DEVI CES AND METHODS FOR DI LATI NG A PARANASAL SI NUS OPENI NG AND FOR TREATI NG
SINUSI TIS Cross-References to Rel ated Applications [0001] This application
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si nuses.enfretypni ¢ nmucosal congestion of the sinuses can cause damage to the
epitheliumthat lines the sinus with subsequent decreased oxygen tension
and mcrobial gromh (e.g., a sinus infection). [0003] The term"sinusitis"
refers generally to any infl amrat iotnodictiorf ecti on of the paranasal sinuses
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these passageways becomes inflamed for any reason, the cavities which drain through

that passageway can become blocked. This blockage can be periodic (resulting in
episodes of pain) or chronic. This interference with drainage of mucus (e.g., occlusion
of a sinus ostium) can result in mucosal congestion within the paranasal sinuses.
Chronic mucosal congestion of the sinuses can cause damage to the epithelium that
lines the sinus with subsequent decreased oxygen tension and microbial growth (e.g., a
sinus infection).

[0003] The term “sinusitis” refers generally to any inflammation or infection of the
paranasal sinuses caused by bacteria, viruses, fungi (molds), allergies or combinations
thereof. It has been estimated that chronic sinusitis (e.g., lasting more than 3 months)
results in 18 million to 22 million physician office visits per year in the United States.
Patients who suffer from sinusitis typically experience at least some of the following
symptoms: headaches or facial pain, nasal congestion or post-nasal drainage, difficulty
breathing through one or both nostrils, bad breath and/or pain in the upper teeth. Thus,
one of the ways to treat sinusitis is by restoring the lost mucus flow.



limted period of tinme using mnimally invasive insertion procedures for
dilating a stenotic opening, such as a stenotic sinus opening, are
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ot her nasal and/or sinus disorders. [0005] Aspects of the present disclosure
i nclude a nmethod of dilating a stenotic opening of a paranasal sinus in a
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over a period of 4 hours or more, where the expanded configuration dilates the stenotic
opening.
[0006] In certain embodiments, the method includes removing the device from
the stenotic opening at a point in time after the device has expanded to the expanded
configuration.
[0007] In some instances, the paranasal sinus is a frontal sinus, a sphenoid
sinus or a maxillary sinus.
[0008] In some cases, the device includes at least one anchor configured to
maintain the device within the stenotic opening.
[0009] In certain instances, the method includes anchoring the device within the
stenotic opening.
[0010] In certain embodiments, the driver is configured to expand the
expandable portion by at least one of osmosis, a shape memory metal, a spring, a
swellable polymer, a thermal expansion of a gas, a thermal expansion of a liquid, a gas-
generating chemical reaction and a phase change expansion of a material.
[0011] In some cases, the device includes a conduit defining an interior lumen,
where the conduit includes a distal end configured to be in fluid communication with an
interior lumen of the paranasal sinus in the subject and a proximal end configured to be
in fluid communication with a nasal cavity in the subject, and where the conduit is
configured to allow fluid flow between the interior lumen of the paranasal sinus and the
nasal cavity when the device is positioned within the stenotic opening.
[0012] In certain embodiments, the expandable portion includes a
semipermeable membrane.



[0011] I n sone cases, the device includes a conduit defining an interior
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[0018] In some instances, the drug includes an antibiotic, an anti-inflammatory
drug, a local anesthetic, an analgesic or a combination thereof.

[0019] In some cases, the drug is an antibiotic selected from the group consisting
of levofloxacin, moxifloxacin, amoxicillin, clavulanic acid, clarithromycin, azithromycin,
cefuroxime, ciprofloxacin, salts thereof and combinations thereof.

[0020] In certain cases, the drug is an anti-inflammatory drug selected from the
group consisting of methylprednisolone, dexamethasone, salts thereof and
combinations thereof.

[0021] In certain instances, the method is for the treatment of a subject having
sinusitis. For example, certain embodiments include the device as described herein for
use in the treatment of sinusitis.

[0022] In some instances, the driver is configured to expand the expandable
portion from the non-expanded configuration to the expanded configuration over a
period of 4 hours to 14 days.

[0023] In some embodiments, the driver is configured to expand the expandable
portion from the non-expanded configuration to the expanded configuration over a
period of 1 day to 10 days.

[0024] In certain cases, the driver is configured to expand the expandable portion
from the non-expanded configuration to the expanded configuration over a period of 2
days to 8 days.

[0025] In some instances, the device includes a bioerodible material.

[0026] In certain cases, the non-expanded configuration has a diameter of 5 mm
or less.

[0027] In certain embodiments, the paranasal sinus is a maxillary sinus and the

expanded configuration has a diameter ranging from 5 mm to 10 mm.
[0028] In certain instances, the paranasal sinus is a frontal sinus and the

expanded configuration has a diameter ranging from 3 mm to 5 mm.



[0018] I n sone instances, the drug includes an antibiotic, an
anti-inflanmmatory drug, a |local anesthetic, an anal gesic or a conbination
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more, where the expanded configuration dilates the stenotic opening.
[0031] In certain embodiments, the paranasal sinus is a frontal sinus, a sphenoid
sinus or a maxillary sinus.
[0032] In some instances, the device includes at least one anchor configured to
maintain the device within the stenotic opening.
[0033] In certain cases, the driver is configured to expand the expandable portion
by at least one of osmosis, a shape memory metal, a spring, a swellable polymer, a
thermal expansion of a gas, a thermal expansion of a liquid, a gas-generating chemical
reaction and a phase change expansion of a material.
[0034] In some instances, the device includes a conduit defining an interior
lumen, where the conduit comprises a distal end configured to be in fluid
communication with an interior lumen of the paranasal sinus in the subject and a
proximal end configured to be in fluid communication with a nasal cavity in the subject,
and where the conduit is configured to allow fluid flow between the interior lumen of the
paranasal sinus and the nasal cavity when the device is positioned within the stenotic

opening.

[0035] In some cases, the expandable portion includes a semipermeable
membrane.

[0036] In some instances, the conduit includes a semipermeable membrane.
[0037] In certain cases, the conduit includes an impermeable material.

[0038] In some embodiments, the expandable portion includes an impermeable
membrane.

[0039] In certain cases, the conduit includes a semipermeable membrane.
[0040] In some instances, the device includes a drug reservoir configured to

deliver a drug while the device is positioned within the stenotic opening.
[0041] In certain embodiments, the drug comprises an antibiotic, an anti-
inflammatory drug, a local anesthetic, an analgesic or a combination thereof.
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fromthe non-expanded configuration to the expanded configuration over a
period of 2 days to 8 days. [0025]In sone instances, the device includes a
bi oer odi bWe 20twsn47al . [ 0026] I n certain cases, the non-ePpadeel1/049452
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group consisting of methylprednisolone, dexamethasone, salts thereof and

combinations thereof.

[0044]

In some cases, the device is configured for the treatment of a subject

having sinusitis.

[0045]

In some instances, the driver is configured to expand the expandable

portion from the non-expanded configuration to the expanded configuration over a

period of 4 hours to 14 days.

[0046]

In some embodiments, the driver is configured to expand the expandable

portion from the non-expanded configuration to the expanded configuration over a

period of 1 day to 10 days.

[0047]

In certain embodiments, the driver is configured to expand the

expandable portion from the non-expanded configuration to the expanded configuration

over a period of 2 days to 8 days.

[0048] In some instances, the device includes a bioerodible material.

[0049] In some cases, the device consists essentially of the bioerodible material.
[0050] In certain instances, the non-expanded configuration has a diameter of

5 mm or less.

[0051] In some cases, the paranasal sinus is a maxillary sinus and the expanded

configuration has a diameter ranging from 5 mm to 10 mm.

[0052]

In certain embodiments, the paranasal sinus is a frontal sinus and the

expanded configuration has a diameter ranging from 3 mm to 5 mm.

[0053]

In certain cases, the paranasal sinus is a sphenoid sinus and the

expanded configuration has a diameter ranging from 2 mm to 3 mm.

[0054]

Aspects of the present disclosure also include a device for dilating a

stenotic opening of a paranasal sinus in a subject, where the device includes a self-

expanding driver configured to expand an expandable portion from a non-expanded

configuration to an expanded configuration, and the expandable portion disposed

peripherally around the driver and configured to expand from the non-expanded

configuration to the expanded configuration, where the non-expanded configuration is

sized to be positioned within the stenotic opening.



stenotic opening of a paranasal sinus in a subject. The device includes an
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expand t he expandabl e portion from the non-expanded configuration to the
expanded configuration over period of 4 hours or nore, where the expanded
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opening such that a greater amount of drainage is allowed through the stenotic opening
as compared to the undilated stenotic opening.

[0060] In some instances, the device includes a conduit defining an interior
lumen, where the conduit comprises a distal end configured to be in fluid
communication with an interior lumen of the paranasal sinus in the subject and a
proximal end configured to be in fluid communication with a nasal cavity in the subject,
and where the conduit is configured to allow fluid flow between the interior lumen of the
paranasal sinus and the nasal cavity when the device is positioned within the stenotic

opening.

[0061] In certain instances, the expandable portion includes a semipermeable
membrane.

[0062] In certain cases, the conduit includes a semipermeable membrane.
[0063] In some cases, the conduit includes an impermeable material.

[0064] In some instances, the expandable portion includes an impermeable
membrane.

[0065] In some embodiments, the conduit includes a semipermeable membrane.
[0066] In certain embodiments, the device includes at least one of (i) a distal

anchor proximate to the distal end of the device, and (ii) a proximal anchor proximate to
the proximal end of the device, where the distal and proximal anchors are each
configured to maintain the device within the stenotic opening.

[0067] In some instances, the device includes a drug reservoir configured to
deliver a drug while the device is positioned within the stenotic opening.



[0038] I n sone enbodi nents, the expandabl e portion includes an inperneable
menbrane. [0039]In certain cases, the conduit includes a sem perneabl e
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configured to deliver a drug while the device is positioned within the
stenotic opening. [0041]1n certain enbodi nents, the drug conprises an
antibiotic, an anti- inflammtory drg@ a Iocal anest hetic, an anal gesic or

a conbi 18968n t helnswme oasepgheshey s ?%P@:‘PPE@?@%MW@@T@@M}' A% ome

cases, taf'l@cﬁra%ﬁst'hétl@ranadﬁeﬂldésfbtdrca é‘cﬁh@ﬁéﬁ thessr.t he group consisting of
IevofloxaC|n noxi fl'oxacin, anmoxicillin, clavulanic acid, clarithromycin,

azi t hr od§R8H. cef AsRBENE, the PEasent dizelesure alsq ingluge adsyice derilgln®Anat i ons
t her eof é%é%})éﬁnﬁ%\‘ haarRgesSnud e bt whetB 1 dviddhbRBER Qf 3n dr ug

sel ect ecf from
osmotic driver configured to expand an expandable portion from a non-expanded
configuration to an expanded configuration; and (b) the expandable portion disposed
peripherally around the driver and configured to expand from the non-expanded
configuration to the expanded configuration, where the non-expanded configuration is
sized to be positioned within the stenotic opening.
[0070] In certain embodiments, the driver is configured to expand the
expandable portion from the non-expanded configuration to the expanded configuration
over a period of 0.5 hours or more.
[0071] In certain cases, the driver is configured to expand the expandable portion
from the non-expanded configuration to the expanded configuration over a period of 4

hours or more.

[0072] In some instances, the osmotic driver includes an osmotically active
agent.
[0073] In some cases, the device includes a conduit defining an interior lumen,

where the conduit comprises a distal end configured to be in fluid communication with
an interior lumen of the paranasal sinus in the subject and a proximal end configured to
be in fluid communication with a nasal cavity in the subject, and where the conduit is
configured to allow fluid flow between the interior lumen of the paranasal sinus and the
nasal cavity when the device is positioned within the stenotic opening.

[0074] In certain instances, the expandable portion includes a semipermeable
membrane.

[0075] In some cases, the conduit includes a semipermeable membrane.
[0076] In certain embodiments, the conduit includes an impermeable material.
[0077] In certain cases, the expandable portion includes an impermeable
membrane.

[0078] In some instances, the conduit includes a semipermeable membrane.
[0079] In some cases, the device includes at least one of (i) a distal anchor

proximate to the distal end of the device, and (ii) a proximal anchor proximate to the
proximal end of the device, where the distal and proximal anchors are each configured
to maintain the device within the stenotic opening.



group consi sting of methyl predni sol one, dexamet hasone, salts thereof and
conbi nations thereof. [0044] I n sone cases, the device is configured for the
t r eat mrentwof2or/sudyBect having sinusitis. [0045] 1 n sone PASIUSRACIe@®4945he
driver is configured to expand the expandabl e portion fromthe non-expanded
configuration to the expanded configuration over a period of 4 hours to 14
days. [0Q046]1n sone enbodi nents, the driver is confi%ured to expand the
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conduit defining an interior lumen, where the conduit includes a distal end configured to
be in fluid communication with an interior lumen of the paranasal sinus in the subject
and a proximal end configured to be in fluid communication with a nasal cavity in the
subject, and where the conduit is configured to allow fluid flow between the interior
lumen of the paranasal sinus and the nasal cavity when the device is positioned within
the stenotic opening; (b) a self-expanding driver disposed on an exterior surface of the
conduit and configured to expand an expandable portion from a non-expanded
configuration to an expanded configuration; and (c) the expandable portion disposed
peripherally around the driver and configured to expand from the non-expanded
configuration to the expanded configuration, where the non-expanded configuration is
sized to be positioned within the stenotic opening.

[0083] In certain embodiments, the device includes at least one of (i) a distal
anchor proximate to the distal end of the conduit and (ii) a proximal anchor proximate to
the proximal end of the conduit, where the distal and proximal anchors are each
configured to maintain the device within the stenotic opening.

[0084] In certain instances, the device includes a drug reservoir configured to
deliver a drug while the device is positioned within the stenotic opening.

[0085] In some cases, the expandable portion includes a semipermeable
membrane.

[0086] In some embodiments, the conduit includes a semipermeable membrane.
[0087] In certain instances, the conduit includes an impermeable material.
[0088] In some cases, the expandable portion includes an impermeable
membrane.

[0089] In certain cases, the conduit includes a semipermeable membrane.
[0090] In some instances, the driver is configured to expand radially outward

from the conduit.
[0091] In some embodiments, the driver includes an osmotically active agent.
[0092] In certain instances, the conduit is substantially non-collapsible.



[ 0051] I n sone cases, the paranasal sinus is a maxillary sinus and the
expanded configuration has a dianeter ranging from5 nmto 10 nm [0052]1In
certain enbadizmsnmi’s, the paranasal sinus is a frontal siPalaISa0d/0gd4382
expanded configuration has a dianeter ranging from3 mmto 5 mm [0053]In
certain cases, the paranasal sinus is a sphenoid sinus and the expanded
conflguratlon has a di aneter ran fron12,nn1to 3. mm 0054{As pects of
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opening; and
[0094] In certain instances, the kit includes two or more devices.
[0095] In some instances, the kit includes a first device and a second device,

where the expanded configuration of the second device has a diameter that is greater
than the diameter of the expanded configuration of the first device.

[0096] In some cases, the kit includes one or more sinus ostium sizing probes for
sizing the stenotic opening.

[0097] Aspects of the present disclosure also include a device for dilating a
stenotic opening in a subject, where the device includes: (a) an osmotic driver
configured to expand an expandable portion from a non-expanded configuration to an
expanded configuration; and (b) the expandable portion disposed peripherally around
the driver and configured to expand from the non-expanded configuration to the
expanded configuration, where the non-expanded configuration is sized to be
positioned within the stenotic opening.

[0098] In certain instances, the driver is self-expanding when in contact with
tissue of the subject.

[0099] In some cases, the driver is configured to expand the expandable portion
from the non-expanded configuration to the expanded configuration over a period of 0.5
hours or more.

[00100] In certain instances, the driver is configured to expand the expandable
portion from the non-expanded configuration to the expanded configuration over a
period of 4 hours or more.

[00101] In certain embodiments, the device includes a conduit defining an interior
lumen, where the conduit is configured to allow fluid flow therethrough when the device
is positioned within the stenotic opening.

[00102] In certain cases, the driver is disposed on an exterior surface of the

conduit.



portion fromthe non-expanded configuration to the expanded confi guration
over a period of 4 hours or nore. [0057]1n sone cases, the driver is

conf i gur edotr012¢8peAdd t he expandabl e portion by at | east POmAISeI1104995%5i S, a
shape nmenory netal, a spring, a swellable polyner, a thermal expansion of a
gas, a thermal expansion of a liquid, a gas-generating chem cal reaction
and a phase change expansion of a materi al LO 58] I n certain cases, the

driver ilA810%es afsRESHYTitRaPIgPeREisHasSWEaRO | f'B@%Q]mﬁhg%ﬁfad'@%%@ t he
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great er anpunt of rai nage is all owed roug the stenotic openi ng as
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cont | Ut iRgl dinfibifbd 1§ OFBIAR 4 L. LlbaAaBaSBhdiANidolll t he subj ect,

and where 'S con ured etween t he
i nt er i orexpamaesd @ﬁnflgh@tlparmmmeame sdmaspanaedichefigiagtidn ismidedytowken t he devi ce
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expandabl™e "poftion inc qesc BPELEN erne rane certain
cases, tdositioninddiadilitates |dildibs @f tbemqaena:repéﬁueag okthibrsabject. [ 0063] I n sone cases,
the conduit includes an inperneable material. [0064]1n sonme instances, the
expandabl e portion includes an inperneable

Brief Description of the Figures

[00104] Fig. 1 is a partial cutaway view of a human head showing the positions of
the frontal sinuses (FS) and the maxillary sinuses (MS);

[00105] Fig. 2 is a sectional view of a portion of a human head showing the
positions of the frontal sinus (FS) and the sphenoid sinus (SS);

[00106] Fig. 3 is a sectional view of an osmotically driven device for dilating a
paranasal sinus opening, in a non-expanded configuration, according to embodiments
of the present disclosure;

[00107] Fig 4 is a sectional view of the device shown in Fig. 3, in an expanded
configuration, according to embodiments of the present disclosure;

[00108] Fig. 5 is a sectional view of an embodiment of an osmotically driven
device for dilating a paranasal sinus opening, in a non-expanded configuration,
according to embodiments of the present disclosure;

[00109] Fig. 6 is a sectional view of the device shown in Fig. 5, in an expanded
configuration, according to embodiments of the present disclosure;

[00110] Fig. 7 is a side perspective view of an embodiment of an osmotically
driven device for dilating a paranasal sinus opening, in a non-expanded configuration,
according to embodiments of the present disclosure;

[00111] Fig. 8 is a sectional view of the device shown in Fig. 7, taken along line
VIl - VIII, according to embodiments of the present disclosure;

[00112] Fig. 9 is a sectional view of the device shown in Fig. 7, taken along line 1X
— IX, according to embodiments of the present disclosure;

[00113] Fig. 10 is a side perspective view of the device shown in Fig. 7, in an
expanded configuration, according to embodiments of the present disclosure;
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menbrane. [0065]1n sonme enbodi ments, the conduit includes a sem perneable
menbrane. [0066]In certain enbodi nents, the device includes at | east one of
(1) a diswalmmshes proximte to the distal end of the @#€wiuse)r1andstii) a
proxi mal anchor proximte to the proximal end of the device, where the

di stal and proxi mal anchors are each configured to maintain the device

Wi thin the stenotjic o eni ngqslogoom ]I n sope instances, the device includes a

drug red@VAlr cokigi b %'IW'%Pf hedayiseiiewa ip hi9- 48viaken AONGHBPt | oned

wi thin te st s&szirduﬁ?wembasumenW%thﬂé%4&%95&@8@/@82011/ 049452 [0068] I n sone
cases, the drug includes an antibiotic, an anti-inflamatory drug, a | ocal

anest het[pQ115Jn anBi0gb3isca sectignalonew phan exPansabledioly e YEASISHSEd00f t he
present i) SBHERaSH USRI, RN R0 lecloh il SBERRGIE openi ng of
ev ncl udes

a paranasal sinus in a subject, where the i ce a) an osnotic
driver camhngne@aotmeawpmdmlwmndam e portion froma non-expanded

confi gurgg | e rlg%g ortion
di spose& peri pherglpl ?%ﬁ%g@%mﬁﬁméﬁ%@% o%ggeconwgﬁfgaq?o%%ip h?rcgm t he
non- ex paedéglreieT, iageerdingda etmbodineerds phieauesam disglosate; on, where the

non- exPABHECONT LUT A 2B diansi ASH of 8 B pBARd: BNEA AL B mkeot ©

openi ng O]In I men river gure 0 expand
t he driven device for dllatlng a paranasal sinus opening, in a non-expanded configuration,

according to embodiments of the present disclosure;

[00118] Fig. 15 is a sectional view of the device shown in Fig. 14, in an expanded
configuration, according to embodiments of the present disclosure;

[00119] Fig. 16 is a side perspective view of a device for inserting an expandable
device into a paranasal sinus opening, according to embodiments of the present
disclosure;

[00120] Fig. 17 is a cross sectional view of a portion of the device shown in Fig.
16, according to embodiments of the present disclosure;

[00121] Fig. 18 is a cross sectional view of the device shown in Figs. 16 and 17 in
relation to a maxillary sinus opening, according to embodiments of the present
disclosure;

[00122] Fig. 19 is a cross sectional view of the device shown in Fig. 16
immediately after the dilation device has been inserted into the paranasal sinus
opening, according to embodiments of the present disclosure;

[00123] Fig. 20 is a perspective view of a device that includes an attachment
portion (e.g., a loop) for facilitating removal of the device from the stenotic opening,
according to embodiments of the present disclosure;

[00124] Fig. 21 is a side perspective view of an embodiment of an osmotically
driven device for dilating a paranasal sinus opening, in a non-expanded configuration,
according to embodiments of the present disclosure;

[00125] Fig. 22 is a sectional view of the device shown in Fig. 21, taken along line
XXII = XXII, according to embodiments of the present disclosure;

[00126] Fig. 23 is a sectional view of an embodiment of an osmotically driven
device for dilating a paranasal sinus opening, in a non-expanded configuration,
according to embodiments of the present disclosure;
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expandabl e portion fromthe non-expanded configuration to the expanded
configuration over a period of 0.5 hours or nore. [0071]In certain cases,

t he drivewoi2812080678gur ed t o expand t he expandabl e porti @QTUSREN OS2

non- expanded configuration to the expanded configuration over a period of 4
hours or nore. [0072]1n sonme instances, the osnotic driver includes an
osnnticall¥ active agent. OD73ﬂLn sone cases, the device includes a

condui t [8@F374i ng BB £hiser pestionaindsly ofierdevicReshewRdu Y- €8nipransa®agde st al

end confdogtigRetidr abSorbmgfth hiboaPREMHE bE ki PBsaMt bildcRBuigAt erior | unmen of the
paranasal sinus in the subject and a proxi nal end configured to be in fluid

communi d891281 wi t Rida2h isshseciqnakuew af amembagdimant of amasmALsadly OR¥eRondui t i s
confi gurgd: il | b of ; ' ' ot he paranasal
o nus arVichdoralit b dha s RO, I8 ot baed AR BulRh L he

st enot i AcepEitiong.en@aimenta of thetRipsent giackastess, t he expandabl e porti on

 nol udedo8 ¥ perARaR) & SHRhRGiaipbaRp| daif Ty 28ERs thieer e,
condui t dilalorutbstedan vitrepebexaatplee2 atesfii al . [ 0077] 1 n certain cases, the
expanda%&:ﬂﬁ rei C)IE'ig! Qﬁ% %dfara%‘ﬂ oif @Wft%ﬂgiame?er%m&ﬁﬁe for osmotic dilators
tested in vitro in Example 2 hereof;
[00131] Fig. 27 is a graph of dilator diameter versus time for osmotic dilators
tested in vitro in Example 2 and in vivo in Example 3 hereof;
[00132] Fig. 28 is a graph of dilator weight gain (mg) versus time for osmotic
dilators tested in vitro in Example 2 and in vivo in Example 3 hereof;
[00133] Fig. 29 is a graph of maxillary sinus opening diameter versus time
following dilation with osmotic dilators tested in vivo in Example 3 hereof;
[00134] Fig. 30 is a graph of dilator diameter versus time for osmotic dilators
tested in vitro in Example 5 and in vivo in Example 6 hereof;
[00135] Fig. 31 is a graph of dilator weight gain (wt %) versus time for osmotic
dilators tested in vitro in Example 5 and in vivo in Example 6 hereof;
[00136] Fig. 32 is a graph of average maxillary sinus opening diameter versus
time following dilation with osmotic dilators tested in vivo in Example 3 hereof;
[00137] Fig. 33 is a sectional view of an embodiment of an anchor for an
osmotically driven device for dilating a paranasal sinus opening, in a non-expanded
configuration, according to embodiments of the present disclosure;
[00138] Fig. 34 is a sectional view of the anchor shown in Fig. 33, in an expanded
configuration, according to embodiments of the present disclosure;
[00139] Fig. 35 is a sectional view of an embodiment of an anchor for an
osmotically driven device for dilating a paranasal sinus opening, in a non-expanded
configuration, according to embodiments of the present disclosure;
[00140] Fig. 36 is a sectional view of the anchor shown in Fig. 35, in an expanded
configuration, according to embodiments of the present disclosure; and
[00141] Fig. 37 is a cross sectional view of a device for inserting an expandable
device into a paranasal sinus opening, according to embodiments of the present
disclosure.
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[0078] I n sone instances, the conduit includes a sem perneabl e nenbrane.
[0079] I n sonme cases, the device includes at |east one of (i) a distal
anchor prwRi2oefs04760 t he di stal end of the device, and (PCI/US2@noxd4anl
anchor proxinmate to the proxi mal end of the device, where the distal and
proxi mal anchors are each configured to maintain the device within the
stenotic opening. WD 2012/ 030673PCT/ US2011/049452 [0080] I n certain cases,
the device includes a drug resdei@iigd PesEHRIATEG to deliver a drug while the
devi ce ievitesi tioned within the stenotic opening. [0081]In certain

enbodi nents, the drug includes an antibiotic, an anti- inflammtory drug, a
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device includes at | east one of f(Ii )r ziindi s%al oan AfiaLration over
portion from the non-expanded configuration to the expanded configuration over a
period of 4 hours or more. In certain embodiments, the device includes a conduit
defining an interior lumen, where the conduit is configured to allow fluid flow
therethrough when the device is positioned within the stenotic opening. In some
instances, the driver is disposed on an exterior surface of the conduit.
[00143] According to embodiments of the present disclosure, devices (also
referred to as a sinus dilator) for dilating a stenotic opening of a paranasal sinus in a
subject include an expandable portion and a driver. In certain embodiments, the driver
is configured to expand from a non-expanded configuration to an expanded
configuration. The driver may be configured to expand in volume from a non-expanded
configuration to an expanded configuration. The non-expanded configuration of the
device may be sized to be positioned within the stenotic opening. During use, the
driver is configured to expand in size t0 an expanded configuration, where the
expanded configuration dilates the stenotic opening.
[00144] In certain embodiments, the driver is configured to be a self-expanding
driver. By “self-expanding” is meant that the driver may expand from the non-expanded
configuration to the expanded configuration without external intervention from a user or
a health care practitioner. For example, the self-expanding driver may be self-
contained, such that the driver is configured to expand without connection to an
external pressure source. As such, self-expanding drivers as described herein function
without the need for an external pressure source or a pressure monitoring device. In

some cases, the self-expanding driver expands from the non-expanded configuration to
13



anchor proximate to the distal end of the conduit and (ii) a proxinal
anchor proximate to the proxinmal end of the conduit, where the distal and
proxi mal wWochysoese each configured to nmaintain the deeCTaSentionss2 he
stenotic opening. [0084]1n certain instances, the device includes a drug
reservoir configured to deliver a drug while the device is positioned

W thin the stenoti c gpening. [0085]1n sone cases, the expandabl e portion

i ncl udedne¥RAR06E CRBH r@t'%worq'm)%}*|frﬁ%m$éugﬁﬂeaﬁa@ﬁv'§onm% condui t

i ncl Ude%@n&ﬁ@b@@ib@%h'&e”@%@r@ﬂﬁceltﬂ@%@]fJe&pﬁﬁdlh@Uﬁvérrﬂﬁéﬁ@%ﬁd floRgtHeondui t
I ncl udes an inpernmeable material. [0088]In sone cases, t'he expandable

portion WOH&X@ae@echepnﬂsﬁ@tlﬁeé%ﬂ@ Qﬁ’l@ﬁ?’%éonf[g@i(%@PIWOB@ibﬁgﬁbmgc‘&%tééfro'mhe
condui t heshielstid, BROLPS! MBI RITRBRNASINChIABBLE. RATEsayences, the

driver is conflgur to expand radially outward fromthe conduit. [0091]1n
sone enisxgAMGng §rlvera@atwba/@crnflgntﬂdda@gpamd Heraxphadable padionwé thegdayice by

various ways, such as, but not limited to, an osmotic agent, a swellable agent (e.g., a
swellable polymer), combinations thereof, and the like.

[00145] In certain embodiments, the driver is configured to begin expanding upon
insertion of the device into the stenotic opening of the subject. The terms “insert” or
“‘insertion” and “implant” or “implantation” are used herein interchangeably to describe
the positioning of a device in a stenotic opening of a subject for a period of time. In
some instances, the driver is configured to begin expanding within seconds or minutes
after insertion of the device into the stenotic opening. In some cases, the driver is
configured to begin expanding in 60 min or less, such as 45 min or less, or 30 min or
less, including 10 min or less, or 5 min or less, such as 1 min or less, after insertion of
the device into the stenotic opening.

[00146] In some instances, the driver is configured to begin expanding after a
period of time has elapsed after the device has been inserted into the stenotic opening
of the subject. For example, the driver may be configured to begin expanding 30 min or
more, such as 45 min or more, including 60 min or more, or 90 min or more, 120 min or
more, or 180 min or more after the device has been inserted into the stenotic opening
of the subject.

[00147] In certain embodiments, the driver includes a swellable agent. In some
cases, the swellable agent may be configured to expand upon absorption of fluid from
the surrounding tissues after insertion of the device into the stenotic opening of the
subject. For example, the swellable agent may be configured to absorb water from the
surrounding tissues and expand.

[00148] Swellable agents suitable for use in the driver include, but are not limited
to, water swellable polymers such as thermo-plastic urethane (TPU), poly ethylene
oxide (PEO), hydroxypropylmethyl cellulose, polyvinyl alcohol, carboxymethylcellulose,
sodium carboxymethylcellulose, poloxamer, polyethylene glycol, carbomer,
methylcellulose, gelatin, xanthan gum, guar gum, amylose starches, alginates, and
combinations thereof. In certain embodiments, the swellable agent may include, but is
not limited to, the following: chemically cross-linked organic polymers, such as cross-
linked sodium carboxymethyl cellulose (Ac-di-Sol; FMC Corp., Philadelphia, PA), and
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[0092] I n certain instances, the conduit is substantially non-collapsible.
WO 2012/ 030673PCT/ US2011/ 049452 [ 0093] Aspects of the present disclosure

al so i nclwoeor/iddd73i ncl udi ng: (a) a device for dil ati ngPaTAiSeeo0#BSDPENi Ng
of a paranasal sinus in a subject; and (b) instructions for using the
device to dilate the stenotic opening. The device includes: (1) an
expandabl e portion configured to ex&and froma non- expanded configuration
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contact fyc\)ﬁrrg ’Phe surrounding tissues after insertion of the device into the stenotic opening of the
subject and expand. Suitable osmotically active agents are described in more detail
below. In certain embodiments, the osmotic agent is configured to have a zero order
rate of expansion. By “zero order” is meant that the rate of volume expansion of the
osmotic agent is approximately constant and is independent of the surrounding solute
concentration.
[00150] Embodiments of the presently disclosed devices include an expandable
portion. The expandable portion is configured to expand from a non-expanded
configuration to an expanded configuration. In certain embodiments, the expandable
portion is configured to expand in size from a non-expanded configuration to an
expanded configuration. The expandable portion may be configured to expand in size
without significantly increasing in volume, such as by stretching in one or more
dimensions from the non-expanded configuration. The expandable portion may be
positioned peripherally around the driver. For instance, the expandable portion may be
disposed on an exterior surface of the driver. In these embodiments, expansion of the
underlying driver expands the expandable portion from its non-expanded configuration
to its expanded configuration.
[00151] Aspects of the present disclosure include devices that have an
expandable portion, where the expandable portion includes a membrane. The
membrane may be an elastic membrane, such that the membrane is configured to
expand from the non-expanded configuration to the expanded configuration, as

described herein. In certain instances, the membrane is a semipermeable membrane.

15



tissue of the subject. [0099]1n sone cases, the driver is configured to
expand t he expandabl e portion fromthe non-expanded configuration to the
expanded wonbiniveBi on over a period of 0.5 hours or nOPET/USIALO@J4EN
certain instances, the driver is configured to expand the expandabl e
portion fromthe non-expanded configuration to the expanded confi guration
over a perjod of 4 hours or nore. %nielm ]In certain enbodi nents, the device
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membrane that is not significantly permeable to solvent or solute. Impermeable
membranes do not allow significant amounts of solvent (e.g., water) or solute molecules
to pass through the membrane by osmosis even in the presence of a solute
concentration gradient across the membrane.

[00153] In certain embodiments, the device includes a conduit that defines an
interior lumen of the device. The conduit includes a distal end configured to be in fluid
communication with an interior lumen of the paranasal sinus in the subject. As used
herein, the term “distal” refers to the end of the device that is inserted through a
paranasal sinus opening of the subject and remains within the sinus cavity during use.
The conduit also includes a proximal end configured to be in fluid communication with a
nasal cavity in the subject. As used herein, the term “proximal” refers to the end of the
device that remains on the nasal cavity side of the stenotic opening when the device is
positioned in the stenotic opening during use.

[00154] In some cases, the conduit may be configured to allow fluid flow between
the paranasal sinus in the subject and the nasal cavity when the device is positioned
within the stenotic opening. In some instances, the conduit is configured to allow fluid
and/or air to flow from the paranasal sinus to the nasal cavity of the subject. For
example, the conduit may be configured to facilitate drainage of fluid from the paranasal
sinus in the subject to the nasal cavity when the device is positioned within the stenotic
opening. In some cases, the conduit may be configured to facilitate the flow of air into
and out of the paranasal sinus in the subject.

