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SYSTEMS AND METHODS FOR TREATMENT OF OBSTRUCTIVE SLEEP APNEA

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of priority to U.S. Provisional Application No.
62/787,125, filed December 31, 2018, titled “APPARATUS AND METHODS FOR
TREATMENT OF OBSTRUCTIVE SLEEP APNEA UTILIZING CRYOLYSIS OF ADIPOSE
TISSUES”, and to U.S. Provisional Application No. 62/890,884, filed August 23, 2019, titled
“SYSTEMS AND METHODS FOR TREATMENT OF OBSTRUCTIVE SLEEP APNEA”,

both of which are herein incorporated by reference in their entirety.

INCORPORATION BY REFERENCE
[0002] All publications, including patents and patent applications, mentioned in this
specification are herein incorporated by reference in their entirety to the same extent as if each

individual publication was specifically and individually indicated to be incorporated by

reference.
FIELD
[0003] The present disclosure relates generally to minimally invasive treatment of
obstructive sleep apnea.
BACKGROUND

[0004] Obstructive sleep apnea (OSA) is a sleep disorder that affects up to 20% of the adult
population. OSA generally occurs during sleep when soft tissue enlarges and obstructs the
pharyngeal airway, creating cessation of, or impeding, breathing due to the decrease in size of
the upper airway, resulting in the breathing of the patient to repeatedly stop and restart.
Obstruction can occur at one or more levels including the retropalatal and retrolingual areas, and
if untreated could leave to the development of serious complications, including atrial fibrillation
and heart failure.

[0005] This enlargement of the tongue generally occurs due to excess body weight, causing
adipose tissue to accumulate within the tongue. With the accumulation of adipose tissue, organs
in the oral cavity, including the tongue, become enlarged and lose their firmness and grow in
volume. Due to their inability to maintain their tone and their increase in size, they move into
the airway and restrict airflow. One condition that is particularly concerning occurs when there
is excess fat near the base of the tongue, which is adjacent the airway.
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[0006] Surgical correction (such as glossectomy) of such obstructions remains a challenge,
specifically for the retrolingual area. Removal or ablation of tongue tissue has been utilized with
poor results due to complications, such as severe bleeding, abscess formation, and/or the
inability to move the tongue anterior enough to relieve the obstruction. Medical devices such as
tongue trainers also result in limited mobility or inconvenience to the patient.

[0007] Continuous positive airway pressure (CPAP) is a more noninvasive technique in
relieving OSA than surgical operation, but is a remedy and not a permanent solution. Applying a
stream of compressed air through the pharyngeal airway to overcome the collapsing soft tissue
results in the patient being uncomfortable and fully dependent on the machine and its limitations,
such as a stuffy nose, claustrophobia, skin irritation, pressure sores, and dry mouth.

Additionally, the mechanics of the machine result in the CPAP mask possibly falling off during
sleep, bothersome noises, and a leaky mask, all while being costly and electrically dependent.
These factors lead to the patient having trouble falling asleep, demonstrating a faulty solution to
curing OSA, since the patient will never be cured of their disease and will still have
complications during sleep.

[0008] Adipose cryolysis is the use of cold to selectively target the submucosal adipose
tissue, leading to a reduction in tissue volume via the removal of effected fat cells. However, it
is known that the effect of cold on cells depend on various factors, including the cell type,
duration that the cells are exposed to cold, rate of cooling and warming, as well as the number of
cooling and warming cycles. When the adipocytes are exposed to temperatures below -15°C,
necrosis occurs. At temperatures around -10°C, adipocytes are forced into a pathway that is
reminiscent of apoptosis. When the temperatures are in the range of -5°C to +10°C, cells may
move into a hyper-metabolic state, resulting in thermogenesis, which may also reduce the lipid
volumes, or result in adipocyte cell death.

[0009] Above observations may indicate that the exposure to temperatures in the range of
+5°C to -15°C for 1 — 100 minutes may cause maximum damage to the adipose tissue while
minimizing the damage to muscle. Furthermore, even when the 70-80% of the skeletal muscle is
damaged, muscle does recover within few days, thanks to its regenerative capacity. These facts
can be used during the design of the devices that can be used for the selective elimination of the
adipose tissue while preserving the other types of tissues such as the skeletal muscle, blood
vessels and the nerves.

[0010] The removal of adipocyte tissue (fat) from the tongue is expected to reduce the
volume of tissue in the oropharynx, and the reduction of this tissue is known to cure or reduce
the severity of obstructive sleep apnea, as demonstrated by the clinical outcomes of other

procedures, such as the glossectomy of the tongue and the mandibular advancement.
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Furthermore, the removal of the fat from within key tongue muscles, such as the genioglossus
muscle, will improve the ability of these muscle groups to function, which in turn may result in
the reduction of obstructive sleep apnea. These muscles do keep the tongue from falling back
into the airway, in both their activated and passive states. Adipose tissue that is interspersed
within the muscle act as a restriction to the muscle due to the mass and inability of the adipose
tissue to move in the same manner as the adjacent muscle fibers.

[0011] To date, however, cryolitic treatment of OSA has involved procedures analogous to
ablation, merely substituting cryolitic cold for electrolytic heat and non-selectively destroying all
tissues in a similar manner—and with the same complications as the non-cryolitic therapies.
[0012] It is known that patients with OSA have a higher percentage of adipose deposits in
the areas of obstruction, specifically, the soft palate and uvula, base of tongue and lateral
pharyngeal walls. The adipose tissue may be up to or greater than 40% of the total volume of
tissues in these areas. Removal of the fat deposits in these areas would permit relief from OSA
symptoms while preserving surrounding tissue. To date, however, cryolytic treatment of OSA
has involved procedures analogous to ablation, merely substituting cryolytic cold for electrolytic
heat and nonselectively destroying tissue in a similar manner--and with the same complications.
[0013] Technologies that are used for the treatment of obstructive sleep apnea range from
non-invasive ones such as continuous positive air pressure (CPAP), to surgical modifications
such as glossectomy where the part of the tongue is removed, to medical devices such as tongue
trainers. Unfortunately, many of these technologies either provide limited results or create much
inconvenience to the patients. Hence, there is an unmet medical need to build a minimally

invasive technique for the treatment of the patients with obstructive sleep apnea.

SUMMARY OF THE DISCLOSURE
[0014] The present invention employs adipose cryolysis in a tissue-selective manner by
selectively removing fat cells from the tissues responsible for the OSA, such as the
oropharyngeal tissues, and exploits the fact that adipocytes have a heightened to susceptibility to
cooling compared to other types of cells, resulting in the slow and steady digestion of the
effected tissues by the surrounding macrophages. Related systems, methods of use, and design
parameters are provided herein.
[0015] In various embodiments, this disclosure exploits the particular cryolitic vulnerability
of adipose tissue to provide a medical device to treat OSA without damaging and/or reducing the
function of oropharyngeal tissue. Certain embodiments of the medical device may include
engagement members that are formed in the shape of each specific area to be cooled, or are

configured to cool multiple organs at once. Some embodiments may utilize grasping portions
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configured to grasp or pinch targeted anatomical structures, such as the soft palate, base of the
tongue and the soft tissues of the pharynx, which are known to be associated with OSA, thereby
cooling the tissue between the grasping portions and ensuring good mechanical contact during
cooling. In some embodiments, the medical device may pierce the mucosa to cool the
underlying tissues. The medical device may also be configured to inject a cooling agent into the
underlying tissue to reduce the temperature of the deeper tissues. Additionally, the medical
device may include engagement members configured to pierce the lower submaxillary triangle in
order to reach more inaccessible areas of the adipose tissue on the lower tongue.

[0016] Accordingly, in a first aspect, the disclosure pertains to a device for the treatment of
obstructive sleep apnea. In various embodiments, the device comprises a liquid cooling unit for
chilling a cooling fluid and an applicator for receiving the cooling fluid. The applicator is
configured for contact with oropharyngeal tissue, and the applicator and liquid cooling unit
cooperatively cause cooling of the oropharyngeal tissue to a temperature between approximately
5° C and approximately -25° C for approximately 1 to approximately 100 minutes, whereby a
volume of adipose tissue in the contacted oropharyngeal tissue is subsequently reduced.

[0017] In various embodiments, the applicator comprises an engagement member
complementary to a target portion of the oropharyngeal tissue, and the applicator further includes
a recirculation conduit for facilitating heat transfer between the engagement member and the
cooling fluid. In some implementations the engagement member is flexible and conformal,
while in other implementations the engagement member is rigid. The engagement member can
comprise varying shapes depending on the target tissue. For example, the engagement member
can be a substantially flat plate, "C'-shaped and complementary to a base of a tongue, '"V'-shaped
and configured to engage a soft palate or a uvula, ‘M’ shaped and configured to engage the
uvula, tonsils, and fat pads, cylindrical and hollow to cradle the uvula, or cylindrical to reach the
lateral walls/fat pads. A rigid engagement member may be hinged, and the applicator may
further include a control member, such as a wire, facilitating the closure of the engagement
member to grasp the tissue. The applicator may be attached to a handle of the device by one of
many techniques such as a free or motorized ball joint to increase mobility and to improve the
pressure distribution across the surface of the tissue.

[0018] In some embodiments, the applicator may be configured to provide suction to the
engagement member to enhance the mechanical contact with the oropharyngeal tissue. In other
embodiments, the applicator comprises a needle configured for the injection of cooling fluid into
the target portion of the oropharyngeal tissue, whether it be through the oral cavity or through the

submaxillary triangle.
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[0019] In various embodiments, the cooling fluid or the coolant is a liquid, e.g., a refrigerant
or a water and glycerin or spropylene glycol solution. The cooling unit may be configured for
feedback operation to maintain a substantially constant temperature at the target portion of the
oropharyngeal tissue. To facilitate feedback operation, the cooling unit may be responsive to a
temperature sensor that senses the temperature of the target tissue. In another embodiment, the
temperature of the coolant entering the applicator can be compared to the temperature of the
coolant exiting the applicator which can be used to determine the amount of heat or watts
removed from the tissue. In other embodiments, the cooling fluid is chilled gas, such as air or
nitrogen. For example, the applicator may comprise of a tube for introducing the chilled gas into
the oropharynx and an inflatable member for sealing the esophagus and preventing the chilled air
from entering the lower respiratory tract. In various implementations, the tube comprises inner
and outer coaxial lumens, where the inner lumen has a portion extending past an end of the outer
lumen and an inflatable member thereon. The cooling unit sends chilled air through the outer
lumen and breathable air through the inner lumen. In other embodiments, the cooling fluid is a
chilled biocompatible liquid, and the applicator comprises a tube for introducing the liquid into
the oropharynx and an inflatable member for sealing the esophagus and preventing aspiration.
[0020] Other objects, features and advantages of the present disclosure will become apparent
to those skilled in the art from the following detailed description. It is to be understood,
however, that the detailed description and specific examples, while indicating some
embodiments of the present invention are given by way of illustration and not limitation. Many
changes and modifications within the scope of the present invention may be made without
departing from the teachings of the present invention, and the invention includes all such
modifications.

