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(57) Abrégée/Abstract:
Systems, apparatus, and methods are disclosed for gripping and/or positioning a plug (320) in an ear canal outside a tympanic
membrane, performing lontophoresis, and/or delivering a pressure eqgualization tube to the tympanic membrane, including a rigid
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(57) Abrege(suite)/Abstract(continued):
body (323), an electrode (352), and/or a liner strip (380). The rigid body may define a channel (321), a vent path (329), and a
reservolr (370) In fluild communication with the channel the vent path. The reservoir may be configured to increase the volume of

th
€

e

e channel, thereby tolerating volumetric changes in the ear without exposing the electrode disposed within the channel to air. The
ectrode may define a longitudinal axis from which the reservoir extends laterally and proximally to increase a spacing between the
ectrode and the vent path. The liner strip may include a plurality of gripping portions and attachment portions to cover at least

some of a pressure sensitive adhesive on the plug.
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(57) Abstract: Systems, apparatus, and methods are disclosed for g

ripping and/or positioning a plug (320) in an ear canal outside a

tympanic membrane, performing iontophoresis, and/or delivering a pressure equalization tube to the tympanic membrane, including
a rigid body (323), an electrode (352), and/or a liner strip (380). The rigid body may define a channel (321), a vent path (329), and a
reservoir (370) in tluid communication with the channel the vent path. The reservoir may be configured to increase the volume of the
channel, thereby tolerating volumetric changes i the ear without exposing the electrode disposed within the channel to air. The elec -
trode may define a longitudinal axis from which the reservoir extends laterally and proximally to icrease a spacing between the
electrode and the vent path. The liner strip may include a plurality of gripping portions and attachment portions to cover at least

some of a pressure sensitive adhesive on the plug.




CA 02992523 2018-01-12

WO 2017/011777 PCT/US2016/042577

FARPLUG ASSEMBLY FOR IONTOPHOURESIS SYSTEM

CROSH-REFERENUE TO RELATED APPLICATIONS

G001} This apphication 13 a contimuation of and clamms prionty to Uy, Patent Application
No. 14/800, 869, filed July 16, 20135, entutled “Earplug Assembly tor lontophoresis Systeny,”

e

the contents of which are mcorporated herein by reference m their enfirety.
ACKGROUND

{0302] Some children may exthubit recurrent episodes of otitis media and/or ~otitis media
with cthusion. {reatment of severe cases may mvoive the placement of a pressure
cgualization tube or tvmpanostomy tube through the tympanic membrane (o provide adeguate
drainage of the middle car by providing thind communumcation between the muddie and outer
car. In particular, such a tube may provide a vent path that promotes dramage of thud from
the muddie car via the Eustachian tube and may thus reduce stress imposed on the tympanic
membrane from pressure within the nuddie ear. This may turther reduce the hkelihood of
future micctions and pressure indaced ruptures of the tympanic membrane. Pressure
equalization tubes may {all out spondancousiy within about a vear of placement. Exemplary

pressure egualization tube debivery svstems are disclosed m ULS. Patent No. 8,052,693,

entitied “Svstem and Method tor the Mmualtaneous Awlomated Bilateral Dehvery of Pressure
Egualization Tubes,” ssued November 8, 2G11, the disclosure of which 1s incorporated by
reference herein. Addrtional exemplary pressure equalization tube dehivery systems are
disclosed wm US. Patent No. 8,249 700, entitled “Svystem and Method for the Simultaneous
Bilateral Integrated Tympanic Drug Delivery and Guided Treatment of Target Tissues within
the Ears,” 1ssuced August 21, 20172, the disclosure of which 1s incorporated by reference

herein, Stll additional exemplary pressure cgualization tube dehvery systems are disclosed

i U.S. Pub. No. 2011/06015643, entitled “"Tympanic Membrane Pressure Egualization Tube
Delivery Svysteny,” published January 20, 2011, the disclosure of which 1s incorporaied by

refterence hergin.

{303 Insertion of a pressure equalization tube may be performed using general anesthesia m
SOMIC ¢ases, which may require additional resources such as an operating room, the presence
of an anesthesiclogist, and time 1 a recovery room. Furthermore, the use of general

anesthesia may mehude cortan nisks that a patient may or may not be comtortable with
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andertakimg. dome pressure equalization tube dehivery systemns and methods provide a local
anesthetic through 1ontophoresis. Examples of such systems and methods are disclosed in
U8, Pub. No. 2010/G198 135, entitled “Systems and Methods for Ancsthetizing Ear Tissue,”
published August 3, 2010, the disclosure of which 1s mcorporated by reference herem,
Additional examples of such systems and methods are disclosed in ULS. Patent No.

8.192. 420, entitled “lontophoresis Methods, 7 issued June 5, 2012, the disclosure of which is

incorporated by reference herein.

HOOG4] Whide a variety of pressure equalization fube dehvery sysiems and methods have boen
made and used, i 18 behieved that no one poor o the inventor{s} has made or used an wmvenfion as

described herem.,
SUMMARY

{OGO5] In one embodiment, an apparatus mcludes a ngid body defining a channel, a reservorr
i Hud communication with the channel, the reservorr configured to wincrease the volume of
the channel, and a vent path m fluid communication with the reservoir. The apparatus further
includes an electrode definimg a longuudinal axis and disposed within the channel of the ngid
body, the reservorr extending laterally and proxamally from the longitudinal axis defined by

the electrode to mncrease a spacimg between the electrode and the vent path.

{B306] In another embodiment, an apparatus mchudes a fluid reservorr defining a first
volume, a plug to defime a closed volume 1w an car canal cutside a tympanic membrang, a
working condutt to connect the fhud reservoir with the closed volume, and a drammage condutt
to extend from the fluid reservorr (o a region outside the closed volume and the plug. The
working condwnt defines a second volume, and the first volume of the thod reservorr is
oreater than the second vohume of the working condutt. The fluid reservotr, the plug., the
working conduit, and the dramage conduif are configured o supply fluid trom the flud

reservolr through the working condutt 1o the closed volume.

{80071 In some embodunents, an apparatus mciudes a bner stnp to facibitale gnippimg and/or
posttiomng a phug 1 an ear canal outside a tympame membrane. The plug mcludes a scaling
ciement with a pressure sensifive adhesive thereon. The hiner strip wncludes a plurality of
attachment portions and a pluralily of gripping portions. Each attachment portion s defined
by a corresponding fold n the liner stnip and contigured to cover a discrete portion of the

pressure sensitive adhesive on the sealing clement. Bach gripping portion s detined by a
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corresponding fold i the hiner sinp and configured o exdend proxamally away from the plug.

Each attachment portion i1s connected to a distal end of a corresponding gnpping portion.

{008 It shouldd be appreciated that all combinations of the foregoing concepts and additional
concepts discussed 1n greater detadd below {provided such concepts are not mutually
inconsistent} are contempiated as being part of the mventive subject matter disclosed heremn.
in particular, all combinations of claimed subject maticr appeanng at the end of this
disciosure arc contempiated as bemge part of the inventive subject matter disclosed hercin. {t
should aiso be appreciated that ternunology explicitly empioved heremn that also may appear
m any disclosure mcorporated by reference should be accorded a mearung most consistent

with the particular concepts disclosed herem.

{6009 Other systems, processes, and features will become apparent (o those skilled i the art
apon exanunation of the followmg drawings and detailed description. it is intended that ali
such additional svstems, processes, and features be meluded withun this descniption, be within

the scope of the present mvention, and be protecied by the accompanving claims.
BRIEF DESURIPTION OF THE DRAWINGS

{0G10] The skilled artisan will understand that the drawings primarudy are for dlustrative
purposes and are not mtended to hnut the scope of the mventive subject matter described
herein. The drawings are not necessardy o scale; m some mstances, vanous aspects of the
inventive subject matier disclosed hercin may be shown exaggerated or enlarged m the
drawings o facuiate an understandmg of duferent features. In the drawings, ke reference
characters generally refer to like features {¢.g., tunctionally symilar and/or structurally simadar

clements}.