[00155] In certain embodiments, the driver is disposed on an exterior surface of
the conduit. The driver may be disposed on the exterior surface of the conduit at a
position between the distal end and the proximal end of the conduit. For example, the
driver may be positioned between a distal anchor at the distal end of the conduit and a
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Brief Description of the Figures [00104]Fig. 1 is a partial cutaway view of
a human head show ng the positions of the frontal sinuses (FS) and the
maxi | | ar ywei2n1egse676 VS) ; [ 00105] Fig. 2 is a sectional vi@arafS2@1ersst on of a
human head showi ng the positions of the frontal sinus (FS) and the sphenoid
sinus (SS); [00106]Fig. 3 is a sectional view of an osnotically driven
device for dilating a paranasal sinus ogenin I N a non-expanded

be Bit. Ao

conf i guPERXIBA! ancPeb AR K P8Mal et HaR e ?ﬁcég%qme@i%éh%sur e;

[ 00107] RixBadddute porsiBR ey pd@.t@ﬁe@fpehbﬁerd@/a@@némmem frhds, iSthds@ an
expanded configuration, ‘according to enb ments of the present disclosure;

[ 00108] FENROCEMEREs the SiveigR AISPFeaOBHVesn teBrarorswage ohHenonstit 8ad fRe dri ven
devi ce fRbnglhd khdtia |e°@drﬁ<5}aSéJ< E?Hsfb‘ﬁsof(?rﬁ@?ﬂl\f&’exbéh& A8y EMRRgded

configuration, accor to enmbodi nents o resent disclosure;
[ 00109] Faxgandablcsp@rtlgeémrrbltmmonremﬁr@ed ph@flmatiwosus@man@d@cgnflgBratlDln. an

expandeqog¥y! 9ur ALl oARE ARG NErh& iRIRRSLABB T cRs WREeRhETRN, di sclosure;

completely surrounds the conduit. The driver may be disposed on the exterior surface
of the conduit around the entire periphery of the conduit. In certain embodiments, the
driver surrounds the conduit around the central portion of the conduit, where the distal
end of the conduit may have a distal anchor and the proximal end of the conduit may
have a proximal anchor, as described in more detail herein. In some instances, the
driver includes one or more subunits, where each subunit is disposed on the exterior
surface of the conduit. The one or more driver subunits may be positioned such that
they are in contact with the adjacent one or more driver subunits. Alternatively, the one
or more driver subunits may be positioned such that there is a channel between the
driver subunits (see e.g., Figs. 7-11). In certain instances, the channel between the
driver subunits extends along the exterior surface of the conduit from the distal end of
the conduit to the proximal end of the conduit. The channels may be configured to
allow fluid and/or air to flow between the paranasal sinus and the nasal cavity of the
subject. In certain cases, the channels are configured to allow fluid and/or air to flow
from the paranasal sinus to the nasal cavity of the subject. For example, the channels
may be configured to facilitate drainage of fluid from the paranasal sinus in the subject
to the nasal cavity when the device is positioned within the stenotic opening. In some
cases, the channels may be configured to facilitate the flow of air into and out of the
paranasal sinus in the subject.

[00157] In certain embodiments, the walls of the conduit are substantially rigid.
The walls of the conduit may be substantially rigid, such that the conduit maintains
substantially the same shape and size during use of the device. For instance, the
conduit may maintain substantially the same interior diameter during use of the device.
In some instances, the walls of the conduit are substantially rigid, such that pressure
exerted on the exterior surface of the conduit by the driver does not significantly
decrease the interior diameter of the conduit. For example, the walls of the conduit
may be substantially rigid, such that the conduit is not crushed by the driver during use
of the device. In some instances, the driver is configured to expand radially outward
from the conduit. As discussed above, the walls of the conduit may be substantially
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[00110]Fig. 7 is a side perspective view of an enbodi nent of an osnotically
driven device for dilating a paranasal sinus opening, in a non-expanded
conf i gur avpani2/@eeer di ng to enbodi nents of the present @#CIAISeGIN0E9452
[00111]Fig. 8 is a sectional view of the device shown in Fig. 7, taken
along line VIII - VIll, according to enbodi nents of the present disclosure;
[00112]Fig s a sectlonal vi ew of the device shown in Fi 7, taken

al ong | |r|9éd I”X‘S eXPRNSIge Ob G iiyet Brayhsstierisstradigly puwasy é‘é’é}’\frgm 88| osure;

[00113] Fs'ugstaﬂiﬁ)aﬂtysrlgﬁi %niseofﬁﬁééeﬁ@d.ﬂ VF.%(p\éh@an%f tHelWivae M ofily DU difforfT it 7, 1N
an expanded con uration, according to enbodi nents of the present

di scl os§ogduit m@@l‘ﬁﬂ@ﬁ@?@%ﬁh@ﬁ@i’ﬂ 0R92BY. [ 00114]Fig. 11 is a sectional

vi ew of evi ch haMerhBodiménislth \X/Qf%ed?tr?éf&% hiighe spbstantlily ngfeor di ng to
enbodi mantssgf t he present dcrscngsuree [ 00115 FlcﬁJ S%%ss%nse}épl onal view

of an exyoHartdye eTbﬁM@H@pf ihei cpaduit enay ke Jubstantially non- coIIapS|bIe such that the
conduit is configured to maintain an opening in the conduit during use of the device.

For example, the walls of the conduit may be substantially non-collapsible, such that
the conduit is not crushed by the driver during use of the device. In some cases, a non-
collapsible conduit maintains substantially the same shape and size during use of the
device. For instance, the conduit may maintain substantially the same interior diameter
during use of the device. In some instances, the walls of the conduit are substantially
non-collapsible, such that pressure exerted on the exterior surface of the conduit by the
driver does not significantly decrease the interior diameter of the conduit. As discussed
above, the driver may be configured to expand radially outward from the conduit and,
as such, the walls of the conduit may be substantially non-collapsible, such that
expansion of the driver is directed radially outward away from the substantially non-
collapsible walls of the conduit. Expansion of the driver radially outward from the
conduit may facilitate dilation of the stenotic opening. A substantially non-collapsible
conduit may be rigid, as described above, or may be flexible and adapted to bend from
its original shape. In some instances, a flexible conduit facilitates insertion of the sinus
dilator in a sinus ostium.

[00159] In certain instances, the conduit includes a membrane. The conduit
membrane may be a semipermeable membrane. In certain instances, the conduit
membrane is a non-collapsible semipermeable membrane. In some cases, the conduit
membrane is a rigid semipermeable membrane. The membrane may be configured to
be permeable to solvent but not significantly permeable to solute across a
concentration gradient, such that the membrane allows solvent (e.g., water) molecules
to pass through the membrane by osmosis from a region of low solute concentration to
a region of high solute concentration until a state of dynamic equilibrium is reached.
For instance, the membrane may be configured to allow water to pass through the
membrane by osmosis from an interior lumen of the conduit to the surrounding driver
until a state of dynamic equilibrium is reached.

[00160] In some embodiments, the device includes a conduit that includes a
semipermeable membrane, a surrounding driver, and an overlying expandable portion

that includes a semipermeable membrane. In these embodiments, the device may be
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dilati ng a paranasal sinus opening, in a non-expanded configuration,
according to enbodi nents of the present disclosure; [00116]Fig. 13 is a
sect i onalwoi2enrR/3h67Bhe devi ce shown in Fig. 12, in an expamdsa011/049452
configuration, according to enbodi nents of the present disclosure;
[00117]Fig. 14 is a sectional view of an enbodi ment of an expandable
pol ymer driven device for d| | at i n&)&ggar anasal sinus opening, in a

non- exp&RABIHER i AIAYY SRIVIH (€- 8o M 35 BrAYeRIaeEhine seMiperaissPles ent
di scl oswxBand4Mp&kibh herddrahé p# ogﬁn@&.bcahalthmugwmé sérﬁ@eﬁﬁé’éb?@cérﬁtﬁﬂm in Fig.

14, in an expanded configuration, accord nbodi nents of the present
di scl os upeMbiane Py PEmagis. 1 ,ega@p?i e Cﬂﬁé’ﬂ@d@éY PO EONHIGIFEG IO loMesaleent f&r

i nserti s@'fhr?@?ﬂféaééhﬁ Qr% ?audéole%ﬁé}ﬁé\%ﬁé fr%hﬂ‘l"né seRBOhdIAg tigGeer ding to

enbodi nents o he present re; [00120] Fi g. IS a cross sectional
vi ew of tathsoundesliingfdrivee aaé\aiS@eaIchﬁnﬂvanht@a}s t_hLI@Ughémeﬁth@gerﬁtéﬁ?rbodl ment s

Shut he ReBRBThAElonheg hANAIN BN ol CURSRIRREBEFe o0 of Lhe

accordi r[go‘t&i]errbotduO’d&eft@ﬂbﬁdlmhetSpmmtcedmdudmcwjdun that includes a
semipermeable membrane, a surrounding driver, and an overlying expandable portion
that includes an impermeable membrane. In these embodiments, the device may be
configured to allow solvent (e.g., water) to pass through the semipermeable conduit
membrane by osmosis but not allow significant amounts of solvent (e.g., water) to pass
through the impermeable expandable portion membrane. For example, the device may
be configured to allow solvent to pass through the semipermeable conduit membrane
from an interior lumen of the conduit to the surrounding driver, but not allow significant
amount of solvent to pass through the impermeable expandable portion membrane to
the driver.
[00162] In yet other embodiments, the conduit includes an impermeable material.
In some cases, the impermeable material is an impermeable membrane. For instance,
the device may include a conduit that includes an impermeable membrane, a
surrounding driver, and an overlying expandable portion that includes a semipermeable
membrane. In these embodiments, the device may be configured to allow solvent (e.g.,
water) to pass through the semipermeable expandable membrane by osmosis but not
allow significant amounts of solvent (e.g., water) to pass through the impermeable
conduit membrane. For example, the device may be configured to allow solvent to
pass through the semipermeable expandable portion membrane from the surrounding
tissues to the underlying driver, but not allow significant amount of solvent to pass
through the impermeable conduit membrane from the interior lumen of the conduit to
the surrounding driver.
[00163] Aspects of the device may include a distal anchor configured to maintain
the device within the stenotic opening during use of the device. The distal anchor may
be connected to the device proximate to the distal end of the device. For example, the
distal anchor may be connected to the device proximate to the distal end of the conduit.
In some cases, the distal anchor is configured to prevent the device from premature
explantation from the stenotic opening. The distal anchor may facilitate maintaining the
device within the stenotic opening for a desired period of time until the device is
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[00122]Fig. 19 is a cross sectional view of the device shown in Fig. 16

I mredi ately after the dilation device has been inserted into the paranasal
si nus opempDregi2/@ecer di ng to enbodi nents of the present @#CIAISeGIN0&9452
[00123]Fig. 20 is a perspective view of a device that includes an
attachment portion (e.g., a loop) for facilitating renoval of the device
fromthe stenotic openi ngqoaccordl ng to enbodi nents of the é)lresent

di scl osyPBOVEDBIP4NESIPnoba opaniag By Hie Y& opadrrliR coicdPEFsiahdle 6B BNt of

an osnoidnitdintertts | theRisiadneRor i9%a rilédrinidAlafcHRfr steA%a! bt MY EmABER, g, 1N a
non- expanded configuration, according to enmbodi ments of the present

di scl osdioek. a barbpschangp, atethes ad sreckikeoriaceriaiagages. i dighal pBNCE fown i n Fi g.
21, t ak%nﬁé&@@ 0 f’n@ﬁtﬁ%ltﬂe de\)@@ \LVIthlﬁ%@ét@hBﬂ: SO AR ad%{métefeth@f esent

di scl osure; [ 00126] Fi g. I's a sectional view of” an enbodi ment of an
osnot i cas glseatﬁﬁﬂv&!hth@éirﬁlrﬁ@tef of thaistenotingpanipar anasal si nus opening, in a
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vi ew of Sturfeceiefvhheeiegllcemﬂ herridtiogal XBface mayrbeesqudigdesd to increase the friction
between the exterior surface of the device and the surrounding tissues when the device
is in use. Increasing the friction between the exterior surface of the device and the
surrounding tissues may facilitate retention of the device in the stenotic opening of the
subject during use. For example, the frictional surface may have a rough topography
that includes an exterior surface shaped as, for example, washboard, rings, waffle
pattern, snow tire pattern, pebble finish, shark skin texture, combinations thereof, and
the like.
[00165] In certain cases, the device includes an adhesive disposed on an exterior
surface of the device. In some cases, the membrane includes an adhesive. The
membrane may be configured such that the adhesive elutes to the external surface of
the device during use. The adhesive may facilitate retention of the device in the
stenotic opening of the patient during use. Examples of suitable adhesives include, but
are not limited to, carbomer, low molecular weight hydroxypropyl methylcellulose,
combinations thereof, and the like.
[00166] In some cases, the distal anchor is configured to allow the device to be
inserted into the stenotic opening. The distal anchor may have an outside diameter that
is substantially the same as the outside diameter of the device when the device is in a
non-expanded configuration. In some instances, the distal anchor has an outside
diameter that is greater than the diameter of the conduit. In certain embodiments, the
distal anchor has a tapered shape, such that the distal end of the distal anchor has a
diameter that is less than the diameter of the proximal end of the distal anchor (see
e.g., Figs. 5 and 6). In certain embodiments, the distal anchor is configured such that
the distal anchor has a diameter that is smaller during insertion of the device into the
stenotic opening as compared to the diameter of the distal anchor after the anchor
portion of the device has been inserted into the paranasal sinus.
[00167] In certain embodiments, the distal anchor is a flexible anchor. In some
cases, the flexible distal anchor is configured to have a configuration that has a smaller
diameter during insertion of the device into the stenotic opening as compared to the
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configuration, according to enbodi nents of the present disclosure;
[00128]Fig. 25 is a sectional view of an enbodi nent of an osnotically
driven dewpcee1§msne7di | ati ng a paranasal sinus opening, i RCR/USRIHM PaANded
configuration, according to enbodi nents of the present disclosure;

[00129] Fig. 26A is a graph of dilator weight gain (w % versus tinme for
osnotic dilators tested in vitro in Exanple 2 hereof; %00130 Fig. 26Bis a
graph ofdidinetat gt thaillaxteedistakangher Fft%h?épcrﬂﬁrﬂﬁ’(ti% Jithapeyice PasPeRN in vitro
i n Exanphgrddhebeed Par[aﬁggéﬂs]rﬂsg Fof instehca, &éQBle@dlgﬂa| Qﬁ@forﬁia%’/'ﬁét er versus

time for osnotic ators tested in vitro in Exanple 2 and in vivo in
Exanpl e CONfigiiredfo fOHQi)@lQ%QFPﬂfQJU@@nl tgathagraphalar dRMEEHAURRSY 'Qﬁ@rt'g%iohth@rrg)

WTRVAY nd in vivo
Versus tdem?:e ”ﬁé rtl‘e?%gﬂé £©0133 FcPé§cérﬁ§ér%9 1 the dl%lrn@ o @éﬁf@&lb‘i‘e disa

in Exanple i's a grap maxi 1 lary sinus opening
di anet eranob@rsajgrtthm@n rp@w)n@ thel daviagrhasi heengrsastadgnigitheparanasalst ed in

Vivo i n XA Lexinilé 8Phn embodiment having flexible anchors is shown in Figs. 3, 4, 7
and 8. The distal anchor may include one or more subunits that are connected to and
extend radially outward from the conduit. The subunits of the distal anchor may be
flexible, such that during insertion of the device into the stenotic opening, the subunits
fold into a configuration where the distal anchor has an outside diameter that is less
than the diameter of the distal anchor when the subunits are fully extended. Once the
distal end of the device has been inserted into the paranasal sinus, the subunits may be
free to unfold back to their extended configuration, thus anchoring the device within the
stenotic opening.

[00168] Aspects of the device may include a proximal anchor configured to
maintain the device within the stenotic opening during use of the device (see e.g., Figs.
3-7). The proximal anchor may be connected to the device proximate to the proximal
end of the device. For example, the proximal anchor may be connected to the device
proximate to the proximal end of the conduit. In some cases, the proximal anchor is
configured to prevent the device from being inserted too far or completely into the
paranasal sinus of the subject. The proximal anchor may facilitate maintaining the
device within the stenotic opening for a desired period of time until the device is
removed from the stenotic opening by the user or a health care professional. In some
cases, the proximal anchor has an outside diameter that is greater than the diameter of
the conduit. For instance, the proximal anchor may have an outside diameter that is
greater than the diameter of the device when the device is in a non-expanded
configuration.

[00169] In some embodiments, the device includes an attachment portion
configured to facilitate removal of the device from the stenotic opening. The attachment
portion may be configured to allow a removal device to be attached to the device. For
example, the attachment portion of the device may include a structure, such as, but not
limited to, a loop, a tether or a hook. The removal device may include a corresponding
structure that allows for attachment of the removal device to the attachment portion of
the device. In some instances, the device includes a loop and the removal device
includes a hook. In other embodiments, the device includes a hook and the removal
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[00134]Fig. 30 is a graph of dilator dianeter versus tine for osnotic
dilators tested in vitro in Exanple 5 and in vivo in Exanple 6 hereof;
[ 00135] Fiwo 28®/G38674 gr aph of dil ator wei ght gain (W % PCE&rusas110u9s2 f or
osnotic dilators tested in vitro in Exanple 5 and in vivo in Exanple 6
hereof; [00136]Fig. 32 is a graph of average mexillary sinus opening

di arreter versus tinme foll ow ng lation with osnotic dilators tested in

vi vo i n 9EXKRINEUALSRloaRs I ?'@M@‘?’]q@pﬁ“e@@”?%ﬂ'aﬂ QEEEINARKINQR&JO8P an

enbodi mMeRhn&dts #e AR thOFerAdyHaERES 6A4 MaydbéiNtaRe @MEvaFofites deiibairbmd a
paranasal sinus opening, in a non-expanded configuration, according to

enbodi mehe §tepplic pReMI®sent di scl osure; [00138] Fi g. 34 is a sectional view
of the 3561 Showtsomb Edss, fﬁ% a\tt'aehrﬂen ogéfg,g]]g?é?)g&mg%wﬁﬁ bRdevA&ERr ding to

enbodi nents of the present disclosure, 5 1S a sectional view
of an eﬁmhiamqnn@qatmrpfahﬁcrﬁmowabde\aeetss tatieghmenidariiamoidee deece.ofheli | at i ng

 honen SR ARAEREDS dfhcte Sl e RN LT acgor o o, o,

of the dadliete rehmoual ofr’ihengVIcaBomlthe atenelipapelsng. For example, the attachment
portion may be disposed on the proximal anchor at the proximal end of the device. In
certain cases, the attachment portion may be connected to the conduit proximate to the
proximal end of the device.
[00171] In certain embodiments, the device includes one or more drug reservoirs
configured to deliver a drug to the subject while the device is positioned within the
stenotic opening. The drug reservoir may be configured to deliver the drug locally to
the tissues surrounding the device while the device is in use. For example, the drug
reservoir may be configured to deliver the drug to one or more of the interior tissues of
the stenotic opening, the interior lumen of the paranasal sinus, the tissues of the
stenotic opening, the exterior tissues of the stenotic opening, and the nasal cavity.
[00172] The one or more drug reservoirs may have a variety of different
configurations. In some instances, the one or more drug reservoirs are disposed on the
exterior surface of the conduit. In certain cases, the one or more drug reservoirs are
disposed on the exterior surface of the expandable portion of the device. The one or
more drug reservoirs may be positioned between the expandable portion and the driver.
The one or more drug reservoirs may be within the driver. Various combinations of the
above described drug reservoir configurations are also possible and may depend of the
type of drug to be delivered, the desired site of activity for the drug, the patient, the size
of the stenotic opening, the desired configuration for the device, and the like. For
example, in some embodiments, the device includes a first drug reservoir near the
distal end of the device and a second drug reservoir near the proximal end of the
device. The first drug reservoir may be disposed between the distal anchor and the
driver, and the second drug reservoir may be disposed between the proximal anchor
and the driver. In some instances, the drug reservoir is disposed distal to the distal
anchor of the device. In these instances, positioning of the drug reservoir distal to the
distal anchor of the device may facilitate delivery of the drug to one or more of the
interior tissues of the stenotic opening, the interior lumen of the paranasal sinus, and
the like.
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configuration, according to enbodi nents of the present disclosure; and
[00141]Fig. 37 is a cross sectional view of a device for inserting an
expandablwoadewses7Bnt 0 a paranasal sinus openi ng, accor @Cmg/Sta1masi nent s
of the present disclosure. Detailed Description Devices [00142] Aspects of
t he present disclosure include a device for dilating a stenotic opening in
a subject. The term"stenotic opening” refers to an abnormal narrow ng of a
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[00175] Referring now to Fig. 2, there is shown a sectional view of a patient’s

nose and sinuses including the nasal cavity (NC), the nasospharynx (NP), the nostril

opening (NO), the frontal sinus (FS), the sphenoid sinus (SS) and the sphenoid sinus

opening (SSO).

[00176] An embodiment of an implantable dilation device 100 is shown in Figs. 3

and 4. Figure 3 shows the device 100 in a non-expanded configuration which is the

configuration at the time the device is positioned within a sinus opening. Fig. 4 shows

the device 100 in an expanded configuration that is achieved after the device has been

in place within a sinus opening. Device 100 includes a conduit 101 having a distal

opening 102 and a proximal opening 103. As is explained in more detail herein, conduit

101 has an inner diameter of 0.5 mm or more in order to permit bodily fluids such as

mucus, puss and blood to drain out of the sinus and air to pass into and out of the sinus
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t he expanded confi guration upon absorbing fluid fromthe surrounding

envi ronnment when the device is in use. For instance, the self-expanding
driver nmaWyoerpasds78rom t he non- expanded configurati on t @CThRS2@xf0d93d2d
configuration upon absorbing water fromthe surrounding tissues of the
stenotic opening when the device is in use. Self-expanding drivers may be
configured to expand t he exgandable portion of the device by various ways,
such as,cayitt WHiR theidaviced 00ds Pasitienasovithin figesitus ePaniRg-| a‘?fltﬁogﬁgent (e.g., a
svel | ab'a‘b Mtlbﬁ?%erecgﬁﬁé Gl@‘iﬁé@@ﬁs hbes chr@@fér%ohbk%plirﬂ@t%] In certain

enbodi ments, the driver is configured to begin expandi ng upon insertion of
t he devidtéationsohekendyibht ¢an %éﬁﬂ'&&?dd?ry g pRlidgnemeer. e-grheseliskied madesefrt * or

"insert :d%btlc%ﬂ@etélnﬁ*h%%nd&f 1?1 féméﬁ\fﬁcﬂiébﬁﬁle URBr iheGHledten&d Bxdriduasythangeabl y

to desc positioning o evice In a stenotic opening of "a subject
for a péJrSrTmBC gifiver Hid. duringdisaese et as oexotic pesavrievegengraegnfittjudeert o begi n

expand! g o Lhi b SE BBGSe ¥ ol Fu Ak R HRSGTELR APt 8 Khng nt © the

stenoti c openi ng I'ver 1s confirgure
expandi rige conddlt 161rio eolldpsexyr sianiflcanky décregase iordidragtel. or 30 min or |ess,

ol udh iR 1 Bhl 5% o1 %Ko A Bpdifink 735 s SHETbBY AT 1SR o Ter

inserti the deVice into PENOT i' & openi‘ng n sonme
i nst ancesed hbeidrthe erm leammfelfejan@met@obrﬁghadewpam rsgnsérte@rtha)qgera od of
ti me has elaq% after the ev ce has been in &Fﬁey nto the stenotic

d
openi ng F8faneRa" LY FENNG-3 8?5?#18%3”0%%5‘%‘0 i S'B%S GO d&UP%HS?o begi n
expandi rystdlanvhor 004 OBt aavéadlausa@oﬂﬁgurraﬁbmas showen ini Figd. Tcinaics &vh friexibler nor e,

90 mi ft the d h
Deen | e iR ke ol Badh Ghid i deiie Min ASthelGiaCnd Bisfe AL mnsertly coi no
enbodi memosgh bRETdpeRing. MBAdEdaSereedSRIUGARKE 0BERAG, the pe@mrm?mk uphe

swel | abl e agent nay be configured to exlpand upon absorption of fluid from
t he sur@@@ﬂlﬁ'ﬁm@eeﬂq §L§’€¥'°8ffﬁ°€}b¢'H%8qu%H ed»fem?ée%r@rfb@e SHYU§ aPRBINGtIRIRot i ¢
openi ng 1R nhdtg cauBl ect. For exanple, the swellable agent may be configured

to absorb water fromthe surrounding tissues and expand. [00148] Swel | abl e
agents s[Q@Vaﬂll e foimiggeg, 4tWCh%tQjWie\Fé@X'mﬁb$m}Hé03 QfLﬁonéﬂW%ﬂS 2 PEXed to,

wat er swug @rbf(%rpé?ﬂlﬁﬂ@ﬁ ?él'%ﬁs ¢ ?rgt ¥ %'g%sl\'/\';lﬁltth@'ﬁ%llé\ﬂ-dt%nor%@ly

et hyl ene oxl de (PEO, r oxypr opyl ul os Vi | cohol ,
car boxy eendyit t@1.| s QS@d K@r@m tha @Hﬁbbﬁwml hlgeIfo@ltCP tmec@‘éip Ofﬁ%e gedeethat

80| yet hlf%.%ﬁ%s%n%ﬁglnaséi% AASIS 8@?1%@(%%‘? AR wffé%ltﬁ%'d@wcé?srﬁ&ﬂ[bng m guar

ose starches I na |na ions thereo n cer ain
enbodi rrermthze sterhmlcsmehlr@mtmmggsat Priexmahaiahde | 0bbas as erpandedmiareetet o, t he

Sodi um CoMEBeRs paciteC R cobBliRo fRAE]|efeBRat Tt & st lid i 6155 ' Ay
gnddlgt smemmlqg ithrekebal/iqeol Qoslﬁrggﬁnmringdmﬁodllcn?ga£:§P‘dI?ruX§awtmdLﬂn"rgalsjeorial ugpegisa: E) \>,/V
Cubst 1 t el v adiyboishi areninglioBe Radineel T eloBBls e gl st gt 45
New Yor khe bh@nedmpéh%rm(ﬁéétleraeccﬁﬂhlt uk pa:%a@EW@y ﬁﬂrﬂ@ud inRhé bmdgba\htya PA)

er n

and povvdered cel | ul ose %g | ke- Fl oc; 8 ﬁo
Tonamandieh R UCUR AT s 0 ptralauonats AoueS BRI dedks |
combi nat1ipons pbdiesrref witrim thet 18ud @,jyee}.nd 00149] I n certain enbodi nents, the
driver includes an osnotic agent. As used
[00179] Positioned along a central portion of conduit 101 (e.g., between the distal
anchor 104 and the proximal anchor 105) is an osmotic driver 110 that includes an
elastic semipermeable membrane 111 surrounding an osmotic core 112. The osmotic
core 112 may include one or more osmotically active agents such as water soluble salts
or sugars, such as sodium chloride, lactose, etc., and optionally binders, lubricants and
mold release agents. The osmotic core additionally may include osmopolymers such as
polyethylene oxide, sodium carboxymethyl cellulose, and the like. Once inserted into a
paranasal sinus opening, water from the patient’s body permeates through the

membrane 111 by osmosis and forms a solution of the salt or sugar and hydrates the
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herein, the terns "osnotic agent," "osnotically active agent" and
"osnobagent" are used interchangeably and refer to an agent that facilitates
t he i mbi bwoi2ere/sh6™at er from a regi on of hi gh water pot @oTitskolimiyysz | ow
sol ute concentration) through a sem perneabl e nenbrane to a region of |ow
water potential (e.g., high solute concentration) until a state of dynamc
equilibriumis reached I n, sone i nstances, the osnoti Calﬁﬁ% active agent may

be conf i%OIRAYMET EbEEIISMRACERTS | LRthR PR PRI WesmqieCREAD] 210rRXRBPEne fr om

the surraupgepenbibéSnethedolhe bﬂtﬁercbré)m Dinckda8esleM aRiiioM Bué ttﬁ@élagﬁtt ic
openi ng of the subject and expand. Suitable osnmotically active ents are

descri bé@lyra; tﬁernéerafértaaeﬂ1b@thpﬁﬁd%@rmomrwt%em?ént:@ase%olts@ the agent
|'s_configdRel cbfs DA CTiRb R B REPPeiafioRaf KBIBAIBIG B cort®lifg Ahéler”

meant that the rate of ume expansi on of osnotic ‘agent 1S

appr oxi mﬂmoyltleo,rtbtcamss;ﬁrw @csfowydé;ihe]dembr@me ﬂhb i gembwﬁmmyltb thait e
concent r@kifiB ach it Meaadi1BeH Serblin bbORIASATb! tetiedEboaRAdey ces

i ncl ude an expan e por ion e expan Ie portion 1's configured t

expand fheogindheomrebrpaadéd coopbsitjon,dbickmess@narposcsiyrade dortosiieddar at i on In
certain i i nd in size
Froma fONELs sanasien e SERATIENEF s1BbbRE oieifE b LI Sub o 1AL

ex pandatdrmqmermclomngmyndnm oombregwr 8doucs mmarred or é heuseorwndreoun other

significantly i |n VO such, as by str hing i.n one or nore
ai wonsi onamit b ARiEdes ARt oR et naTacior 2 S bARaSBL "porti on ray
be posi tthu@h%ismdlmlmtgldrg c@rﬁtmlled té behidve &8Fansionrof itmst@paea 2 dvbeaexpandabl e
portion nmay b i sposed on an exterior surface of the r. In thes

Ebod meftiod OL4 BaRE Bna IR 8T caReS et Son i SRR ke ab <

por ti on defigdof & HoD@ToeRIyd esLichaRf dvaw b dletiod of 6 holiss 1©XIRarzgednsladihggur at i on.
[ 00151] Aspects of the gqesent di scl osure include devices that have an

expandatﬂV@r BEPUPGAT T IhED daxsh &' SX BRI ORAE I8 PHRIYH LA dhe. The

menbr angeRBY ob 8 38 dal&s i tﬁlsﬂﬁéﬂh@rﬂﬁpld%@ﬁhéé‘@énd R rasBR@p&ni s configured
to expand fromthe non-expanded configuration to the expanded

conf i gureépﬁr(b?ﬂceﬁéwd%@ﬁi'%@’uh@@ é@wentlﬁna!&aﬂ%@msmw@aﬁh@@y be $idsiiBane is a
sem per nggfkg. Menbrane. By "sem permeabl e” is nmeant a menbrane that is
permeabl e to solvent but not significantly perneable to solute across a
concent 189180} gr agedain enhweimends af iherasmaiie coreainclide sing (e.al. wenut) (e. g. ,

wat er) t hr regi on of

| ow sol @éﬁg&g%@grﬁmﬁ%ﬁﬁer JBnPeHrQH ?ﬁetgﬁgghg% Iwedtfbggﬁﬁh?eéh[tlgar on until a
st at e ofendyglain gidedqyel C(bnduttrﬁ\ms Im eamlaemstarmm thedablatsehava apestitgrer neabl e

menbr ane, S rane b

osnosi s%f{@%ﬁeggfr%ﬁ‘%ﬁp%%&fjsé‘&ﬁsa§| u'g}eM éé\@ 59'?'?'002 I%Sg g‘ugnhra gﬁ'e%na Y

pot ent i ahm drtess. Fegirsance, ﬂneghblstsl mayeha:ma:rentmeadlametére)fg; mml. dwsoateer

potentla unt i te of namgc e |s [ ached 01l I n

Por tai n e eradcf e Soptabbta S ld baNal] IRebt Rtk MROSBGLT e ¢ ne

{rﬁrﬂtﬁ)r aneré teomposét?@framhher rsearbaﬁlamugttamolecmemmh@dro?el fmlaﬁmg p@lyi’ﬂgal”l‘fbr ane
at is _not signific er nea ogolvent or ute abl e

ronbr anda QIR PAFBEEE GHEENE Gt LB EneBTGR ey, Mgty s or

sol ute rmbmguﬂt)eSntc@rtﬁna%aséilrt@@%lét@mcm@ba@@mdoyxcq@@m laﬁd/%\/ﬁ!brlbé]ntb he

presence of a solute concentration gradient across the nmenbrane. [00153]1n

cert ai n 'R 8RH8ismERAMeRiRhg dIklele INGeda HR Y 9P Whikalth Se¢has 4@1Q YWt dn interi or

| umen ofsafthfcidging & to'ébﬁbvt@/@@ﬁlt“dr 4donel7edes,aafll $habxAntle CPRItAKIBKERa O be in
fluid communication with an interior |umen of the paranasal sinus in the

subj ect .INGgdqE@ 1 HewetmNabheueeas?0 & 8@ Mt % Né@eﬂ@lqwg Bt wbfo Nael. devi ce
that is giaggsvEdLDRRINIPHN eﬁ%%a{he%hee iRBESS 88 1080 WhY fidel.epf and
remains withirn the sinus cavit ring use e conduit al so includes a

pr oxi malcegaid afmﬁdirgamedtheda@etslIh(:llﬂcumﬁdo e@mtrf/mpelamearsummaa 18 80t %eavity in
t he subj o of t he
devi ce ﬂ?’?’“e{@ﬁg‘;"’ﬁ@ on ??gqﬁta%;q%l);éﬁ% Bﬁéd@![ /°é1 %eno |1(-):(H§] ehl ng when

t he devnatejetsstt@,omclmdeﬁdd 9|OnNtt°JaePo$3toetnew<1I“casotfem 8fgwdw5’mtgox,1$|mluc{nﬁm2(5tq In sone

par anasd0 & iy BRo REaf 88 EHUSE b beReletest: b qpdl RRERDIALS, o

posi ti ormd/o\mol)m(n It bems teenbodincerap.ahe mapleth mres ooraposest afracest, artdepolpmeni t i s
configured to allow fluid and/or air to flow fromthe paranasal sinus to
the nasal cavity of the subject. For éRanple, the conduit may be confi gured
to facilitate drainage of fluid fromthe paranasal sinus in the subject to
the nasal cavity when the device is positioned within the stenotic opening.
In some cases, the conduit may be configured to facilitate the flow of air
into and out of the paranasal 5| nus |n the subj ect. [00155] I n certain
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the conduit. The driver may be di sposed on the exterior surface of the
conduit at a position between the distal end and the proxinmal end of the
condui t. WonoexanBe, the driver nmay be positioned bet weem/is2@i1o8%b52 anchor
at the distal end of the conduit and a proximl anchor at the proxinml end
of the conduit. As described herein, the expandable portion nay be

posi tioned per| herall\%@around t he dr| ver. Thus, in these enmbodi nen t he

driver i3 q§S6) Qet ik R*aREleethedpblgis raay inglide 30 1189 wisadiad! a&ﬁ@ot he

over | yi ng 76%AaEaPbE PUehaPNnstEER) HONaOf gitdtea BUicN& rafGraiBandibe taver | yi ng
expandabl e portion fromits non- expanded configuration to its expanded

