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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 

f4 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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EARPLUG ASSEMBLY FOR IONTOPHORESIS SYSTEM 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application is a continuation of and claims prioity to U.S. Patent Application 

No. 14/800,869, filed July 16, 2015, entitled "Earplug Assembly for Iontophoresis System," 

the contentsof which are incorporated herein by reference in their entirety 

BACKGROUND 

100021 Somechildren may exhibit recurrentepisodesofotitis mediaand/or-otitis media 

with effusion. Treatment of severe cases may involve the placement ofa pressure 

equalization tube or tympanostomy tube through the tympanic membrane to provide adequate 

drainage of the middle ear by providing fluid communication between the middle and outer 

ear. In particular, such a tubemay provide a vent path that promotes drainage of fluid from 

the middle ear via the Eustachian tube and may thus reduce stress imposed on the tympanic 

membrane from pressure within the middle ear. This may further reduce the likelihood of 

future infections and pressure induced ruptures of the tympanic membrane. Pressure 

equalization tubes may fall out spontaneously within about a year of placement. Exemplary 

pressure equalization tube delivery systemsare disclosed in US. Patent No. 8,052,693, 

entitled "System and Method for the Simultaneous Automated Bilateral Delivery of Pressure 

EqualizationTubes," issued November 8, 2011, the disclosure of which is incorporated by 

reference herein. Additional exemplary pressure equalization tube delivery systems are 

disclosed in US. Patent No. 8,249,700, entitled "System and Method forthe Simultaneous 

Bilateral Integrated Tympanic Drug Delivery and Guided Treatment of Target Tissues within 

the Ears,"issued August 21, 2012, the disclosure of which is incorporated by reference 

herein. Still additional exemplary pressure equalization tube delivery systems are disclosed 

in U.S. Pub. No. 2011/0015645, entitled "Tympanic Membrane Pressure Equalization Tube 

Delivery System," published January 20, 2011, the disclosure of which is incorporated by 

reference herein.  

100031 Insertion of a pressure equalization tube may be performed using general anesthesia in 

some cases, which may require additional resources such as an operating room, the presence 

of an anesthesiologist, and time in a recovery room. Furthermore. the use of general 

anesthesia may include certain 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 "Iontophoresis Methods," issued June 5, 

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

[00041 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: 

(i) a channel; 

(ii) 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 

(iii) 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.  

[00061 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.  

[00071 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.  

[00081 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.  

[00091 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 

[00101 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).  

[00111 FIG. 1 depicts a perspective view of an exemplary pressure equalization tube 

delivery device (PETDD) in accordance with some embodiments.  

[00121 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.  

[00131 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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100141 FIG. 4 depicts an exemplary iontophoresis system incorporating an earplug in 

accordance with some embodiments.  

100151 FIG. 5 depicts a cross-sectional side viewof the earplug of FIG. 4 in accordance with 

some enbodiments.  

100161 FIG. 6 depicts a perspective view of another exemplary iontophoresissystem 

incorporating an carplug in accordance with some embodiments 

100171 FIG. 7 depicts a perspective view of the carplug of FIG. 6 in accordance with some 

embodiments.  

[00181 FIG. 8 depicts a side cross-sectional view of the carplug of FIG. 6, with the cross

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

[00191 FIG. 9 depicts another side cross-sectional view of the earplug of FIG. 6, with the 

earpug positioned adjacent to a patient's ear at a horizontal orientation in accordance with 

some embodiments.  

100201 FIG. 10 depicts another side cross-sectional view of the earplug of FIG. 6, with the 

earplug positioned within a patient's ear canal at a horizontal orientation in accordance with 

some embodiments.  

100211 FIG. 11 depicts another side cross-sectional view of the carplug of FIG. 6, with the 

carplug positioned within patient's earcanal at ahorizontal orientation, and withtheearplug 

filling a patient's ear canal with iontophoresis fluid in accordance with some embodiments.  

[00221 FIG. 12 depicts another side cross-sectional view of the earplug of FIG. 6, with the 

earplug positioned within a patient's ear canal at a horizontal orientation, and with a patient's 

ear canali fully filled with iontophoresis fluid and excess fluid escaping through a vent path of 

the earplug in accordance with some embodiments.  

