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METHODS AND DEVICES TO TREAT NASAL passage together, causing a dynamic nasal passage cross sec-
AIRWAYS tional area reduction on inspiration.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part of pending U.S.
patent application Ser. No. 13/495,844, entitled METHODS
AND DEVICES TO TREAT NASAL AIRWAYS, filed Jun.
13,2012, published Dec. 20,2012 as U.S. Patent Application
Publication US 2012/0323227 Al, which is related to con-
currently filed pending U.S. patent application Ser. No.
13/495,879, published Dec. 20, 2012 as U.S. Patent Applica-
tion Publication US 2012/0323232 Al, also entitled METH-
ODS AND DEVICES TO TREAT NASAL AIRWAYS, and
which claims priority to U.S. Provisional Patent Application
Nos. 61/603,864, filed on Feb. 27,2012 61/496,930, filed Jun.
14, 2011. The disclosures of all the above-referenced patent
applications are hereby incorporated by reference in their
entireties herein.

FIELD OF THE INVENTION

This application relates generally to the field of medical
devices and treatments, and in particular to systems, devices
and methods for treating structures within the nose and upper
airway to reduce resistance to airflow and/or change the pres-
sure level in the nose, nasal cavities, and/or and nasal pas-
sages and thus improve airflow and/or the feeling and effects
of nasal obstruction during breathing and/or reduce snoring.

DESCRIPTION OF THE RELATED ART

During respiration, the anatomy, shape, tissue composition
and properties of the human airway produce airflow resis-
tance. The nose is responsible for almost two thirds of this
resistance. Most of this resistance occurs in the anterior part
of the nose, known as the internal nasal valve, which acts as a
flow-limiter. The external nasal valve structure also causes
resistance to nasal airflow. Effective physiological normal
respiration occurs over a range of airflow resistances. How-
ever, excessive resistance to airflow can result in abnormali-
ties of respiration that can significantly affect a patient’s
quality of life.

Inadequate nasal airflow can result from a number of con-
ditions causing an inadequate cross sectional area of the nasal
airway in the absence of any collapse or movement of the
cartilages and soft tissues of the nasal airway. These include
deviation of the nasal septum, turbinate enlargement,
mucosal swelling, excessive mucus production, and nasal
valve insufficiency, narrowing or collapse. No matter what
the cause of inadequate nasal airflow, the nasal valve area is
still the site of significant nasal airflow resistance. In more
extreme cases, nasal valve dysfunction is a prevalent medical
condition. Nasal valve collapse is often due to weakness or
malformation of cartilage structures of the nose.

Inadequate nasal airflow can also result from the move-
ment of tissues of the nasal passage during respiration. The
nasal passage may have normal anatomy and structure with a
nasal passage cross-sectional area in the normal range at rest
or during expiration. On inspiration of air through the nose,
the nasal tissues can move inward, reducing the cross sec-
tional area of the nasal passage. This movement, sometimes
called nasal valve collapse, can be caused by the reduction of
pressure in the nose when air flows past the structure of the
nose. This pressure reduction pulls the tissues of the nasal
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The walls of the nasal passage are composed of various
tissue types, including the mucosa, submucosa, basal mem-
brane and cartilage. The mucosa, submucosa and basal mem-
brane contain collagen, which gives the tissue structure and
elasticity.

Cartilage is an avascular tissue composed of a specialized
matrix of collagens, proteoglycans, and non-collagen pro-
teins, in which chondrocytes constitute the unique cellular
component. Cartilage is specialized connective tissue found
in various locations throughout the body. Cartilage basically
consists of two components: water and a framework of struc-
tural macromolecules (matrix) that give the tissue its form
and function. The matrix is highly organized and composed of
collagens, proteoglycans and noncollagenous proteins.

The interaction of water and the macromolecular frame-
work gives the tissue its mechanical properties and thus its
function. Up to 65%-80% of the wet weight of cartilage
consists of water, and the rest is matrix, mainly collagens and
proteoglycans. Chondrocytes are specialized cells that pro-
duce and maintain the extracellular matrix (ECM) of carti-
lage. The ECM makes up most of the tissue, where dense,
covalently-linked heterotypic collagen fibrils interact with a
number of other specialized matrix components.

The nasal valve was originally described by Mink in 1903.
It is divided into external and internal portions. The external
nasal valve is the external nasal opening formed by the col-
umella at the base of the septum, the nasal floor, and the nasal
rim (the lower region of the nasal wall, also known as the
caudal border of the lower lateral cartilage). The nasalis
muscle dilates the external nasal valve portion during inspi-
ration.

The internal nasal valve, which accounts for the larger part
of the nasal resistance, is located in the area of transition
between the skin and respiratory epithelium. The internal
nasal valve area is formed by the nasal septum, the caudal
border of the upper lateral cartilage (ULC), the head of the
inferior turbinate, and the pyriform aperture and the tissues
that surround it.

The angle formed between the caudal border of the ULC
and the nasal septum is normally between about 10 degrees
and about 15 degrees, as illustrated in FIG. 1. The internal
nasal valve is usually the narrowest part of the nasal airway
and is responsible for more than two thirds of the resistance
produced by the nose.

In 1894, Franke performed nasal-flow experiments in mod-
els and cadavers and found that whirl formation occurred near
the head of the turbinate during calm breathing. Mink devel-
oped this concept further in 1920, suggesting that the greatest
area of resistance was in the limen nasi or the union of the
lobular cartilage and ULCs. In 1940, Uddstromer found that
70% of the resistance of the nose was produced in the internal
nasal valve area, and the remaining 30% was due to the nasal
fossa. Van Dishoeck further investigated the mechanisms of
the nasal valve in 1942, and in 1970, Bridger and Proctor
wrote about a “flow-limiting segment” that included the
limen nasi and the pyriform aperture. In 1972, Bachman and
Legler found the pyriform aperture to have the smallest cross-
sectional area of the nasal airway. In 1983, Haight and Cole
continued the study of Bridger and Proctor and demonstrated
that the maximal nasal resistance was localized near the pyri-
form aperture and depended on engorgement of the head of
the inferior turbinate. The nasal valve and its functions are
more fully described in Cole, “The Four Components of the
Nasal Valve,” American Journal of Rhinology, Vol. 17, No. 2,

Aerin Medical Inc. Exhibit 2008, Page 44 of 67
Neurent Medical Inc. & Neurent Medical Ltd. v. Aerin Medical Inc.
IPR2024-00277



US 8,986,301 B2

3

pp- 107-110 (2003). See also, Cole, “Biophysics of Nasal Air
Flow: A Review,” American Journal of Rhinology, Vol. 14,
No. 4, pp. 245-249 (2000).

Because ventilation involves pressure changes, the nasal
airways must be stable both at rest and under the negative
pressures created during quiet and forced inspiration. Proper
airflow through the nasal airway depends on satisfactory
structural stability (and/or resistance to conformational
change resulting from pressure changes) of the upper and
lower lateral cartilages and soft tissues respectively. Satisfac-
tory skeletal stability is present when the upper and lower
lateral cartilages have sufficient structural stability to resist
conformational changes resulting from air pressure changes.
When either the skeletal or the soft tissue component is con-
genitally deficient or has been compromised by surgery or
trauma, the patient experiences a conformation change of the
valves during inspiration, with resultant change in the airflow
and/or pressure in the nasal airway. Normally, the upper lat-
eral cartilages move, change shape, partially collapse and/or
change nasal airway pressure with all ventilatory flow rates.
Thus, even normal nasal valves are affected by respiration.
However, a patient with dynamic nasal valve dysfunction
may have a nasal airway walls that inadequately resist the
pressure changes and restrict airflow even during normal
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similar devices taught by U.S. Pat. No. 7,114,495 to Lock-
wood. Other devices may be temporarily placed in the nasal
cavity (but not implanted in the nose), such as those taught in
U.S. Pat. No. 7,055,523 to Brown, and U.S. Pat. No. 6,978,
781 to Jordan. However, such devices can be uncomfortable,
unsightly, and require the patient to remove and replace the
device on a periodic basis. These devices can also cause skin
irritation.

Poor nasal airflow can also occur in people with a structur-
ally normal nasal and/or nasal valve anatomy, as well as a
normal nasal passage cross-sectional area. The strength,
structure and resistance to collapse of the nasal passage can
also be normal in people with poor nasal airflow. People can
have poor nasal airflow from other causes, including deviated
septum, allergic rhinitis, non-allergic rhinitis, turbinate
hyperplasia, nasal tip ptosis, and nasal polyposis. Whatever
the cause, the tissues of the nasal valves are intimately
involved in nasal airflow and nasal airflow inadequacy. Thus,
there remains an unmet need in the art for non-invasive and
minimally invasive methods and devices to improve nasal
airflow.

SUMMARY

nasal breathing. 25 Embodiments of the present application are directed to

Inadequate nasal valve structural strength, stiffness or con- devices, systems and methods for treating nasal airways.
formation can be a consequence of previous surgery, trauma, Such embodiments may be utilized to improve breathing by
aging, or primary weakness of the upper lateral cartilage and decreasing airflow resistance or perceived airflow resistance
is often symptomatic and debilitating. As many as 13% of in the nasal airways. For example, the devices, systems and
patients with chronic nasal obstruction have some degree of 30 methods described herein may be utilized to reshape,

nasal valve collapse. Of these patients, 88% have unilateral
collapse.

Poor nasal breathing and/or nasal congestion has profound
effects on a person’s health and quality of life, which can be
measured by validated questionnaires such as the NOSE
score, as described in Stewart M G, Witsell D L, Smith T L,
Weaver E M, Yueh B, and Hannley M T., “Development and
Validation of the Nasal Obstruction Symptom Evaluation
(NOSE) Scale,” Otolaryngol Head Neck Surg 2004; 130:157-
63.

Causes of inadequate nasal airflow and the structure of
nasal valve inadequacy can be clinically detected by direct
visualization (preferably with minimal disturbance so as not
to alter the structure by visualizing) or endoscopic examina-
tion. Alternatively, CT, MRI, ultrasound or other non-invasive
imaging technologies may be employed. One method of
evaluating the potential improvement in nasal airflow from
widening the nasal valve area is the cottle test, which involves
gently pulling the skin of a patient’s cheek laterally away
from the nose with two fingers, thereby opening the internal
nasal valve.

Existing methods of correcting nasal valve inadequacy
include surgically repositioning the upper lateral cartilage or
adding structural grafts to support the lateral wall of the nose.
Surgical structural enhancement of the valve can include the
use of cartilage grafts and grafts made from a number of
materials. The most frequent methods surgically correct
internal nasal valve collapse and involve the use of spreader
grafts placed between the upper lateral cartilage and septum.
Alternately, stents, spreaders or other devices may be
implanted to reposition the ULC. Invasive surgical and
implant solutions carry substantial risk and discomfort.

External (non-implanted) nasal dilators, which are placed
temporarily and removed by the patient, are also available.
Such external devices are possibly placed on the outside
surface of the nose, such as the “Breathe Right” strips, as
shown for example in U.S. Pat. No. 5,533,499 to Johnson, or
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remodel, strengthen, or change the properties of the tissues of
the nose, including, but not limited to the skin, muscle,
mucosa, submucosa and cartilage in the area of the nasal
valves.

According to one aspect, a device for treating a patient’s
nasal airway is provided. In one embodiment, the device
comprises an energy delivery element sized to be inserted into
a nose or to be delivered external to a nose. The energy
delivery element is configured to deliver energy to tissues
within the nose and to reshape a region of the nose to a new
conformation.

According to one embodiment, a device for treating a
patient’s nasal airway comprises an elongate shaft having a
proximal end and a distal end. The device further comprises a
handle at the proximal end of the elongate shaft. The device
also comprises a treatment element at the distal end of the
elongate shaft. The treatment element is sized to be inserted
into the nasal airway or to be delivered external to a nose. The
treatment element is configured to reshape a region of the
nose to a new conformation and comprises an electrode con-
figured to deliver radiofrequency (RF) energy to the nasal
tissue.

Other embodiments of devices for treating a patient’s nasal
airway include devices that apply other types of treatment.
For example, a treatment device may apply energy in the form
selected from the group consisting of ultrasound, microwave,
heat, radiofrequency, electrical, light and laser. The treatment
device may also be configured to inject a polymerizing liquid
orto deliver a cauterizing agent to nasal tissue. Other embodi-
ments are described below.

The devices described herein may be configured to be
positioned internally within the nose, external to the nose, or
both. Certain embodiments are configured to be delivered
into one nostril, and other embodiments are configured to be
delivered into both nostrils. In some embodiments the device
may comprise a reshaping element having a shape configured
to alter a conformation of a region of the nose to a new
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conformation. For embodiments utilizing an energy delivery
element, the reshaping element may be a separate element
from the energy delivery element, or the energy delivery
element and the reshaping element may be part of the same
element. The energy delivery element and/or reshaping ele-
ment in one embodiment may have a convex shape to create a
concavity in nasal tissue.

In embodiments utilizing energy delivery, a handle may be
provided comprising a button or other input control to active

6

The treatment applied may comprise modifying a nasal struc-
ture in a manner that increases a volumetric airflow rate of air
flowing from an exterior of the patient’s body into the
patient’s nasopharynx without changing a shape of an inter-
nal nasal valve, said modifying comprising modifying a
mechanical property of at least one nasal valve. A positioning
element may be used to determine a desired position of a
treatment element before the treatment element is delivered to
the nasal tissue.

one or more electrodes. Electrodes may comprise one ormore 10 The treatment ivolve deliveri in the £
monopolar needles, one or more monopolar plates, or one or | © dr;:a meﬁ may 1nv? ve deflvemlllg energy 1 the Om}
more bipolar electrode pairs (which may also comprise one or selecte rom.t e group selecte .romt © group cons 1st1ng o
more needles or plates). These electrodes may be located in ultrasound, microwave, heat, radiofrequency, electrlcalf light
various locations, for example, inside the nasal passageway, and.laser. The nasal t}ssu.e to be treated may b.e cooled prior to,
external to the nose or both. For example, when using bipolar 15 durlng. or after d.ehverlng energy. Delivering cnergy may
electrode pairs, a first electrode surface may be positioned ~ COMPprise measuring a temperature near nasal tissue to be
internal to the nose and a second electrode surface may be treated, and adjusting a level of energy delivered to the tissue.
positioned external to the nose, so that the two electrode When RF or other types of energy are used, the energy may be
surfaces are positioned on Opposite sides of nasal tissue. delivered to at least one of the nasal Valve, tissue near the
The device of one energy delivery embodiment may com- 20 nasal valve, or the upper lateral cartilage of tissue. For
prise an adaptor configured to be connected to an energy example, RF energy or other energy may be delivered to the
source, such as an RF energy source. The device may also one or more electrodes for about 15 seconds to about 1
comprise a control system configured to control the charac- minute. RF energy or other energy may be delivered to heat an
teristics of energy applied to tissue. A thermocouple or other area of tissue to a temperature of about 50 degrees Celsius to
sensor may be provided to measure a temperature near tissue 25 about 70 degrees Celsius.
or other tissue or device parameter. Other methods not utilizing energy delivery include inject-
In another aspect, a system is provided comprising a device ing a polymerizing liquid, delivering a cauterizing agent, or
as described above and further below in combination with one other embodiments described below.
or more other components. One such component may be an Energy or treatment may be delivered for a sufficient
energy source, such as an RF energy source. Another compo- 30 period of time or in a sufficient quantity to cause a desired
nent may be a control system for controlling the energy effect. For example, the treatment may cause stress relaxation
source and/or treatment device. In another embodiment, the in the nasal tissue without weakening the tissue. The treat-
device or system may comprise a cooling mechanism to cool ment may also be applied to injure a tissue to be re-shaped.
desired tissue locations while treatment is being applied. In In another aspect, a method of modifying at least one
monopolar electrode embodiments, a grounding pad may 35 property ofatleast onetissue of ornearanasal valve ofanose,
also be provided as part of the system. Another system without using a surgical incision or an implant, to decrease
includes a positioning device that may be used pre-treatment airflow resistance or perceived airflow resistance in a nasal
to determine the optimal device and positioning and/or other airway, may involve: contacting a treatment element of a
parameters for using the device to be treat to the nasal airway. treatment device with the at least one tissue inside the nasal
According to another aspect, a method of treating a 40 airway, with sufficient force to at least temporarily deform the
patient’s nasal airway is provided. In one embodiment, the at least one tissue; applying energy to, or removing energy
method comprises alerting a structure, shape or conformation from, the at least one tissue, using the treatment element; and
of one or more nasal structures in an area of a nasal valve by removing the treatment element from the nostril.
applying a treatment sufficient to modify, by reshaping, tissue In some embodiments, the treatment element may have a
at or adjacent to the nasal valve. 45 convex shape, such that contacting the treatment element
According to one embodiment, a method of treating a against the at least one tissue at least temporarily deforms the
patient’s nasal airway comprises positioning a treatment ele- tissue into a concave shape. In some embodiments, contacting
ment within the nasal airway adjacent to nasal tissue to be the treatment element with the tissue causes at least one
treated. The treatment element comprises one or more elec- protrusion on the treatment element to deform the tissue.
trodes, such as described above and in further detail below. 50  Different types of energy that may be applied in alternative
The method further comprises deforming the nasal tissue into embodiments may include, but are not limited to, ultrasound,
adesired shape by pressing a surface of the treatment element microwave, heat, radiofrequency, electrical, light and laser
against the nasal tissue to be treated. The method further energy. In some embodiments, applying the energy involves
comprises delivering radiofrequency (RF) energy to the one delivering radiofrequency energy to one or more electrodes of
or more electrodes to locally heat the nasal tissue, wherein 55 the treatment element to locally heat the at least one tissue,
delivering RF energy while deforming the nasal tissue causes where delivering radiofrequency energy while deforming the
the nasal tissue to change shape. The method also comprises at least one tissue causes the tissue to change shape.
removing the treatment element from the nasal airway. In some embodiments, the at least one tissue may include
The methods, devices and systems described herein may be nasal valve tissue. In some embodiments, the at least one
used to reshape tissue without a surgical incision or implant. 60 tissue may include nasal mucosa at or near a junction of a
In certain embodiments, the reshaping of tissue may be pyriform aperture and a lower lateral cartilage. In some
accomplished by ablating tissue. In other embodiments, the embodiments, the at least one tissue may include upper lateral
reshaping of tissue is accomplished without ablation of tissue. cartilage.
In one embodiment, a treatment element is positioned within In one embodiment, removing energy may involve using
a nasal passageway. The treatment element may be used to 65 cryogenic therapy provided by the treatment element. In

simultaneously mechanically alter the shape of the internal or
external nasal valve and apply treatment to tissue of the nose.

some embodiments, the energy is applied to or removed from
the atleast one tissue while the at least one tissue is deformed.
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In some embodiments, the energy applied by the treatment
element may be generated from a power source within the
treatment device.