[0021] In the ensuing discussion, unless defined otherwise, all technical and scientific terms
used herein generally have the same meaning as commonly understood by one of ordinary skill
in the relevant art.

[0022] The term “coupled” is defined as connected, although not necessarily directly, and
not necessarily mechanically; two items that are “coupled” may be integral with each other.
[0023] The terms “substantially,” “approximately,” and “about” are defined as largely but
not necessarily wholly what is specified, as understood by a person of ordinary skill in the art. In
various embodiments, these terms connote +10% and in some embodiments +5%.

[0024] The terms “comprise” (and any form of comprise, such as “comprises” and
“comprising”), “have” (and any form of have, such as “has and “having”), “include”(and any
form of include, such as “includes” and “including”) and “contain” (and any form of contain,

such as “contains” and “containing’) are open-ended linking verbs. As aresult, a system that
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“comprises,” “has,” “includes,” or “contains” one or more elements possesses those one or more
elements, but is not limited to possessing only those elements. Likewise, a method that
“comprises,” “has,” “includes,” or “contains,” one or more steps possesses those one or more
steps, but is not limited to possessing only those one or more steps. For example, in a method
that comprises providing a tongue stabilization device, the method includes the specified steps
but is not limited to having only those steps. For example, such a method could also include
inserting the device through an incision into the tongue of a patient.

[0025] Further, a device or structure that is configured in a certain way is configured in at

least that way, but it can also be configured in other ways than those specifically described.

BRIEF DESCRIPTION OF THE DRAWINGS
[0026] The following drawings illustrate by way of example and not limitation. For the sake
of brevity and clarity, every feature of a given structure is not always labeled in every figure in
which that structure appears. Identical reference numbers do not necessarily indicate an identical
structure. Rather, the same reference number may be used to indicate a similar feature or a
feature with similar functionality, as may non-identical reference numbers.
[0027] FIG. 1 depicts one example of a medical device for treatment of OSA.
[0028] FIG. 2A shows an exemplary design of the applicator with a flat bottom surface,
where FIG. 2B shows the applicator that is assembled.
[0029] FIG. 3A shows a side view of an applicator with a curved shape to match the tongue
anatomy, particularly the base of tongue curvature.
[0030] FIG. 3B shows a bottom view of an applicator with a curved shape to match the
tongue anatomy, particularly the curvature of the base of the tongue.
[0031] FIG. 3C shows an internal view of the applicator with cryo fluid inlet and outlet
shown, with baffles to direct cryo fluid for even distribution of cryo temperatures across the
applicator surface.
[0032] FIG. 4 shows one implementation of the medical device where the heat extraction is
done by conduction.
[0033] FIG. 5 shows one embodiment of a heat extractor.
[0034] FIG. 6 shows another implementation of the applicator that is designed to be used on
top of the tongue tissue.
[0035] FIG. 7 shows one implementation of the applicator that is designed to reach to the
back of the tongue.
[0036] FIG. 8 shows another implementation of the applicator that is designed to extract heat

from the bottom or the sides of the tongue.
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[0037] FIGS. 9A-9B depict one implementation of an applicator of the medical device that

has a concave and convex cooling surface, respectively to match the tongue anatomy.

[0038] FIGS. 10A and 10B show graphs of the fat percentage of in the tissue as function of
distance from the base of the tongue for human and pig, respectively.

[0039] FIG. 11A depicts an implementation of the medical device in which the applicators
penetrate into the tongue tissue from the dorsal surface of the tongue.

[0040] FIG. 11B shows an implementation of the medical device in which probes penetrate
through the submaxillary triangle into the lower tongue tissue.

[0041] FIGS. 12A-12C illustrate the design of an applicator with a plurality of penetrating
cryo needles.

[0042] FIG. 13 shows another example of an implementation of a two stage heat extractor
with isolated secondary circuit.

[0043] FIG. 14 shows some resulting temperature profiles of the applicator and the tissue
underneath the applicator when the applicator is brought to -16°C.

[0044] FIG. 15A depicts one implementation of a cylindrical device configured to house and
cool the uvula during treatment.

[0045] FIG. 15B illustrates one embodiment in which the applicator is “M” shaped to cool
the uvula, tonsils, and fat pads.

[0046] FIG. 15C shows a method of applying the “M” shaped applicator to the oral tissue to
cool of the uvula, tonsils, and the fat pads.

[0047] FIG. 16 shows an implementation of a balloon cryoablation applicator configured to
cool multiple organs such as the tongue, palate, uvula, and tonsils.

[0048] FIG. 17 illustrates the design of an applicator in which all sides are insulated except
for the bottom of the device.

[0049] FIG. 18 shows the design of an applicator in which no sides of the device are
insulated.

[0050] FIG. 19A is another embodiment of an applicator that can be pushed against the
lateral wall in order to cool the fat pads.

[0051] FIG. 19B shows a method of applying the applicator of FIG. 19A to the lateral wall in
order to cool the fat pads.

[0052] FIG. 20 depicts one embodiment of a handle attached to the applicator by a ball and
socket joint to increase the conformity of the applicator to the tongue tissue.

[0053] FIG. 21 is one example of an applicator that has an ability to pivot around its push
arm while accommodating multiple sensors for the measurement of application pressure and

surface temperatures.
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[0054] FIG. 22 is another embodiment of a handle attached to the applicator by a motorized

ball joint in order to manipulate the application of the device to the tongue tissue.

[0055] FIG. 23 is an example of an applicator with one or more force sensors.

[0056] FIG. 24A illustrates an applicator with one or more temperature sensors on the face of
the applicator to measure surface temperatures.

[0057] FIG. 24B depicts an applicator with multiple temperature sensors attached to inlet and
outlet fluid lines to measure absolute temperature of the coolant as well as the temperature
differential between coolant in the outlet and inlet fluid lines.

[0058] FIG. 25 shows another exemplary format for the temporal variation in the
temperature of the applicator where the temperature is cycled between cold and warm.

[0059] FIG. 26 shows another time profile of the applicator temperature which is cycled
between a cold and warm setting throughout the treatment duration.

[0060] FIG. 27 illustrates a graph of applicator temperature as function of time, according to
one implementation.

[0061] FIG. 28 shows the implementation of a temperature determinant where both a chiller
and a heater are utilized.

[0062] FIG. 29 shows another implementation of a single stage heat extractor.

[0063] FIG. 30 shows one possible implementation of a single stage heat extractor with a
coolant reservoir.

[0064] FIG. 31 shows another example of an implementation of a two stage heat extractor
with isolated secondary circuit.

[0065] FIG. 32 shows one implementation of a two stage heat extractor with isolated
secondary circuit and two coolant reservoirs.

[0066] FIG. 33 shows another implementation of a two stage heat extractor with non-isolated
secondary circuit.

[0067] FIG. 34 shows a case where heat transfer between the temperature determinant and
the applicator takes place by convective means, i.e., fluid that is flowing between the
temperature determinant and the applicator via inlet and outlet lines carries the heat.

[0068] FIG. 35 is a schematic diagram of a system that uses a liquid pump to cause coolant
to flow from the temperature determinant to the applicator and vice versa.

[0069] FIG. 36 shows the implementation of the applicator that is designed to have multiple

segments for better conformation to tissue surface.
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SUMMARY OF THE DISCLOSURE

[0070] A device for treatment of obstructive sleep apnea is provided, the device comprising a
cooling unit for chilling a cooling fluid, an applicator configured to receive the cooling fluid, the
applicator comprising a distal portion having a plurality of cryo therapy needles and a proximal
portion, wherein the plurality of cryo therapy needles are shaped and configured to be inserted
into a dorsal portion of a tongue of a subject, and wherein the proximal portion is shaped and
configured to contact an adjacent portion of the tongue, and a recirculation conduit configured to
facilitate heat transfer between the applicator and the cooling fluid, the applicator and cooling
unit being configured to cooperatively cause cooling of the tongue for a time sufficient to cause
cryolysis of adipose tissue within the tongue and thereby reduce a volume of the adipose tissue.
[0071] In some embodiments, the plurality of cryo therapy needles are arranged in a planar
configuration. In other embodiments, the plurality of cryo therapy needles are arranged in a
three-dimensional configuration.

[0072] In some examples, the distal portion is curved or substantially flat. In other
embodiments, the proximal portion is curved or substantially flat.

[0073] In one example, the cooling fluid is configured to circulate within the plurality of
cryo therapy needles.

[0074] In one example, the cooling unit comprises a two-stage cooling unit. In one
embodiment, the two-stage cooling unit further comprises a first stage having a chiller, a first
fluid circuit, and a pump, a second stage having a pump and a second fluid circuit, and a peltier
booster disposed between the first stage and the second stage.

[0075] A method for treating obstructive sleep apnea in a subject is provided, the method
comprising steps of inserting a penetrating cooling device through a submaxillary triangle of a
subject with obstructive sleep apnea into an oropharyngeal tissue of the subject, cooling the
penetrating cooling device for a time sufficient to cause cryolysis of adipose tissue within the
oropharyngeal tissue, and reducing a volume of the adipose tissue within the oropharyngeal
tissue.

[0076] In some embodiments, the target surface of the oropharyngeal tissue includes one or
more of: a soft palate, a uvula, a tongue, or a pharyngeal wall.