[00231 FIG. 13 depicts another side cross-sectional view of the carplug of FIG. 6, with the 

earplug positioned within a patient's ear canal at a horizontal orientation, and with the carplug 

in a state ready for activation of an electrode of the earplug in accordance with some 

embodiments.
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100241 FIG. 14 depicts another side cross-sectional view of the earplug of FIG. 6, with the 

earplug positioned within a patient's ear canal at a horizontal orientation, and with the 

patient's ear canal exhibiting volumetric changes, thereby expelling iontophoresis fluid 

through the vent path in accordance with some embodiments.  

[00251 FIG. 15 depicts another side cross-sectional view of the earlug of FIG. 6. with the 

earphg positioned within a patient's ear canal at a. horizontal orientation, and with at least 

some fluid expelled from a reservoir of the carplug in accordance with some embodiments.  

100261 FIG. 16 depicts yet another side cross-sectional view of the earplug of FIG. 6 with the 

earplug positioned within a patient's ear canal at a vertical orientation in accordance with 

sonic embodiments.  

[00271 FIG. 17 depicts a front elevational view of a linerstrip that may be used with the 

earplug of FIG. 6, with the liner strip in a flat and unfolded configuration in accordance with 

some embodiments.  

[00281 FIG. 18 depicts a perspective view of the liner strip of FIG. 17 in a folded 

configuration in accordance with some embodiments.  

100291 FIG. 19 depicts detailed perspective view of the liner strip of FIG. 17 attached to the 

earplug of FIG. 6 in the folded configuration of FIG. 18 in accordance with some 

embodiments.  

DETAILED DESCRIPTION 

100301 The following description of certain examples of the technology should not be used to 

limititsscope. Otherexamples, features, aspects, embodiments, andadvantagesofthe 

technology will become apparent to those skilled in the art from the following description, 

which is by way of illustration, one of the best modes contemplated for carrying out the 

technology. As will be realized, the technology described herein is capable of other different 

and obvious aspects, all without departing from the technology. Accordingly, the drawings 

and descriptions should be regarded as illustrative in nature and not restrictive 

[00311 It is further understood that any one or more of the teachings, expressions, 

enbodiments. examples, etc. described herein may be combined with any one or more of the 

other teachings, expressions, embodiments, examples, etc. that are described herein. The
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following-described teachings, expressions, embodiments, examples, etc. should therefore 

not be viewed in isolation relative to each other. Various suitable ways in which the 

teachings herein may be combined will be readilyapparent to those of ordinary skill in the art 

in view of the teachings herein. Such modifications and variations are intended to be 

included within the scope of the claims.  

L Exemplary Pressure Equalization Tube Deliveryv Device (PE TDD) 

[0032] As noted above, a pressure equalization (PE) tube may be delivered to the tympanic 

membrane (TM) of a patient as a way of treating. for example, otitis media. In some 

instances, a delivery instrument may be used to insert PE tubes in the tympanic membrane 

(TM) without the use of general anesthesia. FIG. I shows an exemplary equalization tube 

delivery device (PETDD) (10) that may be used in such procedures. It should be understood 

that PETDD (10) may be used with an endoscope to provide visualization of the tympanic 

membrane (TM) during use of PETDD (10). It should also be understood that a patient may 

receive local anesthesia at the tympanic membrane (TM) through a process of iontophoresis 

before PETDD (10) is actuated to deploy a PE tube. Various examples of devices and 

methods that may be used to provide iontophoresis will be described in greater detail below.  

It should also be understood that iontophoresis may be provided in accordance with at least 

some of the teachings of U.S. Pub. No. 2010/0198135, the disclosure of which is 

incorporated by reference herein; and/or in accordance with at least some of the teachings of 

U.S. Patent No. 8192,420, the disclosure of which is incorporated by reference herein.  

100331 As shown in FIG. 1, PETDD (10) of this example includes a handpiece (12) and a 

cannula(14) extending distally from handpiece (12), Cannula (14) issized for insertion in a 

patient's ear canal, such that the tip (16) of cannula maydirectly engage the patient's 

tympanic membrane (TM). As soon as the tip (16) achieves apposition with the tmnpanic 

membrane (TM), the operator may depress button (18), which may trigger a firing sequence 

whereby PETDD (10) creates a myringotomv incision, dilates the myringotomxincision, and 

insertsaPE tibein the myringotomy incision 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 firing PETDD (10).  

