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(57) Abstract: An apparatus (100) to maintain an environ-
ment over an anterior surface of a patient eye can include an
enclosure (110) sized and shaped to be seated about the pa-
tient eye to form a cavity (112) within the enclosure. The en-
closure can be configured to contain a fluid other than ambi-
ent air in contact with the patient eye. The apparatus can in-
clude a fluid regulator (1209) in communication with the en-
closure, where the fluid regulator can be configured to regu-
late the composition of the fluid contained within the en-
closure.
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THERAPEUTIC EYE TREATMENT WITH GASES

CLAIM OF PRIORITY

This patent application claims the benefit of priority of U.S. Provisional
Patent Application Serial No. 62/305,751, to John Berdahl entitled “Therapeutic
Eve Treatment with Gases,” filed on March 9, 2016 which is hereby incorporated by
reference in entirety.

BACKGROUND

Patient compliance in applying therapeutic substances to an eye is important
m ireating diseases of the eve, such as glaucoma. Topical medications, such as eve
drops, can drain quickly from the eye thereby mininuzing contact time with
absorbing surfaces, such as the cornea, sclera, and conjunctiva.

Kang U8, Patent No. 53,807,357 mentions a compact nebulizer for treating
the eves including a goggles unit having an air hole and at least one air chamber
communicating with the aur hole and fitting over the user’s eves. A plurality of
exhausting holes are made at the goggle unit for exhaust air.

Skiba U.S. Patent Apphication No. 2002/0124843 mentions a mask worn
around the eyves with one or more fog outlets an atonuzer to nebulize medicing to
a fog such that the fog discharges from the fog outlets to delivery medicing to one or
more eyes.

Guillon U.S. Patent Apphcation No. 2007/0265505 mentions an eye
enclosure adapted to provide an enclosed area about the eyes of the user, a means
for retaining the eye enclosure n position, and means for supplying dry air to the
eye enclosure.

OVERVIEW
The present inventors have recognized, among other things, that there is a

need in the art for methods and devices that will allow for the delivery of
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therapeutic gases, such as carbon dioxide (CO»), oxygen (O2), nitric oxide (NO),
ozone (O3), mtrogen, hydrocarbons mcluding floorocarbons and perfluorocarbons,
sulfur hexafluoride, and combinations of therapeutic substances, such as a mixture
of nitric oxide and oxygen, including a mixture of 50% nitric oxide and 50%
oxygen, a mixture of helium and oxygen, also known as heliox, and Medical Air,
through the surfaces of the eye, such as the corneal, scleral, and conjunctival
surfaces, over an extended period time. New therapeutic techniques, such as
applying a therapeutic force to the anterior portion of the eve, can supplement
pharmacological regimens. Enhanced patient outcomes can be realized by
combining therapeutic substances with new techniques.

This document describes, among other things, methods and apparatuses for
introducing gaseous fluids to an eye to treat an eye condition. The method can
mclude providing an enclosure. The enclosure can be sized and shaped to be seated
about an eve and form a cavity within the enclosure. A gaseous fluid other than
ambient air can be introduced into the cavity, such as to provide therapy to the eye.
The gaseous fluid can mclude a specified non-ambient concentration of at least one
of carbon dioxide (CO;z), oxygen (O3}, or nitric oxide (NO).

An overview of certain non-limiting aspects of the present subject matter 1s
provided below.

Aspect | can include or use subject matter (such as an apparatus, a system, a
device, a method, a means for performing acts, or a device readable medium
mcluding instructions that, when performed by the device, can cause the device to
perform acts), such as an apparatus to maintain an environment over an anterior
surface of a patient eye. An enclosure sized and shaped to be seated about the
patient eye can form a cavity within the enclosure. The enclosure can be configured
to contamn a fhud other than ambient air such as the fluid can be i contact with the

patient eve. A fluid regulator can be in communication with the enclosure. The
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fhuid regulator can be configured to regulate the composition of the fhud contaimed
within the enclosure.

Aspect 2 can mclude or use, or can optionally be combined with the subject
matter of Aspect 1 to optionally include or use the enclosure configured to mantain
a differential fluid pressure between the cavity and the swrrounding environment and
the fluid regulator 1s configured to regulate the differential pressure of the fluid
contained within the enclosure.

Aspect 3 can include or use, or can optionally be combined with the subject
matter of one or any combination of Aspects 1 or 2 to optionally include or use a
fiuid that can include a gaseous fluid.

Aspect 4 can iclude or use, or can optionally be combined with the subject
matter of one or any combination of Aspects 1 through 3 to optionally include or
use the gaseous fluid wherein the gaseous fluid includes a specified non-ambient
percentage of at least one of carbon dioxide {(CO:), oxygen {(n), or nitric oxide
{(NO}.

Aspect 5 can include or use, or can optionally be combined with the subject
matter of one or any combination of Aspects | through 4 to optionally mnclude or
use the gaseous fluid wherein the gaseous fluid includes a specified non-ambient
percentage of carbon dioxide (CO:).

Aspect 6 can include or use, or can optionally be combined with the subject
matter of one or any combination of Aspects 1 through 5 to optionally include or
use the gaseous fluid wherein the gaseous fluid includes a specified non-ambient
percentage of oxvgen (O2).

Aspect 7 can include or use, or can optionally be combined with the subject
matter of one or any combination of Aspects 1 through 6 to optionally include or
use the gaseous fluid wherein the gaseous fluid includes a specified non-ambient
percentage of nitric oxide (NQ).

Aspect 8 can mclude or use, or can optionally be combined with the subject

matter of one or any combination of Aspects 1 through 7 to optionally mclude or

(8]
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use a sensor configured to detect at least one of an ndication of the eve or an
mdication of a parameter of an environment within the cavity.

Aspect 9 can mclude or use, or can optionally be combined with the subject
matter of one or any combination of Aspects 1 through 8 to optionally mclude or
use the sensor wheren the sensor includes an optical coherence tomography (OCT)
system.

Aspect 10 can include or use, or can optionally be combined with the subject
matter of one or any combination of Aspects 1 through 9 to optionally include or
use the sensor wherein the sensor includes a non-contact blood vessel characteristic
detector.

Aspect 11 can include or use, or can optionally be combined with the subject
matter of one or any combination of Aspects 1 through 10 to optionally include or
use the sensor wherein the sensor includes a quartz crystal nanobalance sensor.

Aspect 12 can include or use, or can optionally be combined with the subject
matter of one or any combination of Aspects T through 11 to optionally include or
use the sensor wherein the sensor includes a non-invasive optical oxygen sensor.

Aspect 13 can include or use, or can optionally be combined with the subject
matter of one or any combination of Aspects 1 through 12 to optionally include or
use the sensor wherein the sensor includes a salinity sensor.

Aspect 14 can include or use, or can optionally be combined with the subject
matter of one or any combination of Aspects 1 through 13 to optionally include or
use the sensor wheremn the sensor includes an aptamer-based sensor,

Aspect 15 can mclude or use, or can optionally be combined with the subject
matter of one or any combination of Aspects 1 through 14 to optionally include or
use a processor module in communication with at least one of the fluid regulator or
& SENSor,

Aspect 16 can include or use, or can optionally be combined with the subject
matter of one or any combination of Aspects T through 15 to optionally include or
use the processor wherein the processor module 1s in communication with the fhud

regulator.
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Aspect 17 can include or use, or can optionally be combined with the subject
matter of one or any combination of Aspects 1 through 16 to optionally include or
use the processor wherein the processor unit 18 in communication with the sensor.

Aspect 18 can include or use, or can optionally be combined with the subject
matter of one or any combination of Aspects T through 17 to optionally include or
use a pump in communication with at least one of the processor or the enclosure.

Aspect 19 can include or use, or can optionally be combined with the subject
matter of one or any combination of Aspects 1 through 18 to optionally include or
use the pump wherein the pump 1s in communication with the processor.

Aspect 20 can include or use, or can optionally be combined with the subject
matter of one or any combination of Aspects T through 19 to optionally include or
use the pump wherein the pump 1s in communication with the enclosure.

Aspect 21 can include or use, or can optionally be combined with the subject
matter of one or any combination of Aspects 1 through 20 to optionally include or
use the pump wherein the pump is a vacuum pump.

Aspect 22 can include or use subject matter {(such as an apparatus, a system,
a device, a method, a means for performing acts, or a device readable medium
including instructions that, when performed by the device, can cause the device to
perform acts), or can optionally be combined with the subject matter of one or any
combination of Aspects 1 through 21 to optionally include or use or provide an
enclosure that 1s sized and shaped to be seated about the patient eve to form a cavity
within the enclosure. At the enclosure, a fluid other than ambient air can be
provided to the cavity such as to treat an eve condition.

Aspect 23 can include or use, or can optionally be combined with the subject
matter of one or any combination of Aspects 1 through 22 to optionally include or
use providing a fluid to maintain a differential flhuid pressure between the cavity and
the surrounding environment.

Aspect 24 can include or use, or can optionally be combined with the subject
matter of one or any combination of Aspects 1 through 23 to optionally include or

pse sensing an indication of the fluid other than ambient air in the cavity.

3
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Aspect 25 can include or use, or can optionally be combined with the subject
matter of one or any combination of Aspects 1 through 24 to optionally include or
use sensing wherein sensing an ndication includes sensing an indication of at least
one of fluid pressure, fluid partial pressure, fluid concentration, or fluid humadity.

Aspect 26 can include or use, or can optionally be combined with the subject
matter of one or any combination of Aspects 1 through 25 to optionally include or
use sensing wherein sensing an mndication of fhud partial pressure includes sensing a
fluid partial pressure of at least one of carbon dioxide (T2}, oxygen (G2}, nitric
oxide (NO}, ketones, glucose, oxygen levels, dissolved salts, or vascular endothelial
growth factor.

Aspect 27 can include or use, or can optionally be combined with the subject
matter of one or any combination of Aspects 1 through 26 to optionally include or
use sensing wherein sensing an indication of fhud concentration includes sensing a
concentration of at least one of carbon dioxide (CO»), oxygen (O»), nitric oxide
{NQ}, ketones, glucose, oxygen levels, dissolved salts, or vascular endothelial
growth factor.

Aspect 28 can include or use, or can optionally be combined with the subject
matter of one or any combination of Aspects 1 through 27 to optionally include or
use sensing an indication of the patient eye.

Aspect 29 can include or use, or can optionally be combined with the subject
matter of one or any combination of Aspects 1 through 28 to optionally include or
use sensing wherein sensing an mndication of the patient eye includes sensing an
mndication of at least one of an indication of intraocular pressure, an mdication of
translaminar pressure, or an indication of intracranial pressure.

Aspect 30 can mnclude or use, or can optionally be combined with the subject
matter of one or any combination of Aspects T through 29 to optionally include or
use sensing wherein sensing an mdication of translaminar pressure includes sensing
an indication of at least one of a deflection of the lamina cribrosa, a change in

deflection of the lamina cribrosa, or a change m a blood vessel characteristic,
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Aspect 31 can include or use, or can optionally be combined with the subject
matter of one or any combination of Aspects 1 through 30 to optionally include or
use adjusting an indication of the fluid other than ambient air.

Aspect 32 can include or use, or can optionally be combined with the subject
matter of one or any combination of Aspects T through 31 to optionally include or
use adjusting wherein adjusting an indication includes adjusting an indication of at
least one of fluid pressure, fhuid partial pressure, fluid concentration, or fluid
humidity.

Aspect 33 can include or use, or can optionally be combined with the subject
matter of one or any combination of Aspects 1 through 32 to optionally include or
use or provide a gaseous fluid including a gaseous fluid with a specified non-
ambient concentration of at least one of carbon dioxide (CO3), oxygen (On), nitric
oxide {NO}, ozone {0Os), nitrogen, hydrocarbons, helium, sulfur hexafluoride,
Medical Air, or water vapor.

Aspect 34 can include or use, or can optionally be combined with the subject
matter of one or any combination of Aspects 1 through 33 to optionally include or
use receiving a patient with an eve condition that includes at least one of Fuchs’
dystrophy, glaucoma, dry eye, diabetic retinopathy, cataract, venous and arterial
occlusive diseases, macular degeneration, diseases of the cornea, endothelium, and
epithelium, diseases of the retinal vasculature, diseases of the retinal pigmented
epithelium, corneal infections, or other infections of the eye.