Optionally, the method may further involve injecting a
substance into the at least one tissue prior to applying the
energy, where the applied energy affects the injected sub-
stance to help modify the property of the tissue. In other
embodiments, the method may involve applying a substance
to the at least one tissue or to an outer surface of the nose

8

comprises a bipolar radio frequency delivery member, and
where radio frequency energy travels from one row of elec-
trodes to the other row of electrodes.

In some embodiments, the housing of the handle is config-
ured to hold at least one battery. Optionally, some embodi-
ments may also include at least one sensor configured to sense
at least one of temperature or impedance in nasal tissue. In
some embodiments, the sensor may be attached to the device
on or near the energy delivery member. Some embodiments

before applyip g the energy. Substances may pro.ViQe any qfa 1o may further include a tissue cooling member attached to the
number of suitable benefits, such as reducing pain, increasing . .
conductivity of tissue, promoting tightening of tissue, or the device at or near the energy delivery membe?r. .
like. ’ ’ These and other aspects and embodiments will be
In some embodiments, the property of the tissue is modi- descr.lbed in further detail below, in reference to the attached
fied without reshaping the at least one tissue. In some embodi- 15 drawing figures.
ments, modifying the property comprises stiffening the tis-
sue, with or without reshaping it. The tissue (or tissues) can be BRIEF DESCRIPTION OF DRAWINGS
any suitable tissue, such as but not limited to epithelium, . . . .
cartilage, mucosa, sub-mucosa, muscle, ligament, tendon and Certain preferred embodiments and modifications thereof
skin. 59 Will become apparent to those skilled in the art from the
Some embodiments may further involve cooling the at detailed description below having reference to the figures that
least one tissue and/or other tissues in or on the nose, before, follow.
during, or after applying the energy. In some embodiments, FIG. 1 depicts an illustration of bone and cartilage struc-
the method may also involve measuring at least one parameter tures of a human nose.
at or near the at least one tissue to be treated and adjusting a 25 FIG. 2A illustrates a cross-sectional view, illustrating tis-
level of energy application or removal, based on the measured sues and structures of a human nose.
parameter. For example, in some embodiments, the parameter FIG. 2B shows a detailed cross-sectional view, illustrating
may be temperature and/or impedance. a detailed section of the structures of FIG. 2A.
In another aspect, a method of treating a nasal valve of a FIG. 2C illustrates a view of the nostrils, illustrating tissues
nose, without using a surgical incision or an implant, to 30 and structures of a human nose.
decrease airflow resistance or perceived airflow resistance in FIG. 3 depicts a schematic illustration of a nasal valve
a nasal airway, may involve: contacting a treatment element re-shaping treatment device.
of'a treatment device with an outer surface of the nose; apply- FIG. 4A is a perspective illustration of an embodiment of a
ing energy to at least one of a subdermal layer or a dermal treatment element shape.
layer of tissue in the nose, using the treatment element, 35 FIG. 4B depicts a perspective illustration of another
wherein the tissue is located at least partially above the nasal embodiment of a treatment element shape.
valve; and cooling at least one of an epidermal layer or a FIG. 4C shows a perspective illustration of another
superficial dermal layer of the nose, using the treatment embodiment of a treatment element shape.
device. In some embodiments, the applied energy comprises FIG. 4D depicts a cross-sectional view of a treatment
thermal energy, and applying the energy causes at least some 40 device, comprising a plurality of microneedles puncturing
of the tissue to tighten. In some embodiments, the method tissue in order to apply treatment at a desired tissue depth.
may also involve applying a substance to the outer surface of FIG. 5A illustrates one embodiment of a clamp-type nasal
the nose before applying the energy to enhance at least one of valve treatment device.
the application of the energy or the cooling epidermal layer or FIG. 5B illustrates another embodiment of a clamp-type
the superficial dermal layer. 45 nasal valve treatment device.
In another aspect, a device for treating a patient’s nasal FIG. 6 depicts a partially-transparent perspective view,
airway by modifying at least one property of at least one showing a stent implanted in a nose.
tissue of or near a nasal valve of the airway, without using a FIG. 7 depicts a perspective view, illustrating an energy
surgical incision or an implant, to decrease airflow resistance delivery balloon being inserted into a nose.
or perceived airflow resistance in a nasal airway, may include: 50  FIGS. 8A-8] depict embodiments of various electrode
an energy delivery member sized to be inserted into a nose arrangements for applying energy to the nasal valve area.
and configured to deliver energy to tissues within the nose to FIGS. 9A and 9B illustrate embodiments of devices for
modify the at least one property of the at least one tissue; a applying energy to the nasal valve area using a monopolar
shaft extending from the energy delivery member; and a electrode.
handle attached to the shaft at an opposite end from theenergy 55  FIGS. 10A and 10B illustrate an embodiment of a device
delivery member, wherein the handle includes a housing to for applying energy to the nasal valve area using a monopolar
hold a power source for providing energy to the energy deliv- electrode and an external mold.
ery member. FIGS. 11A and 11B illustrate embodiments of devices for
In some embodiments, the energy delivery member may applying energy to the nasal valve area using electrode(s) and
have a contact surface with convex shape configured to at 60 a counter-traction element.
least temporarily create a concavity in nasal tissue. In some FIGS. 12A and 12B illustrate embodiments of devices for
embodiments, the energy delivery member may have a con- applying energy to the nasal valve area configured to be
tact surface with flat shape. In some embodiments, the energy inserted into both nostrils simultaneously.
delivery member may include multiple protruding electrodes FIGS. 13A-13E illustrate embodiments of devices for
configured to at least temporarily deform nasal tissue. In 65 applying energy to the nasal valve area configured to be

some embodiments, the protruding electrodes may include
two rows of electrodes, where the energy delivery member

inserted into both nostrils simultaneously, having a mold or
counter-traction element for engaging the nose externally.
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FIGS. 14A and 14B illustrate embodiments of devices for
applying energy to the nasal valve area configured to be
inserted into both nostrils simultaneously, having separate
external molds.

FIGS. 15A-15C illustrate embodiments of devices for
applying energy to the nasal valve area configured to be
inserted into both nostrils simultaneously, having separate
counter-traction elements.

FIG. 16 shows an embodiment of a system comprising a
device for applying energy to the nasal valve area with an
external electrode and a separate internal mold.

FIGS. 17A and 17B illustrate an embodiment of a device
for applying energy to the nasal valve area comprising an
external electrode and an internal mold.

FIG. 18 shows an embodiment of a device for applying
energy to the nasal valve area comprising an array of non-
penetrating electrodes.

FIGS. 19A and 19B illustrate an embodiment of a device
for applying energy to the nasal valve area configured for use
in only one nostril.

FIGS. 20A and 20B illustrate an embodiment of a device
for applying energy to the nasal valve area configured for use
in either nostril.

FIGS. 21A and 21B illustrate an embodiment of a device
for applying energy to the nasal valve area having a symmetri-
cal shape.

FIGS. 22A-22G illustrate an embodiment of a device for
applying energy to the nasal valve area using a monopolar
electrode.

FIGS. 23A-23G illustrate an embodiment of a device for
applying energy to the nasal valve area using an array of
needle electrodes.

FIG. 24A depicts a cross-section of tissue at the nasal
valve.

FIG. 24B depicts heat effects of RF treatment of tissue at
the nasal valve.

FIGS. 25A and 25B illustrate embodiments of devices for
applying energy to the nasal valve area incorporating cooling
systems.

FIG. 26 shows an embodiment of a device for applying
energy to the nasal valve area incorporating a heat pipe.

FIG. 27 depicts an embodiment of a device for applying
energy to the nasal valve area incorporating heat pipes.

FIGS. 28A-28E depict embodiments of differential cool-
ing mechanisms.

FIG. 29 shows an embodiment of a system comprising a
device for applying energy to the nasal valve area with elec-
trode needles and a separate cooling mechanism.

FIGS. 30A-30D shows an embodiment of a method for
applying energy to the nasal valve area using a device for
applying energy to the nasal valve area.

FIGS. 31A and 31B are perspective and side, cross-sec-
tional views, respectively, of a device for applying energy to
the nasal valve area, including an internal power source,
according to one embodiment.

FIGS. 32A and 32B are a cross-sectional side view of facial
skin and a front view of a face of a patient, respectively,
illustrating use of various embodiments of sensors that may
be part of a system for applying energy to the nasal valve area,
according to one embodiment.

FIGS. 33A and 33B are a bottom view of a distal end of a
treatment device and a cross-sectional view of a nasal pas-
sage, respectively, illustrating wings of the treatment device
that may be used to help guide the distal end to a desired
location in the nasal passage.
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FIGS. 34A-34C are top views of various alternative
embodiments of distal ends of treatment devices having dif-
ferent shapes for addressing differently shaped tissues.

FIG. 35 is a top view of a treatment device and a cross-
sectional view of a portion of a nose, in which the treatment
device includes an expandable member, according to one
embodiment.

FIG. 36 is a diagrammatic representation of an internal
nasal valve, illustrating areas for treatment, according to vari-
ous embodiments.

DETAILED DESCRIPTION

The following disclosure provides embodiments of sys-
tems and methods for improving breathing by decreasing
airflow resistance or perceived airflow resistance at or near a
site of an internal or external nasal valve. Such embodiments
may include methods and devices for reshaping, remodeling,
strengthening, or changing the properties of the tissues of the
nose, including, but not limited to the skin, muscle, mucosa,
submucosa, and cartilage in the area of the nasal valves.

While, in some instances, nasal dysfunction can lead to
poor airflow, nasal breathing can also be improved in people
with normal breathing and/or normal nasal anatomy by
decreasing nasal airflow resistance in the nasal valve and
associated nasal anatomy. Remodeling or changing the struc-
ture of the nasal valve can improve nasal airflow in people
with inadequate nasal airflow resulting from causes other than
nasal valve dysfunction, such as deviated septum, enlarged
turbinates, mucosal swelling, and/or mucous production. The
methods and devices described above are generally invasive
methods or unsightly devices that a person with normal
breathing and/or anatomy may not necessarily be inclined to
use or undergo. Thus, there remains an unmet need in the art
for non-invasive and minimally invasive methods and devices
to decrease nasal airflow resistance or perceived nasal airflow
resistance and/or to improve nasal airflow or perceived nasal
airflow and the resulting symptoms or sequella of poor nasal
airflow including but not limited to snoring, sleep disordered
breathing, perceived nasal congestion and poor quality of life
through the change of structures within the nose that form the
passageways for airflow. Methods and devices described
herein may be used to treat nasal airways without the need for
more invasive procedures (e.g., ablation, surgery).

Nasal breathing can be improved in people with normal
breathing and/or normal nasal anatomy by decreasing nasal
airflow resistance or perceived nasal airflow resistance in the
nasal valve and associated nasal anatomy. Restructuring the
shape, conformation, angle, strength, and cross sectional area
of the nasal valve may improve nasal airflow. Changing the
nasal valve can be performed alone or together with other
procedures (e.g., surgical procedures), such as those
described above. Such methods and devices can lead to
improved nasal airflow, increased volume of nasal airflow in
patients with normal or reduced nasal airflow.

The internal nasal valve area is the narrowest portion of the
nasal passage and thus functions as the primary regulator of
airflow and resistance. The cross-sectional area of the internal
nasal valve area is normally about 55-83 mm.sup.2. As
described by the Poiseuille law, airflow through the nose is
proportional to the fourth power of the radius of the narrowest
portion of the nasal passageway. Thus, changes as small as 1
mm in the size of the nasal valve have an exponential effect on
airflow and resistance through the nasal cavity and the entire
respiratory system.

FIGS. 1 and 2A-C illustrate anatomical elements of a
human nose. The lower lateral cartilage (LLC) includes an
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external component referred to as the lateral crus and an
internal component referred to as the medial crus. The medial
crus and septal nasal cartilage create a nasal septum that
separates the left and right nostrils. Upper lateral cartilage lies
between the lower lateral cartilages and the nasal bone. The
left ULC is separated from the right ULC by the septal carti-
lage extending down the bridge of the nose. The opposing
edges of the LL.C and UL.C may move relative to one another.
Disposed between the opposing edges is an accessory nasal

12

response to these low pressures relative to the environment
outside the nose, a normal, weakened and/or structurally
inadequate nasal valve may move inwardly with the junction
between the upper and lower cartilages acting as a hinge point
for the inward deflection. Furthermore, a small increase in
area through which air flows can greatly decrease the pressure
differential in these structures resulting in less inward move-
ment of the internal nasal valve structures. Increasing the
cross sectional area of the nasal valve area thus has the ben-

cartilage. The septal nasal cartilage and the ULC form an 10 eficial effects of decreasing nasal airflow resistance and
angle (.THETA.) called the nasal valve angle. decreasing the amount and likelihood of inward movement of
FIG. 2B illustrates a detailed cross-section of a segment of the nasal valve structures during inspiration.
nose tissue in the area of the intersection of the ULC and the Some embodiments below provide apparatus and methods
LLC. As shownin FIG. 2B, the detailed view of FIG. 2A, both for increasing the area of the opening at the nasal valve and/or
inner and outer surfaces of the nasal cartilage are covered with 15 treating nasal valve insufficiency by modifying the structure
soft tissue including mucosa, sub-mucosa and skin. and/or structural properties of tissues at or adjacent to the
FIG. 2C illustrates a view of the nose as seen from the internal and/or external nasal valve. Other embodiments
nostrils. FIG. 2C depicts the nasal valve 1 shown between the below provide apparatus and methods for treating nasal valve
septum 2 and the upper lateral cartilage 3. FIG. 2C also insufficiency and/or increasing the area of the opening at
depicts the position of the turbinate 4. 20 nasal valve by re-shaping structures within and/or adjacent to
The internal nasal valve area of the nasal airway passage an internal and/or external nasal valve to achieve a more
can be visualized prior to and/or during any treatment by any optimum shape and minimize or remove airflow obstructions.
suitable method, including but not limited to direct visualiza- Still other embodiments combine the two approaches of re-
tion, endoscopic visualization, visualization by the use of a shaping and modifying tissue and structures of and adjacent
speculum, transillumination, ultrasound, MRI, x-ray or any 25 to the internal and/or external nasal valves. Still other
other method. In some embodiments, treatments of the nasal embodiments provide apparatus and methods for increasing
valve area as described herein may be performed in conjunc- the area of the opening at the nasal valve and treating nasal
tion with or following another procedure (e.g., a surgical obstruction resulting from causes other than nasal valve
procedure such as surgically repairing a deviated septum). In restriction or insufficiency by improving the structure or
such embodiments, the nasal valve area may be visualized 30 function of the nasal valve tissue to increase airflow. Still
and accessed during surgery. In some embodiments, it may be other embodiments below provide apparatus and methods for
desirable to visualize the internal nasal valve with minimum decreasing airflow resistance in a structurally normal nasal
disturbance, so as to avoid incorrect assessments due to alter- valve and/or increasing the area of the opening at nasal valve
ing the shape of the nasal valve during visualization. In some by re-shaping structures within and/or adjacent to an internal
embodiments, visualization elements may be incorporated 35 and/or external nasal valve to achieve a more optimum shape
into or combined with treatment devices configured for treat- and minimize or remove airflow obstructions. For example,
ing internal and/or external nasal valves. patients having a normal nasal valve anatomy may still ben-
Airflow through the nasal passage can be measured prior to efit from the devices and treatments described herein, as
and/or during any treatment by any suitable method, includ- improvement in the nasal valve structure and/or increasing
ing, but not limited to, a nasal cannula connected to a pressure 40 the area of the opening at the nasal valve may improve breath-
measurement system, rhinomanometry, and rhino-hygrom- ing problems caused by other conditions. Still other embodi-
eter. Nasal airflow and resistance can also be evaluated by ments provide for structural changes in the nasal cavity and
subjective evaluation before and after a manipulation to airway that improve the relative positions of the structures of
increase the cross-sectional area of the nasal passage, such as the nasal cavity to improve nasal breathing.
the Cottle maneuver. In some embodiments, it may be desir- 45  In some embodiments, airflow restrictions to the internal
able to measure nasal airflow and/or resistance prior to, dur- nasal valve may be the result of a smaller-than-optimal inter-
ing and/or after a procedure. nal nasal valve angle, shown as .theta. in FIG. 2. An internal
The internal nasal valve area of the nasal airway passage nasal valve angle (i.e. the angle formed between the caudal
can be accessed through the nares. In some embodiments, one border of the ULC and the nasal septum) of less than the
or more devices may be used to pull the tip of the nose 50 normally optimal range of between about 10 degrees and
caudally and increase the diameter of the nares in order to about 15 degrees can result in airflow restrictions. Thus, in
further facilitate access to the internal nasal valve for treat- some embodiments, treatments may be designed to re-shape
ment. Such devices may include speculum type devices and structures at or adjacent to the internal nasal valve in order to
retractors. In other embodiments, access to the internal nasal increase the internal nasal valve angle sufficiently that after
valve may also be achieved endoscopically via the nares, or 55 such treatments, the nasal valve angle falls within the optimal
via the mouth and throat. In some embodiments, visualization range of about 10-15 degrees. In some embodiments, the
devices may be incorporated or combined with treatment internal valve angle may also be increased to be greater than
devices for treating internal and/or external nasal valves. 15 degrees.
These and any other access and/or visualization devices may In some embodiments, airflow restrictions to the internal
be used with any of the methods and devices below. 60 nasal valve may be the result of a smaller-than-optimal area of
During inhalation, airflow through the nostrils creates an the internal nasal valve. An internal nasal valve with a less
inward pressure at the junction between the upper and lower than optimal area can result in airflow restrictions. Thus, in
cartilages. This pressure may be expressed as a function of some embodiments, treatments may be designed to re-shape
nasal resistance which may be estimated as 10 centimeters of structures at or adjacent to the internal nasal valve in order to
water per one liter per second in congested patients (see “The 65 increase the internal nasal valve angle sufficiently that after

Four Components of the Nasal Valve” by Cole, published in
the American Journal of Rhinology, pages 107-110, 2003). In

such treatments, the area of the nasal valve falls within an
optimal range. In some embodiments, increasing the area of
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the opening at the nasal valve without increasing the angle of
the nasal valve may improve airflow. In some embodiments,
increasing the angle of the nasal valve without increasing the
area of the opening at the nasal valve may improve airflow. In
some embodiments, both the opening at the area of the nasal
valve and the angle of the nasal valve may be increased to
improve airflow.

In some embodiments, nasal airflow can be increased in the
presence of normal nasal valve anatomy and/or normal or

14

chemical, or others. In alternative embodiments, the nasal
valve and/or surrounding tissues may be strengthened
through the application of cryogenic therapy, or through the
injection or application of bulking agents, glues, polymers,
collagen and/or other allogenic or autogenic tissues, or
growth agents.