conf i gurdges die Pplgo.segueirall Salerialharensmalical A e N reL BRI RR B ment S
wher e thr"nb%b\(r% ORI R 8f bhe%iﬂ'éfo‘?UB@é LHéeof M6 tolecling v@e{]gmefhe@bha

di sposed on the exterior surface of fie con U|t around the entire periphery
of the demdma Ieakaga:@frmeﬁilrouethﬁ@@@h@ﬁtsemlmefme@blamembt&neowha@asrbecakmdu|t

ar ound td?ﬁs ‘ﬁ@?ﬁ%@ibc@&( éu ré 'Ees %ﬁ‘ghﬁy né!"fé%k& 'P%"I;{Hh o‘?ﬁﬂwrgtdﬁri hna

condui t ave a Foxi Nl e con

have a phexemermewememadesérhlgjm Natl ﬂnadmgd(etga; 80 Wte?/ceugn/esladoegﬂre

i nstanc r re each subunit is
di sposegﬁc’%{O’tﬁhe%@é%ﬁg%f%&{rﬁ%kﬁﬁﬁg%g 0 e c@%cgﬁé)téné’r%%woeﬁ or nore driver

subuni t Joot81]be pBeie’mng‘miN RUEID. 4haeret|kleyowm anlenmbmdnnautofﬂetllbetlheaaelu acent
one or e driver subun Al ternativ one_or re driver subunits
may be E@wfe&néa p’?ﬁSP{V"thH‘a? PRizOARal SIS %?ﬁmgm ‘é%’ﬁ%eeﬁee[ AFPVBET S buni t s
g see e. gvn;t? tﬁe@evucé-max)ghown irCEigt 3] the ivokindnciethe oFmetucb?rremelz rtaeteg@endidle ]
river subunits t ends. al on e exter.ior ace of the conduit fromthe
G srsl B e el apd the sy e e s e BN, T4 XPRRIER el <
may be Ct@af:d:cghlﬂh@datthl@hrh@ébé‘eldw(ﬂijrﬁéldlrﬂhlsahéy,lth'-e dibeatdresi Weesort heopaganasal
sinus and the nasal cawtg of the subject. In certain cases, the channels

are confliQEREY 3 WerHip A ‘H't%lrr‘.H?%$te%\?th S PRANING SR B gl RIWA s nus
to the nggahn&ayh tdéuglhgttﬁ@sm!@bﬁérﬁm? Epana%amé Bistd ARcidrana’ng they be
configured to facilitate drai nage urd fromthe paranasal sinus in the
subj ect nrwmﬁbamgaﬂoééaﬁhﬁa}}emﬁémamm Uﬂ@\ﬁewé‘e|1§OFP@§F'PF%Wﬂh'WHﬂ¢1ﬁ'ﬁU$ he
stenoti f&;@ the channels may be configured to

facili tg)tpg%ﬁ U?P%ltms e‘k?ﬁﬁ r};md out of the paranasal sinus in the

subj ect .[00TR2157] | Alseshown in BigBodAn@ rtase oplienahdrudyelsastngecswmdid t07ar e

subst antjal{og T rigid,
such th dtnat k%é CFE)(%’ &Ot'r 1@| glglﬁ%@sdu@g%? tﬁ{ﬁr%ﬂrﬁal{éﬁé Ozgﬁsad%%aéeﬁdaﬁéb éleze

duri ng ussfigiired heretkaseczug Bbtheinasalaayay smh@fdnmsiuws opmyngmﬁ%esmvmr 108

st ancdt PO oW AbREAdhth BOTRE ol s HafR o BRaSB i g, =T

pressur eheperrahasbksmUshél’ hextsarivairs carr famadeoffronhérugoaidasing Ioyatédieds dr i ver does
not si gnl ant | ecrease the interior dianmeter of_t

el o RGBSR TR caio P RIS B LBRE BRI GR, SRl ¥ har « ne
condui t dr@g aeitvery sisams, tahdtdpengés N6d siehilar matrices tiedt ard pratieadedavithl drugorre

i nst ances e driver i ured to . expand r al | ward fr t

Comaai e o I WARE @ AUGE AT i BnSIrieS TEHTea R BRtats e Ao L (e 1 o1 1 y
rigid, tduss |ﬂ>f@§é’r$d>|ﬁ§11@7farid113081ﬁi \rl% ééféétélﬁfr&hraﬂﬁbléﬁcsf adti-mtlayhreatbrar d avay
fromthe substantially rigid wal[s of the conduit. pansi on of the driver

radi al | Wrédf \%ﬁ?%{h?ﬁ'%rﬁet%eo%ﬁﬂﬁw‘e‘rﬂ%%} FNRqasicede §- d?‘FaéJV BEHNBHENIgRSICY enot i ¢
openi ng.qr( %ﬁﬁﬂe'dﬂcé‘@rebain@ G@b%w&iﬂsﬁtctdrgﬁ c%bln%n@rﬁs ih@?ecﬁ%@-thé liR&.©
substantially non- coll apsible. I's of the conduit may b

subst antlp éﬁﬂtﬁyn@m’ﬂloéitﬁﬂﬂ?fﬁ&saﬂﬁlb@tlc%lﬁ’@hldﬁh%b@ﬂ@h@'@dﬁ@uﬂwap@ é@ﬁﬁ'ﬁtﬂlﬂ ed to

mai nt ai 0 i i xanpl e,
he el 1oL REEU G oR oA g, SiuidRine i SR e, e oo Pt

t he conmdtcomlmﬁilpn&th%e@canwhe hice. dini spsre inetannes, @od- Iraffan‘nmetoae@ruge In sone
cases, ik 8 Hgﬁa‘??&lg{%cgor?é’%%@efﬁﬁwﬁ sﬁﬁs Frié*?%&f%’ﬁb' gHana& B ﬁ%ﬁ’@gfsr‘ape and
si ze durlng use vi’Ce. FOr Tns may~ mai htai n

subst antandlthg likehelnsanme ¢asesy local meahmetlcesrlndlude hidoaadree, @Upntvheamlew ce. In sone

i nst ances,. ls..0 ol | | e, such
that - pr SRS T (e, S FERRL e PO AR b s SRR hSBTHE G i Ver
does notensboglithémts abtdlly adting aaalgembemcrmtierammrdlnap‘eerercmz trifn&altom”lduch As

di scussed above, the driver may be configured to expand radially outward
fromthe conduit and, as such, the waPfs of the conduit nay be
substantially non-collapsible, such that expansion of the driver is
directed radially outward away fromthe substantially non-collapsible walls
of the conduit. Expansion of the driver radially outward fromthe conduit
may faC|I|tate dllatlon of the stenotlc openlng A substantlally



menbrane may be a sem perneabl e nenbrane. In certain instances, the conduit
menbrane i s a non-col |l apsi bl e sem perneabl e nenbrane. In sone cases, the
conduit rEORPEMB0678 a rigi d sem pernmeabl e nmenbrane. ThePGEMsc@EANO4938Yy be
configured to be perneable to solvent but not significantly perneable to
solute across a concentration gradi ent, such that the nenbrane all ows

sol vent @%e'??}?’ ,vvatna% mol ecul es to pass through t he nmenbhrane by osnosis
froma rASgeKHFo¥P 3 tesPyPand dnR Bt NRAIBR SUsh &S pBRaGIPYRIfRNs ol Ut e

concent n@tdgpdreHMddrosens bbacath, ShpiaTakd Baukbi dPibiHEsich A8ARARNe; Rloid

i nstance, the nenbrane may be confi gfured to allow water to pass through the
nmenbr ane9RYisEsFHSHIaS faerdchand Hiedlikeo N car@R eproodiBesN@IPEONSTIGIoNe

surrounghd N Ny Hitl RAdY kB bU Bh MBI ed.

[00160] | n@lgjoérjr% yﬁ’ﬁéﬁ%_ i In%’n?@?% he@’dﬁe)%/qég% i ncﬁﬂ’gée&sﬁgé éc}(é)bnd_gal)t 6Itnﬁgéwsl'iﬂlncl udes a
seni per rieerBpk ane the lisee, In gedainirgiantiesgthgrdrve researirsanaoireldgiang expandabl e

portion oAl ] - I S I s, the
devi ce %ﬁnedt@gr?rﬁg F,gs&ﬁﬁ)ﬁsgﬂ:%&@g c\)/ent @géiD évba%@ﬁﬁﬁ%rﬁﬁﬁg@g% ough

bot h t hansenvgsecomsititter. exqaaxdeiples theodiug anayrisnide QMB10IHrSnerasdorphr ough
the sem e It [ r. e device may
be conf |§g;e§lﬁtem§9\?@ gﬁﬁ@ﬂv}{g%ﬁjé\}gﬁms (%?%Q}s/%g@ﬁ%@hg% {rﬁl&hﬁﬁﬁ%@?%é& e expandabl e
menbr andamitgpty lineg asd rarasodonslridiors@xgretaaolirae. Ahamativelyngr idraddéion tattee al so
al l ow so]vent to. t hr.ough the. sem.perneapl e conduit, nmenbr.ane from an
"t er | ofryE Hsrn TR g il eIt BoRRP TR RO ¢ AP faind BRGHELSHr AR her
enbngdi mesh s dém.dméiexamgmhm@@/i@ CE0ERA Ibe ltﬂj}_ayecﬂ,mmmemd B:i@amm/ma meaﬁl e
nmenbrane, a surroundin river, an n overlyjng expandabl e portion that
e uaedruhs ST ot R manr e R AR oatt h HEREET Gt EehEE b8 my be
conf i gurngghii heddiem. sol vent (e.g., water) to pass through the sem perneabl e
conduit nenbrane by osnosis but not allow significant anounts of sol vent
(e.g., MBYER 1o PeresaiRBRHMeRES. [93seMaTEdRY @nEXPRIBEPEPERYY Plon menbr ane.
For exanpbsantidl§ rdRYmaferRY 1RenssREmsaHiRentsOhalrbawsipd ¥t id @rdtaing t hr ough
t he sem pernmeabl e conduit nmenbrane froman interior |lunmen of the Conduit to
t he sur oRiAYPangianrefwsmotip griverot! 0dn lag@dialy avtwacd diredivpuidthesfthabiMdnt to pass
t hr ough 4 herd : r@}@lﬂ d dRiEbiqgne to the driver.

[ 00162] Ioﬁlrla)e/“e(%mﬂét%gﬁﬁgérﬁggﬁﬁgr&t S, h@ﬂgpé(‘:%éngﬁt}ft [ ng@ﬂdes an i nperneabl e

mat er i aI[00184]sprreAﬁaE%@,atetmflghﬁaéﬁfﬂr@b@m @Sﬁﬁa@ﬁdﬂathnsd%/_ﬂﬁa} Ermiahﬁabl e

membr anGe, 81 JoMALARGT FickS o6 ¥! i HRSId AGHoNdARGARY gt Nt i ncl udes an

i nper neabl € ‘menbrane, a“surroundi ng driver, and an overlyi ng expandabl e
por t i on sehepermeabledesmbranerin pacawdbheermsableagoaduit 101 hed @anextdstidi nent s, t he

devi ce i r ] I I : . t t hr ough t he
sem per @égﬁe%ﬁ%@n&%?@e 'rbgarlr%érea(ﬁ\é&%@c§§% sﬁ(@egﬁ'te rﬁ%{h&lz’ﬁ)nle(;avﬂs) i |hfai can'?
anmount s delice@xpamds lfyeregson vatvete)y vaporgassent hr thediméehef ihepebutaabl e condui t
menbr ane. For ex |l e, the device nma e configured .to al |.ow solvent to
B T P S L STV s A At g e

sur r oundngthet wsstigtss orstidnfeornindevd reiatige dumickty wedieit vapot iseddouvvivid gridiefd grant
anmobunt of solvent to pass through the jnperneahl e condujt nbrane. fromt he
Tnteri omagiEAe BwarReAT BRer e 3ne Rmls SORRIEAR CORRY Pk IR AT e LS. of

the deviyge ofa “inftlondnfpshnfdadle GIERRMEMBFANBUES edibeBiabbdeé, Iméiee devi ce
within the stenotic openi ng durla&tuse of the device. The distal anchor may

be conn@@@e@dtf_er FWRICARNS G B8 datian O8VicH &XR ) taé%?@f?epﬁ%r %I@I?%"e. For
exanpl e,petibg ofltihb 2duchnishiys T8 WelRs. CPAMEGSHIiBSdne vitPe HRMicRRIRI@Xi mate to the
distal end of the conduit. In some cases, the distal anchor is configured

t o prevenPARHRN HERS PIRCE VAT HARARRIIACEOE O IIAAL(BOI AIWUTS) o MIRN&lt enot i ¢

openi ng. - i I - hidd R t i ; i wi thin the
oL anot | o B e o B B S ALl B R TB.™ | Srovea
f r om t heexampieod hydrepkitic fapripr siielan swteril, withire tietintesiar kmeinadf dissiubular . | n

ot 11 mTaHPehE ey Sindla R B g RO AR BTN 22 T

cases, tdietiai devade.anchor is configured to maintain the device within the

St enoti GoB N9 B DANL10 B AL Figd Balind & WAIR Ul ARl 8T5H © O

the ste
insertable / implantable dilation device 200. Similar to device 100, device 200 has a
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[00164] In sone instances, the device has a frictional surface on an
exterior surface of the device. The frictional surface nay be configured to
i ncr ease wheofrised73on bet ween the exterior surface of tRETABSWIEH4BA t he
surroundi ng ti ssues when the device is in use. Increasing the friction

bet ween the exterior surface of the device and the surrounding tissues may
faC|I|tate retention of the device in the stenotjc opening of the subject
duri ng $EBIUIEEYT iR sliHal QReEING 3q2 A PraX iRl APENIRE\P ORad & &P BLAfltNPopogr aphy

that i nclogd@h fBertid Eééé%{ge%?fz@éeaﬁbé\ﬁ% &ver 9O | & seifsEniaeanid, rings,
waffle pattern, snow tire tern, pebble finish, shar skin texture,

conbi nathfﬁ@raﬂﬁ@ﬂé@Prroﬂ'ﬂﬁin@ RB OSIMRHC CPIBRIES PG OBHONAAPAIGIRRESINGt he devi ce

| ncl udesedtvaRNAF 4%y 806 PORTHr AR bbfibe 200 S anQlsnidie cdRVBfe. 10 some
cases, the nembrane includes an adhesivé. The nenbrane may be confi gured
such thdlﬂattlmléeré@lh@mbmlr@GW$ gradually WGFWE%HT\\@U@&W%@D@W ofeD. g 8ourSeOrdur i ng
use. h t. | i notic
openi ng o t he | ent rﬁ@&dr%hg@d@cerég%% Vtegﬁﬁé éP?F‘gd ggi@erg&fehcl ude,
but are tnapplvldnamr@Ifotae orcthetstenatic slqumhmguaashmm gphtighg.dr oxypr opyl

met hyl ¢ t f " I cases,
the di sﬁb++§6ﬁchorﬁ?ém%eoﬁftbggrr%é%gﬁ éﬁ%| I046m? ﬁ‘é‘gﬁéb? lécgev Je&%%oq?éﬁs%r | “ht o the
stenoti canopm&it@;nclﬁﬂegmnsﬁlaadtlca;enfmmeaplehambmmecﬂmSw@uddlagmhersmduat is
subst antj al e sane..as e aut e when the

dovi ce 107 £22 Mo 8RB RLE SRCDh AT s DI bite e e BRRABN e oi'st a
ancgor hamowo dﬁuérszmandmairmtr@rtuctbmzmmgy eatcenfiguramtd éo@an\uc”umher of the
conduit. In c

i ments, the distal anchor. has a tapered pe
cuch t naPSPRECRPLIEIET SR P AL K| 1B AHR SHROO G S S RCIORR 2P | ess
t han t hexghadeheaoluphe hierdit grda@ themthedtbtd treoxphasioh opdsmetc dsree1e. 9., Figs.
5 and 6) In certain enbodi nents, the djstal anchor is confi %ured such that

the di st eXABRIE OBALIGCR 242183Y berome Wily pypanded yvithinsevierRl dPUrsH of t he
devi ce '|ﬁ§é?tldﬁ‘|ﬂtosﬁ16Qﬁ?érﬁs@%ﬁh@@oe@ﬁngﬁ%ﬂ&%@%thﬁ 1 Réurdr 3ERHRM iRl thoe di st al
anchor after the anchor portion device has been inserted into the
par anas &araasgksingpenand. n ket 2Gisshpwaiitraiely expaaded eeriloueationdt Fids a

fl exi bl g anchor. In sone cases, the flexible distal anchor is configured to
have a conf |7ﬁur ation that has a smaller dianeter during insertion of the
devi ce i[M@BAhe sReievinacnapiniiag’.dberedaphewa anemuiedimentpanénplantaptee

f 1 exi bl h i een
inserte ”gf@{&%w@%@ﬁgééfé CER/%d%QE %ﬁ:eﬁgsgfﬁ%gn% éllaﬁ?@g%{%ﬁ@ %?%rp anchor
may be csomsmmene@stsocm ab tha mawillary somisi apenengi dievideal00hizes raulliptel dserotidi anet er

ai amot o1 BFr R A10B RIS b BnofeyPbE ek oS RERL AT B R, e '

devi ce rﬁagbhmmndesrweelaﬁd: semlpertmmmmanMe i rauend bempspbte/eoyf aad

enbodi ment__havi n hors is_sho d 8. The
ot al " acanroteard nEF e SoRBIORORH Sraub e Puto i o phwElER® o and
ext eBd ][tlfﬂélfuﬁhlg}l(yn and mﬁérd’ﬂérﬂ onadvie mmdumt:e 360@113@%mdpr@xmfal tahehcfhsaasaalt anchor
may be exi bl e ch_ .t hat I.ns on, of tne vice into the stenotic
opani g SHeAEaLe EHBIEnTAl 0Bal B el FlPon R i afia anchor has
an out sirdesrdbimmiesind bag. is | ess than the di aneter of the distal anchor
when the subunits_are fully extended. Once the distal end of the device has

been | nd@O188) i nt BiIgEHBINA RN IR dRviGRR00 Wife the asmaticIrivats H0arade3 08 unf ol d

back t o ik Beioh-exphRistEEL UFéthHr\Aﬁﬁlb@qs ﬁb@é@@ﬁ&ﬁﬁhé‘ge\hé@%@Wﬁ%éM thin the
stenotic opening. [00168]Aspects of device may include a proxi nal

anchor @§ATatig Qrieerst3d Oawindt3d Ok in ﬁ@eéﬂl@aﬂd@é aantigiratietheAs cambe ﬁ@era)tr@rm ng during
use of the Ga¥i1GeHeSPBnReld 309 r%&ﬁde §c89&duutTfB?a|R{vﬂﬁ¢ té‘PF‘e{WBuP&M

connecte to the' device proxi roxi ma t he device. For
exanpl e sinuseapitanchair tcamomlm mow@fcthﬁmeus e@Mchhllleéh@éewc@%@ imte to
the pro : uit. In sone cases, the proximl anchor is
confi gu?@@h@ﬁﬁ&%ﬁ%@%vi ce frombeing inserted too far or conpletely
into thdo@t8HnasaRefermmgsna ta Figs.subarett3, thiere ipsloowmah eetbobonentayahaci litate

time untPRplRRdRoE Sl 208 kA% o hese ARG PGB ARl FARicer or a
heal t h Giméamoafeeres 608/ 200 amds30TE devise 20 talse hasao inaér @ndbivdOhas an out si de
dianeter that is greater than the dianeter of the conduit. For instance,

the proxi mal anchor may have an outsid® dianeter that is greater than the
di aneter of the device when the device is in a non-expanded configuration.



[00169] I n sone enbodi nents, the device includes an attachnent portion
configured to facilitate renoval of the device fromthe stenotic opening.
The att ackoent2/3e¢78i on may be configured to all ow a rempCalUsA&wiog®ss2 o be
attached to the device. For exanple, the attachnent portion of the device
may include a structure, such as, but not limted to, a loop, a tether or a

hook. The renoval device may |nclude corres ond| structure,that al | ows
for att&OAMWeREd of aﬁH%St?@f?HVé'Q'do%ﬂoééoﬂ'épﬁ'Wé taly JieiigRTier Oft he

devi ce. doRJSONB Isf‘tﬁieﬂ”&‘éﬁtm ﬁagﬁé@eﬁ\% '4@‘2'fé&dﬁﬁmﬁhd l%d?ly@l[l@ists@@h prenoval

devi ce includes a | n ot her enbodi nents, the device includes a hook

and t he "PGHSVRYSS Wle@d Ry ohthecdpis andl @if iaeassdme AR Ashof therist i on of
the hoole i Whﬂé‘ﬁe'dﬂgﬁ’oﬁé?é\ﬁ@&&@o Fs%sﬁu%ﬁ%eﬁnthi‘h tﬁ@%mh@%éﬁhgd%bf‘eﬁdé‘w may

facilitate Tenoval the device fromt stenotic opening. [00170]1n sone
cases, taeadut 4@t ARarep@reating anghorinmiianags 408 @mdt4dé which b@ptk@elb devicet at e

connect iQ a‘%p&%ﬁ |ﬁ'1rﬂ)l\ﬁ%|3| Vdp% n?osed tachrrent portion of the device.

The attachnent por or near the proximl end of the
devi ce t[O0OTFi | i taureowmmg/@anduft 40mds d@exwdabterdrtvlee4$® thavinctudepeni ng. For

XAD! €.c, LG L BSIEN ol 4 AoV Ragh SRARAHL Ok 28 BRI Apchor at

t he proxi end ice aln cases N&® &rt achnent portion
may be dacimdeciveidr soelldide pdymerSSLmhcaapmy ethylent loeider(BEQYRI end of the
0171 enbod t he device. incl u@ﬁs one or nore drug

devi ce. rta

Cover v oA biopRniehn EaMusTE SEMVED A cad Gaftity ERUMAEIURRS AR doui ce ! <
posi ti omaﬁbowmletkryldehelosé qmnname@,g@wmgyleﬁélglydaslu@rbmer Wodthyloslldze,
configured to deliver the dru calb to the }ISSUGS surrog{gﬁhn

Gt 2 Rfh et Goroe O Yo g Sdgte ot In SRS Badist IHERVBEL Sy be
confi guﬂﬁrdrdphlhd@olmr thdes déipb&)lé 6f &i%erting ﬂTD(D% cﬁfmdréeswhta%rza@l"/o bi ﬁ@kl;-es of

t he stenotlc opening, the interior |unmen of the aranasal si nus,

ti ssues IfHUqiRg 99°érﬂ§tm%reo‘i?feh9%/° oF RO RXQT e P OF %%é%‘f‘sﬁaﬁée gtoé’ﬁdﬁ %

openi Ng,m@BGf ﬁtggr)n\ﬁélpht RAVELEY In &&W@ﬂnﬁb&m@h@s e POYRHRLDHEREIY @hHS MRY
have a variety of ferent configurations. |n some instances, the one or

nor e dr seHBBYQIWNR & AR ISOHPBISFRRIOD MILheKg eIQrEISPEPPIS @XPRRtSIONsTare RESHBIRAUI t .
In certajqg f Séusc%chr’ﬁ dé?t%nrpém ﬁneﬁfs“‘br{ee é'b?a% éroghﬁl?%%@/ﬁweﬁ’% the

exterior sur the ex a l'e portion o the devi one or nore
drug r edphaic; Bolyelpebbagrss EFFWer&Sb@tJWé@ﬂet (A€ Lexpan owierel foan inmetiomd t he

driver. J&&atﬂé‘&eﬁ@ "Hastic éﬁgsaﬁﬁgrrﬁ&géén{%&gsﬂ%& ’&s}d&@uré’d | ver. Various

conbi nati ons o reservorr confirgurations are al so
possi bl 40@td] may hmgmenmecﬂereéQpreoefuomde\gutmln alsenusedpenenged a ndme desi r ed

open ng SPRLTElrBf Matfd e BHeFRS oglR BsDbel ipdhdfo BREMRE ¢
exanpl e,matrix sbdnyee @0 diausimigst totdradukdly iexpandinl thd esnfiguraticst srawungniFégser voi r

near the,distal end of the device and a second drug reservoir near the

pr oxi mal'%end of the device. The first dr ug reservoir may be di sposed

bet ween [00E92]i st ad:oraarmﬂmI1 mayllbéfmaddzrfiro/rﬁra métal] atrhetafie@fioy edsdlgmegaer voi r may
be di sposed betv\xﬁe t he proxi Hﬂ tgnchor a}nd the driver. FRS’P sone i.nstances,
the drudeFaieoygiher figidfrd9gcoiaptide materal @pd MRS PO IQMFRS O SONBKRIN devi ce.

I n thesgné BRSSO deioer 410Rian@reetion hﬁt@p&aﬁe&%ﬂ%ﬁs 6k sdvide 400, t he di st al
anchor of the device may facilitate delivery of the drug to one or nore of

t he i nt &MSBHNG ihakdder 41l tel’iEa%qse'H@tnl%ﬂ‘%ré’rf?ﬂ'@' difetdopnfer ?’E?rmﬁﬂﬁntﬁﬁ €gfS t he
par anas gj céhdmts4o16\4ﬂ§y bbﬂa dok BreatiM 8 ed/ A30ERRSAT WHRE el t&d52 [00173] 1n

certain enbodi nent s, drug reservoir is configured to deliver the
expansion of the drlver 410 in an outward radial direction from the conduit 401. Conduit

401 may be rigid or non-collapsible, such that conduit 401 reinforces the inner diameter
of the device so that the device is capable of exerting force radially outward without
collapsing.

[00193] Device 400 may be fabricated by an insert molding operation wherein the
expandable polymer is molded onto the rigid or non-collapsible conduit 401.
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drug fromthe drug reservoir to the surrounding tissue. In sone

enbodi nents, the drug reservoir is configured to allow the drug to

passi vel ywoizbfauses88rom t he drug reservoir. |In other enb®drrsag/ 04482 dr ug
reservoir is configured to actively deliver the drug to the surrounding
ti ssue. For exanple, the drug reservoir may include an osnotically active
agent and nmay be configured to deliver the drug fromthe drug reservoir

t hr ough AdIo8YY. §RVISP 4PREVHIEPEERIFY 38 dwP FaPAGERAY 3Nt ORE THBvi ce has

been poshédranrel adsehity |§rb@@é§ t'oqo@nﬁ)ﬂﬂs' fiHa aé aggenelualceﬁﬁ%uréﬁbrper tain
enbodi nents, the device may be configured to deliver t ug fromthe drug

reserv0|[9019ﬂ0ughRf3"I¢ér”19crt‘QVbFP oS+ Heangt 1 dhere|ig slaowypan eECdimM@E0talhe dri ver
| ncl udesnca Rl fiRPlaftdtd Yiktion dovR 508N SRblpanAsble iveaRBhoingpansi on of
the driver may app external pressure on drug reservolr and push the
drug outpodmarmeattx. u}éhe sieriar of devire 0@ jsadRsine creatinglpg dines AR fof he dr ug
reservoi er (or
bet aeen 3 R L ASHE EASPEL REAE ok B RidtY kR REl G g G a2

conpr esash intd ang oukafehe sinus ageitynsinile the diatiod deviceadithispoiionehwitbinst aI
anchor)ﬁ@gin&ggﬁ hiﬁ ce the drug out of the drug reservoir. [00174] Referring
now t o N Ferd is shown a human patient 10 having two frontal sinuses
(FS) ando0195] maxi Inlwrmlmembecﬁme(wms)he draicdrdevicd 6e® s dompossd wiiaes has an

i whi ch b
obent no S PREHE PR TR S, e Bis ol gtalen BT aRlerSer8aia Asbiing 11 1 s
shownt [ maagés(;stgtlahn@pemmmmeup KeepadslicEPB00 achbredshithin thasians ogeringled or
steno |C condai

.ol mlar atjent 10 has Si nus, openi ngs 13
and 14, SHNGHRENAGHIAPASRAJDIS HOWITET 1 2o 65 A 6P SRBRLS BRYERE open ng
13 is S|1Ua‘é@d tHer@e-[astic ulerans (FRGNM edrtah®Btbbbiatbntd, @R B8l Mef 8xganag byow t o
Fig. 2, there is shown a sectional view of a patient's nose and sinuses

i ncl udi NGOV RASAN e@&b||'9§/ar(q\!"@?”3'9’P1eTh%1§’b%36ﬁéP9’F§t°’( gy berqeuiviaisdt {9 & openi ng

(NO, theobs ethate \ﬁilLﬂHé e(([EﬁSIOH: h‘?s&ﬁ@‘ﬁ@érﬁ:e@ REHolyarr REG dfeeiicRpangi d
si nus openi ng (SSQO An enbodi ment of an inplantable dilation device

100 is $hoRvaen T+ gncg 3 1z§nw igh eojugipsdo 3 veaieiabsoRetioneaf jageroxiately 620%

non- exp t e

ovi oo L HRE e RPN ot B HpEeroR PGB oRadeP b TR ERE. 00 1
an exparnaelded nfarigus abapes, andesired. dﬁﬁpmﬁeds’@ﬂ@@n thengolyraei wetrixds Obeen in

pl ace w Lhg. 0 101 having a

di st al o@@n@ﬁﬂeqﬁﬂﬂhﬁgg&gﬁgﬁlﬁ e?%aéé% tﬁ%éwgsmgg&g)g%ﬁ%%ned in nore

det ai | heterogenemaqmlymemnathasFarrexamme tUe aertercmenebugpslymrm oratiromeyi n or der

Si ns. i by B e a Telichy BPERe: g Ry RRCnRBE R Ribesc, 226

100 i s ploaifoinesihe indrftiondding0zi ﬁlmespoipmer maitrixqoay tlsode @ppd;wredto bage wher e

si nus dr.ai.nage, i.S, no cer, or . for . shorter inplantati on durati
condu & ey S il Moy RGB! 8 R HEEl Fay bl o B R, SR e
pl asti c tig aneioding flihge<50BIad 50431e$p§eclﬂ®é1y CThé w@od&d &f HigitEe Irigldtg nyessur es
exerted %/Igt he .osnotic driver 1 ?*[e osnotic Eressure

use
i s gener@tHateHirERHRO e SxANSI20 O | éreﬁ%ﬁvceﬂwardefmﬁ%? BEhard from
the condighguil®dz.r at her than causing the condwt 101 to col |l apse or
si gnifi cant@i decrease in dianmeter. [Q0177]Paositioned at the distal opem ng
[

102 is 4001 bl elndisss Ke deﬁ’(&?o’-‘roolé@os'ldgn%‘émhérséﬂ% ORERING: IB 2RO st al "
refers té%%ahﬁt?eo%%f@ﬁratnbﬁ V\Péféﬂf%rﬁfﬂ?ésdrﬁodnﬂﬁ@rtkggeé Bfrtﬁé'%ﬁtléht@,%oﬂﬁ)%m si nus
openi ng of the subject and remains wt he sinus cavity during use.

D st al :ﬁ%ﬁr&edlfﬁm tgﬁ%ﬁdM@@é”@t@hFéWfdﬁ)Mq g@ﬁaaliyowp@@déqunﬁgwag@n 7 and 8
wth fl%’hb@h qgs that can fold back onto the device 100 as the distal
end of th eV| I's inserted through a sinus opening. Once inserted

t hr ough [Oth‘éﬂdpem Ingeneral, mysirenhilicspalymeyidomeierials mayibe elgnukasiyied o thevi ce
f b i |
o PRSP FXRE] 15% FEOP RSl M BRTIAfo! RRSIORE hesl )

i s a prguitrsionanastiog, dipoatng, ispray aating ahagasisgoeeay liltgraghiycbelattivgns wit h

t he hol | i rior ndui 0 e r.oxi mal "
rerers VY RO By Sor ERBEN e bt SR ST RITIS IibeechEa ORI RS 51 e of
the stenotic opening when the device is positioned in the stenotic opening
during use. Proximal anchor 105 has an expanded di aneter conpared to the
di aneter of conduit 101 and thereby aéfs as a second anchor for preventing
the device 100 fromentering into the nasal sinus cavity during use. In
certain enbodi nents, the opening 102, leading to the hollow interior of
conduit 101 and the aligned opening 106 create a conduit or passageway for
f|UId |n the S|nus caV|ty, such ~as micus, puss and/ or blood to drain

- A N~ 1 - A NN " ) T e



[ 00179] Positioned along a central portion of conduit 101 (e.g., between the
di stal anchor 104 and the proxi mal anchor 105) is an osnotic driver 110

t hat i nclwoes12a0e&Bast i ¢ sem perneabl e nenbrane 111 sur PCWASR0IG/08935DSNDOL i C
core 112. The osnotic core 112 may include one or nore osnotically active
agents such as water soluble salts or sugars, such as sodium chl ori de,

| act ose, etc., and optionally binders, lubricants and nold rel ease agents.

