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(57) Abstract: Systems, apparatus, and methods are disclosed for gripping 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 fluid communication with the channel the vent path. The reservoir may be configured to increase the volume of the
channel, thereby tolerating volumetric changes in 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 increase 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.
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FARPLUG ASSEMBLY FOR IONTOPHORESIS SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS

{30601} This application s a continuation of and claims prionty to U5, Patent Application
No. 14/800.869, filed July 16, 2013, entitled “Earplug Assembly for lontophoresis System,”

the condents of which are mcorporated herein by reference in their entirety.
BACKGROUND

{0602] Some children may exhibit recurrent episodes of otitis media and/or -otitis media
with cffusion. Treatment of sovere cases may mvolve the placement of a pressure
equalizanon tube or tvmpanostomy tube through the tympanic membrane to provide adequate
drainage of the middie car by providing thid commumication between the middle and outer
car. In particular, such a tube may provide a veot path that promotes dramage of fhud from
the middie ear via the Eustachian tube and may thus reduce stress imposed on the tympanic
membrane from pressure within the nuddle car. This may further reduce the hkelihood of
futare mifcctions and pressare induced ruptures of the tympanic membrane, Pressure
cqualization tubes may fali owt spontancously within about a yvear of placement. Exemplary
pressure equalization tube delivery systems are disclosed in U.S. Patent No. 8,052,693,
entitled “System and Method for the Simultaneous Automated Bilateral Delivery of Pressure
Egualization Tubes,” 1ssued November 8, 2011, the disclosure of which is incorporated by
reference hercin. Additional exemplary pressure equalization tube delivery sysiems are
disclosed in U8, Patent No. 8,249,700, entitled “Svstem and Method tor the Ssmultancous
Bilateral Integrated Tympanic Drag Delivery and Guided Treatment of Target Tissues within
the Fars,” issued August 21, 2012, the disclosure of which 1s incorporated by reference
herein. Still additional exemplary pressure cqualization tube delivery systems are disclosed
i U.S. Pub. No. 2011/0015643, entitled “Tympanic Membrane Pressure Equalization Tube
Delivery System,” published January 20, 2011, the disclosure of which 15 incorporated by

reference hercin.

{8003] Insertion of a pressure cqualization tobe may be performed vsing general anesthesia in
some cases, which may require additional resources such as an operating room, the prosence
of an anesthesiclogist, and time i a recovery room. Furthermore, the ase of general

anesthesia may nclade cortain risks that a patient may or may not be comfortable with
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undertaking. Some pressure equalization tube delivery systems and methods provide a
local anesthetic through iontophoresis. Examples of such systems and methods are
disclosed in U.S. Pub. No. 2010/0198135, entitled "Systems and Methods for
Anesthetizing Ear Tissue," published August 5, 2010, the disclosure of which is
incorporated by reference herein. Additional examples of such systems and methods are
disclosed in U.S. Patent No. 8,192,420, entitled "lontophoresis Methods," issued June 5,

2012, the disclosure of which is incorporated by reference herein.

[0004] While a variety of pressure equalization tube delivery systems and methods have
been made and used, it is believed that no one prior to the inventor(s) has made or used an

invention as described herein.

[0004A] The present invention provides an apparatus comprising:
(a) a rigid body defining:
(1) a channel;
(i1) a reservoir in fluid communication with the channel, the reservoir and the
channel providing a combined volume greater than a volume of the channel; and
(iii) a vent path in fluid communication with the reservoir; and
(ii1) a conduit opening;
(b) an electrode defining a longitudinal axis and disposed within the channel of the
rigid body, the reservoir extending laterally and proximally from the longitudinal
axis defined by the electrode;
(c) a sealing element configured to bear against a wall of an ear canal to thereby
define a closed volume outside of a tympanic membrane in the ear canal; and
(d) a fluid conduit in fluid communication with the channel to fill at least one of the
closed volume, the channel, and the reservoir with fluid, the fluid conduit extending through

the conduit opening defined by the rigid body.
SUMMARY

[0005] In one embodiment, an apparatus includes a rigid body defining a channel, a
reservoir in fluid communication with the channel, the reservoir configured to increase the
volume of the channel, and a vent path in fluid communication with the reservoir. The

apparatus further includes an electrode defining a longitudinal axis and disposed within the
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channel of the rigid body, the reservoir extending laterally and proximally from the
longitudinal axis defined by the electrode to increase a spacing between the electrode and

the vent path.

[0006] In another embodiment, an apparatus includes a fluid reservoir defining a first
volume, a plug to define a closed volume in an ear canal outside a tympanic membrane, a
working conduit to connect the fluid reservoir with the closed volume, and a drainage
conduit to extend from the fluid reservoir to a region outside the closed volume and the
plug. The working conduit defines a second volume, and the first volume of the fluid
reservoir is greater than the second volume of the working conduit. The fluid reservoir, the
plug, the working conduit, and the drainage conduit are configured to supply fluid from the

fluid reservoir through the working conduit to the closed volume.

[0007] In some embodiments, an apparatus includes a liner strip to facilitate gripping
and/or positioning a plug in an ear canal outside a tympanic membrane. The plug includes
a sealing element with a pressure sensitive adhesive thereon. The liner strip includes a
plurality of attachment portions and a plurality of gripping portions. Each attachment
portion is defined by a corresponding fold in the liner strip and configured to cover a
discrete portion of the pressure sensitive adhesive on the sealing element. Each gripping
portion is defined by a corresponding fold in the liner strip and configured to extend
proximally away from the plug. Each attachment portion is connected to a distal end of a

corresponding gripping portion.

[0008] It should be appreciated that all combinations of the foregoing concepts and
additional concepts discussed in greater detail below (provided such concepts are not
mutually inconsistent) are contemplated as being part of the inventive subject matter
disclosed herein. In particular, all combinations of claimed subject matter appearing at the
end of this disclosure are contemplated as being part of the inventive subject matter
disclosed herein. It should also be appreciated that terminology explicitly employed herein
that also may appear in any disclosure incorporated by reference should be accorded a

meaning most consistent with the particular concepts disclosed herein.

[0009] In the description in this specification reference may be made to subject matter

which is not within the scope of the appended claims. That subject matter should be readily
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identifiable by a person skilled in the art and may assist in putting into practice the

invention as defined in the presently appended claims.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The skilled artisan will understand that the drawings primarily are for illustrative
purposes and are not intended to limit the scope of the inventive subject matter described
herein. The drawings are not necessarily to scale; in some instances, various aspects of the
inventive subject matter disclosed herein may be shown exaggerated or enlarged in the
drawings to facilitate an understanding of different features. In the drawings, like reference
characters generally refer to like features (e.g., functionally similar and/or structurally

similar elements).

[0011] FIG. 1 depicts a perspective view of an exemplary pressure equalization tube

delivery device (PETDD) in accordance with some embodiments.

[0012] FIG. 2 depicts a perspective view of an exemplary pressure equalization (PE) tube
suitable for delivery by the PETDD of FIG. 1 in accordance with some embodiments.

[0013] FIG. 3 depicts a side elevational view of the PE tube of FIG. 2, positioned within a

tympanic membrane in accordance with some embodiments.
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{8614} FIG. 4 depicts an exemplary 1ontophoresis system ingorporating an carplug in

accordance with some embodiments.

{8615} FIG. S depicts a cross-sectional side view of the earplog of FIG. 4 in accordance with

some embodiments.