Any one or more of the above energy-application mecha-
nisms may also be used to re-shape, remodel, or change
mechanical or physiologic properties of structures of a nasal

enlarged nasal valve angle or area. 10 valve or surrounding tissues. For example, in some embodi-

With reference to FIG. 2A, in some embodiments, the ments, energy may be applied to a targeted region of tissue
internal valve angle .theta. or area may be increased by adjacent a nasal valve such that the tissue modification results
mechanically pressing laterally outwards against the internal in a tightening, shrinking or enlarging of such targeted tissues
lateral nasal wall. In some embodiments, this outward press- resulting in a change of shape. In some such embodiments,
ing may be performed by an inflatable balloon (such as those 15 re-shaping of a nasal valve section may be achieved by apply-
discussed below with reference to FIGS. 4A-4B) which may ing energy without necessarily applying a mechanical re-
be positioned between the upper portion of the nasal septum shaping force. For example energy can be used to selectively
20 and the outer lateral wall 22 and then inflated, pressing shrink tissue in specific locations of the nasal airway that will
against the lateral nasal wall until the nasal valve angle lead to a controlled conformational change.
reaches a desired size. Similarly, other mechanical devices 20  In alternative embodiments, strengthening and/or confor-
such as spreaders or retractors (such as those discussed below mation change (i.e., re-shaping) of nasal valve tissue to
with reference to FIGS. 5A & 5B) or molds may be used. In reduce negative pressure during inspiration may include
alternative embodiments, short-term removable implants modification of tissue growth and/or the healing and fibro-
may be used to re-shape the nasal valve. Some examples of genic process. For example, in some embodiments energy
short-term implants may include stents, molds or plugs. In 25 may be applied to a targeted tissue in the region of the internal
further alternative embodiments, external re-shaping ele- nasal valve in such a way that the healing process causes a
ments, such as adhesive strips or face masks may be used to change to the shape of the nasal valve and/or a change in the
modify the shape of a nasal valve. In some embodiments, structural properties of the tissue. In some embodiments, such
energy application or other treatments as described below targeted energy application and subsequent healing may be
may be applied to substantially fix the re-shaped tissue in a 30 further controlled through the use of temporary implants or
desired conformational shape before, during or after applying re-shaping devices (e.g. internal stents or molds, or external
a mechanical re-shaping force (e.g., with the balloon, adhesive strips).
mechanical devices, molds, short-term implants, or external In some embodiments, energy may be delivered into the
re-shaping elements described above or any of the mechani- cartilage tissue to cause a conformational change and/or a
cal devices described below). 35 change in the physical properties of the cartilage. Energy

In another embodiment, a re-shaping device may be used to delivery may be accomplished by transferring the energy
expand the diameter of the nasal passage at the site of the through the tissue covering the cartilage such as the epithe-
internal or external nasal valve. The expansion device can be lium, mucosa, sub-mucosa, muscle, ligaments, tendon and/or
a balloon, user controlled mechanical device, self expanding skin. In some embodiments, energy may also be delivered to
mechanical device, fixed shape device or any combination 40 the cartilage using needles, probes or microneedles that pass
thereof. The expansion can increase the diameter over the through the epithelium, mucosa, submucosa, muscle, liga-
normal range in order for the diameter to remain expanded ments, tendon and/or skin (as illustrated for example in FIG.
after removal of the device and healing of the tissue. 4D).

In some embodiments, a re-shaping device may be used to In some embodiments, energy may be delivered into the
conformationally change the structure of the internal or exter- 45 submucosal tissue to cause a conformational change and/or a
nal nasal valve anatomy to allow greater airflow without change in the physical properties of the submucosal tissue.
necessarily expanding the diameter of the nasal passage. Energy delivery may be accomplished by transferring the

In some embodiments, a re-shaping or remodeling device energy through the tissue covering the submucosa such as the
can be used to conformationally change the structure of areas epithelium, mucosa, muscle, ligaments, cartilage, tendon
of the internal nasal valve other than the nasal valve that 50 and/orskin. In some embodiments, energy may also be deliv-
causes the cross sectional or three dimensional structure of ered to the submucosa using needles, probes, microneedles,
the nasal airway to assume a shape less restrictive to airflow micro blades, or other non-round needles that pass through
without widening the nasal valve angle. the epithelium, mucosa, muscle, ligaments, tendon and/or

In some embodiments, the tissue of the internal and/or skin.
external nasal valve and/or surrounding tissues may be 55  FIG. 3 illustrates an embodiment of a nasal valve treatment
strengthened or otherwise modified to resist a conformational device 30. The device 30 comprises a treatment element 32
change in response to the negative pressure of inspiration. In which may be configured to be placed inside the nasal cavity,
some embodiments, this strengthening may be performed by nasal passage, and/or nasal airway to deliver the desired treat-
applying treatments selected to change mechanical or struc- ment. In some embodiments, the device 30 may further com-
tural properties of the treated tissue. In some embodiments, 60 prise a handle section 34 which may be sized and configured
such treatments may include the application of energy to for easy handheld operation by a clinician. In some embodi-
selected regions of nasal valve and/or surrounding tissues. ments, a display 36 may be provided for displaying informa-

In some embodiments, energy may be applied in the form tion to a clinician during treatment.
of heat, radiofrequency (RF), laser, light, ultrasound (e.g. In some embodiments, the information provided on the
high intensity focused ultrasound), microwave energy, elec- 65 display 36 may include treatment delivery information (e.g.

tromechanical, mechanical force, cooling, alternating or
direct electrical current (DC current), chemical, electro-

quantitative information describing the energy being deliv-
ered to the treatment element) and/or feedback information
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from sensors within the device and/or within the treatment
element. In some embodiments, the display may provide
information on physician selected parameters of treatment,
including time, power level, temperature, electric impedance,
electric current, depth of treatment and/or other selectable
parameters.

In some embodiments, the handle section 34 may also
comprise input controls 38, such as buttons, knobs, dials,
touchpad, joystick, etc. In some embodiments, controls may
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another shaped end-cap section at proximal and/or distal ends
of the treatment element 32. In alternative embodiments, the
treatment element may comprise a substantially ellipsoid
shape as shown, for example in FIGS. 4A-4D. In some
embodiments, an ellipsoid balloon as shown in FIG. 4A may
have an asymmetrical shape. In alternative embodiments, the
treatment element 32 may have an asymmetrical “egg-shape”
with a large-diameter proximal end and a smaller-diameter
distal end. In some embodiments, the element 32 can be

be incorporated into the display, such as by the use of atouch 10 shaped so as to impart a shape to the tissue treated that is
screen. In further embodiments, controls may be located on conducive to optimal nasal airflow. Any suitable solid or
an auxiliary device which may be configured to communicate expandable medical balloon material and construction avail-
with the treatment device 30 via analog or digital signals sent able to the skilled artisan may be used.
over a cable 40 or wirelessly, such as via bluetooth, WiFi (or FIG. 4B illustrates an embodiment of a treatment element
other 802.11 standard wireless protocol), infrared or any 15 configured to deliver energy to an interior of a nasal valve. In
other wired or wireless communication method. some embodiments, the treatment element of FIG. 4B also
In some embodiments the treatment system may comprise includes an expandable balloon.
an electronic control system 42 configured to control the FIG. 4C illustrates an embodiment of a bifurcated treat-
timing, location, intensity and/or other properties and char- ment element 70 having a pair of semi-ellipsoid elements 72,
acteristics of energy or other treatment applied to targeted 20 74 sized and configured to be inserted into the nose with one
regions of a nasal passageway. In some embodiments, a con- element 72, 74 on either side of the septum. The elements may
trol system 42 may be integrally incorporated into the handle each have a medial surface 754 & 75b which may be substan-
section 34. Alternatively, the control system 42 may be tially flat, curved or otherwise shaped and configured to lie
located in an external device which may be configured to adjacent to (and possibly in contact with) the nasal septum. In
communicate with electronics within the handle section34. A 25 some embodiments, the elements 72, 74 may include expand-
control system may include a closed-loop control system able balloons with independent inflation lumens 76, 78. In
having any number of sensors, such as thermocouples, elec- alternative embodiments, the elements 72, 74 have substan-
tric resistance or impedance sensors, ultrasound transducers, tially fixed non-expandable shapes. In still further embodi-
or any other sensors configured to detect treatment variables ments, the elements 72, 74 may include substantially self-
or other control parameters. 30 expandable sections. In some embodiments, the bifurcated
The treatment system may also comprise a power supply treatment element halves 72, 74 may also carry energy deliv-
44. In some embodiments, a power supply may be integrally ery structures as described elsewhere herein. In some
incorporated within the handle section 34. In alternative embodiments, the shape of the elements 72, 74 may be modi-
embodiments, a power supply 44 may be external to the fied by the operator to impart an optimal configuration to the
handle section 34. An external power supply 44 may be con- 35 treated tissue. The shape modification of elements 72, 74 can
figured to deliver power to the handle section 34 and/or the be accomplished pre-procedure or during the procedure and
treatment element 32 by a cable or other suitable connection. can be either fixed after modification or capable of continuous
In some embodiments, a power supply 44 may include a modification.
battery or other electrical energy storage or energy generation In some embodiments, a nasal valve treatment system may
device. In other embodiments, a power supply may be con- 40 also comprise a re-shaping device configured to mechanically
figured to draw electrical power from a standard wall outlet. alter a shape of soft tissue and/or cartilage in a region of a
In some embodiments, a power supply 44 may also include a nasal valve in order to impart a desired shape and mechanical
system configured for driving a specific energy delivery tech- properties to the tissue of the walls of the nasal airway. In
nology in the treatment element 32. For example, the power some embodiments the re-shaping device may be configured
supply 44 may be configured to deliver a radio frequency 45 to re-shape the internal and/or external nasal valve into a
alternating current signal to an RF energy delivery element. shape that improves the patency of one or both nasal valve
Alternatively, the power supply may be configured to deliver sections at rest and during inspiration and/or expiration. In
a signal suitable for delivering ultrasound or microwave some embodiments, the reshaping device may comprise bal-
energy via suitable transducers. In further alternative embodi- loons, stents, mechanical devices, molds, external nasal
ments, the power supply 44 may be configured to deliver a 50 strips, spreader forceps or any other suitable structure. In
high-temperature or low-temperature fluid (e.g. air, water, some embodiments, a re-shaping device may be integrally
steam, saline, or other gas or liquid) to the treatment element formed with the treatment element 32. In alternative embodi-
32 by way of a fluid conduit. ments, a re-shaping device may be provided as a separate
In some embodiments, the treatment element 32 may have device which may be used independently of the treatment
a substantially rigid or minimally elastic shape sized and 55 element 32. As described in more detail below, such re-shap-
shaped such that it substantially conforms to an ideal shape ing may be performed before, during or after treatment of the
and size of a patient’s nasal passageway, including the inter- nose tissue with energy, injectable compositions or cryo-
nal and external nasal valves. In some embodiments, the therapy.
treatment element 32 may have a curved shape, either con- With reference to FIGS. 4A-4C, some embodiments of
cave or convex with respect to the interior of the lateral wall 60 treatment elements 32 may comprise one or more inflatable or
of the nasal passage. In some embodiments, the shape of a expandable sections configured to expand from a collapsed
fixed-shape treatment element may be substantially in a shape configuration for insertion into the nasal passageway, to an
to be imparted to the cartilage or other structures of the expanded configuration in which some portion of the treat-
internal or external nasal valve area. ment element 32 contacts and engages an internal surface of
In some embodiments, as shown for example in FIG. 3, the 65 a nasal passageway. In some embodiments, an expandable

treatment element 32 may comprise a substantially cylindri-
cal central portion with a semi-spherical or semi-ellipsoid or

treatment element may comprise an inflation lumen config-
ured to facilitate injection of an inflation medium into an
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expandable portion of the treatment element. In alternative
embodiments, an expandable treatment element may com-
prise one or more segments comprising a shape-memory
alloy material which may be configured to expand to a desired
size and shape in response to a change of temperature past a
transition temperature. In some embodiments, such a tem-
perature change may be brought about by activating an
energy-delivery (or removal) element in the treatment ele-
ment 32.

In some embodiments, the treatment element 32 may
expand with various locations on the element expanding to
different configurations or not expanding at all to achieve a
desired shape of the treatment element. In some embodi-
ments, such expandable treatment elements or sections may
be elastic, inelastic, or pre-shaped. In some embodiments,
expandable treatment elements or sections there of may be
made from shape-memory metals such as nickel-cobalt or
nickel-titanium, shape memory polymers, biodegradable
polymers or other metals or polymers. Expandable balloon
elements may be made of any elastic or inelastic expandable
balloon material.

In alternative embodiments, the treatment element 32 can
act to change the properties of the internal soft tissue of the
nasal airway in conjunction with an external treatment device
of fixed or variable shape to provide additional force to
change the shape of the internal and/or external nasal valve. In
some embodiments, an external mold element can be com-
bined with an internal element.

FIGS. 5A and 5B illustrate re-shaping treatment devices 80
and 90, respectively. The treatment devices 80 and 90 are
structured as clamp devices configured to engage a targeted
section of the nasal valve with either a clamping force or a
spreading force. In some embodiments, the treatment devices
of FIGS. 5A and 5B may include energy delivery elements (of
any type described herein) which may be powered by a fluid
lumen or cable 86.

The treatment device of FIG. 5A includes an outer clamp
member 82 and an inner clamp member 84 joined at a hinge
point 85. In some embodiments, the outer clamp member 82
may include an outwardly-bent section 86 sized and config-
ured to extend around the bulk of a patient’s nose when the
inner clamp member may be positioned inside the patient’s
nose. The inner and outer tissue-engaging tips at the distal
ends of the inner and outer clamp members may be configured
to impart a desired shape to the internal and/or external nasal
valve. In some embodiments, the tissue-engaging tips may be
removable to allow for sterilization and/or to allow for tips of
a wide range of shapes and sizes to be used with a single
clamp handle.

The treatment device of FIG. 5B includes an outer clamp
member 92 and an inner clamp member 94 joined at a hinge
point 95. The inner and outer tissue-engaging tips at the distal
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In some embodiments, the tissue-engaging tips may be
removable to allow for sterilization and/or to allow for tips of
a wide range of shapes and sizes to be used with a single
clamp handle.

In alternative embodiments, the devices of FIGS. 5A and
5B may be used as spreader devices by placing both clamp
tips in one nasal valve and separating the handles, thereby
separating the distal tips. In alternative embodiments, the
handles may be configured to expand in response to a squeez-
ing force. The shapes of the distal tips may be designed to
impart a desired shape when used as a spreading device.

The re-shaping elements of FIGS. 3-5B are generally con-
figured to be used once and removed from a patient’s nose
once a treatment is delivered. In some embodiments, treat-
ments may further involve placing longer term treatment
elements, such as stents, molds, external strips, etc. for a
period of time after treatment. An example of such a stent
placed within a patient’s nose after treatment is shown in FI1G.
6. In some embodiments, the stent may be configured to be
removed after a therapeutically effective period of time fol-
lowing the treatment. In some embodiments, such a therapeu-
tically effective period of time may be on the order of days,
weeks or more.

In some embodiments, the treatment element 32 may be
configured to deliver heat energy to the nasal valve. In such
embodiments, the treatment element may comprise any suit-
able heating element available to the skilled artisan. For
example, the treatment element 32 may comprise electrical
resistance heating elements. In alternative embodiments, the
heating element may comprise conduits for delivering high-
temperature fluids (e.g. hot water or steam) onto the nasal
tissue. In some embodiments, a high-temperature fluid heat-
ing element may comprise flow channels which place high-
temperature fluids into conductive contact with nasal tissues
(e.g. through a membrane wall) without injecting such fluids
into the patients nose. In further embodiments, any other
suitable heating element may be provided. In further embodi-
ments, the treatment element 32 may comprise elements for
delivering energy in other forms such as light, laser, RF,
microwave, cryogenic cooling, DC current and/or ultrasound
in addition to or in place of heating elements.

U.S. Pat. No. 6,551,310 describes embodiments of endo-
scopic treatment devices configured to ablate tissue at a con-
trolled depth from within a body lumen by applying radio
frequency spectrum energy, non-ionizing ultraviolet radia-
tion, warm fluid or microwave radiation. U.S. Pat. No. 6,451,
013 and related applications referenced therein describe
devices for ablating tissue at a targeted depth from within a
body lumen. Embodiments of laser-treatment elements are
described for example in U.S. Pat. No. 4,887,605, among
others. U.S. Pat. No. 6,589,235 teaches methods and device
for cartilage reshaping by radiofrequency heating. U.S. Pat.
No. 7,416,550 also teaches methods and devices for control-

ends of the inner and outer clamp members may be configured 55 ling and monitoring shape change in tissues, such as cartilage.
to impart a desired shape to the internal and/or external nasal The devices described in these and other patents and publi-
valve. In the illustrated embodiment, the outer clamp member cations available to the skilled artisan may be adapted for use
92 includes a concave inner surface, and the inner clamp in treating portions of a nasal valve or adjacent tissue as
member includes a mating convex inner surface. The shape described herein. U.S. Pat. Nos. 7,416,550, 6,589,235, 6,551,
and dimensions of the mating surfaces may be designed to 60 310, 6,451,013 and 4,887,605 are hereby incorporated by

impart a desired shape to the structures of a patient’s nose. In
some embodiments, the shape of the mating surfaces may be
modified by the operator to impart an optimal configuration to
the treated tissue. The shape modification of the mating sur-
faces can be accomplished pre-procedure or during the pro-
cedure and can be either fixed after modification or capable of
continuous modification.

65

reference in their entireties.

In alternative embodiments, similar effects can be achieved
through the use of energy removal devices, such as cryogenic
therapies configured to transfer heat energy out of selected
tissues, thereby lowering the temperature of targeted tissues
until a desired level of tissue modification is achieved.
Examples of suitable cryogenic therapy delivery elements are
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shown and described for example in U.S. Pat. Nos. 6,383,181
and 5,846,235, the entirety of each of which is hereby incor-
porated by reference.

In some embodiments, the treatment element 32 may be
configured to deliver energy (e.g. heat, RF, ultrasound, micro-
wave) or cryo-therapy uniformly over an entire outer surface
of the treatment element 32, thereby treating all nasal tissues
in contact with the treatment element 32. Alternatively, the
treatment element 32 may be configured to deliver energy at

20

the epithelium of the inner surface of the nasal valve. In other
embodiments, treatments may be targeted at strengthening
soft tissues underlying the epithelium. In further embodi-
ments, treatments may be targeted at strengthening cartilage
in the area of the upper lateral cartilage. In still further
embodiments, treatments may be targeted at stimulating or
modifying the tissue of muscles of the nose or face in order to
dilate the nasal valve.

