated with idiopathic pulmonary
fibrosis (PH-IPF), and patients diagnosed pulmonary arterial hypertension (PAH) as WHO

Diagnostic Group 1 were tested in this study example. The patients included in this study were
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all on long term oxygen therapy (LTOT) and have been on LTOT for at least 3 months and for at
least 10 hours per day. The results of this study, and the SpO2 measurements specifically, were
derived from a clinical study measuring the effects of iNO on functional respiratory imaging

parameters in certain patient populations.

[0089] PH-IPF patients were tested according to the following procedure per protocol Pulses-
COPD-006 Part 2: A baseline measurement of SpO2 was taken within 24 hours of the start of the
study. A 6-minute walk test (6MWT) was given, and SpO2 measurements were taken every
minute during the 6 MWT. Following baseline measurements, the subjects were put on either 30
mcg/kgIBW/hr or 75 mcg/kgIBW/hr of iNO for 4 weeks, along with their LTOT they were
already receiving. 6MWT and SpO. measurements were taken again at 2 weeks and 4 weeks,
and iNO was then discontinued. The SMWT and SpO2 measurements were taken again at 6

weeks after 2 weeks of only the LTOT.

[0090] The PAH patients were tested according to the following procedure per protocol Pulse-
PAH-201: A baseline measurement of SpO2 was taken within 24 hours of the start of the study.
A 6-minute walk test (6MWT) was given, and SpO2 measurements were taken at baseline and at
the end of the 6MWT. Following baseline measurements, the subjects were put on either 25
mcg/kgIBW/hr or 75 mcg/kgIBW/hr of iNO for 16 weeks, along with their LTOT they were
already receiving. 6MWT and SpO: measurements were taken at 4 weeks, 8 weeks, 12 weeks,

and 16 weeks.

[0091] Results indicated that drops in oxygen saturation during the SMWT were blunted by use
of the pulsed dose iNO. Table 4, below, shows the change in SpO2 Nadir during the SMWT for
PAH subjects on placebo, iINO25 (25mcg/kgIBW/hr), and iNO75 (75mcg/kgIBW/hr). All test
subjects showed improvement after 16 weeks of treatment with half showing improvement of

5% or more in the iINO75 cohort.

[0092] Table 4

Drop or no Improvement in | Improvement in SpO2 | Improvement in
change in SpO:2 SpO:2 Nadir Nadir SpO2 Nadir
Nadir (2% or more) (5% or more)
Placebo 66% 34% 22% 10%
iNO 25 40% 60% 50% 10%
iNO 75 0% 100% 88% 50%
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[0093] Table 5, below, shows the improvement in oxygen saturation during the SMWT for 2 PH-
IPF patients, one on iNO75 and one on iNO30 (30mcg/kgIBW/hr). The results show both
subjects saw improvement in the SpO2 Nadir on iNO compared to baseline with an average
improvement of 5.5%. In addition, the level of oxygen desaturation during exercise improved

for both subjects, representing an average improvement of 28.5%.

[0094] Table 5
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[0095] Table 6, below, shows results for distance saturation product (DSP) for 2 subjects with
PH-IPF (the same subjects as Table 5). The DSP is calculated by multiplying the distance
(6MWD) by the nadir in the oxygen saturation during the 6 MWT. DSP has been shown to be a
better predictor of long term outcomes than MWD alone. Both subjects showed an average
DSP improvement of 78.1m% with iNO. DSP is a composite measurement that shows iNO

improves oxygen saturation in conjunction with exercise capacity.
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[0096] Table 6

Distance Saturation Product [DSP] {meter3s}

4 Weeks

[0097] The data indicate that pulsed delivery of iNO in an outpatient setting significantly

improves oxygen saturation in patients suffering from hypoxemia who show little or no
improvement on long-term oxygen therapy alone. The data also show that DSP is vastly

improved by an average of 78.1m% over a baseline measurement with LTOT alone within a 4-

week period.
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CLAIMS

We claim:

I. A method for improving oxygen saturation in a patient having an initial oxygen
saturation of less than 88% when receiving continuous oxygen therapy at a flow of 10L/min.,
said method comprising administering iNO to said patient in an inpatient setting until the oxygen
saturation is at least 88%, and continuing said iNO and oxygen administration in an outpatient

setting.

2. The method of claim 1, wherein the iNO is delivered in a pulsatile manner during a

portion of the inspiratory phase of a breath.

3. The method of claim 2, wherein delivery of the dose of iNO occurs within the first third
of the inspiratory phase of a breath.

4. The method of claim 2, wherein delivery of the dose of iNO occurs within the first two-

thirds of the total inspiratory phase of a breath.

5. The method of claim 2, wherein delivery of at least fifty percent of the dose of iINO
occurs within the first third of the total inspiratory phase of a breath.

6. The method of claim 2, wherein delivery of at least ninety percent of the dose of iNO

occurs within the first two-thirds of the total inspiratory phase of a breath.

7. The method of claim 2, wherein delivery of at least 70 percent of the dose of iINO within
the first half of the total inspiratory phase of a breath.

8. The method of claim 2, wherein the iNO is delivered in a series of pulses over a period of

time.
9. The method of claim 2, wherein the iNO is delivered at 75 mcg/kg/hr.
10. The method of claim 2, wherein the iNO is delivered at 25 mcg/kg/hr.

11. The method of claim 2, wherein oxygen saturation is improved by at least 2%.
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12. The method of claim 2, wherein the oxygen saturation is improved by at least 5%.
13. The method of claim 1, wherein said iNO delivery is continuous.
14.  The method of claim 1, wherein improvement in oxygen saturation is detected within 16

weeks of treatment.
15. A method for reducing costs associated with patient hospitalization comprising:

a. Identifying a patient with an oxygen saturation level of below 88% while on

continuous oxygen therapy at 10L/min;

b. Delivering iNO to said patient until said oxygen saturation level rises to above

88%;
c. Discharging said patient from the hospital; and

d. Continuing to deliver iNO in a pulsatile manner to said patient together with

continuous oxygen therapy in an outpatient setting,
Wherein costs associated with patient hospitalization are reduced.

16. The method of claim 15, wherein the iNO delivered in step b is delivered in a continuous

manner.

17. The method of claim 15, wherein the iNO delivered in step b is delivered in a pulsatile

manner.
18. A method for improving quality of life in a hospitalized patient, the method comprising:

a. Identifying a patient with an oxygen saturation level of below 88% while on

continuous oxygen therapy at 10L/min;

b. Delivering iNO to said patient until said oxygen saturation level rises to above

88%;

c. Discharging said patient from the hospital; and
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d. Continuing to deliver iNO in a pulsatile manner to said patient together with

continuous oxygen therapy in an outpatient setting,
Wherein patient quality of life is improved.

19. The method of claim 18, wherein the iNO delivered in step b is delivered in a continuous

manner.

20. The method of claim 18, wherein the iNO delivered in step b is delivered in a pulsatile

manner.
21. A method for reducing patient hospitalization time comprising:
a. Identifying a patient with an oxygen saturation level of below 88% while on
continuous oxygen therapy at 10L/min;
b. Delivering iNO to said patient until said oxygen saturation level rises to above
88%;
c. Discharging said patient from the hospital; and
d. Continuing to deliver iNO in a pulsatile manner to said patient together with
continuous oxygen therapy in an outpatient setting.
Wherein patient hospitalization time is reduced.
22. The method of claim 21, wherein the iNO delivered in step b is delivered in a continuous
manner.

23. The method of claim 21, wherein the iNO delivered in step b is delivered in a pulsatile

manner.
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