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(57) Abstract: Sling (10) useful in the treatment of Obstructive Sleep Apnea (OSA) are described. An exemplary sling comprises a
main body (12) extending along a lengthwise axis (26) and having first and second opposing ends (14, 16), first and second oppos -
ing sides (18, 20), and first and second opposing surfaces (22, 24). Each end defines an end loop that defines a passageway extend -
ing through the main body. An exemplary method of treatment comprises creating two openings in the mandible of a patient; creat -
ing two longitudinal tunnels in the tongue of the patient; creating a transverse tunnel in the tongue of the patient; advancing a sling
through the transverse tunnel; pulling each end of the sling through one of the longitudinal tunnels and through one of the openings
in the mandible; pulling the tongue toward the front of the mouth or mandible; and securing the sling to a tissue to support the
tongue in a new position.
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A SLING TO BE USED IN THE TREATMENT OF OBSTRUCTIVE SLEEP APNEA

FIELD

[001] The disclosure relates generally to the field of implantable medical
devices. More particularly, the disclosure relates to sling devices for
securement of tissue within the body. The devices described herein are useful
in the treatment of Obstructive Sleep Apnea. The disclosure also relates to kits
that include a sling device, and methods of treatment in which a sling device 1s

used.

BACKGROUND

[002] It is sometimes necessary or desirable to secure a tissue or portion of a
tissue within the body of an animal, such as a human. Sling devices are known
in the art and can be used to affect such a securement of tissue within the

body.

[003] Obstructive Sleep Apnea (OSA) is a clinical disorder in which a partial
or complete collapse of soft tissue occurs in the airway during sleep. This leads
to a blockage of the airway and impaired breathing during sleep. Mild OSA
can lead to fatigue, reduced alertness following sleep, and a general reduction
in productivity for the affected individual. Severe OSA can lead to sleep

deprivation, hypoxemia, and depression.

[004] OSA can be the result of obesity and/or diabetes. It is believed that
about | in every 15 Americans are affected by some form of OSA, leading to

an estimated $3.4 billion in associated healthcare costs each year.

[005] The art provides various options for the treatment of OSA. Continuous
Positive Airway Pressure (CPAP) machines, which supply positive air pressure
through a facemask and into the airway during sleep, are used most
frequently. The positive air pressure maintains an open airway to prevent
apnea and snoring. While these machines are generally considered effective,
they are bulky, noisy, and cumbersome to use. Furthermore, use of these

machines can be socially awkward for some individuals.
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[006] Oral appliances that force the jaw forward to maintain an open airway
can also be used. These devices are generally considered to be not as effective
as CGPAP machines, and can be uncomfortable to use. Furthermore, these
devices are frequently ejected from the mouth during sleep, reducing their

effectiveness over the entire course of a sleeping period.

[007] Invasive surgical procedures can also be used to treat OSA. Various
techniques have been described, including uvulopalatopharyngoplasty (UPP,
maxillomandibular advancement (MMA), and even tracheostomy. Surgical
procedures are generally considered to have limited and potentially short-lived
effectiveness. Furthermore, many of the procedures require hospitalization and
the use of general anesthesia. As a result, these procedures are generally

reserved for severe cases of OSA.

[008] The Repose (tm) System from Medtronic provides a surgical-based
tongue suspension procedure that can be performed with or without an
adjunct hyoid suspension procedure. These suspension procedures require a
surgical incision and dissection of the neck below the mandible. Following
implantation of one or more necessary bone screws, sutures are lashed around
the tongue and/or hyoid bone and secured with surgical knots. While these
procedures offer less complicated solutions than the surgical procedures above,
they still require surgical intervention and suffer from the drawbacks
associated with surgical procedures. Furthermore, over time, the sutures used
to suspend the tongue and/or hyoid bone may weaken or even snap, which
may limit the effectiveness of the treatment over time. Lastly, the use of sutures
in these procedures necessitates the use of specialized knotting and securement
techniques to complete the procedure, which adds an additional opportunity

for error and failure in the device and the procedure.

[009] Considering the disadvantages of the various available treatment
options described above, a need exists for improved devices for securement of
tissue within the body. Furthermore, a need exists for additional options,

including devices, kits and methods, for the treatment of OSA.
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BRIEF SUMMARY OF DESCRIBED EMBODIMENTS
[0010] Various exemplary sling devices are described and illustrated herein.

[0011] An exemplary sling device comprises a main body extending along a
lengthwise axis and having first and second opposing ends, first and second
opposing sides, and first and second opposing surfaces; a first ribbed portion
extending along the lengthwise axis from a first point disposed on the
lengthwise axis between a longitudinal midpoint and the first end to a second
point disposed on the lengthwise axis between the longitudinal midpoint and
the first end; a second ribbed portion extending along the lengthwise axis from
a third point disposed on the lengthwise axis between the longitudinal
midpoint and the second end to a second point disposed on the lengthwise axis
between the longitudinal midpoint and the second end; and a non-ribbed
middle portion extending along the lengthwise axis across the longitudinal
midpoint from an end of the first ribbed portion to an end of the second

ribbed portion.
[0012] Various kits are described and illustrated herein.

[0013] An exemplary kit comprises a sling and one or more needles adapted

to engage the sling.
[0014] Various methods of treatment are described herein.

[0015] An exemplary method comprises creating two openings in the
mandible of a patient; creating a transverse passageway in the tongue of the
patient such that the passageway lies on a plane that is transverse to the
longitudinal axis of the tongue; advancing a device through one of the two
openings in the mandible and through the tongue of the patient; advancing a
second device through the other of the two openings in the mandible and
through the tongue of the patient; engaging a sling according to an
embodiment with a device disposed through the transverse passageway in the
tongue; pulling the device and attached sling through the transverse
passageway in the tongue until the sling is disposed in the transverse

passageway; engaging the sling with the first device such that a pulling force
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applied to the first device will result in a first end of the sling being pulled
along with the first device through the tongue and through first opening in the
mandible; engaging the sling with the second device such that a pulling force
applied to the second device will result in a second end of the sling being
pulled along with the second device through the tongue and the second
opening in the mandible; pulling the first and second devices and the first and
second ends of the sling through the respective openings in the mandible until
each end of the sling has exited the respective opening; pulling the tongue
toward the front of the mouth or mandible; and securing the sling to a tissue to

support the tongue in the new position.

[0016] Additional understanding of these exemplary devices, kits and
methods can be obtained with review of the detailed description, below, and

the appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Figure 1 is a perspective view of a first exemplary sling device.
[0018] Figure 2 is an elevation view of the sling device illustrated in Figure 1.
[0019] Figure 3 is an end view of the sling device illustrated in Figure 1.
[0020] Figure 4 is a perspective view of a second exemplary sling device.
[0021] Figure 5 is a perspective view of a third exemplary sling device.
[0022] Figure DA is a magnified view of area I in Figure 5.

[0023] Figure 6 is a perspective view of a fourth exemplary sling device.
[0024] Figure 7A is a perspective view of another exemplary sling device.
[0025] Figure 7B is a perspective view of another exemplary sling device.

[0026] Figure 8 is a perspective view of another exemplary sling device.
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[0027] Figure 9 1s a perspective view of the sling device illustrated in Figure 1
disposed within a sheath.

[0028] Figure 10 is a perspective view of the sling device illustrated in Figure

1 disposed within first and second sheaths.
[0029] Figure 11 is a schematic illustration of an exemplary kit.

[0030] Figure l1A is a magnified view of the distal end of a first needle of the
kit illustrated in Figure 11.

[0031] Figure 1B is a magnified view of the distal end of a second needle of
the kit illustrated in Figure 11.

[0032] Figure 12 is a flowchart illustration of a first exemplary method of

treatment.

[0033] Figure 13 is a flowchart illustration of a second exemplary method of

treatment.

[0034] Figure 14 i1s a flowchart illustration of a third exemplary method of

treatment.

[0035] Figure 15 is a schematic illustration showing a location for an incision

made during performance of the method illustrated in Figure 1.

[0036] Figure 16 is a flowchart illustration of a fourth exemplary method of

treatment.

[0037] Figure 17 is a flowchart illustration of a fifth exemplary method of

treatment.