G011 FIG. § depicts a perspective view of an exemplary pressure equalization tube delivery

device {(PETDD) o accordance with some embodiments.

18012] FIG. 2 depicts a perspective view of an exemplary pressure equahization {(PE) tube

suitabie for delivery by the PETDD of FIG. 1 1n accordance with some embodiments.

{0313] PG 3 depicts a side elevational view of the PE tube of FIG. 2, positioned within a

tvmpanic membrane i accordance with some embodiments.
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{0014] FIG. 4 depicts an exemplary rontophoresis system imcorporating an carphig in

accordance with some embodiments.

{OIS] FIG. S depicts a cross-sectional side view of the earplug of FiIG. 4 m accordance with

SOmMe embodiments,

moeorporating an carplug in accordance with some embodiments.

G171 FIG. 7 depicts a perspective view of the carphiug of Fi. 6 1 accordance with some

embodiments.

{018 FIG. B depicts a side cross-sectional view of the earplug of FiG. 6, with the cross-

sechion taken along hne 8-8 of Fi{r. 7 10 accordance with some emboduments.

{3GI9] FIG. 9 depicts another side cross-sectional view of the carplug of FiG. 6, with the
carplug posttioned adiacent {0 a patient’'s ear at a horizontal onentafion m accordance with

sofie embodiments.

{0208] FIG. 10 depicts another side cross-sectional view of the earplug of FIG. 6, with the
carplug positioned within a pationt’'s ¢ar canal at a horizontal onentation in accordance with

SOme embodiments,

{00621} FlIG. 11 depicts another side cross-sectional view of the earplug of FIG. 6, with the
carpilug positioned within a patient’s ear canal at a honzontal onentation, and with the camplug

filling a patient’s car canal with 1ontophoresis fhuid mn accordance with some embodiments.

{06221 FIG. 12 deprcts another side cross-sectional view of the earplug of FIG. 6, with the
carplug posttioned withim a patient’s car canal at a horizontal orientation, and with a patient's
car canal fully filled with iontophoresis Huid and excess tluid escaping through a vent path of

the carplug m accordance with some enbodiments.

{GG23] FIG, 13 depicts another side cross-sectional view of the carpiug of FIG. 6, with the
carpiug postioned within a patient’s ear canal at a honizontal orientation, and with the carplug
in a state ready for activation of an clectrode of the carplug i accordance with some

cmbodiments.
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18624] FIG. 14 depicts another side cross-sectional view of the carplug of FIG. 6, with the
carplug positioned within a patient’s car canal at a horizontal orientation, and with the
patient’s ear canal exhubimg volumetnic changes, thereby expeliing 1ontophoresis Hluid

through the vent path m accordance with some embodumnents.

{3G25] FIG. 15 depicts another side cross-sectional view of the earplug of FIG. 6, with the
carplug posiioned within a patient’s ear canal at a horizontal orientation, and with at least

some Hutd expelled from a reservoir of the earplug in accordance with some embodiments.

{B026] FIG. 16 depicts vet another side cross-sectional view of the carplug of Fi{. 6 with the
carplug positioned within a patient’s car canal at a vertical onentation in accordance with

SOMe cmbodiments.

{00271 FIG. 17 depicts a front elevational view of g liner strip that may be used with the
carplug of FIG. 6, with the Imer strp m a flat and unfolded contiguration in accordance with

some embodiments,

{00281 FIG. I8 depicts a perspective view of the liner strip of FIG. 17 m a tolded

configurabion m accordance with some embodiments.

{029 FIG. 19 depicts detailed perspective view of the lmer strip of FIG. 17 attached o the
carplug of FI{G. 6 i the folded configuration of Fi{y. 1% 1n accordance with some

embodiments.
DBETAILED DESCRIPTION

{3338] The followmg descnption of certam examples of the techuology should not be used o
it its scope. (ther exampies, features, aspects, embodiments, and advantages of the
technology will become apparent to those skilied n the art from the following description,
which 1 by way of thustration, one of the best modes contemplated for carrving out the
technology. As will be realized, the technology described herem s capabie of other difterent
and obvious aspects, all without departing from the technology. Accordinglv, the drawings

and descrniptions should be regarded as illustrative m nature and not restnictive.

{00311 It 18 further understood that any one or more of the teachings, expressions,
cmbodiments, examples, ¢tc. described herein may be combined with any on¢ or more of the

other teachings, expressions, cmboduments, examples, ete, that are deseribed heremn. The
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followmg-~described tcachings, expressions, embodiments, exampics, ei¢. should theretore
not be viewed i 1solation relative to cach other. Varnous suitable ways i which the
tcachings herem may be combined will be readilv apparent to those of ordinary skill in the art
mn view of the teachings heremn. Such modifications and vanations are micnded to be

included within the scope of the claims.
£, Exemplary Pressure bgualization Tube Delivery Device (PE T}

{0321 As noted above, a pressure egualization (PE) tube may be delivered to the tympanic
membrane {(ITM) of a patient as a way of treating, for example, otiis media. In some
instances, a delivery mwstrument may be used 1o msert PE tubes m the tympanic membrane

{ TM) without the use of general ancsthesia. Fi{s. | shows an excnmplary equalization tube

delivery device (PETDRD (10} that may be used in such procedures. H should be understood
that PETDD (10) may be used with an endoscope to provide visualization of the tympanic
membrane (TM) durmg use ot PETDD (16}, H should alse be understood that a patient may
receive tocal anesthesia at the tvmpanic membrane (1TM) through a process of 1ontophoresis

hefore P

(]

T (10} 15 actuated to deploy a PE tube. Varnous examples of devices and
methods that may be used to provide wontophoresis will be described i greater detail below.
it should also be understood that jontophoresis may be provided i accordance with at least
some of the teachings of LS. Pub. No. 2010/0198135, the disclosure of whach 1s
imcorporated by reference herem, and/or mn accordance with at least some of the teachings of

U5, Patont No. 8,192 420, the disclosure of wiuch 1s mncorporated by reference heremn.

{3333] As shown i FIG. 1 PETDD (10} of this example inchiudes a handpicce {12 and a
cannuia {14} extendmg distally from handpicce {12). Camnula (14} 1s sized for msertion m a
pationt s ¢ar canal, such that the fip (16} of cannula may directly ¢ngage the patient’s
tympanic membrane (TM}. As soon as the tip {16) achieves apposition with the tyvmpamc
membrane {FM), the operator may depress button {(18), which may trigger a finng sequence
whereby PETDD (10} creates a myringotomy ncision, diiates the myvnngotomy mceision, and

mserts a PE fube m the mynngotomy meision nearly mstantly. A pin (1Y) selectively focks

button (18} to avoid premature {inng of PETDD (10}, such that the operator must remove pin

{19 betore intentionally finng PETDD (10}

{8034] By wayv of example only, PETDM) {10} may be constructed and operable in

accordance with at least some of the feachings of U.S. Patent No. 8,052,693, the disclosure of
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which 15 mcorporated by reterence herewmn; UL, Patent No. 8,249 7, the disclosure of which
is mcorporated by reference heremn; US. Pub. No. 201 1/0015643, the disclosure of which 1s
moorporated by reference heremn; and/or U8, Pub. No. 2014/02769006, entitied “Features 1o
improve and Sense Tympanic Membrane Appostiion by Tympanostomy Tube Delwvery

Instrament,” filed on even daie herewith, the disclosure of which 1S mcorporated by reference

herein. Other sintable forms that PETDD (16} may take will be apparent to those of ordimary
skiil i the art i view of the teachings herein. it should also be undersicod that a PE tube
may be mseried 1w a tympamic membrane {TM) manuaily, such as by creating the

myvringolomy meision with a kmife and inserting the PE tabe using forceps, ete.