[0077] In some embodiments, the cooling surface is configured to be placed in contact with
the surface of the oropharyngeal tissue between approximately one minute and approximately
one hundred minutes to cause cryolysis of adipose tissue within the oropharyngeal tissue.
[0078] In some embodiments, cooling the target surface of the oropharyngeal tissue or the

underlying tissue in the subject with obstructive sleep apnea for a time sufficient to cause
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cryolysis of adipose tissue within the oropharyngeal tissue includes cooling the adipose tissue to
a temperature of between about 0°C and a body temperature.

[0079] In some embodiments, the penetrating cooling device is in fluid communication with
a cooling unit for chilling a cooling fluid, and further comprising: chilling the cooling fluid with
the cooling unit prior to cooling the penetrating cooling device.

[0080] In some embodiments, the method further comprises applying a cryoprotectant to a
surface of the oropharyngeal tissue.

[0081] A device for treatment of obstructive sleep apnea is also provided, the device
comprising a cooling unit for chilling a cooling fluid, an applicator configured to receive the
cooling fluid, the applicator comprising a hollow cylindrical shape configured to receive a uvula
of a subject with sleep apnea when the applicator is placed over the uvula, and a recirculation
conduit configured to facilitate heat transfer between the applicator and the cooling fluid, the
applicator and cooling unit being configured to cooperatively cause cooling of the uvula for a
time sufficient to cause cryolysis of adipose tissue within the uvula and thereby reduce a volume
of the adipose tissue.

[0082] A device for treatment of obstructive sleep apnea is provided, the device comprising a
cooling unit for chilling a cooling fluid, an applicator configured to receive the cooling fluid, the
applicator being shaped and configured to simultaneously contact a uvula, one or more tonsils,
and one or more fat pads of a subject’s oral cavity, and a recirculation conduit configured to
facilitate heat transfer between the applicator and the cooling fluid, the applicator and cooling
unit being configured to cooperatively cause cooling of the uvula, the one or more tonsils, and
the one or more fat pads for a time sufficient to cause cryolysis of adipose tissue within the
uvula, the one or more tonsils, and the one or more fat pads and thereby reduce a volume of the
adipose tissue.

[0083] In some embodiments, the applicator comprises a pair of tonsil contacting extensions

on each side of the applicator.

[0084] In other embodiments, the applicator comprises a uvula contacting portion.
[0085] In one embodiment, the uvula contacting portion comprises a cylindrical shape.
[0086] In some embodiments, the device further comprises a pair of connecting member

portions between the tonsil contacting portions and the uvula contacting portion.

[0087] A device for treatment of obstructive sleep apnea is provided, the device comprising a
cooling unit for chilling a cooling fluid, an inflatable applicator configured to contact an
oropharyngeal tissue of a subject, the inflatable applicator having a therapy portion configured to
receive the cooling fluid and an insulative portion that does not receive the cooling fluid, and a

recirculation conduit configured to facilitate heat transfer between the therapy portion of the
-10-
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applicator and the cooling fluid, the therapy portion of the applicator and cooling unit being

configured to cooperatively cause cooling of the oropharyngeal tissue of the subject for a time
sufficient to cause cryolysis of adipose tissue within the oropharyngeal tissue and thereby reduce
a volume of the adipose tissue.

[0088] A method for treating obstructive sleep apnea in a subject is provided, the method
comprising steps of applying an inflatable applicator to an oropharyngeal tissue of a subject with
obstructive sleep apnea, applying a cooling fluid to a therapy portion of the inflatable applicator
for a time sufficient to cause cryolysis of adipose tissue within the oropharyngeal tissue,
reducing a volume of the adipose tissue within the oropharyngeal tissue, and insulating targeted
locations of the oropharyngeal tissue with an insulated portion of the inflatable applicator.
[0089] A method for treating obstructive sleep apnea in a subject is provided, the method
comprising steps of applying an applicator to an oropharyngeal tissue of a subject with
obstructive sleep apnea, measuring a force applied by the applicator to one or more locations of
the oropharyngeal tissue with one or more force sensors of the applicator, adjusting a force
applied by the applicator to the oropharyngeal tissue based on the measured force, applying a
cooling fluid to the applicator for a time sufficient to cause cryolysis of adipose tissue within the
oropharyngeal tissue, and reducing a volume of the adipose tissue within the oropharyngeal
tissue.

[0090] A method for treating obstructive sleep apnea in a subject is provided, the method
comprising steps of applying an applicator to an oropharyngeal tissue of a subject with
obstructive sleep apnea, measuring a temperature of one or more locations of the oropharyngeal
tissue with one or more temperature sensors of the applicator, applying a cooling fluid to the
applicator for a time sufficient to cause cryolysis of adipose tissue within the oropharyngeal
tissue, and reducing a volume of the adipose tissue within the oropharyngeal tissue.

[0091] A method for treating obstructive sleep apnea in a subject is provided, the method
comprising steps of applying an applicator to an oropharyngeal tissue of a subject with
obstructive sleep apnea, applying a cooling fluid to the applicator for a time sufficient to cause
cryolysis of adipose tissue within the oropharyngeal tissue, reducing a volume of the adipose
tissue within the oropharyngeal tissue, and rapidly warming the oropharyngeal tissue
immediately after applying the cooling fluid to prevent damage to mucosal layers adjacent to the
oropharyngeal tissue.

[0092] In some embodiments, the cooling fluid has a temperature ranging from 5 deg C to -
20 deg C.

[0093] In other embodiments, the rapidly warming step comprises heating the cooling fluid.
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DETAILED DESCRIPTION

[0094] Provided herein are devices and methods to treat obstructive sleep apnea. A sleep
apnea treatment system 100 according to the disclosure herein, and illustrated in FIG. 1, can
include four major components: an oral applicator 102, a cryoprotectant 104, a temperature
determinant 106, and a controller 108. The following description provides details and examples
of design and operation of the overall system and its individual components. Other objects,
features and advantages of the present invention will become apparent to those skilled in the art
from the following detailed description. It is to be understood, however, that the detailed
description and specific examples, while indicating some embodiments of the present invention
are given by way of illustration and not limitation. Many changes and modifications within the
scope of the present invention may be made without departing from the teachings of the present
invention, and the invention includes all such modifications.

[0095] FIG. 1 demonstrates one overall configuration of a sleep apnea treatment system 100
in a clinical setting with four major components, in which a controller 108 is connected to a
temperature determinant 106, which has one or more lines connected to an oral applicator 102.
The temperature determinant can be configured to store, generate, or produce a volume of
coolant. For example, the temperature determinant can be a simpler refrigerant chiller that
couples the cold to a recirculating fluid that goes through the applicator. In another embodiment,
the temperature determinant can also be a peltier device, either positioned locally on the probe or
remotely from the applicator, whereby the peltier device chills a recirculating fluid that goes
through the applicator. In this example, there can also be a secondary loop of coolant to cool the
peltier device. Gas expansion systems could also be used by allowing a compressed gas to
expand in or near the applicator resulting in rapid cooling.

[0096] In the illustrated example, one line is configured to allow the flow of coolant from the
temperature determinant 106 into the applicator and the other line is configured for the outflow
of the coolant from the applicator to the temperature determinant. In some embodiments, the
circulation of the coolant can be facilitated by a pump disposed on or in the temperature
determinant, the lines, or the applicator. At the site of the application to the tongue, a
cryoprotectant 104 can be configured to cover at least a portion of the surface of the applicator,
being placed over the targeted oral tissue. Cryoprotectant may be applied directly or by a carrier,
such as a sheet.

[0097] The controller 108 can be an electronic controller or computer/CPU system and be
configured to control the overall operation of the system 100, including managing the
temperature of the coolant in the temperature determinant and the flow of coolant to/from the

applicator. In some examples, the controller controls the system based on feedback from one or
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more sensors of the system, including for example, temperature sensors on or within the targeted
tissue.

[0098] The applicator of the sleep apnea treatment system is designed and configured to be
placed within the oral cavity of the subject. The applicator is the part of the system that is in
direct contact with the target tissue or tissues of the patient to be treated. In some examples, the
applicator is constructed using metal, plastic, or ceramic components and can be sanitized or
sterilized before use. The applicator can be rigid or flexible, depending on the target tissue.
Furthermore, the applicator can also be reusable or disposable. The applicator is designed and
configured to both remove and deliver heat at rates in the range of 0.2 Watts to 95 Watts to and
from the tongue of a patient for a period of 1 minute to 100 minutes.

[0099] In some embodiments, the applicator is composed of multiple parts. Each part of the
applicator may be connected to another part of the applicator or may be independent of the other
parts of the applicator. Each part of the applicator is capable of extracting heat and/or delivering
heat from the tissue segments that it gets in contact. Furthermore, each segment could be
different shape and size, and maybe designed to treat different parts of the tissues in the oral
cavity. Coolant flow to these individual parts of the applicator could be configured to be in
parallel, series or in combination of parallel or series. Furthermore, the design of each applicator
part may be different. For example, the applicator part that is treating the tongue could be a rigid
metal device while the applicator part that is treating the lateral walls could be balloon type.
[00100] Since the anatomy of the oral structures vary from subject to subject, it is
advantageous to design a range of applicators and select the one that is most suitable for a given
patient. Alternatively, the applicator can be made from a compliant or a deformable material. In
one embodiment of the invention, the applicator is a constructed using a soft and stretchable
elastic material, allowing it to have characteristics of an inflatable balloon. In that case, the
balloon is initially advanced into place in the oral cavity and then inflated using a warm fluid to
make sure that it makes firm contact with the surfaces. Afterwards, the fluid is chilled while
maintaining the pressure to deliver the cryolysis therapy. At the end of the treatment period, the
liquid that is in the applicator is warmed and the applicator is deflated before its removal. In
some embodiments of the invention, the compliant balloon has uniform thermal conductivity and
delivers the therapy to all surfaces that it comes in contact with. In other embodiments, the
balloon has thermal insulation features, consisting of different materials and thickness at
different sites, or additional air filled chambers, to form thermal insulation to protect the oral
structures that are not supposed to experience cold temperatures.