In some embodiments, the treatment element 32 and con-

only selective locations on the outer surface of the treatment 10 trol system 42 may be configured to deliver treatment energy
element 32 in order to treat selected regions of nasal tissues. to create specific localized tissue damage or ablation, stimu-
In such embodiments, the treatment element 32 may be con- lating the body’s healing response to create desired confor-
figured so that energy being delivered to selected regions of mational or structural changes in the nasal valve tissue.
the treatment element can be individually controlled. In some In some embodiments, the treatment element 32 and con-
embodiments, portions of the treatment element 32 are inert 15 trol system 42 may be configured to create specific localized
and do not deliver energy to the tissue. In further alternative tissue damage or ablation without the application of energy.
embodiments, the treatment element 32 may be configured For example the treatment element 32 may be configured to
with energy-delivery (or removal) elements distributed over chemically cauterize tissue around a nasal valve by delivering
an entire outer surface of the treatment element 32. The con- a cauterizing agent (e.g., silver nitrate, trichloroacetic acid,
trol system 42 may be configured to engage such distributed 20 cantharidin, etc.) to the tissue. The treatment element 32 may
elements individually or in selected groups so as to treat only comprise apertures configured to permit the cauterizing agent
targeted areas of the nasal passageway. pass through to the nose. In some embodiment, the treatment

In some embodiments, the treatment element 32 may be a element 32 may aerosolize the cauterizing agent. Other deliv-
balloon with energy delivery elements positioned at locations ery methods are also contemplated. The treatment element 32
where energy transfer is sufficient or optimal to effect change 25 may comprise a lumen through which the cauterizing agent
in breathing. Such a balloon may be configured to deliver passes. The lumen may be fluidly connected to a reservoir or
energy while the balloon is in an inflated state, thereby pro- container holding the cauterizing agent. The device may com-
viding a dual effect of repositioning tissue and delivering prise an input control (e.g., a button or switch) configured to
energy to effect a change the nasal valve. In other embodi- control the delivery of the cauterizing agent. In some embodi-
ments, a balloon may also deliver heat by circulating a fluid of 30 ments, the treatment element 32 comprises an applicator that
elevated temperature though the balloon during treatment. can be coated in a cauterizing agent (e.g., dipped in a reservoir
The balloon can also delivery cryotherapy (e.g. by circulating of cauterizing agent, swabbed with cauterizing agent, etc.)
a low-temperature liquid such as liquid nitrogen) while it is and the coated treatment element applicator may be applied to
enlarged to increase the nasal valve diameter or otherwise tissue to be treated. In some embodiments, the treatment
alter the shape of a nasal valve. FIG. 7 illustrates an example 35 element may be configured to apply cauterizing agent to the
of an energy-delivery balloon being inserted into a patient’s patient over a prolonged period of time (e.g., 30 seconds, 1
nose for treatment. Several embodiments may be employed minute, 2 minutes, etc.). In some embodiment, the treatment
for delivering energy treatment over a desired target area. For element 32 comprises shields configured to protect tissue
example, in some embodiments, a laser treatment system may surrounding the tissue to be treated from coming into contact
treat a large surface area by scanning a desired treatment 40 with the cauterizing agent. In some embodiments, a separate
pattern over an area to be treated. In the case of microwave or element is used to shield tissue surrounding the tissue to be
ultrasound, suitably configured transducers may be posi- treated from coming into contact with the cauterizing agent.
tioned adjacent to a target area and desired transducer ele- While such treatments may be performed without the appli-
ments may be activated under suitable depth focus and power cation of energy, in some embodiments, they are performed in
controls to treat a desired tissue depth and region. In some 45 conjunction with energy treatments.
embodiments, ultrasound and/or microwave treatment In some embodiments, a treatment element may be config-
devices may also make use of lenses or other beam shaping of ured to treat a patient’s nasal valve by applying treatment
focusing devices or controls. In some embodiments, one or (energy, cryotherapy, or other treatments) from a position
more electrical resistance heating elements may be posi- outside the patient’s nose. For example, in some embodi-
tioned adjacent to a target region, and activated at a desired 50 ments, the devices of FIGS. 5A and 5B may be configured to
power level for a therapeutically effective duration. In some apply energy from an element positioned outside a patient’s
embodiments, such heating elements may be operated in a nose, such as on the skin. In another embodiment, a device
cyclical fashion to repeatedly heat and cool a target tissue. In may be placed on the external surface of the nose that would
other embodiments, RF electrodes may be positioned adja- pull skin to effect a change in the nasal airway. Treatment may
cent to and in contact with a targeted tissue region. The RF 55 then be applied to the internal or external nasal tissue to
electrodes may then be activated at some frequency and achieve a desired nasal valve function.
power level therapeutically effective duration. In some In some embodiments, the device is configured to position
embodiments, the depth of treatment may be controlled by tissue to be re-shaped. In some embodiments, the device
controlling a spacing between electrodes. In alternative comprises features and mechanisms to pull, push or position
embodiments, RF electrodes may include needles which may 60 the nasal tissue into a mold for re-shaping. For example,
puncture a nasal valve tissue to a desired depth (as shown for suction, counter traction, or compression between two parts
example in FIG. 4D and in other embodiments below). of the device may be used.

In some embodiments, the treatment element 32 and con- In some embodiments, the treatment device comprises one,
trol system 42 may be configured to deliver treatment energy two, three, four, or more molds configured to re-shape tissue.
or cryotherapy to a selected tissue depth in order to target 65 The mold or re-shaping element may be fixed in size or may

treatment at specific tissues. For example, in some embodi-
ments, treatments may be targeted at tightening sections of

vary in size. The mold may also be fixed in shape or may vary
in shape. For example, the size or shape of the element may be
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varied or adjusted to better conform to a nasal valve of a
patient. Adjustability may be accomplished using a variety of
means, including, for example, mechanically moving the
mold by way of joints, arms, guidewires, balloons, screws,
stents, and scissoring arms, among other means. The mold
may be adjusted manually or automatically. The mold is
configured to impart a shape to the tissues of the nasal valve
area to improve airflow or perceived airflow. The mold is
configured to act near the apex of the nasal valve angle, the
point at which the upper lateral cartilage meets the cartilage of
the nasal septum. It may be desirable to treat in an area near,
but not at, the nasal valve so as to avoid post procedure
scarring and/or adhesions. This may be accomplished by
focusing treatment on the lateral part of the nasal valve angle.

In some embodiments, the mold or re-shaping element
comprises a separate or integrated energy delivery or treat-
ment element (e.g., an electrode such as those described
below with respect to FIGS. 8A-8]). The treatment element
may be fixed or adjustable in size. For example, the treatment
element may be adjusted to better conform to the nasal valve
of a patient. In the case of a separate re-shaping element and
treatment element, a distance between the two elements may
either be fixed or adjustable. Adjustability may be accom-
plished using a variety of means, including, for example,
mechanically moving the mold by way of joints, arms,
guidewires, balloons, screws, stents, and scissoring arms,
among other means.

In some embodiments, the mold or another part of the
device is configured to deliver cooling (discussed in more
detail below). In some embodiments, the mold or re-shaping
element comprises a balloon configured to reshape and/or
deform tissue. A balloon may also be configured to deliver
energy such as heat using hot liquid or gas.

Examples of Various Electrode Arrangements

Described below are embodiments of various treatment
devices and, more particularly, electrode arrangements that
may beused for applying energy to the nasal valve area. These
electrodes may, for example, deliver RF energy to preferen-
tially shape the tissue to provide improved nasal breathing. In
some embodiments, one or more electrodes may be used
alone or in combination with a tissue shaping device or mold.
In other embodiments, one or more electrodes may be inte-
grally formed with a tissue shaping device or mold, so that the
electrodes themselves create the shape for the tissue. In some
embodiments, the energy delivery devices may utilize alter-
nating current. In some embodiments, the energy delivery
devices may utilize direct current. In certain such embodi-
ments, the energy delivery device may comprise a configura-
tion utilizing a grounding pad.

In some embodiments, the term “electrode” refers to any
conductive or semi-conductive element that may be used to
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In some embodiments, “counter-traction” refers to apply-
ing a force opposite the electrode’s primary force on the tissue
to increase stability, adjustability, or for creating a specific
shape.

As shown in FIG. 8A, in some embodiments, bipolar elec-
trodes may be used to deliver energy, with one electrode 202
placed internally in the nasal valve, for example against the
upper lateral cartilage, and one electrode 204 placed exter-
nally on the outside of the nose. This embodiment may advan-
tageously provide direct current flow through the tissue with
no physical trauma from needles (as shown in some embodi-
ments below). As shown in FIG. 8B, in some embodiments,
bipolar electrodes may be used to deliver energy, with both
electrodes 210, 212 placed internally. An insulating spacer
214 may be placed between them. This embodiment may be
simple and may advantageously minimize current flow
through the skin layer. In some embodiments, bipolar elec-
trodes 220, 222 may be both placed externally and may be
connected to a passive molding element 224 placed inside the
nasal valve adjacent to tissue to be treated, as shown in FIG.
8C. This embodiment may advantageously minimize the
potential for mucosal damage. In some embodiments, elec-
trodes placed internally may be shaped to function as a mold
or may comprise an additional structure that may function as
a mold.

In some embodiments, a monopolar electrode may be used
to deliver energy. As shown in FIG. 8D, the electrode 230 may
be placed internally and may be connected to an external,
remote grounding pad 232. The grounding pad 232 may, for
example, be placed on the abdomen of a patient or in other
desired locations. This embodiment may advantageously be
simple to manufacture and may minimize current flow
through the skin. In some embodiments, a monopolar elec-
trode may be placed externally and may be connected to a
molding element placed inside the nasal valve as well as a
remote grounding pad. This embodiment may also advanta-
geously be simple to manufacture, may minimize mucosal
current flow, and may also be simple to position. In some
embodiments, electrodes placed internally may be shaped to
function as a mold or may comprise an additional structure
that may function as a mold.

In some embodiments, monopolar transmucosal needles
may be used to deliver energy. The needle electrodes 240 may
be placed internally, as shown in FIG. 8E penetrating through
the mucosa to the cartilage, and a remote grounding pad 242
or element may be placed externally. In some embodiments,
monopolar transmucosal needles may be used in conjunction
with one or more molding elements which may be disposed
on or around the needles. In some embodiments, monopolar
transdermal needles may be used to deliver energy. In other
embodiments (not shown), the needles may be placed exter-
nal to the nose, and penetrate through to tissue to be treated.
Needle configurations may advantageously target the carti-
lage tissue to be treated specifically. The monopolar transder-

treat the tissue. This includes, but is not limited to metallic 55 mal needles may be used in conjunction with an internal
plates, needles, and various intermediate shapes such as molding device (not shown).
dimpled plates, rods, domed plates, etc. Electrodes may also In some embodiments, bipolar transmucosal needles may
be configured to provide tissue deformation in addition to be used to deliver energy to tissue to be treated. The needles
energy delivery. Unless specified otherwise, electrodes may be placed internally, with an insulating spacer between
described can be monopolar (e.g., used in conjunction witha 60 them and may penetrate through the mucosa to the cartilage to
grounding pad) or bipolar (e.g., alternate polarities within the be treated. In some embodiments, the bipolar transmucosal
electrode body, used in conjunction with other tissue-applied needles may be used in combination with one or more internal
electrodes). molding elements. The one or more molding elements may be
In some embodiments, “mold”, “tissue shaper”, “re-shap- placed on or near the needles. In some embodiments, bipolar
ing element” and the like refer to any electrode or non-elec- 65 transdermal needles may be used to deliver energy. In other

trode surface or structure used to shape, configure or deflect
tissue during treatment.

embodiments, the transdermal needles may be placed exter-
nally and penetrate through to tissue to be treated. Needle
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configurations may advantageously target the cartilage tissue
to be treated specifically. The transdermal bipolar needles
may be utilized in conjunction with an internal molding ele-
ment.

As shown in FIG. 8F, in some embodiments, an array of
electrodes comprising one, two, or many pairs of bipolar
needles 252 are located on a treatment element configured to
be placed into contact with the cartilage. An insulator 254
may be disposed between the bipolar needles 252. An insu-
lator may also be utilized on part of the needle’s length to
allow energy to be delivered only to certain tissue structures,
such as cartilage. The electrodes may be placed either inter-
nally or transmucosally or they may be placed externally or
transdermally. In the embodiment illustrated in FIG. 8F, the
insulator 254 may also function as a mold or molding ele-
ment. In other embodiments (not shown), the array of elec-
trodes is used in conjunction with a separate tissue re-shaping
element.

FIG. 8G illustrates another embodiment of a treatment
element comprises one, two or many pairs of bipolar elec-
trodes 260. As opposed to FIG. 8F, where the pairs of elec-
trodes are arranged side-by-side, the embodiment of FIG. 8G
arranges the pairs of electrodes along the length of the treat-
ment element. The electrodes of FIG. 8G are also non-pen-
etrating, in contrast to the needles of FIG. 8F. The electrodes
260 may be placed against either the skin, externally, or the
mucosa, internally as a means of delivering energy to target
tissue such as cartilage.

In some embodiments of treatment devices comprising an
array or multiple pairs of electrodes, each pair of electrodes
(bipolar) or each electrode (monopolar) may have a separate,
controlled electrical channel to allow for different regions of
the treatment element to be activated separately. For example,
the needles or needle pairs of FIG. 8F may be individually
controlled to produce an optimal treatment effect. For another
example, the separate electrodes of FIGS. 8B and 8C may be
individually controlled to produce an optimal treatment
effect. Other examples are also contemplated. The channels
may also comprise separate or integrated feedback. This may
advantageously allow for more accurate temperature control
and more precise targeting of tissue. Separate control may
also allow energy to be focused and/or intensified on a desired
region of the treatment element in cases where the anatomy of
the nasal tissue/structures does not allow the entire electrode
region of the treatment element to engage the tissue. In such
embodiments, the nasal tissue that is in contact with the
treatment element may receive sufficient energy to treat the
tissue.

Combinations of the described electrode configurations
may also be utilized to deliver energy to tissue to be treated
(e.g., by being reshaped). For example, transmucosal needles
264 may be placed internally, penetrating through to the tis-
sue to be treated, and an electrode 266 may be placed exter-
nally, as shown in FIG. 8H. This embodiment may advanta-
geously target the cartilage tissue specifically and be biased
for mucosal preservation. For another example, transdermal
needles 268 may be placed externally and an electrode 270
may be placed internally, as shown in FIG. 8. This embodi-
ment may advantageously target the cartilage tissue specifi-
cally and be biased towards skin preservation. For another
example bipolar needle electrodes 272, 274 can be placed
both transdermally or externally and transmucosally or inter-
nally, as shown in FIG. 8J. This embodiment may advanta-
geously target the cartilage tissue specifically. Some embodi-
ments of treatment elements may include inert areas which do
not delivery energy to the tissue. Other combinations of elec-
trode configuration are also possible.
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Examples of Treatment Devices Including Electrodes

Embodiments of treatment devices incorporating treat-
ment elements such as the electrodes described above are
illustrated in FIGS. 9A-21B. The instrument designs
described in these embodiments may be used in a device such
asthe device 30, described above, and in the system of FIG. 3.
In some embodiments, the devices provide tissue re-shaping
or molding in addition to energy delivery. Applying energy to
the nasal valve may require properly positioning the
electrode(s) at the nasal valve, deflecting or deforming the
tissue into a more functional shape, and delivering or apply-
ing energy consistently prior to device removal. Embodi-
ments described herein may advantageously provide adjust-
ability, visualization of effect, ease of use, ease of
manufacturability and component cost. Molding and reshap-
ing of the tissues of the nasal valve may allow for non-surgical
nasal breathing improvement without the use of implants.

FIG. 9A depicts a device 300 comprising a single inter-
nasal monopolar electrode 301 located at the end of a shaft
302. The shaft is attached to a handle 303. The electrode
configuration may be similar to that described with respect to
FIG. 8D. FIG. 9B depicts another device 304 comprising a
single inter-nasal, monopolar electrode 305. The electrode
305 is located at the distal end of a shaft 306, which is attached
to ahandle 307. The handle comprises a power button 308 that
may be used to activate and deactivate the electrode. As stated
above, the device 304 may either comprise a generator or be
connected to a remote generator. The electrode 305 may be
provided on an enlarged, distal end of the shaft 306, and in the
embodiment illustrated has a convex shape configured to
press against and create a concavity in the nasal valve carti-
lage.

FIG. 10A depicts a side view of a device 310 comprising a
single inter-nasal electrode 312 located at the end of a shaft
314. The shaft is attached to a handle 316. An external mold
318 is attached to the handle 316 and can be moved relative to
the electrode shaft 314. The external mold 318 has a curved
shape with an inner concave surface that may be moved in
order to press against an external surface of a patient’s nose to
compress tissue between the external mold 318 and the elec-
trode 312. FIG. 10B provides a front view of the device 310.

FIG. 11A depicts a device 320 comprising a single inter-
nasal electrode 322 attached to the end of a shaft 324. The
shaft 324 is attached to a handle 326. An internal shaft 328
comprising a tissue-contacting surface is attached to the
handle 326. The internal shaft 328 can be moved relative to
the electrode shaft 324 and may provide counter-traction
and/or positioning. For example, when the electrode 322 is
placed against a patient’s upper lateral cartilage, the counter-
traction element 328 may be pressed against the patient’s
nasal septum.

FIG. 11B depicts a device 450 similar to device 320 of FIG.
11A comprising an inter-nasal electrode 451 located at a
distal end of a shaft 452 connected to ahandle 454. The device
450 further comprises a counter-traction element 456 con-
nected to a handle 458. Like the device 320 depicted in FIG.
11A, the connection 460 between the two handles 454, 458 is
such that squeezing the two handles 454, 458 together causes
the electrode 451 and the counter-traction element 456 to
move away from each other, spreading the tissue they are
contacting.

FIG. 12A depicts a device 330 comprising a single inter-
nasal electrode 332 located at the end of a shaft 334. The shaft
334 is attached to a handle 336. The device 330 comprises
another single inter-nasal electrode 338 attached to the end of
a shaft 340. The shaft 340 is attached to a handle 342. The
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device comprises a connection 344 between the two handles
336, 342 that allows simultaneous deformation and treatment
of both nostrils.

FIG.12B depicts adevice 470 similar to device 330 of FIG.
12A comprising a first inter-nasal electrode 472 located at a
distal end of a shatft 474 connected to ahandle 476. The device
470 comprises a second inter-nasal electrode 478 located at a
distal end of a second shaft 480 connected to a second handle
482. The connection 484 between the two handles 476, 482 is
such that squeezing the handles 476, 482 together causes the
electrodes 472, 478 to move away from one another, spread-
ing any tissue they may be in contact with. The device 470
comprises a ratcheting mechanism 475 between the two
handles 476, 482 that allows the relative positions of the
electrodes 472, 478 to be locked during treatment.

FIG. 13 A depicts a side view of a device 350 also used for
treating two nostrils comprising an inter-nasal electrode 352
attached to the end of a shaft 354. The shaft 354 is attached to

26
shafts 406, 408 may be moved relative to each electrode shaft
394, 400 (shown in FIG. 15B) and may provide counter-
traction and positioning.