JB035) FIGS. 2-3 show an exemplary PE tube (20} that may be dehivered o the tympame
membrane {TM) using PETDD (10}, PE tube (20} of thus exampie comprises a cvimdraceous
body {22) that defines a passageway {243, A flange {26} 1s located at on¢ ¢nd of bodv {22
while g set of petals (238} are located at the other end of body {22}, PE tube (20} 15 formed of
a resilient maternial that 1s biased o assume the nvet ike configuration shown in FIGS. 2-3.
However, tlange (26) and petals {(28) may be flexed vwwardly toward the longitudinal axis of
body {22} to provide PE tube (20} with a cvlindraceous configuration. In particular, Hange
{26} and petals {(28) may be Hexed such that thewr outer surfaces are at the same radial
distance trom the longiudingl axis as the outer penmeter of body (22}, This may enable PE
tube {200} to collapse to fif withun cannula (14}, When PE tube (20) 15 disposed in a
tvmpanic mernbrane (TM), petals (28} are localed medially (1.¢., on the nuddie ear side)

while flange (26} 15 located laterally (i.¢., on the outer ear side}.

{3336] By way of example only, PE tube (203 mav also be configured in accordance with at
icast some of the teachings of U.S. Pat. Ko, 9,011,363, entitled “"Tympanic Membrane
Pressure bqualization Tube,” wssued Apnl 21, 20135, the disclosure of which 1s incorporated

by reference heremn; and/or at least some of the feachungs U.s. Pub. No. 2014/0276906, the

disclosure of which is mcorporaied by reference herein. Other switable forms that PE tube
{20} may take will be apparent to those of ordinary skidl m the art i view of the teachings

horem.
i Exemplary {ontoplioresis System

{0037 As noted above, PETDD (10} may be used 1 conjunction with an iontophoresis

system, which may be used to anesthetize the patient s ear before PETID (10} 15 mserted
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into the patient’s car canal to dehiver PE tube (20} m the tympamic membrane {TM}. By way
of cxamplc only, iontophoresis may be provided m accordance with at {cast some of the
tecachings of U.S. Pub. No. 2010/0198135, the disclosure of which 1s immcorporated by
reference herem, and/or in accordance with at least some of the teachmgs of U.S. Fatent No.
3,192,420, the disclosure of whach 18 mcorporated by reference herem. In addibon or in the
altemative, 1ontophoresis may be provided i accordance with any of the varnious teachings
below. It should be understood that anv of the below teachings may be readilv combined
with at least some of the teachings of U.S. Pub. No. 2010/G198135, the disclosure of which 1s
meomporated by reference herem: and/or at least some of the teachings of U.S. Patent No.

8,192 420, the disclosure of which i1s ncorporated by reference heremn.

{3338] FIG. 4 shows one merely illustrative iontophoresis system (200}, lontophoresis
system {200} of thus exaraple comprises an earphug (220}, fimd source {140}, control unyd
{170}, and ground pad {180}, Earplug (220} 15 configured to be mseried mio a patient’s ear
and remam there without necding a separate component fike a headirame to hold it i place.
By way of example only, a biocompatible adhesive may be used to assist in holding carphug
{220} m place withun a patient’s ¢ar canal, Barplug (220} mchudes a pair of gnipping features
{222} that are configured to be gnpped and thereby serve as a handie dunng insertion of
carplug {220} i1 a patient’s car. Earphig (220) also mehides a pull-tab (228} that may be
gripped and pulicd o assist i removing earplug (220} from the patient’s car. U course,
these features are mere exampies, and any other suitable Kinds of gnipping features may be
mcorporated mto earplug (2203, Whide only one earplug (220} 15 shown, it should be
understood that wontophoresis system {200} may have two carplugs {220} that may be used

sipudianeousiy,

{30391 In some versions, earplug (220} 15 configured and operabic m accordance with at least
some of the teachings of .S Pub. No. 2014/0102461, entatled “Adbesive Earplugs Usetul
for Sealing the Ear Canal,” published Aprd 17, 2014, the disclosure of whach 1s imcorporated
by reterence herewn. As best seen i FIG. 5, carplug (220) of the present example wmcludes a
flexibie sealing clement {224} and a distally projecting nozzie {2263, Sealing clement {224}

1s configured to provide a fluid tight scal agamst the patient s ear canal when carplug (220} 18
inserted m the patient s car canal. in some mstances, and as noted above, a biocompatible
pressure sensitive adhesive 1s applied 1o the ouler surface of scaling ¢lement (224} to promote

a tlnd tight seal agamst the patient’s car canal. Nozzle (226) 15 positioned (o project mto the
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patient’s car canal when carpiug (220} 15 mserted m the patient’s ear canal, such that nozzic

{_ 226) {3 spaced lateral to the tympanic membrane (’E’M}. Nozzie (226) has spray apertur@s

for Thuid communication from condut (230} 10 spray apertures ( 273, Spray aperiures (227

are thus m Huid communication with floid source (148} via post (225} and conduit (230},

Y3

{0344} Sealing element (224} 18 secured (o a ngid frame {223), which detines gnipping
fecatures {222}, Sealing clement (224} and frame {223} also together define a working
channel {2213 Frame (223} defimes a plurality of vent paths (229} i thud conmmunication
with working channel (221}, Vent paths (229} are configured to allow awr (0 escape working
channel {(221) while workang channel (221} fills with iontophoresis soluation; yvet are further
configured prevent iontophoresis solufion from oscaping workimg channel {221} via vent
paths {229} once working channel {221} 1s filled with ionfophoresis soiution. An
wontophoresis electrode (252} m the form of a coil extends along at least part of the length of
working channel {221}, It should be understood that rontophoresis electrode (232 mav have
anv other suttable configuration. lontophoresis electrode {252} 1s coupled with control unit
{170} via a cable (250} and 1s thereby operable to be activated with a positive voltage as
descnibed above. Thus, control unit {170} may activate wontophoresis electrode {252} fo
provide an electrorepulsive force 1o the ontophoresis sohution tons delivered through
apertures (2273}, to drive the anesthetic of the 1ontophoresis solution tons into the fympanic

membrane {(TM} for ancsthetization of the tvmpanic membrane (1M} as described above.

{041} It should be understiood that the above desernibed 1ontophoresis system (2003 may be
varied i numerous ways. Several examples of how iontophoresis systern (200} may be
varied will be descnibed wn greater detail below, while stidl other examples will be apparent to
those of ordimnary skill mn the art m view of the teachings herem. Whaile the vanious

iontophoresis svstems desernibed herein have been mentioned m relation to PETDD (10} and

PE tube (20} delivery, it should be andersiood that any of the iontophoresis systems described
horein may be used belore a manual delivery of a PE tube {20}, such that the 1ontophoresis
systoms descrnibed herein do not necessardv need to be used n comjunction with a PETDD
{10} It should also be understood that iontophoresis systerns may be used m varnious other
chinical contexts, such that the ontophoresis systems described herem do not necessarily need
to be used m the context ot a PE tube (20} dehivery or n other procedures i a patient’s ¢ar.