[00101] A flat bottomed applicator 202 is shown in FIGS. 2A-2B. Such an applicator can

have width in the range of 1 cm to 5 cm and length in the range of 1 cm to 8 cm. The applicator
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can include a hollow cavity 210 and tubing 212 configured to provide a cooling fluid into the
cavity of the applicator. The hollow cavity may include, for example, flow paths 214 for the
cooling fluid defined. For example, referring to FIG. 2B, the hollow cavity may include two
distinct flow paths characterized by partial circular walls or baffles to promote circular and even
flow of the fluid on both halves of the applicator. Furthermore, the tubing carrying the coolant
are also insulated. A typical target temperature for the applicator can be in the range of +15 °C
to -25 °C, preferably in the range of -5 °C to -15 °C.

[00102] Some embodiments of the applicator may have a flat bottom, and other embodiments
of the applicator may have a curved bottom. Since the target tissue may be toward the base of
the tongue, it may be advantageous to use an applicator with curved bottom. FIG. 3A shows the
side view of an applicator with a curved shape configured to match the typical tongue anatomy,
particularly the base of tongue curvature. The surface mating the tongue may be smooth or may
have texture or ridges that increase surface area and/or hold the cryoprotectant in place during
the treatment.

[00103] FIG. 3B shows a bottom view of an applicator 302 with a curved shape to match the
tongue anatomy, particularly the curvature of the base of the tongue.

[00104] FIG. 3C shows an internal view of the applicator with a cryo fluid inlet 316 and outlet
318 shown, with baffles 320 configured to direct cryo fluid for even distribution of cryo
temperatures across the applicator surface.

[00105] The applicator described herein is configured to provide a cooling therapy which is
essential for heat extraction from the target tissue. The cooling can be accomplished by for
example, including onsite cooling, cooling by conduction, and cooling by convention. For onsite
cooling, the cooling device can be placed in the applicator itself. The cooling device can be a
thermoelectric cooler, such as a Peltier cooler, a Joule-Thompson device where a gas is allowed
to expand, or a phase change device where a fluid is allowed to evaporate by taking heat from
the applicator. Referring to FIG. 4, the applicator 402 is connected to an external cooling unit or
heat extractor 406 by a heat conductor 403, such as a metal rod, as shown in FIG. 4.

[00106] Thermal power that is being transmitted by a metal rod is given by:

[00107] Equation. 1.

p=yaT

[00108] L

[00109] where P is the thermal power in Watts,

[00110] k is the conductivity of the material,
[00111] A is the cross section of the material,

[00112] L is the length of the material, and
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[00113] AT is the temperature difference between the two ends of the material.

[00114] If the metal rod is made out of copper with conductivity value of k = 401
Watts/(m.°C), having a radius of R =2 cm and length of L = 20 cm used, and one end of the rod
is kept at -20 °C while the other end is in contact with the applicator at +37°C, then the heat flow
can be calculated as P = 143 Watts using the Equation 1.

[00115] Referring to FIG. 5, for convective cooling, the applicator 502 receives a coolant, in
the form of chilled fluid or gas, from an external cooling unit 506 where the coolant is circulated
via pump 508 and conduit 510 to remove the heat that is being extracted by the applicator, as
shown in FIG. 5.

[00116] Heat removed by a fluid flow system is given by:

[00117] Equation. 2.

[oor1g] F=®AT)c

[00119] where P is the thermal power in Watts,

[00120] @ is the coolant flow rate,

[00121] AT is the temperature rise in the coolant, and

[00122] cis the specific heat of the coolant.

[00123] If a coolant with a specific heat of ¢ =4 Joules/(cc.°C) is used with a flow rate of ¢ =
15 mL/sec and the temperature drop across the is AT =2 °C, then the heat that is being extracted
from the tissue can be calculated as P = 120 Watts using the Equation 2.

[00124]  The applicator may be designed to be placed on top of the tongue, on the sides of the
tongue, or underneath the tongue, as shown in FIGS, 6, 7, and 8, respectively. Since the fat that
is to be targeted may be located near the base of the tongue, the applicator may need to be
shaped to fit to the back of the mouth as shown in FIGS. 3A-3B. Alternatively, the applicator
may be designed to house the tongue by encompassing it to deliver the cold therapy from
multiple directions. In some embodiments of the invention, the applicator is designed to for
application to the tongue with a predetermined force or pressure. Yet in other embodiments, the
applicator contains pores to apply suction to enhance the contact between the applicator and the
tissue which in turns assures the conformation of the tissue to the rigid shape of the applicator.
[00125] FIGS. 9A-9B illustrate various embodiments of an applicator 902 that includes a
tissue contacting surface 910. The tissue contacting surface 910 can be concave, as shown in
FIG. 9A, convex, as shown in FIG. 9B, or any number of other types of configurations including
flat, curved, or the like. The applicator 902 can be connected to the temperature determinant of
FIG. 1 via inlet line 912 and outlet line 914, which are configured to deliver coolant from the
temperature determinant to the applicator and remove coolant from the applicator back to the

temperature determinant.
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[00126] In one example, the applicator can be shaped and configured to be inserted into the

oral cavity, having a width in the range of 0.5 cm to 5 cm and length in the range of 1 cm to 8
cm. Itis preferred to keep the height of the device to a minimum to allow its positioning within
the oral cavity with minimal contact with the palate. Furthermore, the parts of the applicator that
are not intended to be in contact with the tissue can be covered with thermal insulation to prevent
thermal power loss and accidental damage to surrounding tissues. Such insulation can be
constructed using, for example, ceramic or plastic materials. Furthermore, the tubing or lines
carrying the coolant can also be insulated for the same purposes. Typical target temperature for
the applicator is in the range of -30 °C to +40 °C, preferably in the range of -20 °C to +35 °C.
[00127]  The shape of the applicator tissue contacting surface can be determined by the target
tissue. For example, the target tissue may be toward the base of the tongue, in which case it may
be advantageous to use an applicator with a concave surface. FIGS. 10A and 10B show graphs
of the fat percentage of in the tissue as function of distance from the base of the tongue for
human and pig, respectively. Given the fact that the base of the tongue has more fat and also has
more volume, it is advantageous to target that area for the removal of tissue.

[00128] Some patients may have the anatomical features that may make it difficult to treat
them using the applicators that are placed on the dorsal surface of the tongue. In that case, it
may be necessary to use applicators that penetrate into the tissue. FIG. 11A illustrates an
example of one or more penetrating applicators 1102 configured to enter the tongue tissue from
the dorsal surface to provide therapy to the target tissue. In one embodiment, the penetrating
applicators can include vacuum sealed insulated shafts and an active region for a specified length
at the tip of the penetrating applicator. In one example, a chilled nitrogen gas can be pre-cooled
with liquid nitrogen to cool the tip. In other embodiments a Joule Thompson gas expansion
cooling technique could be used where the gas is allowed to expand at the tip. Since the
penetrating applicators are likely to be thin to reduce the trauma to tissue, high capacity heat
removal techniques must be employed. Furthermore, they must have the strength to remain rigid
during insertion. Their active cooling region may not extend along their axial length, but may be
limited to a portion on the distal end of the device. In this example, the penetrating applicators
1102 can be connected to other components of a sleep apnea treatment system as described
above, including a temperature determinant, a controller, and lines for delivering coolant from
the temperature determinant to the applicator(s). FIG. 11B illustrates one embodiment where the
penetrating applicator 1102 is configured to enter into the low tongue tissue underneath the chin
of the patient through the submaxillary triangle. In one example, the penetrating applicator can

have a diameter of approximately 2 mm and an active cooling length of approximately 30 mm.
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[00129] Embodiments of a penetrating applicator 1202 are shown in FIGS. 12A-12C, where

FIG. 12A illustrates an applicator with multiple penetrating components 1203 that are designed
to be planar while FIG. 12B shows a tissue penetrating applicator design that is three
dimensional with a plurality of penetrating components 1203. For example, referring to the
embodiment of FIG. 12C, the applicator 1202 may include therapy prongs or penetrating
components 1203 oriented on a distal portion 1202a of the applicator and configured to be
inserted into the back of the tongue, and a proximal portion 1202b with or without penetrating
components configured to be placed upon some or all of the remaining portion of the tongue. It
should be understood that each of the distal and proximal portions of the applicator 1202 can be
flat or curved. Therefore, both distal and proximal portions of the applicator can be curved, both
can be flat, the distal portion can be curved and the proximal portion can be flat, or vice versa.
[00130] A tissue penetrating applicator may remove heat from the tissue by conduction.
Using Equation 1, one can calculate the conductive heat that is removed by a 3 cm long copper
pin with a radius of 1 mm as 2.39 Watts, if the tissue is at 37 °C and the base of the applicators
shown in FIGS. 12A-12C are at -20 °C. If the average heat to be removed from the tissue is P =
50 Watts, then a design with N =21 rods is needed. Such a device can be constructed as 3 rows
of 7 pins attached to a base, using the design that is shown in FIG. 12B. Since the average power
to be extracted is about 5 Watts for most applications, it may be possible to use fewer pins.
[00131] A tissue penetrating applicator may remove heat from the tissue by convection. In
that case, the penetrating pin can be constructed as a double barrel or concentric pipes. Fluid
flow through a cylindrical pipe is given by the Hagen-Poiseuille equation which is:

[00132] Equation 3.

(A P)TD*

[00133] 128y L
[00134] where o is the fluid flow rate,

¢=

[00135] AP pressure differential between the two ends of the pipe,

[00136] D is the inner diameter of the pipe,

[00137] pis the dynamic viscosity of the fluid, and

[00138] L is the length of the pipe.