100341 Bk way of example only, PETDD (10) may be constructed and operable in 

accordance with at least some of the teachings of US. Patent No. 8,052,693, the disclosureof
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which is incorporated by reference herein; U.S. Patent No. 8,249,700, the disclosure of which 

is incorporated by reference herein; U.S. Pub. No. 2011/0015645, the disclosure of which is 

incorporated by reference herein and/or US. Pub. No. 2014/0276906, entitled "Features to 

Improve and Sense Tympanic Membrane Apposition by Tmpanostomy Tube Delivery 

Instrument," filed on even date herewith, the disclosure of which is incorporated by reference 

herein. Other suitable foms that PETDD (10) may take will be apparent to those of ordinary 

skill in the art inview of the teachings herein. It should also be understood that aPEtube 

may be inserted in a tympanic membrane (TM) manually, such as by creating the 

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

100351 FIGS. 2-3 show an exemplary PE tube (20) that may be delivered to the tympanic 

membrane (TM) using PETDD (10). PE tube (20) of this example comprises a cylindraceous 

body (22) that defines a passageway (24), A flange (26) is located at one end of body (22) 

while a set of petals (28) are located at the other end of body (22). PE tube (20) is formed of 

a resilient material that is biased to assume the rivet like configuration showninM 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 cylindraceous configuration. In particular, flange 

(26) and petals (28) may be flexed such that their outer surfaces are at the same radial 

distance from the longitudinal axis as the outer perimeter of body (22). This may enable PE 

tube (200) to collapse to fit within cannula (14). When PE tube (20) is disposed in a 

tympanic membrane (TM), petals (28) are located medially (i.e., on the middle ear side) 

while flange (26) is located laterally (i.e., on the outer ear side).  

100361 By way of example only, PE tube (20) may also be configured in accordance with at 

least soic of the teachings of U.S. Pat. No. 9,011,363, entitled"Tympanic Membrane 

Pressure Equalization Tube," issued April21, 2015, the disclosure of which is incorporated 

by reference herein; and/or at least some of the teachings U.S. Pub, No. 2014/0276906, the 

disclosure of which is incorporated by reference herein. Other suitable forms that PE tube 

(20) may take will be apparent to those of ordinary skill in the martin view of the teachings 

herein.  

IL Exemplary IontophoresisSystem 

100371 As notedabove. PETDD (10) may be used in conjunction with an iontophoresis 

system, which may be used to anesthetize the patient's ear before PETDD (10) is inserted
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into the patient's ear canal to deliver PE tube (20) in the tminpanic membrane (TM). Byway 

of example only, iontophoresis may be provided inaccordance with at least some of the 

teachings of U.S. Pub, No. 2010/0198135, the disclosure of which is incorporated by 

reference herein; and/or in accordance with at least some of the teachings of US. Patent No.  

8,192,420, the disclosure of which is incorporated by reference herein. In addition or in the 

alternative, iontophoresis may be provided in accordance withany of the various teachings 

below. It 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 is 

incorporated by reference herein; and/or at least some of the teachings of U.S. Patent No.  

8,192,420, the disclosure of which is incorporated by reference herein.  

100381 FIG. 4 shows one merely illustrative iontophoresis system (200). lontophoresis 

system (200) of this example comprises an earphig (220), fluid source (140), control unit 

(170), andground pad (180). Earplug (220) is configured tobe inserted into apatient's ear 

and remain there without needing a separate component like a headframe to hold it in place.  

By way of example only, a biocompatible adhesive may be used to assist in holding earplug 

(220) in place within a patient's ear canal, Earplug (220) includes a pair of gripping features 

(222) that are configured to be gripped and thereby serve as a handle during insertion of 

earplug (220) in a patient's ear. Earplug (220) also includes a pull-tab (228) that may be 

grippedand pulled to assist in removing earplug (220) from the patient's ear. Of course.  

these features are mere examples, and any other suitable kinds of gripping features may be 

incorporated into earplug (220). While only one earplug (220) isshown, it should be 

understood that iontophoresis system (200) may have two earplugs (220) that may be used.  

simultaneously.  