Aspect 35 can include or use, or can optionally be combined with the subject
matter of one or any combination of Aspects 1 through 34 to optionally include or
use providing wherein providing a fluid includes providing a gaseous fluid with a
partial pressure between 30 percent and 100 percent oxygen (O2).

Aspect 36 can include or use, or can optionally be combined with the subject
matter of one or any combination of Aspects 1 through 35 to optionally include or
use a gaseous fhud wheremn the gaseous fluid includes a specified concentration of

carbon dioxide (C(y).
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5 Aspect 37 can include or use, or can optionally be combined with the subject
matter of one or any combination of Aspects 1 through 36 to optionally include or
use a gaseous fhud wheremn the gaseous fluid includes a specified concentration of
mitric oxide (NO).

This overview 1s intended to provide an overview of subject matter of the
10 present patent application. It is not intended to provide an exclusive or exhaustive
explanation of the invention. The detailed description 18 included to provide further

mformation about the present patent application.

BRIEF DESCRIPTION OF THE DRAWINGS
15 In the drawings, which are not necessarily drawn to scale, like nomerals may
describe similar components in different views. Like numerals having different
letter suffixes may represent different instances of similar components. The
drawings illustrate generally, by way of example, but not by way of limitation,
various embodiments discussed in the present document.
20 FIG. 1A shows an example of an apparatus, such as for introducing
therapeutic gases to an eve.
FIG. 1B shows an example of a manifold, such as attached to the apparatus
of FIG 1A
FIG. 2A shows a first example of a wicking gasket.
25 FIG. 2B shows a second example of a wicking gasket.
FIG. 3 shows a cross-section of an example wicking gasket attached to an
enclosure,
FIG. 4 shows a bottom view of an example wicking gasket with a suction
tube, the wicking gasket attached to an enclosure.
36 FIG. 8 shows an example method for imntroducing a gaseous fluid other than
ambient air into one or more cavities within the enclosure.
FIG. 6 shows an example method of sensing an indication with the

apparatus.
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S FIG. 7 shows an example method for varying the composition of the
gaseous fluid within the cavity.

FIG. 8 shows an example method for recetving a patient.

FIG. 9 shows an example of a treatment for Fuchs’ dystrophy.

FIG. 10 shows an example method to mtroduce gaseous fluids into the

10 cavity with a positive gauge pressure.

FEG. 11 shows an example method to introduce gaseous fluids into the
cavity with a negative gauge pressure.

FEG. 12 shows an example method to control the level of water vapor in the
cavity.

15
DETAILED DESCRIPTION

This document describes examples of devices and methods for establishing,
maintaining, and controlling a therapeutic environment in contact with a patient eye,
such as to provide for the treatment of eve conditions with different treatment

20 modalities simultaneously.

In an example, the present devices can include a goggle, such as a pair of
goggles, located over the eye of the patient. The goggle can include an enclosure
that defines a cavity, such as the cavity between the interior surface of the enclosure
and the patient when the enclosure can be located over the eve of the patient, and a

25 flnd regulator, such as to control delivery of flnd including a fluid other than
ambient ait to the cavity. An environment, such as a therapeutic environment, can
be established within the cavity, such as to treat an eye condition associated with the
patient eve. The eye condition to be treated can dictate the therapeutic environment
required to be maintained in the cavity. In an example, the therapeutic environment

30 within the cavity can be characterized with system parameters.

In an example, the present devices can include a goggle, a fluid regulator, a
sensor i proximity to the goggle, a pump in fluidic communication with the goggle,
and a processing module in electrical communication with at least one of the fluid
regulator, the sensor, or the pump. An environment, such as a therapeutic

S
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environment, can be established, maintamed, and controlled within the cavity, such
as with a closed-loop controller, to treat an eye condition associated with the patient
eye.

A first system parameter of the therapeutic environment can include the
composition of the fluid in the cavity, such as the composition of the constituent
fluids that can form the therapeutic environment. As the therapeutic environment
can be n contact with the surface of the eye, the partial pressure of one or more
constituent fluids in the cavity can be used to treat an eye condition, such as through
absorption of the one or more constituent fluids through the anterior portion of the
eye. In an example, swelling of the cornea, such as associated with Fuchs
dystrophy, can be treated by exposing the cornea to a therapeutic environment, such
as a therapeutic environment with a non-ambient volume concentration of gaseous
oxygen (02}, In an example, the therapeutic environment in the cavity 112 can be
applied to the eye at an ambient pressure, such as the pressure in the cavity 112 can
be equal to or approximately equal to the pressure of the environment surrounding
the enclosure 110

A second system parameter of the therapeutic environment can include the
gauge pressure of the therapeutic environment, such as the differential pressure
between the therapeutic environment in the cavity and the ambient surroundings.
The gauge pressure of the fluid in the cavity can be used to treat an eye condition,
such as by applying a mechanical force to the eve. In an example, symptoms of
glaucoma, such as elevated mtraocular or translaminar pressure, can be treated by
applyving a negative gauge pressure to the cavity, such as to allow a volume
expansion of the eve to reduce traocular pressure or equalize translaminar pressure
of the patient eve.

In an example, a combination of system parameters, such as gauge pressure
and fluid composition, can be used to improve the treatment of an eye condition,
such as by simultanecusly treating the eye condition with more than one treatment
modality. In an example, macular edema, such as due to fhud accumulation in the
macula of the eve, can be treated in a therapeutic environment with a combination

10
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of positive gauge pressure, such as to equalize the translaminar pressure difference
n the eve to reduce macular swelling, and with a therapeutic fhnd, such as with a
substance known to mcrease vasodilation including a non-ambient volume
concentration of at least one of carbon dioxide (CO») or mitric oxide (NO).

FIG. 1A shows an example of an apparatus 100, such as for forming a
therapeutic environment over an eve. The apparatus 100 can include an enclosure
110, such as a first enclosure 110A and a second enclosure 1108, a thad regulator
120, a sensor 130, a processor module 140, and a pump 150, such as in
communication with the processor module 140.

The enclosure 110 can be sized and shaped to surround a patient eve and be
spaced from the eye, such as without contacting the eye. The enclosure 110 can
define an enclosed cavity 112 when the enclosure 110 is placed against the patient,
such as a cavity 112 between an inner surface of the enclosure 110 and the patient
eve. The enclosure 110 can be constructed from an optically transparent material
such as to allow a patient to see outward through the enclosure 116 or to aliow
observation of the eye inward through the enclosure 110. The inner surface of the
enclosure 110 can be treated, such as with an anti-fog coating to prevent
condensation from obscuring the view of the patient. The enclosure 110 can include
a hole 113, such as a plurality of holes 113, to allow for drainage of condensate
from the cavity 112, In an example, the diameter of the hole 113 can vary, such as
in a range of from about Imm to about 10mm. The enclosure 110 can include a
gasket 114, such as a gasket located around at least a portion of a penimeter of the
enclosure 110. The enclosure 110 can be positioned over the eye, such as the gasket
114 can be located against the skin of the patient, such as to form a hermetic seal
between the enclosure 110 and the skin, to 1solate the cavity 112 from the
surrounding environment. In an example the gasket 114 can mclude a wicking
gasket 160, such as a gasket that can receive and retain a fluid, such as a condensate,
that can appear in the cavity 112 during the operation of the apparatus 100

FIG. 2A shows a first example of a wicking gasket 160, The wicking gasket
160 can include a wicking core 162 with a first surface 163 and a core cover 166

1i
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with an interior swrface 167 and an exterior surface 168, The wicking gasket 162
and core cover 166 can contact the skin, such as at least a portion of the first surface
163 and the exterior surface 168 can contact the skin, to absorb condensate, such as
water, sweat, or other liquid fluids in the cavity 112, Removing excess condensate
from the cavity 112 can improve patient comfort during use of the apparatus 100,

The wicking core 162 can be constructed from an absorbing material, such
as a material that can use capillary action to transfer thud from a first locationto a
second location, such as expanded polytetrafluoroethylene {or PTFE}. The core
cover 166 can be constructed from a porous material, such as a material with a
porosity selected to achieve a specified migration rate of condensate through the
wicking gasket 160, the material selected to munimize discomfort caused by the
enclosure 110 when placed against the skin of the patient, such as for extended time
periods. In an example, the core cover 166, such as the interior surface 167, can
encapsulate the wicking core 162, such as at least a specified portion or surface area
percentage of the first surface 163,

FIG. 2B shows a second example of a wicking gasket 160. The core cover
166 can substantially encapsulate the wicking core 162 and can include a receiving
hole 165, such as a plurality of receiving holes 165, extending through the core
cover 166, such as from the interior surface 167 to the exterior surface 168. The
recerving hole 165 can place the wicking core 162 1n communication with the cavity
112, such as condensate can flow from the cavity 112 through the receiving hole
165 to the wicking core 162, to remove condensate from the cavity 112,

FIG. 3 shows a cross-section of an example wicking gasket 160 attached to
an enclosure 110, such as the perimeter of the enclosure 110, In operation, the
wicking gasket 160 can be located against a patient, such as in contact with the skin
of the patient, to separate the cavity 112 from the surrounding environment. The
wicking core 162 can be n communication with the cavity 112 to absorb
accumulated condensate, such as through the receiving hole 165, In an example,

absorbed condensate can nugrate through the wicking core 162 and the core cover

12
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S 160, such as to evaporate from the exterior surface 168 exposed to the surrounding
environment.

FIG. 4 shows a bottom view of an example wicking gasket 160 with a
suction tube 169, the wicking gasket 160 attached to an enclosure 110, Inan
example, the suction tube 169 can be attached to the core cover 166 and the lumen

10 of the suction tube 169 can be in communication with the wicking core 162. A
negative gauge pressure can be generated in the lumen of the suction tube 169 and
applied to a surface of the wicking core 162, such as to cause migration of
condensate absorbed by the wicking core 162 through the wicking core 162 to the
suction tube 169, such as to remove the condensate from the cavity 112, Negative

15  gauge pressure can be generated by a condensate pump attached to the suction tube
169. In an example, the condensate pump can include a pump separate from the
apparatus 100, such as a standalone pump that can generate a vacuum, and a pump
included in the apparatus 100, such as the pump 150

The enclosure 110 can be secured to the patient to locate the enclosure 110

20 over the eye of the patient, such as with an adjustable strap attached to the enclosure
110, the adjustable strap substantially encircling the head.

The enclosure 110 can maintain a differential fluid pressure, such as a gauge
pressure, between the cavity 112 and another pressure region, such as the

atmosphere surrounding the enclosure 110, The fluid contained within the cavity

[\
LA

112 can exert a pressure on an anterior surface of the eye, such as to apply a
therapeutic force to the eve to treat an eye condition. In an example, a positive
gauge pressure can exert a therapeutic compressive force on the eye, such as to
mcrease the intraocular pressure {or IOP) of the eve. In an example, a negative
gauge pressure can exert a therapeutic vacuum force on the eye, such as to decrease
30 the IOP of the eve.

The cavity 112 can contain a fluid, such as a therapeutic fluid including a
fhuid other than ambient air, in contact with the eye. The therapeutic fluid can be

absorbed by the eye, such as through the anterior surface of the evye, to treat an eye

13
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condition. In an example, the therapeutic fluid can be composed of a medicinal
fluid, such as a hiquid fluid and a gaseous fluid.

A therapeutic fluid can mclude a medicinal flud, such as a hiquid fluid
mcluding a muscible solution, such as an agueous solution, and a colloidal
suspension. Agueous solutions can include therapeutic substances, such as
medications and vitamins, dissolved in water. In an example, medications can
imclude anesthetic drops, antibiotics, or substances to diagnose and treat glaucoma.
In an example, the therapeutic fluid can be aerosolized, such as to create a mist or
fog of therapeutic flud.