DETAILED DESCRIPTION OF DESCRIBED EMBODIMENTS

[0038] The following detailed description and the appended drawings
describe and illustrate various exemplary devices, kits and methods. The
description and drawings are exemplary in nature and are provided to enable

one skilled in the art to make and use one or more exemplary device and/or to
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practice one or more exemplary method. They are not intended to limit the

scope of the claims in any manner.

[0039] Figures | through 3 illustrate a first exemplary sling 10. The sling 10
has a main body 12 comprising a substantially flat member extending from a
first end 14 to an opposing second end 16 and having first 18 and second 20
opposing sides. The main body 12 has a first 22 or upper surface and an

opposing second 24 or lower surface.

[0040] As best illustrated in Figure 1, the main body 12 has a lengthwise axis
26 and a longitudinal midpoint 28 disposed on the lengthwise axis. A first
ribbed portion 30 extends along the lengthwise axis 26 of the main body 12
from a point on the lengthwise axis 26 between the longitudinal midpoint 28
and the first end 14 to another point on the lengthwise axis 26 between the
longitudinal midpoint 28 and the first end 14. Similarly, a second ribbed
portion 32 extends along the lengthwise axis 26 of the main body 12 from a
point on the lengthwise axis 26 between the longitudinal midpoint 28 and the
second end 16 to another point on the lengthwise axis 26 between the
longitudinal midpoint 28 and the second end 16. A non-ribbed middle portion
34 extends along the lengthwise axis 26 of the main body 12 across the
longitudinal midpoint 28 from an end of the first ribbed portion 30 to an end
of the second ribbed portion 32.

[0041] Each of the ribbed portions 32, 34 includes a series of ribs 36 that
extend outwardly from the respective side 18, 20, away from the longitudinal
axis 26. As best illustrated in Figure 1, each rib 36 advantageously extends
away from the respective side 18, 20 at a non-orthogonal angle with respect to
the lengthwise axis 26. Furthermore, each rib 36 advantageously extends away
from the respective side 18, 20 at an acute angle with respect to the

longitudinal midpoint 28 on the lengthwise axis 26.

[0042] As used herein, the term “rib” refers to an outwardly-directed
protrusion extending from a surface. An individual rib can have any suitable
shape, including regular and irregular shapes, symmetrical and asymmetrical
shapes, and any other suitable shape. The term “series of ribs” refers to two or
more individual ribs. A series of ribs includes multiple ribs having the same

shape, size and or/configurations, a series of ribs having different sizes, shapes
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and configurations, a series of ribs spaced at regular intervals, such as a
toothed surface, a series of ribs spaced at different intervals, and a series of ribs
spaced at irregular intervals. Examples of suitable configurations for ribs
include one in which ribs extend toward an end of the sling and one in which

ribs extend toward the center of the sling.

[0043] Inclusion of the ribs 36 1s considered advantageous at least because
the outwardly-projecting structure of the rib provides additional surface area
beyond that of the respective side 18, 20 for contacting and/or engaging with
tissue within the body. This additional surface area is expected to enhance the
anchoring of the sling in the body as a result of the additional contact formed
between the sling and tissue. The ribs 36 are considered particularly
advantageous in slings formed of remodellable material, as described more

fully below.

[0044] The main body 12 defines a plurality of openings 38 that extend
through the thickness of the main body 12 from the first surface 22 to the
second surface 24. As such, each opening 38 defines a passageway that extends
through the main body. As best illustrated in Figure 1, a first series 40 of
openings 38 is disposed on the first ribbed portion 30, and a second series 42
of openings 38 is disposed on the second ribbed portion 32. Each series 40, 42
of openings 38 advantageously includes multiple sets of openings 38 of
identical dimensions. Advantageously, the openings 38 of one set have
different dimensions from the openings of all other sets in the series 40, 42. For
example, as best illustrated in Figure 1, each series 40, 42 of openings 38
includes four sets 44, 46, 48, 50 of openings 38. The openings 38 of each set
have dimensions that are identical with those of the other openings 38 in the

set, but that are different from those of the other sets.

[0045] It is noted that the openings of one set can have one or more
dimensions that differ from the same dimension or dimensions of openings of
another set while also have one or more dimension that is the same or
substantially similar to the same dimension or dimensions of the openings of
the other set. For example, each opening of one set may have a rectangular
shape having a length and width that differ from the length and width of a
rectangular-shaped opening of another set, but the two openings may have the

same overall area and/or perimeter length. As described below, the main body
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is advantageously formed of a bioremodellable material. Inclusion of multiple
series of openings having different dimensions while having the same or
substantially similar overall area and/or perimeter length is believed to
provide a desirable amount of surface area that can may aid in eflicient A first
end opening 52 is disposed at the first end 14 of the main body 12 and extends
through the thickness of the main body 12 from the first surface 22 to the
second surface 24. Similarly, a second end opening 54 is disposed at the
second end 16 of the main body 12 and extends through the thickness of the
main body 12 from the first surface 22 to the second surface 24. As such, each
end opening 52, 54 defines a passageway that extends through the main body
12.

[0046] As best illustrated in Figure 2, the first 22 and second 24 surfaces of
the main body 12 are substantially flat. It 1s noted, though, that it may be
advantages to include one or more bumps, projections or other surface
modifications on one or both of the surfaces 22, 24. Inclusion of such

modifications may improve the handling of the sling 10 during use.

[0047] The sling 10 can be formed of any suitable material, and a skilled
artisan will be able to select an appropriate material for a sling according to a
particular embodiment based on various considerations, including the tissue
with which the sling is intended to be used, the technique by which the sling
will be implanted, and other considerations. Both synthetic and natural
materials are considered suitable. Examples of suitable synthetic materials
include polymeric materials, such as polyethylene, polypropylene and other
flexible polymeric materials. Examples of suitable natural materials include
tissue and tissue-derived materials. The inventors have determined that slings
formed of bioremodellable materials are particularly well-suited for
securement of various tissues in human and other animals at least because of
the ability of such materials to remodel and become incorporated into
adjacent tissues over time. These materials can provide a scaffold onto which
cellular in-growth can occur, eventually allowing the material to remodel into
a structure of host cells, which aids in the effectiveness of the sling as a long-

term support of the tissue being secured.

[0048] Particular advantage can be provided by slings that incorporate a

remodelable collagenous material. Such remodelable collagenous materials,
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whether reconstituted or naturally-derived, can be provided, for example, by
collagenous materials isolated from a warm-blooded vertebrate, especially a
mammal. Such 1solated collagenous material can be processed so as to have
remodelable, angiogenic properties and promote cellular invasion and
ingrowth. Remodelable materials may be used in this context to stimulate
ingrowth of adjacent tissues into an implanted construct such that the
remodelable material gradually breaks down and becomes replaced by new

patient tissue so as to generate a new, remodeled tissue structure.

[0049] Suitable remodelable materials can be provided by collagenous
extracellular matrix (ECM) materials possessing biotropic properties. For
example, suitable collagenous materials include ECM materials such as those
comprising submucosa, renal capsule membrane, dermal collagen, dura
mater, pericardium, fascia lata, serosa, peritoneum or basement membrane
layers, including liver basement membrane. Suitable submucosa materials for
these purposes include, for instance, intestinal submucosa including small
intestinal submucosa, stomach submucosa, urinary bladder submucosa, and
uterine submucosa. Collagenous matrices comprising submucosa (potentially
along with other associated tissues) useful in the present invention can be
obtained by harvesting such tissue sources and delaminating the submucosa-
containing matrix from smooth muscle layers, mucosal layers, and/or other
layers occurring in the tissue source. For additional information as to some of
the materials useful in the present invention, and their 1solation and treatment,
reference can be made, for example, to U.S. Patent Nos. 4,902,508,
5,954,389, 5,993,844, 6,206,931, and 6,099,567.

[0050] Remodelable ECM tissue materials harvested as intact sheets from a
mammalian source and processed to remove cellular debris advantageously
retain at least a portion of and potentially all of the native collagen
microarchitecture of the source extracellular matrix. This matrix of collagen
fibers provides a scaffold to facilitate and support tissue ingrowth, particularly
in bioactive ECM implant materials, such as porcine small intestinal
submucosa or SIS (Surgisis® Biodesign™, Cook Medical, Bloomington IN),
that are processed to retain an effective level of growth factors and other

bioactive constituents from the source tissue. In this regard, when a sling
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incorporates this sort of material, cells will invade the remodelable material
upon implantation eventually leading to the generation of a newly-remodeled,

functional tissue structure.