{0616} FIG. 6 depicts a perspective view of ancther exemplary iontophoresis systom

mcorporating an carplug in accordance with some embodiments.

{86171 FIG. 7 depicts a perspective view of the carphig of FIG. 6 in accordance with some

embodiments.

{0018} FIG. 8 depicts a side cross-sectional view of the earplug of FIG. 6, with the cross-

section taken along line 8-8 of FIG. 7 10 accordance with some embodiments.

{0619} FIG. 9 depicts another side cross-sectional view of the carplug of FIG. 6, with the
carplug pomitioned adjacent to a patient's ear at a horizontal orentation in accordance with

some embodiments.

8620} FIG. 10 depicts another side cross-sectional view of the earplug of FIG. 6, with the
carplug positioned within a patient’s ¢ar canal at a horizontal orientation in accordance with

some embodiments.

{0621} FIG. 11 depicts another side cross-sectional view of the carpiug of FIG. 6, with the
carplug positioned within a patient’s ear canal at a honzontal onieniation, and with the carplug

filling a patient’s car canal with 1ontophoresis fluid in accordance with some embodiments.

{8622} FIG. 12 depicts another side cross-sectional view of the carplug of FIG. 6, with the
carplug posttioned within a patient’s car canal at a horizontal orientation, and with a patient's
car canal fully filled with iontophoresis fluid and excess fluid cscaping through a vent path of

the carplug i accordance with some cutbodiments.

{0623} FIG. 13 depicts another side cross-sectional view of the carplug of FIG. 6, with the
carplug posttioned within a patient’s car canal at a horizontal orientation, and with the earplug
i a state ready for activation of an slectrode of the carplug 1w accordance with some

embodiments.
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{8624} FIG. 14 depicts another side cross-sectional view of the carplug of FIG. 6, with the
carplug positioned within a paticut's car canal at a horizontal orientation, and with the
patient's ear canal exhibiting volumetric changes, thereby expelling iontophoresis flud

through the vent path 1in accordance with some embodiments.

{0625} FIG. 15 depicts another side cross-sectional view of the carplug of FIG. 6, with the
carplug posttioned within a patient's car canal at a horizontal orientation, and with at least

some floid expelied from a reservoir of the earplug in accordance with some embodiments,

{80626} FIG. 16 depicts vet another side cross-sectional view of the sarpluog of FIG. 6 with the
carplug positioned within a patient’s car canal at a vertical orientation in accordance with

some embodiments.

{8027] FIG. 17 depicts a front elevational view of a liner strip that may be used with the
carplug of FIG. 6, with the Iner strip i a flat and unfolded configuration in accordance with

some embodiments.

{8028] FIG. 18 depicts a perspective view of the liner strp of FIG. 17 m a folded

configuration in accordance with some embodiments.

j80629] FIG. 19 depicts detatled perspective view of the hiner strip of FIG. 17 attached to the
carplug of FIG. 6 in the foided configuration of FIG. 18 in accordance with some

embodiments.
DETAILED DESCRIPTION

{8038} The following descrption of cortain examples of the technology should not be used to
fomit s scope. Other examples, features, aspects, embodiments, and advantages of the
technology will become apparent to those skilled n the art from the following description,
which 15 by way of illustration, one of the best modes contemplated for carrying out the
technology. As will be realized, the technology desertbed heren ts capable of other differont
and chvious aspects, all without departing from the technology. Accordimgly, the drawings

and descriptions should be regarded as illastrative in nature and not restrictive.

{8631} It 1s further understood that any one or more of the teachungs, expressions,
embodiments, examples, ¢tc. described heorein may be combined with any one or more of the

other teachings, expressions, embodiments, examples, cto. that are described herein. The
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followmg-described teachings, expressions, embodiments, examples, ete. should therefore
not be viewed in isolation relative to each other. Various suitable ways i which the
teachings herein may be combined will be readily apparent to those of ordinary skifl n the art
m view of the teachings herein. Such modifications and vanations are intended to be

mcladed within the scope of the claims.
i Exemplary Pressure Equalization Tube Delivery Bevice (PETIRND)

{3032} As noted above, a pressure equalization (PE) tube may be delivered to the tympanic
membrane {ThM} of a patient as a way of treating, for example, otiis media. In some
mstances, a delivery instnonent may be used to msert PE tobes in the tympanic membrane
{T™) without the use of general ancsthesia. FIG. 1 shows an exemplary equalization tube
delivery device (PETDRD) (10} that may be used in such procedures. It should be understood
that PETDD (10) may be used with an endoscope to provide visvalization of the tympanic
membrane (TM) during use of PETDD (103, 1t should also be understoad that a pationt may
receive local anesthesia at the tvmpanic membrane (TM) through a process of iontophoresis
before PETDD (10} 15 actuated to deploy a PE tube. Various sxamples of devices and
methods that may be used to provide ontophoresis will be described in greater detail below.
It should also be understood that iontophoresis mav be provided o accordance with at least
some of the wachings of U5, Pub. No. 2010/0198133, the disclosure of which is
meorporated by reference herein: and/or tn accordance with at least some of the teachings of

U.S. Patent No. 8,192 420, the disclosure of which s incorporated by reference herein,

{333} Agshown in FIG. 1, PETDD (106} of this example inchides a handpiece {12} and a
cannuda (14} extending distally from handpiece (12}, Cannula (14} 1s sized for insertion in a
pationt’s ear canal, such that the tip (16} of cannula may directly engage the patient’s
tympanic membrane {TM}. As soon as the tip {16} achieves apposition with the tympanic
membrane {TM), the operator may depress button (18), which may trigger a finng sequence
whereby PETDD (19} creates a mvringotomy incision, dilates the myrngotomy ncision, and
mserts a PE tube in the myringotomy ineision nearly instantly, A pin (19) selectively locks
button {18} to avoid premature firing of PETDD (10}, such that the operator must remove pin

{19} before intentionally firmg PETDD (10}

{8034} By way of example only, PETDD {10} may be constructed and operable in

accordance with at least some of the eachings of U.S. Patent No. 8,052,693, the disclosure of
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which 15 ncorporated by reference herein; UK, Patent No. 8,249,700, the disclosure of which
is incorporated by reference herein; U.S. Pub. No. 2011/00156435, the disclosore of which is
mncorporated by reference heren; and/or U8, Pub. No. 2014/0276906, entitled “Features to
Improve and Sense Tympanic Membrane Apposition by Tympanostomy Tube Delivery
Instrument,” filed on even date herewith, the disclosure of which is incorporated by reference
herein. Other suitable formms that PETDD (10} may take will be apparent to those of ordinary
skill in the art in view of the teachings heretn. It should also be understood that a PE tbe
may be inserted in a tympanic membrane {(TM) manually, sach as by creating the

myringotomy incision with a knife and inserting the PE tube using forceps, ete.