[00139] Using Equation 3, one can calculate the flow rate of a fluid with viscosity of 0.89 cP
in a 3 cm long pipe with a diameter of 0.5 mm and pressure differential of 1 Atmosphere as 5.74
ml/sec. If the coolant has a specific heat of ¢ = 4 Joules/(cc.°C) is used and the temperature
drop across the is AT = 2 °C, then the heat that is being extracted from the tissue by a single pin
can be calculated as P = 45.9 Watts using the Equation 2.
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[00140] One specific example of an applicator system will now be described. The applicator
system 1300 shown in FIG. 13 includes an applicator 1302 connected to a two stage heat
extractor 1304. Stage 1 of the heat extractor can comprise a compressor (e.g., condenser type)
that is configured to produce a coolant at the temperature of 0°C while the stage 2 of the heat
extractor can comprise thermoelectric type configured to reduce the temperature of the coolant to
arange of -10°C to -20°C. The two stages of the heat extractor can be thermally coupled with a
peltier booster. Each stage of the heat extractor can include its own fluid pump configured to
pump coolant fluid through the circuits. In some embodiments, both stages of the heat extractor
can be closed loop fluid circuits.

[00141] In a lab trial using the system of FIG. 13, an applicator was placed on the tongue of a
6 month old pig and kept in place for 60 minutes while monitoring the temperature of the tissue
under the applicator at two different locations. During the first trial, the applicator temperature
was -11 °C. During the second trial, the applicator temperature was -16 °C and the resulting
tissue temperatures are shown in FIG. 14. After 3 hours, animal was sacrificed and the tongue
was removed and examined following Hematoxylin and Eosin (H&E) and Masson's trichrome
staining. Temperature measurements done in the tissue were in agreement with the computer
simulations that were carried out using a theoretical model indicating that the device was
functioning as designed and was providing the cooling of the tissue. Furthermore, the trichrome
stained tissues showed the expected alterations in the morphology of the cells. Observations
resulting from the pathological examination of the tissue indicate that the mucosal lining was
preserved. Tissue that is up to 5 mm below the surface showed the effects of the cryo-procedure
where the deeper tissues appear to be unaffected.

[00142] Cryoprotectant can be applied to tissue with the applicator for the preservation of
mucosal layers. The cryoprotectant can be, for example, propylene glycol, glycerin, fructose,
sucrose (for example) or other agents that can be safely used for the reduction of the damage to
tissues during freezing, or could be a combination of these cryoprotective agents. These agents
are configured to prevent the formation of large ice crystals, which results in cell damage and
necrosis or apoptosis. The protection of the mucosal layer is important to reduce or eliminate the
side effects from the delivery of cold temperatures. Preservation of nerves and surface glands is
desirable. The cryo applicator is also required to deliver very cold temperatures at the surface of
the treatment area in order to create therapeutic cryo temperatures deep into the tissue. The top
0.1 to 5 mm of tissues and muscle may also be protected from this extreme cold as the
cryoprotectants diffuse into the tissue. A time delay of 1, 5, 10 or 30 minutes may be desirable
in order to achieve this perfusion and protection. Salt ions may be added to the cryoprotectant to

increase perfusion and equilibration into the tissues. The cryoprotectant may be formulated as a
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gel with adequate viscosity to prevent migration and flow of the cryoprotectant away from the
treatment zone. Cryoprotectant may also be applied to the vallecula, soft palate, epiglottis,
gums, cheeks or any other oral structures that may come in contact the cryo probe or tubing or
mounting apparatus of the cryo system.

[00143] Some embodiments of the applicator are configured to maintain the presence of
cryoprotectants, such as propylene glycol, glycerin, sucrose and fructose and their combinations.
Cryoprotectants can be used for the reduction of the freeze damage to the tissues, especially
those that are in the immediate vicinity of the applicator. They also improve the thermal
coupling between the applicator and the target issue. In some embodiments, the applicator may
carry the cryoprotectant agents on its surface, or may store it for release during the treatment
process.

[00144] The applicator may also be configured to preflush the oral cavity with cold fluids
before the onset of the treatment session. The surface of the applicator may have dimples or
recesses or ridges which capture and maintain cryoprotectant gels or fluids to maintain the
cryoprotectant at the surface of the tongue. The pores can be configured to store and
release/deliver cryoprotectants during therapy. Furthermore, having some space for a volume of
cryoprotectant between the tongue and applicator allows for the cryoprotectant to absorb excess
water, saliva, or moisture from the surface of the tongue. Water moisture can freeze causing
damage to the tongue. Cryoprotectants with hydrophilic properties aid in the absorption of
water. Cryoprotectant may be pumped in via ports or holes on the bottom of the applicator to
replenish the cryoprotectant during the procedure, which may last 1 to 100 minutes.

[00145]  Penetrating probe designs can be inserted mid-line along the frenulum. The tongue
innervation and vascular structures are minimal in the midline. The target adipose tissue is
accessible via a probe inserted through the midline. Slight lateral deviations from midline area
are also safe. The position of the surgical probe can be tracked via an ultrasound probe, applied
either via the dorsal tongue surface or by the placement of an ultrasound probe under the chin.
The applicator probe could be inserted 25%, 50%, 90% or 110% with respect to the base of the
tongue. The applicator probe may be allowed to penetrate the base of the tongue (110%
penetration) to register exact positioning. An umbrella or hook may release upon exiting the
base of tongue allowing the physician to then snuggly pull the probe forward, locking it in the
position for the duration of the treatment. The distal hook can be released by cutting the distal
tip or using a higher force to pull the applicator probe out. The applicator probe can also be
inserted into the tissue from the top surface of the tongue, preferably near the midline to avoid
damaging the nervous innervation and the existing vasculature, and angling toward the base of

tongue. The surgically inserted probe can apply the cryo therapy to a cylinder shaped region of
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the tongue. Multiple sticks of the applicator probe can treat a larger area, or multiple applicator
probes can be inserted simultaneously, which in turn will cool the tissue that is in between the
applicator probes. The applicator probe can also be advanced or retracted in 1 cm steps, for
example, to step-wise treat a longer length of tissue. Another approach is to insert two or more
probes simultaneously that are approximately parallel, either lateral to each other or
superior/inferior. Such tools are designed to target deeper tissues in the ventral surface of the
tongue, specifically between a line drawn from the mandible to the base. As a result, the
penetrating parts of the applicator may be straight or curved to reach to the locations where the
fat is concentrated.

[00146] Additional target tissues in the oral cavity can be targeted for treatment, including the
tissues of uvula and the lateral fat pads in the oral cavity. FIG. 15A illustrates one example of a
cylindrical applicator 1502 specifically designed and configured to target the fat tissue in the
uvula. In this embodiment, the applicator can be cylindrical in shape and can include a hollow
portion within the cylinder configured to receive the uvula when the applicator is placed over the
uvula. Inlet line 1512 and outlet line 1514 can transfer coolant between the temperature
determinant and the applicator during therapy. The human uvula is an irregular triangle shaped
tissue. The size (estimate) ranges from 3 mm at the tip of uvula widening to 2 cm as the uvula
joins the soft palate. Although the inside of the cylindrical applicator can be hollow to allow the
capture of the uvula within, its bottom end can be closed in some embodiments to increase the
contact area with the uvula for better heat extraction. Furthermore, suction maybe applied to
enhance the physical contact between the cylinder and the tissue.

[00147] FIGS. 15B-15C illustrate another embodiment of an applicator 1503 configured to
simultaneously target, cool, and treat the uvula, tonsils, and fat pads of the oral cavity. In this
embodiment, the applicator can include a pair of tonsil contacting extensions 1516 on each side
of the applicator to directly cool the tonsils. Additionally, the applicator includes a uvula
contacting portion 1518 centrally located on the applicator. The uvula contacting portion can be,
for example, a solid cylinder, a hollow cylinder (as shown in FIG. 15A), or any other flat or
curved shape configured to contact or conform to the uvula. The connecting member portions
1520 between the uvula contacting portion and the tonsil contacting extensions can be
configured to contact and cool fat pads within the oral cavity at the back of the mouth. As
described above, inlet line 1512 and outlet line 1514 can transfer coolant between the applicator
and the temperature determinant. FIG. 15C shows the applicator 1503 positioned in the oral
cavity such that the tonsil contacting extensions are in contact with the tonsils, the uvula
contacting portion is in contact with the uvula, and the connecting member portions are in

contact with fat pads in the mouth.
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[00148] In some examples, the applicator is designed and configured to be in a pliable form
such as a balloon, so that it confirms to the shape of the target tissue. When in place, first the
pressure unit is inflated to position the applicator within the oral cavity. Afterwards, the cooling
unit of the balloon can be filled with a warm coolant to inflate and make contact with the organ.
Once a full contact with the target organ is made, the coolant temperature can be reduced to
extract heat from the organ. A multi-balloon applicator system is also desirable in that one (or
multiple balloons) balloon could serve the pressure unit for holding the system in place and a
second (or multiple balloons) balloon could apply cryo therapy to the target location(s).

[00149] FIGS. 16-18 and 19A-19B show examples of applicators that are designed and
configured to target more of the tissues in the back of the mouth, including the lateral walls and
the fat pads. For example, the embodiment of FIG. 16 includes a balloon applicator 1602
configured to cool multiple organs in the oral cavity, including the tongue, palate, uvula, and
tonsils. The balloon applicator can include one or more inflatable structures 1622 and 1624. In
this example, inflatable structure 1622 can be insulated so as to prevent cooling tissue in contact
with the structure, while structure 1624 has no insulation and can be allowed to cool and treat
tissue. In another embodiment, the balloon applicator is a single inflatable structure (e.g., only
structure 1624). In one embodiment, the balloon applicator can be inserted into the oral cavity in
a deflated state, and advanced to the target tissues. Once in position, the balloon applicator can
be inflated with a coolant to treat the target tissues. Coolant can be transferred between the
balloon applicator and the temperature determinant (not shown) via inlet line 1612 and outlet
line 1614, as described above.

[00150] Thermocouples can be mounted on the surface of the balloons using thermocouple
wires and or flex circuits printed on the balloons. Thermocouples can measure the temperature
at the target site to ensure an efficacious therapy and good tissue contact. Thermocouples on the
pressure unit balloon(s) can protect surrounding tissues from cryo damage. Other sensors such
as pressure sensors and optical sensors can be used to monitor balloon pressure and tissue
contact. Electrodes can be placed on the balloons via printed circuits. These electrodes can be
used to measure impedance on the surface of the tongue to verify adequate contact with the
tissue. Multiple measurement points can be used to verify contact across the intended contact
and treatment area. The balloon can be inflated until full contact with the target area is achieved,
as measured by the impedance or pressure measurements. Contact with the tongue can also be
determined by the temperature sensors warm when in direct contact with the tongue or target
tissue. Electrodes to measure impedance, thermocouples, or pressure sensors can also be applied
to non-balloon applicator designs, for the similar purpose of verifying and measuring contact

with the intended treatment area. Other temperature sensing devices, including but not limited to
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RTD (resistive temperature devices), solid state temperature sensors or optical temperature
sensors can be used in addition or instead of the thermocouples.