The {eachings herein may be readily applicd to wontophoresis svstenis that are used n vanous
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other procedures and m vanous other parts of the human anatomy. Alfernative svstems and
sctiings m which the teachings herein may be applied will be apparent to those of ordinary

skill n the art
i, Exemplary Fluid Fiow Variations jfor fontophoresis System

{0042} As noted above, vent paths {229} of earplug {220} arc configured to allow air to
cscape working channel (221} wiule working channel {221} and the patient’s car canal fills
with iontophoresis solution. In some mstances, it may be desirable (o relocate and/or modify
the structure associated with vent paths (229}, In particudar, there may be mstances during
use of carpiug {220} where 1ontophoresis sohution escapes through vent paths (229) and
icaves a proxamal portion of 1ontophoresis clectrode {252} exposed to air. For instance, 1t the
patient talks, coughs, swallows, ¢rics, vawns, or otherwise moves their lower jaw, the moltion
associated with such activity may cause vanation in the effcetive volume of the patient’s car
canal. This vanation of the eftective volume of the patient’s car canal mayv m tum dnve at
icast some jontophoresis solution through vent paths (229}, The resulting exposure of gven
1ust g porhion of wntophoresis electrode (252) to air may adversely attect the wontophoretlic
performance of carplug (220}, In mnstances where the entire ionfophoresis electrode {2352} 18
ictt exposed to air, the wntophoresis procedure may be completely mtcrmupted until the

physician wyects more tontophoresis solution mio earplug (2203,

{043] I may theretore be desirable 1o relocate and/or modity the structure associated with
vent paths (229} i order to provide greater tolerance {o variations n the effective volume of
the patient’ s car canal, to thereby reduce the risk of even a portion of 1ontophoresis electrode
{252} being exposed to air duning an iontophoresis procedure. The following example
includes a vanation of carplug {220} where the vent path is relocated. However, it should be
andersiood that the following example 1s merely dlastrative. Other suitable vartations will be

apparent o those of ordinary skul i the art 1in view of the teachings hercin,

{3344 FIG. 6 depicts another exemplary 1ondophoresis system (300} that may be used o
ancsthetize a pationt s tvmpanic membrane (1M}, such as betore a mserting a PE tube (20)
into the tympanic membrane {TM) as desenibed above. lontophoresis system (3003 of thas
cxampie 18 substantially simlar to wontophoresis system (200) described above, except where
otherwise noted hercin. {ontophoresis system (300} comprises an carplug {328}, which 18

substantiallv similar to carplug {220} described above, except carphug (320) 1s generally
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contfigured to provide mmproved management of fhad How i response to volumetric changes
in a patient’s car during an wonfophoresis procedure. Like with carplug {220}, carpiug {320} 18
m communication with fluid source {140} via a conduit (330) that 15 1 the form of flexible
tubing. Also like with earplug (224}, carplug (320} 15 m compumication with control umt
{170} and ground pad {180} via a cable {350}, Conduit (330} and cable (330} are coupled
together along a shared length extending between a clip (340} and carplug (320}, Chip (340}
1s operablc to selectively secure the combmnation of conduit (330} and cablc (350} to the

pationt s clothing and/or (0 any other suifable structure.

{B045] Baplug (320) 15 configured {o be mseried mio a pationt s ¢ar and remam there
without needing a separate component hke a headframe {0 hold 1w place. Aswill be
descenbed i greater detail below, a biocompatible pressure sensitive adhesive 1s be used to
assist 1n holding carplug (320} 1o place within a pafient’s ¢car canal. Earplug (320} mchides a
gripping feature {(322) that 1s configured {0 be gripped and thereby serve as a handle during
msertion of carplug (320} it a patient s car. karplug {320} also mchides a pull-tab (323} that
mayv be gnipped and pulled o assist i removing carpiug {320} from the patient s ear. Of
course, these features are merely 1llustrative examples, and any other suitable kinds of
gripping features may be meorporated mito earplug (3203, While only one earplug {320} 18
shown, 1t should be understood that ontophoresis system (300} may have two carphigs {326}

that mav be used  both of the paticnt s cars simutancously or 1n a seguence.

{00461 As best seen in FIGS. 7-§, carplug (320} of the present example mncludes a flexibie
sealing element (324 and a distally projecting nozzie (326}, Sealing clement {324} 18
configured to provide a Hluid tight scal against the patient’s car canal when earplug (320} 18
inserted i the patient s ear canal. In the present example, a pressure sensitive adhesive 1s
applicd to the outer surface of sealing cloment (324} to promote a Huid tight scal agamst the
patient's car canal. Nozzle (326} 15 posiioned {o project mito the patient’s ¢ar canal when
carplug (320} 15 mserted n the patient s ear canal, such that nozzie {326} 18 spaced laferal {0
the tvimmpanic membrane (1M}, Nozzle {326} has a plurality of spray apertures {327) and 18
sccurcd to the distal end of a semu-nigid post {325). Post (325) defines a lumen providing a
path for conmmunication of thnd from condwit (330} to sprav apertures (3273, Sprayv apertures

{327} arc thus i Hlud communication with fiud source (140} via post {325) and condunt

(330}, Sealing cloment (324} 15 secured to a ngd frame (323}, Scaling clement (324) and



CA 02992523 2018-01-12

WO 2017/011777 PCT/US2016/042577
12

frame {323} together define a working channel {321}, as will be descertbed m greater detaid

o

N ™y

{B347] Gnippimg feature {3272} 18 hixedly secured to ngid frame (323}, Grippmng feature (322}
and frame {323} cooperate to detine a reservoir (370}, Reservoir {370} 15 m thud
communication with working channel {321}, Reservoir (370} oxtends laterally relative to a
iongiiudimal axis detined by post (323}, Thus, reservorr 370) and working channel {321}
together form an L-shaped cavity. As will be desenbed n greater detail below, thus L-shaped
cavity operates o mamntain fhnd contact with tontophoresis clectrode (352) even when a
patient’s ear canal expenences volumetric changes throughout the iontophoresis procedure.
Frame {323} also detines at feast one vent path (329}, which 15 also m thad commuunication
with reservoir (370}, Vent path (329} 15 contigured to allow air to escape reservoir {3703

R §
!
4

when reservorr {370} fulls with tontophoresis solution, as will be descnibed m greater detadd
below. In the present example, vent path {(329)1s formed as a circular opening with a
diameter of approxamately 0.023 mches. Alternatively, vent path {329} may have any other

suttable size or configuration.

{3348] An iontophoresis electrode (352) in the torm of a cod extends along at least part of the
iength of working channel (321} I should be understood that iontophoresis clectrode {3523
may have any other suntable conhiguration. lontophoresis electrode (352) 1s coupled with
conirol vt {170} via cable (350} and is thereby operable to be activated with a posiive
voltage as described above. Thus, condrol unit {170} may activate 1ontophoresis clectrode
{352} (o provide an ¢lectrorepuisive force 1o the wontophoresis solution wons dehivered through
apertures (327}, to dnve the ancsthetic of the wontophoresis solution wons o the tympame

membrane { TM) for anesthetization of the tvmypamic membrane {T™M) as described above.

.

A

{8849} Unlike carplug (220} desenbed above, earplug {320} of the present example i3

{

configured to tolerate volumetric changes i a patient s ear during an wonfophoresis procedurg
without lettmg wonfophoresis clectrode (3352 become exposed to air. In particular, reservolr
{370} of the present example 1s contigured to effectively mmcrease the volume of working
channel (321}, thereby providing a spacing between vent path {329} and ontophoresis
clectrode {352} that 15 greater than the spacing betwoen vent paths {229} and iontophoresis
clectrode (237}, In the present example, reservoir {370} and working channel {(321) provide a
combined volume that 1s about three imes that of working channel (221) desenbed above. In

some other examples, reservoir (370} and working channel (321) provide a combined volume
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that 18 between about two imies and about four times that of working channel (2213 Of
course, reservoir {370) and working channel (321) may wstead provide any other sutable

combined volume in relation to the volume of working channei (221}

{30538] Unlike earplug {220} described above, carplug {320} of the present example 1s
configured such that vent path (329} 1s repositioned for management of thad flow m response
to volumetrie changes m a pabient’s ear canal. As can be seen, vent path (329} of the present
cxampie 18 posttioned adjacent to reservorr (370} at the furthest lateral poimnt of reservorr
{370}, As will be descrnibed 1n greater detail below, the above desenibed positioning of vent
path (32Y9) directs thad out of reservoir {370} such that any open space created by displaced
flod remains withan reservoir {370}, Although vent path (329} of the present exampie 18
shown as being mtegral with an opening for condhut {330}, 1t should be understood that
other examples vent path (329} 15 a discrete opening in gripping feature {322}, spaced away

{3

from the point at which conduist (330) enters grippmg feature {(322).