{3635} FIGS. 2-3 show an exemplary PE tube (20} that may be delivered to the tympamic
membrane {ThM) using PETDD (10}, PE tube (20} of thus example comprises a cyviindraceous
body {22} that defines a passageway {24} A flange (26} 1s located at one end of body (22
while a set of petals (28) are located at the other end of body (22). PE wbe (20} 15 formed of
a resilient material that 1s biased o assume the rivet like configuration shown in FIGS. 2-3.
However, flange (26) and petals (28} may be flexed inwardly toward the longitudinal axis of
body (22} to provide PE tube (20} with a cvlindraceous configuration. In particular, flange
{26) and petals (28) may be flexed such that their outer surfaces are at the same radial
distance from the lopgitudinal axis as the cuter perimeter of body (22). This may enable PE
tube (200) to collapse to it withun cannula (14}, When PE tube (20) 1s disposed in a
tvmpanic membrane {TM}, petals (28} are located medially (1.¢., on the nuddie car side)

while flange (26} is located laterally {1.¢., on the outer ear side).

j3035] By way of example only, PE tube (20} may also be configured m accordance with at
least some of the teachings of US. Pat. No. 9,011,363, entitled “Tympanic Membrane
Pressure Equalization Tube,” tssued Apnit 21, 2013, the disclosure of which is incorporated
by reference heren; and/or at least some of the teachings U.S. Pub. No. 2014/0276906, the
disclosure of which is incorporated by reference hercin. Other suitable forms that PE tube
{20} may take will be apparent to those of ordinary skill in the art in view of the teachings

herein.
EA Exemplary fontophoresis System

8837} Asnoted above, PETDD (10} may be used 1n conjunction with an iontophoresis
) | I

system, which may be used to anesthetize the pationt’s ear before PETDD (16) 15 inserted
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mto the patient’s ear canal to dehiver PE tube (20} in the tympanic membrane {TM}). By way
of examplc only, 1ontophoresis may be provided in accordance with at least some of the
teachings of U.S. Pub. No. 2010/01981335, the disclosure of which is incorporated by
reference herein; and/or in accordance with at least some of the teachimgs of U.S. Patent No.
3,192 420, the disclosure of which is meorporated by reference herein, In addition or n the
alternative, iontophoresis may be provided in accordance with any of the various teachings
below. Bt should be understood that any of the below teachings may be readily combined
with at least some of the teachings of U.S. Pub. No. 2010/0198135, the disclosure of which 1s
meorporated by reference herein: and/or at least some of the teachings of U.S. Patent No.

8,192 420, the disclosure of which 1s mcorporated by reference herein.

{8038] FIG. 4 shows one merely illastrative iontophoresis system (200}, lontophoresis
system {200} of this exarple comprises an carplug (220}, fhuid source {140}, control unit
{170}, and ground pad (183}, Earplug (220} 15 configured to be mserted into a patient’s ear
and remain there without needing a separate componernt like a headframe to hold it in place.
By way of example only, a biocompatible adhesive may be used 1o assist in holding carplug
{220} n place within a patient’s ear canal. Earplug (220) mncludes a pair of gripping features
{222} that are configured to be gripped and thereby serve as a handie during msertion of
carplug {220} in a patient’s car. Earphlug (220} also mchides a pull-tab (228) that may be
gripped and pulled to assist W removing carplug (220} from the patient’s ear. Of course,
these features are mere examples, and anv other suitable kinds of gripping features may be
meorporated mto earplag (2203, While only one earplog (220} is shown, it should be
voderstood that wntophoresis systern (200} may have two carplugs (220) that may be used

sinultaneously.

{8039} In some versions, earphug {220) 18 configured and operable in accordance with af least
some of the teachings of U5 Pub. No. 2014/0102461, entitied “Adbesive Barplugs Usetul
for Sealing the Ear Canal.” published Apnil 17, 2014, the diselosure of which 18 incorporated
by reference herein. As best seen in FIG. 5, carplug (228) of the present example includes a
flexible sealing eloment (224) and a distally projecting nozzie (226). Sealing clement (224}
is configured to provide a fluid tight scal agamst the patient’s car canal when carplug (220} 15
mserted in the patient’s ear canal. Ip some instances, and as noted above, a biocompatible
pressurc sensitive adhesive s applied to the outer surface of sealing element {224} to promoie

a fluid tght seal against the patient’s ear canal. Nozzle (226} 1s positioned to project into the
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patient’s car canal when earplug (220} 15 inserted in the patient’s ear canal, such that nozzle

{226} s spaced lateral to the tympanic membrane (TM}. Nozzle (226) has spray apertures
{227y and 1s sccured to the distal end of a semi-nigid post (225}, Post (223} provides a path

for fluid conwnunication from conduit (230) to spray apertures {227}, Sprav apertures (227

are thus i fluid communication with fluid source (1403 via post (223} and conduit (230},

{0044 Seabing clement (224} 15 secured to a ngid frame (223), which defines grippmg
features (2223, Sealing element (224} and frame (223} also together define a working
channel (221} Frame {223} defines a plurahty of vent paths (229} 10 fliuid conummmication
with working chanvel (221} Vent paths (229} are configured to allow air 1o escape working
channel (221) while working channel {221} fills with iontophoresis solation; yet are further
configured prevent iontophoresis solution from escaping working channel (221} via vent
paths {229} once working channel (221) is filled with iomgophoresis solution. An
iontophoresis electrode (252) n the form of a coil extends along at least part of the length of
working channei (221). K should be understood that tontophoresis electrode (2523 may have
any other suitable configuration. lountophoresis electrade {252} 1s coupled with control unt
{170} via a cable (250} and 1s thereby operable to be activated with a positive voltage as
described above. Thas, control wmt (170) may activate iontophoresis electrode (252} 1o
provide an electrorepulsive force to the tontophoresis sohution tons delivered through
apertures (227}, to drve the anesthetic of the iontophoresis solution ions wto the tympanic

membrane {TM} for anesthetization of the tympanic membrane (TM) as described above.

{8041} It should be undersiood that the above described iontophoresis system (2003 may be
varied in numerous ways., Several examples of how iontophoresis system (200} may be
varied will be described inn greater detail below, while still other examples will be apparent to
those of ordinary skill i the art n view of the teachings berein. While the various
iontophoresis svstems described herein have been mentioned m relation to PETDD (10} and
PE tube (20} delivery, it should be understood that anv of the iontophoresis systems described
herein may be used before a manual delivery of a PE tube (20}, such that the iontophorgsis
systeros descubed herein do not necessartdy need to be used in conjunction with a PETDD
{10}, It should also be understood that iontophoresis systems may be used i various other
chinical contexts, such that the iontophoresis systems desoribed herein do not necessarily need
1o be used m the context of a PE tube (20} delivery or m other procedures m a paticnt’s car.

The teachings herein may be readily apphicd to wontophoresis sysiems that are used m vanous
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other procedures and m vartous other parts of the human anatomy. Alternative systems and
settings in which the teachings hereio may be applied will be apparent to those of ordinary

skiif in the art.
i, Exemplary Fluid Flow Variations for Jontophoresis System

{00642} As noted above. vent paths (229} of earplug {220} are configured fo allow air to

with iontophoresis solation. In some instances, 1t may be desirable o relocate and/or modify
the structure associated with vent paths (229). In particular, there may be instances during
use of earplug (220} where 1ontophorests sohution escapes through vent paths (229) and
leaves a proximal portion of iontophoresis electrode (252} exposed to air. Forinstance, if the
patient talks, coughs, swallows, cries, vawns, or otherwise moves their lower jaw, the motion
associated with such activity may cause variation in the effective volume of the patient’s ear
canal. This vanation of the effective volume of the patient’s ear canal may 10 turn drive at
least some iontophoresis solution through vent paths (229}, The resulung exposure of even
just a portion of iontophoresis electrode (252} to air may adversely affect the rontophoretic
performance of carplug (220}, In 1nstances where the entire tontophoresis electrode {252} 1s
fett exposed to air, the witophoresis procedure may be compictelv intermupted vntid the

physician tjects more iontophoresis solution nto carplug (220).