The osmi®9198or e Blf@frmgorﬂf?éﬂ 19 Figm{6.ithere e eeymaR SMpreinend 9k A Asepidnyet hy| ene

oxi de, Smg!aHthl@)ﬁrd@%&@@b@ébd ‘F&blhb‘é Q%ﬂan@}ﬂéb\hélﬁséd %ﬁhm@ﬂ:ﬂé?ahéé%ﬁélhﬁg into a
par anasal si nus_openin water fromthe gatl ent's body perneates through

t he nmen9PEABOL ThewlpvissRoginas anhrndbelssmamssl 603 sredio bahariradtby sugar and
hydr at e S gug the
osnot i C%hggglaa%%g%%g%ér%ds%a% er | %ﬁuﬁfé%gghh%%%§wﬂ he core 112
i ncreas @tendmgafd@mth@dew@@@w i 4 hellow elongaies aramber (e.e arampHENE0111 al SO
expands A Cr, I : The
rate of Hagmg(récper mag% ?%ﬁ%gggabe%ggggnéllgf m&teg%ﬁlﬁsr gl(?% bﬁrvﬁfew%gﬂ—n%%m tion,

t hi cknedwllaweqgatesi mgmber dleshmsvrbindrig 1Bldre sune@mrtnrnseaUngo’anWanMng tee osnoti c
activity 0. cl osed
herein, |%tf|ontn€§%€ea%(go ﬂoﬁa 85'%"1 éltsﬂ{odr%’ ﬁéﬁ%gkﬁgé?%%'gh%(?gg:;& t‘ﬁgr%ggf&a)nt roll ed
to achi ®06 ax pogiosaibiaf \Amim raay tacliflle insertion /pmpiaothtloh oﬁ)tr@ dhlratJorss deviceror e,
such asrs% hour_ o ﬁ ag urs or r our§I or .nore, or 4
hours ordPi.2 W%{a'a%%iﬁma ﬁéﬁ'ioé‘t FINHRed 8'8\/?’1%%3'8%’%9 LUBRE I ¢ he
menbr anén l:érlam@rrmwlmemg thé holtdun epsgated menbei 0/ rwsea agth rahbied fiom achi eve
expansi on of _the core 2 Qv a periaod of 4 hgurs re.. In sone cases,
The- expdiis aoRp i Fbs A Cpridaan y o 8 cpbi BLeSend Ai0ames e iGaye.

such as tren nempen D eemosuch d30Umsn toos wtn, dAdiSding 2Ghmdb BIMEY &h sameer i od of 1
to 10 days, for exanple, the exlganm on may occur 8radual |y over_ a gerl od of

2 to 8 d %”CelsntotfﬁF'Et%?fcqeﬁ%tq pee@szsp)ahé.na%"'&%s' e hetRiPestiog 694il

experi e%ﬁ ¥ thhSerRﬁét' eﬁ‘ﬂén Fdd@%gct%lﬁ%mtd otrakudphd @moseonuﬁéla&hg opRy be
substanti al %/ avoi ded 0180] Certai n enbodi ments of the osnotic core

i ncl ude 1@ 5Hg rera. the aX'é@ﬁ n%%&é@ﬂ paltipn ofRellavoelphazted AiRmalaiioRd. arbinet s

havi ng %hdtﬁ‘@?fhe%%dﬁg) ddvabn isSs Ei%rcﬁf?e&“%&ghaé@cﬁi 6r‘1§sé)Yrﬁ:r udh® i or101. In
some i nstances, the ets have an outer ameter o mm or- | ess, such as
4 mm or l¢sssdn someTagns.dp faciiate ageess eranoepaningsof apfrontalrainusy theegysvedip

i nst anc (3 o)

et angecdfede i chfialfRd BT Al EMEE HAREHGh 3B 10 L slh 2B tp
cases, tl06°tiadlding 78t ® Qﬁﬂmm axs af tpehymurvesllmmcmsofdwho\g lelangktEcul ar

o N e L S LA O

tabl ets Iessclmdxeilrtgai)bmtorn@sem icpit&in tesnlaalihh emts | tubamhiairet&cei;mtosmrmoenmg
enbodlrre the ta S inc Oto 90 Wwt %
calt | L PRPREOSSTES. B8 chivestEiiatton Pod didhaRed neldAl % B eyanpl o, ¢ he
tabl et s ramying rohuakao D02, tsuich as\e 16 0& EicluoiicdP 18252 frohmth8 @ixist of thd\agA-,

i ncl udi n 30 to Cl 40 to ome cases, the
O 0 B0y B A o0 D 8 D ol S0TB ggoes, L he
i ncl ude sacfigh .9@@%o%el@,glgumraszsemfbra@ssmctu@m@@% Yorpedsyner, including 20
to 70 wt %®]Iyme or 30 to 60 Wt %p For exanple, the tablets may

i ncl ude (80199190 WhS SH®¥N o9 S{isHdarly E@S'%( astyiin bkt b §lorgated aeiBPeg 20 to

70 Wt %ddaliy 8% inté or?«tﬂ)orp%t&pm\é’?nb%? B4 Y0¥, aliRxiBR fod. NinfdRe 8lonbARJt abl et s
include 20 to 70 % ox. |In some enbodi nents, the tabléts are conposed

of a salerabey &DoNtigRalY, h@sa H@é&f’r@%dnéﬁmﬂénﬁ%@e?emw @10 isHie fluigpbl et s may

| ot ude cihehEltoHuite NAGh 2861688, Fond Boshta B LY oaddioapEd@al g ances.
the NaCl gives a quicker rate of expansion t ough

bot h mateug; azvaéeraselmsdmgwuthﬂ a@nbmatlmhe@@é@nddh@hka)wrlaesdldbel!ﬁd into
the int ilat. t ere may
pe- sone JEaE0e "bRF R lecieRRE sl ekt A SRREN ARy MRl R b
because apfaftet |slat:ergmtra'brtrm:dllalon\dewgbeoummeestermtlswmenmgt iAdtlernatinely] tab&age of

t he Poly, t thr m per rane.. A hi r | oadi ng
(e.qg., éﬁé\;\%{%e %@ggggw§ﬁ’§§?“’ﬁ§?§@?%86ﬁ%?@@? Sé‘iE%’ﬂ@?e-oW'\%ﬁgw a | owner
NaCl | oathbuglirientg, inte?ior @lon§ated NI |dREfreisra mgcin 606 tvbiidhi engades triggee i s
shown an enbodi nent of device 100 after it has been in place within a
paranasal sinus opening. As can be sedh by a conparison with the device 100
shown in Fig. 3, the volune of the osnobtic core 112 has expanded due to the
i mbi bed water and the el astic sem perneabl e nenbrane 111 has expanded to
accomodate this increased volunme. In this way, the diameter of the core
112 has increased and when in place within the stenotic sinus opening



as celecoxib and rofecoxib and the like; NSAI DS such as dicl of enac,

i bupr of en, ket oprofen, naproxen, piroxicam aspirin and the |like; opioids
such as MEORRI2MBP670pi oi d agoni sts such as tranadol and PhE/US2KaE/0494582 cert ai n
enbodi nents, vasoconstrictors include oxynetazoline, epinephrine,
tranexam c acid, salts thereof, conbinations thereof, and the like. In
certain instances, the drug reservoirs may _i ncl ude a conbi nati on of drugs,
such as aém&%iTﬁ@@%ﬁr%ﬁ%%qwgw&hmaﬁhotaﬁ% -NgpeeRmiE HigsedrB g 4R
vasocon%bnh()s,bpat-h_eF@irasmém@ 1R SHalSodRoh drblrtIAEINEIARHRe AR 0 Corp.
Seattle, WA), which includes an NSAI Uéketo rofen), an anti-inflammatory
drug (arererRIgNgaied menipes 60a satehdBgrauEfrem (e epef a¢yed Hesectn@i4nat i vel y
or i adghdh Anisos[iendheQERSFAXRLY Soot Ry BBLid Bfto hBTipdf Hitefr100 may
include a drug on the exterior surface of the device. For exanple, the
devi ce XOmoaiad membpr 6§ dds shoppda Figr 1¢odn s oanfiguration uije doplantatianor gel

formul aty te | : ril : YeIA0 i i thin
the. pat 1oEae PO TR I FDsPionrdrbl iylarkii MAGRABH tefibe 0Y' 28 O™, o
conposedi®fl s thesphysicia thgn intpiddcesathernolidw eldngatddevembabodii theough thehe

reser voi S i f 0s i . 10.in a
radi al | aﬁgrﬁ’t\%ﬂrﬁ%&rgi@é%cﬁgﬁ% b?a‘t’#egraorﬁﬁﬂd"?%zgga glhjg’c I hr?%taﬁ@% Xlﬁésryéfingjgl lel to
t he | ondM)diOmek tlexditatioh deeice @00 1DPosifid@ti8Fiihimnthel dpenimat £2, tunirigger a3 on  of
an inser.tab[le dj | a}ti on ev'.lc§ ai rrilggqtfh.devi ce 100 shown.i.n Eigs. 3 and
4, has &% {%ahedolfe R be ARLO PRV LB af NS QP TR AHERHATE SHEHBPAME i n pl ace
O}‘ [ wpertn@ﬁialmsmaﬁ@mm&%re@ndn &ﬂth@b@SﬁiEﬂ shgmnrméi@bhe, vWﬂﬁﬂDg@JiEésitm pl a;:e of
el astic sen perneabl e rape 111. Suc eyi ce expan reasqn o
wnter vATBROTREER e eDndw i ddapHa o bie e FFBER S eBRe ane. 1
certai n rgroedi TR Fier URE@hySitiah nfdy WigtRaw itenBolloNsEBhG fe® Adiniteer et er
absorption from 100% relative humdity water vapor is about two orders of
magni t udBCKk 8P’ e AASHhen t he same osnotic engine is in contact with bul k

vater. Tbeaoie of wakle Figdt €6 iRblgls $ISRE TRARE 00 WMLd &ildBARERBE 308S _
descri bed above, may be adapted for applications where the dilation device

expansi GROUEREEIeHAUE EBhedimenisoigericp&OPsanor Sty uieeHo peddyapiast weeks.
For appld I?é?}_tdilgﬁ?ne&é\ﬁéé%, Qbéh:éé,%t H&WFnﬁf’edQ?P@}%ﬁbﬁBe\Tri A fod’,'z@@emj’,%bga shorter

period of tine .g., hours), an internal sem perne e nmenbrane dil ation
devi ce MY andida0zbsciosgdthareini cki ng el ement, for exanple a hydrophilic
fabric i | ar i gt hi LNt eri or By t : r
nenbrangb?';l%d(}rroptiéﬁig[f]%{/é@é?%wgmgf%ﬁjﬁgs&t&ta Lde?”bgreltr)&m na Caené(}/ﬁol% ﬁwgﬁal ends
of the dnFigt Bdn Siteldrde de}io® 686 ReWe irehnige. 16Gtoni®@ywdaeide 900 alSiodws e&hantte 6 whi ch

show an i f i I i I i i i 0.
Simlar @%@vﬁ@oﬁ'@@ﬁ%\}gﬁgﬁ %@g %naélog%(%@ﬁéw ﬁ]fgide\?mtgp E%Oqg’ll\lés(fgm ﬁ]gepeni ng
202 and hangled®d2meithio pemmgoL @3 memieo 20 mabviag aloorvedl0dstal tighsectior 904 al
assageway 206; osnoti.c driver 210.including a . sem abl e rane
R Lt X A A P G R R
207 and 9288.A ﬁir%rpbaﬁs s§|@adl@\(?oefmloﬁ@@witdievh@mbao@1hameamr@s(mt:al¢ bémrg 2f120t gat
in certain epbodi nents gradua i ncreases in volune oyer a riod o )
oot o o BXBPE MGE 1B SaRECS elfs) BRVIEh S ST elPRakas TR (G B mE hits Wike Ser i o
of 4 hOLQOjS Has d&Uréed distaR i Whicti thalitaika efd%ﬁ@ln@an@ P& aztieg eid Wiré?ﬂsls openi ng,
as showmn in Fig. 6. [00186]1n place of the distal anchor_104 in device 100,

devi ce JOQUAREFHNAAHER PRCURAARGOT Holiow RloNgATEAGNARLY U i RPN RBADI e

menbr aney b goali§ aHACHAIG0 Ay dR? B 1997 T e ardof tHABroXREAI &inbi R 1 wirdi§o9smot i ¢
anchor 220 is simlar to the operation of osnotic driver 210 in that

osnot i ¢ XENEiNEintorRAsSpReWBNIG GG inen pelgrasdragioareibedrg aisehsaewvOer from
t he pati : ) j j: S, Ot ) ; ds in

Vol une. o T r® (AG6% 008 8% o R RS P ™ L bt Bl a8 e MR o 012,
For exarfig.&7)d5enoistal endios wire D0meaxtansisewt froml th distal opde endiof Fembes 9ei al
hours of_ oy | ! L 00, A; LEhip 1 hour
of i nserl ooy Aot B fandf Bl SRRt AR AR iR 18Tkt 1 &

ful |l y exparedestanced, ittguleaginad wine JeiSgexiéding beyond the end of member 901 is

such that the wire 905 extends through one third or more of the length of the internal
tube 151 of dilator 150. In certain cases, tube 151 has a straight axis and the axis of
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[00187] Referring nowto Fig. 7, there is shown an enbodi nent of an

i npl antabl e dilation device 300 that has a curved axis, which assists in

t he pl acewen1asve3certai n si nus openi ngs such as the nRKirlUSa01y/049482S

openi ng. Device 300 has nmultiple osnotic drivers 310a and 310b separated by
a channel 309. Each osnotic driver 310a and 310b includes an elastic

sem perneabl e nenbrane 311a and 311b, respectively, and an osnotic core 312
(the osiBR HEI8r of e ABRAS puived.gich tnassuligten Fictisy's crsatediakse® (o t he

functi onsaftfic ANGOAT 5@ Be@irelf @Y UHEdLOR thedf¥thCanBOha e Jodduingr oxi mal anchor
305 at its proximal end, a distal anchor 304 at its distal end; and

opt i onalPlafement BitBiasd $igus estisimoflerngivela e Wi 90p ¢en eglerdgompietely 9 show

t he devi ! td i i st nded

cont 1 gur oAb oldhe el el oA B B B Y B e

dri vers sgialiaoimiirdaahia sienelic estivameréel te dilttogtivQinserion AOptianallye theedigtaf r om
Figs. 7 : ; I I - i fluid to

drain Oue{naoot}Jrr%%rfégl%idrt?ﬂ?&@?fﬁ{té@%@r%%Pﬂ%%ﬂa%ﬁ%é%c&v@{ Igﬁlé'w){ﬁﬁaet si nus

cavi ty winghges the mieximata3lor pkdilatgl otand Keepa thae dilasorolddrfirorg rotating

[ 00189] I . L.9S: , [ wn. an enbodi nent of an

i npl ant a?%@c%%?%??%ﬁ’uM&ﬁégﬁlgaymae?cﬂlagoﬁ 1e5§Er§éﬁa "ﬁ%é%?w&ér i ncluding a

pol ymer [6@202]x. Sinnddrtain ¢robabimieatss dédfs 920 hchuads 30ight skwrce 1 AGthich O has an

i nner caonduit 401 c.orrpé)seﬂ of, .. substantihal I _XLI” gi d or non-ﬁohl atpsi bl e

pol yrer SOMEIREENCesTRE JIREHT O OlE T ate 903 9% TOFEN asere A0¢ e

gassage\murc]:écya r1fe§mi_tsxaligjhtt)\'/noitﬂ@hd_alcnrihiehwfhbwcivgalsneﬁ;nmsn 9as. thmf hﬁmgﬁtsso@mb bl ood to
raln oyt .of the sinus and .alr t ass Into out of _the sjnus cavity

Ghilo o108 PaR Tt RRn D6 e 87 B Hooftem gAY bR SO SRASERD.  The

ends of 16@pesliién d0ihhassurtd 8 et alwericiligat RTeAeH ineduika g Afenfied oandord 04

whi ch hel keegydew ce 400 anchored within the sinus Orﬁ)gglglne%ﬁdu“ ngiI use.

[ 00190] $UF ABTRET HRYREERNSITUGIEY of & ight-Essamiing Ineatgral\pup RESHHET udes an

ex Pa”datzyl%smﬁ ¥HRE dmdddintentSuh loaddro AR RERIRIHE tP DenBeaRuR@ ihd i@ fvadtid he
driver 410 include water swellablie polyners such as |y et hyl ene oxide

1 ud . . poly.
(PEO), [8Pdr birypicapy3uriacag of eember 89% capbe ywahhpolighed k., in the case of
car boxy Vg i : I - :
pol yet hﬁ%ﬁ%g@%@%’@@%%%ﬂg%t%. ﬁ%ﬁlﬁl}égig'{ebgg?gﬁeﬁﬁﬁi nt ﬁar? Vélahm guar
gum and aamiffare@syfagedreadmenta (8 rBaisaees, at leaspporiars of the glilalpdi op(a-04i c

pol ymer | i % Qr : 90 Qr nore,
i ncl udi ﬁ@g%’élﬂj %%%goﬂ&e& e%%a@@%ﬁ%%&eﬁrﬁb r&nrgéraeéirgg?ﬁ%f@b%fg’{ g'?hﬁﬁoarl%%}m&g i nst ance
2, 000% androtransiticéntsnatesjalaspd gt thenlighd from thierdigbesauitan 9 ehbadkiesexitenst t he

Bt houot OGRS 4184 Blor B0 38 e it Ats e LRRARR PBL Fl M Bte, ¢ ai
enbodi memessityGuethakthaeingtted light leyd beseeh ittropgh thegratieat' atacjahtissue, The

ol yet her - bhased. .t her npb-pl ast|c et han TPY). . This material .i s .an
POl Yot I asitah e Rp R bl 1 B i b b sien 2 £t BRapes, as
desi r ed.dilp@0 kPthEloatiuge Astdrealthenvative td @k light Bowick ioometthe Wshidtio diatdr NSG openi ng
!n a non- expanded conf|j uIr ation. V\at,?r ,frognhc{s \B,ati ent's tfod?/ i's absorbed
into t h&esol erﬁ‘ﬁt”??&b%io agp§ Yeipg 2pdlurgiggten gyide Wire, o ex@maie 9T B€pand to
t he confyjsridadcriped FhQwmaidrd efhig(U.E3PaldPN82F E80dps], 11k bxiehds B onGeithel r om a

nmetal, a netallic alloy aéjolymer, a , ,
elongated hollow members 601 and/or' 901 and optionally through the internal lumen of

the osmotic dilator 150.

[00203] As shown in Fig. 20, device 700 is an insertable / implantable dilation
device according to embodiments of the present disclosure. Device 700 includes distal
anchor 701 at the distal end of the device 700, and proximal anchor 702 at the proximal
end of the device 700. In addition, device 700 includes an attachment portion, such as
loop 703, configured to facilitate removal of the device from the stenotic opening. As
shown in Fig. 20, loop 703 is integrally formed with proximal anchor 702. Other
configurations are also possible, such as, but not limited to, an attachment portion that
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ceramic or other rigid or non-collapsible material and may be configured to
constrain the expansion of driver 410 in a direction that is parallel to

t he axi s Wb 2de2vi36653400, ensuring that driver 410 expand®Cirusasniowsdar d
radi al direction. For exanple, the ends of conduit 401 may be flared,
creating flanges 403 and 404, which help direct expansion of the driver 410
in an outward radial direction fromthe conduit 401. Conduit 401 may be

rigid orS ABHNEraly fmadavithsproninah ncles @ butseiner gitathsddaoreaal nner

di anmet eran@hort 712 sl 66heswe %ﬁdlrﬁd@ <9||9Va SRa 9;5 SaneiaRa ke leterﬁétﬂfew e force
radi al |y outward 'w t hout coll apsing Device 400 may be fabricated by

an |nserﬂ“aﬁlﬂﬂﬁi‘tr@rmmav|b6ri0r\mféjr‘éi”h°'t@iéacéféﬁ LV @O%Hﬁwthpéiem‘ipded ont o

the rigigcRbs M e&RItapsi bl e conduit 401. Additionally, device 400 may be
fabricated as two separate parts and joined in a nechani cal assenbly
process [002G4)r m t Refefringamovato the Dsmistieallyctiiven gleviges d00, %M@%Dé@@i ng now

Fi i
;[(r)rpl :agts ab%elhegi ﬁgﬂdﬁ gtrlléﬂg(%/\?%ées OQWT%@aWé%ﬁpghg%?&gr | n@ﬁﬁ%l ng a
pol ymer osatotic xrivarse 10n2&0 anat 360, rdméodﬁeel'ﬁOBefes'rimg)ew speetitdllfdo dirationner
condui t lﬁ%@%}&t{%ﬁé\%!e?‘ﬁ‘o&gthg%%é% olﬂfg%seg%%qg aﬁag&{@fﬁmy&h’ and bl ood to

drain o sinus an out 0 € sinus cavity
whi | e t sendpdrateable dembrame5i0Q bysrepetm ofi theedmetitdiiyractiveagems sopeeding.

00195] I n,cert ai t he, enti de C ed of an
cxpand BRI S e T B Qnatboia iy S o B aiebly BRREReATS 2t i ng
aﬂc hori ng péira@gewga@n meoteaﬁ)éemabte Hnehibrm 1dgxt;1etaeor5|6ﬂthems][mneallw t hin
t he sinus.openin urln e. X abl e, po r for use as
et xS S sal Bl Wi et 2 b r S e R s e T wafR (R |
certain tﬁ@b@lﬁhm’ﬁfbbay bb@lﬂs l&@bé’r’ﬂiﬁéat@ﬁﬁ@u@ﬁthb)éeﬂr%@hbléﬂﬁ@mbﬂan@@@h1él near
di mensi on. The |inear expansi on may be equivalent to a 700%or nore vol une

expansi &9 1Py TBa3GeTdhe @%mOF‘P?é'V%T'Weqﬁ%gorﬁa'ﬁs@&'thl%c%?§\1/?t(§fgof bet ween
1.10 angoleslProadHocdt pguates to a water absorption of approximately 620% by
mass. The matrix material nmay be an injection noldable therno-plastic, and
may be M80208] i n Ralerngsnaniies, 2hdhereds plaevn ﬁﬁem@é'm%toé%wertﬁwé/pol ymer

matrix %glahﬁabi’e @%BH%@%H%OQO'%%E B! fileXdevide ﬁd@{omﬁﬁﬁﬁgs&. Efeb‘?]dpéﬂ ymer

matrix 510 I's a heterogeneous polynmer matrix. For exa , the

het er ogéiRsoigs ppIoxifeal amaber 80matytsipsoxmart el @éustabaMOéS% plitp @stabenchi gher
rigidity i | ew that ner
condui t agggﬂlq.ﬁ%%B%Q;G?T%%S%@a%%%&%ﬁ%gegﬁbg%gg ?eﬂ?@e 0 hgg%rSHﬁmé@ﬂ\r/éergl ons of
hi gher r81§adinty818b separatidsityad charthehfAO.t EecfposrnDMmdrl\anmea antié1devi ce, such

as at t ons of

hi gher ?rﬁ% %%&%%'a@%é%@gﬁfwgﬁgﬁﬂ ﬁﬁ&)gxpan %aléctlg%‘? %n%g%ol ymer

mat ri x rossmoablcpreo&tawardj 8 rabyrdspectivene ias cbowniin Fig022. [TA6 teGEe 800 s@ther he
devi ce 50 osi.tione a_si,nus .0 expanded

cont | gurtidss e STE A dh8uBr Bt AL eDeTeR DR G s T RREEE body i s
abs?rbednaimb@nteﬂ@magmérw@tét froma, th€ paBen'g botiytcomlgf:@dugidtefnc_ﬁfopand Ito the
configuration shown in ener a rophilic polyneric
o i BB e arar Brcst i BB A PeBRRA s g uasTEe aBait B Bde 15 o
15 by mMe@B3h@bshbiicsdre9819®hAN BY2b, 4LEIE iteNosbtid Edtes Bincieasé irn@blurdbp

coati ng,_spray coating, machining, stereo |ithography, selective |aser

sinteri H_@'S Yﬁ'uraﬁy”%??f?@r‘:%?%&? iglpeirasRkle elstip MAMRIARRS 8 hia a8 ko

geomet r iggBand radially outwardly and exert pressure against the patient’s tissues surrounding
the stenotic sinus opening. The above has been described in relation to osmotic
drivers 810a and 810b, osmotic cores 812a and 812b, and impermeable elastic
membranes 811a and 811b, however the above description also applies to the other
osmotic drivers, osmotic cores and impermeable elastic membranes depicted in Figs.
21 and 22.
[00206] Another embodiment of an osmotic dilator 150 is shown in a non-
expanded configuration in Fig. 23 and in an expanded configuration in Fig. 24. Dilator
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WO 2012/ 030673PCT/ US2011/ 049452 [00198] Referring now to Fig. 16, there is
shown an enbodi nent of an insertion! inplantation device 600 used to pl ace
a dil ati onOode2/o3867300 wi t hi n a paranasal sinus openi ng. PCHAISA@i0¢”s500 has
a handhel d nenber 602 sized to be gripped by a physi cian's hand with
trigger 603 adapted to be actuated by the phy5| CI an's thunb. Extending from
t he devi ce 600 is a hol I ow el on%lgt ed nenber (e.g.,. a cannula) 601 having a

curved tPP RA§SIHOBA2! ($81 askal ﬁ%ste@h@me%@nshmem%a Falngr e of

the hol gy ﬁ@@aa&r%ﬂeéwmb o§|%né BQ!Y‘&blé’l‘s 68l 1 5hGaraiifrogdidd 66tolt0s chategrting /
inplanting the dilation device into a paranasal sinus opening. O her

confi gurtelg b9k of eﬂeénai@{ﬁsaéswmeaﬁeade SEPI38¢ KPalinanHicis apRled aci l it at e
| nser | Qrbol P HABAhIGRTsQ nd R i e8I Enciis 188 07 adsagg i nus.

such as frontal sinus henoi d sinus or a maxillary sinus. In certain
embodi meviieh makderiarbead @el@nglae@)domwe B0 1olsgeurg the agehors Entdiertddd rom 1 cm
to 25 cmgqsuch as 2 cmto 25 ¢cm including 5 cmto 10 cmand a di aneter
ranging from1l mmto 10 mm such as 1 mmto 8 mm including 2 mMmto 6 nm

| n sone [00207dncesAs tlesdrided Ihetain eha dists sintloraib6opanbegizel secmtbett Lpary si nus,

the tip t. [ 02 to
002, - sudtd st feiaBsroit sft g S5 T B Pe iRl Fpl SRR 0b R

non- cur \stehqtioosiiun dafingndlidtow %) plagernent aneinjee exGéiids tamdizenibat keggishhef t he
curved t ction is ess,. suc cmar less, including 2 cm or
ese: 1 Bigh U Bushephf ot IEBIuB AR Se Ao mr R Mt o1 st us,
t he Cur\dﬂdto’t eRpEBXN. oTwé PMsitusexpanding drsedl ahohdrerdighk aadillasighted iraRigsng from
302 to \])%0% SH%g as 602 to 1002, including 702 to 952 fromthe axis of the
non- cur %9(519 n of holl ow el ongated nenber 601, and the |length of the

curved t[ogeoBict i ORigh S3PafdBPNIULRSE a B ad8her T7D &plib@sSa dilael Hiehilagio2 cm or
ess. In _certain enbodinents, to facilitate access to an _openi nrngf a

| e

sphenoi dil2i0R (180 Shewn F1Figeed AN¢)h haWRe B NS duliesTRoi9r - g%u?’@'@”fj@nb%ﬁ gl an
angl e rangd)nhdidaATaslé 153 Bkhg St eRePmeldrame HPand ¢ bul Bashe to 252 from
the axis of the non-curved port| on of holl ow el ongated nenber 601, and the
| engt h SEMiPRIMegP\edaemMPIRNel®E: dn cpdaig e@?ﬁoé“r‘m?@%stheéﬂ!ﬁé&m@sloellwéfr?ﬁ be | ess,

i ncl udi ’é@g% 0P s&i a‘BTet'1%§%nd[tPé)&|%%] éﬁd ShPubd 157 & 1 Pn?n io3ld ﬁ#ﬁ?'s\dclﬁ’%é's“ oned
wi t hi n hol'l ow el ongat ed nenber I's an 1 nterior elongated nenber

(e.g., dnmitegimmeincbiding 3 mneid Bfnnél Bﬁrg@taémplerdhﬁél’s’lms b@pue@h@me;dgﬁ@é a

| unen 6 |, Ll at-i Ot h

ol T ow t1pS~EEE Tapanua0 a5t pHTENNRIth To1 ey d SnER I Rf SRt

wat er, saliaféybedtiigs dicdt ebaied WIttmeydTapmltmpolymer Byér, 1andotéxampléke) or a

asal bauepsnfie? BPAR, e LCORR BT TR B ekttt B niiele. 2 500

in the e,iommuﬂrlla:yempmy ragge Abtmet nelt(D081rym) tad@ni@o. 76amnhesucbaae§r©heﬁ milo a

! ntor1 onCdrSnLRe? filBEs o5 AL Fbrcl BBi-aRrER braglEe By rBer Par m
607. Trls@g@_’un@tam@)?hemmaew dfrtha hgdirephii® Bolyier gger |361Q§3m|I$01'D1 aseyd 16e. g.
or .other biasin ward the 03|t|on wn in Flg 17

L, oo RSP e BRI PONENeS L B o2l L R R VBLREPPEm t e oad of

curved tdoWrﬁ@QéVe@ﬁ?Q%r e)(&\ﬁdel TeddphficBASPEARR0, I'LLitﬁ‘lzd! ctdtpl omicdigig, ce 300 nay
be slid onto th i nterior elongated nmenber 605, as shown in Fig. 17.

In this QU] Ul?rtﬁt‘*ﬁ?lss efHe hyyrahrRie P%'Mm@é{ﬁy%mﬁl?)dia”% fradymil 6309880k i oni ng
and i npligAbinmg otéB%meH ! @Idhoaze, f?&HHQﬁlI @083 nf¥®) 1817 (0. 18 Fird), inkRidirig oY si ci an
t hen |ntroduces t he | ow el ongat ed nenber 601 thr ough the patient's
nostri | Mib(0-Gaamtaé rﬁ'&@ Ledn) 3@#‘.9@9 instargesatheithigknessid ey dsopROLIS | ar y

si nus ( I bafsl penlng
T2 ne oM kRglsiS it O O RV SobaRAS, hPTFTbD0D 1P TEPe

occurs bscoaigshis bMmngpf aiorey suhheas Bi rg@lem e, emb Enpposoreal Fefiingantaithe o t he
positio ! Al r 605
o wi t ns S Sk 15y ot Ppodtol Hiby A S, el 3150 i, EcHARERgRE

Ther eaf toemore lireleppipns setraas Eraynwr trivde,.aow 3t hen drohbrevied. .ohgat ledghendeut 601 back

out of t n h ow, devi 600 with a
G art onMpulR M syt SRR AT b2 (5 6 s et s b P b

si m | ar Iparaliee the akissd tiie t’ubemplfalmm sedtivas ofltHedbilager cbaninge31, sA O but not
limted to, dilation devices 100, 200, 400, 500, 700 and 800 di scl osed
herei n. [00201] Anot her enbodi ment of &P osnotic dilator insertion device
900 is shown in Fig. 37. Simlar to device 600 shown in Figs. 16 to 19,
device 900 al so has a handle 902 with a hollow internal |unmen 909, an

el ongat ed hol | ow nmenber 901 nmounted on the handle 902 within lumen 909, the
nenber 901 haV|ng a curved dlstal t|p sectlon 904 and a slldable trlgger

~ N~ e N — o o e ~ NS o




[00202] I n certain enbodi nents, device 900 includes a |ight source 911,
which in sonme instances is a directional |ight source, such as a | ow energy
| aser. Thwol2om3oesource 911 emits light into the | unen ®CThskO0MSIDEr
901. When the light source 911 is positioned as shown in Fig. 37, the
trigger arm 907 may be off set with respect to the position of |ight source
911 to allow the light to reach the |unmen of nenber 901, or the arm 907 may

be constqlacﬁ,efjé@i”@fs'ﬁuq FRYHY - WRISH BRI the GaviveRnsh sutiouspivg tigsues causepinesti ¢ or
gl ass. egiyadeteﬁpaddnoerlar@rera@greleltﬁah ih'é%yhhgﬂﬁlbchayebQ'?Q ar ound

t he curved tip , the interior surfaces of can be highly

pol i shedvhieh @ausep e idivicabsestione Ahdr1 9ok ﬂﬂ%blﬂfyehﬁ%”‘@fm&teﬁ@'ﬂalﬂa@@!{ as

st ai nl esgn3tealbe 951 a BR6W FEFI! 94/'&@%.%{' érhef?ec%.m.er &ﬂmg%teﬁm@ ok igREmENt .