[00151] FIG. 17 is another example of an applicator 1702 configured to target tissues towards
the back of the mouth. The applicator 1702 can include insulation 1726 on one or more surfaces
of the applicator. In this example, the applicator is not insulated on the surface that contacts the
tongue, but is insulated on all other surfaces, including the surface that contacts the palate, the
cheeks, the epiglottis, etc. The insulation is designed and configured to protect tissues in the oral
cavity that are not being targeted for cryo therapy. As described above, inlet/outlet lines 1713
(shown as a single line in this example) can facilitate the transfer of coolant to and from the
applicator for therapy. In contrast, the applicator of FIG. 18 does not include any insulation on
the applicator.

[00152] FIG. 19A is one example of another applicator 1902 configured to apply cooling
therapy to a lateral wall in the oral cavity so as to treat the fat pads. The applicator itself can be a
metallic object, preferably stainless steel, aluminum, titanium. It is also possible to construct it
using thin plastics with high thermal conductivity, such as the ultra-high molecular weight
polyethylene. Since the tissue that the applicator is pressed against is a soft one, the applicator
can be a rigid structure. However, one can use a balloon type applicator also to enhance the
contact with the tissue and to reduce the sensitivity of the treatment to the positioning of the
applicator. As shown, the applicator 1902 can include a distal portion sized and configured to
contact the fat pads. The distal portion can be generally cylindrical in shape. In some
embodiments, the distal portion can be pliable in order to conform to the fat pads when placed in
contact with the fat pads. Coolant can be transferred to/from the applicator with an inlet/outlet
line 1913, as described above. FIG. 19B illustrates a method of applying the applicator 1902 of
FIG. 19A to the lateral wall to col the fat pads.

[00153] The applicator can be designed to be pushed onto the tissue surface with a given
pressure. The design may maintain the force or the pressure within a given range, or it can be
such that the application pressure or the force meets a minimum. Application of the force or the
pressure assures a good contact with the tissue while minimizing the convective heating of the
tissue by the warm blood arriving from the other parts of the body of the patient. The force
needs to be equal to or greater than the arterial blood pressure to minimize the arrival of new
blood flow to the treatment area to reduce the convective heating of the tissue. Maintenance of
the force could be via mechanical elements such as springs, or electrical elements such as
actuators, and may involve passive or active control of the applied force. A balloon structure
could also be used to provide a controlled force to the applicator, by inflating the balloon

between the hard or soft palate and the applicator, or similarly, by placing force between the
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posterior oropharynx wall and the applicator or between the upper teeth and the applicator. A
push against the hard pallet, soft pallet, teeth, or posterior oropharynx could be used separately
or in combination to provide an opposition force that holds the applicator in correct position with
the correct pressure on the tongue.

[00154] To ensure a good contact between the applicator and the tissue surface, one of many
design modifications can be utilized. FIGS. 20-22 show embodiments in which the applicator is
configured to pivot around a joint that attaches the applicator to a handle. This joint can be, for
example, a multi axis joint such as a ball and socket joint as it is illustrated in FIG. 20, or a single
axis rotary joint as shown in FIG. 21. In some embodiments, the joint may also be a motorized
joint, such as the one that is shown in FIG. 22 to allow the correct positioning of the applicator at
the desired orientation to obtain the optimal contact profile between the tissue and the applicator
surface.

[00155] Deviations from the desired force and temperature ranges can be detected using a set
of sensors, such as temperature sensors and strain gauges. FIG. 23 shows the implementation of
an applicator 2302 with a plurality of force sensors 2330 disposed on the applicator. In this
example, the force sensors are positioned towards each corner of the applicator. The force
sensors can be used to determine or identify if the appropriate force is being applied by the
applicator to the target tissue. Furthermore, the force sensors can be configured to determine if
an un-even force is being applied to the target tissue. For example, if one or more force sensors
on a first side of the applicator measure a different force than one or more force sensors on an
opposite side of the applicator, then the operator or user knows to re-adjust the applicator to
apply an even force across the entirety of the target tissue. Similarly, temperature sensors 2432
can be positioned at the bottom surface of the applicator, as shown in FIG. 24A, and on the fluid
lines, as shown in FIG. 24B. The temperature sensors can be used to determine if various
sections of the target tissue are being cooled to the desired temperature. The temperature sensors
can further provide measurements of the temperature of the applicator itself. In some
embodiments, methods can include applying an applicator to a target tissue, delivering cryo
therapy from the applicator to the target tissue, measuring a temperature of the target tissue at
one or more locations within the target tissue, and adjusting a position of the applicator based on
the measured temperatures.

[00156] Heat removed or delivered by a fluid flow system is given by:

[00157] P=® ATC (Equation 4)

[00158] Where P is the thermal power in Watts,

[00159] O is the coolant flow rate,

[00160] AT is the temperature rise in the coolant, and
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[00161] C is the specific heat of the coolant

[00162] If a coolant with a specific heat of ¢ =4 Joules/(cc.°C) is used with a flow rate of ¢ =
15 mL/sec and the temperature drop across the is AT =2 °C, then the heat that is being extracted
from or added to the tissue can be calculated as P = 120 Watts using the Equation 4. However,
to determine the amount of heat being added or removed, one must know the temperature
differential, namely AT. This can be accomplished by measuring the temperatures of the inlet
and outlet fluids, as shown in FIG. 25B.

[00163] FIG. 25 shows an exemplary temperature trace of the applicator for a treatment
duration of 60 minutes. In this example, the temperature of the applicator is dropped at a rate of
A degrees per minute for the period of B. Afterwards, the applicator temperature is kept at a
cold temperature for a duration of C for the removal of substantial amount of stored heat from
the tissue. Subsequently, the applicator temperature is allowed to raise at a rate of E degrees per
minute for a period of D and maintained at a fixed temperature for a period of F. Finally, the
applicator temperature is allowed to increase at a rate of H degrees per minute for a period of G
to conclude the treatment session.

[00164] FIG. 26 shows another time profile of the applicator temperature which is cycled
between a cold and warm setting throughout the treatment duration. Cycle lengths, duration at
each stage and the rate of change in temperature setting can be the same for each cycle or vary
from one cycle to the next. This type of treatment could be advantageous as temperature
transitions further enhance the effects of the cryolysis.

[00165] Cryolysis of the adipocytes is accomplished by reducing their temperature to values
in the range of +5°C to -20°C, and more specifically to the range of 0°C to -5°C. To achieve
such temperatures at the depths of the tissue, one must bring the applicator to temperatures in the
range of -15°C to -30°C, or perhaps lower. Such temperatures could cause damage to the
mucosal membranes of the tongue, especially to the mucosal layers that are near the base of the
tongue. Such damage can be prevented by the rapid warming of the tissue at the end of the
treatment period. FIG. 27 shows an idealized version of the applicator temperature as a function
of time. During the period that is labeled as “D”, rapid warming is needed. The warming rate,
which is labeled as “E” in FIG. 27 should be higher than 10°C/min, preferably 10 °C/min to 30
°C/min.

[00166] To implement the rapid warming function as described above, the temperature
determinant must be able to provide both the heating and the cooling functions. FIG. 28 shows
the implementation of a temperature determinant where both a chiller and a heater are utilized.

A pair of valves can be used to select the source where the fluid travels through, that is the heater
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or the chiller. During the phases that are labeled as B and C in FIG. 27, the chiller can be used to

reduce the temperature of the fluid that is being sent to the applicator, which in turn removes
heat from the tissue causing cryolysis. During the phase that is labeled as D in FIG. 27, fluid can
be cycled through the heater to rapidly warm the applicator and the mucosal membrane to reduce
the unintentional damage.

[00167] The heat extractor is the part of the system that provides the low temperature
operation which in turn enables heat extraction from the tissue. The heat extractor can be an
integral part of the applicator, such as a thermoelectric cooler residing within the applicator or a
Joule-Thompson type cooler. But in general, the heat extractor is located external to the
applicator. Chilled coolant is pumped from the heat extractor to the applicator.

[00168] The heat extractor may include one or more stages. If the heat extractor is a single
stage device, as shown in FIG. 29, then the chilled fluid is delivered directly to the applicator
from the chiller/heat extractor via a pump. FIG. 30 shows a single stage heat extractor unit
where a reservoir is used to store the pre-chilled coolant. The presence of the reservoir reduces
the power requirements for the chiller and allows a rapid cooling of the tissue.

[00169] In the case of multi stage heat extractor, as shown in FIG. 13, multiple heat extractors
are stacked to increase the cooling capacity and the overall control of the cooling of the tissue.
Multi stage heat extractors can be isolated or non-isolated type, and they can have reservoirs
also. FIG. 13 shows the block diagram of a two stage heat extractor with isolated secondary loop
and no reservoir. The first stage can include a chiller, a first pump to move fluid through the first
stage, and a first heat exchange surface adjacent to a peltier booster. The second isolated stage
can include a second heat exchange surface adjacent to the peltier booster and a second pump to
move fluid into the applicator.

[00170] FIG. 31 shows the block diagram of a two stage heat extractor with isolated
secondary loop and two reservoirs. The design of the heat extractor in this embodiment is
similar to that of FIG. 13, however each stage includes a reservoir to store chilled fluid.

[00171] FIG. 32 shows the block diagram of a two stage heat extractor with non-isolated
secondary loop and no reservoirs. In isolated multi stage heat extractors, the coolants used in
different stages do not mix while a non-isolated multi-stage heat extractor uses the same coolant
for all stages. Heat extractors with non-isolated secondary loop have higher ability to cool warm
tissues, but they are not as efficient when it comes to lowering of the temperature of cold tissues.
On the other hand, the heat extractors with isolated secondary loop are not very good at cooling
warm tissues, but they are highly efficient at further lowering of the temperature of tissues that
are already cold. Hence, some implementations combine these two designs, where the heat

extractor is configured as a non-isolated secondary during the beginning of the treatment session
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and then switched, via solenoid or manual valves, for example, to the isolated secondary
configuration afterwards. Coolant used could be a gas or a fluid type.