OOST] FIGS. 9-15 show a merely illustrative use of earplug (320}, As can be seen i Fils. 9,
carplug {320} 15 mutially positioned cuiside of a patient's ear. At this stage, floid has not vet
been uyected mto earplug (3203, The operator may begin the 1ontophoresis procedure by
inserting sealing clement {324) of carplug (320) into a patient s ear canal {EC). Ascan be
seen m Fily, 10, sealing clement (324) 15 posifioned to bear agamnst the walls of the car canal
{EC), simultaneously securing carplug (320} and creating a fluid scal between scahing
ciement {324} and the wall of the car canal (£}, The scaling of the ear canal {E{) croates a
fluid fight cavity between tympare membrane (TM) and earplug {320 that may be used {0
contam wontophorests thod., While not shown i FIGN, 9-10, a hner stnp (380} as descnbed
below may be used to assist the operator i posttioning carplag (320} m the car canal {(EC)
without the operator s fingers getting stuck to the pressure sensitive adhesive on scaling

clement {(324).

{3032 Unce earplug (320} 1s secured 1 the paticnt s car canal {(BEL), the operator may begin
admuustration of wontophoresis fhad (3Y0}) to the ear canal {(E{) via condwit (330} and nozzle
{326}, as can be seen in FIG. 11, As fhud (390} 15 admummustered, the car canal {EC), working
channel {321} and reservoir {370} will fill with thud (390); and the awr displaced from the car
canal (L), working channel {(321) and reservoir (370} will flow out to the atmosphere
through vent path (329). The operator may continue adnunistening flawd (390) untid flud

{390} 15 observed {lowing out through vent path (329} as shown m Fi{s. 12, Once fluid tlows
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through vent path {329}, the ear canal (EC), working c¢hannel {321}, rescrvoir {370} are full of
thud (390} and carplug {320} 1s ready o activate rontophoresis electrode (332} to thereby
provide an electrorcpulsive torce to the wontophoresis fliuid 1ons. In some versions, gripping
feature (322} 1s transparent, enabling the operator to visually observe reservorr (370} filling
with thad (390}, This may cnable the operator to be more ready (0 cease myecting thad (390)

via conduit {330} when the level of fluid (390} reaches vent path {329},

{8053] Prior to activation of electrode {332}, the operator may remove a fluid debivery device
{not shown} such as a syringe from conduif (330} it should be understood that i some
circumstances removal of such a device may resudt in some {oss of flwd (390} from working
channel {(321). By way of example only, 1 some examples this may result m a loss of about
0.04 co of Hiowd (3903, As a result, an air pocket {392) of a corresponding voiume may {orm
adiacent to vent path {329} m reservoir {370}, as shown w FIG. 13, it should be understood
that this awr pocket {392} 15 substantiaily spaced away from wontophoresis electrode (352},
such that tontophoresis electrode {352} remauns fully submerged in fluid (390} with no

meaninghul nsk of anv portion of ¢lectrode {352} bemng exposed to air,

{3354] Danng the wontophoresis procedure, the patient may fatk, cough, swallow, ¢ry, vawn,
or otherwise move their lower jaw, and the motion associated with such activity may cause
variation m the effective volume of the patient’s ear canal {EC). Such volumetnic changes
may cause a pumping action, which will vary the fevel of fluid (390) 1 reservoir 370}, In
some mnstances, this vanation of the fevel of fhud (390} may displace Himd (390} out of vent
path {(329), as shown m Fi(. 14, As thuad (390) 15 displaced out of vent path {329} the
volume of thad (390} disposed i the car canal {(EC), working channel {321}, reservoir {370)
is reduced by a corrgsponding amount. As can be seen i FIG. 15, such a reduction m Hluid
(390} will correspondmgly cause the air pocket {392} m reservoir {370} to expand and
contract. bven with further volumetnic changes mn the patient’s car canal (EC), the air pocket
{392} may cventually reach a pomt where fluad {390} stops leakang from vent path (329} and
the size of air pocket {392} simply expands and contracts i response (o the volumetric
changes m the patient’'s ear canal {EC). Because of the volume and L-shape provided by
reservoir (370}, the air pocket (392) will remam positioned exclusively m reservorr {370}
instead of extending {o the remamnder of workmg chaanel (321) or the ear canal (EC}. Thus,

reservoir (370} mamtains complicte contact between Hiuid (390) and clectrode (352),
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preventing exposure of clectrode (352} o air, therchy mamtaiming full electncal conductivity

between Huid {390} and electrode (352).

{55] In some mstances earplug (3203 may be used m an mverted position {1.¢., at a vertical
oricntation}. In particular, the operator may wish to insert carplug {320} m a patient’'s car
while the patient’'s head 1s onenided toward the ground. During such an operation, 1eservolr
{370} and vent path {329} may generally provide the same function as descnibed above but
with different positioning of the air i reservoir {370}, As can be seen in FIG. 16, with
carplug {320} positioned vertically, an air bubble (394} 15 disposed within reservoir {370)
away trom vent path (329}, Surface tension at the mtertace between the air bubble (3943 and
the fhad (3903 keeps the ar bubble (394} within reservorr {370} and away from the rest of
working channel (321} Spnuarly, surface tension between flud {390} and vont path {(329)

=7
!
’

mainfams fhud (390} within reservorr {370}, wihile permutiing some fhud {3%0} to be released

in response {0 volumetnie changes m the ear canal (BEC). It should be understood that (o
maintain the air bubble (394} 1 the position shown the mitertace between reservour {37} and
the remainder of working channel {321} 15 sized to correspond o the size of the air bubble
{394}, Additionally, the extension of post {325) though workmg channel (321) further

reduces the size of working channel {321} to hurther prevent any travel of the air bubble

{304},
iV, FExemplary Liner Strip for Use withi Larplug

{356] As noted above, a pressure sensitive adhesive may be provided on sealing clement
{324} 1n order to provide a more secure and Hud tight it between sealing clement {324} and
the wall of the patient’'s ¢car canal (EC}. I mav be desirable {0 provide a feature that
tacilitates gnppmg and positiomung of carplug {320} without the operator's fingers geting
stuck to the pressure sensitive adhesive on sealing clement (324, To that end, carplug {320}

of the present example includes a hiner strip (3803,

{057 FIGS. 17-19 show liner strip {330} 10 greater detail. As can be scen, hner strip {3840)
of the present exampie 1s construcied as a single generally flat part having a shape generally
resembling an impernial moustache, or (when tumed 180 from the view m PG, 17} a
handlebar mustache. At least a portion of hner stnp (380} 15 coated with fluorg-silicong,
providing a low-tack relecase surface that facilitates peching of liner strip (380} away from the

pressure sensifive adhesive on sealing clement (324). Liner stnp {330} ifself comprises a
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generally flexable §.000Y mch thack polyvethviene terephthalate (PET) film. Alfematively,
hner strp {380} may comprise a vancty of other sautable matertals having a range of

thicknesses.

{3358] The shape of liner strip (380} divides hiner stnp {380} mto tour discrete portions (382,
383, 384, 383}, In particular, Liner strip (380} mav be folded along three fold Lines {shown in

3853 When

.

broken limes m FiG. 17) to more readidy defing each portion (382, 383, 384,
folded, lmer strip {380} defines two attachment portions (382, 383} and two gripping portions
{384, 383}, As can best be seen m FIG. 18, attachment portions {382, 383)arc folded m a
reverse durection to define a surface switable for attachment of lner stnip (380) to opposing
sides of seahing clement {324}, In the present example, cach attachment portion {382, 383} 18
also heat formed to define a shight curvature i ¢ach attachment portion {382, 383}, The
curvature of cach attachment portion {382, 343} 1s enfirely optional and may be omaitted 1o
some exampies. However, where used, the curvature of attachment portions {3382, 383}
corresponds to the carvature of Hexable sealing clement {324} of carplug (328} to promote

full apposifion between atfachment porfions (387, 383} and scaling clement (324},

{3359] Asscen n FiG. 18 and 19, each gripping portion {384, 383} extends proxumally away
from cach respective attachument portion {382, 383}, In particular, cach grippmng portion
comprises a corresponding thin portion {386, 387} and thick portion (388, 389}, Fach thun
portion {386, 387} curves laterally away from cach attachment portion {382, 383} 10 orient
cach respective thick portion (388, 389} away from carplug (320} This feature permuts thick
portions (388, 38Y) 1o be used for grasping by a user 1o mampulate carplug {320) by grasping

lner strip {380).