[0051] Submucosa-containing or other ECM tissue used in the slings is
preferably highly purified, for example, as described in U.S. Patent No.
6,206,931 to Cook et al. Thus, preferred ECM material will exhibit an
endotoxin level of less than about 12 endotoxin units (EU) per gram, more
preferably less than about 5 EU per gram, and most preferably less than about
1 EU per gram. As additional preferences, the submucosa or other ECM
material may have a bioburden of less than about 1 colony forming units
(CFU) per gram, more preferably less than about 0.5 CFU per gram. Fungus
levels are desirably similarly low, for example less than about 1 CFU per gram,
more preferably less than about 0.5 CFU per gram. Nucleic acid levels are
preferably less than about 5 pg/mg, more preferably less than about 2 pg/mg,
and virus levels are preferably less than about 50 plaque forming units (PFU)
per gram, more preferably less than about 5 PFU per gram. These and
additional properties of submucosa or other ECM tissue taught in U.S. Patent
No. 6,206,931 may be characteristic of any ECM tissue used in the inventive

slings.

[0052] A typical layer thickness for an as-isolated submucosa or other ECM
tissue layer used in the invention ranges from about 50 to about 250 microns
when fully hydrated, more typically from about 50 to about 200 microns when
fully hydrated, although isolated layers having other thicknesses may also be
obtained and used. These layer thicknesses may vary with the type and age of
the animal used as the tissue source. As well, these layer thicknesses may vary
with the source of the tissue obtained from the animal source. In a dry state, a
typical layer thickness for an as-isolated submucosa or other ECM tissue layer
used in the invention ranges from about 30 to about 160 microns when fully

dry, more typically from about 30 to about 130 microns when fully dry.

[0053] Suitable bioactive agents may include one or more bioactive agents
native to the source of the ECM tissue material. For example, a submucosa or
other remodelable ECM tissue material may retain one or more growth

factors such as but not limited to basic fibroblast growth factor (FGF-2),

10
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transforming growth factor beta (I'GF-beta), epidermal growth factor (EGF),
cartilage derived growth factor (CDGYF), and/or platelet derived growth factor
(PDGF). As well, submucosa or other ECM materials when used in the
invention may retain other native bioactive agents such as but not limited to
proteins, glycoproteins, proteoglycans, and glycosaminoglycans. For example,
ECM materials may include heparin, heparin sulfate, hyaluronic acid,
fibronectin, cytokines, and the like. Thus, generally speaking, a submucosa or
other ECM material may retain one or more bioactive components that
induce, directly or indirectly, a cellular response such as a change in cell

morphology, proliferation, growth, protein or gene expression.

[0054] Submucosa-containing or other ECM materials used in a sling can be
derived from any suitable organ or other tissue source, usually sources
containing connective tissues. The ECM materials processed for use in the
mventive slings will typically include abundant collagen, most commonly being
constituted at least about 80% by weight collagen on a dry weight basis. Such
naturally-derived ECM materials will for the most part include collagen fibers
that are non-randomly oriented, for instance occurring as generally uniaxial or
multi-axial but regularly oriented fibers. When processed to retain native
bioactive factors, the ECM material can retain these factors interspersed as
solids between, upon and/or within the collagen fibers. Particularly desirable
naturally-derived ECM materials for use in the mvention will include
significant amounts of such interspersed, non-collagenous solids that are
readily ascertainable under light microscopic examination with appropriate
staining. Such non-collagenous solids can constitute a significant percentage
of the dry weight of the ECM material in certain inventive embodiments, for
example at least about 1%, at least about 3%, and at least about 5% by weight

in various embodiments of the invention.

[0055] The submucosa-containing or other ECM material used in the
mventive slings may also exhibit an angiogenic character and thus be effective
to induce angiogenesis in a host engrafted with the material. In this regard,
angiogenesis 1s the process through which the body makes new blood vessels to
generate increased blood supply to tissues. Thus, angiogenic materials, when

contacted with host tissues, promote or encourage the formation of new blood

11
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vessels into the materials. Methods for measuring in vivo anglogenesis in
response to bilomaterial implantation have recently been developed. For
example, one such method uses a subcutaneous implant model to determine
the angiogenic character of a material. See, C. Heeschen et al., Nature
Medicine 7 (2001), No. 7, 833-839. When combined with a fluorescence
microangiography technique, this model can provide both quantitative and
qualitative measures of angiogenesis into biomaterials. C. Johnson et al.,
Circulation Research 94 (2004), No. 2, 262-268.

[0056] Further, in addition or as an alternative to the inclusion of such native
bioactive components, non-native bioactive components such as those
synthetically produced by recombinant technology or other methods (e.g.,
genetic material such as DNA), may be incorporated into an ECM material
used in an inventive sling. These non-native bioactive components may be
naturally-derived or recombinantly produced proteins that correspond to
those natively occurring in an ECM tissue, but perhaps of a different species.
These non-native bioactive components may also be drug substances.
[ustrative drug substances that may be added to materials include, for
example, anti-clotting agents, e.g. heparin, antibiotics, anti-inflammatory
agents, thrombus-promoting substances such as blood clotting factors, e.g.,
thrombin, fibrinogen, and the like, and anti-proliferative agents, e.g. taxol
derivatives such as paclitaxel. Such non-native bioactive components can be
incorporated into and/or onto ECM material in any suitable manner, for
example, by surface treatment (e.g., spraying) and/or impregnation (e.g.,
soaking), to name a few. Also, these substances may be applied to the ECM
material in a premanufacturing step, immediately prior to the procedure (e.g.,
by soaking the material in a solution containing a suitable antibiotic such as

cefazolin), or during or after engraftment of the material in the patient.

[0057] Inventive devices can incorporate xenograft material (i.e., cross-
species material, such as tissue material from a non-human donor to a human
recipient), allograft material (i.e., interspecies material, with tissue material
from a donor of the same species as the recipient), and/or autograft material
(i.e., where the donor and the recipient are the same individual). Further, any

exogenous bioactive substances incorporated into an ECM material may be

12
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from the same species of animal from which the ECM material was derived
(e.g. autologous or allogenic relative to the ECM material) or may be from a
different species from the ECM material source (xenogenic relative to the
ECM material). In certain embodiments, ECM material will be xenogenic
relative to the patient receiving the graft, and any added exogenous material(s)
will be from the same species (e.g. autologous or allogenic) as the patient
receiving the graft. Illustratively, human patients may be treated with
xenogenic ECM materials (e.g. porcine-, bovine- or ovine-derived) that have
been modified with exogenous human material(s) as described herein, those

exogenous materials being naturally derived and/or recombinantly produced.

[0058] The inventors have determined that SIS 1s particularly well-suited for
use in the sling devices described herein at least because of its well-
characterized nature and ready availability. Furthermore, the inventors have
determined that vacuum-pressed SIS provides a particularly advantageous
material from which to form sling devices that include one or more series of
ribs, such as the sling 10 described above and illustrated in Figures | through
3. Lyophilized SIS can also be used, and may be advantageous for slings in
which a relatively quicker remodeling time 1s desired. Radiopaque SIS can
also be used, and may be advantageous for slings for which enhanced

visualization characteristics are desired.

[0059] The inventors have determined that a sling having a main body
formed of multiple layers laminated together provides a particularly
advantageous structure. Thus, the main body can comprise a multilaminate
construct. In these embodiments, any suitable number of layers can be used,
and a skilled artisan will be able to select an appropriate number of layers for a
particular sling based on various considerations, including the intended use of
the sling and nature of the tissue intended to be supported by the sling. The
inventors have determined that a sling having a main body formed of between
4 and 12 layers of an ECM material, such as SIS, provides a particularly
advantageous structure for slings intended for use in supporting the tongue of
a patient, such as in methods of treating OSA. A main body formed of
between 6 and 10 layers of an ECM material, such as SIS, is also considered
particularly advantageous. A main body formed of 8 layers of an ECM

material, such as SIS, is also considered particularly advantageous. In these

13
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embodiments, the layers can be assembled together in any suitable manner
and using any suitable technique or process. For multilaminate SIS constructs,
the inventors have determined that vacuum-pressing of multiple layers of SIS

provides a suitable laminate structure for use as a sling as described herein.