[00391 In some versions, earplug (220) is configured and operable in accordance with at least 

some of the teachings of U.S. Pub. No. 2014/0102461, entitled "Adhesive Earplugs Useful 

for Sealing the Ear Canal," published April 17, 2014, the disclosure of which is incorporated 

by reference herein. As best seen in FIG. 5, earplug (220) of the present example includes a 

flexible sealing element (224) and a distally projecting nozzle (226). Sealing element (224) 

is configured to provide a fluid right seal against the patient's ear canal when earplug (220)is 

inserted in the patients ear canal. In some instances, and as noted above, a biocompatible 

pressure sensitiveadhesive is applied to the outer surface of sealing element (224) to promote 

fluid tight seal against the patient's ear canal, Nozzle (226) is positioned to projectinto the
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patient's ear canal when earplug (220) is inserted in the patient's ear canal, such that nozzle 

(226) is spaced lateral to the tympanic membrane (TM). Nozzle (226) has spray apertures 

(2 2 7 ) and is secured to the distal endof a semi-rigid post (225). Post (225) provides a path 

for fluid communication from conduit (230) to spray apertures (227). Spray apertures (227) 

are thus in fluid communication with fluid source (140) via post (225) and conduit (230).  

[0040] Sealing element (224) is secured to a rigid frame (223), which defines gripping 

features (222). Sealing element (224) and frame (223) also together define a working 

channel (221). Frame (223) defines aplurality of vent paths (229) influid communication 

with working channel (221), Vent paths (229) are configured to allow air to escape working 

channel (221) while working channel (221) fills with iontophoresis solution; yet are further 

configured prevent iontophoresis solution from escaping working channel (221) via vent 

paths (229) once working channel (221) is filled with iontophoresis solution. An 

iontophoresis electrode (252) in the form of a coil extends along at least part of the length of 

working channel (221). It should be understood that iontophoresis electrode (252) may have 

any other suitable configuration. lontophoresis electrode (252) is coupled with control unit 

(170) viaa cable (250) and is thereby operable to be activated with a positive voltage as 

described above. Thus, control unit (170) may activate iontophoresis electrode (252) to 

provide an electrorepulsive force to the iontophoresis solution ions delivered through 

apertures (227), to drive the anesthetic of the iontophoresis solution ions into the tympanic 

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

[0041] It should be understood that the above described iontophoresis system (200) may be 

varied in numerous ways. Several examples of how iontophoresis system (200) may be 

varied will be described in greater detail below, while still other examples will be apparent to 

those of ordinary skill in the art in viewof the teachings herein. While the various 

iontophoresis systems described herein have been mentioned in relation to PETDD (10) and 

PE tube (20) delivery, it should be understood that any of the iontophoresis systems described 

herein may be used before a manual delivery of a PE tube (20), such that the iontophoresis 

systems described herein do not necessary need to be used in conjunction with a PETDD 

(10). It should also be understood that iontophoresis systems may be used in various other 

clinical contexts, such that the iontophoresis systems described herein do not necessarily need 

to be used in the context of a PE tube (20) delivery or in other procedures in a patient's ear.  

The teachings herein may be readily applied to iontophoresis systems that are used in various
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other procedures and in various other parts of the hurnan anatomy. Alternativesystemsand 

settings in which the teachings herein may be appliedwill be apparent to those of ordinary 

skill in the art 

11L Exemplary Fluid Flow Variationsfor ontophoresis System 

100421 As noted above, vent paths (229) of earplug (220) are configured to allow air to 

escape working channel (221) while working channel (221) and the patient's ear canal fills 

with iontophoresis solution. In some instances, it may be desirable to relocate and/or modify 

the structure associated with vent paths (229). In particular, there may be instances during 

use of earplug (220) where iontophoresis solution escapes through vent paths (229) and 

leaves proximal portion ofiontophoresiselectrode (252) exposed to air. Forinstance, if the 

patient talks, coughs. swallows, cries, yawns, 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 variation of the effective volume of the patient's ear canal may in tum drive at 

least someiontophoresis solution through vent paths (229). The resulting exposure of even 

just a portion of iontoplioresis electrode (252) to air may adversely affect the iontophoretic 

performance of earplug (220). In instances where the entire iontophoresis electrode (252) is 

left exposed to air the iontophoresis procedure may be completelyinterrupted until the 

physician injects more iontophoresis solution into earplug (220).  