[00172] The heat extractor can utilize one or more of the traditional cooling techniques,
including the compressor-condensers, Joule-Thompson devices, phase change devices and
thermoelectric coolers (TEC) which are also known as Peltier coolers. A booster unit can be
used in a multi stage heat extractor, utilizing Peltier coolers. The booster unit consists of one or
more Peltier devices that work as heat pumps to remove heat from the cold side and pass this
heat to the hot side of the Peltiers. The chiller unit described above serves to cool the hot side of
the Peltier devices. The cold side of the Peltier devices is used to chill an isolated secondary
loop of coolant that extracts heat from the applicator on the tongue. The Peltier devices could
also be directly applied to tongue tissue.

[00173] A fluid pump carries fluid across the hot side through a heat exchanger region in the
booster. Likewise, a second fluid pump carries fluid across the cold size and delivers this cold
fluid to the applicator device. An optimal flow rate for each pump is controlled and determined
to optimize the transfer of heat in the booster. The controller system can adjust and control the
pump flow rate. The peltier devices operate via an applied voltage and drawing current from a
DC power supply. Setting the applied voltage will set the operating state of the Peltier.
Controlling the cold side flow rate and/or the peltier voltages, the Controller can quickly set the
temperature at the applicator, cooling or warming as desired to achieve the temperature profiles
in FIGS. 25-26. The natural body warming due to blood flow can warm chilled tissue. Or, the
peltier devices create heat and slowing the hot side pump flow rate will result in an overall
warming of the booster to provide a warming of the applicator.

[00174] Heat transfer between the temperature determinant and the applicator can be
accomplished using conductive or convective techniques. FIG. 33 shows an implementation
where there is a solid conductor 3334 between the temperature determinant and the applicator,
and the heat transfer takes place by conductive means. In this example, any thermally
conductive structure, such as a metal rod, would allow the flow of heat from one end to the other.
For example, an aluminum rod with length of 10 cm and a cross section of 1 square centimeter
could carry 14 Watts of heat when the temperature difference between its end points is 60 C, as
would be the case when one end of the rod is in contact with tissue at +37 C and the other end is
chilled to -23 C. In this situation, the applicator is cooled only by the conductive flow of the heat
through the metal rod with no circulating fluid in and out of the applicator. FIG. 34 however
shows a case where heat transfer between the temperature determinant and the applicator takes
place by convective means, i.e., fluid that is flowing between the temperature determinant and

the applicator via inlet and outlet lines 3412 and 3414 carries the heat. FIG. 35 is a schematic
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diagram of a system that uses a liquid pump to cause coolant to flow from the temperature
determinant to the applicator and vice versa.

[00175] In some examples, the applicator can be constructed to have multiple separate
segments that contact the tongue, as shown in FIG. 36. Each of the individual segments can be
thermally coupled together with a conductor or fluid conduit. Such a device can be used to
conform to the shape of the tissue and allows the medical professionals to use the same device to
target different parts of the organ. The applicator can also be designed to keep the different
segments at different temperatures, which would allow the temperature profile within the tissue
to be altered by making the heat being extracted by each segment different for each segment.
Similarly, heat extraction rates from each segment could be controlled separately such that the
temperature of each segment is maintained at the ideal temperature, such as -10C for example.
Furthermore, it is possible to construct the segments of the applicator to be rigid or flexible, as
would be in the case where the segments of the applicator were constructed using nitinol. Other
materials that can be used for the construction of the applicator are metals, plastics and ceramics
including glasses.

[00176] The controller governs the operation of the entire system and provides a user interface
to the operator, which is usually a medical professional. The controller monitors the temperature
of the applicator as well as the operation of the heat extractor along with all its stages, including
the flow rate of the coolants. The controller can be used to change the slope of the cooling and
warming phases of the therapy. Slower cooling can induce ice crystals which induce adipose
cell death. A fast warming phase can induce reperfusion injury. As oxygen returns to the tissue
damage is impacted to the cell due to inrush of oxygen to the oxygen starved cell. The absence
of oxygen and nutrients from blood during the ischemic period creates a condition in which the
restoration of circulation results in inflammation and oxidative damage through the induction of
oxidative stress, rather than (or along with) restoration of normal function.

[00177]  The controller of the system may work in open loop or in closed loop configuration.
In open loop configuration, the controller can be programmed to follow a given treatment pattern
which is defined in terms of temperature or power values for pre-specified durations. For
example, the device may be programmed to cool the applicator by delivering fluid at -25°C for
50 minutes, and then to heat the tissue as quickly as possible by delivering fluid at +37°C for 10
minutes. In the closed loop configuration, the controller may utilize the data coming from the
temperature sensors as feedback and perform more complex tasks. For example, the device may
be programmed to keep the surface temperature at -27°C for 50 minutes, and then warm the

tissue by delivering 25 Watts of heat until the surface temperature reaches to +35°C.
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[00178] Based on its programming, the controller changes the temperature of the applicator
and its segments to provide temporal and spatial control of the heat removal from the tissue.
These changes could be a preprogrammed sequence or a result of the temperature measurements
made by the controller. Temperature measurements can be made from the segments of the
applicator and the coolants of the heat extractor.

[00179] Another function of the controller is to monitor the usage of the medical device for
maintenance and billing purposes. In addition to generating reports on the component life, use
period is also reported. These reports can be made available via on board display or internet
connectivity. An exemplary design of the controller is shown on Figure 29.

[00180] The controller is fully programmable, so it can operate autonomously to generate the
temperature profiles described above. It can also be operated manually, and it allows the
operator to override the programming parameters at will, such as switching the temperature
determinant from chilling to warming, in the case of an emergency requiring the removal of the
applicator quickly from the patient.

[00181]  An optical electronic camera and/or a port to hold a flexible scope may be provided
with the purpose of aiding the physician in placing the probe in the correct location. The
visualization of the base of tongue, including the vallecula and epiglottis is very difficult due to
the presence of the applicator and, typically, an intubation tube. Placing a very small camera on
the applicator and having a video screen show an image of the cephalic (posterior) view during
insertion allows the physician to visualize location. A camera in this location also verifies that
the epiglottis is not stuck under the applicator or in any unusual positions, which could damage
the epiglottis due to mechanical forces or undesired exposure to cryo temperatures. The
applicator probe will be insulated on all surfaces except the area desired to be in contact with the
tongue. The insulation material could be foam, plastics, or any other suitable insulation that does
not conduct heat. Instead of a camera, an alternative is to provide a port to accept and position a
flexible ENT scope. This port maintains the position of the scope pointing in the cephalic
direction and at an angle adequate to visualize the epiglottis.

[00182] In some embodiments of the invention, the applicator is positioned manually using
visual clues. In other embodiments, the device is positioned under imaging guidance, such as an
ENT scope, ultrasound or X-ray fluoroscopy. Yet in other embodiments, the applicator is
positioned using the mechanical guidance provided by other tools, such as a ring sliding over the
endotracheal tube.

[00183]  Itis to be understood that although the above description of the applicator is based
on its use on tongue tissue, nothing in the description prevents its use on the fat containing

tissues including but not limited to the oropharynx, soft palate and the hard palate, the uvula, the
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lateral pharyngeal wall, or the lingual tonsils. Furthermore, various kinds of applicators,
including but not limited to the surface contact type, penetrating type, multi-segment type and
balloon type can be designed and used on one or more of the fat containing tissues as listed
above.

[00184] The various illustrative embodiments of devices, systems, and methods described
herein are not intended to be limited to the particular forms disclosed. Rather, they include all
modifications and alternatives falling within the scope of the claims.

[00185] The various illustrative embodiments of devices, systems, and methods described
herein are not intended to be limited to the particular forms disclosed. Rather, they include all
modifications and alternatives falling within the scope of the claims. The claims are not intended
to include, and should not be interpreted to include, means-plus- or step-plus-function
limitations, unless such a limitation is explicitly recited in a given claim using the phrase(s)

“means for” or “step for,” respectively.
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CLAIMS

What is claimed is:

1. A device for treatment of obstructive sleep apnea, the device comprising:

a cooling unit for chilling a cooling fluid;

an applicator configured to receive the cooling fluid, the applicator comprising a distal
portion having a plurality of cryo therapy needles and a proximal portion, wherein the plurality
of cryo therapy needles are shaped and configured to be inserted into a dorsal portion of a tongue
of a subject, and wherein the proximal portion is shaped and configured to contact an adjacent
portion of the tongue; and

a recirculation conduit configured to facilitate heat transfer between the applicator and
the cooling fluid;

the applicator and cooling unit being configured to cooperatively cause cooling of the
tongue for a time sufficient to cause cryolysis of adipose tissue within the tongue and thereby

reduce a volume of the adipose tissue.

2. The device of claim 1, wherein the plurality of cryo therapy needles are arranged in a

planar configuration.

3. The device of claim 1, wherein the plurality of cryo therapy needles are arranged in a

three-dimensional configuration.

4. The device of claim 1, wherein the distal portion is curved.

5. The device of claim 1, wherein the proximal portion is curved.

6. The device of claim 1, wherein the distal portion is substantially flat.

7. The device of claim 1, wherein the proximal portion is substantially flat.

8. The device of claim 1, wherein the cooling fluid is configured to circulate within the

plurality of cryo therapy needles.

9. The device of claim 1, wherein the cooling unit comprises a two-stage cooling unit.
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10. The device of claim 9, wherein the two-stage cooling unit further comprises:
a first stage having a chiller, a first fluid circuit, and a pump;
a second stage having a pump and a second fluid circuit; and

a peltier booster disposed between the first stage and the second stage.