In certain cases, at |east porfions the dilator t he proxi nmal
anchor cnet%s(p@nqemeese@ém afib)174rhave damdrepsne theyikepp g ditaterfea beingg and/ or

I
| cast perbristarah'uf Sstfh aifiniq 1 fasElRacsadol ey R O e o
may havesogfinstaness, theﬂemﬂile;pwstmellﬁ Ih@a@mrencmjbetwglan thealinydsephilgeen t hr ough
Lhe Patiefingt is13) shb3G Sanldl FOS IR O inldifial dlBL 1AL Beflys plor 150

may hel sicianto cCorreéectly posi KEAT, rin oStium As
an al terdoated\xmtcbapoh@nlofgme ostemeent®drie 1551@vmcs‘mmay©ed1ytiaip¢m|0150 descri bed

h i d t f th
e ettt o & o Mol i Fio P &P Ba Bl S5 9 685 BT el et onds
L o B B o e, A L arildctied hr oJgn
v co 9bn ol Shiebe AR gTa i ke 357 to Aidvart DR AEbPE A SiaPa PG (o

enbodi mepd subefwiiileen Bre $#@AK tHe smugeavig.. Devi ce 700 incl udes distal anchor
701 at the distal end of the device 00 and proxi mal anchor 702 at the

pr oxi mail0@2®]of + WORRAATBROIHBNTS| A Sipitar {1 d'a@J/PE‘e‘OVWW BRclingded i

at t achmepd gikbt { S witl$ tHel s RBohLOMRnd Qﬁeh&r%ﬁeﬂn@éﬂ ﬁfithb%pb@&té dilFe‘Hn@n Tr@H‘PVa| of
the device fromthe stenotic opening. As shown in Fig 0, loop 703 is

i nt egr althgt shewpael Figst B3 BRG 2 min thishedrtieuragion. t@h’@PUtdQﬂﬁWf’ngrtE@ pierare al so
POSSi bl &4 ﬁl?bcﬂ aﬁ‘ﬁhorléHtathl'sfa ﬁc?gf [EBe 13'1‘51%%&& trtlcﬁ’PéftthQBhég%?t i's not
integrally forned with roxwra her attac to proxi mal
anchor Toatingargrpasiiessd mear RW@IQSITWQC tabletsi When W@iedath@ qonéguratien

ot her  pal d el I GirsRigGdb PELANEAT R o BT Bt ERF %5 now 10

t he os chhmatyhejmpsmnheiemrmsemm @00 tewmardS Ot tlsmeesurmsedm@me t he

dilatio i : f..

osnot i c%éﬁﬁve@@%ﬁ%ﬂ aﬁe&q Onr@ﬂ%l%%g?espggt @8 gt%E{%f ﬁ‘%r}!/&% ?fl cally
to di | atth@nastecacy, ﬂt(éOanoNat sectioneact ke bzabs agulhﬁ tlhmdssubes@rmendlogum neat e

t hr ough tﬂ ﬁemg He%ﬁ rane 111 by reason of the osnotically active
agents CSHYRMREYAR at%'lneoal(ﬁ Sinilarly, for dilation device 200, water
frcr)ﬂr;w t hqommm]ent Bigh By ategh nlasﬁraxemrarlet?h@ahmdmb dpbes R Qﬁt@mdnd her "

nmenbr ane eason the osnotica ents conta| ned within
Core. 2130 Sltar {af} S50 o A ST b P A gD e AF o sanG2pRTent o body
begi ns tretBRUBERAR éemrtayem5:§1ﬁa\ﬁ@@hﬁﬂfrf&ﬁtén%raﬁ@b5@aﬁ§ ad blferambtig11b by
reason of the osnotically active agents contained wwthin core 312 (e

cores 3@@@&{@%@@5%@@@?0@5@*@ I$tABCHBRIMERN HIgyedgR Of sadatdley 155%% an

enmbodi MeRd gRfal BRd bNERIMEBENS1 is 1 H‘Prlu ﬁﬁ’f@ﬁin@ sthich %&'3QHn1C#6W'20rﬁm8%lud%V5 ce 800,
| i ke device 300 shown in Figs. and 8, also has a proxi mal anchor 805 at

its proXNmde 18mam. f%e&a@pleammtammbetweemmjecmeacpf taegalt wptpt dpBiaddal dr ug
rel easi r Oa and
810b segger gtﬁgag%&'of ﬁgﬁ%iﬁﬂn%g%e acW] ggrmﬁ??ch@%é\i\g?%é{ggqeﬂl Orﬁjal ncl udes
an el astmaeiiaghsachmaalsiainiessméiealns agaolymenslicB leBtpolyesRgiethenketane laaﬂaehedos noti c

Fur  hor PGt oo MEFRER BHFNY o AR, Welothngeg. FifnE s A 6P

non- col |lappliry &bitayer peatingaNext, rt’eer’enanethe[nube mg1 issenatevhfiret with am t he

pati ent ryea conduit 801
nd per gt rBBAR st 182 8L Pk BB e RIS RN AP Toiec "B12a and
812b, cawigkliffy, Ondo)oJimetthickrass e tHeohydnaphdlsgolymenialermeay riEmige frooh amel | ncr ease
causes the |nperneable el astic nmenbranes 81la and 811b to expand radially
outwardly and exert pressure agai nst BRe patient's tissues surrounding the
stenotic sinus opening. The above has been described in relation to osnotic
drivers 810a and 810b, osnotic cores 812a and 812b, and i nperneable el astic
menbr anes 81la and 811b, however the above description also applies to the
ot her osnotic drivers osnDtlc cores and |nperneable elastlc nenbranes

o ~ A F A/~ o o



150 includes tube 151 (e.g., a stainless steel tube) having an inner

menbr ane coating 152 di sposed thereon. Two osnotic salt tablets 153, 154
are threanedom3esBhe coated tube 151. An external el asPCt/Gseotpersrabl e
menbrane coating 155 is applied thereover. The dilator 150 includes distal
and proxi mal anchors 156, 157 respectively, which may be attached (e.qg.
glued) to the tube 151 to secure the anchqors to the tube 1516{%00207]As
descri bd8-0REP®) 12 39 Rl (Bi78tam). SHEM 8P TPaES VO M &y22 UHO BRI Mepon i ni ti al

inserti Qﬁbl&d?ﬁ*% AOHMQ mil $0. mhﬁn RGN ($81 ). IhlsofRNnSBn&as iHe/thRABE]
through the enotic ostium ur| ng d| l'ator 150 pl acement and yet expands to

a size toh#te ResgRhifoRONINeEAKRY i i 6 MIbEHgMPBUs Heee iR earodivedstiieim and into

t he nas i i di st al
onehor SYRERTR PRNer Mk dochith atyBRETOBR polifor Byt 68 (K RRRALR0 S o

34 i | | ushecaphiliec® HPEOPrip, dhbrizal Como, ﬁgwhff@@h@) an@ﬁ thigkoesssoithear to dil ator
150 sh t
o0 o " ARl PR oo Al A 18R bRNPI 188 i o it 0253 uth oret

el ast i c asdranpé maibE@d3Imme rid 17 aie (01 BB mm)ninckidtingi frone 2initd {(On@mime) to bemidli st ance

bet ween (b8 e lorREhkizh AL Sho hR%-RUCoLAE OLRERLOEINNle bR IebEyIo1 15 1

mmto 1 i Acl udi n exanpl e, the
di stance{OJ@Gthaankteacedge84foﬁtimeal$,aﬂ>rbvrdablvmh a1c5é31tra1hda$slageﬂa$tia$tcend of the
t ube 151 nm . tQ 7 T istal end of t 151 is.first coated
won a YR SeARy TaBBls Gah Mrouehifa Hibri it mate fol g mbit s8has 200,
Lubri zolpo(s}@mer ethdr Kistonkfi€ attddned)(e. thgaJéd)loﬁlmmesiusnél dniaieof iysltupp hishite pol yner

(0 PRV T oM it iipd Mol gt rbRinGe s 356 TR 4 o 2o

m | (0 5é4r§nis ehéh gmm.ngrssmaﬂ@e@mni [pRgl &recdun efsud thelteatiyglgeli 1g2¢ pol yrrer
| ayer is 16 mi | (0 . In_certain enbodi nents, the hi/dro h|||c pol yne

| ayer i 318§c§§igedJSWgt%raf¥oﬁ9HI?§%)lotB? Slitg syRRe PRrg)lglto irﬁa)(@ 8t the,lafg|t@ form
Tecophi | o@&tbﬁP@r@Rﬁ?%eot’rdiﬁrdfMte@r Bnce Wadekiih tr &@H @QvﬂéT\ﬁé’teF ﬁbﬁnlﬁﬁ@ss of

t he hydrophobic polyner | ayer may range from1l m|l m |

(0. 25 mPRVisaRhSHEOUNOHS tisskes causeg dhemydrephilic kayer ‘(Q? tl?@)(ﬁﬁfj‘d Iq ﬁ&arg@r ing from
2 ml e”ﬂ}a hSQR t s of the
hydr Ophgﬁlg(% po i .El‘)rd%er I slég r"qu:‘ Whﬂ: #n%r{ﬁ@g@?jgll éner&gcr)rrﬁ)é;'l i‘é(rrg(rél'?s t he

| engt h d® araheut ir@m thedube $5tdatnaiag ia§h§perﬁt [ tihe, expaadechshaperahcertainor e, or
5 nmm or e t d y be 5

- Thedeped SRAIRTERDST oredthe EAAhs Jog, 1 farkthul B hE LERHT WEY "2
or nor e ardredsattions 1836187 (keeg the dllahmnfrcmmgyeingaxpellmtframrthmgmiunhendbinltcayer

coat i ng 1 r | . | rupnj par al | el
S0 ho 40 hasgh Plnedtielipy HPhOButel B881Bh. RTlalivel e ket coHl oh 52" 1o
Once pl deemb-exiruded fisstnalis, stipped gntowalbeet 5 T, ramohfinbily archiorgd ianpiaceUsy gluindi ng

ti ssues causes the hydropghilic Jayer 171 to expand to a |arger degree than
t he hydrcélBrLiggioc'E1 tF%géﬁlgf‘?g,Of\szﬂec{rﬁcauses the individual sections 173, 174 of
}: he bl3 ngmnqoatlAgarmr}tr]gﬁrlaatbrrta@vf f@raﬁCWLngfdlmmrt1Be mfetmﬁt&@hcmr 155B|)wn &

ig. creat e ct simlar to the eni ower petals ce
the seciTHaS ehmMales Ancibe tiskiiess Op ferproxime) BRcliop 167 canbR AespaseckMithei ng
expel | edrvﬁaft HoW |ﬁ$4ig wR sHai ﬂhb%réﬂﬂaﬂﬁ@@bf RAFDAYSMRYin dhiaBOwh that or
expansion. In sone instances, there is little to substantially no adherence

bet ween WHO! HRIPIBERFRYIY fﬁ%ﬂ@ﬂ’@rwalb@@f‘”gﬂf‘f QLR dPAOSEYR; M 84 &t eel tube 151.

I'n Cert@!oﬂﬂ%ﬁéﬁ&n tﬁé‘@ildt@rygo |§V\iledb§d ﬁﬁ@b%‘ée%ﬁh% heRREAI @RitRf Intdeptapit er
menbrane 1 hydrophilic. Alternatively, a cap (not shown in

Fi gs. gl raa B AL 39S gy bRaised WheRsAtintiheirgaxillase sians o3iym gade f r om
a pl as“lﬁtHH%E%Eb@éanBﬁ Glhez?om}%‘ﬂ%t'&?fs @y‘{c{g 8t 8@kt sﬁ’cﬁtc—ﬁ? é"@id jth§: 9-

gl ued) onto th 1 to preven rom

sl i di ng ed.f lesdghanubeowthivhige the rmtlent ma«nawmtﬂh@pbysm@n g afficey In FQTOQOQ] I n ot her
enbodi i r t di | ator
150 wi Pﬁﬁ%t%necegé@ts{ﬁghghggté PGrﬂng r“?%tﬁd?g thgac}{lta E’?gg \@@ﬁ%ﬁtfiﬁ?%@ ion from

t hat shawhom! 56, gan be:effactd/ealesecwedwmn d:hmd)stgm aging@a thinher proxdioal porti on of

t he bil o t nd the cut
porti on%ﬁ?rhﬁﬁnel ﬁh%gg?ghg‘ﬁ%f“ F'éog? ngofﬁ?gh'”ﬁ%g t8{1 IQF Hﬁgﬁégﬁ% abl et s.
When hydnstteal, agamssmecmbxugmr sitle ohtHel sarcasr VAR afedr itib@lagpp dstHeeostinnh. of t he
anchor fromthe configuration illustrated in Fig. 34, such that the tips of
the anchor sections point towards the3{issue surrounding the ostium rather
than away fromthe tissue. Thus, if the dilator is pulled in the direction
of the nasal cavity, the anchor sections act |ike barbs against the tissue
surrounding the ostiumto retain the dilator in place. [00210]Figs. 35 and
36 |Ilustrate _an archi ng anchor 180 applled to a dllator S|mlar to dllator
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(0.03 M) to 30 ml (0.76 mm), such as from5 ml (0.13 mm to 25 ml| (0.64
nmm, including from10 m!l (0.25 mm to 20 ml| (0.51 mM). In sone
i nst anceswothe/w3hi7akness of the hydrophilic polymer |ay®CTits2a16/0m9452 (0. 41
mm. In certain enbodi nents, the hydrophilic polynmer layer is coated with a
hydr ophobi ¢ pol yner | ayer 183 (for exanple, Tecophilice HP60D 20, Lubri zol
Corp., Wckliffe, Onig% The thickness of the hy drthobic(g yner | ayer may
range fA89R1RIni | e digiansions oAb iniia! apd asisr difplionsefdhe gsmpy Pﬁ'\@r%rmay(o 03
m to af) Jiep(e@ndﬂf@ dAthe daﬂﬁ:'ut&?“sﬂﬁjsforp@mné téfble dﬁthe@5lﬁffﬁe da%e%f%f'devk:@ fér3 m) .

In sone mstances t he thickness of hydr ophobi c ¥er IS m |
(0. 08 melatingete, Opﬁntﬁgﬁfﬁgﬂax”@ﬁﬁtﬂﬁéltw Irpvaweae@emr@ﬁxaam/rcaha %)ssageway
185 to %Jlérﬁ&epeﬁhb%sHpoéﬁvé&néiBéBrﬁrWdP‘ftEH% gm&!mn%r %e% iRdusng. made
froma plastic such as polyether ether ketone is attache g., Qlued)
ont 0 t heé MMserdpse 9 2dMididessuplel B Of ®Spr Eoeexample, tha dhial dfarmieeoftbeng of f
the tub t each
Sl t berca oSl e lantl (1 i 18 SR, S 49'2 pIRESe Pt ol 2 maS ™ s
(e.g., usBmgma Inaowe cases,dsefingl (€.0e adier expansioni/egajen) aidnedtet of theie axi s of
tﬂe t ubGyeride df&é?.?%tr%tc#r%orér%ﬁ@h%% éﬁ 64 bPRR e findiRi 04'7% ot Rlaced in

e Sinus cavi water trom'the cavi and sUrroun ng i'ssues causes the
hydr ophid inm d)rayletre 98@mton nmrp,ao‘rd(lmrraori mO@erFadegamﬁlet treenfirtahdiamederagphobi ¢
| ayer ich causes the individu ection 87 to arch out from
ot ubda s %Y Rde LOG TR 137 The S s BrgBroi et &
thr eade(B @ryoed d maﬂclhw’eﬁtam@mm)cﬁrhentsemtelle)’@h bBthe dktotiaroeiberds20fmmrort he tube
151, e[\ arch sect ns 1 b87 ke d | ator fr mbel Iﬁ] IpeIIed from
t he ostu%ﬁﬁ% Rt & %%&’&5‘131 %mmgf rf{;

Al t er natgrvehi, ortides. mdrmnc@oﬂielIé@gtﬁ@ﬂt@oﬁﬁbt%rrv@dﬁﬁyfrarﬁ@ f,rorﬁ|1l tm Bl | pped
onto tube 151, and finall %6anchored in rﬁl ace by gluing cap 184 on the

di stal eQd"Eh Sueihas 253M 1@ 1D oY IALIUGING 2 PREP 19 PBY nat i ve for anchori ng
di | at or [a§#h3)t he Hjlltﬁé @bs@BP@@éwé@ﬁ)r@ﬁé{tlr%eth@ob@hlﬂéto?g sﬁﬁéin&@@mhgltﬁléness of

t he prOX|naI anchor 157 can be increased over what is shown in Fig. 23 so
t hat thémbald%gnénef@p@épmsmw@momsoham@tqr@f erasmqtickirivar MAE bR MMoer t he
sinus c t I I

cont | guratt S Eha IS hefEMe DR R o T R | 8P RsE
cavity. Ao esamplgi Hednitjalddiamates of mmrraotla@lgwgrnnﬁnyarm@ fth@d mMimda Sdnmat i ng t he
T | Sl SRS P T PR 2R CH hae IS e bobier 1 T
while t rwppmwrehdllatlerr)adlameten of thve qEmyticadrizat is 2o crenonen sscmes Bmyhances, in

Gi'srar Shfee? S 8 i, dUef BRle i e HPEAMGI R oo Bt b0 ng o

t hi nner rporex?® mah oanmlnezror]]!ﬂ?mme)rgnoreoﬂ:ot bmmpleethehmmhdlamet%r@f tt%(ﬂosnhxyncpackl ng

cotton of. ot her agai nst e _anchor
157" aft SFVE AL BRI e DePTasiCRS 2073 R0 S0 BTaRedh e g dagsss

[ 00212] The. dn wr@in @ﬁmodb@éms ithé tangth amte abinetic diivatis 20 mrabr Id3e, @stti c
drivers nay géfﬂgponthe articul ar ?lnusgenin to be dil ated.
In the 65%” SSaS %I'ieﬁ%et”ﬂ HAibg e BPHileRS: 8F IRk [OSP=y! @hels, the

initial &, For imedrictHRXBAMAID fhd odthdtRidre) madl aamjceroraf mheto@®ai, ¢ dri ver
may be 5 nmor |ess, such as 4 nmm or Iess including 3 mMmor less, or 2 mm

or | ess,SUsh a8 21Ndp 15¢BR, inElding s & TA A& nitial di ameter of the osmotic
driver may21gnge fnrtﬁgb&sérUﬂé@e\ﬁcérfBr dﬂétﬁ?; tA8 opeRiY lof a4rofital sin0§|tHQ'|rﬂ%l2 mm to
3 mm In soneé cases, the final ter expansion / dilation) dianeter
of the de@ptieioraexpansions/ dilaan 'arﬁ*ﬁFeé of §igcasdicalriva MRy PerdeNM @desdi ng 7 mm
Or MDY €, 0 o8 4T Yr I8 frol i fim BPleSs, G2 thfh SLEL. ofBirfim dr Rss® AP €. the
final amster the osnotiC driver nay range froml nmto nm such as
2 mm to ex.ammiﬁ thmmltlaljdlagleserrﬂwha)osmotmdrlvenmaerra@amfr@nﬁdmrmt@rﬁ M, tsken | engt h
of the %%@ﬁh?tod{_)fnYr?rmdlL?cf @2%% Elrﬁrﬁs In 9{>mé%a§1é'§ cfiie }ir‘?aﬁge gS'4RAr s 10 nmm or

| ess, includin mm ’ess. For

i nst ance,xpammom editgtion pdiamieter @f thet dsamatic drizer ised/mmaorgeofe; euchlaséntro 020 nm

such as i ncludi . 3 of a
dovi co. TEPEupT ST g TR SEehih 6 en TPuR R e var o e R rifefe

bef or e ewgrans nom of nird,adri1OMmdiranarte IFoo Exdrhplepthiedinatdidmiete rof tfw/osmot& mm or

| ess, such as 4 mmor less, including 3 mmor less, or 2 nmor less, or 1
mmor less. For exanple, the initial a8anmeter of the osmotic driver may
range from1l mmto 5 nm such as 2 Mmto 4 mm including 2 Mmto 3 mMm In
sonme cases, the final (e.g., after expansion / dilation) dianeter of the
osnotic driver is 2 mmor nore, such as 3 mmor nore, or 5 nmmor nore, such
as 6 ‘nmor nore, |nclud|ng 7 mm or nore, or 8 mm or nor e, 9 mm or nore, or

a o~ o o o o - Y M T



[ 00215] For instance, referring back to Figs. 3 and 4, if conduit 101 has a
dianeter of 2 mmand the length of the osnotic driver is 10 mm then the
vol une ofwohe12asneBi c core 112 may expand from an initi CTHUSaw4as2 0. 04
cnB to a final volune of 0.5 cnB. Accordingly, the sem perneabl e nenbrane
111 (assum ng the nenbrane has approximtely a cylindrical shape) may be

configured to stretch to accommodate the expandi ng vaol une of core 112
wi t hout %BVEERAREENIEJFOR AR 18, 1OtRE. SGH Fe? Hg'altﬂé %’é‘ﬂﬁﬁ‘é{H@”ﬂ&W@ttPé ch from

an initifhn. SHEEAER eﬁ%@mﬁ’énté th8terigth & the %Q%otlé\érlﬁéi%%o infin @€ 1ds8] duch as
enbodi nents, the area of the menbrane nmay undergo a 4-fold or nore increase

in sur f ZeNBY¥4esH PhBAMMT SAISSAEOTGH MpRPsHEUCHa? 1@%&%98& RElURERtY ane may
be Conf'rﬂMrcﬁ%sfsooP@ﬁﬁﬁ QPIe%Q &PH%H?%HE&@ ﬁ%f Héth&% gﬁﬁ driheashom the X

and Y directions. In other words, th rane na 200% or nore

el ongat idiMerf may canasdfam d rbmetaﬁorrgmmmh a3 t etne edd mmangJU@n@ 2grindo @b
directi gpy, [ 00216] As discl osed herein, in certain enmbodiments, the rate of
expansi on of the osnotic driver is such that the driver expands over a
peri od 400213} houke instanes, eéefeer'rmj hackdo higs. 3@bddi itentduibl@r has pdiainmdierof 4

hour s 0ot B0 nEqHég%éﬂ?of’t%% otid \%r |§ q’?'nﬁ“h%tﬁ@ol&rﬁe%‘f’ﬂ%é%tlct he.

di | at or expan 42sTF 8 S e OV er T hedes) red perrod o
0. 5 hourceret 1 21mag expandrbomunsinitial \mnuree oTh®4remt’cto af finablalomeiai Oreant of the

osnotic driv n be. a |mat foIIo at i dv/dt = A
ORI Sttty T80 s SFieRRRRSHIe Brftan 40 b fadsDmidlisb b Bhe i

se?b per m@kl_dxﬂnat%rmi aﬁmdrlé’al lsEarbé)en@ulDé a@tﬁlgalfﬁﬁto(l?‘tretdrﬂomgbﬂﬁfqm@ﬂﬁe _
nme rane, i.s the se ahe | CKNne an ni1s e osnotic
s o XYy HICEoa cBes | TR BTG e SHoTELS, Mo SoiEOEREaRe o

enbodi menérabidhe iy firesiendbmdnsiaitiassirRcaayed\éveCH? fcﬁ3§cﬂf2 V@ 4B, inncr ease,
for exanple, according to the follow n x 10- 6 cn®2/ hr

assunin
at m ( 3. $eLaDRMOQINRNE/ e afeap! the merﬁbl%ge@p@/ uq_de%@aéggldc%r‘@q_rg mls); An =

356 at mnﬁéﬂééé@lnN@ﬁbo@ﬁréahﬁtr%%mahﬁg %@F@tmgemcﬁ'&(agip}@%@memé aglr i ver
vol ume increase rate of 0. /hour. 'In certain enbodi ments, the device

has - r &ESBIOVEHIHENGEIP @@ra@@wmaﬁe@ iRl exransENON capBPHGarX @l ¥, 5
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[00216] As disclosed herein, in certain embodiments, the rate of expansion of the
osmotic driver is such that the driver expands over a period of 0.5 hours or more, and in
other embodiments over a period of 4 hours or more. Thus, the rate of water imbibition
may be such that the dilator expands to the desired size over the desired period of time,
e.g., 0.5 hours or more, or 4 hours or more. The rate of volume increase of the osmotic
drivers can be approximated by the following equation:
dv/dt = A (k) (Am) /L

where:

k is the osmotic water permeability of the semipermeable membrane;

A is the surface area of the semipermeable membrane;

L is the semipermeable membrane thickness; and

Am is the osmotic pressure difference across the membrane.
[00217] Using this equation, embodiments of the present disclosure may have a
rate of volume increase, for example, according to the following: assuming k = 9.7 x 10°
® cm?hr atm (3.8 x 10 cm mil/hr atm); A = 0.55 cm?; L = 0.038 cm (15 mils); Ax = 356
atm (using NaCl as the osmotic core material) gives an osmotic driver volume increase

rate of 0.05 cm®hour. In certain embodiments, the device has a rate of volume
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Agents 7C  7C Saturated Sol ute
applied as multiple coatings of a liquid membrane solution, the membranes may be
moved during drying so that thicker coated regions do not develop. For example, an
osmotic driver that swells uniformly may include 2 to 4 donut-shaped salt tablets
formulated with Polyox™ 303 (Dow Chemical Company, Midland, Michigan) and 50
wi% NaCl, together with an expandable semipermeable membrane composed of
Tecophilic® HP93A-100 (Lubrizol Corp., Wickliffe, Ohio) coated to a thickness of 15
mils. These drivers may swell evenly and symmetrically over a period of 4 hours, at
which time they reach osmotic equilibrium and substantially stop further swelling, and
the symmetry is maintained for 30 hours or more.
[00223] As an alternative to a stretchable semipermeable membrane, the
membrane may also be composed of a low elongation material that is folded back on
itself in the pre-insertion state. For example, the membrane may include materials such
as Mylar or polyvinylidene chloride (PVdC). In some cases, the membrane is made to
the proper fully expanded size, and then folded upon itself around the osmotic core. In
this manner, the membrane unfolds to accommodate the osmotic core as the volume of
the osmotic core expands.
[00224] Osmotic cores according to embodiments of the present disclosure can
include any suitable osmotic agent, examples of which include, but are not limited to, a
non-volatile water soluble osmoagent, an osmopolymer which swells on contact with
water, or a mixture thereof. Representative osmoagents or osmopolymers are
described, for example, in U.S. Patents 5,413,572 and 6,270,787, the disclosures of
which are incorporated herein by reference in their entirety. Osmotic agents, such as
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sodium chloride may be used. Sodium chloride in compressed form is an osmotic
agent as described, for example, in U.S. Patent 5,728,396, the disclosure of which is
incorporated herein by reference in its entirety. The osmotic cores may further include
appropriate lubricants, binders, and viscosity modifying agents, such as sodium
carboxymethylcellulose or sodium polyacrylate. In certain embodiments, the osmotic
agent is capable of generating a pressure ranging from 1 atm to 50 atm, such as 5 atm
to 25 atm, including 10 to 20 atm. A summary of suitable osmotic agents (also referred
to herein as osmoagents) is listed in Table 1 below. The osmoagents listed in the left
column are at saturated concentration in water. The column on the right represents

values calculated at one tenth saturated concentration.

Table 1
Osmotic Pressures of Various Osmotic Agents
T T
Saturated Solute (atm) 0.1 Saturated Solute (atm)
lactose-fructose 500 lactose-fructose 50
dextrose-fructose 450 dextrose-fructose 45
urea 445 urea 45
sucrose-fructose 430 sucrose-fructose 43
mannitol fructose 415 mannitol fructose 42
sodium chloride 356 sodium chloride 36
fructose 355 fructose 36
sorbitol 305 sorbitol 31
lactose-sucrose 250 lactose-sucrose 25
lactose-dextrose 225 lactose-dextrose 23
mannitol-dextrose 225 mannitol-dextrose 23
dextrose-sucrose 190 dextrose-sucrose 19
mannitol-sucrose 170 mannitol-sucrose 17
sodium citrate 165 sodium citrate 17
sucrose 150 sucrose 15
citric acid 150 citric acid 15
mannitol-lactose 130 mannitol-lactose 13
dextrose 82 dextrose 8
potassium sulfate 39 potassium sulfate 4
mannitol 38 mannitol 4
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T T

Saturated Solute (atm) 0.1 Saturated Solute (atm)
sodium phosphate tribasic, sodium phosphate tribasic,
12 H20 36 12 H20 4
sodium phosphate dibasic, sodium phosphate dibasic,
12 H20 31 12 H20 3
sodium phosphate dibasic, sodium phosphate dibasic,
7 H20 31 7 H20 3
sodium phosphate dibasic, sodium phosphate dibasic,
anhydrous 29 anhydrous
lactose 18 lactose
Ref:

1) values for saturated solutions from U.S. 4,519,801 except lactose.

2) solubility of lactose from J. Machado, et. al, “Solid-liquid equilibrium of a-lactose in
ethanol water”, Phase Equilibria 173 (2000) 121-134. solubility used to calculate osmotic
pressure.

3) 0.1 osmotic pressures calculated from van’t Hoff law.

[00225] The osmotic agent as disclosed in embodiments herein can also be in the
form of a polymer. A general description of suitable osmotically active polymers (also
referred to herein as osmopolymers) is provided in U.S. 5,160,743, the disclosure of
which is incorporated herein by reference in its entirety. Some suitable osmopolymers
include, but are not limited to, polyethylene oxide (Polyox® Coagulant Grade, Polyox®
303 low ethylene oxide, Colorcon, Harleysville, PA), cellulose gum (Sodium
Carboxymethyl Cellulose Grade 7H4F, Aqualon, Wilmington, DE), and polyacrylic acids
(Carbopol® Grades 974 NF, EDT2020 NF, Ultrez 10 NF, and ETD 2020NF, Lubrizol
Corporation, Wickliffe, OH).

[00226] In certain embodiments, at least portions of the dilation devices as
disclosed herein are formed of bioerodible (also referred to herein as bioabsorbable)
materials that are capable of breaking down and either being absorbed by, or expelled
by, the patient’s body. Such bioerodible or bioabsorbable materials include metals,
polymers, and bioactive glasses. Suitable bioerodible / bioabsorbable metals include
magnesium alloys, including formulations such as the magnesium alloys disclosed in
U.S. Patent Application No. 2002/0004060, the disclosure of which is incorporated
herein by reference in its entirety. In some instances, the bioerodible / bioabsorbable
alloy includes 50-98% magnesium, 0-40% lithium, 0-5% iron and 5% or less of other

metals. Other suitable formulations include a magnesium alloy having 90% or more
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magnesium, 3.7%-5.5% yttrium, and 1.5%-4.4% rare earths. Additional formulations
are disclosed in U.S. Patent Application No. 2004/0098108, the disclosure of which is
incorporated herein by reference in its entirety. Suitable bioerodible / bioabsorbable
polymers include polyactic acid, polyglycolic acid, collagen, polycaprolactone, hylauric
acid, adhesive protein, co-polymers of these materials, as well as composites and
combinations thereof.

[00227] In certain embodiments the entire dilation device is formed of bioerodible /
bioabsorbable materials. In these embodiments, no active removal of the device is
required, e.g., the device is passively removed through the process of bioerosion /
bioabsorption. In some instances, only a portion of the device is composed of
bioerodible materials. For example, the drug reservoirs may include bioerodible /
bioabsorbable material. In these embodiments, drug releasing bioerodible /
bioabsorbable polymers can be used, including those disclosed in U.S. Patents
5,464,450; 6,387,124; and 5,500,013, the disclosures of which are incorporated herein
by reference in their entirety.

Methods

[00228] Aspecits of the present disclosure include a method of dilating a stenotic
opening in a subject. In certain embodiments, the method includes positioning a device
for dilating the stenotic opening in the stenotic opening. In some cases, the device
includes an osmotic driver configured to expand an expandable portion from a non-
expanded configuration to an expanded configuration, and the expandable portion
disposed peripherally around the driver and configured to expand from the non-
expanded configuration to the expanded configuration, where the non-expanded
configuration is sized to be positioned within the stenotic opening.

[00229] When a patient’s opening to any of the maxillary, frontal or sphenoid
sinuses becomes occluded or partially occluded (e.g., stenotic), the sinus is unable to
properly drain and ventilate resulting in a tendency to develop infections, e.g., sinusitis.
The implantable dilation devices disclosed herein are adapted to be inserted into these
occluded or partially occluded sinus openings by way of the nostril opening (NO) and
nasal cavity (NC).

[00230] Aspecits of the present disclosure include a method of dilating a stenotic
opening of a paranasal sinus in a subject. In certain embodiments, the method
includes positioning a device in the stenotic opening, where the device is a device for
dilating the stenotic opening as described herein. As described above, the device is
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configured to expand from a non-expanded configuration to an expanded configuration,
where the expanded configuration dilates the stenotic opening. By “dilate” is meant that
the average diameter of the stenotic opening is greater after the device has expanded
to its expanded configuration as compared to the average diameter of the stenotic
opening before the device has expanded.

[00231] In some cases, the method further includes removing the device from the
stenotic opening. The device may be removed from the stenotic opening at a point in
time after insertion of the device into the stenotic opening. For instance, the device
may be removed from the stenotic opening at a point in time after the device has
expanded to the expanded configuration. The device may be removed by contacting a
removal device to the device and extracting the device from the stenotic opening. In
some cases, the removal device may be attached to the device using a hook, a loop, a
clamp, a suction device, a tether and the like. For instance, the removal device may
include a hook configured to attach to a loop on the device. Removal of the device may
be achieved by pulling the device from the stenotic opening. In certain embodiments,
removal of the device may be facilitated by reducing the pressure exerted by the driver
against the surrounding tissues before removing the device from the stenotic opening.
In some cases, the internal pressure of the driver may be reduced by puncturing the
driver. For example, the removal device may include a needle or blade configured to
create a hole in the driver allowing the internal pressure of the driver to equalize with
the pressure in the nasal cavity. In some cases, the removal device may include a
suction device configured to remove the internal contents of the driver from the device,
thus reducing the pressure the device is exerting on the surrounding stenotic opening.
[00232] In certain embodiments, the device can include a bioerodible or
bioabsorbable material where the device removal occurs by bioerosion or bioabsorption
of the device. The device may be left in the stenotic opening of the subject and the
device gradually erodes and may be absorbed by or expelled by the patient’s body over
a period of time.

[00233] Aspects of the present disclosure include inserting the device through a
nostril of a patient into a stenotic opening of a frontal sinus, a sphenoid sinus or a
maxillary sinus of the patient. After insertion, the device is left in place in the stenotic
opening for an extended period of time during which the size of the device slowly
expands exerting pressure on the stenotic opening to gradually dilate the opening. In
order to minimize patient discomfort, the expansion of the device may occur over a

period of 0.5 hour, 1 hour 2 hours, 3 hours or 4 hours or more. In certain embodiments,
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the device expansion occurs over a period of 4 hours to 14 days and is then removed
from the opening. In other embodiments, the device expansion occurs over a period of
1 to 10 days and is then removed from the opening. In still other embodiments, the
device expansion occurs over a period of 2 to 8 days and is then removed from the
opening. The device can be left in place in the opening for 3 weeks or more before it is
removed from the opening.

[00234] In certain embodiments, the method includes contacting the device with a
fluid prior to positioning the device in the stenotic opening. Contacting the device with a
fluid prior to positioning the device in the stenotic opening may initiate expansion of the
device prior to insertion of the device in the stenotic opening. For embodiments of the
device that include a swellable polymer or an osmotic agent, contacting the device with
a fluid prior to insertion into the stenotic opening may facilitate expansion of the device
after positioning the device in the stenotic opening. For example, embodiments of the
device may be configured to begin expanding 30 min or more, such as 45 min or more,
including 60 min or more, or 90 min or more, 120 min or more, or 180 min or more after
the device has been contacted with a fluid. In these embodiments, contacting the
device with a fluid prior to insertion of the device into the stenotic opening may facilitate
the onset of expansion of the device at a point in time sooner after insertion of the
device into the stenotic opening. In some instances, the fluid may include water, saline,
sterile water, sterile saline, and the like.

[00235] In certain embodiments, the method includes delivering a drug from the
device while the device is positioned within the stenotic opening. For example, the drug
may include, but is not limited to, an antibiotic, an anti-inflammatory drug, anesthetics
(e.g., local anesthetics), analgesics (e.g., locally acting analgesics), vasoconstrictors,
combinations thereof, and the like, as discussed above. The drug may be delivered to
the tissues of the stenotic opening that surround the device when the device is
positioned within the stenotic opening. In some cases, the drug may be delivered to the
tissues at the interior end of the stenotic opening or into the paranasal sinus. In certain
instances, the drug may be delivered to the tissues at the exterior end of the stenotic
opening or into the nasal cavity.

Systems
[00236] Aspecits of the present disclosure include a system for dilating a stenotic

opening of a paranasal sinus in a subject. The systems include a device for dilating the
stenotic opening and an implantation device configured to position the device in the
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stenotic opening. The device may include an expandable portion configured to expand
from a non-expanded configuration to an expanded configuration, and a driver
configured to expand the expandable portion from the non-expanded configuration to
the expanded configuration, as described herein.

[00237] Suitable implantation devices are described herein and also in U.S.
Provisional Application No. 61/378,368, filed on August 30, 2010, U.S. Provisional
Application No. 61/416,240, filed November 22, 2010, and in a U.S. Non-Provisional
Application filed concurrently with the present U.S. Application entitled “DEVICES AND
METHODS FOR INSERTING A SINUS DILATOR?, the disclosures of each of which are
hereby incorporated by reference in their entirety.