[0043] It may therefore be desirable to relocate and/or modify the structure associated with 

vent paths (229) in order to provide greater tolerance to variations in the effective volume of 

the patient's ear canal, to thereby reduce the risk of even a portion of iontoplioresis electrode 

(252) being exposed to air during an iontophoresis procedure. The following example 

includes a variation of earplug (220) where the vent path is relocated However, it should be 

understood that the following example is merely illustrative. Other suitable variations will be 

apparent to those of ordinary skill in the art in view of the teachings hereii.  

100441 FIG. 6 depicts another exemplary iontophoresis system (300) that may be used to 

anesthetize a patient's tympanic membrane (TM), such as before ainserting a PE tube (20) 

into the tympanic membrane (TM) as described above. lontophoresis system (300) of this 

example is substantially similar to iontophoresis system (200) described above, except where 

otherwise noted herein. lIontophoresis system (300) comprises an earplug (320), which is 

substantially similar to earplug (220) described above, except earplug (320) is generally
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configured to provide improved management of fluid flow in responsetovolumetric changes 

in a patient's ear during aniontophoresis procedure. Like with earplug (220), earplug (320) is 

in communication with fluid source (140) via a conduit (330) that is in the form of flexible 

tubing. Also like with earplug (220), earplug (320) is in communication with control unit 

(170) and ground pad (180) via a cable (350). Conduit (330) and cable (350) are coupled 

together along a shared length extending between a clip (340) and earplug (320). Clip (340) 

is operable to selectively secure the combination of conduit (330) and cable (350) to the 

patient's clothing and/or to any other suitablestmcture.  

[0045 Earplug (320) is configured to be inserted into a patient's ear and remain there 

without needing a separate component like a headframe to hold it in place. As willbe 

described in greater detail below, abiocompatible pressure sensitive adhesive is be used to 

assist in holding earplug (320) in place within a patient's ear canal. Earplug (320) includes a 

gripping feature (322) that is configured to be gripped andtherebyserveasahandleduring 

insertion of earplug (320) in a patient's ear. Earplug (320) also includes a pull-tab (328) that 

may be gripped and pulled to assist in removing earplug (320) from the patient's ear. Of 

course, these features are merely illustrative examples, and any other suitable kinds of 

gripping features may be incorporated into carplug (320). While only oneearplug (320)is 

shown, it should be understood that iontophoresis system (300) may have two earplugs (320) 

that may be used in both of the patient's ears sinultaneously or in a sequence.  

[0046] As best seen in FIGS. 7-8, earplug(320) of the present example includes a flexible 

sealing element (324) and a distally projecting nozzle (326). Sealingelement(324)is 

configured to provide a fluid tight seal against the patient's ear canal when earplugs (320) is 

inserted in the patient's ear canal. In the present example, a pressure sensitive adhesive is 

applied to the outer surface of sealing element (324) to promote a fluid tight seal against the 

patient's ear canal. Nozzle (326) is positioned to project into the patient's ear canal when 

earplug (320) is inserted in the patient's ear canal, such that nozzle (326) is spaced lateral to 

the tvmpanic membrane (TM). Nozzle (326) has a plurality of spray apertures (327) and is 

securedtothe distal end of asemi-rigid post (325). Post (325) defines alumen providing a 

path for communication of fluid from conduit (330) to sprayapertures (327). Spray apertures 

(327) are thus in fluid communication with fluid source (140) via post (325) and conduit 

(330). Sealing element (324) is secured to a rigid frame (323). Sealing element (324) and
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frame (323) together define a working channel (321), as will be described in greater detail 

below.  