FIG. 16 depicts a system 410 comprising a first device
having an extra-nasal electrode 412 along a concave surface
configured to positioned against an external surface of a
patient’s nose, the electrode 412 being attached to the end of
a shaft 414. The shaft 414 is attached to a handle 416. A
separate device 417 comprising an internal tissue mold 418 is
attached to a shaft 420. The internal tissue mold is configured
to be positioned inside the patient’s nasal valve. The shaft 420
is attached to a handle 422. Each handle 422, 416 may be
manipulated individually and may apply energy and defor-
mation to create a desired tissue effect.

FIG. 17A depicts a side view ofa device 430 comprising an
extra-nasal electrode 431 attached to the end of a shaft 432.
The shaft 432 is attached to a handle 434. The device 430 also
comprises an internal tissue mold 436 attached to a shaft 438
which is attached to a handle 440. The handles 434, 440 are

ahandle 356. As seen in the front view provided in FIG. 13B, 20 attached together and may be moved relative to each other to
the device 350 comprises a second inter-nasal electrode 358. simultaneously deliver energy and deform tissue. FIG. 17B
The second inter-nasal electrode 358 is attached to the end of depicts a front view of the device 430.

a shaft which is attached to a handle. A connection between FIG. 18 depicts a device 390 comprising pairs of bipolar
the two handles allows simultaneous deformation and treat- electrodes 392 located at the distal end of a shaft 394. The
ment of the nostrils. An external mold 366 is attached to the 25 electrodes may be similar to the electrodes described with

handles. The mold 366 may be moved relative to the electrode
shafts 354, 360 and may provide counter-traction (e.g.,
against the bridge of the nose) and positioning.

FIGS. 13C-E depicts a device 490 similar to the device 350

respect to the electrode configuration of FIG. 8G in that they
are non-penetrating. The shaft 394 is connected to a handle
398 which comprises a button 395 configured to activate and
deactivate the electrodes. As stated above, the device 380 may

shown in FIG. 13A and FIG. 13B. FIGS. 13C and 13D depict 30 either comprise a generator or be connected to a remote
side and top views of a device 490 comprising a handle 492. generator.

The handle 492 bifurcates into a first shaft 494 with a first FIG. 19A depicts the treatment element 502 of a treatment
inter-nasal electrode 496 located at a distal end of the shaft device (e.g., device 30). The treatment element 502 of the
494 and a second shaft 498 with a second inter-nasal electrode device comprises a monopolar electrode 504. A cross-section
500 located at a distal end of the shaft 498. The device 490 35 of the treatment element 502 is shown in FIG. 19B. It com-

comprises a mold 502 configured to provide counter-traction
or compression of the bridge of the nose. The mold 502
comprises a handle 504. The connection 506 between the
handles 492, 504 is such that squeezing the two handles 492,
504 causes the electrodes 496, 600 and the mold 502 to be
compressed together. FIG. 13E depicts the device 490 being
used on a patient. The arrows indicate the directions in which
the handles 492, 504 are configured to be squeezed.

FIG. 14 A depicts a front view of a device 370 comprising
an inter-nasal electrode 372 attached to the end of a shaft 374
(shown in top view of FIG. 14B). The shaft 374 is attached to
a handle 376. The device 370 comprises a second inter-nasal
electrode 378 attached to the end of a second shaft 380. The
second shaft 380 is attached to a second handle 382. A con-

40
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prises an asymmetrical shape and has a convex surface where
the electrode is positioned configured to conform to only one
of a patient’s nostrils (for example, a patient’s right nostril).
More specifically, the convex surface is configured such that
when inserted into the particular nostril, the convex surface
would be located adjacent the upper lateral cartilage of the
nasal valve of that nostril. The treatment element 502 further
comprises a light 507 configured to illuminate the treatment
area. For example an LED or a visible laser may be used. The
visible laser may experience less diffusion in the tissue. Fur-
thermore, the light 507 can be situated such that light can be
transmitted through the nasal tissue (including the skin) and
can be visualized externally by the user. The user can then use
the light to properly position the device in the desired loca-

nection 384 between the two handles 376, 382 may allow 50 tion. Because the electrode 504 is not centered on the treat-
simultaneous deformation and treatment of the nostrils. ment element 502 of the device, a separate device having a
External molds 386, 388 are attached to the handles and can mirror-image configuration may be required to treat the other
be moved relative to each electrode shaft 374, 380. The molds nostril.
386, 388 may provide counter-traction, compression of tis- FIG. 20A depicts the treatment element 512 of a treatment
sue, positioning, and external tissue deformation. 55 device (e.g., device 30). The treatment element 512 of the
FIG. 15A depicts a front view of device 390 comprising a device comprises two monopolar electrodes 514, 516 pro-
first inter-nasal electrode 392 and a second inter-nasal elec- vided side-by-side on a convex surface of the treatment ele-
trode 398. As shown in the side view of FIG. 15B, the device ment. The cross section of the treatment element 512, shown
390 comprises a first inter-nasal electrode 392 attached to the in FIG. 20B, is configured to conform to the shape either
end of a shaft 394. The shaft is attached to a handle 396. A 60 nostril, depending on which side of the device (and accord-
second inter-nasal electrode 398 is attached to the end of a ingly, which of electrode 514 or 516) is placed in contact with
second shaft 400, as shown in the top view of FIG. 15C. The the patient’s nasal valve. Comprising two monopolar elec-
second shaft 400 is attached to a second handle 402. A con- trodes 514, 516 may allow the same treatment element 512 to
nection 404 between the two handles 396, 402 may allow be used for treatment in both nostrils, and each electrode may
simultaneous deformation and treatment of the nostrils. Addi- 65 be activated separately depending on which side needs to be

tional internal shafts 406, 408 comprise tissue-contacting
surfaces and are attached to the handles 396,402. The internal

utilized. The treatment element 512 also comprises two lights
518, 520 (e.g., LEDs, lasers) configured to illuminate the
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treatment area for both nostrils. One or both of the lights 518,
520 can also be situated such that light can be transmitted
through the nasal tissue (including the skin) and can be visu-
alized externally by the user. The user can then use the light to
properly position the device in the desired location.

FIG. 21A depicts a treatment element 522 of a treatment
device (e.g., device 30). The tip 522 of the device comprises
a monopolar electrode 524. The tip 522 comprises a sym-
metrical cross-section as shown in FIG. 21B. The tip 522
comprises a light 526 (e.g., LED) configured to illuminate the
treatment area. The light 526 can also be situated such that
light can be transmitted through the nasal tissue (including
the skin) and can be visualized externally by the user. The
symmetrical tip allows the user to treat either left or right
nostril. The user can then use the light to properly position the
device in the desired location.

FIGS. 22A-G depict a treatment device 530 similar to the
embodiments of FIGS. 8D, 9A, and 9B. FIGS. 22A and 22F
provide perspective views of the device 530. The device 530
comprises a treatment element 532 at its distal tip 534. The
treatment element 532 comprises an electrode 535. The body
of the treatment element 532, itself, may comprise an insu-
lating material. The treatment element 532 may be provided
on an enlarged distal tip 534 of an elongate shaft 536, and as
in the embodiment illustrated, may have a convex shape con-
figured to press against and create a concavity in the nasal
valve cartilage (e.g., in the upper lateral cartilage near the
nasal valve). The distal tip 534 is located at the distal end of
shaft 536. The shaft is attached at its proximal end to a handle
538. The handle 538 comprises an input control such as a
power button 540 on its front side that may be used to activate
and deactivate the electrode. The power button 540 may be
positioned in a recess of the handle to allow for finger stability
when activating and deactivating the electrode. In other
embodiments, the input control is in the form of a switch or
dial. Other configurations are also possible as described
above.

The device 530 comprises a flexible wire or cable 542
electrically connected to an adaptor 544. The adaptor 544 can
be used to connect the device 530 to a remote generator (not
shown). The adaptor 544 may allow transmission of treatment
energy between a remote generator and the device 530. The
adaptor may also allow transmission of any sensor signals
between the device 530 and a generator or control unit. The
device 530 may either comprise an integrated generator or be
connected to a remote generator. The treatment device 530
may be provided in a system or kit also including the remote
generator. The system or kit (with or without the remote
generator) may also include a grounding device and/or a
cooling device as described above and further below. In some
embodiments, the kit incudes a positioning element (e.g., a
“cottle” device) configured to help a user locate the optimal
treatment area.

FIGS. 22B and 22C depict front and back views of the
device. As shown in FIGS. 22B and 22C, the handle 538 of the
device generally as a rounded elongate shape. Other shapes
are also possible. For example the device 530 may have a
square shaped cross section. In some embodiments, a circum-
ference (or width or cross-sectional area) of the handle 538
may increase distally along the length of the handle 538.

FIGS. 22D and 22E depict side views of the device. As
shown in FIGS. 22D and 22E, the handle 538 of the device
530 may comprise an indentation or recess around the middle
of the handle 538. This may allow for enhanced grip and
control when a user is holding the device. The indentation or
recess may be near the input control or power button 540 to
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allow a user to easily activate and deactivate the device while
holding it in a comfortable position.

In some embodiments, the shaft has a width or diameter of
about 0.125 inches to about 0.25 inches. In some embodi-
ments, the shaft is about 1.5 inches to about 4 inches long. In
some embodiments, the shaft comprises a polymer such as
polycarbonate or PEEK. In other embodiments, the shaft
comprises stainless steel or other metals. The metals may be
coated with an external and/or internal insulating coating
(e.g., polyester, polyolefin, etc.). The handle may comprise
the same material as the shaft, in some embodiments. In some
embodiments, the shaft is rigid. This may allow a user of the
device increased control over the deformation of nasal tissue.
In some embodiments, the shaft comprises some amount of
flexibility. This flexibility may allow a user adjust an angle of
the distal tip by bending the distal end of the shaft.

FIG. 22G depicts a larger view of the distal tip 534 of the
device 530. As shown best in FIG. 22G, the treatment element
532 comprises a generally elongate shape. The front of the
treatment element 532 comprises a shallow, curved surface,
providing a convex shape configured to deform the nasal
tissue and create a concavity therein. In some embodiments,
the front of the treatment element comprises a concave shape.
The shape of the front surface of the treatment element may
be selected to conform to the nasal tissue. The back of the
treatment element 532 also comprises a shallow curved sur-
face. As best seen in FIGS. 22D and 22E, the back surface
varies in width along the length of the back surface of the
treatment element 532. The back surface widens, moving
distally along the tip until it is nearly in line with the proximal
end of the electrode plate 532. The back surface then narrows
towards the distal tip of the treatment element 532. This shape
may maximize visualization of the area to be treated, while, at
the same time, providing sufficient rigidity for treatment.
Other shapes are also possible. For example, the treatment
element may comprise a generally spherical or cylindrical
shape. In some embodiments, the treatment element com-
prises an angular shape (e.g., triangular, conical) which may
allow for close conformation to the tissue structures. The
treatment element 532 comprises a monopolar electrode plate
532. The monopolar electrode plate 532 can be in the shape of
a rectangle having a curved or convex tissue-facing surface.
Other shapes are also possible (e.g., square, circular, ovular,
etc.). The electrode 532 may protrude slightly from the treat-
ment element 535. This may allow the electrode to itself
provide a convex shape configured to create a concavity in
tissue to be treated.

In some embodiments, the treatment element has a width or
diameter of about 0.25 inches to about 0.45 inches. In some
embodiments, the treatment element is about 0.4 inches to
about 0.5 inches long. The treatment element can, in some
embodiments, comprise a ceramic material (e.g., zirconium,
alumina, silicon glass). Such ceramics may advantageously
possess high dielectric strength and high temperature resis-
tance. In some embodiments, the treatment element com-
prises polyimides or polyamides which may advantageously
possess good dielectric strength and elasticity and be easy to
manufacture. In some embodiments, the treatment element
comprises thermoplastic polymers. Thermoplastic polymers
may advantageously provide good dielectric strength and
high elasticity. In some embodiments, the treatment element
comprises thermoset polymers, which may advantageously
provide good dielectric strength and good elasticity. In some
embodiments, the treatment element comprises glass or
ceramic infused polymers. Such polymers may advanta-
geously provide good strength, good elasticity, and good
dielectric strength.
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In some embodiments, the electrode has a width of about
0.15 inches to about 0.25 inches. In some embodiments, the
electrode is about 0.2 inches to about 0.5 inches long. In some
embodiments, the treatment element comprises steel (e.g.,
stainless, carbon, alloy). Steel may advantageously provide
high strength while being low in cost and minimally reactive.
In some embodiments, the electrodes or energy delivery ele-
ments described herein comprise materials such as platinum,
gold, or silver. Such materials may advantageously provide
high conductivity while being minimally reactive. In some
embodiments, the electrodes or energy delivery elements
described herein comprise anodized aluminum. Anodized
aluminum may advantageously be highly stiff and low in cost.
In some embodiments, the electrodes or energy delivery ele-
ments described herein comprise titanium which may advan-
tageously possess a high strength to weight ratio and be
highly biocompatible. In some embodiments, the electrodes
or energy delivery elements described herein comprise nickel
titanium alloys. These alloys may advantageously provide
high elasticity and be biocompatible. Other similar materials
are also possible.

As shown in the embodiment of FIG. 22G, the treatment
element 532 further comprises a pin-shaped structure com-
prising a thermocouple 533 within an insulating bushing
extending through a middle portion of the plate 532. In some
embodiments, different heat sensors (e.g., thermistors) may
be used. In some embodiments, the thermocouple 533 is
configured to measure a temperature of the surface or subsur-
face of tissue to be treated or tissue near the tissue to be
treated. A pin-shape having a sharp point may allow the
structure to penetrate the tissue to obtain temperature read-
ings from below the surface. The thermocouple can also be
configured to measure a temperature of the treatment element
532 itself. The temperature measurements taken by the ther-
mocouple can be routed as feedback signals to a control unit
(e.g., the control unit 42 described with respect to FIG. 3) and
the control unit can use the temperature measurements to
adjust the intensity of energy being delivered through the
electrode. In some embodiments, thermocouples or other
sensing devices may be used to measure multiple tissue and
device parameters. For example, multiple thermocouples or
thermistors may be used to measure a temperature at different
locations along the treatment element. In some embodiments,
one of the sensors may be configured to penetrate deeper into
the tissue to take a measurement of a more interior section of
tissue. For example, a device may have multiple sensors
configured to measure a temperature at the mucosa, the car-
tilage, and/or the treatment element itself. As described
above, in some embodiments, the sensors described herein
are configured to take a measurement of a different parameter.
For example, tissue impedance can be measured. These mea-
surements can be used to adjust the intensity and/or duration
of'energy being delivered through the treatment element. This
type of feedback may be useful from both an efficacy and a
safety perspective.

As shown in FIG. 22G, in some embodiments the thermo-
couple is within a pin shaped protrusion on the surface of the
electrode 532. In other embodiments, the thermocouple can
simply be on the surface of the electrode. In other embodi-
ments, the thermocouple can protrude from the surface of the
electrode in a rounded fashion. Rounded structures may be
pressed into the tissue to obtain subsurface temperature read-
ings. Other configurations and locations for the thermocouple
are also possible. The use of thermocouples or temperature
sensors may be applied not only to the embodiment of FIG.
22G, but also to any of the other embodiments described
herein.
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FIGS. 23A-G depict a treatment device 550 similar to the
embodiments of FIGS. 8F and 18. FIGS. 23A and 23F are
perspective views of the device 550 and show the device 550
comprising a treatment element 552 at the distal tip 556 of the
device 550. The treatment element 552 may be provided on an
enlarged distal tip 556 of an elongate shatt 558, and as in the
embodiment illustrated, may have a convex shape configured
to press against and create a concavity in the nasal valve
cartilage (e.g., in upper lateral cartilage of the nasal valve).
The distal tip 556 is located at a distal end of shaft 558. The
shaft is attached at its proximal end to a handle 560. The
handle 560 comprises an input control, such as a power button
562, on its front side that may be used to activate and deacti-
vate the electrode. The power button may be positioned in a
recess of the handle to allow for finger stability when activat-
ing and deactivating the electrode. In other embodiments, the
input control is in the form of a switch or dial. Other configu-
rations are also possible as described above. The device 550
may either comprise a generator or be connected to a remote
generator. The device 550 may comprise a flexible wire or
cable 564 that connects to an adaptor 566 that is configured to
be plugged into a remote generator (not shown). The adaptor
566 may allow transmission of treatment energy between a
remote generator and the device 550. The adaptor 566 may
also allow transmission of any sensor signals between the
device 550 and a generator or control unit. The treatment
device 550 may be provided in a system or kit also including
the remote generator. The system or kit (with or without the
remote generator) may also include a grounding device and/
or a cooling device as described above and further below. In
some embodiments, the kit includes a positioning element
(e.g., a “cottle” device) configured to help a user locate the
optimal treatment area.

In some embodiments, the shaft has a width or diameter or
about 0.235 inches to about 0.25 inches. In some embodi-
ments, the shaft is about 1.5 inches to about 4 inches long. In
some embodiments, the shaft and/orhandle comprises a poly-
mer such as polycarbonate or PEEK. In other embodiments,
the shaft comprises stainless steel or other metals. The metals
may be coated with an external and/or internal insulating
coating (e.g., polyester, polyolefin, etc.). The handle may
comprise the same material as the shaft, in some embodi-
ments. In some embodiments, the shaft is rigid. This may
allow a user of the device increased control over the defor-
mation of nasal tissue. In some embodiments, the shaft com-
prises some amount of flexibility. This flexibility may allow a
user adjust an angle of the distal tip by bending the distal end
of the shaft.

FIGS. 23B and 23C depict side views of the device. As
shown in FIGS. 23B and 23C, the handle 560 of the device
550 may comprise an indentation or recess around the middle
of the handle 560. This may allow for enhanced grip and
control when a user is holding the device. The indentation or
recess may be near the input control or power button 562 to
allow a user to easily activate and deactivate the device while
holding it in a comfortable position.

FIGS. 23D and 23E depict front and back views of the
device. As shown in FIGS. 23D and 23E, the handle 560 of the
device generally comprises a rounded elongate shape. Other
shapes are also possible. For example the device 550 may
have a square shaped cross section. In some embodiments, a
circumference (or width or cross-sectional area) of the handle
560 may increase distally along the length of the handle 560.

FIG. 23G depicts a larger view of the distal tip 556 of the
device 550. As shown best in FIG. 23G, the treatment element
552 comprises a generally elongate shape. The front of the
treatment element 552 comprises a shallow curved surface,
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providing a convex shape configured to deform the nasal
tissue and create a concavity therein. In some embodiments,
the front of the treatment element comprises a concave shape.
The shape of the front surface of the treatment element may
be selected to conform to the nasal tissue. The back surface of
the treatment element 552 comprises a shallow curved sur-
face along most of its length. As best seen in FIGS. 23B and
23C, the back surface narrows distally along the length of the
element 552 from approximately the distal end of the needle

32

different parameter. For example, tissue impedance can be
measured. These measurements can be used to adjust the
intensity and/or duration of energy being delivered through
the treatment element. This type of feedback may be useful
from both an efficacy and a safety perspective.