{00648] As can be seen m FIG. 1Y, bner strip (880 15 placed on earplug {320} such that
attachment portions {332, 383} are posthioned about scaling element {324} at angudar
iccations corresponding {0 the postenor and anterior walls of a patient’s car canal {EC). In
some instances, this postiioning corresponds to the areas of flexible scaling element {324)
that will encounter the most resistance from a patient’'s ear canal (EC) duning msertion of
carplug (320}, Such posifioning may be desirable to onsure that the pressure sensive
adhesive on sealing eloment (324} fullv engages the supenior and inferior walls of the
paticnt s car canal {EC) betore the pressure sensiive adhesive on sgaling element (324)
contacts the postenor and antenor walls of the patient’s ear canal (EC). Once earplug {320)

is mserted inio the ear canal {BEC) {ar enough for sealmg cloment (324} to fully engage the
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posterior and anterior walls of the patient s car canal (EU}, the operator may peel away hiner

stripy {380} to allow the pressure sensitive adhesive on sealing clement {324} {o contact the
postertor and anterior walls of the patient's car canal (EL}. Af this stage, the pressure
sensitive adhesive on sealing element (324) may contact the walls of the ear canal {(EC) about
the entire angular peruneter of sealing element (324}, Laner sirip (380) may then be disposed

+%
3

O

{8861} In the present example, the pressare sensilive adhesive 1s provided about the entire
angular perimcter of scaling clement (324}, Also m the presont example, attachment portions
{382, 383} are together sized o contact approxumately 40% of the surtace of sealing element
{324} that 1s coated with pressure sensitive adhesive. Alternatively, attachment portions {382,
333} may cover any other sautable portion of the surface of sealing clement (324) that 1s
coated with pressure sensifive adhesive. it should alse be inderstood that pressure sensiive
adhesive may be provided about only a portion of the angular penmeter of scahng element
{324} For mstance, carplug (3203 may be configured such that pressure sensitive adhesive 1s
only provided on the zones of scaling element (324} that will contact posterior and anternior

walls of the patient’s car canal (O }; but not on the zones of sgaling element (324) that will

contact posicnor and anicnior walls of the patient’s ear canal {(EC).

1{0062] As another merely itlustrative example, a lubricious maienal {¢.g., alcohol, ¢tc.}, may
be applhied to the pressure sensiive adhesive on scaling element {324} to aid m msertion of
scaling clement (324} m the ear canal (EC); with the lubnicious matenial being configured to
cvaporate or otherwise dissipate (o enable the pressure sensifive adhesive {o adhere {o the
walls of the ear canal {(E{) shortly after sealing clement (324} 15 mserted m the ear canal
(B, Sl other suitable vanations will be apparent to those of ordinary skill i the art in

view of the teachings herem.
V. Exemplary Combinations

{3363 The ollowing examples relate to various non-exhaustive wavs m which the tcachings
herein may be combined or apphied. It should be undersiood that the following exampics arc
not mtended o restnict the coverage of any claims that may be presented at any time i thas
apphication or i subseguent filings of thas apphcation. No disclaimer is mtended. The
following examples are being provided for nothing more than merely dhustrative purposes. It

is contemplated that the various teachings herein may be armranged and applied 10 numerous
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other ways. It 18 also contemplated that some variations wmay omit certam features referred (o
in the below examples. Theretore, none of the aspects or features referred to below should be
deemed critical uniess otherwise explicitly mdicated as such at a later date by the mventors oy
by a successor i mierest to the mventors. I any clamms are presented i this apphication or
subsequent filings related (o this apphication that include addibonal features bevond those
referred to below, those additional features shall not be presumed to have been added for anv

reason reiating to patentability,
Exampie 1

{3364] An apparatus comprismng: {a} a rigid body, wherein the rigid body defines: (i} a
channel, (11) reservoir i fhnd conumunication with the channel, and {11} vent path i Hud
comumunication with the reservolr, wherem the reservoir is configared to provide spacing
between the channel and the vent path; {b) a tloxable sealing clement, wheremn the sealing
clement is positioned distal to the ngd bodv: (¢} a nozzie assembly, wherem the nozzie
assembly comprises: (1} anozzie head, and (11} a post, wherem the post exiends distally
through the channel of the rigid body, wherein the nozzie head projects distally from a distal
end of the post; and {d} an clccirode, whercin the electrode 1s disposed within the channel of
the nigid body, wherein the reservorr extends {aterally from a longitudinal axis defined by the

electrode.
Exampie 2

{3068] The apparatus of Example 1, wheremn the electrode ternunates at a proxunal end,

wherein the proximal end of the clectrode 18 distal to the reservoir.
Exampie 3

{3G66] The apparatus of anv one or more of Examples 1 through 2, whercin the channel and

the reservoir together define an L-shape.
fxampie 4

{33671 The apparatus of anv one or more of Examples | through 3, wherein the channel
extends distaily relative o the reservorr, wherem the vent path extends laterally relative (o the

FESETVOLT.
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Examplie 5

{3368] The apparatus of any ong or more of Examples 1 through 4, wheremn the sealing
clement 18 configured {0 bear agamst a wall of an ear canal to thereby defing a closed volame

cutside of a tympanic membrane m the car canal.
Example &

{369] The apparatus of Example 3, wherem the reservoir 18 m configured {0 communicate

with the closed volume through the channel
Example 7

{378] The apparatus of Example 6, wherem the vent path 1s configured {o release excess
Hlod from the reservorr 1o response to filling of the closed volume, the chaonnel, and the

reservolr with fluid.
Exampie 8

{33711 The apparatus of anv one or more of Examples 6 through 7. whercin the reservoir is
configured to provide an awr pocket between thud and the vent path as the closed volume, the
channel, and the reservorr are filled with Hhud, wherem the chamnnel 1s configured to mamiam

submersion of the electrode in the thad while the air pocket resides m the reservoir,
fxampic §

iw

{00721 The apparatus of any one or more of Examples 5 through 3, further comprising a flud
condutt, wherem the Hhnd condunt 1s 1 communication with the channel, wherem the thad

conduit 1s configured to fill the closed volume, the channel, and the reservorr with fthud.
Example 18

{6873] The apparatus of Example 9, whercin the fiuid conduit extends through a condut

opening disposed 1 the ngwd body.
Exampie {1

{8674} The apparatus of Example 10, wherein the condwit opening and vent path are mnfegral

with each other.
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fxample 12

{B075] The apparatus of any ong or more of Examples 10 through 11, wherein the condust

opening and the vent path are separately formed as discrete opemngs in the ngid body.
Example 15