100471 Gripping feature (322) is fixedly secured to rigid frame (323). Gripping feature (322) 

and frane (323) cooperate to define a reservoir (370). Reservoir (370) is in fluid 

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 forn an L-shaped cavity. As will be described in greater detail below, this L-shaped 

cavity operates to maintain fluid contact with iontophoresis electrode (352) even when a 

patient's ear canal experiences volumetric changes throughout the iontophoresis procedure 

Frame (323) also defines at least one vent path (329), which is also in fluid communication 

with reservoir (370). Vent path (329) is configured to allow air to escape reservoir (370) 

when reservoir (370) fills with iontophoresissolution, as will be described in greater detail 

below, In the present example, vent path (329) is formed as a circular opening with a 

diameter of approximately 0.025 inches. Alternatively, vent path (329) may have any other 

suitable size or configuration.  

100481 An iontophoresis electrode (352) in the fom of a coil extends along at least part of the 

length of working channel (321). It should be understood that iontophoresis electrode (352) 

may have any othersuitable configuration. lontophoresis electrode (352) is coupled with 

control unit (170) via cable (350) and is thereby operable to be activated with a positive 

voltage as described above.Thus,controlunit(170)mayactivateiontophoresiselectrode 

(352) to provide an electrorepulsive force to the iontophoresis solution ions delivered through 

apertures (327), to drive the anesthetic of theiontophoresissolution ions into the tympanic 

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

100491 Unlike earplug (220) described above, earplug (320) of the present example is 

configured to tolerate volumetric changes in a patient's ear during an iontophoresis procedure 

without letting iontophoresis electrode (352) become exposed to air, In particular, reservoir 

(370) of the present example is configured to effectively increasethe volume of working 

channel (321), thereby providing a spacing between vent path (329) and iontophoresis 

electrode (352) that is greater than the spacing between vent paths (229) and iontophoresis 

electrode (252). In the present example, reservoir (370) and working channel (321) provide a 

combined volume that is about three times that of working channel (221) described above. In 

some other examples, reservoir (370) and working channel (321) provide a combined volume
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that is between about two times and about four times that of working channel (221). Of 

course, reservoir (370) and working channel (321) may instead provide any other suitable 

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

100501 Unlike carplIg (220) described above, earplug (320) of the present example is 

configured such that vent path (329) is repositioned for management of fluid flow in response 

to volumetric changes in a patient's ear canal As can be seen, vent path (329) of the present 

example is positioned adjacent to reservoir (370) at the furthest lateral point of reservoir 

(370). As will be described in greater detail below, the above described positioning of vent 

path (329) directs fluid out of reservoir (370) such that any open space created by displaced 

fluid remains within reservoir (370). Although vent path (329) of the present example is 

shown as being integral with an opening for conduit (330), it should be understood that in 

other examples vent path (329) is a discrete opening in gripping feature (322). spaced away 

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

[00511 FIGS. 9-15 show a merely illustrative use of earplug (320). As can be seen in FIG, 9, 

earplug (320) is initially positioned outside of a patient's ear. At this stage, fluid has not yet 

been injected into earplug (320). The operator may begin the iontophoresis procedure by 

inserting sealing element (324) of earplug (320) into a patient's ear canal (EC). Ascanbe 

seen in FIG. 10, sealing element (324) is positioned to bear against the walls of the ear canal 

(EC), simultaneously securing earplug (320) and creating a fluid seal betweensealing 

element (324) and the wall of the ear canal (EC). The sealing of the ear canal (EC) creates a 

fluid tight cavity between tympanic membrane (TM) and earplug (320) that may be used to 

contain iontophoresis fluid. While not shown in FIGS, 9-10, a liner strip (380) as described 

below may be used to assist the operator in positioning earplug (320) in the ear canal (EC) 

without the operator's fingers getting stuck to the pressure sensitive adhesive on sealing 

element (324).  