{8043} It may therefore be desirable to relocate and/or modify the structure associated with
vent paths (228} in order {0 provide greater tolerance to variations in the effective volume of
the patient’s car canal, 1o thereby reduce the risk of even a portion of iontophoresis electrode
{252} being oxposed to air during av iontophoresis procedure. The following example
mchudes a vanation of earplug (220} where the vent path is relocated. However, i should be
understood that the following example is merely iastraive. Other sutable variations will be

apparent (o those of ordinary skill in the art 1n view of the teachings herein,

{344} FIG. 6 depicts another exemplary iondophoresis systemn (300} that may be used o
angsthetize a patient’s tvmpanic membrane (TM), such as before a inserting a PE tube (206}
mto the tympanic membrane (TM) as descnbed above. lontophoresis svsiem (300} of thus
example is substantially sinilar to 1ontophoresis system {200} described above, except where
otherwise noted herein. Jontophoresis system (300) comprises an carplug (320}, which is

2ANE

substantially stmilar to carplug (220} described above, except carplug €320) is generally
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configured to provide improved management of fhad flow in response to volumetric changes
i a patient’s ear during an rontophoresis procedure. Like with carplug (220), earpluag (320} 18
n communication with fluid source (140} via a conduit (330} that 1s in the form of flexible
tubing. Also like with carplug (2203, carplug (320} is n compunncation with control unit
{170} and ground pad (180} via a cable (350}, Condott (330} and cable (330} are coupled
together along a shared length extending between a clip (340} and carplug (320}, Chip (3403
1s operable to sclectively secure the combination of conduit (330) and cable (330) 1o the

pationt’s clothing and/or to any other suifable structure.

{8045] Earplug (320) 15 configured to be mseried mio a patient’s car and remain there
withowt needing a separate component ke a headframe (o hold it m place. Aswill be
described in greater detai] below, a biocompatible pressure sensitive adhesive is be used to
assist in holding carplug (320) in place within a patient’s car canal. Earplug (320} includes a
gripping feature (322) that 1s configured to be gripped and thereby serve as a handle during
msertion of carplug (320} in a patient’s car. Earphig (320) also mnchides a pull-tab (328) that
may be gripped and pulled to assist in removing earplug (320} from the patient’s ear. OFf
course, these features are merely llustrative examples, and any other switable kinds of
gripping features may be incorporated nto earplug (3203 While only one earplug (320} 1s
shown, it should be understood that iontophoresis system (300} may have two carplugs {326}

that may be used 1o both of the patient’s cars sinudtancously or in a sequence.

{8046} As best scen in FIGS. 7-8, ecarplug (320} of the present example 1nchudes a flexible
sealing element (324) and a distally projecting nozzle (3263, Sealing clement (324) 18
gonfigured to provide a fluid tight scal against the patient’s car canal when carplug (320} 18
mserted in the patient’s ear canal. In the prosent example, a pressure sensitive adhesive is
applied to the outer surface of scalimg eloment (324} to promote a fluid tight scal against the
pationt’s ear canal. Nozzle (326} 15 positioned to project into the patient’s ear canal when
carplug (320} 15 inserted in the patient’s ear canal, such that nozzie (326} 1s spaced lateral to
the tympanic membrane {T™M). Nozzie (326} has a plurality of spray apertures {327} and is
seccured to the distal end of a senii-rigid post (325). Post (325) defines a lumen providing a
path for communication of fluid from conduit (330) to spray apertures (327}, Spray apertorcs
{327} are thus in Hoid communication with fluid source {140} via post {325} and conduit

{330}, Sealing eloment (324} 15 secured to a rigid frame (323). Sealing element (324) and



WO 2017/011777 PCT/US2016/042577
12

£

frame (323) together define a working channel {321}, as will be deseribed m greater detail

below.

{88471 Gripping feature (322} 1s fixedly sceared to nigid frame (323}, Gripping feature (322
PE

-~
’I

and frame {323} cooperate to define a resgrvoir (370). Reservoir (370} 15 in fhud
communication with working channel (321). Reservoir (370} extends laterally relative to a
longitudinal axis defined by post (325). Thus, reservoir (370) and working channel (321)
together form an L-shaped cavity. As will be described in greater detail below, this L-shaped
cavity operates to maindain fluid contact with iontophoresis electrode (352) even when a
patient’s ear canal experiences volumetric changes throughout the iontophoresis procedure.
Frame (323} also defings at feast one vent path {329}, which 15 also in find commumnication
with reservotr (370}, Vent path (329} 15 configured to aliow air to escape reservoir (370}
when reservoir {(370) fills with tontophoresis solition, as will be deseribed in greater detadl
below. In the present example, vent path (329)1s formed as a circular opening with a
diameter of approximately 0.025 inches. Alternatively, vent path (329} may have any other

suttable size or configuration.

{348} An ontophoresis electrode {352) in the form of a cotf extends along at least part of the
fength of working channel (321}, &t should be understood that tomtophoresis electrode (352)
may have any other sutable configuration. lontophoresis electrode (352) is coupled with
control wnit {170} vig cable {350) and is thereby operable (o be activated with a positive
voltage as described above., Thus, control unit {170) may activaic iontophoresis electrode
{352} to provide an clectrorepulsive force to the iontophoresis solution tons delivered through
apertures (327), to drive the anesthetic of the 1ontophoresis solution 10ons o the tympamc

membrane {TM) for anesthetization of the tympanic membrane {T™M) as descrbed above.

{8649} Unlike carplug {220) descnibed above, earphug {320} of the present example 18
configured to tolerate volometric changes in a patient’s ear during an iontophoresis procedure
without letting tontophoresis electrode (352) become exposed to air. In particular, veservoir
{370} of the present example 1s configured to effectively merease the volume of working
channel (321), thereby providing a spacing between vent path {329} and iontophoresis
clectrode {352} that 15 greater than the spacing between vent paths (229} and iontophoresis
clectrode (252). In the present example, reservoir (370} and working channel (321) provide a
combined volume that 1s about three times that of working channel (221} deseribed above. In

some other examples, reservoir (370) and working channel {(321) provide a combined volume
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that 1s between about two times and about four times that of working channel (2213, Of
corse, reservoir {370) and working channel {321) may instead provide any other suitable

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

{0650] Unlike carplog €220) described above, carplug (320} of the present example is
configured such that vent path {329} is reposttioned for management of fluid flow in response
to volumetrnie changes o a patient’s car canal. As can be seen, vent path (329) of the present
cxample is positioned adjacent to reservoir (370} at the furthest lateral point of reservoir
{3703, As will be described 1o greater detail below, the above described positioning of vent
path (329} directs thud out of reservoir (370) such that any open space created by displaced
fluid remains within reservoir (3703, Although vent path (328} of the present example is