[0060] The inventors have determined that a hybrid structure may provide a
desirable balance between desired overall rigidity for the sling and relative
remodeling time. In this embodiment, a middle portion of the sling is formed
of lyophilized SIS, which provides a relatively quicker remodeling time, and
the perimeter sections, including the ribbed portions, are formed of vacuum-
pressed SIS, which provides a relatively high degree of overall rigidity. The
middle portion in this embodiment is expected to remodel relatively quickly
following implantation, enhancing the securement of the sling. An opposite
structure 1s also considered suitable and may be advantageous in certain

clrcumstances.

[0061] A hybrid structure in which a mesh is embedded inside an SIS or
other composition or between layers of SIS or of other material is also
considered suitable. For example, a polymeric mesh, such as a mesh formed of
polypropylene, can be disposed between layers of SIS during formation of the
sling. In these embodiments, the polymeric mesh will remain in the body
following completion of remodeling by the SIS, which may enhance the
overall anchoring of the supported tissue over time. A bioabsorable mesh, such
as a mesh formed of polyglycolic acid or other bioabsorbable material, can
also be included in the sling in this manner and may be advantageous where
supplemental support 1s desired that lasts beyond the remodeling time for the
SIS, but that does not have the permanency associated with a polypropylene
or other polymeric mesh. Examples of suitable structural arrangements of
polymer and remodelable layers can be found in United States Patent
Application Publication No. 2011/0166673 to Patel et al., for QUILTED
IMPLANTABLE GRAFT, the entire contents of which are hereby

mncorporated into this disclosure.

[0062] Figure 4 illustrates another exemplary sling 110. The sling 110 of this
embodiment 1s similar to the embodiment described above and illustrated in
Figures | through 3, except as described below. Thus, the sling 110 includes a
main body 112 having first 114 and second 116 opposing ends, first 118 and
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second 120 opposing sides, and first 122 and second (not illustrated in Figure
2) opposing surfaces. The sling includes first 140 and second 142 series of
openings 138.

[0063] In this embodiment, the sides 118, 120 are substantially flat surfaces.
Thus, in contrast to the embodiment illustrated in Figures 1 through 3, the
sling 110 does not include any outwardly-projecting ribs. Furthermore, the
sides 118, 120 are substantially parallel to each other along substantially the
entire length of the sling 110. Also, each of the openings 138 are substantially

similar in all dimensions.

[0064] Figures 5 and DA illustrate another exemplary sling 210. The sling
210 of this embodiment is similar to the embodiment described above and
illustrated in Figures | through 3, except as described below. Thus, the sling
210 includes a main body 212 having first 214 and second 216 opposing ends,
first 218 and second 220 opposing sides, and first 222 and second (not
illustrated in Figures 5 or DA) opposing surfaces. The sling 210 includes first
240 and second 242 series of openings 238.

[0065] Similar to the embodiment illustrated in Figure 4, the sides 218, 220
are substantially flat surfaces. Thus, in contrast to the embodiment illustrated
in Figures 1 through 3, the sling 210 does not include any outwardly-
projecting ribs. Also, each of the openings 238 has an ovoid or substantially

ovoid shape and all openings 238 are substantially similar in all dimensions.

[0066] The first 214 end defines a first end loop 252 and the second end 216
defines a second end loop 254. The first end loop 252 is disposed at the first
end 214 of the main body 212 and extends through the thickness of the main
body 212 from the first surface 222 to the second surface. Similarly, the second
end loop 254 is disposed at the second end 216 of the main body 212 and
extends through the thickness of the main body 212 from the first surface 222
to the second surface. As such, each end loop 252, 254 defines a passageway
that extends through the main body 212. It is noted that while the illustrated
sling 210 includes a loop at each end, a sling can include a single loop at one
end and a closed end or differently-formed loop at the other end. For example,

a sling can include an end loop at one end, such as first end loop 252, and a
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structure similar to any end from any embodiment described herein at the

opposite end.

[0067] In contrast to the first 52 and second 54 end openings of the first
exemplary sling 10, best illustrated in Figures 1 and 2, each of the first 252 and
second 254 end loops of this embodiment have a width 260 extending from a
first lateral side 262 to an opposing second lateral side 264 of the sling 210 and
along an axis orthogonal to a lengthwise axis of the sling 210 that is greater
than a width 270 extending from a first lateral side 218 to an opposing second
lateral side 220 of the sling 210 and along an axis that intersects a midpoint
272 of and is orthogonal to a lengthwise axis of the sling 210. This structure is
considered advantageous at least because it facilitates handling of the first 214
and second 216 ends of the sling 210 during use and also allows each of the
first end loop 252 and second end loop 254 to define a larger opening, which
facilitates engagement of the sling 210 with various tools that can be used
during placement around or through the tissue to be secured, such as the

tongue in the methods described in detail below.

[0068] A sling according to a particular embodiment can have any suitable
dimensions and a skilled artisan will be able to select appropriate dimensions
for a particular sling based on various considerations, including the nature,
location of and route of access to the tissue to be secured by the sling. The
inventors have determined that a sling intended to secure the tongue to the
mandible in accordance with a method described herein advantageously has a
length that is between about 25 cm and about 35 cm, a width at the
longitudinal midpoint that is between about 4 mm and about 8 mm, widths at
the ends that are between about 7 mm and about llmm — the two ends
having the same or different widths, an opening length that 1s between about 2
mm and about 3 mm, and an end loop opening length that is between about 2

mm and about 6bmm.

[0069] A sling according to an embodiment of the invention, such as the
various embodiments described and illustrated herein or other embodiments,
can include various additional properties, elements and/or associated devices
that facilitate the use of a particular sling in a particular method, such as any
of the exemplary methods of treatment described in detail below. For example,

a sling can include a structure, such as an embedded wire or other stiffening
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member, to facilitate handling and/or securement of the sling; one or more
radiopaque markers to facilitate visualization of the sling before, during or
after placement; external or other indicia that aid in the use of the sling;
and/or one or more sheaths to protect the sheath and/or to enhance the
ability of the sling to pass through passages within tissue, such as a tongue,

during use. Various examples of slings according to such embodiments are

described below.

[0070] Figure 6 illustrates another exemplary sling 310. The sling 310 of this
embodiment 1s similar to the embodiment described above and illustrated in
Figures | through 3, except as described below. Thus, the sling 310 includes a
main body 312 having first 314 and second 316 opposing ends, first 318 and
second 320 opposing sides, and first 322 and second (not illustrated in Figure

2) opposing surfaces.

[0071] In this embodiment, the sides 318, 320 are substantially flat surfaces.
Thus, in contrast to the embodiment illustrated in Figures 1 through 3, the
sling 310 does not include any outwardly-projecting ribs. Also, the sling 310

does not include any openings extending through the thickness of the main

body 312.

[0072] An elongate wire member 375 is disposed within the main body 312
and extends substantially along the length of the main body 312 from the first
end 314 to the second end 316. Inclusion of the elongate wire member 375
confers radiopacity onto the sling, which facilitates imaging of the sling 310
following implantation using appropriate imaging equipment and techniques,
such as fluoroscopy. Furthermore, the type, size and configuration of the
elongate wire member can be selected to enhance the rigidity and/or
pushability of the sling 310 and aid in the handling and implantation of the
sling 310, if desired.

[0073] If included, the elongate wire member 375 can be formed of any
suitable material, and a skilled artisan will be able to select an appropriate
material based on various considerations, including the desired rigidity of the
wire member and any visualization concerns and/or needs. Stainless steel 1s
considered particularly well-suited for the wire member at least because of its

well-characterized nature, ready availability, and its advantageous rigidity and
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imaging properties. Any other suitable material can be used, including other
metals, polymeric materials, and any other material now known or hereinafter
developed. Gold, platinum and other dense metals can be used for the
elongate wire member in slings for which imaging is critical or expected to be

challenging.