[00238] In certain embodiments, the system includes a device for dilating a
stenotic opening of a paranasal sinus and a stent. The stent may be configured such
that the device fits within the stent when the device is in a non-expanded configuration,
as described herein. For example, the stent may have a cylindrical shape with a
diameter that is slightly greater than the diameter of the device when the device isin a
non-expanded configuration. In some cases, the stent is an expandable stent. The
expandable stent may be configured to expand in size as the device expands from a
non-expanded configuration to an expanded configuration. In certain embodiments, the
stent is configured to maintain its expanded configuration after it has been expanded
from the non-expanded configuration to the expanded configuration. For example, the
stent may be configured, such that the stent is able to expand from a non-expanded
configuration to an expanded configuration, but upon application of a force to the
exterior surface of the stent, may maintain substantially the same interior diameter or
deform under application of the force and then return to substantially the same interior
diameter after removal of the external force. In some cases, the stent may be
configured such that pressure exerted on the exterior surface of the stent by the
surrounding tissues during use does not significantly decrease the interior diameter of
the stent. In certain embodiments, the stent is configured, such that the interior
diameter of the stent does not significantly decrease even if the dilation device is
removed. A stent that is configured to maintain its expanded configuration may
facilitate dilation of the stenotic opening. The stent may be made of any suitable
material know by those of ordinary skill in the art to be useful for a stent, such as a
shape-memory alloy, including but not limited to nitinol, stainless steel, titanium, cobalt-
chromium alloy, combinations thereof, and the like.
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Utility
[00239] The subject devices, systems and methods find use in a variety of

different applications where the dilation of a stenotic opening of a paranasal sinus in a
subject is desired. In certain embodiments, the methods are directed to the treatment
of a patient having sinusitis. As described above, the method may include positioning a
device in the stenotic opening, where the device is a device for dilating the stenotic
opening as described herein. Dilation of the stenotic opening of the paranasal sinus
may facilitate an alleviation of the symptoms associated with sinusitis. For instance,
dilation of the stenotic opening may allow a greater amount of drainage through the
stenotic opening as compared to the undilated stenotic opening. Dilation of the stenotic
opening may also facilitate the flow of air into and out of the paranasal sinus, which
may help alleviate the symptoms associated with sinusitis.

[00240] The subject devices, systems and methods may also facilitate the
treatment of a patient having sinusitis by delivering a drug for the treatment of sinusitis
from the device while the device is positioned within the stenotic opening. As described
herein, the device may include drug reservoirs and may be configured to deliver the
drug to the tissues near the stenotic opening and/or the tissues surrounding the stenotic
opening, including, but not limited to, the interior tissues of the stenotic opening, the
interior lumen of the paranasal sinus, the tissues of the stenotic opening, the exterior
tissues of the stenotic opening, and the nasal cavity. Delivery of a drug for the
treatment of sinusitis from the device may facilitate the alleviation of symptoms
associated with sinusitis.

Kits

[00241] Aspects of the present disclosure additionally include kits that have a
device for dilating a stenotic opening of a paranasal sinus in a subject, as described in
detail herein. The kits may include one or more devices, where the devices may be
provided in a variety of different sizes. The size of the device may depend on the type
of paranasal sinus to be treated (e.g., a frontal sinus, a sphenoid sinus or a maxillary
sinus), the physiology of the subject to be treated, the severity of stenosis, etc.
Additional embodiments of the kits may include a drug, such as, but not limited to an
antibiotic, an anti-inflammatory drug, anesthetics (e.g., local anesthetics), analgesics
(e.g., locally acting analgesics), vasoconstrictors, combinations thereof, and the like.
The drug may be provided in a separate container, such as a syringe, vial, bottle, etc.,
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such that the drug may be filled into the drug reservoir of the device prior to insertion of
the device into the stenotic opening.

[00242] In certain embodiments, the kits include two or more devices for dilating a
stenotic opening of a paranasal sinus in a subject. As described herein, the devices
expand from a non-expanded configuration to an expanded configuration. In some
instances, the devices have the same diameter when in their respective non-expanded
configurations and different diameters when in their respective expanded
configurations. For example, embodiments of the kits may include a first device and a
second device. The first device and the second device may have substantially the
same diameter when they are in their respective non-expanded configurations. In
some cases, the devices expand to their respective expanded configurations as
described herein, where the second device has an expanded configuration with a
diameter that is greater than the diameter of the first device when the first device is in
its expanded configuration. In other embodiments, the first device and the second
device have different diameters when in their respective non-expanded configurations.
For instance, the second device may have a non-expanded configuration with a
diameter that is greater than the diameter of the first device when the first device is in
its non-expanded configuration. Upon expansion of the first and second devices, the
second device may have an expanded configuration with a diameter that is greater than
the diameter of the first device when the first device is in its expanded configuration.
[00243] Initially, the first device may be positioned in a stenotic opening of a
paranasal sinus as described herein and maintained in place for a desired period of
time. Subsequently, the first device may be removed from the stenotic opening, and if
desired the second device may be positioned in the stenotic opening. As described
above, the second device may have an expanded configuration with a diameter that is
greater than the diameter of the first device when the first device is in its expanded
configuration. In some instances, a plurality of devices may be used sequentially, such
that devices with progressively larger diameters are positioned in the stenotic opening.
The sequential use of a plurality of devices with progressively larger diameters may
facilitate dilation of the stenotic opening.

[00244] In certain embodiments, the kits include one or more sinus ostium sizing
probes. In some instances, the probes are configured to be removably mountable onto
the distal end of the dilator insertion / implanting devices (e.g., on the distal end of the
hollow elongated member of the device). In certain cases, the probes are of varying
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Examples

Example 1
[00246] Three different designs of an osmotic dilator for dilating and remodeling
the ostium of a maxillary sinus over a period of 3 to 4 hours were fabricated.

External elastic semipermeable membrane design
[00247] The osmotic driver was prepared by passing 11.0 g of ultrahigh molecular
weight polyethylene oxide (Polyox™ Sentry Grade WSR 303 LEO National Formulary,
having a viscosity in water at 1% solids of approximately 8,700 centipoise, and a
molecular weight of approximately 7 million; Colorcon®, Inc., West Point, PA) through a
100-mesh sieve into a beaker. 12.5 g of sodium chloride was ground to a fine powder
in a mortar with pestle and passed through the 100-mesh sieve. The polyethylene
oxide and sodium chloride were mixed together in a beaker with a spatula. 1.25 g of
hydroxypropyl methyl cellulose (Methocel™ E5 Premium LV having an aqueous
viscosity at 2 weight percent solids of approximately 5 centipoise; Dow Chemical
Company, Midland, MI) was sized through the 100-mesh sieve. The hydroxypropyl
methylcellulose was added to the mixture and stirred with a spatula. 22 ml of
denatured ethyl alcohol grade SDA3A was slowly stirred with a spatula into the powder
mixture until a uniformly wet blend formed. The resulting damp mass was passed with
a spatula through a 40-mesh sieve, forming elongated granules. The granules were air
dried at room temperature for 3 hours, stirred with a spatula, and then dried overnight in
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[00249] Osmotic dilators having a configuration as shown in Fig. 23 were

prepared. Passivated stainless steel tubes 151 were dipped into the semipermeable

membrane coating solution multiple times to build up an inner membrane coating 152

on the tube having a thickness of approximately 0.005 inch (0.013 cm). The tubes 151

were hung vertically and dried in a current of room temperature air in a fume hood

between coatings. Two osmotic salt tablets 153, 154 were threaded onto the coated

stainless steel tube 151. The pair of osmotic tablets 153, 154 were positioned in the

middle of the tubes 151 and set such that they were in contact with each other. The

resulting subassembly was then dip coated in the same semipermeable membrane

coating solution multiple times until an external elastic semipermeable membrane

coating 155 having a thickness of approximately 0.015 inch (0.038 cm) was built up.
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Systens [00236] Aspects of the present disclosure include a systemfor
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[00254] Similar testing of six of the internal membrane design system indicated for
5 out of 6 of the dilators that enhanced sealing of the glued seal between the
hydrophobic PET elastic membrane and the internal hydrophilic cellulose acetate
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[ 00240] The subject devices, systens and nethods nay also facilitate the
treatnent of a patient having sinusitis by delivering a drug for the
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anal gesishegp an@acmmnsﬁuamtaro@enmgrvtasrmmcnmed tmem@otfhe thindvdilsephidiieg The drug

may be provided ip a ate cont ai ner, such as a ri vi al ottIe,
ore. ¢ R Gl By AR BR A S8 iy BpqrR TEN RS Shd R Bn Biia Afhe
devi ce Rishfotic dRaton@as insefe@intd Bacts eivine @wb MidXillaPesifls BEéNiRgPRM tAGH the
[00242] I n certain enbodi nents, the kits include two or nore devices for

di | ati ngisialaneher vas lsateoiesids the parilan sius &nAdke proxinal @gchet remainedescr i bed
herein, ifhh $he\iae8ScaitPanseby artRor@nne YRRbEafiiGe Hd @4padtivedpbRings expanded
configuration. In sone instances, the devices have the sane di aneter when
in t hei rAfles spistaxismahaered ibtedisst fewrtsagions: lapiegl Bisde axymeipgeinedyamet er s
when in Fﬁ‘éd tof tﬁéﬁ’ﬁ%n‘a‘l M&saﬁ’}ﬁéﬂ%@%ﬂe GRBHIBU e iSmally émB?‘aﬁ‘i&%lﬁﬁr@@Q%ﬂ' ment s
of the Ki'ts may Inc st device and a secon deV|ce

devi ce amgerteddn S@ndmals dedeyeesratpetiniemas Mestiane withquiptiek dilatersdvesieret er when
Lhey (2 Snddhell}FblachfERTE LEVE: W SHPRALRA FOADLAIGI IR iRl Cases,

t he devices exp ective expan ura {'ons as descri bed
her ei n, meened |m hee geicE @2 devicesy. Adtsr dltat@xnpsmded tbeamrrgals weieoawatienieda

di amet er I re the dianeter of the first device when the
first dea\r/1 gfulnﬁseso}t% ﬁélg’egﬁg ed configuration. In other enbodinents, the
first de{00236]and Ahteeslemomfcdlldmﬂemadlbmethélafrﬁrealewterellsaomeertee\dhetnrs n their
respective no (ge Onfl?%ﬂﬁ} ons. For i.nstance, theds cond devi ce may
have a ABHo¥ QﬁP i {FPUNING OsiMeYas HgasHIedy &t er t han t he

di a][ret erexﬁfactteb@nétbm\n/eu@qya@w Wa]ftlrytvlmfrﬁeamﬁrediawd W@lglhgdl nits nonhexDandeg
configuration. Upan ex |on of t i rst co evic t secon
dovi o 8PSy e RRe SHBRRL odsene AR i D RReIE foh OF Fars BTaPet or
t han t heefHgrericved 0DutiRg tHdt tifde, BRVdiIRE rvBRBIdIISY fmm@hg @aydisiegicsl Wéter ts
expanded configuration. [00243]Initially, the first device

posi ti or%@tqrrﬁi'adn%t?é%‘ﬁ?redan? gt tBPS%S?fﬁP'é[Wa%%'FtSﬁ”H@ée é%om%%gb%f%er ein
and nmai tﬂ@‘éxte’?nﬂ'n@&ﬁbﬁaﬂé s?st@ﬁ%' TR cORbhAbrtburbbdBs, F@U@%%qmétr’étest he
first device may be renoved fromthe stenotic openi ngl_ i f desired the
second des rereesagpding diryaetersoneasyrad ﬂfh\é’ffgtfr@ﬁbﬂ&fnl@sén . SOA@J cdeleer i bed
above, y fil i cdi anet er
Chat | s rearanne (EEHFETE) THOYBR AT LRRPYSHEE Iiatide, AR R dovi ce
is in itreprespairibed vontasylis.aBobnn vitk anshis vestilatnse ssacheparequilibyiuef devi ces
may be t i i aer

i ot e eling FRLL Bt akroBiiaby SXmAS iR, Mib PPUARETR R HRE' o 4
pl ur al i tweiglts dethecoelatcwstﬁh@rmgvcedliat@relryactrmdmwhbnwnnerv@gm byedyhb@esiandt at e

dilation_of ni Kits
i ncl uderbgWe %%ﬁg%ﬁﬁrﬁatge nﬁ%d)'g@t |T®%1'g ﬁdg'é{%%[)eeag%ﬁ?ﬁag'ﬁ@@% geg%@%g tg%' he
probes dwearcand ggnekd40 mgoe renovably nmount abl e onto the distal end of the
dilator insertion / inplanting devices (e.g., on the distal end of the

hol I ow el ongat ed nmenber of the device$4 In certain cases, the probes are of
varyi ng




di aneters and adapted to be inserted into the dilated ostiumto determ ne
the dianmeter of the dilated ostium and assess whether further dilation is
needed. [WO24BJd3me7addi ti on to the above conponents, thePSuhljSeatl/okd45%3 may
further include instructions for practicing the subject methods. These

i nstructions may be present in the subject kits in a variety of forns, one
or nore of which ma present in the kit. One formin which these

i nst r uctPeFr8lmay ﬁ%Y%F@%@Fﬁm?'sm%@bfﬂqerﬂeé@”l FEEMRLhAss SYReSWeedsl B nedi um

or substg@leSor € Dor 3 BB BRSSP HAEQRRAOTTHRARRIND aMbiréRe H@ﬁ?hsﬂ\fvﬁﬁd[ﬁt' on is
printed, in the packaging of the kit, in a package insert Anot her

f or m wolf Wickexaibietharrrexintaielnam0gs instrasmin dlageteransian 8¢9 WEghtoad Bl u- Ray,
conput ergropag R, ema%.ﬁwrb{m rﬁérﬁ ran8Ry §\’ghr%hm rhme'pv;%r&tskme@eéb%%wecorded

or stored. Yet another ormo providing Instructions to a user nmay be a
websi t e raerérsydy Wiandhe frigmeemeswiang systeies Wﬁlﬂ@ﬂt@e&/leonS(ﬁé@Eertra@ of

|nformat tn el

st ot SNoEmay bEBRY RPartud fuodibiefiay W\ o T8 Mo deed RO 3918) Th cc
d| ffer emucldemlcghmaphaemmmed iwateti frann beinfambiihed 40 thegintemnical negrolfahesig t he
osti um xi | r r bri cat ed.
Bt er a0l o BN bt eP e eafPdmheinhe ik Bes s YRE T B I o e
was pr empeaithghby theasaxitay 5hud vgalldbrmléd b)athegdfxpandjexd:dlleaor wes glleaswedyjetieryl ene
oxi de (Pal yoxTM Sentr Gade WS qa EO .Nat i_onal _For nmul 2% ng a
Vi scos.te;’/‘d%ﬁc%‘i%)?a”éﬁ‘ iq%%yo?‘irﬂi%arl{)‘tg %8P8@JP%F8|9V%§9‘?@6985 PSR and a

nol ecul afiarmete Figo29appwexthamploedfymaxilary Isinos op@ﬁulngrdﬁmnaer over. tlmél‘é'Bﬁe Poi nt ,
PA) throu -nmesh sieve into a sodi orlde was

ker, 12.5
grbund. 0TS TTAR seRiass GF Septhred valiceio! flestdte Tah e redns ToTsLgn ene
100- mes fen&élr@e’cﬁosrﬁbt@ cﬂl@hd’ret'rfh)ékﬁieﬂ s@?ﬁldé% r@ EbseActhy Mo bsEYHdfe diemetdnd ¥ed
together in beaker with a atula, 1. g{gof hydroxyé‘% opyl _net hyl

cel | ul od@e E’\\?é?rﬁdE%tIW‘?FPEEeqﬁt“ Wik E@)‘H@éﬁ/?fﬁﬂ ® ddRjDEWAS FAMEEsithe at 2 wei ght

per cent cabjalian Qfatvﬁéelhréb?éhrﬁﬁr@flﬂafa €GB d/d&d%ce@ﬁ‘ﬂv@'&?@k%tar@égﬁﬁé‘%
M dl and, M) was sized throug mesh sieve. The hydr oxi;pr opyl

met hyl ceneasusdiametes o e Qﬁﬁmﬂﬁac'%‘%( meécheddhe Measu@ddiarhetsr shReul a. 22 m

of denatgisfy el icoBBL ade SDA3A was slowy stirred with a spatul a
into the wdﬁlit mhxture n?ll% a uniformy wet blend forned. The resulting

danp mas[g 260 passheidiaimetera o thetdilatea oatiedpn these anisadls yiess Moniteiedi ng
el ongat & %%@EH&??W mskgpaﬁqg e%grp]%ﬁtur‘?oﬂiertéjé%s%@s%e ;Bé}gﬁ'&}ﬁfrmgreﬁ \'Hce% for 3

hours, stir hen dri ed overni ed air
oven setosta. 4be CstlaFWerajmeesurgd ahumegenoelmemehalygawedg digtion ttdatmagth t he

b cant G AR 7T EordPe BBE R B BRENE YRR ABbIR P8R passed
t hr ough oteplo&)theeestulﬁ;ri@dmaaﬁdeaddlezgetcxstlmﬂneilagneneudedmeaﬂsegmlytmnecmet27Was
tunbl e gjxed A Portio e resu ting blend

8r. 2 mnutes into the

wei ghi nd"® PEHEABAE aﬁwﬁnpﬁﬁ'cirﬁ%@naec%?pé% 9 36i ql?&ﬁe‘bﬁfﬁ%!ﬁ'aa% El?e set

(Nat ol i dhgigtiyness ihag.5 rbin. Charles, MJ having an inside dianeter of 2.9 mm
and a ¢ d ou e meter .of 0.055 inch (0.14 cm). The pynches were
58 o AbGad1T | ot AP iRTEN TR essRrAR eSOV B o AR oseed wi i h a
f orce ofgilai. okdriBé @k%rr%%d@mraﬂédﬂaﬂtér%odlmw%@bar@a t@b@%b\fr@let@léﬁﬂ@ to form
donut shaped tablets having a central hol e of apprOX| mat edzc}/got 055 i nch

(0.14 criyneipihe it megsuLma doehoidt Bputsialiop plasemeat ang A§'ea%RI hei ght
of appr QuinTREREYedinemBh tilfR02AR S BheRilDlER! pdiRRslEnBicate e edldy st ock
grade steel 304 was cut into

valve” for the system. In other words, the system does not continue to enlarge

endlessly which could damage surrounding structures. It was also shown that the

diameter of the opening created correlated with the diameter of the expanded dilator.

This indicated that the dilators were creating long term changes in the surrounding

tissue and not just temporary stretching of the tissue. Also the amount of trauma to the

tissue was minimal, therefore not causing damage or tearing leading to a larger than

desired opening. Finally, 27 day patency was documented in all sinuses.
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| engths of 55 nm and ends were de-burred. The inside dianeter of the tubes
was 0.032 inch (0.081 cm and the outside dianeter was 0.042 inch (0.11
cn) . The wokoi2asoeéct i ons were passivated by treating wPCh/Useainiogo4azi d

sol ution, then potassium hydroxide solution, rinsed with de-ionized water,
and air dried. An elastoneric sem perneabl e nenbrane coating sol uti on was
preparede@/ tunble mxing 14.4 g of pol %{uret hane (Tecophilice %rade

HP- 93A- 180262} her nERPYNGHANSAT JhiReFNIBiosH Pet3 FOWPVrﬁdﬁét%%V,' Yy orkFigNg YstOy ner

had nomtﬁﬁboﬁ/@étH@t@r§iﬂ0pl§glg%sgarb@%dﬂlm. OlfheBs%\myfékbaEdigggé@btié\/@mbrﬁs of 2,900

pounds per square inch ( Newt ons/ cnR) as_ neasure y ASTM test D790,

for Ul tikeat 8 RRGEgasesRANRUIRIORGRAMAteesN (100 200wt eRETINGIEN BBOY t i mat e
El ongat 's%ﬂabc—{%i)E&ﬁo&@@g%f%ﬁ@tié%fueﬂ?ﬁweoﬁﬁ&ﬁ&erﬂ% é@ﬁ%&g% Q%éc%r{‘ﬁ:ﬁérfgpﬁagi:aﬂd D412,

and for equi rium noi sture content of 100% In .
pyrrol i déigh Rysiraudistor¢gheanusssl to dffiafe singplagy dlalednsgi e lattercnigh sagrhe, NJ) at

" ¢ 024 ) : ) £ .
s showper SLPlsRsh ofad ool er Gl ool R B BB P Tlst
wer e di pisdcamparisohehgwaitipsd isfovadtpansiontsiugie stvadilatign sloven bpasmalie i pl e ti nes

to buil j r J 0 . i | ckness of
appr oxi %’é%%u@& 6&'3@%@ qv%ﬁﬁ?c{r@%ﬁg%ﬁ%&r#ﬂﬂq%gg\(eu %téeh%gﬁﬁ\?g?ﬁ;@%éurﬁncgj e@@é’ﬁ@al ly and
dri ed i mesuliedrim &3t tisfue damades nipar thiewshertdiigh pressurt puesth asel inddalleem coat i ngs.
Two osnmotic, salt tablets 153, 154 were threaded onto the coated stainless
st eel t&HB‘pPéY- The pair of osnotic tablets 153, 154 were positioned in the
m ddl e of the tubes 151 and set such that they were in contact with each

ot her. !Se rés%ti ng subassenbly was then dip coated in the sane

sem per €#fenbrane coating solution nultiple times until an external

el asti c [eezeF)er MeabhmetitaitsR R skPat itd 8ildidanbadinbdeland bswinness Hf
approximately 0.015 i nch (0. was built u The subassenblies were

ly 0.038 ¢ \ ..
hung verdUioN qf abAd 2f et MRUSWEH BRHERIRES TUBSS PRUMDICBIRSH RedBMI¥e Boat i ng

thi cknesgy b4 S AIeSS tebfhbdoeFrictedR o dictMRalbeLRb @S burte® thémal
coat ed subassenbly was dried at roomtenperature in a current of air for 2

days. AMashed wWithrai aquieess solniomphlHavinex eeferenhddsed foimas Withhde-&izedend of

t he tub i ; ) i i stance
o appr oD diefthed JifARy (RoRHE, arhir BR6d. RA IRRIGE EABRER CoRfnd o' Fhe
ends of Soh&ionwasremared Pyanixing 8O a vl polpurethane (be¢orkilic@arade HP60F2%: t he

cULo belfibrARES SR PAUIER! (A IARE. B LSRRt AR ad 201 ot o
[ 00250] Diostimadl vahes perdxiaralHazeredse rof 43B6for EExure Modubisraf ded08dountie ppr oxi nal

put aai ens0p iR tREIRe b AT s B 0T AT Bt BV BT SRR | oot o

t he pr oxloredatiandhihe drastald oB43hpernenttamel fai ditimataElanbetioreiokbel wabstatgofr t | on,

was 6.5 A hole was drjll hr o t center of the anchor using a

0- 042" 1 R rEgbels a8 myeeip{ad Ox RS THRANER ched?. &lieE podlintiiE e e geo

bl acE inf_E‘:%ﬁlﬁrhaIlg o(fgrradtﬁqug»ﬁ)oliqiml Ivél‘iﬁ%ﬁ’ﬂi‘?‘g?s@?ﬁ@[?P m@?moajggég, a&:ggnhsgze
to the qrilled hole t he proxjm chor : e distal anchor ad a
o sy paVaIe B s Blentiivan RO e AP SR (eHPBBI R TR i ot a

and pr oxiga coisHerel visdol sokién WIhe 1dddsi werd dighedhe tted @bstoresic idatrahebe 151
by threading the ends of the tube 151 into the holes in the anchors 156,

157 and 988G SRIUNRY R derteal famm pudiple JaRs R Pyilcaira semig iskiesdli te 4013,
Locti t e 4oBFdkimat@RCdkyodinch (0.673 cm) NBRiEN @cﬁﬂh?@{ﬁiﬁ’@%@g WERERLAG Gertibally
ext ernal "non-perrmeabl e nmenbrane desi gn w thout w ck [00251] An” al um num
mandr el aRASIrietdhagegenioofRirdg @i fHaneiogr. shape havi ng di stal and proxi mal

. fferi . o . . . . £ 76
regl ons 6?26#& er?&g\_ogé %E%ﬂﬁmln-!g_hﬁbl@fs%érﬁqébrf]%%cgﬁﬁa?%n% %.égf‘ézfer 0

nm and ength of e di'stal region aneter o .1 mm and
| engt h @olyethyfenenaxidehé alyexiil' Sently e WISREE3 £EDs Cotosennd Ing.t West r el ease

e, A OALIn RS e CRRR o T bists B o WRSRa R SFRRDL e

conpr i siohtprie®/ 46 o elabuherskitwardat a rpatavetngresli8 Soasssd sppagh a@a@treesiont o t he

mandr el ._. The | ran S.cu | ong t t he

pr oxi mal>'%) da@fa{iﬁ%&%ﬁﬂ%ﬁgﬁ/gﬁﬁ@ﬁ?e@%{g@eg.%@%ﬁyﬁrg‘@%ﬂ@p Ieﬁhﬁ%%ﬁu'gé%ti c salt
t abl et s (Mathoegl ™V IES Rremeuradivph dse tDoanChsmidaeCembptiny, dlidzing, Myeths padsbe
external menbrane design (see above) were conpressed with core rod tooling
having an outer dianeter of 3.5 nm iA8ide dianeter of 2.5 nm and height
2.9 mmand were threaded onto the distal end of the cellul ose acetate
shell. The end section of a polyethylene terephthalate (PET) 8 nmx 150 mm
cat heter balloon was cut. The resulting catheter balloon was crinped onto
the tablets by wapping the balloon with sutures. Once crinped, the PET

Y o .. o o o, " o, N 1



I nternal sem perneabl e menbrane with external non-perneabl e nmenbrane design
with wick [00252] This design was substantially the sanme as the internal
rigid serwpenrasbd7’e nenbrane wi th external non-pernmeabl @CEaArsRI1A0894652 t hout

wi ck design (see above), except that a 2.4 mmthick sheet of polyvinyl

al cohol (PVA) open cell foam sponge (Expandacel|TM sponge, Shippert Medi cal
Technol Ol(pgl es, Engel wood, CO was Eositioned in the center lupen of the

rigid cdloyplbihe E‘teéf‘é‘"%rﬁﬂpaﬁ%"e {0 PP PSS RNFIEHs WEFRSIHISH Wil 20 serve
as a watsphiu kbohd a@é%‘lér@' 255 PSR B ydrolu® @ERBb I d@@ﬁﬂﬂ&@‘él@mﬁsth@

ext ernal menbrane design dilator 150 (see Fig. 23) made in accordance with
Exanpl e infoRe pewdersde &dm 3 ulifarie dampenags. atherdane mass s@sdercea hougira of

500 m - digshidd %vé‘@’itﬁ% s?adLﬁJ cf:foHﬁ'er‘th té& FanfiBar KREFHFING oT/)éPrﬁgr% ipggdd! e

tester wth a paddle spee revo utlons per m nute. | ators were
t est ed. rEpMAeOPeALirgn adune haﬂdt tbe granuigs weredoaseed a@alemraggfaaﬂ@n“oe$fbn of

time. F!s%?/teégig@iﬁ% %@Eo‘f a{ﬁ%ﬁefsatl\ﬁag{)r{?eéhf §féhf]ﬁte éir?ﬁétmﬁ%b Ié:%hi/ 21§y di | ators

150 exhi y~inCrease in over peri od
of appr ovdsrpaseby throbgiuas 80-Ties hdiid\eet ardsadsigs| tbélme died, @meﬂyngMeSyﬁmt ri cal |y

throughc%h‘iﬁ%ﬁ*é‘%aé @%b@&rﬁ 892 QPG %gSap?q]g'B;a| \%'r ﬁéﬁﬂn&@?&%rﬁﬁh Bl o3

Fig. 24 e’ swel was aeKITevEd 'yox™ 1 n ta
155 caumsn@tlwhglmetuemmdmmsﬂlohhrT(bvegbsmlmeg scafnpq)mudream eompadhecaw&h P35, which

int t t d t

b andTdaC el Folid HHeneS ARl Blas o ATt it dr 2B 8 kB sRU IR of ¢ he
t?bl etgldﬁﬁo_ f_ZEB)%OL@dﬁgﬂ H@Néwmhspmrsa@drwm@rMOg@g@b?ﬂ?retsb@d wblhaé ors 1|5:Q
StO e al Nl n wel, n renal ne ex e S e SNno in 1 g.
BNV T R R R SR P e Ml P e A A
i nt er nalof IFRMAEEBEtHAaabIeR &wﬁgt@mosedm&aﬁtoemb érﬁfdr‘ﬁl it Afedr oBilliph, theehofihat or s

t hat enhanced seal i ngsr of the glued sea et ween t he hydrophob| c PET elastic
menbr anéVeigR of Hie BRIEE Was 1Ry ophi | i ¢ cel | ul ose acetate 53 nenbrane nmay be

achi eveqopgs)y a F'éﬁrfc%hﬁﬂlb saf *ﬂ&ﬁét&@ve@é‘ﬂﬂ{r@éd&e&{tb Rech BEINBIBHRY s(t&n@ss
crinping, suturin sol vent wel di soni c wel di etc e 3

[ 00255] Fire! uhese Therale vmrpaaogmomindhg migiie of Fhea"%ft:@ﬂhblz?éée%”ﬂ ﬁn@{’arrpl e 1

contact with each other to produce a continuous stack of tablets. The subassembly
was then dipped into the same elastomeric membrane coating solution used to coat the
stainless steel tubes. The subassemblies were dipped multiple times in order to build
up a coating thickness on the tablets of approximately 0.014 inch (0.036 cm). Between
coatings, the subassemblies were hung vertically and dried in a current of room
temperature air. The excess membrane coatings over the tube ends were trimmed off
with a razor following the same procedure described in Example 1. The ends of the
tubes were then cut to an overall length of about 14 mm, leaving approximately 2 mm of
bare metal exposed at each end of the tubes. Proximal and distal anchors were then
attached to the metal tubes as described in Example 1 to complete fabrication of the
osmotic dilators.

Example 5

[00266] Osmotic dilators made in accordance with Example 4 were tested in vitro
in 50 ml of unstirred distilled water at 37 °C. Diameter and weight gain of the dilators
were monitored as a function of time in this media. The solid symbols illustrated in Fig.
30 represent the diameter versus time. The osmotic dilators steadily expanded through
approximately 24 hours. The corresponding data representing weight gain of the
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were also tested in vivo in sheep since the sheep is a recognized nodel for
t he human sinus anatony (Gardiner et al., Journal of Laryngol ogy and

O ol ogy, WhypoaB6673Vol . 110, 425-428). Each device was meadise@d/ ofwar er

di aneter of the device), weighed and phot ographed prior to insertion. Under
endoscopi ¢ exam nation using a 30 degree endoscope, a probe was first
inserted into the nasal cavity of |ive anesthetized adult sheep and a 3 mm
di anet erdilBi9EhAhg f%‘%QBEWGH’éM’f’PW%Bﬁ”@tﬁ@ g ﬁign3\1/vaThe%9eW§'n95W%I@ CtH€&Snasal
cavity %F#ld“@%'féllowﬂﬁesdlélﬁétefa?éﬁhtdar\}e@ heidrsaexi [ lary sinuses of each aninmal.
An osnotic dilator was inserted into each of the two maxillary sinus

openi ngs such that the distal anchor was |ocated inside the maxillary sinus
and t he @88 anchor remmined within the nasal cavity, thereby anchoring
the dilators within the respective openings. After epistaxis was noted in

t he fird0026R) i nsepmiotindilaterspnads iNGRCSIFIaRgermith ExRMme wr@;ﬁ@teo@a wWw® t he

| at er al ors vvere

| nser ed noep BPinsa b M yldiah sh dhepitofAtalthe HEET ARG H A"\

di | at or snandifesy Binge At ddsiriped inExambke 3. 6Thl@dila1et§)w%fademheed aitééﬂﬁ’aandréﬂrbr ane
with w I C | at or
Mnsert1 o o Bkl Sd DERHLG MBS RbAROIET e PN R b st

[ 00256] Aﬁpe’n h;gmbolmn Gfg @0l (migethee withalat irovitro tata feom Enthpw ensidlilatrats at he

dilators vi deoendosco and the res ostium
e hour o B At e G e er BFGRRE Bl el SR P ety ang
wei ghed.24] KPS 7T Hdeoreedpendial daeizpearsending wb@h$gmro$tﬁeedltat0r9 aBlaan&ctfcmr 4, 6

or 15 hr bef ore bei remgved., ri ng that th rs s d by
bi bi ng! BRgsdaaTe ASTARaN F i PL(ASPaRL Mt o Lol BP e Ghe e

sanmpl i ngHeeé WefgrhgeinadueyssheTWig.i31 fbildv théldidmetcp b duneeseoftiag.rs. menmbr ane
systens. For conparison purposes, Fig. 27 also illustrates the

correspondi ng dianmeters neasured in vitro from Exanple 2. The solid circles
repr esergxamjfleizn vitro results. The open and closed squares, triangles, and
open circle represent the in vivo results. Both in vitro and in vivo

di | at or 40026 hed Asckganiering pﬁWPQWé@'I 'ﬁrﬁ@brt@ﬁbﬂﬁ’éﬂ@?h 5t degigned e Resiavifhing. 5 nm
to 6 My, Figys 88 Lﬁﬁpmﬁo’ﬁ échﬁ E&%ﬁ@@ﬁét@% Wil ﬁﬁtém@ﬁc %&guu‘é'tﬂa%or s. The in
vivo dilators reached e mvvel ours an ai ne

appr oxi ragceiding1tiedhergrocy @res@nducpmoampm de%zrlbedahﬁmre@iaum iAdBingi® wei ght by 2
to 4 ho 7 / Q4 0258] As
for thelbrsmog?gg?@ |Qﬁﬁe&cﬁl&j thM&Q%g{tﬂg%t% hrﬁﬁgga\\é%ﬁ%é Wereer’%# in ]pl ace
for 1, Zubasmidyis dmtoatedhmllnrrge tlmlee\aed dn@demtllrthelelmtommmtmamgg dasdhaeyns

0wt sErtElnsaL BLGI ARPRSHAIANE o FRGRER S Boh Bufl AR 2.