A therapeutic fluid can include a medicinal fluid, such as a gaseous fhud
mcluding a therapeutic gas. A therapeutic gas can include carbon dioxide {(CO:),
oxygen (On), nitric oxide (NO), ozone (Os), nitrogen, helium (He}), hydrocarbons
mcluding fluorocarbons and perfluorocarbons, sulfur hexafluoride, and
combimations of therapeutic gases. In an example, a therapeutic gas can include a
mixture of at least one of carbon dioxide, oxygen, or nitric oxide. In an example, a
therapeutic gas can include a mixture of nitric oxide and oxygen including a mixture
of 50% nitric oxide and 50% oxygen, a mixture of helium and oxygen (also known
as heliox), and Medical Atr, such as Medical Grade Air USP. In an example, a
combination of therapeutic gases can include a mixture of nitric oxide and oxygen,
such as a mixture of 50% nitric oxide and 50% oxygen including gases from The
BOC Group plec under the tradename ENTONOX. In an example, a nuxture can
mclude a mixture of helium and oxygen, such as a mixture of 21% oxygen and 79%
helium, also known as heliox.

The combination of applying a therapeutic fluid, such as other than ambient
air, to a cavity 112 at a gauge pressure, such as 1o generate a therapeutic force
agamnst the eye, can allow for simultaneous, multi-modal therapeutic treatment of
the patient eve. In an example, an eye condition, such as macular edema or fluad
accumulation in the macula of the eye, treated with the combination of a therapeutic
fluid, such as a vasodilator including a non-ambient volume concentration of at least

one of carbon dioxide (CO») or nitric oxide (NO) to improve circalation and
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elimination of fluid from the macula, applied at a gauge pressure i the cavity 112,
such as a positive gauge pressure to apply a compressive force to the eye with the

therapeutic fluid to reduce macular swelling, can mmprove the treatment of the eye
condition and patient quality of life.

The enclosure 110 can mnclude a port 116, such as a port 116 located ima
surface of the enclosure 110, The port 116 can include a septum, such as a septum
resealable to needle punctures, to allow for the introduction of instruments nto the
cavity 112 while maintaining a gauge pressure in the cavity 112, In an example, the
needle of a syringe can be inserted nto or through the septum, such as to place a
therapeutic fluid in contact with the eye while maintaining a gauge pressure in the
cavity 112.

The enclosure 110 can include a temperature control device, such as to
change the temperature of the therapeutic fluid 1n the enclosure 110 from a first
temperature to a second temperature. The enclosure temperature control device can
mcrease fluid temperature by heating the therapeutic fluid in the cavity 112, such as
to change the vasodilation properties of the eye or the therapeutic fluid, such as to
mcrease vasodilation in the eye. The therapeutic fluid can be heated in the
enclosure 110, such as by conduction using an electrical resistance heating element
in contact with one or more surfaces of the enclosure 110. In an example, the
electrical resistance heating element can be n contact with the generally concave
mner surface of the enclosure 110, the generally convex outer surface of the
enclosure 110, or embedded within the enclosure 110, such as between the inner and
outer surfaces of the enclosure. The electrical resistance heating element can be
electrically connected to a power source, such as the processor module 140 or a wall
outlet.

In an example, the apparatus 100 can inclade a first enclosure 110A and a
second enclosure 1108, such as to form a pair of goggles. Enclosures 110A and
110B can be joined together by a bridge 119, such as an adjustable bridge that can
be it to a specific patient. The bridge 119 can include a pressure tube 117C
connected to enclosures 110A and 110B, such as the cavity 112A formed by
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enclosure 110A can be in fluidic communication with the cavity 1128 formed by
enclosure 110B. In an example, the fluid pressure in cavity 112A can be the same
or about the same as the fluid pressure 1o cavity 112B. In an example, the enclosure
110 can be sized and shaped to surround two patient eyes where the cavity 112 can
be in communication with both eves simultaneously, such as 1n a manner sumular to
a diving facemask.

The fluid regulator 120 can regulate the flow of fluid between two
reservoirs, such as the fluid flow between a first reservoir at a first pressure and a
second reservoir at a second pressure different from the first pressure. The flud
regulator 120 can include a valve, such as to regulate flow rates between the first
and second reservoirs. The valve can include a passive valve, such as a check valve
that closes as pressure exceeds a critical value. In an example, a fluid regulator

20A with a check valve can be located between the enclosure 110A and a fluid
source 170, such as if the pressure of the fluid source 170 exceeds a critical value,
such as a pressure that can cause damage to a patient eve, the check valve can close
to isolate pressure of the fluid source 170 from the patient eve, such as to protect the
patient eye from excessive force. The valve can include an active valve, such as a
servo {or electrically-modulated) valve. In an example, the servo valve can receive
a control signal, such as from the control circuit, to modulate the position of the

servo spool with respect to the valve body, such as to regulate fluid flow through the

Y.
valve,

The fluid regulator 120 can attach to a fluid source 170, such as to regulate
the flow of fluid from the fluid source 170 to the cavity 112, The fluid source 170
can nclude a storage container, such as a storage container of pressurized
therapeutic fluid. A storage container can include a disposable or recyclable
receptacle, such as a single-use cartridge, or a refillable receptacle, such as a multi-
use container or cartridge. The fluid source 170 can mclude a generator device,
such as a device that concentrates or distills a therapeutic fluid from another fluid.
In an example, a generator device can include a concentrator, such as an oxygen

concentrator or a carbon dioxide concentrator. In an example, a generator device
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can include an atomizer, such as an ultrasonic humidifier or an aerosolizer, to
transform a therapeutic liquid, such as an miscible sclution or colloidal suspension,
mto a therapeutic gas, such as a therapeutic mist or fog,

The fhad regulator 120 can be connected to the apparatus 100, such as to
place the output of the fluid regulator 120 in communication with the cavity 112, In
an example, the fluid regulator 120A can be connected to the enclosure 110A, such
as with the pressure tube 117D 1n direct communication with the enclosure 110A.

In an example, the fhud regulator 120B can be connected to the pressure tube 1178
i communication with the enclosure 110B by a tube connector 118, suchasa Y-
connector. In an example, the fluid regulator 120C can be connected to the
processor moditfe 140, such as to be in communication with the enclosure 110A by
the pressure tube 117A connected to the processor module 140,

An indication of the eve can include a characteristic of the eve, suchas a
physical characteristic, that can vary over time, such as due to physiological changes
in the eye or 1n response to a therapy applied 1o the eye. A physical characteristic of
the eye can include at least one of an intraocular pressure {or IOP), a translaminar
pressure difference (or TPD), a cup-to-disc ratio, a caliber of a blood vessel 1n the
eye, such as a change in the caliber of the blood vessel, or displacement of the
famina cribrosa, such as a change in the displacement of the lamina cribrosa.

An indication of the environment, such as the therapeutic environment in the
cavity 112, can include a characteristic of the therapeutic fluid. A charactenistic of
the therapeutic fluid can include at least one of therapeutic fluid flow, such as in the
cavity 112, humudity, pressure, teraperature, gas, such as gas composition or partial
pressure fraction, or biomarkers, such as bodily substances released from the eve
mto the cavity 112.

The sensor 130 can sense an indication, such as an indication of the eye and
an indication of the therapeutic environment. Sensing an indication of the eve, such
as a change n an indication of an eve, can quantify the progression of an eye
condition and the effectiveness of an applied treatment. In an example, a

characteristic of the eve, such as the cup-to-disc ratio, can change due to an eye
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condition, such as a change from a first cup-to-disc ratio at a first [OP to a second
cup-to-disc ratic at a second IOP greater than the first IOP can suggest the presence
of glaucoma. Applied therapies to treat the eve condition can also change the
mdication of the eye, such as a glaucoma therapy applied to the eve can change the
second cup-to-disc ratio to the first cop-to-disc ratio, such as by lowering IOP in the
eve.

A physical characteristic of the eye can be sensed with the sensor 130, The
sensor 130 can include a human eve, such as in combination with a shit lamp, such
as with or without magnification, an imaging device, such as a digital camera, an
optical coherence tomography (OCT) imaging system, or a blood vessel
characterisiic detector, such as the detectors and methods described in the U.S.
Patent Application No. 62/210,751 by Berdahl, filed on Aug 27, 2015 which 15
mcorporated herein by reference 1n its entirety.

The sensor 130 can be located outside the eve, such as in proximity to but
apart from the apparatus 100. In an example, the sensor 130, such as the OCT
imaging system, can be used to detect a first position of the lamina cribrosa subject
to a first condition of the eve, such as a first intraocular pressure (10P), and a second
position of the lamina cribrosa subject to a second condition of the eye, such as a
second FOP. In an example, the sensor 130, such as a blood vessel characteristic
detector, can be used to detect a characteristic of a blood vessel, such as a first
caliber of an episcleral blood vessel subject to a first IOP, and a second caliber of
the episcleral blood vessel subject to a second IOP. The OCT and blood vessel
characteristic detector can be located 1o an office, such as the office of a medical
professional, for use during periodic eve exams, such as to document the
progression of a chronic eye condition and suggest treatment regimens to address
the eye condition.

The sensor 130 can be located inside the eve, such as within the intraocular
space of the eye. The sensor 130 can include a device that can detect pressure, such
as the IOP of the eye implanted with the sensor 130. The sensor 130 can be located
within the mtraocular space of the eve to detect a first IOP of the eye subjectto a
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first condition of the eve, and a second TIOP of the eve subject to a second condition
of the eye, such as to determine the effect of a gaseous therapy treatment delivered
by the apparatus 100 to the eye. In an example, the sensor 130 can include a sensor
system, such as the detectors and methods described in the U.S. Patent Application
No. 13/818,497 by Ostermeter, filed on Feb 22, 2013 which 18 incorporated herein
by reference i its entirety and the WIT eye pressure measurement system from
Implandata Ophthalmic Products GmbH (Hannover, Germany) described in the
publication “An Implantable Intraocuiar Pressure Transducer Initial Safety
Outcomes”, by Melki, et at., JAMA Ophthalmology, published online June 26,
2014, and incorporated herein by reference in its entirety. The sensor 130 located in
the eye can provide continuous sensing of an indication of the eye, such as IOP, for
use during treatment of the eve condition, such as with the apparatus 100, to vary
the therapeutic environment, such as the composition and pressure of the therapeutic
fluid, with a controller, such as a closed loop controller, to improve patient
treatment.

The sensor 130 can sense an indication of the therapeutic environment in the
cavity 112, such as a characteristic of the therapeutic fluid in contact with the eye,
such as at least one of therapeutic fluid flow, hunmidity, pressure, temperature, or
medicinal fluid concentration. The sensor 130 can be located in proximity to the
apparatus 100, such as in communication with the cavity 112, and can provide
continuous sensing of the therapeutic fluid, such as for use as a feedback parameter
i a closed-loop control system. The mndication of the therapeutic environment can
be received by the processing module 140, such as by a PID controller, to conirol
the composition and pressure of the therapeutic fluid in the cavity 112, such as
adhere to a therapy regimen prescribed by a medical professional to treat an eve
condition.

The sensor 130 can include a flow sensor, such as a device to sense an
mdication of the flow of the therapeutic fhuid mitroduced into the cavity 112, The
sensor 130 can mnclude a humidity sensor, such as a device to sense an indication of
the relative humidity of the therapeutic fluid i the cavity 112, The sensor 130 can
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mclude a pressure sensor, such as a device to sense an indication of the pressure of
the therapeutic fluid in the cavity 112. The sensor 130 can nclude a thermometer,
such as a device to sense an indication of the temperature of the therapeutic fhud
the cavity 112,

The sensor 130 can include a gas sensor, such as a device to sense an
mdication of a gaseous substance in the therapeutic fluid, such as a percent
concentration of the gaseous substance in the therapeutic fluid. In an example, the
gaseous substance can include a medicinal gas, such as a constituent of the
therapeutic fluid delivered to the cavity 112, In an example, the gaseous substance
can include a biomarker, such as a biomarker emitted by the eve.

A biomarker can include ketones, such as can be detected with a volatile gas
sensor including a quartz crystal nanobalance (QCN) sensor, glucose, such as can be
detected with an optical glucose sensor including an OCT imaging system, oxygen
levels, such as can be detected with a non-invasive optical oxygen sensor, dissolved
salts, such as can be detected with a salinity sensor, and vascular endothelial growth
factor {or VEGF), such as can be detected with an aptamer-based sensor including
the sensor and methods described in the publication “Flexible FET-Type VEGF
Aptasensor Based on Nitrogen-Doped Graphene Converted from Conducting
Polymer”, by Kwon, et at., ACS Nano, Vol.6, #2, pages 1486-1493, published
February 2012, and incorporated herein by reference n its entirety. Biomarkers can
suggest a physiclogical state of the eye, such as a state of stability or a state of
distress, such as where medical intervention can be required.