In some embodiments, the treatment element has a width or
diameter of about 0.25 inches to about 0.45 inches. In some
embodiments, the treatment element is about 0.4 inches to
about 0.5 inches long. The treatment element can, in some

electrodes to the distal tip of the treatment element 552. This 10 embodiments, comprise a ceramic material (e.g., zirconium,
shape may maximize visualization of the area to be treated, alumina, silicon glass). Such ceramics may advantageously
while, at the same time, providing sufficient rigidity for treat- possess high dielectric strength and high temperature resis-
ment. Other shapes are also possible. For example, the treat- tance. In some embodiments, the treatment element com-
ment element may comprise a generally spherical or cylin- prises polyimides or polyamides which may advantageously
drical shape. In some embodiments, the treatment element 15 possess good dielectric strength and elasticity and be easy to
comprises an angular shape (e.g., triangular, conical) which manufacture. In some embodiments, the treatment element
may allow for close conformation to the tissue structures. The comprises thermoplastic polymers. Thermoplastic polymers
treatment element 552 comprises a monopolar or bipolar may advantageously provide good dielectric strength and
needle array comprising multiple needles 554. In some high elasticity. In some embodiments, the treatment element
embodiments, the needles 554 are energized in between 20 comprises thermoset polymers, which may advantageously
select needles to deliver bipolar energy. In other embodi- provide good dielectric strength and good elasticity. In some
ments, the energy is delivered between the needles (554) and embodiments, the treatment element comprises glass or
a remote grounding pad (not shown). In some embodiments, ceramic infused polymers. Such polymers may advanta-
the electrode needle pairs are arranged horizontally across the geously provide good strength, good elasticity, and good
treatment element 552. In some embodiments, the electrode 25 dielectric strength.
needle pairs are arranged vertically across the treatment ele- In some embodiments, the electrodes have a width or diam-
ment 552, or along the direction of the shaft 558 and handle eter of about 0.15 inches to about 0.25 inches. In some
560. Other configurations are also possible. For example, the embodiments, the electrode is about 0.2 inches to about 0.5
needle pairs may be arranged diagonally across the treatment inches long. In some embodiments, the treatment element
element 552. The treatment element 552 may be placed either 30 comprises steel (e.g., stainless, carbon, alloy). Steel may
internally, with the needle pairs 554 positioned transmucos- advantageously provide high strength while being low in cost
ally or the treatment element 552 may be placed externally and minimally reactive. In some embodiments, the electrodes
with the needle pairs 554 positioned transdermally. The distal or energy delivery elements described herein comprise mate-
tip 556 of the device 550 may also function as a mold or rials such as platinum, gold, or silver. Such materials may
molding element. In a monopolar embodiment, the energy 35 advantageously provide high conductivity while being mini-
may be selectively delivered between certain sets of needles, mally reactive. In some embodiments, the electrodes or
all needles, or even individual needles to optimize the treat- energy delivery elements described herein comprise anodized
ment effect. aluminum. Anodized aluminum may advantageously be
The treatment element 552 of the device 550 further com- highly stiff and low in cost. In some embodiments, the elec-
prises a pin-shaped structure comprising a thermocouple 555 40 trodes or energy delivery elements described herein comprise
within an insulating bushing extending through a middle por- titanium which may advantageously possess a high strength
tion of the front surface of the treatment element 552. In some to weight ratio and be highly biocompatible. In some embodi-
embodiments, different heat sensors (e.g., thermistors) may ments, the electrodes or energy delivery elements described
be used. As described above, in some embodiments, the ther- herein comprise nickel titanium alloys. These alloys may
mocouple 555 is configured to measure a temperature of the 45 advantageously provide high elasticity and be biocompatible.
surface or subsurface of tissue to be treated or tissue near the Other similar materials are also possible.
tissue to be treated. A pin-shape having a sharp point may Energy applied to the tissue to be treated using any com-
allow the structure to penetrate the tissue to obtain tempera- bination of the embodiments described in this application
ture readings from below the surface. The thermocouple can may be controlled by a variety of methods. In some embodi-
also be configured to measure a temperature of the treatment 50 ments, temperature or a combination of temperature and time
element 552 itself. The temperature measurements taken by may be used to control the amount of energy applied to the
the thermocouple can be routed as feedback signals to a tissue. Tissue is particularly sensitive to temperature; so pro-
control unit (e.g., the control unit 42 described with respect to viding just enough energy to reach the target tissue may
FIG. 3) and the control unit can use the temperature measure- provide a specific tissue effect while minimizing damage
ments to adjust the intensity of energy being delivered 55 resulting from energy causing excessive temperature read-
through the electrode. In some embodiments, thermocouples ings. For example, a maximum temperature may be used to
or other sensing devices may be used to measure multiple control the energy. In some embodiments, time at a specified
tissue and device parameters. For example, multiple thermo- maximum temperature may be used to control the energy. In
couples or thermistors may be used to measure a temperature some embodiments, thermocouples, such as those described
at different locations along the treatment element. In some 60 above, are provided to monitor the temperature at the elec-
embodiments, one of the sensors may be configured to pen- trode and provide feedback to a control unit (e.g., control
etrate deeper into the tissue to take a measurement of a more system 42 described with respect to FI1G. 3). In some embodi-
interior section of tissue. For example, a device may have ments, tissue impedance may be used to control the energy.
multiple sensors configured to measure a temperature at the Impedance of tissue changes as it is affected by energy deliv-
mucosa, the cartilage, and/or the treatment element itself. As 65 ery. By determining the impedance reached when a tissue

described above, in some embodiments, the sensors
described herein are configured to take a measurement of a

effect has been achieved, a maximum tissue impedance can
be used to control energy applied.
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In the embodiments described herein, energy may be pro-
duced and controlled via a generator that is either integrated
into the electrode handpiece or as part of a separate assembly
that delivers energy or control signals to the handpiece via a
cable or other connection. In some embodiments, the genera-
tor is an RF energy source configured to communicate RF
energy to the treatment element. For example, the generator
may comprise a 460 KHz sinusoid wave generator. In some
embodiments, the generator is configured to run between

34

be easy to manufacture. In some embodiments, the insulators
described herein comprise thermoplastic polymers. Thermo-
plastic polymers may advantageously provide good dielectric
strength and high elasticity. In some embodiments, the insu-
lators described herein comprise thermoset polymers, which
may advantageously provide good dielectric strength and
good elasticity. In some embodiments, the insulators
described herein comprise glass or ceramic infused polymers.
Such polymers may advantageously provide good strength,

about 1 and 100 watts. In some embodiments, the generatoris 10 good elasticity, and good dielectric strength.
configured to run between about 5 and about 75 watts. In In some embodiments, the handle and/or shaft of the
some embodiments, the generator is configured to run devices comprise the same materials as those described with
between about 10 and 50 watts. respect to the insulators. In some embodiments, the handle
In some embodiments, the energy delivery element com- and/or shaft of the device comprises a metal, such as stainless
prises a monopolar electrode (e.g., electrode 535 of FIG. 15 steel. In other embodiments, the handle and/or shaft of the
22G). Monopolar electrodes are used in conjunction with a device comprises a polymer, such as polycarbonate. Other
grounding pad. The grounding pad may be a rectangular, flat, metals and polymers are also contemplated.
metal pad. Other shapes are also possible. The grounding pad In some embodiments, the device may be used in conjunc-
may comprise wires configured to electrically connect the tion with a positioning element that can be used to aid in
grounding pad to an energy source (e.g., an RF energy 20 positioning of the device. The positioning element may be
source). integrated into the device itself or can be separate. The posi-
In some embodiments, the energy delivery element such as tioning element may be used to determine the optimal place-
the electrodes described above can be flat. Other shapes are ment of the device to achieve maximal increase in efficacy. In
also possible. For example, the energy delivery element can some embodiments, a positioning element is configured to be
be curved or comprise a complex shape. For example, a 25 inserted and manipulated within the nose until the patient
curved shape may be used to place pressure or deform the reports a desired improvement in breathing. The treatment
tissue to be treated. The energy delivery element may com- device may then be used to treat while the positioning element
prise needles or microneedles. The needles or microneedles is holding the nose in the desired configuration. In some
may be partially or fully insulated. Such needles or micron- embodiments, molds described herein may be used for the
eedles may be configured to deliver energy or heat to specific 30 same purpose.
tissues while avoiding tissues that should not receive energy In some embodiments, a positioning element comprises a
delivery. shaft comprising measurement marks indicating depth. For
In some embodiments, the electrodes or energy delivery example, a physician may insert this element into the nose to
elements described herein comprise steel (e.g., stainless, car- manipulate the tissue to find the depth of treatment at which
bon, alloy). Steel may advantageously provide high strength 35 the patient reports the best breathing experience. The posi-
while being low in cost and minimally reactive. In some tioning element may comprise marks around the base of the
embodiments, the electrodes or energy delivery elements shaft indicating which point of rotation of the device within
described herein comprise materials such as platinum, gold, the nostril provides the best breathing experience. The posi-
or silver. Such materials may advantageously provide high tioning element may also comprise marks indicating angle of
conductivity while being minimally reactive. In some 40 insertion. The physician may then use the measurement
embodiments, the electrodes or energy delivery elements marks to guide insertion of the treatment element to the same
described herein comprise anodized aluminum. Anodized spot.
aluminum may advantageously be highly stiff and low in cost. It will be appreciated that any combination of electrode
In some embodiments, the electrodes or energy delivery ele- configurations, molds, handles, connection between handles,
ments described herein comprise titanium which may advan- 45 and the like may be used to treat the nasal valve. Cooling
tageously possess a high strength to weight ratio and be Systems
highly biocompatible. In some embodiments, the electrodes Embodiments of devices configured to heat specific tissue
or energy delivery elements described herein comprise nickel while maintaining lower temperatures in other adjacent tissue
titanium alloys. These alloys may advantageously provide are provided. These devices may be incorporated into any of
high elasticity and be biocompatible. Other similar materials 50 the treatment apparatuses and methods described herein. The
are also possible. nasal valve is an example of a tissue complex that includes
In some embodiments, the treatment elements (e.g., non- adjacent tissues that may benefit from being maintained at
electrode portion of treatment element) of the devices different temperatures. Other examples include the skin,
described herein, including but not limited to FIGS. 8A-J, which comprises the epidermis, dermis, and subcutaneous
9A-B, 10A-b, 11A-B, 12A-B, 13A-E, 14A-B, 15A-C, 16, 55 fat, the tonsils, which comprise mucosa, glandular tissue, and
17A-B, 18, 22A-G, 19A-B, 20A-B, 21A-B, 22A-G, 23A-G, vessels. Treatment of other tissue complexes is also possible.
25A-B, 26, 27, 28A-E, and 29, comprise an insulating mate- For example, in some embodiments, the internal structures of
rial such as a ceramic material (e.g., zirconium, alumina, the nasal valve may be heated while maintaining a lower
silicon glass). In some embodiments, the treatment elements temperature in the mucosal lining of the nose and/or skin. In
comprise an insulating material interposed between multiple 60 other embodiments, the mucosa may be heated, while main-
electrodes or electrode section. These insulating sections may taining lower temperatures in the skin. Limiting unwanted
provide an inert portion of the treatment element that does not heating of non-target tissues may allow trauma and pain to be
delivery energy to the tissue. Such ceramics may advanta- reduced, may reduce scarring, may preserve tissue function,
geously possess high dielectric strength and high temperature and may also decrease healing time. Combinations of heat
resistance. In some embodiments, the insulators described 65 transfer and/or heat isolation may allow directed treatment of

herein comprise polyimides or polyamides which may advan-
tageously possess good dielectric strength and elasticity and

specific tissue such as cartilage, while excluding another tis-
sue, such as mucosa, without surgical dissection.
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Generally, when using a device 570 with an electrode 572
(e.g., monopolar RF electrode) to heat nasal cartilage, the
electrode 572 must be in contact with the mucosa. FIG. 24A
shows a cross-section of tissue at the nasal valve. The cross-
section shows that the nasal cartilage 704 sits in between a
layer of mucosa (internal) 702 and a layer of skin (external)
706. When the electrode 572 is activated, both the mucosa and
the cartilage are heated by the current flowing from the elec-
trode to the return (e.g., ground pad), as shown in FIG. 24B.
The tissue closest to the electrode 572 receives the highest
current density, and thus, the highest heat. A surface cooling
mechanism may allow the temperature of the electrode sur-
face to be reduced. Such a cooling mechanism may maintain
a lower temperature at the mucosa even though current flow
will continue to heat the cartilage.

FIG. 25A depicts a device 580 configured to treat the nasal
valve using an electrode while maintaining a reduced tem-
perature at the mucosa. The device comprises a treatment
element 582 comprising an electrode 584 at the distal tip of
the device 580. The treatment element 582 is attached to a
distal end of a shaft 586, which is attached to the distal end of
a handle 588. Input and output coolant lines 590, 592 are
attached to a pump and reservoir 594 and extend into the
handle 588, through the distal end of the treatment element
582 to the electrode 582 and return back through the shaft 586
and handle 588 to the pump and reservoir 594. The coolant
may be remotely cooled in the reservoir and may comprise a
fluid or gas. The coolant flowing through the electrode 582
may allow the treatment element 582 to be maintained at a
reduced temperature while still allowing current flow to heat
the cartilage. Examples of coolant include air, saline, water,
refrigerants, and the like. Water may advantageously provide
moderate heat capacity and be non reactive. Refrigerants may
advantageously be able to transfer significant amounts of heat
through phase change. The coolant may flow through internal
or external cavities of the electrode or wand tip. For example,
FIG. 25B depicts an embodiment of a device 600 comprising
a treatment element 602 with an electrode 604 at the distal tip
of the device 600. The treatment element 602 is attached to
the distal end of a shaft 606 which is attached to the distal end
of a handle 608. The handle may be attached to a cable
comprises a lumen or channel 611 through which gas or fluid
may flow. The lumen 611 may diverge, near the treatment
element 602, into separate external channels flowing over the
electrode 604. The lumen 611 and channels 610 or cavities
may be attached to a fan or fluid pump 612. In some embodi-
ments, the fan or fluid pump may remotely cool the gas or
fluid.

FIG. 26 depicts another embodiment of a device 620 con-
figured to treat the nasal valve using an electrode 624 while
maintaining a reduced temperature at the mucosa and/or skin.
The device comprises a treatment element 622 comprising an
electrode 624 at its distal end. The treatment element 622 is
connected to the distal end of a shaft 626 which is connected
to the distal end of a handle 628. The device 620 comprises a
heat pipe 630 attached to the electrode 624 or treatment
element 622. The heat pipe 630 is configured to transfer heat
to a remote heat sink 632. As shown in FIG. 26, the heat sink
632 may be placed in the handle of the device. In some
embodiments, the heat sink may be placed remotely. The heat
pipe 630 may comprise a sealed tube (e.g., a copper tube)
filled with a material that evaporates at a given temperature.
When one end of the heat pipe 630 is heated, the fluid may
evaporate and flow to the opposite end where it may condense
and subsequently transfer heat to the heat sink 632. Using a
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material such as copper for the heat pipe 630 and/or heat sink
632 may advantageously provide high heat and electrical
conductivity.

FIG. 27 depicts another embodiment of a device 640 con-
figured to treat the nasal valve using a bipolar electrode pair
while maintaining a reduced temperature at the skin. The
device 640 comprises a first treatment element 642 compris-
ing a first electrode 644 of a bipolar electrode pair at the distal
end of a shaft 646. The treatment element 642 comprises a
thermocouple pin 650 like that described with respect to F1G.
22G. The shaft 646 is connected to the distal end of a handle
648. The handle 648 is connected to another handle 652
comprising a shaft 654 with a treatment element 656 at its
distal tip. The treatment element 656 comprises a second
electrode 657 of the bipolar electrode pair. The first and
second treatment elements 642, 656 can be placed on either
side of nasal tissue. For example, the first treatment element
642 may be in contact with the mucosa and the second treat-
ment element 656 may be in contact with the skin. Similar to
the device depicted in FIG. 26, the device of FIG. 27 com-
prises a heat pipe within both shafts 654, 646. Thus heat from
the tissue is transferred from the treatment elements 642, 656
and is transported down the shafts 654, 646 into an integrated
or a remote heat sink (not shown). This heat transfer may keep
the skin and the mucosa relatively cool while still delivering
sufficient treatment energy to the cartilage. The connection
658 and spring 647 between the two handles 648, 652 is
configured to bias the two shafts 646, 654 and treatment
elements 642, 656 towards a collapsed state. Squeezing the
handles 648, 652 may separate the two shafts 646, 654 and
treatment elements 642, 656. Thus, the handles 648, 652 can
be squeezed to properly position the device 640 at the nasal
tissue to be treated. Releasing the handles 648, 652 can cause
the treatment element 642 and the cooling element 656 to
contact the tissue. In some embodiments, the device 640 may
only comprise one heat pipe. In some embodiments, the
device 640 may comprise a treatment element with a
monopolar electrode on one shaft and a molding element on
the other shaft. Multiple configurations are contemplated. For
example, the device may comprise one heat pipe and a bipolar
electrode pair. For another example, the device may comprise
one heat pipe and a monopolar electrode. For another
example, the device may comprise two heat pipes and a
monopolar electrode. Other device configurations are also
possible.

The embodiments described with respect to FIGS. 25A-27
employ specific differential cooling mechanisms to maintain
different and particular temperatures in adjacent tissues.
FIGS. 28A-28E depicts various examples of more general
mechanisms configured to maintain different temperatures in
adjacent tissues. FIGS. 28A-28E depict examples of differ-
ential cooling mechanisms as applied to a cross-section of
tissue at the nasal valve, like that shown in FIG. 24A.

As shown in FIG. 28A, in some embodiments, the differ-
ential cooling mechanism comprises two elements: a first
element 708 and a second element 710. The two elements are
on either side of the thickness of the nasal tissue. In one
embodiment, the mechanism is configured to maintain nor-
mal temperatures in the cartilage 704 while cooling the
mucosa 702 and the skin 706. In such an embodiment, the first
and second elements 708, 710 comprise a cooling apparatus
such as those described above (e.g., heatsink, coolant lines,
etc.). In some embodiments, the mucosa 702 and the skin 706
are heated while normal temperatures are maintained in the
cartilaginous middle layer 704. The cartilage 704 may be
somewhat warmed, in such embodiments, but may be cooler
than the mucosa 702 and the skin 706. In such embodiments,
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the first and second elements 708, 710 comprise a heating
apparatus, such as radio frequency electrodes or resistive
heating elements. In some embodiments, the mucosa 702 is
heated, the skin 706 is cooled, and normal temperatures are
maintained in the cartilage 704. In such embodiments, the
first element 708 comprises a heating apparatus and the sec-
ond element 710 comprises a cooling apparatus. For example,
the device 580, described with respect to FIG. 27, may use
such a mechanism. In some embodiments, the skin 706 is
heated, the mucosa 702 is cooled, and normal temperatures
are maintained in the cartilage 704. In such embodiments, the
first element 708 comprises a cooling apparatus and the sec-
ond element 710 comprises a heating apparatus. Again, the
device 580, described with respect to FIG. 27, is an example
of a device that may use such a mechanism.