11. A method for treating obstructive sleep apnea in a subject, the method comprising steps
of:

inserting a penetrating cooling device through a submaxillary triangle of a subject with
obstructive sleep apnea into an oropharyngeal tissue of the subject;

cooling the penetrating cooling device for a time sufficient to cause cryolysis of adipose
tissue within the oropharyngeal tissue; and

reducing a volume of the adipose tissue within the oropharyngeal tissue.

12. The method of claim 11, wherein the target surface of the oropharyngeal tissue includes

one or more of: a soft palate, a uvula, a tongue, or a pharyngeal wall.

13. The method of claim 11, wherein the cooling surface is configured to be placed in contact
with the surface of the oropharyngeal tissue between approximately one minute and
approximately one hundred minutes to cause cryolysis of adipose tissue within the

oropharyngeal tissue.

14. The method of claim 11, wherein cooling the target surface of the oropharyngeal tissue or
the underlying tissue in the subject with obstructive sleep apnea for a time sufficient to cause
cryolysis of adipose tissue within the oropharyngeal tissue includes cooling the adipose tissue to

a temperature of between about 0°C and a body temperature.

15. The method of claim 11, wherein the penetrating cooling device is in fluid
communication with a cooling unit for chilling a cooling fluid, and further comprising: chilling

the cooling fluid with the cooling unit prior to cooling the penetrating cooling device.

16. The method of claim 11, further comprising applying a cryoprotectant to a surface of the

oropharyngeal tissue.

17. A device for treatment of obstructive sleep apnea, the device comprising:

a cooling unit for chilling a cooling fluid;
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an applicator configured to receive the cooling fluid, the applicator comprising a hollow
cylindrical shape configured to receive a uvula of a subject with sleep apnea when the applicator
is placed over the uvula; and

a recirculation conduit configured to facilitate heat transfer between the applicator and
the cooling fluid;

the applicator and cooling unit being configured to cooperatively cause cooling of the
uvula for a time sufficient to cause cryolysis of adipose tissue within the uvula and thereby

reduce a volume of the adipose tissue.

18. A device for treatment of obstructive sleep apnea, the device comprising:

a cooling unit for chilling a cooling fluid;

an applicator configured to receive the cooling fluid, the applicator being shaped and
configured to simultaneously contact a uvula, one or more tonsils, and one or more fat pads of a
subject’s oral cavity; and

a recirculation conduit configured to facilitate heat transfer between the applicator and
the cooling fluid;

the applicator and cooling unit being configured to cooperatively cause cooling of the
uvula, the one or more tonsils, and the one or more fat pads for a time sufficient to cause
cryolysis of adipose tissue within the uvula, the one or more tonsils, and the one or more fat pads

and thereby reduce a volume of the adipose tissue.

19. The device of claim 18, wherein the applicator comprises a pair of tonsil contacting

extensions on each side of the applicator.

20. The device of claim 19, wherein the applicator comprises a uvula contacting portion.
21. The device of claim 20, wherein the uvula contacting portion comprises a cylindrical
shape.

22. The device of claim 20, further comprising a pair of connecting member portions

between the tonsil contacting portions and the uvula contacting portion.

23. A device for treatment of obstructive sleep apnea, the device comprising:

a cooling unit for chilling a cooling fluid;
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an inflatable applicator configured to contact an oropharyngeal tissue of a subject, the
inflatable applicator having a therapy portion configured to receive the cooling fluid and an
insulative portion that does not receive the cooling fluid; and

a recirculation conduit configured to facilitate heat transfer between the therapy portion
of the applicator and the cooling fluid;

the therapy portion of the applicator and cooling unit being configured to cooperatively
cause cooling of the oropharyngeal tissue of the subject for a time sufficient to cause cryolysis of

adipose tissue within the oropharyngeal tissue and thereby reduce a volume of the adipose tissue.

24. A method for treating obstructive sleep apnea in a subject, the method comprising steps
of:

applying an inflatable applicator to an oropharyngeal tissue of a subject with obstructive
sleep apnea;

applying a cooling fluid to a therapy portion of the inflatable applicator for a time
sufficient to cause cryolysis of adipose tissue within the oropharyngeal tissue;

reducing a volume of the adipose tissue within the oropharyngeal tissue; and

insulating targeted locations of the oropharyngeal tissue with an insulated portion of the

inflatable applicator.

25. A method for treating obstructive sleep apnea in a subject, the method comprising steps
of:

applying an applicator to an oropharyngeal tissue of a subject with obstructive sleep
apnea;

measuring a force applied by the applicator to one or more locations of the oropharyngeal
tissue with one or more force sensors of the applicator;

adjusting a force applied by the applicator to the oropharyngeal tissue based on the
measured force;

applying a cooling fluid to the applicator for a time sufficient to cause cryolysis of
adipose tissue within the oropharyngeal tissue; and

reducing a volume of the adipose tissue within the oropharyngeal tissue.

26. A method for treating obstructive sleep apnea in a subject, the method comprising steps
of:
applying an applicator to an oropharyngeal tissue of a subject with obstructive sleep
apnea;
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measuring a temperature of one or more locations of the oropharyngeal tissue with one or
more temperature sensors of the applicator;

applying a cooling fluid to the applicator for a time sufficient to cause cryolysis of
adipose tissue within the oropharyngeal tissue; and

reducing a volume of the adipose tissue within the oropharyngeal tissue.

27. A method for treating obstructive sleep apnea in a subject, the method comprising steps
of:

applying an applicator to an oropharyngeal tissue of a subject with obstructive sleep
apnea;

applying a cooling fluid to the applicator for a time sufficient to cause cryolysis of
adipose tissue within the oropharyngeal tissue;

reducing a volume of the adipose tissue within the oropharyngeal tissue; and

rapidly warming the oropharyngeal tissue immediately after applying the cooling fluid to

prevent damage to mucosal layers adjacent to the oropharyngeal tissue.

28. The method of claim 27, wherein the cooling fluid has a temperature ranging {from 5 deg
Cto-20 deg C.

29. The method of claim 27, wherein the rapidly warming step comprises heating the cooling
fluid.
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Box No. IT 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. D Claims Nos.:

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

2. D 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. D 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. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This Intemational Searching Authority found multiple inventions in this intermational application, as follows:

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group I: Claims 1-10, 17-24 are directed toward a device and method for treatment of obstructive sleep apnea, the device and method
comprising: a cooling unit, the applicator comprising: a plurality of cryo therapy needles, the applicator further comprising a hollow
cylindrical shaps, a recirculation conduit, and insulating targeted locations.

Group |I: Claims 11-16 and 25-29 are directed toward a method for treating obstructive sleep apneain a subject, the method comprising:
measuring a force applied by the applicator to one or more locations of the oropharyngeal tissue with one or more force sensors of the
applicator, and rapidly warming the oropharyngeal tissue.

The inventions listed as Groups I-Il do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons.
-***.See Supplemental Page-***-

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

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

3. E] 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.:

1-10,17-24

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

D 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.

I:] No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2019)
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-***-Continued from Box Ill: Observations where unity of invention is facking-***-

The special technical features of Group | include a cooling unit for chilling a cooling fluid; an inflatable applicator, the applicator
comprising a distal portion having a plurality of cryo therapy needles and a proximal portion, wherein the plurality of cryo therapy needles
are shaped and configured to be inserted into a dorsal portion of a tongue of a subject, and wherein the proximal portion is shaped and
configured to contact an adjacent portion of the tongue; the applicator further comprising a hollow cylindrical shape configured to receive
a uvula of a subject with sleep apnea when the applicator is placed over the uvula; the applicator further comprising being shaped and
configured to simultaneously contact the uvula, one or more tonsils, and one or more fat pads of a subject's oral cavity; an insulative
portion that does not receive the cooling fluid; a recirculation conduit configured to facilitate heat transfer between the applicator and the
cooling fluid; the applicator and cooling unit being configured to cooperatively cause cooling of the tongue or oropharyngeal tissue and
insulating targeted locations of the oropharyngeal tissue with the insulated portion of the inflatable applicator (which is not present in
Group I1).

The special technical features of Group |l include inserting a penetrating cooling device through a submaxillary triangle into an
oropharyngeal tissue; measuring a force applied by the applicator to one or more locations of the oropharyngeal tissue with one or more
force sensors of the applicator and adjusting a force applied by the applicator to the oropharyngeal tissue based on the measured force
or measuring a temperature of one or more locations of the oropharyngeal tissue with one or more temperature sensors of the applicator;
applying a cooling fluid to the penetrating cooling device; and rapidly warming the oropharyngeal tissue immediately after applying the
cooling fluid to prevent damage to mucosal layers adjacent to the oropharyngeal tissue (which is not present in Group ).

The common technical features of Groups | and Il include a method for treatment of obstructive sleep apnea, the method comprising:
applying an applicator to the oropharyngeal tissue of a subject; applying a cooling fluid to the applicator to cause cooling of the
oropharyngeal tissue for a time sufficient to cause cryolysis of adipose tissue within the oropharyngeal tissue; and reducing a volume of
the adipose tissue within the oropharyngeal tissue.

These common technical features are disclosed by US 2018/0228646 A1 to GONZALES, et al (hereinafter “‘GONZALES"). GONZALES
discloses a method for treatment of obstructive sleep apnea (a method for cryolysis to selectively remove fat cells from the tissues
causing obstructive sleep apnea; paragraph [0005]), the method comprising: applying an applicator to the oropharyngeal tissue of a
subject (an engagement member 20 (applicator) engages the patient's pharyngeal wall (oropharyngeal tissue); figure 1; paragraph
[0034)); applying a cooling fluid to the applicator to cause cooling of the oropharyngeal tissue for a time sufficient to cause cryolysis of
adipose tissue within the oropharyngeal tissue (coolant fluid is provided to engagement member 20 and cools the pharyngeal wall for a
time sufficient to cause cryolysis of adipose tissues in the pharyngeal wall; paragraphs [0030],{0034]); and reducing a volume of the
adipose tissue within the oropharyngeal tissue (reducing the volume of adipose tissue in the pharyngeal wall; paragraph [0034]).

Because the common technical features are disclosed by GONZALES, the inventions are not so linked as to form a single general
inventive concept. Therefore, Groups |-l lack unity.

Form PCT/ISA/210 (extra sheet) (July 2019)
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