The sensor 130 can include a pulse oximeter device, such as a device to
sense an indication of systemic oxygen levels. In an example, the indication of
systemic oxygen levels can be received by the processing module 140 and oxygen
concentration 1 the therapeutic fluid adjusted, such as increased, to maintain
oxygenation of the eye even in the presence of low systemic oxygen levels.

The processor module 140 can provide a communication interface, such as
to allow a user to operate the apparatus 100. The communication interface can
mclude an operations unit, such as for a user to manage basic functionality of the
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apparatus 100, such as cycling the power of the apparatus 100, The communication
mierface can include a data acquisition unit to record an mdication, such as an
mdication of the therapeutic fhuid 1 the cavity 112 or an indication of the eye, over
a pertod of time. In an example, the indication can be recorded for a relatively short
period of time, such as for health screening purposes, or for a relatively long period
of time, such as for monitoring the effect of a prescribed treatment on the eye
condition treated.

The processor module 140 can control the operation of the apparatus 100,
such as the apparatus can operate in a feedback or closed-loop control mode. The
processor module 140 can be in communication, such as electrical communication,
with at least one of the regulator 120, the sensor 130, or the pump 150, such as to
coordinate operation of the components. The processor module 140 can receive a
signal, such as a signal proportional to an indication of the eve or the environment,
from the sensor 130 and process the signal, such as to compare a first signal to a
second signal, such as to find a difference between the first and second signals. The
processor module 140 can include a control circuit, such as to implement a control
algorithm including a feedback control algorithm. In an example, the control circuit
can include a controller, such as a proportional-integral-derivative (or P1D)
controller. In operation, the control circuit can receive a signal from the sensor 130,
such as an electrical signal proportional to changes in the sensed indication, process
the signal, such as with a PID controller to minimize a steady state error between the
sensor signal and a set point, such as a specified user-defined set pomnt, and generate
a control signal, such as to adjust the operational state of at least one of the regulator
120, a manifold vent 144, or the pump 150,

The processor module 140 can include a power source, such as to supply
electrical energy to the apparatus 100, In an example, the power source can mclude
a battery, such as a hithium 1on battery, and a transformer, such as to receive power
from a wall outlet for use 1n the apparatus 100 at a specified voltage and current.
The processor module 140 can include a heating element, such as a heating element
m communication with the therapeutic fluid including a heating element located on
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S asurface of the mixing chamber 146, to increase the temperature of the therapeutic
fluid.

FIG. 1B shows an example of a manifold 149, such as a manifold 149 that
can be in communication with the processing module 140, such as m electnical
communication, and the pump 150, such as m fluidic communication. The manifold

10 can include a mixing chamber 146, such as to thurdically connect the fluid regulator
120C and the pump outlet 155 with the pressure tube 117, such as the pressure tube
117A. In operation, volumetric fhuid flow from the pump outlet 155 can combine
with a medicinal fluid, such as from the fluid source 170 via the thud regulator
120C, to form a therapeutic fluid in the mixing chamber 146, The therapeutic fluid

15 can exit the mixing chamber 146 through the pressure tube 117A, such as for
mntroduction into the cavity 112A.

The manifold 149 can include an inlet chamber 148, such as to fluidically
connect the pump inlet 156 with the pressure tube 117, such as pressure tube 1178
m fluidic communication with the cavity 112B, and the manifold vent 144, such as

20 1in communication with the ambient environment.

The manifold 149 can include a vent 144 in fluid communication with the
cavity 112, such as to adjust the gauge pressure within the enclosure 110, The vent
144 can communicate with the processor module 140 to open and close the vent
144, such as to maintain a desired gauge pressure within the cavity 112, In an

25  example, as a gauge pressure sensed by a sensor 130 1 the cavity 112 exceeds a
predetermined threshold value, the vent 144 can recerve a control signal from the
control circuit, such as to modulate the vent 144 to maintain a desired gauge
pressure within the cavity 112,

In operation, the pump 150 can create a region of low pressure at the pump

30 nlet 156, such as to draw therapeutic fluid from the pressure tube 1178 and ambient
fluid, such as air at standard temperature and pressure, from the mamfold vent 144
The composition of the therapeutic fluid can be adjusted by the amount of ambient

air drawn from the manifold vent 144,
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S The pump 150 can generate a volumetric fluid flow, such as by using fhud
from the apparatus 100, such as the cavity 112, or from an external source. The
pump 150 can mclude a passage 157, such as between the pump mlet 156 and the
pump outlet 155, and a fan 1353 located at least partially n the passage 157, such as
a centrifugal fan capable of generating a volumetric fluid flow. The pump 150 can

10 include a filter 158, such as a particulate filter to remove dust and a desiccant filter
to remove water vapor {(1.e., humidity} from fhud flow in communication with the
passage 157, and a pump vent 159 in communication with the passage 157 and the
surrounding environment, such as to allow for the introduction of ambient air mnto
the apparatus 100. The pump 150 can include a power source 152, suchas a

15 battery, and be in communication with the enclosure 120, the sensor 130, and the
processor module 140,

In operation, rotation of the fan 153 1n the passage 157 can draw fluid from
an inlet, such as from the pump inlet 156 including the vent 144 and the pump vent
159, to generate a volumetric fluid flow at an outlet, such as the pump outlet 155.

20 The filter 158 can be located in the passage 157, such as between the pump inlet 156
and the fan 153 or the fan 153 and the pump outlet 155, Exposure of the filter 158
to the fluid flow can be regulated, such as the volume of fluid flow passing through
the filter can be controlled, such as to adjust a parameter of the therapeutic fluid. In
an example, the humidity in the therapeutic fluid can be adjusted, such as decreased,

25 by exposing at least a portion of the therapeutic thuid to the filter 158, such as a
desiccant filter. Exposure of the filter 158 to the therapeutic fluid can be regulated
with a shide valve, such as a shide valve attached to an actuator and in electrical
communication with the control circuit of the processing module 140, Inan
example, water vapor can be entrained in the desiccant filter, such as until the

30 desiccant filter can be saturated, and thereafter eliminated from the apparatus 100,
such as by replacing the saturated desiccant filter 158 or by heating the desiccant
filter 158, such as to cause the water vapor to evaporate from the desiceant filter

158.
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The pump 150 can apply and maintain a gauge pressure in the cavity 112
and distribute fluid, such as therapeutic fluid, m the cavity 112, The apphied gauge
pressures can vary in a range from about -40mmHg to about 40mmHg, such as ina
range from about -20mmHg to about 20mmHg, tn a range of about -10mmHg to
about 10mmHg, 1n a range of about -5mmHg to about SramHg, 10 a range of about -
ImmHg to about ImmHg, or in a range of about -0. 5mmHg to about 0.5mmHg. In
an example, the pump 150 can apply a gauge pressure to the cavity 112 at a leve] of
at least one of -40mmHg, -35mmbHg, -30mmHg, -25mmHg, -20mmHg, -15mmHg, -
10mmig, -5mmHg, -4dmmHg, -3mmHg, -2mmHg, -ImmHg, -0.9mmHg, -
0.8mmHg, -0.7mmHg, -0.6mmHg, -0.5mmHg -0.4dmmHg, -03mmHg, -0.2mmHg, -
0.1mmHg, -0.09mmHg, -0.08mmHg, -0.07mmbHg, -0.06mmHg, -0.05mmHg, -
0.04mmHg, -0.03mmHg, -0.02ZmmHg, -0.01mmHg, 0.0lmmHg, 0.02mmHg,
0.03mmHg, 0.04mmHg, 0.05mmHg, 0.06mmHg, 0.07mmHg, 0.08mmHg,
0.09mmHg, 0.1mmHg, 0.2mmHg, 03mmHg, 0.4mmHg, 0. 5mmHg, 0.6mmHg,
0.7mmHg, . 8mmHg, 0 9mmHg, 1mmHg, 2mmHg, 3mmHg, 4mmHg, SmmHg,
10mmHg, 15mmHg, 20mmHg, 25mmHg, 30mmHg, 35mmHg, or 40mmHg.

The appropriate duration to apply therapeutic fluids, such as a therapeutic
fluid applied with or without a gauge pressure, can vary depending on the eve
condition treated. A therapeutic regimen for an acute eve condition can require
application of a therapeutic fluid, such as with or without gauge pressure, for
relatively short periods of time, such as for periods of time measured in minutes,
hours, days, or weeks. In an example, a therapeutic regimen to treat an acute eve
condition can include apphication of a therapeutic fluid with the apparatus 100 for at
least one of | hour, 2 hours, 3 hours, 4 hours, 3 hours, 6 hours, 7 hours, 8 hours, 9
hours, 10 hours, 11 hours, 12 hours, 13 hours, 14 hours, 15 hours, 16 hours, 17
hours, 18 howrs, 19 hours, 20 hours, 21 hours, 22 hours, 23 hours, and 24 hours, |
day, 2 days, 3 days, 4 days, 5 days, 6 days, and 7 days, 1 week, 2 weeks, 3 weeks, or
4 weeks.

Therapeutic regimens for chronte eve conditions, such as glaucoma, can
require application of a therapeutic fluid, such as with or without gauge pressure, for
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relatively long pertods of time, such as for pertods of time measured in days, weeks,
months or years. In an example, a therapeutic regimen to treat a chronic eye
condition can mclude application of a therapeutic fluid with the apparatus 100 for at
feast one of 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, and 7 days, 1 week, 2
weeks, 3 weeks, and 4 weeks, 1 month, 2 months, 3 months, 4 months, 5 months, 6
months, 7 months, 8 months, 9 months, 10 months, 11 months, and 12 months, 1
year, 2 years, 3 yvears, 4 yvears, 5 vears, 6 years, 7 vears, 8 vears, 9 years, or 10 years.
In an example, a therapeutic regimen to treat a chronic eye condition, such as
glaucoma and optic disc edema, can include the application of a therapeutic fluid,
such as with or without gauge pressure, delivered to the eye with the apparatus 100
for the lifetime of the patient.

The pump 150 can modulate the therapeutic fluid, such as with or without
gauge pressure, applied to the cavity 112, such as periodically and aperiodically. A
periodic gauge pressure can include a gauge pressure that can vary in magnitude at
regular intervals, such as with sinusoidal signals, periodic non-sinusoidal signals,
and repeating processes. In an example, the gauge pressure applied to the enclosure
110 can vary in a substantially sinusoidal fashion with a period of approximately
24-hours, such as to compensate for the natural diurnal cycle of IOP in the eve of
the patient. A periodic gauge pressure can include gauge pressures that vary in
frequency, such as the time between repeating mtervals in the periodic signal. Inan
example, the gauge pressure applied to the enclosure can vary in frequency, such as
when the gauge pressure applied to the cavity 112 can vary as a function of cardiac
activity, such as heart rate and blood pressure, the cardiac activity measured by a
detection device, such as a blood pressure monitoring device in communication with
the processing module 140.

An aperiodic gauge pressure can include gauge pressures that vary in
magnitude at irregular intervals, such as non-pertodic signals and non-repeating
processes. The gauge pressure applied to the enclosure can vary in an apenodic
fashion that 1s dependent upon an indication of a body parameter, such as the
posttion of a patient with respect to a coordinate system. In an example, an

~ e
]



WO 2017/156050 PCT/US2017/021240

S mdication of a body position can include a change 10 body position, such as the
change n body posttion of a patient transitioning from a first body position, such as
a standing position, 1o a second body position, such as a sitting or prone position.
The gauge pressure applied to the enclosure 110 can vary in an aperniodic fashion
that 1s dependent upon the surnmation of one or more periodic and aperiodic signals.
10 In an example, the gauge pressure applied to the enclosure 110 can include a
periodic component, such as the gauge pressure due to cardiac activity, and an
aperiodic components, such as the gauge pressure due to the body postiion of a
patient.
FI(3 5 shows an example method 500 for introducing a fhud, such as a
15 gaseous therapeutic fluid other than ambient air, into a cavity 112. At 502, an
enclosure 110 can be provided, such as an enclosure 110 sized and shaped to be
seated about an eye, such as to form a cavity 112 within the enclosure 110 over the
eve. The enclosure 110 can include a gasket 114 that can be seated between the
enclosure 110 and the skin of the patient to form a seal between the enclosure 110
20 and the skin of the patient. The gasket 114 can be selected to form a resistance flow
path between the therapeutic environment within the cavity 112 and the surrounding
environment, such as the resistance can be dependent upon the gasket used. Inan
example, the gasket 114 can form a “loose’ seal between the enclosure 110 and the

patient, such as to allow some leakage of fluid from the cavity 112 through the
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resistance flow path to the surrounding environment, such as to mamntamn a slight
gauge pressure 10 the cavity 112, In an example, the gasket 114 can form a “tight’
seal between the enclosure 110 and the patient, such as to largely prevent leakage of
fluid from the cavity 112 through the resistance flow path to the surrounding
environment, such as to maintain a substantial gauge pressure in the cavity 112, In
30 anexample, the gasket 114 can form a hermetic seal that can prevent leakage of
fluid from the cavity 112 to the surrounding environment.