SNy

shown as being integral with an opening for condut {330}, it should be understood that in

other examples vent path (329} 15 a discrete opening in gripping feature {322}, spaced away

from the point at which conduit (330) enters gripping feature (322}

{8031} FIGS. 9-15 show a merely lustrative use of carplug {320). As can be seen i FIG. 9,
garplug (320} 18 mmtially positioned ocutside of a patient’s ear. At thig stage, fluid has not yet
been injected into earplug (320). The operator may begin the ioutophoresis procedure by
mserting scaling clement (324} of carplug (320) into a paticnt’s ear canal (EC). Ascan be
seen m FIG. 10, sealing element (324} 1s positioned to bear agamst the walls of the car canal
{EC), simultancously securing earplug (320} and creating a fluid scal between scaling
clement {324} and the wall of the car canal (EC). The sealing of the car canal {EC) creates a
fluid tight cavity between tympame membrane (TM) and carplug (320) that may be used to
contain iontophoresis fhod. While not shown in FIGS. 9-10, a hner stnip (380} as descenibed
below may be used to assist the operator 1n positioning earplag 320} in the ear canal {EC)
without the operator’s fingers getiing stuck to the pressure sensitive adhesive on sealing

clement (324},

{0052} Onee carplug (320) 1s secured 1o the patient’s car canal {EC), the operator may begin
adminmstration of iontophoresis flurd (390) to the ear canal (EC) via condunt {330) and nozzle
{326}, as can be seen inn FEG. 11, As fluid (390} 15 administered, the car canal {EC), working
channel (321) and reservoir (370} will fill with fluid (396}, and the air displaced from the car
canal (EC), working channel (321} and reservoir (370} will flow out to the atmosphere
through vent path (329). The operator may continue administering flaid (390} vntil fluid

{390} is observed flowing out through vent path (329) as shown n FIG. 12, Once floid flows
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through vent path (329), the ear canal (EC}, working c¢hannel (321}, reservoir (370} are full of
fhuid (390} and carplog (320} 18 ready to activate tontophoresis electrode {352} to thergby
provide an electrorepulsive force to the wontophoresis fluid ions. In some versions, gripping
feature (322) 18 transparent, enabling the operator to visually observe reservoir (370} filling
with thad (3903, This may enable the operator to be more ready to cease imecting fluid (390}

via conduit {330} when the fevel of fluid (390} reaches vent path (329).

{8653} Prior to activation of clectrode (352}, the operator may remove a fluid debivery device
{not shown} such as a syringe from condott {330}, ¥t should be understood that m some
circumstances removal of such a device may result in some loss of thud (390) from working
channel (321). By way of example only, in some examples this may result in a loss of about
0.04 co of Huid (390, As a result, an air pocket (392) of a corresponding volume may form
adjacent to vent path (329} m reservoir (370}, as shown i FIG. 13, it should be understood
that this air pocket (392) 15 substantially spaced awayv from ontophoresis electrode (352),
such that tontophoresis electrode (332} remains fully submerged 1n floid (390) with no

meaningtid risk of any portion of electrode (352) being exposed to air.

{8054] Dunng the 1ontophoresis procedure, the patient may talk, cough, swallow, cry, vawn,
or otherwise move their ower jaw, and the motion associated with such activity may cause
variation m the effective volume of the patient’s ear canal {HEC). Such volumetrce changes
may cause a pumping action, which will vary the fevel of fluid (390) in reservoir (370}, In
some instances, this variation of the level of fhnd (390} may displace fluid (390) out of vent
path (329}, as shown mn FIG. 14, As thad (390} 15 displaced out of vent path (329) the
volume of Had (390) disposed in the car canal (EC), working channel (321}, reservoir (370}
is reduced by a corresponding amount. As can be seen in FIG. 15, such a reduction in fluid
{390} will correspondingly cause the air pocket {392} in reservoir {370} to expand and
contract. Even with further volumetric changes in the patient’s car canal (EC), the air pocket
{392} may eventually reach a point where fluid (390} stops leaking from vent path (329} and
the size of air pocket (392) simply expands and contracts in response to the volumetric
changes i the patient’s ear canal {EC). Because of the volume and L-shape provided by
reservolr (370), the air pocket (392) will remain positioned exclusively in reservoir (370)
msicad of extending to the remainder of workmg channel (321) or the car canal (EC). Thus,

reservoir (370} maimtains complete contact between fluid (399) and clectrode (352},
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preventing exposure of electrode (352} to air, thereby mamtaining full electrical conductivity

between fluid (350} and electrode (352).

JO635] In some instances garplug (320} may be used n an inverted position {i.¢., at a vertical
orientation). In particufar, the operator may wish to insert carplug (320} in a patient’s car
while the patient’s head 1s oriented toward the ground. During such an operation, reservoir
{370} and vent path (329} may generally provide the same function as described above but
with different positioning of the air in reservoir (370). As can be seen in FEG. 16, with
carplug {320} positioned vertically, an air bubble (394} 13 disposed within rescrvour (370)
away from vent path (329}, Swface tension at the mierface botween the air bubble (394) and
the flind (3903 keeps the air bubble (394} within reservoir (370} and away from the rest of
working channel (321} Simidarly, surface tension between fluid (390} and vent path (329}
maintains fluid (390} within reservoir (370}, while permitting some fluid (390} to be released
i response to volumetrie changes m the ear canal (EC). It should be understood that to
maintain the air bubble (394} in the position shown the mterface between reservoir (370) and
the remainder of working channel (321} 15 sized to correspond to the size of the air bubble
(394}, Additionally, the extension of post (325} though working channel (321 further
reduces the size of working channel {321) to further prevent any travel of the air bubble

(394}
V. Exemplary Liner Strip for Use with Earplug

{30336] As noted above, a pressure sensitive adhesive may be provided on sgaling clement
{324} in order to provide a more secure and fluid tight fit between sealing element (324} and
the wall of the patient’s car canal (EC). ¥t mav be desirable to provide a feature that
facilitates gripping and positioning of earplug (320} without the operatot’s fingers gotiing
stuck to the pressure sensitive adhesive on sealing sloment (324}, To that end, carplug (320}

of the present example includes a liner strip (3803

{657} FIGS. 17-19 show liner strip (380) 1o greater detail. As can be scen, lingr strip (380}
of the present example is constructed as a single generally flat part having a shape generally
resembling an imperial moustache, or (when tumed 180° from the view m FIG. 17 a
handlebar mustache. At least a portion of liner stnip (380} 15 coated with fluore-silicong,
providing a low-tack release surface that facilitates peching of liner strip (380) away from the

pressure sensitive adhesive on sealing clement (324). Liner strip (380) stself comprises a
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generally flexable §.0009 inch thick polvethylenc terephthalatc (PET} film. Altematively,
Ener strip (380} may comprise a variety of other suitable materials having a range of

thicknesses.

{358} The shape of liner strip (380} divides liner strip (380} mnto four discrete portions {382,
383, 384, 3835}, In particular, Hoer strip (380} may be folded along three fold lines (shown in
broken limes m FIG. 17) to more readily define each portion (382, 383, 384, 385} When
folded. liner strip {380} defines two attachment portions {382, 383) and two gripping portions
{384, 385}, As can best be seon o FIG. 18, attachment portions (382, 383} are folded in a
reverse direction to define a surface switable for attachinent of liner strip (380) to opposing
sides of sealing element (324). In the present example, cach attachment partmn (382, 383} is
also heat formed to define a slight curvature in cach aftachment portion {382, 383} The
curvature of cach attachruent portion (382, 383) is entircly optional and may be omitted 1o
some examples. However, where used, the curvature of attachment portions (382, 3833
corresponds to the carvature of flexible sealing element (324} of carplog (320} to promote

full apposition between attachment portions (382, 383} and sealing eloment (324},

{8059] Asscen in FIG. 18 and 19, each gripping portion {384, 383} extends proximally away
from cach respective attachment portion {382, 383}, In particular, cach gripping portion
comprises a corresponding thin portion {386, 387) and thick portion (388, 389}, Hach thin
portion {386, 387} curves laterally away from cach attachment portion {382, 383} to onent
cach respective thick portion (388, 389) away from earplug (320}, This feature permits thick
portions {388, 389} 1o be used for grasping by a user fo mampulate carplug (320) by grasping