{376] The apparatus of any ong or more of Examples 1 through 12, further comprising a
fiexable thud condnt 1s Hudly coupled with the post, wheremn the post s configured to

commumnicate thuid from the thud conduit to the nozzle head.
Example 14

{077) The apparatus of any one or more of Examples 1 through 13, further comprising a

pressure sensitive adhesive applied to the sealing ciement.
Example 15

{78] The apparatus of bExample 14, hurther comprnising a hner stnp, wheremn the hner sinp
comprises a parwr of attachunent portions secured o the pressure sensiive adhestve on the

sealing clement,
Exampie 16

{0791 The apparatus of Example 15, wheremn the sealing clement detines an anterior zong, a
pOSICIIor ZORE, a superior zone, and an micnor zone, wherein the aftachment portions are
configured (o engage only the anterior and posterior zones of the sealing element, wheremn the
attachment portions are configured {0 not engage the supenor and mienor zones of the

scaling elecment.
Examplie 17

{0088] An apparatus, comprising: {a} an 1ontophoresis Hlwd reservorr, wherem the flud
reservoir defines a first volume; {b) a plug configured {o detine a closed volume 1n a patient s
car canal outside a tvmpanic membrane of the patient; (¢} a working conduit configured {o
connect the wntophoresis fluid reservorr with the closed volume, wheremn the working
condnt defines a second vohume; and {(d} a dramnage conduit passing trom the tlud reservonr

to a region outside the closed volume and plug; wherem the reservoir, plug, working condut,
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and dramage conduil are configured to supplyv wontophoresis fluid through the working
conduit, wherem the first volume of the thad reservoir is greater than the second volume of

the working conduit.
Examplie 18

{8081} An apparatus, comprising: {a} a plug contigured to define a closed vohime 1n a
paticnt’s car canal outside a tvmpanic membrane of the patient, wherein the plug detines a
channel contigured {o communicate with the closed volume, wherein the plug turther
mnclades a sealing element having a pressure sensiive aghesive thereon, (b} an wontophoresis
clectrode situated m the channel; and {¢) a liner strip, whercin the hiner strip comprises: {1} a
patr of attachment portions, wherem cach attachment portion 1s defined by a comresponding
fold n the hner stnp, wherein each attachment porfion 18 configured cover two discreic
portions the pressure sensttive adhbesive on the sealing clement, and (11} a pair of gripping
portions, wherein each gnipping portion i1s defined by a fold in the hiner strnp, wheremn each

attachment portion 1s disposed on a distal end of a respective grnipping portion,
Example §¥

{08821 The apparatus of Exampie 13, wherein the attachment portions extend proximally

from corresponding distal ends of the grippmg porhions.
Exampie 20

{8083] The rontophoresis apparatus of any one or more of kxamples 18 through 19, wherem
cach attachment portion comprises a generally curved shape confoured to complement a

curvature of the sealing element,
LA Miscelioneous

{30841 It should be understood that any of the examples described herem may mchide
various other features m addition to orin licu of those described above. By way of example
ordy, any of the devices heremn mav also mchide one or more of the various features disclosed
in any of the varnous references that are meorporated by reference heremn. It should also be
undersiood that any one or more of the teachings, expressions, embodiments, examples, ic.
described herein may be combmed with any one or more of the other {cachings, exXpressions,

cmbodiments, examples, ctc. that are described hercin. The above-described feachings,
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expressions, embodiments, examples, gic. should therctore not be viewed 1 1solation relative
to cach other. Vanous suifable ways my which the teachings herein may be combined will be
readiv apparent to those of ordinary skill m the art m view of the teachmgs berein. Such

modifications and vanations are miended to be meluded withan the scope of the claims.

{3G83] 1 should be appreciated that any patent, publication, or other disclosure maternial, in
whole or m part, that 15 said to be incorporated by reference herein 1s imcorporated herem
only to the exient that the wmcorporated material does not confhict with existing defmitions,
statcmends, or other disclosure maternial sct forth in this disclosure. As such, and {0 the exient
necessary, the disclosure as exphicithy set forth herem supersedes anv contheting matenal
mcorporated herein by reference. Any material, or portion thereof, that 18 sard to be
incorporated by reference hercin, but which contitcts with existing detinitions, statements, or
other disclosure matenal set forth hercin will onlv be mcorporated to the extent that no

contlict arises between that incorporated material and the exusting disclosure matenal.

{B086] Versions described above may be designed to be disposed of after a single use, or they
can be designed to be used multiple tirnes. Versions may, m either or both cases, be
reconditioned for reuse afier at least one use. Reconditionmg may nchude any combination
of the steps of disassembly of the device, followed by cleaning or replacement of particular
picces, and subscguent reassembly. In particular, some versions of the device may be
disassembled, and anyv number of the particular pieces or parts of the device may be
sclectively replaced or removed 1 any combination. Upon cleaning and/or replacement of
parficular parts, some versions of the device may be reassembled for subsequent use either at
a reconditiomng facihity, or by a user immedately pnor 1o a procedure. Those skalled i the
art will appreciate that recondiftoning of a device may utilize a varety of techmques for

disassembly, cleaming/replacement, and reassembly. Use of such techmques, and the

~f

resutting reconditioned device, are all within the scope of the present application.

3

{BG87] By wav of example only, versions described horem may be sternibized betore and/or
atter a procedure. In one stertlization fechnigue, the device s placed m a closed and sealed
container, such as a plastic or TYVEK bag. The contamer and device may then be placed i
a ficld of radiation that can penctrate the contamner, such as gamma radiation, x-ravs, or high-
cnergy electrons. The radiation may kil bactena on the device and m the containgr. The

sterihized device may then be stored m the sterile contamner for later use. A device may also
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be stertdized using any other techmgue known in the art, including but not imited to beta or

gamma racdhiation, ethyvlene oxide, or stcam.

{H88] While vanous mventive embodiments have been descrtbed and dhustrated heremn,
those of ordinary skili 1o the art will readily envision a vaniety of other means and/or
structures for performing the fimction and/or obtaming the results and/or one or more of the
advantages described herem, and cach of such varnations and/or modifications 1s deemed {o
be within the scope of the inventive embodiments described herein. More generally, those
skilied i the art will readily appreciaie that all parameters, dumensions, matenals, and
configurations described herein are meant 10 be exemplary and that the actual parameters,
dimensions, matenals, and/or conhgurations witl depend apon the specific apphcation or
applications tor which the mventive feachings is/are used. Those skilied m the art will
recognize, or be able to ascertam using no more than routine expermmentation, many
cguivalents to the specthic mventive embodiments descrtbed herem. it 1s, therefore, to be
godersicod that the foregoing embodiments are presented by way of examyplc only and that,
within the scope of the appended claims and equivalents thereto; mventive embodiments may
be practiced otherwise than as specifically described and claimed. Inventive embodiments of
the present disclosure are direcied to gach mdividual feature, system, article, material, kit,
and/or method described heremn. In addition, any combination of two or more such featiures,
systems, arficies, materials, kits, and/or methods, it such features, svsterns, arficles, matenals,
kits, and/or methods are not mutually meonsistent, 1s mcluded withan the mventive scope of

the present disclosure.

G089 Also, varous inveniive concepts may be embodied as one or more methods, of which
an exampilc has been provided. The acts perfonmed as part of the method may be ordered in
anv suitable way. Accordmglv, embodiments mav be construcicd i which acts are
performed m an order different than sthustrated, wihuch may include performing some acts

simultancously, even though shown as seguential acts i liustrative embodimentis.

{GO90] All defintfions, as defined and used heremn, should be understood to control over
dictionary defintions, detinitions 1w documents wcorporated by reference, and/or ordinary

meanings of the dehined terms.

{0091} The indehinite articles a7 and “an,” as used herewn i the specitication and 1o the

claims, unless cleardy indicated to the contrary, should be understood to mean “at feast one.”
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{80921 The phrase “and/or,” as used herein i the specitication and mn the claims, should be
goderstood to mean “cither or both™ of the elements so conjomned, 1.¢., clements that are
coryunchively present 1n 50me cases and disjunctively present m other cases. Multiple
clements bisted with "and/or” should be construed 1 the same fashion, 1.¢., “one or mwore” of
the clements so compomed. Other elements may oplionally be present other than the clements
specifically identified by the “and/or” clavse, whether related or unrelated fo those clements
specifically identificd. Thus, as a non-limiting example, a reference to "A and/or B, when
used in conjunction with open-ended language such as “comprising’ can refer, i ong
cmbodiment, 10 A only (optionally mchiding clements other than B}, i another embodiment,
to B only {optionalliv imncluding elements other than A} in vet another embodiment, to both A

and B {optionally mchiding other elements); etc.