At 504, a fluid, such as therapeutic fluid other than ambient air, can be
provided to the cavity 112, The therapeutic flaid can include medicinal fluids, such
as pure gases including nitric oxide and carbon dioxide, and combinations of
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medicinal gases. In an example, a combmnation of medicinal gases can include a
combination of nitric oxide and carbon dioxide, such as o affect vasodilation of an
eye by mcreasing aqueocus humor outflow to fower IOP. The percentage of mitric
oxide and carbon dioxide can be specified to achigve a specific endpomt, such as to
maximize vasodilation of an eve based on the physiclogy of a specific patient. The
percentage of nitric oxide can include specified percentages of nitric oxide, such as
1%, 2%, 3%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%,
65%, 70%, 75%, 80%, &5%, 90%, 95%, 96%, 97%, 98% 99%, or other percentages.

In an example, a combination of gases can include a combination of nitric
oxide and oxygen, such as to provide increased oxygen concentration to tissues,
such as eye tissues, while increasing vasodiiation of an eye, such as by increasing
aqueous humor outflow to lower IOP. The percentage of nitric oxide and oxygen
can be specified to achieve a specific endpoint, such as to maximize eye tissue
oxygen saturation based on the physiclogy of a specific patient.

The gaseous therapeutic fluid can include water vapor, such as humidity.
The humidity of the therapeutic fluid can include a specified humidity, such as a
specified percentage humidity {e.g , relative humidity), such as 1%, 2%, 3%, 5%,
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, 96%, 97%, 98% 99%, or other percentages.

The therapeutic flund provided to the cavity 112 can be in contact with the
eye, such as the anterior surface of the eye including the corneal, scleral, and
conjunctival surfaces of the eve, so that the therapeutic fluids can pass into the eye,
such as through absorption of the therapeutic fluid through the surfaces of the eve.
The composition of the therapeutic fluid can be controlled, such as with a fluid
regulator 120. The flud regulator 120 can include a passive valve, such as a check
valve that closes as pressure exceeds a critical value, such as a pressure that can
damage a patient eye. In an example, where the pressure of the fluid source 170 can
be less than the critical value, fluid can flow between the cavity 112 and the fluid
source 170. In an example, where the pressure of the fluid source 170 can be equal
to or greater than the critical value, the check valve can close, such as to prevent
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S damage to the patient eve. Tn an example, the critical value can be adjusted, such as
the check valve can be adjusted from a first critical value to a second critical value,
such as a second critical value different from the first critical value.

FIG. 6 shows an example method 600 of sensing an indication with the
apparatus 100. At 606, an indication of the eyve or an indication of the environment
1¢ 1 the cavity 112 can be sensed, such as with a sensor 130, Sensing an mndication of
the eye can include sensing a physical characteristic of the eve, such as a change in
a physical characteristic. The physical characteristic can be sensed periodically,
such as to track progression of an eve condition as a part of an eye exam, or
continuously, such as a feedback parameter in a closed-loop control system
15  configured to adjust the composition of the therapeutic fluid in the cavity 112.
Sensing an indication of the environment can include sensing a characteristic
of the therapeutic fluid in the cavity 112, such as the level of the characteristic ora
change in the level of the characteristic. In an example, the sensor 130 can sense a
level of thud concentration or a change in fluid concentration, such as the
20 concentration of a medicinal fluid in the therapeutic fluid. The therapeutic fluid
characteristic can be sensed periodically, such as on a daily or hourly schedule, or
continuously.
FIG. 7 shows an example method 700 for adjusting a therapeutic fluid within

the cavity 112, At 708, the therapeutic fluid, such as the composition of the
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therapeutic fluid, can be varied. Varying the therapeutic fluid can include changing
the composition of the therapeutic fluid, such as by varying the concentration of a
constituent fluid, such as a medicinal gas, within the therapeutic fluid.

Varying the composttion of the therapeutic fluid can include manually
adjusting the concentration of a constituent fluid, such as by adjusting a valve on the
30 fhud regulator 120, In an example, upon recognizing worsening symptoms of an
eye condition an eye patient can vary the composition of the therapeutic flnd
provided to the cavity 112, such as by increasing the flow of medicinal fluid to the
cavity 112, such as by manually opening the check valve of a fluid regulator 120,
until the symptoms of the eye condition dissipate.
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Varying the composition of the therapeutic fluid can include operating the
apparatus 100 with an open-loop control algonthm, such as with a controller
varying therapeutic composttion at predetermined times. Hye pressure of a patient
can vary throughout the day, sach as IOP can be elevated during the active hours of
the day and lowered during the mnactive hours. In an example, the apparatus 100
can manage [OP therapy, such as with a control circuit operating an open-loop
algorithm where the control circuit can be connected to a servo valve, the control
circutt programmed to initiate a preset pattern based on time of the day. For
example, the conirol circutt can adjust the servo valve of a fluid regulator 120 to
merease oxygen concentration in the therapeutic fluid during hours when the patient
can be active and decrease oxygen concentration in the therapeutic fluid duning
hours when the patient can be inactive.

Varying the composition of the therapeutic fluid can include operating the
apparatus 100 with a closed-loop control algorithm, such as with a controller
varying therapeutic composition in response to recetving a first feedback parameter,
such as an indication of the eye. In an example, a sensor 130, such as a digital
camera, can sense a change in an indication of the eve, such as a change in the cup-
to-disc ratio of the eyve. The digital camera can sense a change in cup-to-disc ratio,
such as by comparison of a first image captured at a first time instance and a second
mmage captured at a second time instance and wentifying the difference between the
first and second images, such as with the processing module 140. A controller, such
as a PID controller, can receive a signal from the sensor 130 proportional to the
mdication of the eve and 1ssue a control signal, such as to the fluid regulator 120, to
vary the composition of medicinal fluid, such as to counteract the change in the cup-
to~-disc ratio sensed by the sensor 130.

Varying the composition of the therapeutic fluid can include recetving a
second feedback parameter, such as an indication of the environment in the cavity
112, Inan example, a sensor 130, such as a gas sensor, can sense an indication of
the therapeutic fluid, such as the concentration of a medicinal fluid. A controller
can recetve a signal from the sensor 130 proportional to the indication of the
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S therapeutic fluid and compare the received signal o a set point value. Where the

concentration of the medicinal fluid falls below the set point value, the controller
can 1ssue a control signal to the flhuid regulator 120 to vary the flad flow of a
medicinal fhaid from the fluid source 170, such as to increase medicinal fluid
concentration in the therapeutic fluid and minimize the difference in the received

1¢  signal and the set point value. Where the concentration of the medicinal thud
exceeds the set point value, the controller can issue a control signal to the pump
150, such as the fan 153, to increase volumetric fhnd flow, such as to decrease or
dilute medicinal fhind concentration in the therapeutic fluid and minimize the
difference 1n the recetved signal and the set point value.

15 FIG. 8 shows an example method 800 for receiving a patient. At 810,
receiving a patient can include receiving a patient with an eye condition for
treatment with the therapeutic fluid.

Eve conditions including glaucoma, dry eve, diabetic retinopathy, cataract,
venous and arterial occlusive diseases, macular degeneration, diseases of the cornea,

20 endothelium, and epithelium, diseases of the retinal vasculature, diseases of the
retinal pigmented epithelium, corneal infections, or other infections of the eye can
be treated with a therapeutic fluid, the therapeutic fluid including a medicinal fluid,
such as at least one of carbon dioxide, oxygen, or nitric oxide. The specified non-

armbient concentration of medicinal fluid 1o the therapeutic fluid can include a
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percentage concentration, such as 1%, 2%, 3%, 5%, 10%, 15%, 20%, 25%, 30%,
35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%,
97%, 98% 99%, or other percentages. In an example, the therapeutic fluid can
mclude between 50 percent and 80 percent carbon dioxide (C(Oy), such as to treat
glaucoma. Inan example, the therapeutic fluid can include between 50 percent and
30 95 percent oxvgen {2}, such as to treat diabetes or Fuchs™ dystrophy. Inan
example, the therapeutic fluid can include between 10 percent and 90 percent nitric
oxide (NO}, such as to treat glaucoma.

The example method 800 can be used to treat an eye, such as to potentiate a
therapeutic substance 10 contact with the eve. Potentiation can be described as the
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S interaction between two or more therapeutic agents that results in a pharmacologic
response greater than the sum of responses to each agent individually. A first
potentiating therapeutic agent can inchude a therapeutic fluid, such as at least one of
riboflavin, decorin, anti-VEGE, antibiotics, antiviral, or antifungal fluids. A second
potentiating therapeutic agent can inchude a source of radiating energy, such as at

10 least one of incoherent light, infrared (IR) light, ultraviolet (UV) light, coherent
hight, such as realized with a laser, or a medicinal fluid.

In an example, the method 800 can potentiate a {irst set of therapeutic
agents, such as to treat corneal ectasia including keratoconus, pellucid marginal
degeneration (PMD}, and post-LASIK ectasia, by corneal collagen cross-linking,

15 At 810, a patient suffering from corneal ectasia can be received. At 502, an
enclosure sized and shaped to seat about an eve can form a cavity 112 over the eye.
At 504, a first potentiating therapeutic agent, such as a gaseous fluid other than
ambient air including a fluid with a specified concentration of riboflavin, and a
second potentiating therapeutic agent, such as radiation energy including UV-A

20 lhight, can be introduced into the cavity 112, Gaseous riboflavin can be absorbed
mto the anterior surface of the eve and exposure to UV-A light, such as exposure
through the enclosure 110 irradiating the eye and the riboflavin-rich therapeutic
fluid, can potentiate the absorbed riboflavin, such as to form additional bonds

between adjacent collagen strands in the stromal layer of the cornea, to improve the
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strength and elasticity of the cornea. At 606, an indication of the concentration of
riboflavin can be sensed in the cavity 112, such as to indicate the amount of
riboflavin absorbed by the eye. At 708, the concentration of riboflavin can be
varied, such as increased or decreased, such as to a physician-recommended
concentration.

30 In an example, the method 800 can potentiate a second set of therapeutic
agents, such as a third therapeutic agent including a specified concentration of
decorin and a fourth therapeutic agent including a specified concentration of

oxygen, in the same manner as the first set of therapeutic agents.
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The example method 800 can be used to treat an eve, such as to mhibit
mfections of the eye. An aerobic mfection mvolves the growth of bactena requiring
free oxygen whereas an anaerobic infection involves the growth of bactena m the
absence of free oxygen.

In an example, the method of 800 can inhibit the growth of infections of the
eve, such as by providing an oxygen-deprived environment to stifle growth of an
aerobic infection or an oxygen-rich environment to suppress the growth of an
anaerobic infection. At 810, a patient suffering from an eye infection, such as an
aerobic or an anaerobic infection, can be received. At 502, an enclosure sized and
shaped to seat about an eye can form a cavity 112 over the eye. At 504, a
therapeutic fluid other than ambient air, such as a nitrogen-rich environment
including a therapeutic fluid composed of more than 78% nitrogen to treat aerobic
mfections and an oxygen-rich environment including a therapeutic fluid composed
of more than 21% oxygen to treat anaerobic infections, can be provided to the cavity
112, At 606, an indication of the environment, such as the concentration of a fluid
other than ambient air can be sensed in the cavity 112, such as to assess the potency
of the infection treatment. At 708, the concentration of a fluid other than ambient
air can be varied, such as increased or decreased, such as to a physician-
recommended concentration to treat the eye infection.