[0074] For slings in which an elongate wire member 375 is included, the
inventors have determined that vacuum-pressed remodellable material, such
as vacuum-pressed SIS, provides a suitable material for forming the main body
of the sling while facilitating placement of the elongate wire member within

the main body.

[0075] It i1s noted that while the elongate wire member is described and
illustrated as extending substantially along the length of the main body 312
from the first end 314 to the second end 316, any suitable length can be used,
including a length that is between 25 and 100% of the entire length of the sling
310, a length that is between 50 and 100% of the entire length of the sling 310,
a length that 1s between 75 and 100% of the entire length of the sling 310, a
length that is between 85 and 100% of the entire length of the sling 310, and a
length that is between 95 and 100% of the entire length of the sling 310.

[0076] Furthermore, while the elongate wire member 375 is described and
illustrated as having a substantially linear configuration, any suitable shape
and/or configuration can be used. Also, while the elongate wire member 375
is described and illustrated as being entirely contained within the sling 310, a
portion or portions of the elongate wire member 375 can extend through and
out of the sling 310 to facilitate removal from the sling 310 following

implantation, as described below.

[0077] It is also noted that while a single elongate wire member is described
and illustrated, the inventors have determined that it may be desirable to
include multiple wire members in slings according to particular embodiments.
For example, two elongate wire members positioned side-by-side may be
included if the ability to discern particular orientations of the sling under

visualization is desired.

[0078] As noted above, inclusion of the elongate wire member 375 enhances

the imaging characteristics of the sling 310 by providing a radiopaque body
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that can be visualized using appropriate equipment and techniques. A sling
can be modified to include appropriate structure and/or additional elements
to enhance its imaging characteristics using alternative imaging techniques, if
desired. For example, a sling can be rendered echogeneic by introducing
dimples onto a surface of a sling, by including beads or other structures on the
surface of a sling or embedded within the sling, by including bubbles in the
material of the sling, or by using other appropriate structures and/or elements.
A sling modified in this way can be visualized using ultrasound equipment and
techniques, which may be desirable in situations in which it is either not

possible or undesirable to use x-rays.

[0079] Other types and forms of markers can be used as well. For example,
as lustrated in Figure 7A, a sling 410 can include a radiopaque marker 470
positioned at a longitudinal midpoint 480 of the sling 410. This configuration
is considered advantageous at least because it facilitates visualization of the
midpoint 480 of the sling 410 during placement, which can aid in placing the

sling across a midpoint of a targeted tissue, such as the tongue.

[0080] Alternatively, as illustrated in Figure 7B, a sling 410’ can include two
radiopaque markers 472, 474 positioned on a longitudinal axis of the sling
410’ and separated by a predetermined distance. A clinician can use markers
472, 474 positioned in this configuration to verify that the markers 472, 474 lie
in a straight or substantially straight line, which can be indicative of a
placement in which the sling 410” or portion of the sling 410° has not rolled
onto itself or adopted any other undesirable configuration prior to a final

placement or securement.

[0081] Indeed, any suitable number, configuration and arrangement of
radiopaque markers can be included in a sling according to a particular
embodiment and a skilled artisan will be able to construct a sling with an
appropriate number, configuration and arrangement of such markers based on
various considerations, including the nature of the material from which the
sling 1s comprised, the intended use of the sling, and any desired visualization
techniques, methods and/or equipment with which the sling 1s intended to be

used.
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[0082] Furthermore, it 1s noted that, in any embodiment in which one or
more radiopaque marker is included, the marker or markers can be formed of
any suitable material, and a skilled artisan will be able to select an appropriate
material based on various considerations, including any visualization concerns
and/or needs. Gold, platinum and other dense metals are considered suitable

for this purpose.

[0083] In addition to radiopaque markers, different types and forms of
indicia can be used as well. For example, as illustrated in Figure 8, a sling 510
can include first 590 and second 592 series of indicia that mirror each other
relative to a longitudinal midpoint 580 of the sling 510. This configuration is
considered advantageous at least because it facilitates centering of the sling
510 during placement. For example, if two series of color-based indicia — each
comprising a set of differently-colored markers that mirrors the other — are
used, a clinician can adjust the sling 510 across the tongue following initial
placement in performance of a method, such as any of the methods described
herein, by pulling and/or advancing each end of the sling until indicia of the
same color are disposed adjacent the respective opening in the mandible, or at
the same distance from the respective opening in the mandible. Once such
positioning is achieved, the clinician has assurance that the sling 510 is
centered or substantially centered across the tongue and is able to proceed to

further secure the sling without further adjustment.

[0084] It is noted that any suitable number, configuration and arrangement
of indicia can be included in a sling according to a particular embodiment and
a skilled artisan will be able to construct a sling with an appropriate number,
configuration and arrangement of such indicia based on various
considerations, including the nature of the material from which the sling is
comprised and the needs of the users expected to be placing the sling. Color-
based indicia are merely exemplary, and any other suitable indicia can be
used, including indicia differentiated by structure such that tactile feedback

can be used to achieve a desired positioning.

[0085] Slings can include additional devices that facilitate their use. For
example, Figure 9 illustrates the sling 10 of Figures 1 through 3 disposed
within a sheath 602. The sheath 602 is an elongate, pouched-shaped member
with an open end 604 and an opposing closed end 606. The sheath 602
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defines and interior chamber 608 that is sized and configured to receive one
end of the sling 10. The sheath 602 advantageously fits snuggly over one end
of the sling 10 such that a gentle pulling force on the sheath 602 is required to
remove it from its position over the sling 10. Furthermore, the sheath 602
advantageously has an axial length that allows the sheath 602 to extend over
all ribs 36 on one longitudinal portion, such as a longitudinal half, of the sling

10 when that particular portion is diposed within the interior chamber 608.

[0086] Any suitable material can be used for the sheath 602, and a skilled
artisan will be able to select an appropriate material for a sling according to a
particular embodiment based on various considerations, including the material
of the sling and the desired handling properties of the sheath during
implantation of the sling. The inventors have determined that flexible
materials capable of sliding over the material of the main body of the sling
provide advantageous handling characteristics. Examples of suitable flexible
materials include low density polyethylene (LDPE) and other polymeric
materials. The flexible material should provide a degree of flexibility that will

aid in tunneling of the device during implantation, but should not roll on itself.

[0087] Figure 10 illustrates the sling 10 of Figures 1 through 3 disposed
within first 602 and second 610 sheaths. The first sheath 602 is the sheath
illustrated in Figure 9 and described above. The second sheath 610 is similar
to the first sheath 602, and thus comprises an elongate, pouched-shaped
member with an open end 612 and an opposing closed end 614. The sheath
610 defines and interior chamber 616 that is sized and configured to receive
the end of the sling 610 opposite the end disposed within the first sheath 602.
The sheath 610 1s also advantageous sized and configured as described above
for the first sheath 602, and can have the same, substantially the same, or a

different size and/or configurations than that of the first sheath 602.

[0088] Inclusion of one or both sheaths 602, 610 1s considered advantageous
at least because the sheaths 602, 604 can be used as a leading surface for blunt
dissection and tunneling during implantation of the sling 10. Using the sheaths
in this manner protect the sling 10 from any contact with tissue during this
process and is expected to reduce damage to the sling 10 that might otherwise
occur if the sling 10 was used as a dissection and/or tunneling device during

implantation.
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[0089] As illustrated in Figure 10, the inclusion of two sheaths 602, 610 that
are each capable of receiving and covering about a longitudinal half of the
sling 10 1s considered advantageous. These two sheaths 602, 610 can easily be
removed following the initial placement of the sling 10 by pulling gently on the
closed ends 606, 614 with forceps, fingers, or another tool until the sheaths
602, 610 slide over the covered portion of the sling 10.

[0090] Figure 11 isa schematic of an exemplary kit 700. The kit 700 includes
a sling 710 and one or more needles 712. The sling 710 can be a sling
according to any embodiment, including the sling illustrated in the Figure,
which includes first and second sheaths as described above. Instructions for use

714 of the kit 700 and/or the components can also be included.