Hner strip {380},

{0658} As can be seen i FIG. 19, liner strip (380} 15 placed on earplug (320} such that
attachment portions (382, 383} are positioned about scaling element (324) at angudar
locations corresponding to the posterior and anterior walls of a patient’s ear canal {EC). In
some mstances, this positioning corresponds to the arcas of flexible scaling clement (324
that will encounter the most resistance from a patient’s ear canal (EC) during insertion of
carplug {320). Such positioning may be desirable to ensure that the pressure sensitive
adhesive on scaling clement (324} fullv cougages the superior and inforior walls of the
pationt’s car canal {(EC) before the pressure sensitive adhesive on sealing element (324)
contacts the posterior and antenor walls of the patient™s ear canal (EC). Once earplug {(320)

is mnserted into the ear canal (EC) far enough for sealing element (324} to fully engage the
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posterior and anterior walls of the patient’s car canal (EC), the operator may peel away Hner
strip {380} to allow the pressure sensitive adhesive on sealing element (324} to contact the
posterior and anterior walls of the patient’s car canal (EC). At this stage, the pressure
sensitive adhesive on sealing element (324) may contact the walls of the ear canal (EC) about
the entire angular perimeter of sealing clement (324). Liner strip (380) may then be disposed

Oof

{8061} In the present example, the pressare sensitive adhesive 1s provided about the entire
angular perimeter of sealing clerent (324}, Also n the presend example, attachment portions
(382, 383} are together sized to contact approximately 40% of the surface of sealing element
{324} that is coated with pressure sensitive adhesive. Alternatvely, attachment portions (382,
383) may cover any other saitable portion of the surface of sealing clement (324) that is
coated with pressure sensitive adhesive. It should also be understood that pressure sensitive
adhesive may be provided about only a portion of the angular perimeter of scahing element
{324} For mstance, carplag {320} may be configured such that pressore sensitive adhesive is
only provided on the zones of scaling clement (324) that will contact posterior and anterior
walls of the patient’s car canal {(EC); but not on the zones of sealing element (324) that will

contact posterior and anterior walls of the patient’s ear canal (EC).

{00652} As another merely ilustrative example, a lubricious matenial {e.z., aleohol, ete.), may
be applied to the pressure sensitive adhesive on sealing element (324} to aid in msertion of
scaling element (324} in the ear canal (EC); with the lubncious matenal bemng configured to
gvaporate or otherwise dissipate to enable the pressure sensitive adhesive to adhere o the
walls of the ear canal (EC) shortly after sealing cloment (324} 15 mnserted in the ear canal
{(EC). Sull other suitabie vanations will be apparent to those of ordinary skifl in the art in

view of the teachings herein.
4 Exemplary Combinations

{3363} The following examples relate to various non-exhaustive ways 1o which the teachings
herein may be combined or applicd. ¥t should be understood that the following examples are
not miended o restrict the coverage of any claims that may be presented at any time in this
application or in subsequent filings of this apphication. No disclaimer 15 intended. The
following examples are being provided for nothing more than merely dlustrative purposes. it

is contemplated that the various teachings hercin may be arranged and applied in sumerous
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other ways, It is also contemplated that some varations may omit certain features referred to
in the below examples. Therefore, none of the aspects or features referred o below should be
desmed critical undess othorwise explicitly indicated as such at a later date by the mventors or
bv a successor i interest to the inventors. If any claims are presented in this apphication orm
subsequent filings related to this application that include addibonal features bevond those
referred to below, those additional features shall not be presumed to have been added for any

reason relating to patentability,
Example 1

{364} An apparatus comprising: {a) a rigid body, wherein the rigid body defines: (i} a
channel, (1) reservoir in flind communication with the chanoel, and (11} vent path i fluid
communication with the reservoir, wherein the reservoir is configored to provide spacing
between the channel and the vent path; (b) a flexible sealing clement, wherein the sealing
clement is positioned distal to the rigid body; {¢} a nozzle asserably, wherein the nozzle
assembly comprises: (i} a nozzle head, and (i) a post, wheremn the post extends distally
through the channel of the rigid body, wherein the nozzle head projects distally from a distal
end of the post; and {d} an clectrode, wherein the electrode 1 disposed within the channel of
the rigid body, wherein the reservorr extends laterally from a longrudinal axis defined by the

clectrode.
Example 2

{8068} The apparatus of Example 1, wheremn the electrode termunates at a proximal end,

wherein the proximal end of the electrode 1s distal to the reservoir.
Example 3

{8066} The apparatus of any one or more of Examples | through 2, wherein the channel and

the reservoir together define an L-shape.
Example 4

{8067} The apparatus of any one or more of Examples | through 3, wherein the channel
extends distally relative to the reservoir, wherein the vent path extends laterally relative to the

FESErVOLT.
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Fxample 5

{3068] The apparatus of any one or more of Examples 1 through 4, wherein the sealing
glement s configured (o bear agamst a wall of an ear canal to thereby defing a closed volume

outside of a tympanic membrane in the ear canal.
Example &

{3069 The apparatus of Example 5, wherein the reservoir is in configured to commumnicate

with the closed volume through the channel.
Example 7

{8678] The apparatus of Example 6, wherein the vent path is configured to release excess
fluid from the reservoir 1n response to filling of the closed volume, the channel, and the

reservolr with flud.
Example 8

{8071} The apparatus of any one or more of Examples 6 through 7, wherein the reservolr is
configured to provide an aur pocket between tluid and the vent path as the closed volume, the
channel, and the reservoir are filled with fluad, wheren the chamnel is configured to maintain

submersion of the electrode in the fhad while the wir pocket resides in the reservorr,
FExample ¢

{8672} The apparatus of anv one or more of Exaraples 5 through 8§, further comprising a thud
conduit, wherein the fhud condwnt is 18 communication with the channpel, wherein the thad

conduit 1s configured to fill the closed volume, the channel, and the reservoir with fluid,
Example 18

{80731 The apparatus of Example 9, wherein the fluid conduit extends through a conduit

opening disposed 1 the rigid body.
Exampie 11

{8674} The apparatus of Example 10, wherein the conduit opening and vent path arg integral

with each other.
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Fxample 12

{8075] The apparatus of any one or more of Examples 10 through 11, wherein the condust

opening and the vent path are separately formed as discrete openings w the rigid body.
Fxample 13

{3076} The apparatus of any one or more of Examples 1 through 12, further comprising a
flexable fluid condnt is fluidly coupled with the post, wherein the post 13 configured to

communicate fluid from the fhud conduit to the nozzle head.
Example 14

{88771 The apparatus of any one or more of Examples 1 through 13, further comprising a

pressure sensitive adhesive applied fo the scaling clement.
Example 15

{30781 The apparatus of Example 14, further comprising a hner strip, wherein the hner strip
comprises a pair of attachment portions secured to the pressurc sensitive adhesive on the

sealing clement.
Example 16

{80791 The apparatus of Example 13, wherein the sealing clement defines an anterior zong, a
posterior zong, a superior zone, and an nfenor zone, wherein the attachment portions are
contigured to engage only the anterior and postenor zones of the sealing element, wherein the
attachment portions are configured to not engage the superior and mfenior zones of the

scaling clement.
Example 17

{80881 An apparatus, comprising: {4} an 1ontophoresis fluid reservoir, wherein the floid
res¢rvoir defings a first volume; (b) a plug configured to define a closed volume 10 a patient’s
car canal outside a tvmupanic membrane of the paticnt; (¢} a working conduit configured to
connect the iontophoresis fhud reservowr with the closed volume, wherein the working
conduit defines a second volume; and {d} a drainage conduit passing from the flaid reservoir