The example method 800 can be used to treat an eve, such as munimize post-
operative damage during the healing process of the eve. In an example, a hypoxic
{or oxygen-deprived) environment can reduce corneal scarring and hazing in
recuperation of the eye. The method used to treat an infection, such as an aerobic
mfection as disclosed above, can be used to minimize eye scarring and hazing,

FIG. 9 shows an example method 900 of a treatment for Fuchs™ dystrophy.
Fuchs’ dystrophy can occur when the cornea swells, such as due to endothehal celi
dysfunction. Fuchs’ dystrophy can be treated by reducing the I0P of the eye and by
removing water from the cornea, such as through the application of dehydrating
agents including sodium chioride and glycerin to the surface of the eye and
evaporation of water from the surface of the eve.
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At 902, a patient with an eye condition, such as Fuchs’ dystrophy, can be
recetved. At 904, an enclosure 110 can be provided to it over the eve of the patient,
such as to form the cavity 112 between the patient eve and the enclosure 110, At
906, a therapeutic fluid other than ambient air can be provided to the cavity 112,
such as to allow the therapeutic fhuid to contact the surface of the patient eye. In an
example, the therapeutic fluid can include a composition of medicinal fhuds, such as
a therapeutic fluid with a specified non-ambient concentration of at least one of
carbon dioxide (C(Oy}, oxygen {(:), nitric oxade (NQ), or water vapor, such as with
water vapor in an amount sufficient to realize a desired relative humidity of the
composition of gaseous fluids. The specified non-ambient concentration of a
constituent of the therapeutic fluid, such as oxygen or relative humidity, can include
a percentage concentration, such as 1%, 2%, 3%, 5%, 10%, 15%, 20%, 25%, 30%,
35%, 40%, 45%, S0%, S5%, 60%, 65%, T0%, 75%, 80%, 85%%, 00%, 95%, 96%,
97%, 98% 99%, or other percentages. The percentage concentration of the
constituent can be selected for a therapeutic purpose. In an example, the gaseous
fluid can include between 30 percent and 100 percent oxygen {O:), such as to
maintain or improve endothelial cell function in those diagnosed with Fuchs’
dystrophy. The treatment of Fuchs’ dystrophy, such as the example method 900,
can be extended to patients with symptoms simtlar to Fuchs’ dystrophy. Inan
example, the therapeutic fluid, such as a gaseous fluid including between 30 percent
and 100 percent oxygen, can be used to maintain or improve endothelial cell
function 1n people exposed to a high altitude or low oxygen environments, such as
astronomers, astronauts, hikers, or others. At 908, at least one of a first sensor 130,
such as an OCT imaging system, can sense an mdication of the eve, suchas a
change 1n the deflection of the lamuna cribrosa to estimate IOP, or a second sensor
130, such as a humidity sensor, can sense an indication of the environment, such as
the relative humudity within the cavity 112, to monitor the effect of the therapeutic
fhuid on the patient eve. At 910, the composition of the therapeutic fhud, such as
the constituents of the therapeutic fhuid and the level of relative humudity, can be
varied, such as by adjusting the specified non-ambient concentration of at least one
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of the constituents of the therapeutic fluid or adjusting the relative humidity, such as
to improve the treatment for Fuchs™ dystrophy as applied to the patient eve.

FIG. 10 shows an example method 1000 to introduce gaseous fluids, such as
gaseous fluids other than ambient air, imto the cavity 112 with a positive gauge
pressure. Inan example, a user can interact with the operations unt of the processor
module 140, such as to intiate operation of the method 1000.

At 1002, the vent 144 can be opened. Opening the vent 144 can equalize
fluid pressure in the apparatus 100, such as in the cavity 112, with the surrounding
environment. Equalizing pressure can prepare the cavity 112 to receive a specified
gaseous fluid, such as a therapeutic flud.

At 1004, fhuid regulator 120, such as a valve of the fluid regulator 120C, can
be opened. Opening the valve of the fluid regulator 120C can allow a fluid, such as
a medicinal fluid, to flow out of the fhud source 170 into the processor module 140,
such as into a mixing chamber 146 in communication with the pressure tube 117
and the pump outlet 155, In an example, the composition of the therapeutic fluid
can be adjusted, such as by changing the outflow rate of the fluid source, such as by
opening and closing the valve of the fluid regulator 120C. In an example, the valve
can be opened at a predetermined rate, such as in response to a control signal from
the processor module 140, to gradually increase the concentration of medicinal fluid
released into the mixing chamber 146 over tume.

At 1006, the pump 150 can be started to generate volumetric fluid flow, such
as to generate a positive gauge pressure at the pump outlet 155, In an example, the
pump inlet 136 can be blocked, and the pump outlet 135 can be in direct
communication with the mixing chamber 146, such as the volume output can
combine with the medicinal fluid flowing through the fluid regulator 120C, such as
to create a therapeutic fluid. The composition of the therapeutic fluid can depend on
the volume output of the pump 150 and on the volume and concentration of the
medicinal fluid flowing through the fluid regulator 120C. Tn an example, the
composition of the therapeutic fluid can be adjusted, such as by changing the

volume output of the pump 150, For example, the volume output of the pump 150
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S can be changed by increasing or decreasing the speed of the pump 150, such as the
fan 153 of a centrifugal pump. The therapeutic fluid can flow out of the mixing
chamber 146, such as through the pressure tube 117 into the cavity 112,

At 1008, a sensor 130, such as a gas sensor located in the cavity 112, can
sense the therapeutic fluid fowing into the cavity 112, such as to sense an indication
10 of the concentration of medicinal fluid in the therapeutic fluid. The processor
module 140 can receive a signal from the sensor 130, such as an electrical signal
proportional to the indication of the concentration of medicinal fluid in the
therapeutic fluid. The received sensor signal can be compared to a predetermined
set point value, such as a physician-recommended concentration of medicinal fluid
15 for the treatment of an eye condition, with the control circuit. I the received sensor
signal 1s less than the predetermined concentration set point value, the valve of the
fluid regulator 120C can be further opened at 1007, such as to increase the
concentration of medicinal fluid in the mixing chamber 146, and the therapeutic
fluid can be re-sensed at 1008, The valve of the fluid regulator 120C can continue
20 to open until the received sensor signal, such as sensed in the cavity 112, reaches the
predetermined concentration set point value.
At 1010, the vent 144 can be closed. After the recetved sensor signal meets
the predetermined set point value, the therapeutic fluid can be considered adequately

nuxed jo the apparatus 100 at the pressure of the surrounding environruent, such as
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the local ambient pressure. The vent 144 can then be closed, such as to allow the
pump 150 to build positive gauge pressure 1o the apparatus 100

At 1012, a sensor 130, such as a pressure sensor located in the cavity 112,
can sense the fluid pressure in the cavity 112, such as for an mdication of
therapeutic fluid gauge pressure. The processor module 140 can receive a signal
30 from the sensor 130, such as an electrical signal proportional to the gauge pressure
of the therapeutic fluid. The received sensor signal can be compared toa
predetermined set point value, such as a physician-recommended gauge pressure of
the therapeutic fhud for the treatment of an eve condition, with the control circust.
If the received sensor signal 1s less than the predetermined gauge pressure set point
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S value, the speed of the fan 153 can be increased at 711, such as to increase the
volumetric flaid flow in the mixing chamber 146, and the therapeutic fluid can be
re-sensed at 1013, The pump 150 can continue to generate volumetric fluid flow
until the gauge pressure, such as sensed in the cavity 112, reaches the predetermined
gauge pressure sef point value.

10 At 1014, the pump can be stopped, such as upon achieving the
predetermined gauge pressure set point value. Stopping the pump 150 can prevent
changes m composition of the therapeutic fluid, such as in medicinal fhiid
concentration and gauge pressure.

At 1016, the valve in the fluid regulator 120C can be closed. Closing the

15 valve of the fluid regulator 120C can stop the medicinal fluid from flowing out of
the fluid source 170. In an example, the valve can be closed at a predetermined rate,
such as a rate selected to prevent concentration changes in the therapeutic fluid.

At 1018, the sensor 130 can sense an indication of the therapeutic fluid in
the cavity 112, such as for deviation from a specified set point value. Inan

20 example, an indication of the concentration of medicinal fluid in the therapeutic
fluid can be sensed by the gas sensor and compared to the physician-recommended
concentration set point level with the control circuit, such as to a tolerance range (or
error band) centered around the set point level. In an example, an indication of the

positive gauge pressure of the therapeutic fluid can be sensed by the pressure sensor
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and compared to the physician-recommended positive gauge pressure set point level
with the control circuit, such as to a tolerance range (or error band) centered around
the set point level. When the sensed 1ndication falls outside the tolerance range, the
method of 1000 can be reinutiated, such as at 1004, to adjust the sensed indication to
a value within the tolerance range.

30 FIG. 11 shows an example method 1100 to introduce gaseous fluids, such as
gaseous fluids other than ambient air, into the cavity 112 with a negative gauge
pressure. Inan example, a user can interact with the operations unt of the processor

module 140, such as to imtiate operation of the method 1100
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At 1102, the vent 144 can be closed. Closing the vent 144 can isolate fluid
pressure in the apparatus 100, such as in the cavity 112, from the surrounding
environment. Isolating pressure can prepare the cavity 112 to receive a mixture of
gases other than ambient air, such as a mixture of therapeutic gases.

At 1104, the fluid regulator 120, such as the valve of the flhuid regulator
120C, can be opened. Opening the valve of the fluid regulator 120C can allow a
fluid, such as a medicinal fluid, to flow out of the fluid source 170 nto the processor
module 140, such as into the mixing chamber 146 in communication with the
pressure tube 117, In an example, the composition of the therapeutic fluid can be
adjusted, such as by changing the outflow rate of the thud source, such as by
opening and closing the valve of the fluid regulator 120C. In an example, the valve
can be opened at a predetermined rate, such as to gradually increase the
concentration of medicinal fluid released into the mixing chamber 146 over time.

At 1106, the pump 150 can be started to generate a volume draw, such as to
generate a negative gauge pressure at the pump inlet 156, In an example, the pump
outlet 155 can be blocked, and the pump inlet 156 can communicate indirectly with
the mixing chamber 146, such as the pump inlet 156 can be in communication with
the mixing chamber 146 through the pressure tube 117, For example, as the pump
150 generates a negative gauge pressure at the pump inlet 156, fluids in the mixing
chamber 146, such as medicinal fluids, can be drawn through the pressure tube 117,
such as through the pressure tube 117A nto the cavity 112A, through the pressure
tube 117C 1nto the cavity 112B, and through the pressure tube 1178 into the pump
mlet 156, In drawing the medicinal fluid from the nuxing chamber 146, the
medicinal fluid can combine and mix with fluids 1o the cavity 112 and the pressure
tube 117, such as to create a therapeutic fluid. The composition of the therapeutic
fhuid can depend on the volume draw of the pump 150 and on the volume and
concentration of the medicinal fluid flowing through the fhnd regulator 120C. Inan
example, the composition of the therapeutic fluid can be adjusted, such as by

changing the volume draw of the pump 150, For example, the volume draw of the
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S pump 150 can be changed by increasing or decreasing the speed of the pump 150,
such as a centrifugal pump.

At 1108, a sensor 130, such as a gas sensor located m the cavity 112, can
sense the therapeutic fluid flowing through the cavity 112, such as to sense an
mdication of the concentration of medicinal fhuid in the therapeutic flurd. The

1¢  processor module 140 can receive a signal from the sensor 130, such as an electrical
signal proportional to the indication of the concentration of medicinal fluid in the
therapeutic fluid. The received sensor signal can be compared to a predetermined
set point value, such as a physician-recommended concentration of medicinal fhud
for the treatment of an eve condition, with the control circuit. If the recetved sensor

15 signal is less than the predetermined concentration set point value, the valve of the
fluid regulator 120C can be further opened at 1107, such as to increase the
concentration of medicinal fluid in the mixing chamber 146, and the therapeutic
fluid can be re-sensed at 1108, The valve of the fluid regulator 120C can continue
to open until the received sensor signal, such as sensed in the cavity 112, reaches the

20 predetermined concentration set point value.