W ck swalshwtic siubsrtlamreadiéq/omm reacls bomoj/theha)atdd"tebe stieh thak argap‘mxf abeutsyst ens

Wi t hout wi ck Th| ovver r wel n ma dye i ed nmucous
Conds g oMt s prd et nRh g B S (Pl EoptedthBY abg e ooty e

i nhi bi t erfhuw?a@Lndt Wemda@ecfammén?sbmdg E,Qtlaéé’s@mbm g e dlﬁmbfe@nﬁ‘}?h tHE]eQQR@9] Upon
retrieva e externa rane dil a ter of the gpening in
e o idle S5 A0 SRR pRvarss B Corssth ot ot Ra tha iR ShisdvAsag RS " under
endoscoping cﬁ’daéﬁté@%u&nthbvmém@réﬁwdrtvbﬁlo@ﬁt%alaﬁlﬁhéb@pﬁ)sit@ eh@foefr@T%e probes of
known di arreters shows t he ot of maxillary sinus rg% ni ng di aneter

over ti &d ”TH@'esCH!VPHaW?@%ﬁds -F@%P@%?ﬁ isrRRC A% SHURE AeasdchHiaginemet er for
the openricBfing O FRARYdiRes %@I@éy@ﬁ@s@ﬁﬁﬁﬁh& cé’étln@ttﬁlhknﬁé%f%ﬁlcﬁﬂé@méi
represent the corresponding dianeters of the | ators that were neasured
wi t h calbiaserendf the tuppds elt|offand mommch%@ce@ﬂmna@ PEIfedeteReen each
pair of d since in five of six instances the neasured

di anet er o?ﬁoéhd%n\&émpﬁéégcl osely matched the nmeasured di aneter of the

di | at or [00RA9]f or mathenidaceddman@stifrooPe GsmMedc diigrstiegatechon theeengisidtleal osti a
fromth t r eat ment
in ordeﬁ?o?gks@@Ea lrh% @ﬁiﬁrﬁﬁeﬁjx@&g%lpﬂﬁélbﬁg|03{wé]teY‘%?]:e os%sltgemere
measur edniddletdriver, xvctmin mmmldqeehyemmam@mai@gdmsathe oambtledtlvmfatcpntlrﬁjedays,

Gepi ot s CHEOPESRHE RE ek YRR, B S BNl aEhal v A erbieen g

over the 27 day period, in an asynptotic response, approaching a projected
final dianmeter of slightly Iess than gSnn1



[00261] AIl dilators that were inserted and remained in place denonstrated
dilation. For the external nenbrane dilators, dilation appeared to be

conpl et e WO 20120306782 of the first neasurenent tinme poi nPCTAISh@ungo4att er

pl acenent) and did not increase with incr eased i nserti on time. This
apparent equilibriumpoint may indicate a "safety valve" for the system In
ot her words, the system does not continue to enl at’% end| essly which could

damage éﬁﬁﬁdﬂﬁﬁ’dh%@%ﬁ?%?‘%ﬂ%@ the glilglasbevegn pex @”f’ﬁ@t%hséﬂﬁé?%?oof t he
openi ng 1ké @Al eftrein R @le WakMatn gl anet er of the expanded dilator. This
i ndi cated that the dllators wer e creatlng | ong term changes in the
surroundi ng tissue and not just tenporary stretching of the tissue. Al so
the amyangflels auma to the tissue was mninal, therefore not causing
damage or tearing |eadi n?ato. a larger than desired opening. Finally, 27 day
pat ency [08&70] ocundnwemopirater is ngdeRASerdingND the PPYcEE0GE3RSTYIRgSPI011/ 049452
[00262] I r done
Usi ng. bATTRE LEdny e Sicer LB OREERng 1R BRRE R o St i no
osnot i ¢ etldtemericiukepire eactploaved byginjedioarmadldingur s produced nore even (i.e.,
a round opening with snooth surfaces) renodeling of the tissue in the sinus
openi ng conpared to short tinme duration / high hydraulic pressures used to
i nfl at e Biamype®sty bal | oons. The latter high short burst of pressure tends

to prod tial ,openi avi n neven/ agged . faces. Thi onpari son
hons ¢ 022G caB BEROBR SIS W% ST detBRR SOt hOR e R DR dlaf oat, o
apgl i ed vlmemgaemblermngnz;emadddcrhetosn‘bpgamobetmme ?ﬁﬁr@hg o theue regodeltl ng,
an resu e 1.n es | Ssue mage, . n Qr ressure ur st s
sed | n SBATFOSIANS ARG pICSSRY e ERTHIEY b xamaat Ao ah S PLeAiBer Ghed t o
di | at e aubtérAemsIedatingEthesd edliall %ﬁéce’ti mtfpetaretpla@ted@b@md tRO stk dffdipur s were

fabricated. Tubes having | engt hs of mm were cut from 304 stainless steel

hypoder ASE'HHESHV S THEW Oﬁﬁég‘i‘ G%E”%@‘e?@”’@f@%ﬁﬁeﬂ SHIN taete RERIE WPt h an

aqueous tﬁr‘éhété&ﬂ‘reofloés' aHhigAXertkak afraRdth, mdlhé@@ﬂmﬁcﬁ.h@@ﬁnwﬁéﬂem hRei zed
water, then washed with dry acetone, and air dried. An elastoneric nenbrane

coat i ng 8®NeeRsHReURSIalinde e final ppplicaiiensofanemirape cealina At anped.(reiebphi | i ce
grade H%@%d%@}g tﬁ@%r@@‘ﬁbﬁégmtﬁﬁ't en%r?r‘?é' &trForurdy 'VVH bi3Bed 4}46943 Thi s

el astoneri ¢ pol'ynmer had nom na ues re Har ess 0 for
FI exur aladvbous wlr@ﬁmnB@@Cfp@amSlp@& oetqunarveaterna anblgeﬁbylﬂémobﬁﬁﬁtt\htﬂ) as

roasur e T EE0 b SR 4B B ATl ARM I B ot at e of 430

percent an ong a 1on I n wet st ercent as
measur edndypbrageMAsehé otbnitane aadldSlfﬂO’ﬂC aadners eblargenswellisg tisrrepnstramedtandf 20%

in 72 g I ogi es,

I nc., V@?rggt%d@fﬁ@#g@ﬁ%% Cr%tﬂgg?bbt%(a ?erﬂé%g ﬁ{tﬁa&%xﬁ‘{/%oﬁss?h%%%?%erature
tf) f;)rmswediingqxrodlmebmadhelseegpaws?b?twmltbehogps rﬁhrger]?mﬂgwouwrbelp:dewedtl n thte
el ast oner.j c ane in ution to a dept.h .o , mutiple tinmes to
but 1o ugtsob BB oGP i aiaddvo PeiiioRd alstaduf 5B o AR g dsvsBufiyn

Bet ween tie@astidgsprol dithdt ¢opesiuvser surfadeg withintvitiet the adtid cdniresde Budngeur rent  of

air in a fume hood. [00264] Gsnotic salt-containing tablets were fabricated
by passilif§i™®Mo g of pol yet hyl ene oxi de (Pol yoxTM Sentry Grade WBR 303 LEQ
Col orcone, Inc., West Point, PA) through a sizing screen having 40 wires

per inch (16 vmres per cm. Sodiumchloride, 7.5 g, was then triturated in
a nortarEX@MMedfst | e, passed through a 60-mesh sieve, and added to the

pol yet hy b@i‘f?_}OX' dgn oém%tu&d@itoh%@'é&?&ﬁférooé&brdﬂgj %yéxd%@dlé 9|é9<§§pt(tN&té1w@| Tm ES
Prem um LV he Dow Chem cal Co passed
mesh cage is present instead of the hoops The mesh cage prowdes the elastomerlc
membrane with a frictional surface that enhances retention of the dilator while it

undergoes expansion within the sinus ostia.

Example 11
[00273] An osmoitic dilator is fabricated according to Example 9 except that a
braided, knitted, non-woven, or woven polymeric tube is present instead of the hoops.
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t hrough the 60-nesh sieve and added to the powders. The powders were
stirred with a spatula to forma pre-blend. 25 m of anhydrous et hanol
grade SD3wowar/she@wl y stirred into the powders to form &Cunistanyo4danp
mass. The danp nmass was forced through a 40-nesh sieve with a spatula to
form el ongated granules. After drying overnight in at roomtenperature in a
fume hoaqd, the granules were passed ain throu a 40-nesh si eve, |eId|ng
21.35 g 6% GFErpidae tyegreyp %%%@”? HRtra Wﬁﬁ@rff'@éﬂﬁ‘@' Slﬁ@@eﬁbg,/t
passed tdnhaHeHy rdferBEn BefHR oﬁlb&)vwmeq (IERIOE @xbASISH WRKin 8¢ giRds gs@ul es. The
m xture was tunbled in a 120 cnB screw capped bottle for one mnute to form
the final osnotic engine blend conmposition. The resulting conposition was
conpact gtapi8 13- 9 mm fl at-faced round punches and dies to a nom nal weight
of 22.5 using an applied | oad of 250 pounds (1110 Newtons) with a Carver
press t d09dfMh conprsel-positioning ¢e.g., smﬁ@erﬁi@ﬁﬂ@aﬁmuﬁecvsjwm dfatariéOthayingt s was 2.5
mm A c Myl | | m abl ets

usi ng a%@%éﬁs%]ﬁﬂgﬁle%?%ﬁ 1?&)%18%%&&'%%1 ? g'r P|%If Eéﬁgtaﬁﬁestﬁg%ﬁne%al wei ght
of the ttalbe gtbek Wat hadngrgn ifsig2dsietalof 6BBtineh @0&1 Qrablaetoslta:mwamt@aded
onto ea t J I e t. posi ti oned
in the %?83142' ﬁ]ﬁ @ﬂ Eﬁ@%”%gﬁ?oﬁéfﬁ] gpel %’pg-é%@dclﬁ%m%i%t%@%rﬁc other to
produce sannmmeabkeueembmnle amfatlmgabd)Iemm carherisingbad Sevitd solidasolutiemofli pped i nt o
t he sane omeri ol ution dtoc t the stainless
steel t oberohRTE bistoBBIRRRRE L T2, Do vl BRimer RESRER, or der to burl d
u% a coawilmiggtdni, Mﬁomm@dnﬂna t;ﬁabylﬁi%/ﬁowdor@pmmﬁub@é edayw@ré)cliqlé obateld g 0. 03:6_

c et coatin su asse | wer e hung, vertica ried in
2" e reruioe S Pars alerRes Beatnoeg T Bu ot g dBeitsd Mver ¢ he

t ube endsoomeihen (0. Dﬂ’ﬂm}i hafl ctdrhladraz@e nigdie@MeBch bhi@e IGHE mocm@r e
descri bed in ExanP . The ends of the tubes were then cut to an overall

| engt h dEPesHlfiitweg qﬁ?ld In 854TREt HIRPIXPHREENY e AINRRINPCIHSPRINGEL FOIVEWSEsed at
each enchyedy kbhﬁletﬁbmﬁer ﬁé&(x\hé@aﬂna@lﬁllﬂe@'t&fo?ﬂn rAiBFRIsheMered Raviy & haened to

the netal tubes as ‘described in le 1 to conplete fabrication of the

osnot i ¢ APENESiaMetEKahpPed @CPGQZGGITOJS%PP@W@N@P@% ohd&0inehdec8rdance with
Exanpl e fhquehi §F1§§ &Eb 630 Wk g(?OS @nﬁoTrﬂ; a9EradBSVdigH @M 1l rﬁ?c'révbé‘s‘ﬁe\’@ﬁ% at 37

C. D aneter an gain the'd tors were nonitored as a function of
time i nwasImged hgee Treckmsalidcanyainion sablets i$8r 44 d breapivglens® thepe esent t he

i At SlgRSHS) LB T En@S TR uilchaalcs ol 3 I eRARS ERL el

appr oxi ma a represent ai n of
t he di |stainess sisebiubent®1 suchothat & microwasherriGcavas plad:edsmrcammﬂ wnh Iéagh 31.

30 Exanrel & TEBSEH e met onih s QS e i BB PGB A 0 4

wer e t eshiedwashsi mdizwnheldesmpamennmleer Aiddigioh&lly, dill. mnon gamwas po@édsecg

connecting the nasal cavi and t he illar i nus as.described in Exanple
3. The &8 ﬁ’& @e\ma%'e ﬁ%\?@ﬁs pasie@?s.aﬂay@ﬁwﬁaﬁ?%?%ﬂwﬁtg hi ckness and

wei ght @@basswmnem@ dipesbatctheaipleninvés/ia tlﬁl@tamérnﬁerﬁﬂ)r@héedamﬁg sygionsynbol s
in Fig. h%to ether with the in vitr datafromExagrE? illustrate
a steady“”i' @@OP%eﬁr"%@rS’e&U@?mﬁ MERRE RPN R Hﬂrﬁ"ﬂ%? heter in
appr oxi naplelsyl 634169 Ures. wak\geve ) deasmmééigdug@bamﬁqa;prr@s@mdr@gGWe@é\t gain of
the dilators as a function of time in vivo are illustrated in Fi

31
(t oget h&kiediin A CHRENG ¢f roem teMBgiakre BEmALLaRD FRatnp, thﬁf@@éuevﬁ”dﬁ?'ebg@% curves
of Fig. 234 dneldi e tteerl sdIBkBIetOfE3) 185 MWERS cBhtell Theslon fR¥ 3R €

application, the dilator was inverted 180° and the middle salt tablet 164 was coated

again and the other of the two end salt tablets 163, 165 was coated. In such a process,
the middle salt tablet 164 accumulated a thicker membrane 167 coating, due to more
coats, than the end salt tablets 163, 165 such that at the completion of the coating
cycle, the middle salt tablet 164 had a coating thickness of 0.021 inch (0.053 cm) while
the end salt tablets 163, 165 had coatings with thickness values in the range of 0.015 to
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[ 00268] A sel f-centering osnodilator is fabricated which is designed to nest
within the sinus ostium A non-collapsing tube is coated with el astoneric
pol yur et higeorises7di ng to the procedures and conpositi oRETASSEINIONEE2 | n
Exanple 4. A single osnotic driver is threaded onto the mddle of the 55 mm
coated tube. The resulting subassenbly is dip coated nultiple tines and
dried until_the elastoneric coatlxﬁ%@on the osmotic driver is built up to a

nom nal G®i7CiRAREL03 to-B6HI Cimprc KT FNdHgtal HeHPIRRS SRarHPPE Indexarepieils

thr eadeqn&rghemaﬁhlge@e foe 6dﬂ©nﬁlﬁﬁét%hb@'% snishofti@iupds gep. of about 1.5 mm
IS present bet ween t first (mddle) coated driver and the two end drivers

whi ch al@0%&] yet V\@@ﬁt”éan AYHROYSRIYIPNRGNEIHFALSBINYS PEliUMMERTdRp coat ed such
that th ing, the
i at or TTIRY, Sl QUimP e SinaRKidldr fbo HSoR bR SREM, 1S Byl X

| ocat ed rad|at¢1%t95§19@§f the auter addstomeri¢ egyipgrvcaniemamrang dp7.afbe eodwsel. Thi s

process téb°1 515324 4 n{i?ﬁﬂ)é \‘IL%%t E‘fé‘%ﬁ 't@é@sabq@% nﬁ{tﬁe EQI?(ﬂbﬂﬂ(]%ﬁ wHh drivers

i s always ess t han e coatin river. end of
t he t ubdhickeragtting bf raambeemehtfﬂs mavemmmhemmrenhmbnmmrpnawedur es

descr | gl BXARPI & thronk OORESN WHICcLAGAGn by ABLRSH DU o1 RGAL C

drivers 1T0ca e e en e’ di havé™t ranes,
i mbi be rdﬂamr mltbgutbablnwetoenumaé'ﬂwerrnlbmshele senddioadirdei svegllingmaiiaty has a

t hi cker rrg F;[ Bft 8 ro@srmtl c drivers continue to inbibe water,
the di | SUVAANIRITTISHIM rr‘i’tVS 03 LHH 84" confi guration, which configuration
nests into the ostia and centers the dil ator betvveen t he proxi mal and

di st al rfaces.of the wall of the sinus (e.g., a maxillary sinus). Exanple
8 [0027 XAMRIEASdi 1 ator is nmde according to the procedures described in

Exanpl e[oo:.epe}ept hRessdhe Brdtord grsdramb ioflate W), reind8elos LS 6stflinh Yeg s of and t he
overcoat elastoneric tube are each fornmed by injection noldin nple 9

[ 00271] AMB¥iRYisiug isdalbicaipd 3ECrYhendo NeynenadeArd MAkAras q’\%ﬁcﬁg%t"m n the

di | at or paighiHid11 @x8épl4se RRhibiaRd SofiBkiRs alhien®@sRid \ﬁatéf |r%b®ble' éol)m"}éﬂ%
according to the conpositions and procedures describ n&j) e 4. Prior

to the fl ah'ef&b?flﬁ%)éﬂﬁ?@rﬁ?@n@ﬁtséqfé@t%tl%r%épi 'H%COPDWP@H%I‘ spaced
hoops argnphRerd rapg rtﬁ?ﬁd&tté"%nrﬁm fo‘PIUMAg%'ﬁBtE‘OCWQght éentﬁ@@oﬂﬁlﬂ@ can

conprise stainless stee h”’t ensi est ngth wr hread, suture,

fl oss, d‘I*P@ﬂ[bﬂO (Errsmedicstt Bnlgmer POrsEs, Wlmﬁiﬁ@ﬂ@hnMA T Whynm@duarthe After the
hoops arg, %rll\}n%ﬁ{y (trj;PSf t%b%%{laﬂﬂghllé:[ﬁ} |h%es%%tgP@RLﬂ§%n%%EéH& are
ere t hr ee e

appl i ed, oops ‘menbrane structure.
When pl weeubtncreqauhbraquemelsdwamrrofrﬁr@nta heureh as the sinus ostium water is
i mbi bed by osnotic activity causing the stack of osnotic drivers to swell
and distend the external elastonmeric nenbrane. As the nenbrane and osnotic
dri ver s Exansplgdd4 swelling is constrai ned and directed by the hoops such

t hat | enepts fo t ween., the hoops. . This directe

or oduce ST ar  cap 2PN ELRAE A pToras SphS R Mbnione! fresent
W t hout rhdi)ﬂldﬂpglﬁas) |é\¢t£tirtchwmaddcwd|rtghte thé hizitbRl SenaRriasdestribadl inet ai ni ng
the device within the ost Hﬁg)r?a/%gr ovi.di ng convol ut ed surf:ilces wi t hin which

t he ost iEXPRIE } €PN the e QARNRES grﬁcbp a yygter insoluble polymer and a

water soluble flux enhancer. The blend of polymers consists of 90 weight percent of
Tecophilic® HP93A-100 (Thermedics™ Polymer Products, Wilmington, MA) as the
water insoluble polymer and 10 weight percent poloxamer 188. When placed in the
aqueous environment of the ostia, the dilator imbibes water, swells, and reaches

osmotic equilibrium over duration of about 2 hours.

Example 15

[00278] An osmotic dilator for dilating and remodeling a sinus ostium (e.g., of a
maxillary sinus) is fabricated according to the methods and materials described in
Example 1 except the membrane comprises a blend of a water insoluble polymer and a
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[ 00272] An osnotic dilator is fabricated according to Exanple 9 except that
a wre nesh cage is present instead of the hoops. The nesh cage provides

t he el astwoepi2n3peabrane with a frictional surface that PEMRSRCIe®49482 ent i on
of the dilator while it undergoes expansion within the sinus ostia. Exanple
11 [00273] An osnotic dilator is fabricated according to Exanple 9 except
that a braided, knitted, non-woven, or woven oI nmeric tube |s%§resent

i nst ead WAt SRR Bpps enhancer-t B3g bIFRd of Pelkmer  ISIHIHY HhweioREPYFa% D ner i ¢

menbr anergabphilic® HPOBAL @OAIThEMFEACEM IFRIM&ETHIBAGAS, Wik drpmAAafastth@ di | at or
while it under(ﬁoes expansion within the sinus ostia. :g%)Fe 12 [00274] A
0

sel f - podY&eJAs le(fé’ob’mer@@ﬂﬁod’éﬁig@rﬁ%@%m@PWM@Y'O@WQJ%’@i r W80 havi ng
spaced sgﬁ’éctedtlﬁmeeé e%@§en\1l%mén§%f the oﬂﬁg"%e'cﬂaﬂr%blgé‘s nge‘?cﬁ%ll?,f a4

st ai nl ess st eel e stock havi ng an 1 nsi dirameter of 0.032 1nch
(0.081 cfﬁ?CheérOSmﬁlﬁlé|eaélllbfllﬁﬁ@b/@l’rdl¢fﬁtl@1 oigbauhBi® Hawra1 cm) and a length of 55
mmwere dip coated in an el astoneric sem perneabl e nenbrane coating
solution conprising a 10 wt % solids solution of polyurethane (Tecophilic

gr ade H%@mmeﬂiTher medi csTm Pol yner Products, WI m ngt on, MA) dissolved in

n-rrethy oI|d unt|I a
rrenbran coa i ng R%gaﬁavi rﬁéﬁglgﬁ%ln]s‘?%d Ca%g%%t&% gneségo&r%n%??l Iich (0.01
cm had somtiogllabeshawn inI"Eag nediidk dilatfones ¢te mrbxrllbrty dinusasstili®lMSKDefot upes 161
were dried in a current of erature ai.l b coat i Pol yet her
ot hor ks SlsSinTlEtis Berr Rl o Y S ReBo husre oS S rs (el Ve o
:) nﬁ(r) praerr:jenueaibamd eatendy @na@faiznéteh oﬁ‘?neémgg]g)nm@matelytagdeerdomrﬁt the of

. i nc ckness o i n ) [ e average
e ont | GEmalie cRvics sl Bl s el dS NS by ¥k BenBoy b 20t bl o it g
t abl et s rdlaibd tdG4e pAfeRdG@UiITHal RRbndAy eh@ssindics eliosrdy iafe ﬁ%@@mbé‘ 4 and six

m crowashers 166 were then threaded onto the coated stainless steel tubes

161 suclPUPFRES: 8° H?fmwea%@ AHASSHRAALLP PRI Mg OsNes ALK R HIA et as

shown i RafgkPsite? P2) Jf |aHért<9r?oﬂﬂh%%@@%n%%éek%te’ﬁbﬁét@ﬂ%ﬁ%fal t3psalt tablet
+ m crowasher sandw ch e subassenblies. Additionally, a

provi dedPARACKEEAMEERS) o 1haIMSQ wie Nt alersdiigiey sempyale &) p&@my Cﬂ'ﬁ@eF%bes 161
wi th subg ?q%ﬁl@f@b t%?eé"ﬁbﬁthg'a@tePBr?att&drembivéf Péfas%éé?ﬁedt Bt bAR feane

coating solution until a continuous el astdmeric sem perneab 2 renbr ane
coat i ng (2674ber \isiel eadleg sadkéVAS) scale dadng ditatigns aae (@ Icopewmpiyt gleen di p

coati ng 60 were dried in a current of roomtenperature air.
At each%gtl)r{a%lgﬁgé h@h%ﬁﬁ?%dl e salt tablet 164 and one of the two end salt

tabl ets [002130]165 Weis stutlyas edinglkhem), apentlalzel nerspenipé staly iaod, will meoldel at or

was i nv I | ahl e 6 t in . t he
otner " of't pdietlien BFerboeBhE ol b s AR eElaid  Opdfi e RBER AR A B cooe,
t he m ddisengsthé folloairigeinclLiidn adizwiaul( a)ta;b lBetvberc k 8 ande®hyrcarse meabtlmcrmlémg, due
to nore cqats,, than the e sal t 65, su hth
Conp et i TonaieaTe aldiPins 4 Rt HadhgRuRaS sl sy HRlcbet &5 coat  ng
t hi cknesgiling tdbdalailabrhor heFpacitioYequiriet studyeisinghys aaitd Lsaﬁalhﬁgm d&rdpleft5 had
coatlngs W|t t hi ckness valé;es in the_réfm%g. of 0.015 tao W? i nch (0.038
to 0.043SH "r—*ﬁ'b%o Urgs 8N PSIESPMERh 61T SURISCHIWET Yoestp Ifs?a{ﬁﬁ?%f H (not
shown i rhaﬁ!r@ of #h9 stablP ar@EiganA ihtorabd aehesht bher ©NAS pefforhiick Weasy él@@y
[ 00275] When_i n an aqueous environnent such as a sinus ostium (e.g.

specific procedure or assessment; and the following exclusion criteria: (1) subjectis

pregnant or breast feeding; (2) subject has one of the following diagnoses: cytic

fibrosis, Sampter’'s Triad (aspirin sensitivity, asthma, sinonasal polyps), nasal polyposis,

sinonasal tumors, allergic fungal sinusitis, ciliary disfunction, perforated septum,

atrophic nasal mucosa, and/or excessive osteogenesis; (3) subject has any anatomic

abnormality that precludes access to the maxillary sinus ostium (e.g., a deviated

septum); (4) subject has a history of facial trauma that resulted in distortion of the nasal

and/or sinus anatomy; (5) subject has had a previous antrostomy; (6) subject has

clinical evidence of acute respiratory or sinus infection; (7) subject has a known
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maxillary sinus ostium, the osnotic dilators 160 i nbi be physi ol ogi cal
fluids causing radial distension of the outer el astoneric sem perneabl e
menbr ane WO2012li3es7énd salt tablets 163, 165 inbi be fl ui #CAtUS011MAL482 rat e
than the mddle salt tablet 164 which has a thicker coating of nenbrane
167. The net result of these different inbibition rates is that the dilator

160 forns a dunmb bell configuration that helps to nest and pgsition the
di | at or 'Q\fFFtFﬂ”nW‘ltmEU@Prr‘nUEmHggci’Qj'tﬁe”‘FY]é'“l‘ﬁ (9“3%/&5%&”@ OgHPIgRCY NYliR ect swel | i ng

radi al | YyepahdeHt dabeted 6rl!ftrﬁé}%rerlbﬁ§)§)¢§{@rnfé5dléé§§b (g) atibjeet-is Byasmlye 13 [00276] An
osnotic dil ator desi ate and renodel si'nus ostium (e. of a

mexi | | amRrtigiRaley in @r%aﬁpaa@ﬂo@@ddecmmyﬁg of BVeHOaHBRN STSyan d il b Firbs
descri begiof fy %@Fééﬂ?ﬁg?vu%ut Qé?&ﬂ%e%%s W%BWH %@ﬁsﬁ\ﬁly% HREBCA é?!e@%?@tu%gér\{’to
S S

wat er - i nsol ubl e pol yrrer consi sts of 50 wei ght
per cent Used Teihepstiudy; ¢0) I9RLIBAL N0 (dra@é%t@af TatoRgic/ieeases bigading,

W I m ngt ; i nt .. N d T

0 | 9oy R0 HEL AR REF BEGRITR AR | £ (AN Aok IRRTRC oo T
of the dlee inwgestigatordi drinion deems esssuigecian unaeitdie camdidate d¢ heesivesstudyi ¢ _

G o M ATy Sfe i 10 SR Seu B Tpl oL LRRT A, B5APL | €
Si nusl) |a$1aésthea;|a@9emgesmmllng/eti@ytdﬁrmsabemmb opyldStmtjendmlds descri bed in
Ex t

oot yrer ARPCL ISR @ BB e ProR B Rlabrlf sl Re ot o1
of 90 weinght appticasta tisphetdiesiapd MS@ eritiRe Iatkflon (sTheeorded) crﬁémsl?@myrrer

Product s Wlm ), as the water jnsol e oI nd1 ht

per cont diibiaTientiothbs Moun sPagaliEaediB o o s PE SRR BECORE ost i
the dil aﬁismbnzaﬁ@hb@nm\mfe,usmhbmn @dch 6feRs BEIS e O1S 1o IMSC%}IUTM B&vites over
durati on of about hours. npl e 15 [00278] An osnotic dil ator for

di | at i ng"&fflt 'Pémﬁ)hr@q%uatgﬁmgr%ghﬁ&%vw@sar egrovEdMRRN N PYPIH Rus) i s
fabr i calred. e 60k tetevéight? dBBIB AHocBIShTRLBAL@hSIIESITELQRMbACEIHIP! © 1

except the nenbrane conprises a bl end wat er 1 nsol ubl e polynmer and a
wat er sélUipg &g dilakios imreseied. ﬂﬁ’ée'ﬁle@rYanaﬂgdpkeﬁ@"ﬂyéEﬁ\%Y%lﬂage%ﬁnC?O wei ght

per cent r@éoras&omé Bflﬁ@r ERS36vdPGsi %Hf‘é%‘}% Rl 58 S ﬁ%nifbpﬂgéﬁuén

Wl mngto e water 1nso ymer an wel ght percent
pol yvi nyi}tamqafdléed ab@eg@@hs/wdan@rarep)wése@dﬂmﬁdMV atiq@recwa@réemovainﬁéﬁt of the

05t 1 3, ol 8 BB WS ST BUEhAIP a6l ef SRF 1S FocBRIER vl 101 um

over du
removal, the devices are measured, welghed and photographed. Follow-up visits are

conducted at one week, one month and three months after MSO dilation. Standardized
photographs/videos are taken, the patency and diameter of both MSOs is recorded,
and all adverse events are assessed and recorded. This clinical testing shows that the
osmotic dilators are effective to increase the opening diameter of a maxillary sinus
ostium from substantially closed (e.g., 0 mm diameter) to a diameter of about 5 mm
with minimal tissue damage and resulting inflammation response, and the opening

remains patent for 3 months or more following the dilation procedure.

Example 17

[00281] An osmoitic dilator designed to dilate and remodel the ostium of a
maxillary sinus over a duration of minutes was fabricated according to the methods and
materials described in Example 1, except the membrane had a nominal thickness of
348 microns (13.7 mils). When three stents were placed in deionized water at 37 °C for
120 minutes, the devices imbibed an average of 125 mg water and swelled from an
initial diameter of 3.6 mm to an expanded diameter of 5.6 mm.
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[ 00279] A phase 1, open-label study to assess the safety and perfornmance of
the osnmotic dilator shown in Fig. 23 for dilation of the maxillary sinus
osti um (W8QRof20130a7p to 8 hours in hunmans is perfornmed. POE/USROIMEIAS2
endpoints of this study are (1) efficacy as defined by the patency (and

di aneter) of the MSO i mediately after renoval of the osnotic device; and
(2) safety as determ ned by the frequency of adverse events related to the
procedure. The secondary endpoints of this study are (1) device success, as
defi ned Eg@nwgqgssful access and depl oyment of the osnotic dilator to the
t ar get Slt (2) patency (dianeter) of the MSO one week after dil ator
renoval ; 23@2]pate BVSK”@{%ﬁﬁt@rr(}e%neﬁH@ dilee apegemedeharsiym@f Rat or rem)val
(4) pat @ﬁ&amawgm@b%r)a Qliral Bﬁomﬁ%uttéwgs %ﬂ&&éd %E&@rﬁmg'tb%?heﬂﬁﬁg‘éﬂb
assessnent of pain on a point scale 4) or visual anal og scale VAS)
scal e dunatﬁgaladea@rdaedamn Examale(ts)excwtghermanmfam wpaifermegdayiextivs®nc A i on.