[0091] The needle(s) 712 can be any suitable needle. Advantageously, at least
on of the needles 712 defines a notch adapted to engage one of the openings
defined by the main body of the sling 710 included in the kit 700.
Furthermore, as illustrated in Figure [ 1A and 11B, the kit 700 advantageously
includes two needles 712a, 712b having notches that extend away from the
respective longitudinal axis in opposite directions. The inclusion of such
different needles 712a, 712b allows one to be used for a pushing technique
during implantation of the sling 710 and the other to be used for a pulling
technique during implantation. Inclusion of both needles 712a, 712b allows a
user to select one according to personal preference. Furthermore, inclusion of
both needles 712a, 712b provides a complete procedural toolkit 700 for
implantations that may require use of both a pushing and a pulling technique,

such as the methods of treating obstructive sleep apnea described below.

[0092] Figure 12 is a flowchart illustration of an exemplary method 800 of
treating obstructive sleep apnea (OSA). Any suitable sling according an any
embodiment of the invention can be used in the method. Performance of the
method results in securement of the tongue of an animal, such as a human, via
the sling being looped around the tongue and secured to the mandible. With
the tongue secured in this manner, it is expected that the individual being

treated will experience fewer and/or reduced symptoms associated with OSA.
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[0093] An imitial step 802 comprises creating an opening in the mandible,
such as at the mental protuberance or chin. This step can be accomplished

using any suitable technique, including standard drilling techniques.

[0094] Another step 804 comprises engaging a sling with a needle such that a
pushing force applied on the needle will result in the sling being advanced
along with the needle, such as through a tissue. This step 802 can be
accomplished using a needle having a notch directed toward the lengthwise
axis of the needle and away from the distal end of the needle, such as the
needle 712b illustrated in Figure 11B. A portion of the sling, such as an edge of
the main body that partially defines an opening in the main body, is disposed
in the notch to facilitate the pushing of the needle and the sling as a unit.

[0095] Another step 806 comprises advancing the needle and attached sling
through the opening in the mandible.

[0096] Another step 808 comprises advancing the needle and attached sling
into and through a lower portion of the tongue until the distal end of the
needle and an end of the sling create an opening in the back of the tongue and

exit through the opening.

[0097] Another step 810 comprises advancing a second needle into the
opening in the mandible. This second needle advantageously has a notch
directed toward the lengthwise axis of the needle and toward the distal end of
the needle, such as the needle 712a illustrated in Figure 11A.

[0098] Another step 812 comprises advancing the second needle through a
lower portion of the tongue, laterally opposite the portion through which the
first needle and sling were advanced, until the distal end of the second needle
creates a second opening in the back of the tongue and exits through the

second opening.

[0099] Another step 814 comprises engaging the sling with the second
needle, such as by disposing a portion of the sling, such as an edge of the main
body that partially defines an opening in the main body, in the notch of the
second needle to facilitate the pulling of the second needle and the sling

through the tongue as a unit.
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[00100] Another step 816 comprises pulling the second needle and the sling
through the tunnel created during the step 812 of advancing the second needle
through the tongue until the end of the sling that has been advanced through
both portions of the tongue has exited the tunnel and ultimately exited the

opening in the mandible.

[00101] Another step 818 comprises pulling the tongue toward the front of
the mouth or mandible, such as by pulling on both ends of the sling, which 1s
now looped around the back of the tongue.

[00102] Another step 820 comprises securing the sling to a tissue to support
the tongue in the new position. This step can be accomplished using any
suitable structures and techniques for securing materials to tissues, including
installation of one or more bone screws at one or more anchor points under
the mandible gum line, the use of bioadhesives, sutures, or other suitable

structures and/or techniques.

[00103] An optional step 822 comprises closing the opening in the mandible,
such as by sealing the opening. This step can be conducted using any suitable
structure and/or technique, including the placement of bone cement in the

opening.

[00104] Additional optional steps can be included as appropriate. For
example, if one or more sheaths are included with the sling, a step of removing
the sheath or sheaths from the sling by gently pulling the sheath or sheaths
away from the sling can be included, and should be performed prior to the
step of securing the sling to a tissue to support the tongue in the new position.
Also, to aid in verification of a desired placement, the sling and/or the position
of the tongue can be visualized prior to securement using any suitable

technique, method and/or equipment, such as an appropriate endoscope.

[00105] Also, if the sling includes an elongate wire member, an optional step
of removing the elongate wire member from the sling can be included, if
desired. This step can be accomplished using any suitable technique, and the
specific technique selected will depend on the nature of the structure of the
sling. For example, if the elongate wire member contained entirely within the
sling, a use can create a nick or small cut in the sling to expose a portion of the

elongate wire member, and can then grasp the portion with forceps or other
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suitable tool and pull the portion until the elongate wire member is removed
from the sling. Similarly, if a portion of the elongate wire member extends out
of the sling, as described above, a user can simply grasp that portion and pull

until the elongate wire member is removed from the sling.

[00106] Figure 13 is a flowchart illustration of another exemplary method
900 of treating obstructive sleep apnea (OSA). Any suitable sling according
any embodiment of the invention can be used in the method. Performance of
the method results in securement of the tongue of an animal, such as a human,
via the sling being looped around the tongue and secured to the mandible.
With the tongue secured in this manner, it is expected that the individual

being treated will experience fewer and/or reduced symptoms associated with

OSA.

[00107] An imitial step 902 comprises pushing a first end of a sling into the
tongue of a patient to create a first tunnel through the tongue of said patient
until the first end of the sling has passed into, through and exited the tunnel at
the back of the tongue relative to the chin of said patient and a second end of

the sling remains outside the first tunnel.

[00108] Another step 904 comprises creating a second tunnel through the
tongue of said patient. This step can be accomplished using any suitable
technique, including passing a needle through the tongue of the patient. This
step 1s advantageously performed such that the second tunnel is laterally
opposite the first tunnel with respect to the lengthwise axis of the tongue, and
such that the second tunnel includes an opening toward the front of the tongue
and an exit at the back of the tongue, similar to the first tunnel. Also, any

suitable device and/or technique can be used for this step, including a needle.

[00109] Another step 906 comprises pulling the first end of the sling through
the second tunnel created in the tongue of said patient until the first end of the
sling has passed through the entire length of the second tunnel and the second
end of the sling remains outside the first tunnel. This step can be accomplished
in any suitable manner, such as by engaging the first end of the sling with a

needle used to form the second tunnel in step 904.

[00110] Another step 908 comprises securing the sling to the mandible of
said patient such that the tongue of said patient is pulled toward the chin of
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said patient by the sling. This step can be accomplished in any suitable
manner, including by securing the first and second ends of the sling to the

mandible at one or more anchor points along the mandible gum line.

[00111] Figure 14 is a flowchart illustration of another exemplary method
1000 of treating obstructive sleep apnea (OSA). Any suitable sling according
any embodiment of the invention can be used in the method. Performance of
the method results in securement of the tongue of an animal, such as a human,
via the sling being looped through the tongue and secured to the mandible.
With the tongue secured in this manner, it is expected that the individual

being treated will experience fewer and/or reduced symptoms associated with

OSA.

[00112] This exemplary method 1000 1s considered particularly
advantageous at least because it causes minimal aesthetic scaring for the
patient, and any resulting scar is positioned under the chin and not on the
front of the face. Furthermore, this method causes relatively minor
perforations at the back of the tongue to facilitate the exchange on the sling

between the needles used in the procedure.

[00113] An initial step 1002 comprises making an incision under the chin of
a patient. The incision can be made at any suitable location that allows for the
drilling of holes, as described below. Figure 15 is a schematic illustration of a
suitable location for the incision. Any suitable tool can be used to make the

incision.

[00114] Another step 1004 comprises moving the skin located adjacent the
incision made in step 1002 to expose the bone of the chin. Any suitable tool

can be used to move the skin.

[00115] Another step 1006 comprises creating two separate holes through
the chin of the mandible, such as by drilling through the mandible. The holes
can be drilled using a suitable bone drilling tool, and each hole should be of a
sufficient diameter to allow passage or a portion of the sling through the hole,
as described below. Also, it is considered advantageous to drill the holes as
close together as possible while retaining distinctness to facilitate tightening of
the sling, as described below. Furthermore, to facilitate positioning of the sling

relative to the tongue, the holes should be drilled with a slight upward angle.
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The holes can be made through the mental protuberance of the chin. Arrow A

in Figure 15 represents a suitable location and axis for the holes.