At 1110, the pump 150 can be stopped. After the received sensor signal
meets the pre-determined set point value, the therapeutic fluid can be considered
adequately mixed in the apparatus 100 at the negative gauge pressure in the cavity

112. The pump 150 can then be stopped, such as to maintain the negative gauge

[\
LA

pressure in the apparatus 100,

At 1112, a sensor 130, such as a pressure sensor located 1o the cavity 112,
can sense the fluid pressure in the cavity 112, such as for an mdication of
therapeutic fluid gauge pressure. The processor module 140 can recetve a signal
from the sensor 130, such as an electrical signal proportional to the gauge pressure
30 of the therapeutic fluid. The received sensor signal can be compared to a
predetermined set point value, such as a physician-recommended negative gauge
pressure of therapeutic fluid for the treatment of an eve condition, with the control
circuit. If the received sensor signal 15 greater than the predetermined gauge
pressure set point value, the speed of the fan 153 can be increased at 1111, such as
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to increase the volumetric fluid draw in the mixing chamber 146, and the therapeutic
fluid can be re-sensed at 1113, The pump 150 can continue to generate volumetric
fhuid draw until the gauge pressure, such as sensed in the cavaty 112, reaches the
predetermined gauge pressure set point value. In an example, the gauge pressure in
the apparatus 100 can exceed the physician-recommended negative gauge pressure,
such as the negative gauge pressure in the cavity 112 can be less than the physician-
recommended negative gauge pressure.

At 1114, the vent 144 can be adjusted. Adjusting the vent 144 can allow air
from the surrounding environment to be drawn into the apparatus 100, such as to
reduce the negative gauge pressure in the cavity 112, In an example, the vent 144
can be adjusted by a predetermined method, such as to reduce the negative gauge
pressure in the cavity 112 to within a specified error band of the negative gauge
pressure set point value, such as a physician-recommended negative gauge pressure.

At 1116, the valve of the fluid regulator 120C can be closed. Closing the
fluid regulator 120C can stop the medicinal fluid from flowing out of the fluid
source 170. In an example, the valve can be closed at a predetermined rate, such as
a rate selected to prevent concentration changes in the therapeutic fluid.

At 1118, the sensor 130 can sense an indication of the therapeutic fhuid in
the cavity 112, such as for a deviation from a specified set point value. Inan
example, an mdication of the concentration of medicinal fluid in the therapeutic
fluid can be sensed by the gas sensor and compared to the physician-recommended
concentration set point level with the control circutt, such as to a tolerance range {or
error band) centered around the set point level. In an example, an indication of the
negative gauge pressure of the therapeutic fluid can be sensed by the pressure sensor
and compared to the physician-recommended negative gauge pressure set point
level with the control circutt, such as to a tolerance range {or error band) centered
around the set point level. When the sensed indication falls outside the tolerance
range, the method of 1100 can be remitiated, such as at 1104, to adjust the sensed

mdication o a value within the tolerance range.
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FIG. 12 shows an example method 1200 to control the level of water vapor
{1.e. humidity) in the cavity 112, such as the level of humidity entrained in a
therapeutic fluid. Maintaining physictan-recommended humudity levels can
enhance the effect of therapeutic fluids i contact with the eve. However,
condensate can form in the cavity 112, such as due to the accumulation of
perspiration. Conirol of humidity levels can impede the formation of condensate
while improving treatment efficacy and patient comfort during use of the apparatus
160,

At 1202, a sensor 130, such as a humidity sensor located in the cavity 112,
can sense an indication of the humidity level in the therapeutic fluid.

At 1204, the indication of the humidity level in the cavity 112 can be
compared to a set point value, such as to determine if a humidity level has been
achieved. In an example, the processor module 140 can receive a signal from the
sensor 130, such as an electrical signal proportional to the indication of the humidity
level in the therapeutic fluid. The received sensor signal can be compared to a
predetermined set point value, such as a specified hunudity level for the treatment of
an eye condition, with the control circuit.

At 1205, the humidity level in the therapeutic fluid can be adjusted. If the
recetved sensor signal is less than the humidity level set point value, the valve of a
fluid regulator 120 can be opened, such as to increase the concentration of water
vapor in the mixing chamber 146 available for mixing into the therapeutic fluid, and
the therapeutic fluid can be re-sensed and compared to the set pomnt value at 904
The valve of the fluid regulator 120 can continue to open until the recetved sensor
signal reaches the predetermined hunidity level set point value. If the received
sensor signal 1s greater than the humudity level set point value, a filter 158, such as a
desiccant filter, can be exposed to the therapeutic fluid, such as to at least a portion
of the therapeutic fluid i the passage 157, to collect and remove excess water
Vapor.

At 1206, water vapor, such as water vapor entrained in the therapeutic fhnd

and accumulated condensate, can be collected from the apparatus 100, Therapeutic
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fhuid flowing through the passage 157, such as by operating the fan 153 to circulate
therapeutic fluid m the apparatus 100, can be exposed to, such as can come in
contact with, at least a portion of the desiccant filter, such as to collect water vapor
from the apparatus 100, The amount of therapeutic fluid exposed to the desiccant
filter can be controlied by a shide valve, such as slide valve covering the desiccant
filter and in commumication with the control circuit of the processing module 140,
The control circuit can adjust the shide valve, such as to adjust the surface area of
the desiccant filter exposed to the therapeutic fluid, to control the rate at which
water vapor can be extracted from the therapeutic fluid.

Accumulated condensate, such as in the cavity 112, can be collected, such as
with a wicking gasket 160. Condensate can come into contact with the wicking core
162, such as a first surface 163 of the wicking core 162, for absorption by the
wicking core 162. Absorbed condensate can distribute through the wicking core
162, such as by osmosis, and can be retained within the wicking core 162.

At 1208, collected water vapor can be removed from the apparatus 100, In
an example, the desiccant filter, such as a desiccant filter saturated with water vapor,
can be replaced i the pump 150, such as with a dry desiccant filter, to remove water
vapor from the apparatus 100. In an example, the desiccant filter can be exposed to
the ambient atmosphere, such as to allow water vapor to evaporate from the
desiccant. In an example, the desiccant filter can include a heater element, such as
mtegrated into a desiceant filter, to increase the temperature of the desiccant filter
causing the collected water vapor to evaporate, such as into the ambient atmosphere.

Accumulated condensate, such as condensate retained within the wicking
core 162, can be removed from the apparatus 100. In an example, condensate can
migrate through the core cover 166, such as from the interior surface 167 to the
exterior surface 168, and evaporate from the exterior surface 168, such as to remove
condensate from the apparatus 100, In an example, a negative gauge pressure can
be generated in the fumen of the suction tube 169, such as to draw condensate
retained m the wicking core 162 to the suction tube 169, The negative gauge

pressure can be generated by a condensate pump mcluding a pump separate from
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the apparatus 100, such as a standalone vacuum pump that can be n communication
with the control circwt of the processing module 140, and a pump included 1n the
apparatus 100, such as the pump 150.

At 1210, the sensor 130 can sense an mndication of the therapeutic fhud n
the cavity 112, such as for deviation from a specified set point value. Inan
example, an mdication of the humidity in the therapeutic fhud can be sensed by the
humidity sensor and compared to the physician-recommended humidity set point
level with the control circuit, such as to a tolerance range (or error band) centered
around the set point level. When the sensed indication falls sutside the tolerance
range, the method of 1200 can be reimitiated, such as at 1202, to adjust the sensed

mdication to a value within the tolerance range.
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Various Notes & Examples

The above detailed description includes references to the accompanying
drawings, which form a part of the detailed description. The drawings show, by
way of 1ffustration, specific embodiments m which the mvention can be practiced.
These embodiments are also referred to herein as “examples.” Such examples can
mclude elements in addition to those shown or described. However, the present
mventors also contemplate examples in which only those elements shown or
described are provided. Moreover, the present inventors also contemplate examples
using any combination or permutation of those elements shown or described {or one
or more aspects thereof), either with respect to a particular example {or one or more
aspects thereof), or with respect to other examples {or one or more aspects thereof)
shown or described herein.

In the event of inconsistent usages between this document and any
documents so incorporated by reference, the usage i this document controls.

In this document, the terms “a” or “an” are used, as 1s common in patent
documents, to include one or more than one, independent of any other instances or
usages of “at least one” or “one or more.” In this document, the term “or” is used to
refer to a nonexclusive or, such that “A or B” includes “A but not 8,7 “B but not
A and “A and B, unless otherwise indicated. In this document, the terms
“including” and “in which” are used as the plam-English equivalents of the
respective terms “comprising” and “wherein” Also, in the following claims, the
terms “including” and “comprising” are open-~ended, that is, a system, device,
article, composition, formulation, or process that includes elements in addition to
those listed after such a term in a claim are still deemed to fall within the scope of
that claim. Moreover, in the following claims, the terms “first,” “second,” and
“third,” etc. are used merely as labels, and are not intended to mpose numerical
requirements on their objects.

Method examples described heren can be machine or computer-
mmplemented at feast in part. Some examples can nclude a computer-readable

medium or machme-readable medium encoded with instructions operable to
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configure an electronic device to perform methods as described 1o the above
examples. An implementation of such methods can inclade code, such as
microcode, assembly language code, a higher-level language code, or the like. Such
code can include computer readable instructions for performing various methods.
The code may form portions of computer program products. Further, m an example,
the code can be tangibly stored on one or more volatile, non-transitory, or non-
volatile tangible computer-readable media, such as during execution or at other
times. Examples of these tangible computer-readable media can include, but are not
hmited to, hard disks, removable magnetic disks, removable optical disks {e.g.,
compact disks and digital video disks), magnetic cassettes, memory cards or sticks,
random access memories {(RAMs), read only memories (ROMs}, and the like.

The above description is intended to be illustrative, and not restrictive. For
example, the above-described examples {or one or more aspects thereof) may be
used in combination with each other. Other embodiments can be used, such as by
one of ordinary skill in the art upon reviewing the above description. The Abstract
is provided to comply with 37 CF. R §1.72(h)}, to allow the reader to quickly
ascertain the nature of the technical disclosure. It is submitted with the
understanding that it will not be used to interpret or limit the scope or meaning of
the claims. Also, in the above Detatled Description, various features may be
grouped together to streamline the disclosure. This should not be mterpreted as
mtending that an unclaimed disclosed feature 1s essential to any claim. Rather,
mventive subject matter may lie in less than all features of a particular disclosed
embodiment. Thus, the following claims are hereby incorporated into the Detailed
Description as examples or embodiments, with each claim standing on its own as a
separate embodiment, and 1t 1s contemplated that such embodiments can be
combined with each other in various combinations or permutations. The scope of
the mnvention should be determined with reference to the appended claims, along

with the full scope of equivalents to which such claims are entitled.
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THE CLAIMED INVENTION 15:
1. An apparatus to maintain an environment over an anterior surface of a

patient eye comprising;

an enclosure sized and shaped to be seated about the patient eve to forma
cavity within the enclosure, the enclosure configured to contain a fluid other than
ambient air in contact with the patient eye; and

a fluid regulator in communication with the enclosure, wherein the fluid
regulator 1s configured to regulate the composttion of the fluid contained within the

enclosure.

2. The apparatus of claim 1, wherein the enclosure 1s configured maintain a
differential fluid pressure between the cavity and the surrounding environment and
the fluid regulator is configured to regulate the differential pressure of the flind

contained within the enclosure.

3. The apparatus of claim 1, wherein the fluid 1s a gaseous fluid.

4. The apparatus of claim 3, wherein the gaseous fluid includes a specified
non-ambient percentage of at least one of carbon dioxide (COy), oxygen (Oa), or

nitric oxide (NO).

5. The apparatus of claim 4, wherein the gaseous fluid includes a specified

non-ambient percentage of carbon dioxide (COy).

6. The apparatus of claim 4, wherein the gaseous fhuid includes a specified

non-ambtent percentage of oxygen ().
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7. The apparatus of claim 4, wherein the gaseous fluid includes a specified

non-ambient percentage of nitric oxide (NO).

8 The apparatus of claim 1 comprising a sensor configured to detect at feast
one of an indication of the eve or an indication of a parameter of an environment

within the cavity.

9. The apparatus of claim 8 wherein the sensor includes an optical coherence

tomography (OCT) system.

10. The apparatus of claim 8, wherein the sensor includes a non-contact blood

vessel characteristic detector.

11 The apparatus of claim 8, wherein the sensor includes a quartz crystal

nanobalance sensor.