{30931 As used heremn mn the specification and 1w the claims, “or should be understood 1o
have the same meaning as “and/or as defined above. For exampile, when separating ilems in
a hist, “or or “and/or shall be mterpreied as being mohisive, 1o, the inclusion of at least
one, but also including more than one, of a number or list of clements, and, optionally,
additional unhisted ttems. Only terms ciearly indicated o the contrary, such as “only ong of”
or “exactly one of,” or, when used in the claims, “consisting of,” will refer {o the inclusion of
exactly onc clement of a number or hist of elements. In general, the torm “or” as used heremn
shall only be mterpreted as indicating exclusive alternatives {1.¢. “one or the other but not
both™) when preceded by terms of exclusivity, such as “either,” “one of,” “only ong of,” or

“exactly one of 7 “Consisting essentially of,” when used 1n the claims, shall have its ordinary

meaning as used n the ficld of patent law.

{30394] As used herem i the specilication and in the claums, the phrase “at least one, "
reference to a list of one or more eioments, should be understood 1o mean at lecast one clenient
selected from any one or more of the clements m the hist of elements, butl not necessanly
mchuding at feast one of each and every clement specitically histed withan the hist of elements
and not excluding any combinations of clements m the hist of clements. This detimition also
allows that elements may optionally be present other than the elements specificallv identitied
withun the hist of elements to which the phrase “at least one™ refers, whether related or
unrelated to those clements specifically identified. Thus, as a non-limiting exampie, “at least
onc of A and B {or, cquivalently, "at feast onc ot A or B, or, eguivalently “at lcast onc of A

and/or B} can refer, 1 one embodiment, 1o at least one, optionally mciuding more than ong,
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A, with no B present {and optionally mchiding clements other than B); in another
cmbodiment, 1o at least one, optionally ncluding more than one, B, with no A present {and
optionally including ¢lements other than A); m vet ancther embodiment, {o at least one,
optionaily inchuding more than one, A, and at least one, optionally including more than ong,

B {and optionally mehuding other clements),; ete.

098] In the claims, as well as in the specification above, all fransitional phrases such as

2y

“comprising.” “mchiding,” Ccarrving,” Thaving,

L)

“contaming,” Tmvolving,” “holding,”
“composed of,” and the like are to be understood to be open-ended, 1.¢.. to mean meluding
but not himuted to. Only the transitional phrases “consisting of and “consisting essentially
ot shall be closed or semi-closed transithional phrases, respectively, as set forth 1w the Uniied

States Patent (ffice Maoual of Patent Exanunimng Procedures, Section 2111.03.

{0096] Having shown and descnbed various embodiments of the present mvention, further
adaptations of the methods and systems described herein may be accomplished by
appropriate modifications by one of ordinary skill m the art without departing from the scope
of the present mvention. Several of such potential modifications have been mentioned, and
others will be apparent o those skilled o the art. For mstance, the exampices, embodiments,
geomeirics, matenals, dimensions, ratios, steps, and the like discussed above are thustrative
and are not required. Accordingly, the scope of the present invenfion should be considerced o
terms of the followmge claims and 1s understood not {o be hmited to the detals of structure

and operation shown and described m the specification and drawings.
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CLATMS

i, Arn apparatus comprsing:
{a} a nigid body definmng:
{1} a channel;
{11} a reservorr m thnd communication with the channel, the reservolr
configured o merease the volume of the channel; and
{111} a vent path wn fluid communication with the reservoir; and
(b} an clectrode definung a longiudinal axis and disposed withmn the channel of the
rigid body, the reservowr extending laterally and proxamally from the longitudinal axis defined

by the clecirode to mcrease a spacing between the electrode and the vent path.

2. The apparatus of claim §, wherein the electrode terminates at a proxamal oend

posttioned distal {o the reservoir,

3, The apparatus of claim 1, wheremn the channel and the rescrvoir together define an
{.~shape.
4. ‘the apparatos of clamm 1, wherein the channel exiends distally from the reservoir, and

the vent path extends {aterally and proxamalily from the reservoir,
3. The apparatus of claim 1, further comprising a sealing element positioned distal {o the
rigid body, whercin the sealing element 1s configured 1o bear against a wall of an ear canal {o

thereby define a closed volume outside of a tympanic membrane o the ¢car canal.

& the apparatus of clamm 5, wherein the reservorr 1s configured to be in flud

conumunication with the closed volume through the channel.

~]
’

The apparatus of claim 6, wherein the vent path 1s configured (o release excess fluid
from the reservoilr when at least one of the closed volume, the channel, and the reservoir are

filled with thud.

8. the apparatus of clamm 6, wherein the reservorr 1s contigured to provide an atr pocket

between fluid and the vent path as at least one of the closed volume, the channel, and the
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reservolr are filled with thod, and wheremn the ¢channel 18 configured to mamniam sabmersion

of the gicctrode m the fiwid while the air pocket resides i the reservorr.

Y, The apparatus of ¢lanm 3, further comprisimng a flud condwit it thnd comnumication
with the channel o ill af feast one of the closed volume, the channel, and the reservor with

Hluid.

10, The apparatus of claym 9, wherein the thud conduit extends through a conduit opening

defined by the rigad body.

11, The apparatus of claim 10, whereimn the conduit opening and the vent path are

integrally formed with each otherin the ngid body.

{2, 'The apparatus of claim 10, wheren the conduit operming and the vent path arg

separately formed as discrete openings i the nigid body.

13, The apparatus of claim 1, further compnsing:

a nozzle assembly meluding a post extending through at least a porfion of the channgl
and a nozzle head projecting distally from a distal end of the post; and

a flexable Hlud conduyt fldly coupled with the post to conmumunicate fluid from the

Huid conduit 1o the nozzie head,

14 The apparatus of claym 3, further compnsing a pressure sensiive adhesive applied to

the scaling clement.

15 The apparatus of claim 14, further comprising a liner stnp mwcluding a pluraiity of
attachiment portions secured to the pressure seunsiitve adhesive on the sealing clement.

16,  The apparatus of clamm 15, wherem the sealing clement defings an anienor zone, a
posterior zone, a supenor zone, and an infenor zone, and wheren the attachment portions are
configured to engage only the anterior zone and the posicerior zone of the sealing element and

not the supenor zone and the wienor zone of the sealing clement,
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17 An apparatus compnsimng:

{a} a thud reservoir defining a first volume;

(b} a plug to define a closed volume m an car canal outside a tympanic membrane;

{¢} a working conduwt to connect the Huid reservoir with the closed volume, the
working condoit definming a second vohume, wherein the first volhume of the Huid reservoir s
greater than the second volume of the working condunt; and

(cl} a dramage conduit to extend from the fhud reservoir o a region ocutside the closed
volume and the plug;

wherein the fluid reserverr, the phug, the working conduit, and the dramage condut
arc configured to supplv thud from the fluid reservorr through the working conduit {0 the

closed volume,

1%, An apparatus comprisimng:

a hiner strip to facilitate at least one of grnipping and positioning a plug i an ¢ar canal
outside a tvmpanic membrane, the plug mcluding a scahng element with a pressure sensiive
aghesive thereon, the haer sinp mcluding:

{1} a plurality of atfachment porfions, each aftachment porfion defined bv a
corresponding fold mn the et stnp and contigured {o cover a discrete porfion of the
pressure sensitive adhesive on the seabing clement; and

{11} a phurality of gripping portions, cach gripping portion defined by a
correspondmng fold m the iner stnp and configured to extend proximally away trom
the plug,

wherem cach attachment portion s connected to a distal end of a

corresponding orippng portion.

19 The apparatus of claim 13, wherein cach attachment portion s configured to extend

proxtmally from the distal end of the corresponding grippmg portion.

20, The apparatus of claim {8, wherem e¢ach attachment portion has a shape configured o
complement a curvature of a portion of the pressure sensiiive adhesive on the sealing

clement.
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