[00116] A block with pre-drilled holes positioned at a desired angle and/or
distance from each other can be used to guide the drilling of the holes through
the mandible. Use of such a block, while considered optional, is considered
advantageous at least because it is expected to reduce risk of error in the

positioning of the holes.

[00117] As an alternative, a single hole with two sub-channels that exit the
back of the mandible near the tongue could also be formed. Furthermore, a
single hole could be formed. The use of two separate and distinct holes is
considered advantageous, though, at least because of the relative ease of
formation and provision of separate passageways for the separate ends of the

sling, as described more fully below.

[00118] Another step 1008 comprises inserting a pull needle through the first
of the holes drilled in step 1006 and passing the needle through the tongue
until the tip of the needle forms a perforation at the back of the tongue. The
performance of this step will create a tunnel through the tongue. It is
considered advantageous to conduct this step such that the tunnel is formed in
a medial to lateral manner on the side of the tongue that corresponds to the

hole through which the pull needle has been inserted.

[00119] Another step 1010 comprises inserting a second pull needle through
the second of the holes drilled in step 1006 and passing the needle through the
tongue until the tip of the needle forms a second perforation at the back of the
tongue. The performance of this step will create a second tunnel through the
tongue. Similar to step 1008, it 1s considered advantageous to conduct this step
such that the second tunnel is formed in a medial to lateral manner on the side
of the tongue that corresponds to the second hole through which the second

pull needle has been inserted.

[00120] Another step 1012 comprises inserting a push needle having a first
end of a sling attached to it into the first perforation formed in the back of the
tongue in step 1008. The tip of the first pull needle can be used to guide the

push needle and attached sling into the first perforation.
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[00121] Once inserted into the first perforation, another step 1014 comprises
forcing the tip of the push needle through the base of the tongue along an axis
and to the second perforation formed in step 1010. The performance of this
step creates a third tunnel through the tongue that extends from the first

perforation to the second perforation.

[00122] Once the tip of the push needle reaches the second perforation,
another step 1016 comprises passing a portion of the sling through the third
tunnel. This step is advantageously performed until the sling is disposed
through the third tunnel with approximately half of its length positioned on
each side of the tongue.

[00123] Once a desired positioning of the sling is achieved, another step
1018 comprises attaching a portion of the sling to the first pull needle at the
back of the tongue. Any suitable attachment member and/or technique can be
used to accomplish this step, and a skilled artisan will be able to select an
appropriate attachment member and/or technique for a particular method
based on various considerations, including the nature of the sling being used.
A direct attachment between the sling and the pull needle can be used (e.g.,
securing a notch of the pull needle to a portion of the sling, such as an edge
adjacent an opening). Also, a suture with a knot can be looped around a

portion of the sling and secured in a notch of the pull needle.

[00124] Another step 1020 comprises attaching a portion of the sling to the
second pull needle at the back of the tongue. This step 1s similar to step 1018
and can be conducted in the same or different manner (e.g., using the same or

different attachment member and/or technique).

[00125] After both steps 1018 and 1020 have been conducted, another step
1022 comprises pulling the pull needles through the respective tunnels in the
tongue and out of the respective hole in the mandible. It is considered
advantageous to perform this step by pulling each of the needles
simultaneously and at substantially the same rate with substantially the same
force, but the needles can be pulled sequentially or with different rates and/or
forces if considered desirable and/or necessary. Performance of this step
results in each of the ends of the sling being pulled through one of the first and

second tunnels in the tongue. At the end of performance of this step, the ends
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of the slings extend outward from the holes in the mandible and the central

portion of the sling is looped around the base of the tongue.

[00126] After completion of step 1022, a step 1024 of tightening the sling by
pulling on the ends of the sling can be performed. This can be performed until
a desired placement of the tongue relative to the front of the mouth and/or the

mandible 1s achieved.

[00127] Another step 1026 comprises fixing the sling in position within each
of the holes. This step can be accomplished using any suitable material,
attachment member, and/or technique. An application of bone cement into

each of the holes is considered suitable.

[00128] Another step 1028 of trimming the sling, such as by cutting the
portion or portions of the sling that extend outward from the holes, can be
performed. If included, it is considered advantageous to include this step after
completion of step 1026. Furthermore, it is considered advantageous to
perform this step after a desired positioning and/or tensioning is achieved,

such as after completion of step 1024.

[00129] Another step 1030 of closing the incision under the chin can be
included. This step can be performed using any suitable attachment member

and or technique, such as sutures and clips.

[00130] Figure 16 is a flowchart illustration of another exemplary method
1100 of treating obstructive sleep apnea (OSA). Any suitable sling according
any embodiment of the invention can be used in the method. Performance of
the method results in securement of the tongue of an animal, such as a human,
via the sling being looped through the tongue and secured to the mandible.
With the tongue secured in this manner, it is expected that the individual

being treated will experience fewer and/or reduced symptoms associated with

OSA.

[00131] An initial step 1102 comprises creating two openings in the
mandible of the patient, such as at the mental protuberance or chin. This step
can be accomplished using any suitable technique, including standard drilling
techniques. It is considered advantageous to drill the holes as close together as

possible while retaining distinctness to facilitate tightening of the sling, as
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described below. Furthermore, to facilitate positioning of the sling relative to
the tongue, the holes should be drilled with a slight upward angle and directed
toward the back or base of the tongue. The arrow in Figure 15 represents a

suitable location and axis for the holes.

[00132] Another step 1104 comprises creating a passageway in the tongue of
a patient such that the passageway lies on a plane that is transverse to the
longitudinal axis of the tongue. Any suitable technique and tool can be used to

perform this step, including a needle or other tunneling instrument.

[00133] Another step 1106 comprises advancing a first device through the
first of the two openings in the mandible such that the device extends through
the entire opening, with a portion of the device outside of the opening and
adjacent the chin and another portion of the device outside of the opening and
adjacent the tongue. Any suitable device can be used and need only be able to
fit in and movable through the opening. A device with structural adaptations,
such as a hook or other suitable structure, can be used to facilitate engagement

of the sling, as described below.

[00134] Another step 1108 comprises advancing a second device through the
second of the two openings in the mandible such that the second device
extends through the entire second opening, with a portion of the second device
outside of the second opening and adjacent the chin and another portion of
the second device outside of the second opening and adjacent the tongue. Any
suitable device can be used and need only be able to fit in and movable
through the second opening. A device with structural adaptations, such as a
hook or other suitable structure, can be used to facilitate engagement of the

sling, as described below.

[00135] Another step 1110 comprises passing a device through the
passageway 1n the tongue such that a portion of the device extends beyond one
end of the passageway and another portion of the device extends beyond
another end of the passageway. Any suitable device can be used and need
only be able to fit in and movable through the second opening. A device with
structural adaptations, such as a hook or other suitable structure, can be used

to facilitate engagement of the sling, as described below.
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[00136] Another step 1112 comprises engaging a sling according to an
embodiment with one end of the device disposed through the passageway in

the tongue.

[00137] Another step 1114 comprises pulling the device disposed through
the passageway in the tongue and the attached sling through the passageway
in the tongue until the sling is disposed in the passageway with a portion of the
sling extending beyond one end of the passageway and another portion of the

sling extending beyond another end of the passageway.

[00138] Another step 1116 comprises engaging a first portion of the sling,
such as the first end of the sling, with the tongue-adjacent end of the first
device disposed in the first of the two openings in the mandible such that a
pulling force applied to the first device will result in the first end of the sling
being pulled along with the first device through the first opening in the

mandible.

[00139] Another step 1118 comprises engaging a second portion of the sling,
such as the second end of the sling, with the tongue-adjacent end of the second
device disposed in the second of the two openings in the mandible such that a
pulling force applied to the second device will result in the second end of the
sling being pulled along with the second device through the second opening in
the mandible.

[00140] Another step 1120 comprises pulling the first and second devices
and the first and second ends of the sling through the respective openings in

the mandible until each end of the sling has exited the respective opening.

[00141] Another step 1122 comprises pulling the tongue toward the front of
the mouth or mandible by pulling on one or both of the first and second

devices and/or one or both of the first and second ends of the sling.