12, The apparatus of claim 8, wherein the sensor includes a non-invasive optical

OXYZEen sensor.

13 The apparatus of claim 8, wherein the sensor includes a salinity sensor.

14, The apparatus of claim 8, wherein the sensor includes an aptamer-based
SEnSOT.

is. The apparatus of claim 1, comprising a processor module in communication

with at least one of the fluid regulator or a sensor.

16. The apparatus of claim 15, wherein the processor module 15

communication with the fluid regulator.
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17. The apparatus of claim 15, wherein the processor unit is in communication

with the sensor.

18 The apparatus of claim 1, comprising a pump in communication with at least

one of the processor or the enclosure.

19. The apparatus of claim 18, wherein the pump is in communication with the
Processor.

20. The apparatus of claim 18, wherein the pump 1s in communication with the
enclosure.

21. The apparatus of claim 18, wherein the pump 15 a vacuum pump.

22, A method to provide a therapeutic environment over an anterior surface of a

patient eye comprising:

providing an enclosure that s sized and shaped to be seated about the patient
eye to form a cavity within the enclosure; and

providing a fluid other than ambient air to the cavity such as to treat an eye

condition.
23. The method of claim 22, wherein providing a fluid includes providing a fluid
to maintain a differential fluid pressure between the cavity and the surrounding

environment,

24 The method of claim 22, comprising sensing an indication of the fhud other

than ambient air in the cavity.
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25. The method of claim 24, wherein sensing an indication includes sensing an
mdication of at least one of fluid pressure, fluid partial pressure, fluid concentration,

or fluid humdaty.

20, The method of claim 25 wherein sensing an indication of fluid partial
pressure includes sensing a fhuid partial pressure of at least one of carbon dioxide

glucose, oxygen levels, dissolved

2 o

{COn), oxygen (On), nitric oxide (NO), ketones

salts, or vascular endothelial growth factor.

27. The method of claim 25 wherein sensing an indication of fluid concentration
mcludes sensing a concentration of at least one of carbon dioxide {C0:), oxygen
(O}, nitric oxide (NO), ketones, glucose, oxygen levels, dissolved salts, or vascular

endothelial growth factor.

28. The method of claim 22, comprising sensing an indication of the patient eve.

29, The method of claim 28, wherein sensing an indication of the patient eye
includes sensing an indication of at least one of an indication of intraccular pressure,

an indication of translaminar pressure, or an indication of intracranial pressure.

30. The method of claim 29, wherein sensing an indication of translammar
pressure includes sensing an indication of at least one of a deflection of the lamina
cribrosa, a change in deflection of the lamina cribrosa, or a change 1n a blood vessel

characteristic.

31 The method of claim 22, comprising adjusting an indication of the fhud

other than ambient air.
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32. The method of c¢laim 31, wherein adjusting an indication inchudes adjusting
an indication of at least one of fluid pressure, flud partial pressure, fluid

concentration, or fluid humdity.

33. The method of claim 22, wherein providing a fluid other than ambient air

meludes providing a gasecus fluid including a gaseous fluid with a specified non-
ambtient concentration of at least one of carbon dioxide (2}, oxygen (O3}, nitric
oxide (NG}, ozone (O3}, nitrogen, hydrocarbons, hehum, suifur hexafluoride,

Medical Air, or water vapor.

34 The method of clamm 22, comprising receiving a patient with an eye
condition that includes at least one of Fuchs’ dystrophy, glaucoma, dry eye, diabetic
retinopathy, cataract, venous and arterial occlusive diseases, macular degeneration,
diseases of the cornea, endothelium, and epithelium, diseases of the retinal
vasculature, diseases of the retinal pigmented epithelium, corneal infections, or

other infections of the eye.
35. The method of claim 34, wherein providing a fluid includes providing a
gaseous fluid with a partial pressure between 30 percent and 100 percent oxygen

(O2).

36. The method of claim 34, wherein the gaseous fluid includes a specified

concentration of carbon dioxide (CO3).

37. The method of claim 34, wherein the gaseous fluid includes a specified

concentration of nitric oxide (NO)

49



PCT/US2017/021240

WO 2017/156050

1710

Lo~ - m\

o
\m\

) i woey

| “\ f«mx oy

r!« ﬁ&% S QNW
_\ wW fm, 2 hﬂfﬁnﬂ

0l SN I

\Q: ,wmi,, R
YOZh gy ol Y
\m,

VoLl

TR N«

mw } HOEL

! L ~ghL
-GGE T

m f@ o) |

W/, AT A 05
N9 T egy

wwﬁ e~

‘%mz &Q a0zl




WO 2017/156050 PCT/US2017/021240

210
160
AM}
LN
) : e
i -
|
<.>'
E
i ' ~
! / 163 162
A <« 163
Section A-A
FiG. 24
160
E !
166\, B
\ : —
v —]
|
ol
e
e & &
i —— ) I
= s "
| 165
B«

Section B-B

FiG. 2B



WO 2017/156050 PCT/US2017/021240

310




WO 2017/156050 PCT/US2017/021240

10

500
\\'"&

302 ”\\/ PROVIDE AN ENCLOGURE SIZED AND SHAPED TO SEAT
ABOUT AN EYE TO FORM A CAVITY WITHIN THE ENCLOSURE

504 ’\\/ PROVIDE A THERAPEUTIC FLUID OTHER THAN AMBIENT AIR
TO THE CAVITY

FIG. 5

M2\ | PROVIDE AN ENCLOSURE SIZED AND SHAPED TO SEAT
ABOUT AN EYE TO FORMA CAVITY WITHIN THE ENCLOSURE

504 "\/ PROVIDE A THERAPEUTIC FLUID OTHER THAN AMBIENT AIR
TO THE CAVITY

l

606 \_| SENSE AN INDICATION OF THE EYE OR THE ENVIRONMENT
WITHIN THE CAVITY

FIG. 6



WO 2017/156050 PCT/US2017/021240

510

PROVIDE AN ENCLOSURE SIZED AND SHAPED
02\ | TO SEAT ABOUT AN EYE TO FORM A CAVITY
WITHIN THE ENCLOSURE

504
,\\, PROVIDE A THERAPEUTIC FLUID OTHER THAN
AMBIENT AIRTO THE CAVITY

606 -»\/ SENSE AN INDICATION OF THE EYE OR THE
ENVIRONMENT WITHIN THE CAVITY

708 VARY THE COMPOSITION OF THE
\/ THERAPEUTIC FLUID

END

FIG. 7



WO 2017/156050 PCT/US2017/021240

6/10

800

810 ,\, RECEIVE A PATIENT WITH AN EYE CONDITION
FOR TREATMENT WITH A THERAPEUTIC FLUID

:

PROVIDE AN ENCLOSURE SIZED AND SHAPED
P02\ | TO SEAT ABOUT AN EYE TO FORM A CAVITY
WITHIN THE ENCLOSURE

0% ™| PROVIDE A THERAPEUTIC FLUID OTHER THAN
AMBIENT AIR TO THE CAVITY

L

506 SENSE AN INDICATION OF THE EYE OR THE
/\\\/ ENVIRONMENT WITHIN THE CAVITY

:

VARY THE COMPOSITION OF THE
708
/\/ THERAPEUTIC FLUID

END

FIG. 8



WO 2017/156050 PCT/US2017/021240

710

02 RECEIVE A PATIENT WITH FUCHS' DYSTROPHY

L

904 PROVIDE AN ENCLOSURE SIZED AND SHAPED TO SEAT ABOUT ANEYE
A\./ TO FORM A CAVITY WITHIN THE ENCLOSURE

i
PROVIDE A THERAPEUTIC FLUID OTHER THAN AMBIENT AIR TO THE
AN CAVITY
L

SENGE AN INDICATION OF AT LEAST ONE OF THEEYE ORTHE
908 /\/ ENVIRONMENT WITHIN THE CAVITY TO MONITOR THE EFFECT OF THE
THERAPEUTIC FLUID

i

. VARY THE CONCENTRATION OF THE GASEOUS FLUIDS TO IMPROVE
910 \/ TREATMENT OF THE PATIENT'S EYE FORFUCH'S DYSTROPHY

END

FIG. 8



WO 2017/156050

PCT/US2017/021240
&/10
1000
1002ﬂw\vf
OPEN VENT
¥
1004
OPE 1014
OPEN
m\\ww REGULATOR |8 STOR PUMP f\y/
VALVE
¥
¥
1006 CLOSE 1016
m\\w REGULATOR |\
START PUMP VALVE
1007
- E ¥
1008 ADJUST
RE(@XE"E&OR DEVIATE FROM 5ET

S ACHIEVE
< CONCENTRATION
: POINT?

1010”}%/

CLOSE VENT

SET

NO

&

1011

1012

ACHEVE GAUGE
PRESSURE SET POINT?

N0

ADJUST FAN
SPEED

&

FiG. 10

FOINT VALUE?

1018




WO 2017/156050

PCT/US2017/021240
9/10
11 ?\(%
1102“~\m&
CLOSE VENT
¥
¥
11@4”‘\wd OPEN ADJUST 1114
PROCESSING ﬂk/
REGULATOR  leg s
VALVE UNIT VENT
l ;

1106 CLOSE 1116
m}\MMSTARTPUMPTO REGULATOR ”\/
GENERATE VALVE

VOLUME DRAW 4107
1108~ ADJUST . .
REGULATOR - .
VALVE o~ DEVIATE FROM SET ™
T ~ POINT VALUE?

o ACHIEVE .
. COMNCENTRATION SET >
> POINT?

NO

1110’1&/

STOP PUMP
’ 1111
112 ¥ ADJUST FAN
SPEED

NO

ACHEVE GAUGE
PRESSURE SET POINT?

A

FIG. 11

1118



WO 2017/156050

PCT/US2017/021240
10/10
[ 1200
1202 SENSE AN
INDICATION OF 1205
r\" HUMIDITY N THE
CAVITY

-
i}

1204 X

ADWIST
HUMIDITY LEVEL

. ACHEVE .
< CONCENTRATION SET >
™ POINT?

1206 ’L COLLECT

CONDENSATE

1208 /\/ REMOVE
CONDENSATE

i

DEVIATE FROM BET

POINT VALUE?

FIG. 12



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2017/021240

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61H35/02 A61F9/02
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

A61H A61M AG61F

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X DE 197 30 735 Al (OPEL HELMUT DR [DE]; 1-4,6,8
BECKER ALEJANDRO [DE])
11 February 1999 (1999-02-11)
Y column 1, line 24 - column 3, line 8; 9-21
figure 1
X EP 2 392 306 Al (NAKAMURA SHOICHI [JP]; 1-6
ACP JAPAN CO LTD [JP])
7 December 2011 (2011-12-07)
paragraphs [0026], [0033], [0046];
figure 1
X US 2002/124843 Al (SKIBA JEFFRY B [US] ET 1-5,7,
AL) 12 September 2002 (2002-09-12) 18,20
cited in the application
paragraphs [0037], [0046]; figure 3
- / -

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

6 June 2017

Date of mailing of the international search report

20/06/2017

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Skorovs, Peteris

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2017/021240

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y

US 2013/238015 Al (BERDAHL JOHN [US] ET
AL) 12 September 2013 (2013-09-12)
paragraphs [0027], [0028]; figure 4

9-21

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




International application No.
INTERNATIONAL SEARCH REPORT PLT/US2017/021240
BoxNo.ll  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

Rule 39.1(iv) PCT - Method for treatment of the human or animal body by
therapy

2. |:| Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

|:| No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2017/021240
Patent document Publication Patent family Publication
cited in search report date member(s) date
DE 19730735 Al 11-02-1999  NONE
EP 2392306 Al 07-12-2011 CN 102223865 A 19-10-2011
EP 2392306 Al 07-12-2011
JP 5419236 B2 19-02-2014
US 2012004599 Al 05-01-2012
WO 2011013450 Al 03-02-2011
US 2002124843 Al 12-09-2002  NONE
US 2013238015 Al 12-09-2013 US 2013238015 Al 12-09-2013
US 2015313761 Al 05-11-2015
US 2017049620 Al 23-02-2017

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - claims
	Page 47 - claims
	Page 48 - claims
	Page 49 - claims
	Page 50 - claims
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - wo-search-report
	Page 62 - wo-search-report
	Page 63 - wo-search-report
	Page 64 - wo-search-report