FIG. 28B shows an example of one of the embodiments
described with respect to FIG. 28A. The first element 730 is
on the mucosal surface 702. The second element 732 is an
energy delivery element and is positioned on the skin side 706
of the tissue thickness. The first element 730 comprises a
cooling apparatus and the second element 732 comprises an
energy delivery element (e.g., an RF electrode). The mucosal
layer 702 is cooled while the skin 706 and cartilaginous areas
704 are heated. In other embodiments, the first element 730
can be positioned on the skin 706 and the second element 732
can be positioned on the mucosa 702. In such embodiments,
the skin 706 is cooled while the mucosa 702 and the cartilage
704 are heated.

As shown in FIG. 28C, in some embodiments, the differ-
ential cooling mechanism comprises a first element 720 and a
second element 722. Both elements 720, 722 are on the
mucosa 702 side of the tissue thickness. In some embodi-
ments, the mucosal layer 702 is cooled while higher tempera-
tures are maintained in the middle cartilaginous layer 704. In
such embodiments, the first element 720 comprises a cooling
apparatus, and the second element 722 comprises an energy
delivery apparatus (e.g., a monopolar radiofrequency elec-
trode). In some embodiments, the first element 720 is suffi-
ciently efficient to maintain cool temperatures at the mucosa
702 despite the energy provided by the second element 722.
In other embodiments, the first and second elements 720, 722
are both positioned on the skin side 706 of the tissue thick-
ness. In such embodiments, the skin 706 is cooled while
higher temperatures are maintained in the middle cartilagi-
nous layer.

As shown in FIG. 28D, in some embodiments, the differ-
ential cooling mechanism comprises a first surface element
740 and a second surface element 742 on either side of the
tissue thickness. A third subsurface element 744 is engaged
through the mucosa 702 and into the cartilage area 704. In
some embodiments, the mucosa 702 and the skin 706 are
cooled while the middle cartilaginous layer 704 is heated. In
such embodiments, the first and second elements 740, 742
comprise cooling apparatus while the third element 744 com-
prises a heating element (e.g., RF monopolar electrode, RF
bipolar needles, etc.). In other embodiments, the third sub-
surface element 744 may be engaged through the skin 706 and
into the cartilage area 704.

As shown in FIG. 28E, in some embodiments, the differ-
ential cooling mechanism comprises a first surface element
750 and a second surface element 752 on either side of the
tissue thickness. The differential cooling mechanism further
comprises a third surface element 754 and a fourth surface
element 756 on either side of the tissue thickness. In some
embodiments, the cartilage layer 704 is heated while the
mucosa 702 and the skin 706 are cooled. In such embodi-
ments, the first and second elements 750, 752 comprise cool-
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ing apparatus and the third and fourth elements 754, 756
comprise energy delivery apparatuses (e.g., bipolar plate
electrodes). In some embodiments, the cartilage 704 and
mucosal 702 layers are heated while the skin 706 is cooled. In
such embodiments, the first element 750 comprises a heating
apparatus; the second element 752 comprises a cooling appa-
ratus; and the third and fourth elements 754, 756 comprise
energy delivery apparatuses. It will be appreciated that dif-
ferent differential temperature effects can be achieved by
reconfiguring and adding or subtracting to the described con-
figuration of elements.

Cooling occurring before, during, or after treatment may
effect reduced temperature of the skin and/or mucosa. In
some embodiments, attaching passive fins or other structures
to the electrode or wand tip may allow for heat dissipation to
the surrounding air. In some embodiments, the device may be
configured to spray a cool material such as liquid nitrogen
before, during, or after treatment. Using a material such as
copper for the passive fins or other structure may advanta-
geously provide high heat and electrical conductivity. In
some embodiments, using metals with a high heat capacity in
thedevice (e.g., inthe energy delivery element, the re-shaping
element, or both) may advantageously provide the ability to
resist temperature change during energy delivery. In some
embodiments, pre-cooling the electrode (e.g., by refrigera-
tion, submersion, spraying with a cool substance like liquid
nitrogen, etc.) may maintain a reduced temperature at the
mucosa. Any combination of the cooling methods described
herein may be used in conjunction with any of the energy
delivery methods described herein (e.g., bipolar RF elec-
trodes, arrays needles, plates, etc.). For example, FIG. 29
depicts an embodiment of a device 800 comprising a treat-
ment element 802 comprising electrode needles 804 at its
distal tip. The device 800 may be used in conjunction with a
separate cooling device 810 which may comprise channels
815 or cavities to circulate air or fluid. The independent
cooling device 810 may, in other embodiments, employ a
different cooling mechanism.

In embodiments using laser energy to heat cartilage, it is
possible to use a combination of two or more lasers whose
beams converge at a location within the target tissue. This
convergence may cause more heat at that junction as com-
pared to locations where only a single beam is acting. The
junction may be controlled manually or via computer control.
Specific treatment may be provided.

In some embodiments, insulating material may be used to
protect non-target tissue during energy delivery. For example,
an electrode needle may be preferentially insulated on a por-
tion of the needle that is in contact with non-target tissue. For
another example, flat electrode blades may be insulated on a
portion of the blade that is in contact with non-target tissue.
Other configurations for heat isolation are also possible.

Any of the cooling mechanisms or combinations of the
cooling mechanisms described herein may be used in con-
junction with any of the devices or combinations of devices
described herein, or the like.

Examples of Methods of Treatment

Embodiments of methods for treating nasal airways are
now described. Such methods may treat nasal airways by
decreasing the airflow resistance or the perceived airflow
resistance at the site of an internal or external nasal valve.
Such treatments may also address related conditions, such as
snoring.

In one embodiment, a method of decreasing airflow resis-
tance in a nasal valve comprises the steps of inserting an
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energy-delivery or cryo-therapy device into a nasal passage-
way, and applying energy or cryo-therapy to a targeted region
or tissue of the nasal passageway. For example, in some
embodiments, the method may include delivering energy or
cryo-therapy to a section of internal nasal valve cartilage in
the area of the upper lateral cartilage, or in the area of inter-
section of the upper and lower lateral cartilage. In alternative
embodiments, the method may deliver energy to the epithe-
lium, or underlying soft tissue adjacent to the upper lateral
cartilage and/or the intersection of the ULC and the LLC.

In another embodiment, a method comprises heating a
section of nasal valve cartilage to be re-shaped, applying a
mechanical re-shaping force, and then removing the heat. In
some embodiments, the step of applying a mechanical re-
shaping force may occur before, during or after the step of
applying heat.

In some embodiments, the method may further include the
step of inserting a re-shaping device into the nasal passage-
way after applying an energy or cryo-therapy treatment. In
such embodiments, a re-shaping device such as an external
adhesive nasal strip (such as those described for example in
U.S. Pat. No. 5,533,499 to Johnson or U.S. Pat. No. 7,114,495
to Lockwood, the entirety of each of which is hereby incor-
porated by reference) may be applied to the exterior of the
nose after the treatment in order to allow for long-term re-
shaping of nasal valve structures as the treated tissues heal
over time. In alternative embodiments, a temporary internal
re-shaping device (such as those taught in U.S. Pat. No.
7,055,523 to Brown or U.S. Pat. No. 6,978,781 to Jordan, the
entirety of each of which is hereby incorporated by reference)
may be placed in the nasal passageway after treatment in
order to allow for long-term re-shaping of nasal valve struc-
tures as the treated tissues heal over time. In some embodi-
ments, the dilating nasal strips can be worn externally until
healing occurs.

In alternative embodiments, internal and/or external re-
shaping devices may be used to re-shape a nasal valve section
prior to the step of applying energy or cryo-therapy treat-
ments to targeted sections of the epithelial, soft tissue,
mucosa, submucosa and/or cartilage of the nose. In some
embodiments, the energy or cryo-therapy treatment may be
configured to change the properties of treated tissues such
that the tissues will retain the modified shape within a very
short time of the treatment. In alternative embodiments, the
treatment may be configured to re-shape nasal valve struc-
tures over time as the tissue heals.

Insome embodiments, a portion of the nose, the nasal valve
and/or the soft tissue and cartilage of the nasal valve may be
reshaped using a re-shaping device and then fixed into place.
In some embodiments, such fixation may be achieved by
injecting a substance such as a glue, adhesive, bulking agent
or a curable polymer into a region of the nasal tissue adjacent
the target area. Alternatively, such a fixation substance may be
applied to an external or internal surface of the nose.

In some embodiments, an injectable polymer may be
injected into a region of the nose, either below the skin on the
exterior of the nose, or under the epithelium of the interior of
the nose. In some embodiments, an injectable polymer may
include a two-part mixture configured to polymerize and
solidity through a purely chemical process. One example of a
suitable injectable two-part polymer material is described in
US Patent Application Publication 2010/0144996, the
entirety of which is hereby incorporated by reference. In other
embodiments, an injectable polymer may require application
of energy in order to cure, polymerize or solidify. A re-
shaping device may be used to modify the shape of the nasal
valve before or after or during injection of a polymer. In
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embodiments employing an energy-curable polymer, a re-
shaping device may include energy-delivery elements con-
figured to deliver energy suitable for curing the polymer to a
desired degree of rigidity.

In another embodiment, the soft tissue of the upper lip
under the nares may be debulked or reshaped to reduce air-
flow resistance. In some embodiments, such re-shaping ofthe
upper lip soft tissue may be achieved by applying energy
and/or cryotherapy from an external and/or internal treatment
element. In some embodiments, the tissue of the upper lip
under the nares may be compressed by an internal or external
device prior to or during application of the energy or cryo-
therapy. For example, devices such as those shown in FIGS.
5A and 5B may be adapted for this purpose by providing
tissue-engaging clamp tips shaped for the purpose.

In another embodiment, the muscles of the nose and/or face
are stimulated to dilate the nasal valve area prior to or during
application of other treatments such as energy/cryo applica-
tion or fixation treatments. In such embodiments, the muscles
to be treated may include the nasal dilator muscles (nasalis)
the levetator labii, or other facial muscles affecting the inter-
nal and/or external nasal valves. In some embodiments, the
targeted muscles may be stimulated by applying an electric
current to contract the muscles, mentally by the patient, or
manually by the clinician.

In some embodiments, the muscles of the nose and/or face
may also be selectively deactivated through chemical, abla-
tive, stimulatory, or mechanical means. For example, muscles
may be deactivated by temporarily or permanently paralyzing
or otherwise preventing the normal contraction of the muscle
tissue. Chemical compounds for deactivating muscle tissues
may include botulinum toxin (aka “botox’), or others. Abla-
tive mechanisms for deactivating muscle tissue may include
RF ablation, laser ablation or others. Mechanical means of
deactivating muscle tissues may include one or more surgical
incisions to sever targeted muscle tissue.

Inanother embodiment, the tissue of the nasal valve may be
reshaped by applying energy to the internal and external walls
of the nasal valve using a clamp like device as illustrated for
example in FIGS. 5A and 5B. One arm of the clamp may
provide inward pressure to the external, skin side tissue cov-
ering the nasal valve and the other side of the clamp may
provide outward pressure to the mucosal tissue on the lateral
wall of the nasal airway above the ULC and LLC or both.

In some embodiments, energy may be applied to the skin of
the nose to effect a shrinkage of the skin, epidermis, dermis,
subdermal, subcutaneous, tendon, ligament, muscle, carti-
lage and/or cartilage tissue. The tissue shrinkage is intended
to result in a change of forces acting on the tissues of the nasal
valve to improve airflow through the nasal airway.

In another embodiment, the nasal valve tissue may be
damaged or stimulated by energy application, incisions,
injections, compression, or other mechanical or chemical
actions. Following such damage, a device may be used on the
tissue to mold or shape the tissue of the valve during healing.
In some embodiments, such a re-shaping device may be tem-
porarily placed or implanted inside or outside the patient’s
nose to hold a desired shape while the patient’s healing pro-
cess progresses.

In another embodiment, the aesthetic appearance of the
nose may be adjusted by varying the device design and/or
treatment procedure. The predicted post-procedure appear-
ance of the nose may be shown to the patient through manipu-
lating the nasal tissue to give a post procedure appearance
approximation. The patient may then decide if the predicted
post procedure appearance of the face and nose is acceptable
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orifthe physician needs to change parameters of the device or
procedure to produce an appearance more acceptable to the
patient.

In another embodiment, reduction of the negative pressure
in the nasal airway can be effected to reduce collapse of the
structures of the nasal airway on inspiration without changing
a shape of the nasal valve. For example, this may be accom-
plished by creating an air passage that allows flow of air
directly into the site of negative pressure. One example of this

42

FIG. 30A depicts the nose of a patient prior to insertion of
the device. As shown in FIG. 30B, the device is then inserted
into a nostril of the patient. The treatment element 802 of the
device 800 may be positioned within the nasal airway, adja-
cent to nasal tissue (e.g., upper lateral cartilage) to be treated.
The treatment element 802 may be positioned so that the
electrode is in contact with the tissue to be treated. The device
800 (as shown in FIG. 30C) comprises multiple needle elec-
trodes 804. The needle electrodes 804 may be inserted so that

is creating a hole through the lateral wall of the nose allowing 10 th irati ino i to be treated
airflow from the exterior of the nose through the nasal wall ei%/hare penetra Hllg or ensg;lzglng Esue 3 ed r;:a © .h 1
and into the nasal airway. . e.treatmenF element may .euse to deform the nasa
Tn another embodiment, energy, mechanical or chemical tissue into a desired shape by pressing a convex surface of the
therapy may be applied to the tissue of the nasal airway with treatment element 802. against the nasal tissue to be treated.
the express purpose of changing the properties of the extra- 15 FIG. 30C shows an 1nterne.11 VIew, from the nares, of the
cellular matrix components to achieve a desired effect with- ~ featment element 802 pushing against the upper lateral car-
out damaging the chondrocytes or other cells of the nasal  tilage 806 of the nose, deforming the upper lateral cartilage
airway tissue. 806 and increasing the area of the opening of the nasal valve
In some embodiments, devices (e.g., devices like those 808. FIG. 30D depicts an external view of the treatment
described with respect to FIGS. 9A-21B) may be used to 20 element 802 deforming the upper lateral cartilage 806. Even
provide tissue re-shaping/molding and to impart energy to the from the outside, the nose appears to be bulging near the area
nasal valve. The electrode may be placed in contact with the to be treated. In some embodiments, the deformation required
target nasal valve tissue. The electrodes and molds may be to treat the nose is not visually detectable. A control input
moved to shape the tissue as necessary to achieve improve- such as button 814 may be used to activate the electrode and
ment in nasal airway. The electrodes may be activated while 25 deliver energy (e.g., RF energy) to the tissue to be treated.
the tissue is deformed in the new shape to treat the tissue. The In some embodiments, temperature of the area around the
electrode may then be deactivated and the device may be electrode during treating is from about 30 degrees Celsius to
removed from the nasal valve area. about 90 degrees Celsius. In some embodiments, temperature
FIGS. 30A-30D depict a method for using a device 800 of'the area around the electrode during treating is from about
similar to those devices described above, including but not 30 40 degrees Celsius to about 80 degrees Celsius. In some
limited to FIGS. 8A, 9B, 18, 22A-G, and 23A-G, to provide embodiments, temperature of the area around the electrode
tissue re-shaping/molding and to impart energy to tissue near during treating is from about 50 degrees Celsius to about 70
the nasal valve. degrees Celsius. In some embodiments, temperature of the
The method may include identifying a patient who desires area around the electrode during treating is about 60 degrees
to improve the airflow through their nasal passageways and/or 35 Celsius. In some embodiments, for example during cryo-
who may benefit from an increase in a cross-sectional area of therapy, temperature of the area around the electrode may be
the opening of the nasal valve. The patient may be positioned lower.
either in an upright position (e.g., seated or standing) or be In some embodiments, treating the target tissue comprises
lying down. Local anesthesia may be applied to an area near treatment for about is to about 3 minutes. In some embodi-
or surrounding the tissue to be treated. General anesthesia 40 ments, treating the target tissue comprises treatment for about
may also be used. 10 s to about 2 minutes. In some embodiments, treating the
Optionally, a positioning element, like that described target tissue comprises treatment for about 15 s to about 1
herein, may be used to measure a desired depth or angle of minute. In some embodiments, treating the target tissue com-
treatment. As described above, the positioning element may prises treatment for about 20 s to about 45 s. In some embodi-
be inserted to the desired depth of treatment and rotated to a 45 ments, treating the target tissue comprises treatment for about
desired angle of treatment. Marks along the positioning ele- 30s.
ment can indicate the desired depth. Marks along the base of In some embodiments, treating the target tissue comprises
the shaft of the positioning element can indicate the desired delivering between about 1 and about 100 watts to the tissue.
angle. The physician or other medical professional adminis- In some embodiments, treating the target tissue comprises
tering the treatment can then insert the treatment device to the 50 delivering between about 5 and about 75 watts to the tissue. In
desired location. The physician may also assess any other some embodiments, treating the target tissue comprises deliv-
characteristics relevant to the treatment of the patient’s nose ering between about 10 and about 50 watts to the tissue.
that may influence the manner of treatment. In some embodi- As shown in FIGS. 30B and 30D, a thermocouple 812 may
ments, a re-shaping element may be used to manipulate the be provided on the electrode (e.g., as described with reference
nasal tissue into a configuration allowing improved airflow; 55 to FIGS. 22G and 27). In some embodiments, more than one
and treatment may be performed while such a re-shaping thermocouple may be provided. For example, in embodi-
element is maintaining the desired configuration of the nasal ments comprising more than one electrode or electrode pair,
tissue. each electrode or electrode pair may comprise a thermo-
If'the treatment device comprises a monopolar electrode or couple. The thermocouple 812 may monitor temperature of
electrode needles, a ground pad may be attached to the 60 the electrode and provide feedback to a control unit (e.g.,
patient. The ground pad may be attached at the patient’s torso, control system 42 described with respect to FIG. 3). The
for example the shoulder or abdomen. Other locations are control unit may use the data from the thermocouple 812 to
also possible, such as the patient’s buttocks. Preferably, the regulate temperature and auto-shutoff once treatment has
point of attachment is a large, fleshy area. After being been achieved or in the case of an overly high temperature.
attached, the ground pad may be plugged into a power source. 65  After treating the tissue, the device 800 may be removed

If the device is powered by a remote generator (e.g., RF
generator), the device may then be plugged into the generator.