10 a region outside the closed volume and plug; wherem the reservoir, plug, working condug,
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and drainage condutt are configured to supply iontophoresis fluid through the working
conduit, wherein the first volume of the fhud reservoir is greater than the second volume of

the working conduit.
Example 18

{0081} An apparatus, comprising: {a} a plug configured to define a closed volume ina
paticnt’s car canal ouiside a tyropanic membrane of the patient, wherein the plug defines a
channel configured fo communicate with the closed volume, wherein the plug further
mclodes a sealing element having a pressure sensitive adhesive thereon, (by an 1ontophoresis
glectrode situated i the channel; and {¢} a liner strip, wherein the hiner strip comprises: (i} a
pair of attachment portions, whercin cach attachment portion is defined by a corresponding
fold 10 the hiner strip, wherein gach attachment portion is configured cover two discrete
portions the pressure sensitive adhesive on the scaling clement, and (i1} a pair of gripping
portions, wherein cach gripping portion is defined by a fold tn the liner strp, wherein cach

attachment portion is disposed on a distal end of a respective gripping portion.
Example 19

{0082] The apparatus of Hxample 18, wherein the attachment portions extend proximally

from corresponding distal ends of the gripping porfions.
Example 28

{8083} The joutophoresis apparatus of any one or more of Examples 18 through 19, wherein
cach attachment portion comprises a generally curved shape contoured to complement a

curvatire of the sealing element.
| %8 Miscellaneous

{0084} It should be understood that any of the examples described herein may mchude
various other features in addition to ot in bieu of those described above. By way of example
ondy, any of the devices herein may also include onc or more of the various features disclosed
1 any of the various references that are iscorporated by refercnce herein. ¥t should also be
understood that anv one or more of the teachings, expressions, embodiments, examples, eic.,
described herein may be combined with any one or more of the other teachings, expressions,

crabodiments, exaruples, cte. that are described herein. The above-described teachings,
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expressions, embodiments, examples, ete. should therefore not be vicwed 1n isolation relative
to cach other. Vartous suutable ways in which the teachings herein may be combined will be
readily apparent to those of ordinmary skill in the art in view of the teachings herein. Such

modifications and vanations are mntended to be included within the scope of the claims.

{0685} It should be appreciated that any patent, publication, or other disclosure matenal, in
whole ot part, that 18 said 1o be incorporated by reference herein 18 mcorporated herein
only to the extent that the incorporated material does not conflict with existing defimitions,
statoments, or other disclosure maternial set forth in this disclosure. As such, and to the extent
necessary, the disclosure as exphicitly set forth heremn supersedes any conflhicting matenal
meorporated herein by reference. Any material, or portion thereof, that is said to be
mcorporated by reference herein, but which conflicts with existing definttions, statements, or
other disclosure matenal set forth hercin will only be incorporated to the extent that no

conflict arises betweon that incorporated material and the existing disclosure material.

{3086} Versions described above may be designed 1o be disposed of after a single use, or they
can be designed to be ased multiple times. Versions may, in either or both cases, be
reconditioned for rease after at feast one use. Reconditioning may inchide any combination
of the steps of disassembly of the device, followed by cleaning or replacement of particular
pieces, and subscquent reassembly. In particular, some versions of the device may be
disassembied, and any mumber of the particolar pieces or parts of the deviee may be
selectively replaced or removed 1o any combination. Upon cleaning and/or replacement of
particular parts, some versions of the device may be reassembled for subsequent use etther at
a reconditiomng facility, or by a user immediately prior to a procedure. Those skilled m the
art will appreciate that reconditioning of a device may utilize a variety of technigques for
disassembly, cleaning/replacement, and reassembly. Use of such techniques, and the

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

{8087] By way of example only, versions deseribed berein may be sterilized betore and/or
after a procedure. Tn one stentlization technigue, the device s placed in a closed and sealed
container, such as a plastic or TYVEK bag. The container and device may then be placed 1n
a ficld of radiation that can pooetrate the coutainer, such as gamma radiation, x-rays, or high-
energy elecirons. The radiation may kill bactenia on the device and n the container. The

sterihzed deviee may then be stored m the sterile container for later use. A device may also
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be stertlized using any other technique known 1 the art, including but not limited to beta or

gamma radiation. ethylene oxide, or steam.

{30688} Whilke vanous mventive embodiments have been described and llustrated herein,
those of ordinary skill o the art will readily envision a variety of other means and/or
structures for performing the function and/or obtaming the results and/or one or more of the
advantages described heremn, and each of such vanations and/or modifications is deemed to
be within the scope of the nventive embodiments described horein. More generally, those
skilled i the art wiil readily appreciate that all parameters, dimensions, materials, and
configurations described herein are meant 1o be exemplary and that the actual parameters,
dimensions, materials, and/or configurations will depend upon the specific application or
applications for which the ioventive teachings is/are used. Those skilled n the art will
recognize, of be able to ascertain using no more than rowtine experuneniation, many
equivalents to the specific inventive embodiments described herein. It s, therefore, to be
understood that the foregoing embodiments are presented by way of example only and that,
within the scope of the appended claims and equivalents thereto; mventive embodiments may
be practiced otherwise thav as specifically desertbed and claimed. Inventive embodiments of
the present disclosure are directed to sach mdividual Rature, system, article, material, kit
and/or method described herein. In addition, any combination of two or more such features,
svstems, articles, materials, kits, and/or methods, f such features, svstems, articles, matenals,
kits, and/or methods are not mutually inconsistent, 18 included withun the mventive scope of

the present disclosure,

3089 Also, varions mventive concepts may be embodied as one or more methods, of which
an example has been provided. The acts performed as part of the method may be ordered 1n
any suitable way. Accordmgly, embodiments may be constructed in which acis are
performed n an order difforent than ihustrated, which may include performing some acts

simultancously, even thoagh shown as sequential acts m illastrative embodiments.

{098] All definitions, as defined and used herein, should be understood to control over
dictionary definitions, definitions in documents ncorporaied by reference, and/or ordinary

meanings of the defined terms.

{0691} The indefinite articles “a” and “an,” as used herein in the specification and in the

claimas, unless cleady indicated to the contrary, should be understood to mean “at least one”
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{8692} The phrase “and/or,” as used herein in the specification and in the claims, should be
pnderstood to mean “cither or both™ of the eloments so conjomed, 1o, clements that are
comjunchively present in some cases and disjunctively present in other cases. Multiple
elements listed with “and/or” should be construed in the same fashion, 1.¢., “one or more” of
the clements so comjomed. Other elements may optionally be present other than the clements
specifically identified by the “and/or” clavse, whether related or unrelated o those elements
specifically identified. Thus, as a non-limiting cxample, a reference to “A and/or B”, when
used in conjunchion with open-ended language such as “comprising” can refer, in one
embodiment, to A only {optionally mehiding clements other than B), in another embodiment,
to B only {optionallv including cloments other than A} in vet another embodiment, o both A

and B (optionally including other elements); ete.