[ 00280] I al nd will

i nvol ve-Eh‘?ne Co |ec%éﬁ"§W§%§ﬂ%ﬁ?@§meﬁa@e galﬁﬁ%ﬁﬁﬁdﬁ{s‘aggtdﬁ%’tﬁﬂ to 10
subj ect MArwas exirugieddhvingi angorninal eide aidmefer olcdumils Ol . €2 mre)rarat nC(nlI)Ialage

bet ween . ( r i 3)

subj ect aéﬁlgﬁegsg'bc%f%%ﬁs O%'ﬁ&&mﬁ%&ﬁﬁ{ﬁgquﬁg%sﬁ? @cgplaegﬁosn% P% %lﬁiels%g to be
avai | ablsmabltutiemesepmﬂ |In| E:xana:qem r é’cﬂueexm@yosmcﬂlcttamlat;ssas ausdribbex] i EXaimpde t o

conpl et g al i Sit ssnent s uphj ect nust
under stan‘ﬁI(“rtehDé’S ﬁgci%eﬁr tﬂg éjet#tuf’ﬁlsgq%m&egﬁ%ergl'@ﬁ&ﬁ%\dlvﬂ ¥4d consent
pri or tQ)trﬁeheA@ecémftrmalcbeTeéomrnIcC@SHBglszspeccTrﬁermadro@maulyme@Prmsnent' and

the foll X si on crlt sulec reast
oo o VIS Rl SiarrkaieS batg & g haiside HRaRis a6 Pl € BtRimysi <.
Sanpt er 'ghd B h@finaPRA thidknsSN6H 14 wild 10. 3@5mma,Th@|§é@6@c$aIbemdswaéh slippesal
pol yposi s, sinonasal tunors, all er%ql ¢ fun sinusitis, cili

di sf unctqvéhthepfﬁﬁ%'%%%tssJ&?d’ﬂﬁerélf dyeg &n %Iétﬁ'f SSRPPEHOE WA Iaﬁat%&@@é'éw ve
ost eogengehsh sitidlbf ﬁ‘rébd)aﬁhcéf dapfotid MbISB s/ é3h&brréfhré‘ﬂ%h ot thdMfiist BRESEAHHBS
access to the maxillary sinus ostium (e. %p a deviated septunm); (4) subject
has a hlt%I?Qﬁr@dJ@ﬁenf Keihglengingsere ﬁbﬁ'teﬂ@@d Beled i @rmaERaTiBHouFSadhe nasal
and/ or t
subj ect 5Hhas ca agé?%:ee;rggée%ﬁhae@ﬂ@eﬂ&r es plaﬁ?{;tg rglrn%lgr}@%tinﬁlﬁg tlgﬁlfétesc\é’@
subj ect tlh@membtamwaterm ddei resuling devicanwas pmdw@elpmz%wtaﬁm d8,Cot her
une SRHGE 880K rhiBeh WA SRR, fhRel tewaeawsweﬁe%wraﬂ%[nw.a&em c

i sease; s currently partrici icipated in,
any t ypeilmﬁetenvfe%t?mgatto ariahl @amdgeriohwﬁemmmwer ¢ petegd ope0 onnutes screeni ng
visit; (9) subject has known sensitivity to the | ocal anesthetic agent used
in the study; (10) subject has a diagnosis of hematol ogi ¢ di sease, bl eeding
di at hesiBxampled9t aki ng anti coagul ant medi cation; and (11) any other

conditi ch ip the jnvestigator i ni on dee Ubj ct an

nout t agP@Rln: ofe S5Relc HERb AR ee o e 8 B ERR P BRTUE Rre or er e wi th
]E hFI st ugwy%xlmyllshas oEéwaéIjuradors ubng&mtt? ig d@ﬁrcgmdLmaidl@%&?é Mh@iwtmongﬁst ant
ol | one . asal endasco t an ar I ze ot ogra eos are taken at
basel | ndqbrids B33ngE 1§ BXGRPIS SEPoR 106 BRTHEARS 1 RO RKSNRI EISb | cab e
di aneter of the MSO prior to dilatation is recorded. The osnotic dilator is
inserted, using the inserter illustrated in Fig. 37, in the MO under
endoscorﬁ’@mﬁ §%9I i zation. One device is inserted in each of the subjects

two '\/50?[00%1& deVAﬁ%§m@fl@dII£6rtdés"gﬁe|a%MﬁQefa‘?I’d rdmobiel the B8tuid of Fhe devi ces
are renoved upon the subject's request or if the investigator deens it

necessaraxil@snsinnpovera aarafiers eLdinwes is RALrisatedRACPING ledheimeihedsmnds
recorde I I ed. The
G 1 at or ACHEEE B ExARBI R BEghe Mgy B el A B

St andar di zed phot ogr aphs/ vi deos are taken i mediately after dilator
renoval . pate | - Rusel Eng@e% R ation
isS reco ga_%%] Uponmrﬁ)é P?Icﬁ%@&@%e&fggémger e ma\}asur edEéS% I%ecﬁ méjaétgﬁ

phot ogr dqytveay. ofFHhJsItraMempnd'bmmpledorqowpommf@tarw ofmireiemmdmggnr[es dellh and

t hree t il d Vi are taken,
the. par ahgg anis Gpsher gt 83T kAR T IOhETBEea AR EB LR BETRT 2 vt <
are assefistubusnthat eextainl edangEisi sndahodificaions ety begnadeweerétoatithobe osnoti ¢
dilators are effective to increase the opening dianeter of a maxillary
sinus ostium from substantially closef4(e.g., 0 mmdiameter) to a dianeter
of about 5 mMmwith minimal tissue damage and resulting inflammation
response, and the opening remains patent for 3 nonths or nore follow ng the
dilation procedure. Exanple 17 [00281] An osnotic dilator designed to dilate
and rermdel the ostl um of a ITB.XI I I ary 5| nus over a durat| on of m nut es was

T 1 b o o s e p— o a



maxi |l lary sinus over a duration of mnutes was fabricated according to the
nmet hods and nmaterials described in Exanple 1, except the nenbrane was
formed bywexovraumsiega. A tube nade of Tecophilice HP93A- 100T(USh@nedszsTm
Pol ymer Products, WI m ngton, MA) was extruded having a nom nal inside
dianeter of 44 mls (1.12 m) and nomi nal wall thickness of 5 mls (0.127
mm) . The extruded tube was slipped onto the stainless steel tube descrl bed
in Exanﬂeeaﬁ'ngﬁwghtheﬁw't&éﬁewec itthe PEPeNded driger ilbedlscro BRatgrsiaodye

posi ti ongst 1R BlrmirftfodideddReeih iR g@@é oft dERXrivRE Baftidu@PNt act W' t h each
ot her. A second tube of Tecophilice HP93A-100 ( Ther nedi csTm Pol yne

Pr oduct $MbgAimen§oaly;, angis %@t@&qm&? |ﬁ‘ﬁU”9\@"’§eﬁB%ﬁWe ¢friae H@Séﬂhmet er of
116 1 | 5n(chi85 wiTthe 8REoMeARRIIA r¥abbosdichagss of 14 11 s (0.356 m) . The

second tube was en sl pped over e osrmtl C tabl ets. The inner first tube
and out dﬁoéﬁﬁdond Wisee m@ehéaf@wsll%@@hlldﬁdalﬁ iseinslersiperbtngt eadie pair of

oSt | ¢ i @RIERIS WARIe S elhinidf i SHE HORhwd: il it 1ADGoRERANR e

adj acent to eng ''nes were ne orm a cont1 nuous seal
bet ween didiates @ﬂmfwaadbeiween theubersr antl dovedyyinfiudfl tyatefang@ami any atpet biatassnot i ¢

tabl ets phhh LRGCVEIR"ANey BAE! I8ke TNACHESULLI NGRS R, IR PHAGed [ n

dei oni zed wat ér ce i’'nb he envi ronnent .
The deviuppesawl loadr fimasoathesa sialidr rdngeremay inafep8ndentindecinalufiecial theli anet er
of 5.25 mm,over a n osnotic

90 9
Sl 1 ot o SHBIBY fingls BRafEiagb shtobRess i P arlBar Ll s vt ous over

S dur at) lsglcméallmestmlruesdlumutfurabfe szatbadaragmaNdemgthé@taté@ra@bh@ds?mdmt F(rj ials
escri in Xxce rane i s seale sol vent wel di ng.
Bcanl o 698 PGB T Aef2D3h0Er ung BUar CHBSI R0 RINGRPEE WM are dibdel t he
ost i um Ghcl@ddhiKitheé mWntajmus over a duration of mnutes is fabricated

accor di n89to the nmethods and nmaterials described in Exanple 18, except the

menbr and %87s]eal el Byolicaiions 3 RRIRGLS 1B PrbisResibiGairnt e heé?'@gm ng

embodi meRdotpdrane dyaefer8fscad Pescd MdRAITRI BliRbliorPdr Ydnterk 'sloé'@ﬁéa@{?' on and
exanpl e for pur poses of clarity of understanding, it is readily apparent to

those ofangriesivigkgilysraicatep o bpincarroraiedibygaieresicerans are naerpryatesinereia present
di scl osy efe*ﬂéﬁcectsrd?&!d%efd@@%%én@é"ﬁ\erm&%wéﬁ#/@ﬁﬁaf@u&l&ﬁ gﬁﬁxqé‘ﬁnbh%tﬁt 0

wi t hout epartin rom-t Irit or scope al s IS
al so t o Wuchiig ieadi@ns g citate The citgtias ijywéhpaﬁléﬂéﬁ r it disglosuieedrigiir pose

FT md?fﬁgb msélmﬁ@cg%{ ée&@a gﬁoe %?8%%%%%% [ n\?dg:ﬂr%l%sg%ﬁ%ta]t wgtj[geg%ﬂo:j?egeonl y by
t he apperﬁummloraismohentnﬂemw%itm euc;h patigatiaf by artue sf psorpmaentided;uriher,i s
under st QHQd&QE‘ of Sﬁl&p:atlon provided may be different from the actual publication dates
which may need to be independently confirmed.
[00288] It is noted that, as used herein and in the appended claims, the singular
forms “a”, “an”, and “the” include plural referents unless the context clearly dictates
otherwise. It is further noted that the claims may be drafted to exclude any optional
element. As such, this statement is intended to serve as antecedent basis for use of
such exclusive terminology as “solely,” “only” and the like in connection with the
recitation of claim elements, or use of a “negative” limitation.
[00289] As will be apparent to those of skill in the art upon reading this disclosure,
each of the individual embodiments described and illustrated herein has discrete
components and features which may be readily separated from or combined with the
features of any of the other several embodiments without departing from the scope or
spirit of the present invention. Any recited method can be carried out in the order of
events recited or in any other order which is logically possible.
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intervening value, to the tenth of the unit of the lower limt unless the
context clearly dictates otherw se, between the upper and lower |imt of

t hat rangeoant/@mr3ot her stated or intervening val ue i nPCRAIS2611A8%942 r ange,

i s enconpassed within the invention. The upper and lower limts of these
smal | er ranges may i ndependently be included in the smaller ranges and are
al so enco ssed within the invention, subject to any speC|f|caIIy excl uded

limt i f00280]st ot AeCardingl. thawmspeedingmerely @HStFaé%@% ECIHRESOTdRR or " bot h of
the “'“ﬂ&@ﬂ@@”ﬁ@ﬁnQéﬁbH@bﬁﬂxﬁhhhﬁbs@émmﬂimtﬁéaHNﬂﬁ@ebB@HHQ@dsb'”‘ts are

al so included in the invention. [00287]All publications and patents cited
in this Vapeds arrquaﬁm%wélchealmwghﬁr@bewcwv&@smqué?réhewe@e@m gmigetih

i ndi vi dl{ﬁ‘é f?hl*gélb%F !h%ﬁm%ntu@ﬁfaﬁafaré"%%dé@%\ﬁthfn' |Fsaédur}‘t A% cbpél Fhrgﬁlﬁlﬂo}’e,

i ndi cat ed I ncorporated by reference and are incorporated herein

r ef er encd exemglescAndseongitignaldarguage reeitedmareiodse aﬁmlmllymtteedecht%ald the
connect i

pub 1 oot Taieis DpdisERgh B FHAGGES LORE 1RBh aht e OonEb o B A ot
be constiheizveaiorsioe fadindriwi toa arthand areetomemntruemaehelnngIihsuhlwnltalnmtoI ed to
ant edat Jbl i | r e t t he dates
of publ%%gﬁggﬁﬁgggkﬁgggaggg%g &5ﬂﬁgﬁéwgﬁ$r&%ﬁ%ﬁépgﬁgﬂﬁ?ﬁg5§|.5gp.on dat es
whi ch nagcitiegepririaiples aspdetpearakarnbgdimentsi af s invpO28E Well assmmﬂf&:d t hat , as

d h i d
Cher T RrOBES bRl e PRAEROSS shpdblRis st st Ahe i Bon Bpuyalhs °
ot her w skerebt. Ad‘dltfdﬂfallhetrlsﬁﬂémbd tlhatsadhaeomwlms meludbeoth alrteddy tkaowncl ude
any optional el ene enent is intended to serve as

ant ec edeet‘ﬂP'VBE?@FSsaﬁcg?q%@e’HF dglﬁ@ﬂp%‘i@lthg Ware, b PGP devERedynat « o)

and t he dekfbﬁm it SN Qgction r \é%él’dletsbeﬁ segdtlt IR Rbpé bath® wesdi Mventié, use of
a "negative" limtation. be apparent to those of skill in

the art WREIPre.daaPHgtoNdpd %P%EW“H%F%thee%@H‘p!ﬁry ER®OAIRENS BN 8A%odi nent s
descri besamshd hdrbint FtRsH harRoPe BAG sPirit 6 RE HreRFPRRERcH i3 RfhboBRles Whi ch
may be readily separated fromor conbined with the features of any of the
ot her sdlRPAPCNEIRBGHAIMENt s wi t hout departing fromthe scope or spirit of the
present invention. Any recited nethod can be carried out in the order of
events recited or in any other order which is logically possible. WO

2012/ 030673PCT/ US2011/ 049452 [ 00290] Accordi ngly, the preceding nerely
illustrates the principles of the invention. It wll be appreciated that
those skilled in the art will be able to devise various arrangenents which,
al t hough not explicitly described or showmn herein, enbody the principles of
the invention and are included within its spirit and scope. Furthernore,

all exanples and conditional |anguage recited herein are principally
intended to aid the reader in understanding the principles of the invention
and the concepts contributed by the inventors to furthering the art, and
are to be construed as being without Iimtation to such specifically
recited exanples and conditions. Mrreover, all statenents herein reciting
principles, aspects, and enbodi nents of the invention as well as specific
exanpl es thereof, are intended to enconpass both structural and functional
equi val ents thereof. Additionally, it is intended that such equival ents

i nclude both currently known equival ents and equi val ents devel oped in the
future, i.e., any elenents devel oped that performthe same function,

regardl ess of structure. The scope of the present invention, therefore, is
not intended to be limted to the exenplary enbodi mrents shown and descri bed
herein. Rather, the scope and spirit of the present invention is enbodi ed
by the appended clains. dains
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What is clainmed is: 1. A nethod of dilating a stenotic opening of a
paranasal sinus in a subject, the nethod conprising: positioning a device
in the stwoapiaw3egeni ng, wherein the device conprises: PCT/US2@)/089352
expandabl e portion configured to expand from a non-expanded confi guration
to an expanded configuration, wherein the non-expanded configuration is
sized to be positioned within the stenotic opening; and b) a driver
configured to expand the expandabl e §8% on from t he non- expanded
configuration to the expanded configuration over a period of 4 hours or
nore, wherein the expanded configuration dilates the stenotic opening. 2.
The net WBald$ Clginagdis1, conprising renoving the device fromthe stenotic
opening at a point in time after the device has expanded to the expanded
configuration. 3. The nmethod of claim11, wherein the paranasal sinus is a
frontal Isi/hmethed efghieiing @ stsinatie openiag Ab& PRIaaEegalsimugIn asubjres theMedddof
claim LcoﬁfHFinnE;Si ng anchoring the device within the stenotic opening. 5.
The net hod "o [aim 1, wherein the driver expands the expandabl e portion by
at | east onepo$itiounmaidsyica irs thepemiicmpgningt wherein hiprdenge canmpriees:abl e

pol ymer, a therng i f . [ sion. of iquid, a
gas-generati ng ché)niﬁég%?gg@F i%grr{[?og%%%gg%ﬁggge%”r@%&ﬁ%p@%s? 5 ng?éa

materi al . 6. cdhfegunationad anfexphaded dgnfigheation nwhdreindhe nwen-eeparededls t he
expandabl e partion by .osnmpsis, 7. .The nethod of claiml. conprising

ol tvering oot Pab i SHB3 2o Pasilgliec e hitorielt Pebinel BMed w'thin the
stenoti c openi ng. b)da driVee carfigured &f exgandthe exydrelaglepdriten doragheaomr i ses an

antibiotic, an anti-inflammtory dru | ocal anesthetic, a nal gesi c or
a combi nat i ofXR gd:‘o_nIl@.afatlon to t%e expgrﬁde% con |gurata|'on over a period oq 4ahourg

or more, wherein the expanded configuration dilates the stenotic opening.

2. The method of claim 1, comprising removing the device from the stenotic opening at
a point in time after the device has expanded to the expanded configuration.

3. The method of claim 1, wherein the paranasal sinus is a frontal sinus, a sphenoid

sinus or a maxillary sinus.
4. The method of claim 1, comprising anchoring the device within the stenotic opening.

5. The method of claim 1, wherein the driver expands the expandable portion by at
least one of osmosis, a shape memory metal, a spring, a swellable polymer, a thermal
expansion of a gas, a thermal expansion of a liquid, a gas-generating chemical reaction
and a phase change expansion of a material.

6. The method of claim 1, wherein the driver expands the expandable portion by

0SmMosis.

7. The method of claim 1, comprising delivering a drug from the device while the
device is positioned within the stenotic opening.

8. The method of claim 7, wherein the drug comprises an antibiotic, an anti-
inflammatory drug, a local anesthetic, an analgesic or a combination thereof.
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9. The method of claim1l, for treating a subject having sinusitis. 10. A
device for dilating a stenotic opening of a paranasal sinus in a subject,

t he devi cwOcoMB3IE&BNG: a) an expandabl e portion ceofiuparien49462 expand
from a non-expanded configuration to an expanded configuration, wherein the
non- expanded configuration is sized to be positioned wthin the stenotic
openi ng; and b) a driver configured to expand the expandabl e portion
fromthe non-expanded configuration to the expanded configuration over a

period af thdBhod cliiha, foMieafhda sSjceMRAesngdy. i guration dilates the
stenotic opening. 11. The device of claim 10, wherein the paranasal sinus

is a frontal sinus, a sphenoid sinus or a maxillary sinus. 12. The device

of cl ai mpl i Sii i R i i the
Gevi o W} SEAEDIor SR StoRER oI aRAR] SBHEFOa LOnTRY AIATE e

driver &pWig®gdt he expandabl e portion by at |east one of osnpsis, a shape

memory nmetal, a s [}éd;%paaﬂplﬁ%:dgﬁ%n%o%ﬂbé(ﬂgarto eg?ér%efrr la r%ff@lj%?@?cli of a gas,

a thermal expansi a gas-=generating chem ca on and a
phase change cexfganationrio ah expandeas ¢adfigurbdion Thikerdimthe @oofexphradaedt 10, wherein

the driver cxpioaldhss SXRRNABOLECRALL] BRI OSBRI Sopctio: T dovi ce o

claim 10, cornprising a” condu Fning an interior rein the
condui t conpri sesbjaa diidr@bnimnoed tnéxpamdelle expdrelable gdrtivrdfirorartneinoc-at i on wit h

a paranasal sinus cavity in t subject and.a pr.oximl end caonfiqgured to be
"ol o a- conttnen tonTdyrafort Bing RO SRR P AL BN U RO NS o ' Phe
condui t is ceonfogevateréin tied bxpenidedicdnfidupstidredilatsntnt kReenodc apasiag. si nus

cavity and the nasal cavity when the device is positioned within the
stenotic opening. 16. The device of claim 15, wherein the expandable

porti on 1q0NMel &&fcedof TRAMPS! WRaRJiIetHERIEPARERRI sindd is A entdedihes adfphehdtim 16,

wherein the conduit conprises a sem perneabl e nmenbr ane.
sinus or a maxillary sinus.

12. The device of claim 10, comprising at least one anchor configured to maintain the
device within the stenotic opening.

13. The device of claim 10, wherein the driver expands the expandable portion by at
least one of osmosis, a shape memory metal, a spring, a swellable polymer, a thermal
expansion of a gas, a thermal expansion of a liquid, a gas-generating chemical reaction
and a phase change expansion of a material.

14. The device of claim 10, wherein the driver expands the expandable portion by

0SMosis.

15. The device of claim 10, comprising a conduit defining an interior lumen, wherein
the conduit comprises a distal end configured to be in fluid communication with a
paranasal sinus cavity in the subject and a proximal end configured to be in fluid
communication with a nasal cavity in the subject, and wherein the conduit is configured
to allow fluid flow between the paranasal sinus cavity and the nasal cavity when the
device is positioned within the stenotic opening.

16. The device of claim 15, wherein the expandable portion comprises a

semipermeable membrane.
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18. The device of claim 16, wherein the conduit conprises an inperneable
material. 19. The device of claim15, wherein the expandabl e portion

conpri seswanoizmsesaeabl e nenbrane. 20. The devi ce of cl CHUBA)116¢¥52 i Si ng a
drug reservoir configured to deliver a drug while the device is positioned
within the stenotic opening. 21. The device of claim 20, wherein the drug
conprises an antibiotic, an anti-inflammtory drug, a |local anesthetic, an
anal gesic or a conbination thereof. 22. A device for dilating a stenotic
openi ng 19f TheRfvRRAsT ¥laifi 1BUHhbREiRHeURINGGE comPRsdiey E&RipeRIBABIS] Ng:

(a) a self-expanding driver configured to expand an expandabl e portion from
a non- eXPRIABI@ASconfi guration to an expanded configuration; and (b)

t he expandabl e portion di sposed peripherally around the driver and
configured to expand from the non-expanded configuration to the expanded
conf i guridt i The, daveerddiclimHé, woaresx ferrpaduit epmpasasaan igiparmesablgdaatedalbe
positioned within the stenotic opening. 23. The device of claim22, wherein
the driver is configured to expand the expandabl e portion fromthe

non- ex paldedeatmvideqniciimaid, wbetdirethexgxpaddable paitiog woatoriees 8w enpermeableod of
0.5 houqﬁ%ﬂéﬁﬁBre. 24. The device of claim 22, wherein the driver is
configure 0 éxpand the expandabl e portion fromthe non-expanded
configuration to the expanded configuration over a period of 4 hours or

.2 i f claim22. wh i he. dri i fi d
pand” e SR RERS oo b age ad URh PobRB SontSlnst o SOREL AU eror
met al , avisiprthégeviee ByRIsit@bbe withvl the®tenotic bpetingl expansi on of a gas, a

t hermal expansion of a liquid, a gas-generating chem cal reaction and a
phase change expansion of a material. 26. The device of claim 22, wherein

the drivar ThHe eaitel @Wied 00 whsrantheldigg esppRseaeambidticoan Byti-osnosi s and

the driver conprises an osnoti cal Ig active agent. =
inflammatory drug, a local anesthetic, an analgesic o’ a combination thereof.

22. A device for dilating a stenotic opening of a paranasal sinus in a subject, the device
comprising:

(a) a self-expanding driver configured to expand an expandable portion from a
non-expanded configuration to an expanded configuration; and

(b) the expandable portion disposed peripherally around the driver and
configured to expand from the non-expanded configuration to the expanded
configuration, wherein the non-expanded configuration is sized to be positioned within
the stenotic opening.

23. The device of claim 22, wherein the driver is configured to expand the expandable
portion from the non-expanded configuration to the expanded configuration over a
period of 0.5 hours or more.

24. The device of claim 22, wherein the driver is configured to expand the expandable
portion from the non-expanded configuration to the expanded configuration over a

period of 4 hours or more.

25. The device of claim 22, wherein the driver is configured to expand the expandable
portion by at least one of osmosis, a shape memory metal, a spring, a swellable
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27. The device of claim 22, conprising a conduit defining an interior

| umen, wherein the conduit conprises a distal end configured to be in fluid
comuni cawpPan12i3bé13a par anasal sinus cavity in the subj @Cr/iseel1a49asnxi mal
end configured to be in fluid conmunication with a nasal cavity in the

subj ect, and wherein the conduit is configured to allow fluid fl ow between
the paranasal sinus cavity and the nasal cavity when the device is

posi t i oYMt AIMETRESRAERGNIYE agFen? ML MabexparRiondd ¢ lEid R d8fai m 27,

wher ei n deh@ra@iﬁ@%ﬁé@t&aﬁrd%@f &k ORY S PRRES ERhR SORhHBK BRaPARe@TOr ane.  29. The
device of claim?2 wherein the conduit conprises a sem perneabl e nenbrane.

30. The device of cI aim 28, wherein the conduit conprises an inperneabl e

materi alog b gl d?"c\qlrﬁez?@vhé e fHch?rrveY‘@Qfo‘ﬁhgﬁhrEB% @%&ﬁ'{&qﬁ@e %Mafb'lé)“

conprises an i nperneab nbr ane. . The device of claim?2 conpri sing
at | eastpoditg ynesmaesisand theutriver GQmﬁﬁ!ﬁ%taT @Smfﬁ@aﬁhe&ﬁ?tb/@ agienhin the stenotic
opening. 33. The device of claim22, conprising a drug reservoir
configured to deliver a drug while the device is positioned within the

st enot i @7opldei dayice @4laimtie, devpisngf cohduihdghingdreinggrior {uneerd miggreionpr i ses
an anti r anal gesi c
or a Coﬁqﬁégrt?qugﬁc%pﬁ'ﬂ |tsles F’H‘.é@gﬁ% C%neg%éq? bg A atcpﬁgrﬁﬁ‘%t?eno tpganopem ng of
a par angmsnasagisus ca\aysrutb]eesubject hed d@mnmabmma:ormgu@d tobeinfluid (a) an

t d f d d t
non- expatma iR Rt BT B SR BRIy AP ShB0uL Bhfourea 1y (e
expandahb allpofitiddlwtiepese chepsarandeall sinLy cavitylnd thb@adslicaeity when eenf i gur ed

to expand fromthe non nded configuration to the expanded
conf i gur‘gﬁ’i CE° p%@@%ﬁ}l{ﬁ%ﬁ@iﬁ&ﬂ?&ﬁ@ Yconfiguration is sized to be

positioned within the stenotic opening. 36. The device of claim 35,
wherein the driver is configured to expand the expandable portion fromthe

non- exp&SdddesviceRicins WBef%tr@xeﬁ‘&ﬁB@%pl%BH'ft'ioﬁlQPH‘tﬁ”é?rs Bver a period of
0.5 hoursgnfiberiaBle membrane.

29. The device of claim 28, wherein the conduit comprises a semipermeable

membrane.
30. The device of claim 28, wherein the conduit comprises an impermeable material.

31. The device of claim 27, wherein the expandable portion comprises an impermeable

membrane.

32. The device of claim 22, comprising at least one anchor configured to maintain the
device within the stenotic opening.

33. The device of claim 22, comprising a drug reservoir configured to deliver a drug
while the device is positioned within the stenotic opening.

34. The device of claim 33, wherein the drug comprises an antibiotic, an anti-
inflammatory drug, a local anesthetic, an analgesic or a combination thereof.

35. A device for dilating a stenotic opening of a paranasal sinus in a subject, the device
comprising:
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37. The device of claim35, wherein the driver is configured to expand the
expandabl e portion fromthe non-expanded configuration to the expanded
conf i gur avpan12onses73a peri od of 4 hours or nore. 38. TheCuaspaa/oef45z] ai m
35, wherein the osnotic driver conprises an osnotically active agent. 39.
The device of claim 35, conprising a conduit defining an interior |unen,
wherein the conduit cpgﬁri ses a distal end configured to be in fluid

communi cat i of@hAt ¥PMROLGHYRESANNILIGNIS CXRFNG §1 PHPITTELE RATERA TARE BObr oxi mal

end confdxghr@sl dohfiBBratibn td sh dx SR toRfGUraliorviahd @ nasal cavity in the
subj ect, and wherein the conduit is configured to allow fluid fl ow between

the par anasalb)he@spangapie,pasiien diseosessrarivbardly pramngring Havaléce i s
posi ti Orb%ﬁfid\ﬁréa”td‘%ipﬁﬁdsfhﬁﬁlﬂ{é KorR®8RInB8d coftfyurdilth e ea %)l@péhfdeel ai m 39,

wher ei n the expandabl e portion conprises a sem perneabl'e nenbrane. 41. The
devi ce Pnigurrinrehevgieihd mon-expandad ¢onfigsatnn is sized t@ baipgeitieetbwéhirenbr ane.

42. The i : -alm 40, wherein the conduit conprises an inperneabl e
mat er i altﬂ@%@ﬁt@{g‘%&{é@“ ce of claim 39, wherein the expandabl e portion

conprises an inperneabl e nenbrane. 44. The device of claim 35, conprising

at | east,.0 r f i gu . ' ' ' 1 .0 enotic
openi ng.36212[f5‘h e'alc%glp%eo\;i%%{%o:%’ @ﬁg{ew@r@%%ﬁobﬂﬁﬁrgg\%(réfpgé’ﬂrdetgé%é%ﬂfda@%enfi gur ed
to del i pertiom fdbroghenton-exgdneled @oniiguratsorpioghé experd edicdohfiguratien etezraot | ¢

openi ng. 46(.]| EB; device of claim45, wherein the drug conprises an

ant i bi ot1®E%9&h": rﬂquﬁ‘ Bt MaHrat ory drug, a local anesthetic, an anal gesic or
a conbi nation thereof. 47. A device for dilating a stenotic opening of a

paranasal_ sinus in ubject., the deyjce conprising: a ondui t
et i na7ar et st AR, WRRtsIBINg dTier iyt anarrancdng ckpdadifong

conf i gurgetidnCirdie thdndd-kshreleaedpfigiabtlintowhé Bxgahdeatcdhii@iraliohneveref t he
paranasal sinus in the subject and a proximal end configured to be in fluid
comuni CRFPBRT KiNCH'SLIHBYEL  cavity in the subject, and wherein the conduit
is configured to allow fluid flow between the interior [umen of the

paranasal sinus and the nasal cavity when the device is positioned within
t he st emStilhedifvifery claim 35, wherein the osmotic driver comprises an osmotically active

agent.

39. The device of claim 35, comprising a conduit defining an interior lumen, wherein
the conduit comprises a distal end configured to be in fluid communication with a
paranasal sinus cavity in the subject and a proximal end configured to be in fluid
communication with a nasal cavity in the subject, and wherein the conduit is configured
to allow fluid flow between the paranasal sinus cavity and the nasal cavity when the
device is positioned within the stenotic opening.

40. The device of claim 39, wherein the expandable portion comprises a

semipermeable membrane.

41. The device of claim 40, wherein the conduit comprises a semipermeable

membrane.
42. The device of claim 40, wherein the conduit comprises an impermeable material.

43. The device of claim 39, wherein the expandable portion comprises an impermeable
membrane.
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(b) a self-expanding driver disposed on an exterior surface of the conduit
and configured to expand an expandabl e portion from a non-expanded

conf i gur avpan 230 expanded configurati on; and pcr/ush@ 1oxpandabl e
portion disposed peripherally around the driver and configured to expand
fromthe non-expanded configuration to the expanded configuration, wherein
t he non-expanded configuration is sized to be positioned within the
stenotic opening. 48. The device of claim47, conprising at |east one

anchor canfiHaWRitel R ctmwsab&nbr@ngiatﬂbag dMete{HcﬂoFEtﬁ]f@hFé@%'n@alﬁlﬁﬁﬂmgg 49.
The device of claim47, conprising a drug reservoir configured to deliver a

drug \Ahlqeé'cfer\éthdbt\'ﬂPc,Séerl%'CW@P'ﬂgoned within the stenotic opening. 50. The
device of claim 47, wherein the expandabl e portion conprises a

sem per neabl e msrrbr ane. 51. The device of claimb50, wherein the conduit
conpr i sé. & heedtivigerahsiinSoneapasieg asug HservvE\dooigwed ¢ delivese drvther ei n t he

condu!t Vﬁ?g%é agﬁ%@[%l%dgg gg%hﬁ] tﬂ@ts?ernioﬂé: Réﬁﬂ%The device of claim47,

wherein € expanda ron conprises a er neabl e nenbrane. 54. The
device of claim47, wherein the driver is configured to expand radially

outward fr t 0 5 the driver
conpri se456 gﬁrﬁeoibﬁlb%ldgg @1435(3 qugthenqéh&ggﬁbﬁésaéﬁﬁgbém}g‘]g@?gpm 47, wherein
t he condaflammatosudsyaatdcal ehr}esrtfm*lrcpm hagigedit er a s@mbikakion theoeqdr | si ng:

47. A device for dilating a stenotic opening of a paranasal sinus in a subject, the device
comprising:

(a) a conduit defining an interior lumen, wherein the conduit comprises a distal
end configured to be in fluid communication with an interior lumen of the paranasal
sinus in the subject and a proximal end configured to be in fluid communication with a
nasal cavity in the subject, and wherein the conduit is configured to allow fluid flow
between the interior lumen of the paranasal sinus and the nasal cavity when the device
is positioned within the stenotic opening;

(b) a self-expanding driver disposed on an exterior surface of the conduit and
configured to expand an expandable portion from a non-expanded configuration to an
expanded configuration; and

(c) the expandable portion disposed peripherally around the driver and
configured to expand from the non-expanded configuration to the expanded
configuration, wherein the non-expanded configuration is sized to be positioned within
the stenotic opening.

48. The device of claim 47, comprising at least one anchor configured to maintain the
device within the stenotic opening.

49. The device of claim 47, comprising a drug reservoir configured to deliver a drug
while the device is positioned within the stenotic opening.

50. The device of claim 47, wherein the expandable portion comprises a

semipermeable membrane.
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a) a device for dilating a stenotic opening of a paranasal sinus in a

subj ect, the device conprising: i) an expandabl e portion configured

t o expandwbrormeo6idon- expanded configurati on to an expand€d/userriiogusat i on,
wherein the non-expanded configuration is sized to be positioned within the
stenoti c openi ng; and ii) an osnotic driver configured to expand the
expandabl e_lporti on fromthe non-expanded configuration to the expanded
confi gurdt i 181§ Yie A CREP;i e WEETal Bieronedit 69m%$g%%,a§@f@tp@rrﬂeatﬂ% expanded
confi gurgdmemandi | ates the stenotic opening; and b) instructions for using
the device to dilate the stenotic opening. 58. The kit of claimb57, wherein
the kit conprises two or nore devices. 59. The kit of claim58, wherein the

Kit comppi s d’%afvféero?tcla‘?fﬁ‘ﬁo?@/g@% theS@MADM cORpHSS ar‘/‘f‘ﬁ?ﬂe‘?ﬂn@a%l@ﬁ’n&éﬁ’&f‘ded

configuration of the second device has a dianmeter that is greater than the

di aneter of the expanded configuration of the first device. 60. The kit of

claimb5pgs ;&év!heté?%ldﬁh 47C%BFéir§ﬁ%laéﬂgn%blléf@éﬁifogiﬁﬁﬁrig?é b fPhSd 'e'églem obes

for sizing t stenot ¢ opéni ng. % Ing a stenotic
openi ng meémiaragabj ect, the device conpri sing: (a) an osnotic driver
configured to expand an expandabl e portion from a non-expanded
configuration to an expanded configuration; and (b) the expandabl e

porti on Hdi Siheskvigeafictaiarddl, e sintieddriveeisdrontigured ol exyarid rgdiatyl ottwvaeck pand
fromthefl nog}-?g‘:)é(,p%nged configuration to the expanded configuration, wherein
t he non-"&pb d%6nfi guration is sized to be positioned within the
stenotic opening. 62. The device of claim®6l, wherein the driver is

sel f-expanding when .in.contact with tjissue of the subject. 63. The device
of ol o Be netiRkREral i 4lr Rbr R BT P Stses A et A o
portion fromthe non-expanded configuration to the expanded confi guration

over a period of 0.5 hours or nore. o , ,
56. The device of claim 47, wherein the conduit is substantially non-collapsible.

57. A kit comprising:
a) a device for dilating a stenotic opening of a paranasal sinus in a subject, the
device comprising:

i) an expandable portion configured to expand from a non-expanded
configuration to an expanded configuration, wherein the non-expanded
configuration is sized to be positioned within the stenotic opening; and

ii) an osmotic driver configured to expand the expandable portion from the
non-expanded configuration to the expanded configuration over a period of 0.5
hours or more, wherein the expanded configuration dilates the stenotic opening;
and
b) instructions for using the device to dilate the stenotic opening.

58. The kit of claim 57, wherein the kit comprises two or more devices.

59. The kit of claim 58, wherein the kit comprises a first device and a second device,
wherein the expanded configuration of the second device has a diameter that is greater
than the diameter of the expanded configuration of the first device.

60. The kit of claim 57, wherein the kit comprises one or more sinus ostium sizing
probes for sizing the stenotic opening.
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64. The device of claim®6l, wherein the driver is configured to expand the
expandabl e portion fromthe non-expanded configuration to the expanded

conf i gur avpan12onse¢73a peri od of 4 hours or nore. 65. ThePd@wisce 1089482 ai m 61,
conprising a conduit defining an interior |lunmen, wherein the conduit is
configured to allow fluid flow therethrough when the device is positioned
within the stenotic opening. 66. The device of claim®65, wherein the driver
i s di sposed on an exterior surface of the conduit. 67. A nethod of dilating

a stenotgiC LasRBr ilatthgSd PRS0 o;sémqmtdwbjé‘c@rmé W8lied coPRsingoni ng a

device in the stenotic openi rg wher el n the device conprises: (a) an
osnotic drivéd W‘@j@r@detw iggERRd O StPaRh an §¥RANEIaBley RATERN FredrA BEN-
non- expangasdniighiaRbh Rah BxahdERAATaf@NEhgur ati on: and (b) the

expandabl e portion di sposed peri pherally around the driver and confi gured
to expand fr mhthenexméébemtﬂ@fdd@mﬁadgwu@he@ﬁy awunddhe drveided

Conf'gurc%hh%}?%‘(@%ﬁdn'a f{d?‘r"r‘t é‘)@ﬁ'ﬁgsgcSHfHdr&Wn%'tf?@ekﬁanﬁbded to be

posi ti one enotic o
configuration, wherein the non- expanded conflguratlon is sized to be positioned within

the stenotic opening.

62. The device of claim 61, wherein the driver is self-expanding when in contact with
tissue of the subject.

63. The device of claim 61, wherein the driver is configured to expand the expandable
portion from the non-expanded configuration to the expanded configuration over a
period of 0.5 hours or more.

64. The device of claim 61, wherein the driver is configured to expand the expandable
portion from the non-expanded configuration to the expanded configuration over a
period of 4 hours or more.

65. The device of claim 61, comprising a conduit defining an interior lumen, wherein
the conduit is configured to allow fluid flow therethrough when the device is positioned
within the stenotic opening.

66. The device of claim 65, wherein the driver is disposed on an exterior surface of the
conduit.

67. A method of dilating a stenotic opening in a subject, the method comprising:

positioning a device in the stenotic opening, wherein the device comprises:

(a) an osmotic driver configured to expand an expandable portion from a
non-expanded configuration to an expanded configuration; and

(b) the expandable portion disposed peripherally around the driver and
configured to expand from the non-expanded configuration to the expanded
configuration, wherein the non-expanded configuration is sized to be positioned
within the stenotic opening.
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