from the nostril. Ifa grounding pad is used, the grounding pad
may be detached from the patient.
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In some embodiments, differential cooling mechanisms
may be used to treat the nasal valve using electrodes or other
energy delivery elements while maintaining a reduced tem-
perature at the skin and/or mucosa. For example, devices like
those described with respect to FIGS. 25A-27 or devices
employing the differential cooling mechanisms described
with respect to FIGS. 28A-28E may be used. The cooling
system may be activated. The device may then be inserted into
the nose and placed in contact with the nasal vale. The device

44

power generator to shut down or decrease power delivered to
a treatment device. In alternative embodiment, the sensor(s)
may instead provide feedback to a physician or other user, so
that the physician or other user can make treatment adjust-
ments. For example, sensors may provide a warning signal
when a particular tissue temperature or impedance is reached,
which will help a physician know when to turn off or decrease
power delivery to a treatment device. Additionally, sensor(s)
may be used to sense one or more tissue properties in any

may then be activated. Activation of the device may cause an 10 suitable tissue or multiple tissues, such as but not limited to
increase in the cartilage temperature while minimizing the mucosa, cartilage, dermis, epidermis and other types of body
temperature increase in the skin and/or mucosa. The device soft tissue.
may then be deactivated and removed from the nose. FIG. 32A illustrates nasal skin in cross section, including
In some embodiments, devices may be used in which insu- mucosa, cartilage, dermis and epidermis. In one embodiment,
lating material is used to protect non-target tissue during 15 asensor device 920 may include an epidermal sensor 922 that
energy de]ivery. In an embodiment, a device Comprises an is coupled to the epidermis via an adhesive 924. Any suitable
electrode needle preferentially insulated on a portion of the sensor 922 (temperature, impedance, etc.) and any suitable
needle. The needle may be inserted into the cartilage so that adhesive 924 may be used. This embodiment of the sensor
the insulated portion is in contact with the mucosa and/or the device 920 is also illustrated on a patient’s face in FI1G. 32B.
skin and the non-insulated portion is in contact with the 20  In an alternative embodiment, a sensor device 930 may
carti]age, The device may be activated, causing an increase in include a transdermal needle sensor 932. In another alterna-
the carti]age temperature while minimizing temperature tive embodiment, a sensor device 942 may be attached
increase in the skin and/or mucosa. The device may be deac- directly to a treatment device 940. As illustrated by these
tivated and removed from the nose. various embodiments, sensors 922, 932 and 942 may be posi-
25 tioned either at or near a treatment location during a treat-
Additional Embodiments and Optional Features ment. In some embodiments, for example, a sensor 922, 932
may be placed on or in epidermis while a treatment is being
Referring now to FIGS. 31A and 31B, in one embodiment, performed on mucosa. Alternatively, a sensor 942 may be
adevice 900 for treating a nasal valve may include an internal placed directly on mucosa during a treatment of mucosa.
power source and thus be cordless. In the embodiment shown, 30 Additionally, in any given embodiment, multiple sensors may
the device 900 includes a handle 902 coupled with a shaft 904, be placed at multiple different locations in and/or on tissue.
which in turn is coupled with a treatment element 908. The As mentioned above, the sensor devices 920, 930 and 940
handle 902 may include a power button 910 (or “on/off may, in various embodiments, provide any of a number of
switch™), a circuit board (912, FIG. 31B) and a space and different types of feedback, such as feedback to a user, feed-
connections for insertion of batteries 914 as a power source. 35 back to a power generator, or both.
Treatment element 904 may include multiple needle elec- Referring now to FIGS. 33A and 33B, in some embodi-
trodes 906 for applying RF energy to tissue. ments, a treatment device 950 may include a treatment ele-
Any suitable features, elements, materials or the like that ment 952 with wings 954 extending laterally from it. The
have been described above may be applied to the device 900 wings 954 are configured to help direct the treatment element
in a similar way. In various alternative embodiments, the 40 952 into a particular treatment location/position and/or to
device 900 may include any number, size or type of batteries, prevent the treatment element 952 from contacting tissue that
depending on the size of the handle 902 and power require- the physician does not want to treat. For example, FIG. 33B
ments of the device 900. In some alternative embodiments, illustrates a top, cross-sectional view of anose N, showing the
the device 900 may include an alternative power source. For lateral wall LW, nasal septum S and an intersection [ between
example, the batteries 914 may be rechargeable in some 45 the lateral wall LW and nasal septum S. In many or most
embodiments. In other embodiments, it may be possible to cases, it may be undesirable to treat mucosa at the intersection
plug the device 900 into a power generator for charging, and Iwith RF energy or other energy delivery or removal devices.
then unplug the device 900 for use. In yet other alternative The wings 954 will help prevent the treatment element 952
embodiments, the device 900 may include a solar power from being advanced far enough toward the intersection I to
collection member. The advantage of including an internal 50 actually contact and treat that mucosa. Alternative embodi-
power source in the device 900 is that this eliminates the need ments may include additional wings or other protrusions or
for the device 900 to be connected, via power cord, to a large, shapes to prevent contact with the intersection I and/or other
table-top generator, as most energy delivery surgical/medical structures. Some embodiments may include adjustable wings
devices require. This allows a physician to perform a nasal or wings that expand once the electrodes have been placed.
valve procedure in any location or patient orientation without 55 Any other size, shape or configuration of one of more wings
having to manage power cables and generators. may be included, according to various embodiments.
Referring now to FIGS. 32A and 32B, in some embodi- Referring to FIGS. 34A-34C, in various alternative
ments, a system for treating a nasal valve may include one or embodiments, treatment elements of nasal valve treatment
more sensors. Such sensors may be used to sense any of a devices may have different shapes and/or sizes for addressing
number of relevant tissue properties, such as temperature, 60 differenttypesand/or shapes oftissue. For example, as shown
impedance and the like. The sensors may be located on a in FIG. 34A, in one embodiment, a treatment element 960 of
treatment device in some embodiments, or alternatively they a device may have a square or rectangular profile with a flat
may be separate from the treatment device and positioned at distal end, which may be ideal for addressing relatively flat
or near the device during treatment. In some embodiments, tissue configurations. Two electrodes 962 (or two sets of
the sensor(s) may provide feedback directly to the treatment 65 electrodes) may be used to send an arc of current (e.g., RF

device. For example if a particular tissue temperature thresh-
old is reached, a sensor (or sensors) may send a signal to a

current) through tissue in the pattern shown by the multi-
headed arrow.
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In another embodiment, as shown in FIG. 34B, a treatment
element 970 may have an oval profile with a curved distal end.
Two electrodes 972 or sets of electrodes send a current
through tissue in an arc. This configuration may be advanta-
geous for addressing tissue having a curved profile. In yet
another embodiment, as shown in FIG. 34C, a treatment
element 980 may have a flatter curved profile, for example for
addressing tissue with a curved shape but not as sharp of an
angle as the tissue shown in FIG. 34B. Again, the electrodes
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thermal energy through the epidermis to the deep subdermal
and/or dermal layer above the nasal valve. In some embodi-
ments, the treatment device may also be used to cool the
superficial dermis and epidermis, for example. This delivery
of energy could, in some embodiments, act to tighten tissues
of'the nasal valve, thus preventing collapse during breathing.
In an alternative embodiment, instead of using thermal energy
to change the tissues, a treatment device may use mechanical
means, such as micro-needles, to create a subdermal tissue

982 send energy through the curved tissue in a curved arc. 10 response, such as scarring, for a similar type of tissue tight-
Asis evident from FIGS. 34A-34C, a treatment element of . ff’ ¢ ?
a treatment device may have any suitable configuration for efing etiect. . .
advantageously addressing any tissue type and shape. In In yet other gmbodlments, some methods for .treatu.lg a
some embodiments, multiple different treatment devices, nasal valve may include applying a gel, paste, liquid or Simi-
each having a differently shaped treatment element, may be 15 lar substance to a surface of the nose during an energy deliv-
provided, and a user may select a treatment device for a ~ ©ty reatment of the nasal valve. Such substances may be
particular tissue type and/or shape, based at least in part on the applied to target tissue, such as mucosa, non-target tissue,
shape of the treatment element of the device. such as epidermis, or a combination of both. The substance
Referring to FIG. 35, in another embodiment, a treatment (or substances) applied may serve any of a number of differ-
device 1000 for treating a nasal valve and/or tissues near the 20 ent purposes, such as but not limited to modifying conductiv-
nasal valve may include an expandable member 1002, such as ity of tissue and providing anesthetic effect. Conductivity
but not limited to an expandable polymeric balloon. For enhancing substances may improve the efficiency and/or con-
example, a non-compliant or semi-compliant balloon may be sistency of energy delivery (such as but not limited to RF
used in some embodiments to expand tissues in and/oraround  energy). Alternatively or additionally, one or more substances
the nasal valve, to achieve one or more of the effects discussed 25 may be injected into tissue. For example, saline, Lidocaine,
above in relation to the various embodiments. Although  other anesthetic agents, or any other suitable agents, may be
expandable balloon devices (e.g., balloon catheters) have injected. Some embodiments may involve applying one sub-
‘peen descrlbe.d preVlo.u.sly for use in expanding ostia (open- stance and injecting another substance.
1ngs) of the sIus cavities, they have not been descqbe;d for In other alternative embodiments, it may be possible to
use in changing the shape and/or physwe.ll characteristics of 30 achieve desired changes in tissue properties and/or shapes by
the nasal valve. In various method embodiments, the expand- iniect; bstance or anplving substance onlv—in other
able member 1002 may be positioned at any of a number of mjefi e Sﬁl ) | PPyIng F ly C
suitable locations at or near a nasal valve and then expanded words, withouta’so app YINg CRCrgy. FOr eXaipre, 1y ectlng.a
to deform tissues that make up the nasal valve. In some cases, sclerotherapy subste}nce .1nt0 tissue may, 10 Some emqu -
these tissues may be at least partially deformed permanently 35 ments, gchleve adesired tissue re.:sult. Inadditional alte.rnatlve
or at least for a period of time after the procedure. In other fzn.lbthments, a methoq oftreatlng anasal valve may 1.nclude
cases, the tissue may only be deformed during the procedure, injecting a substance into nasal tissue and then curing the
but one or more properties of the tissue may be affected by the substance in order to change the substance’s properties and,
balloon expansion. in turn, at least one of the nasal tissue’s properties. A treat-
In various alternative embodiments, a treatment device for 40 ment device may be used to cure the substance. In some
nasal valve tissue and/or other nasal tissue may use a treat- embodiments, the treatment device may beused to deform the
ment modality that does not involve delivery of energy to, or target tissue and cure the substance, while the tissue is
removal of energy from, tissue. For example, in some deformed, so that the tissue retains approximately the same,
embodiments, the treatment device may create some kind of deformed shape after the substance is cured and the treatment
mechanical injury to one or more tissues to cause a change in 45 device is removed. In another alternative embodiment, a sur-
shape and/or one or more properties of the tissue. The expand- face-based biodegradable agent may be applied and cured to
able balloon embodiment described above is one example. change the shape of the target nasal tissue.
Other examples may include, but are not limited to, needles, Referring now to FIG. 36, any of the embodiments dis-
micro-needles, blades or the like, any of which may be used to cussed above may be used to treat tissue that is considered
cause scar tissue formation and/or tissue contraction. Other 50 part of the nasal valve, tissue that is immediately adjacent or
embodiments may use sclerotherapy, involving injecting one near nasal valve tissue, tissue farther away from the nasal
or more substances (acid, coagulants, etc.) into the target valve that affects nasal valve function, or some combination
tissue to induce scar tissue formation and/or other changes in thereof. FIG. 36 is a diagrammatic illustration of the internal
the tissue properties. In some cases, one type of tissue (for nasal valve. As mentioned previously, the internal nasal valve,
example, mucosa) may be transformed into a different type of 55 which accounts for the larger part of the nasal resistance, is
tissue altogether (for example, scar tissue). In other examples, formed by the nasal septum S, the caudal border of the upper
aone or more properties of the tissue may be changed without lateral cartilage (ULC), the head of the inferior turbinate, and
changing the overall type of tissue. For example, the tissue the pyriform aperture P and the tissues that surround it. In
may be caused to shrink, contract, stiffen and/or the like. One FIG. 36, the triangular representation is comprised of the
advantage of these non-energy-based embodiments is that 60 septum S, the pyrifom aperture P, and the lateral wall LW.
they do not require a source of energy. This may make them According to various embodiments, any area within the tri-
easier to use and possibly to manufacture and supply. angle, immediately outside the triangle, or even more distant
In other embodiments, thermal energy may be applied to from the triangle, may be treated, in order to affect function of
the nasal valve by applying the energy from an external loca- the nasal valve. In one embodiment, for example, a treatment
tion on the nose, rather than an internal location within the 65 area 1010 may be located at a juncture of the pyriform aper-

nasal cavity. For example, in some embodiments, a treatment
device may be positioned on the nose and used to deliver

ture P and the lateral wall LW, and in various embodiments
the treatment area 1010 may be located entirely within the
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triangle or may extend outside of it. This is but one example
of an area that may be treated, according to various embodi-
ments.

One mechanism of action that may be involved in any of the
embodiments described above may be to reduce mucus pro-
duction and/or accumulation in and/or around any treated
areas. Although emphasis has been placed on structure and
function of the nasal valve in much of the foregoing descrip-
tion, mucus reduction may also be part the beneficial result of
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11. A method as in claim 1, wherein the energy applied by
the elongate treatment element is generated from a power
source within the treatment device.

12. A method as in claim 1, further comprising injecting a
substance into the at least one tissue prior to applying the
energy, wherein the applied energy affects the injected sub-
stance to help modify the property of the tissue.

13. A method as in claim 1, further comprising applying a
substance to the at least one tissue or to an outer surface of the
nose before applying the energy.

. . 10 . . .
any treatment, in some embodiments. 14. A method as in claim 1, wherein the at least one prop-
Although this invention has been disclosed in the context of erty of the at least one tissue is modified without reshaping the
certain preferred embodiments and examples, it will be at least one tissue.
understood by those skilled in the art that the present inven- 15. A method as in claim 1, wherein modifying the at least
tion extends beyond the specifically disclosed embodiments |, one property comprises stiffening the at least one tissue, with
to other alternative embodiments and/or uses of the invention or without reshaping it.
and obvious modifications and equivalents thereof. Thus, itis ~ 16. Amethod as in claim 1, wherein the at least one tissue
intended that the scope of the present invention herein dis- is selected from the group consisting of epithelium, cartilage,
closed should not be limited by the particular disclosed ~ mucosa, sub-mucosa, muscle, ligament, tendon and skin.
embodiments described above, but should be determined 17. A method as in claim 1, further comprising cooling the
only by a fair reading of the claims that follow. at least one tissue and/or other tissues in or on the nose,
before, during, or after applying the energy.
What is claimed is: 18. A method as in claim 1, further comprising:
1. A method of modifying at least one property of at least measuring at least one parameter at or near the at least one
one tissue of or near a nasal valve of a nose, without using a 25 .USSl.le to be treated; and L
surgical incision or an implant, to decrease airflow resistance adjustinga level of energy application or removal, based on
or perceived airflow resistance in a nasal airway, the method the measured parameter. .
comprising: 19. A method as in claim 18, wherein the at least one
contacting an elongate treatment element of a treatment parameter is selected from the group consisting of tempera-
device with the at least one tissue inside the nasal airway, 30 turze OaIf émpedafnce. . ., lai b i
with sufficient force to at least temporarily deform the at 20.A device lor treating a patient’s nasa’ airway by modi-
least one tissue: fying at least one property of at least one tissue of or near a
applying energy to the at least one tissue by transmitting nas.al valve of the airway, without usinga surglca! incision or
radio frequency energy from a first row of electrodes to animplant, to decrease airflow resistance or perceived airflow
a second row of electrodes disposed vertically on the 35 resistance in a n.asal anrway, the. device COMPIISINg:
elongate treatment element; and an energy delivery member sized to be inserted into a nose
removing the elongate treatment element from the nostril. and conﬁgu.red to deliver energy to tissues within the
2. A method as in claim 1, wherein the elongate treatment noseto mOdlfY t.he at leas.t one property of theat leastone
element has a convex shape, such that contacting the treat- Essue;dcompflslng multlple?lprgu;ﬂudlng elelc t{odes. con-
ment element against the at least one tissue at least tempo- 40 gured to at least temporarily deform nasal tissue;
rarily deforms the tissue into a concave shape. a shaft extending from the energy delivery member; and
3. A method as in claim 2, wherein contacting the elongate a handle attaghed to the shaft at an opposite enq from the
treatment element with the tissue causes at least one protru- energy delivery member, wherein the hapdle includes a
sion on the treatment element to deform the tissue. housing to hOI.d a power source for providing energy to
4. A method as in claim 1, wherein applying energy further 45 ﬁhe .eneflgy dehve(:iry meinber, d . £
comprises applying energy in a form selected from the group w eireln ¢ de proltlru %nglf ectrodes dc cljmprlse twobrows N
consisting of ultrasound, microwave, heat, electrical, light electrodes, wherein the energy delivery member com-
and laser. prises a bipolar radio frequency delivery member, and
5. A method as in claim 4, wherein applying energy com- wherein radio frequency energy travels from one row of
prises delivering radiofrequency energy to one or more elec- 50 » 1e§cérodes to t.he olther EOOW oflele.ctrol(li oS- deli
trodes of the elongate treatment element to locally heat the at b heVICe astlntc al? ° \.)Zhereln ¢ eﬁ:nergy Iei 1ver§
least one tissue, wherein delivering radiofrequency energy meml Cr has a com alc surlace with Convex s apei contigure
while deforming the at least one tissue causes the tissue to to at least temporarily create a concavity in nasal tssue.
change shape. 22. A device as in claim 20, wherein the energy delivery
6. A method as in claim 1, wherein the at least one tissue 55 member has.a contact syrface with ﬂat shape. .
comprises nasal valve tissue. 23. A device as in claim 20, wherein the housing is config-
7. A method as in claim 1, wherein the at least one tissue ured to hOId, at lea§ tone battery. ..
comprises nasal mucosa at or near a junction of a pyriform 24. A device as in claim 20, further comprising at least one
aperture and a lower lateral cartilage sensor configured to sense at least one of temperature or
8. A method as in claim 1, wherein the at least one tissue 60 impedance mn nas?l tissue. .
comprises upper lateral cartilage 25. A device as in claim 24, wherein the at least one sensor
9. A method as in claim 1 fu.rther comprising removing is attached to the device on or near the energy delivery mem-
) " : : ber.
energy from the at least one tissue using cryogenic thera . . . . .
prov%(}ile d by the elongate treatment elem%ntry g Py 26. A device as in claim 20, further comprising a tissue
10. A method as in claim 1, wherein the energy is applied 65 cooling member attached to the device at or near the energy

to orremoved from the at least one tissue while the at least one
tissue is deformed.

delivery member.

#* #* #* #* #*
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