[00142] Another step 1124 comprises securing the sling to a tissue, such as
the mandible, to support the tongue in the new position. Optionally, another
step can comprise sealing the openings in the mandible, such as with bone

cement or other suitable composition and/or technique.
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[00143] Figure 17 is a flowchart illustration of another exemplary method
1200 of treating obstructive sleep apnea (OSA). Any suitable sling according
any embodiment of the invention can be used in the method. Performance of
the method results in securement of the tongue of an animal, such as a human,
via the sling being looped through the tongue and secured to the mandible.
With the tongue secured in this manner, it is expected that the individual
being treated will experience fewer and/or reduced symptoms associated with

OSA.

[00144] An initial step 1202 comprises creating a first longitudinal tunnel in
the tongue. This step can be accomplished using any suitable technique and
device, such as a needle. The step is advantageously performed such that a
tunnel is formed through the tongue that extends upward from a position on
the lower surface of the anterior portion of the tongue to a position on the
opposite surface on the posterior or base portion of the tongue. Arrow A in
Figure 15 represents a suitable location and axis for the first longitudinal

tunnel.

[00145] Another step 1204 comprises creating a second longitudinal tunnel
in the tongue. This step can be accomplished using any suitable technique and
device, such as a needle. The step is advantageously performed such that a
second tunnel is formed through the tongue that extends upward from a
second position on the lower surface of the anterior portion of the tongue to a
second position on the opposite surface on the posterior or base portion of the
tongue. Arrow A in Figure 15 represents a suitable location and axis for the
first longitudinal tunnel. The axis of the second tunnel advantageously lies on
the same or substantially the same plane as the axis of the first tunnel, but it 1s

not necessary that the tunnels have this structural arrangement.

[00146] Another step 1206 comprises creating a transverse tunnel in the
tongue. This step can be accomplished using any suitable technique and
device, such as a needle. The step is advantageously performed such that the
axis of the transverse tunnel is substantially orthogonal to an axis of one or
both of the first and second longitudinal tunnels, although this structural
arrangement of the tunnels is not necessary. Indeed, the transverse tunnel can
be formed such that its axis extends at any angle to the longitudinal axis of the

tongue. Advantageously, the transverse tunnel extends across the posterior
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surface of the tongue, opposite the mandible, in the mid-region or base of the

tongue.

[00147] Another step 1208 comprises advancing a sling through the
transverse tunnel such that a portion of the sling is disposed in the transverse
tunnel and such that the first end of the sling extends outward from an end of
the transverse tunnel and the second end of the sling extends outward from the
other end of the transverse tunnel. This step can be accomplished using any
suitable sling, such as any of the embodiments described and illustrated herein,
and any suitable technique and device, such as a needle. This step can be
accomplished by pushing the sling through the transverse tunnel or by pulling
the sling through the transverse tunnel, and a skilled artisan will be able to
select a suitable approach in the performance of a particular method based on
various considerations, including the nature of the sling being used and the

space available in the cavity within which the sling is being placed.

[00148] Another step 1210 comprises pulling the first end of the sling
through the first longitudinal tunnel. This step can be accomplished using any
suitable technique and device, such as a needle, clamp or other device adapted
to engage a portion of the sling and hold the portion while pulling the portion

through a tunnel.

[00149] Another step comprises pulling the second end of the sling through
the second longitudinal tunnel. This step can be accomplished using any
suitable technique and device, such as a needle, clamp or other device adapted
to engage a portion of the sling and hold the portion while pulling the portion

through a tunnel.

[00150] Another step 1214 comprises securing the sling to a tissue, such as
the mandible or tissue located in the mouth, to support the tongue in the new
position. This step advantageously comprises securing a first portion of the
sling to the tissue and securing a second portion of the sling to the same or
different tissue. Any suitable technique, devices, and/or apparatuses can be
used to accomplish the securing, including bone cement, adhesives, and

sutures and other mechanical attachment members.

[00151] The foregoing detailed description refers to exemplary occlusion

devices and includes the best mode for practicing the invention. The

33



WO 2013/010169 PCT/US2012/046923

description and the appended drawings illustrating the described devices are
intended only to provide examples and not to limit the scope of the claims in

any manner.
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What 1s claimed 1s:
1. A sling, comprising:

a main body extending along a lengthwise axis and having first and
second opposing ends, a longitudinal midpoint, first and second opposing
sides, first and second opposing surfaces, and a first width extending from the
first side to the second side orthogonally to the longitudinal axis and through
the longitudinal midpoint;

the first end defining a first end loop defining a first passageway
extending through the main body from the first surface to the second surface,
the first end having a second width extending orthogonally to the longitudinal

axis; and

the second end defining a second end loop defining a second
passageway extending through the main body from the first surface to the
second surface, the second end having a third width extending orthogonally to

the longitudinal axis;

wherein one of the second and third widths is greater than the first
width.

2. The sling of claim 1, wherein the main body defines an opening extending

through the main body from the first surface to the second surface.

3. The sling of claim 1, wherein the main body defines a plurality of openings,
each opening of the plurality of openings extending through the main body

from the first surface to the second surface.

4. The sling of claim 1, wherein the main body comprises a polymeric

material.
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5. The sling of claim 1, wherein the main body comprises a remodelable

material.

6. The sling of claim 5, wherein the remodelable material comprises an

extracellular matrix material.

7. The sling of claim 6, wherein the extracellular matrix material comprises

small intestine submucosa (SIS).

8. The sling of claim 1, wherein the main body comprises a multilaminate

construct.

9. The sling of claim 8, wherein the main body is formed of multiple layers of

remodelable material.

10. The sling of claim 9, wherein the remodelable material comprises an

extracellular matrix material.

11. The sling of claim 10, wherein the extracellular matrix material comprises

small intestine submucosa.

12. The sling of claim 8, wherein the main body comprises a polymeric layer

disposed between layers of remodelable material.

13. The sling of claim 12, wherein the polymeric layer comprises a mesh.

36



WO 2013/010169 PCT/US2012/046923

14. The sling of claim 12, wherein the polymeric layer comprises a

bioabsorbable material.

15. The sling of claim 1, further comprising a radiopaque marker disposed on

the longitudinal axis at the longitudinal midpoint.

16. The sling of claim 1, further comprising first and second radiopaque
markers, the first radiopaque marker disposed adjacent the first end loop and

the second radiopaque marker disposed adjacent the second end loop;

wherein the first and second radiopaque markers are disposed

equidistanly from the longitudinal midpoint.

17. A method of treating Obstructive Sleep Apnea in a patient, said method

comprising the steps of:
creating first and second openings in the mandible of said patient;
creating a transverse tunnel in the tongue of said patient;

advancing a sling having first and second ends through the transverse
tunnel such that a portion of the sling is disposed in the transverse tunnel and
such that the first end of the sling extends outward from an end of the
transverse tunnel and the second end of the sling extends outward from the

other end of the transverse tunnel;

advancing the first end of the sling through the first opening in the

mandible of said patient;

advancing the second end of the sling through the second opening in

the mandible of said patient;
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advancing the first and second ends of the sling away from the
mandible of said patient to advance the tongue toward the front of the

mandible of said patient; and

securing the sling to the mandible of said patient to support the tongue.

18. A method of treating Obstructive Sleep Apnea in a patient, said method

comprising the steps of:

creating first and second longitudinal tunnels in the tongue of said
patient, each longitudinal tunnel extending through said tongue from a first
position on a first surface of said tongue to a second position on a second,

opposite surface of said tongue;
creating a transverse tunnel in said tongue;

advancing a sling having first and second ends through the transverse
tunnel such that a portion of the sling is disposed in the transverse tunnel and
such that the first end of the sling extends outward from an end of the
transverse tunnel and the second end of the sling extends outward from the

other end of the transverse tunnel;

advancing the first end of the sling through the first longitudinal

tunnel;

advancing the second end of the sling through the second longitudinal
tunnel such that the sling 1s looped through said tongue;

securing the sling to a tissue of said patient to support said tongue.

19. The method of claim 18, wherein the step of advancing the second end of
the sling comprises pulling the second end of the sling through the second

longitudinal tunnel.
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20. The method of claim 19, wherein the step of advancing the first end of the
sling comprises pulling the first end of the sling through the first longitudinal

tunnel.
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