{0693} As used herein i the specification and in the clatms, “or” should be understood 1o
have the same meaning as “and/or” as defined above. For example, when separating tems in
alist, “or” or “and/or” shall be interpreted as being mchusive, 1o, the inclusion of at least
one, but also including more than one, of a number or hist of elements, and, optionally,
additional unlisted wems. Only torms clearly indicated to the contrary, such as “only one of”
or “exactly one of,” or, when used in the claims, “consisting of” will refer (o the inclusion of
exactly one clement of a number or list of elements. In general, the term “or” as used hercin
shall only be nterpreted as indicating exclusive alternatives (e, “one or the other but not

LRI

both”) when preceded by terms of exclusivity, such as “erther,” “one of)” “only one of 7 or
“exactly one of 7 “Consisting essentially of” when used in the claims, shall have its ordinary

meaning as used in the ficld of patent law.

{8094} Asused herein in the specification and in the claims, the phrase “at least one.” in
reference to a list of one or more elements, should be understood to mean at feast one clement
selected from any one or more of the clements m the hist of elements, but not necessanly
mehuding at least one of each and every element specifically listed within the list of elements
and not excluding any combinations of elements in the list of clements. This definition also
aliows that elements may optionally be prescot other than the clerents specifically identified
within the hist of elements to which the phirase “at least one” refers, whether related or
unrelated to those clements specifically identified. Thus, as a non-limiting example, “at least
one of A and B” {or, cquivalently, “at least one of A or B,” or, cguivalently “at least onc of A

and/or B} can refer, v one ermbodiment, to at least one, optionally mcluding more than one,
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A, with no B present (and optionally including elements other than B); in another
embodiment, to at least one, optionally including more than one, B, with no A present (and
optionally including elements other than A); in yet another embodiment, to at least one,
optionally including more than one, A, and at least one, optionally including more than

one, B (and optionally including other elements); etc.

[0095] In the claims, as well as in the specification above, all transitional phrases such as

"comprising," "including,

nn nn " s

carrying," "having," "containing," "involving," "holding,"
"composed of," and the like are to be understood to be open-ended, i.e., to mean including
but not limited to. Only the transitional phrases "consisting of and "consisting essentially
of shall be closed or semi-closed transitional phrases, respectively, as set forth in the

United States Patent Office Manual of Patent Examining Procedures, Section 2111.03.

[0096] Having shown and described various embodiments of the present invention, further
adaptations of the methods and systems described herein may be accomplished by
appropriate modifications by one of ordinary skill in the art without departing from the
scope of the present invention. Several of such potential modifications have been
mentioned, and others will be apparent to those skilled in the art. For instance, the
examples, embodiments, geometries, materials, dimensions, ratios, steps, and the like
discussed above are illustrative and are not required. Accordingly, the scope of the present
invention should be considered in terms of the following claims and is understood not to be
limited to the details of structure and operation shown and described in the specification

and drawings.

[0097] The reference in this specification to any prior publication (or information derived
from it), or to any matter which is known, is not, and should not be taken as an
acknowledgment or admission or any form of suggestion that that prior publication (or
information derived from it) or known matter forms part of the common general knowledge

in the field of endeavour to which this specification relates.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. An apparatus comprising:
(a) a rigid body defining:
(1) a channel;

(i1) a reservoir in fluid communication with the channel, the reservoir and the

channel providing a combined volume greater than a volume of the channel; and
(ii1) a vent path in fluid communication with the reservoir; and
(iv) a conduit opening;

(b) an electrode defining a longitudinal axis and disposed within the channel of the
rigid body, the reservoir extending laterally and proximally from the longitudinal axis

defined by the electrode;

(c) a sealing element configured to bear against a wall of an ear canal to thereby

define a closed volume outside of a tympanic membrane in the ear canal; and

(d) a fluid conduit in fluid communication with the channel to fill at least one of the
closed volume, the channel, and the reservoir with fluid, the fluid conduit extending through

the conduit opening defined by the rigid body.

2. The apparatus of claim 1, wherein the electrode terminates at a proximal end

positioned distal to the reservoir.

3. The apparatus of claim 1 or claim 2, wherein the channel and the reservoir together

define an L-shape.

4, The apparatus of any one of claims 1 to 3, wherein the channel extends distally from

the reservoir, and the vent path extends laterally and proximally from the reservoir.
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5. The apparatus of any one of claims 1 to 4, wherein the sealing element is positioned
distal to the rigid body.
6. The apparatus of any one of claims 1 to 5, wherein the reservoir is configured to be

in fluid communication with the closed volume through the channel.

7. The apparatus of claim 6, wherein the vent path is configured to release excess fluid
from the reservoir when at least one of the closed volume, the channel, and the reservoir are

filled with fluid.

8. The apparatus of claim 6 or claim 7, wherein the reservoir is configured to provide
an air pocket between fluid and the vent path as at least one of the closed volume, the
channel, and the reservoir are filled with fluid, and wherein the channel is configured to

maintain submersion of the electrode in the fluid while the air pocket resides in the reservoir.

9. The apparatus of any one of claims 1 to 8, wherein the conduit opening and the vent

path are integrally formed with each other in the rigid body.

10. The apparatus of any one of claims 1 to 8, wherein the conduit opening and the vent

path are separately formed as discrete openings in the rigid body.

11. The apparatus of any one of claims 1 to 10, further comprising:

anozzle assembly including a post extending through at least a portion of the channel

and a nozzle head projecting distally from a distal end of the post; and

the fluid conduit fluidly coupled with the post to communicate fluid from a fluid

source to the nozzle head.
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12. The apparatus of any one of claims 1 to 11, further comprising a pressure sensitive

adhesive provided on the sealing element.

13. The apparatus of claim 12, further comprising a liner strip including a plurality of

attachment portions secured to the pressure sensitive adhesive on the sealing element.

14. The apparatus of any one of claims 1 to 13, further comprising a plug including the

sealing element.

15. The apparatus of claim 12, further comprising:
a plug including the sealing element;

a liner strip positionable over the pressure sensitive adhesive to facilitate at
least one of gripping and positioning the plug in the ear canal, the liner strip configured to
be peeled away to allow the pressure sensitive adhesive to contact a wall surface of the wall
of the ear canal after the plug is inserted into the ear canal and the sealing element is engaged

with the wall surface of the ear canal.

16. The apparatus of claim 15, wherein the liner strip includes:

(i) a plurality of gripping portions, each gripping portion (1) defined by a different
fold from a plurality of folds in the liner strip and (2) configured to extend proximally away

from the plug; and

(i1) a plurality of attachment portions, each attachment portion (1) connected to a
distal end of a gripping portion from the plurality of gripping portions, (2) defined by the
fold in the liner strip that defines that gripping portion, and (3) configured to cover a discrete

portion of the pressure sensitive adhesive disposed on the sealing element.
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17. The apparatus of claim 16, wherein each attachment portion (4) extends proximally

from the distal end of that gripping portion.

18. The apparatus of any one of claims 13, 16, 17, and claim 14 when dependent on claim
13, wherein the sealing element defines an anterior zone, a posterior zone, a superior zone,
and an inferior zone, and wherein the attachment portions are configured to engage at least

the anterior zone and the posterior zone of the sealing element.

19. The apparatus of any one of claims 1 to 18, wherein the reservoir and the channel
provide a combined volume that is between about two times and about four times that of the

channel.

20.  The apparatus of any one of claims 1 to 19, wherein the fluid conduit is configured

to supply the fluid through the reservoir and through the channel to the closed volume.
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