[00521 Once earplug (320) is secured in the patient's ear canal (EC), the operator may begin 

administration of iontophoresis fluid (390) to the ear canal (EC) via conduit (330) and nozzle 

(326), as can be seen in FIG. 11. As fluid (390) is administered, the ear canal (EC), working 

channel (321) and reservoir (370) wilfill with fluid (390); and the air displaced from the ear 

canal (EC), working channel (321) and reservoir (370) will flow out to the atmosphere 

through vent path (329). The operator may continue administering fluid (390) until fluid 

(390) is observed flowing out through vent path (329) as shown in FIG. 12. Once fluid flows
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through vent path (329), the earcanal (EC), working channel (321), reservoir (370) are full of 

fluid (390) and earplug (320) is ready to activate iontophoresis electrode (352) to thereby 

provide an electrorepulsive force to the iontophoresis fluid ions. In some versions, gripping 

feature (322) is transparent, enabling the operator to visually observe reservoir (370) filling 

with fluid (390). This may enable the operator to be more ready to cease injecting fluid (390) 

via conduit (330) when the level of fluid (390) reaches vent path (329).  

[0053] Prior to activation of electrode (352), the operator may remove a fluid delivery device 

(not shown) such as a syringe from conduit (330), Itshould be understood that in some 

circumstances removal of such a device may result in some loss of fluid (390) from working 

channel (321). By way of example only, in some examples this may result in a loss of about 

0.04 cc of fluid (390). As a result, an air pocket (392) of a corresponding volume may fonn 

adjacent to vent path (329) in reservoir (370), as shown in FIG, 13. It should be understood 

that this air pocket (392) is substantially spaced away from iontophoresis electrode (352), 

such that iontophoresis electrode (352) remains fully submerged in fluid (390) with no 

meaningful risk of any portion ofelectrode (352) being exposed to air.  

100541 During the iontophoresis procedure, the patient may talk, cough. swallow, cry. yawn, 

or otherwise move their lowerjaw, and the motion associated with such activity may cause 

variation in the effective volume of the patient's ear canal (EC). Such volumetric changes 

may cause a pumping action, which wiivary the level of fluid (390) in reservoir (370). In 

some instances, this variation of the level of fluid. (390) maydisplace fluid (390) out of vent 

path (329). as shown in FIG. 14, As fluid (390) is displaced out of vent path (329) the 

volume of fluid (390) disposed in the ear 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 ear canal (EC), the air pocket 

(392) may eventually reach a point where fluid (390) stops leaking from vent path (329) arid 

the size of air pocket (392) simply expands and contracts in response to the volumetric 

changes in the patient's ear canal (EC). Because of the volume and L-shape provided by 

reservoir (370), the air pocket (392) will remain positioned exclusively in reservoir (370) 

instead of extending to the remainderof working channel (321) orthe ear canal (EC).Thus.  

reservoir (370) maintains complete contact between fluid (390) and electrode (352).
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preventing exposure of electrode (352) to air, thereby maintaining full electrical conductivity 

between fluid (390) and electrode (352).  

10055 In some instances earplugs (320) may be used in an inverted position (i.e., at a vertical 

orientation). In particular, the operator may wish to insert earplug (320) in a patient's ear 

while the patient's head is 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 FIG 16, with 

earplug (320) positioned vertically, an air bubble (394) is disposed within reservoir (370) 

away from vent path (329). Surface tension at the interface between the air bubble (394) and 

the fluid (390) keeps the air bubble (394) within reservoir (370) and away from the rest of 

working channel (321). Similarly, surface tension between fluid (390) and vent path (329) 

maintains fluid. (390) within reservoir (370), while permitting some fluid (390) to be released 

in response to volumetric changes in the ear canal (EC). It should be understood that to 

maintain the air bubble (394) in the position shown the interface between reservoir (370) and 

the remainder of working channel (321) issized to correspond to the sizeof the air bubble 

(394). Additionally, the extension of post (325) though working channel (321) further 

reduces the size of working channel (32 1) to further prevent any travel of the air bubble 

(394).  

IV Eremplary Liner Stripfor Use with Earplug 

100561 As noted above, a pressure sensitive adhesive may be provided on sealingelement 

(324) in order to provide a more secure and fluid tight fit between sealing element (324) and 

the wall of the patient's ear canal (EC). It may be desirable to provide a feature that 

facilitates gripping and positioning of earplugs (320) without the operator's fingers getting 

stuck to the pressure sensitive adhesive on sealing element (324). To that end, earplug (320) 

of the present example includes a liner strip (380).  

100571 FIGS. 17-19 show liner strip (380) in greater detail. As can be seen, liner strip (380) 

of the present example is constructed as a single generally flat part having a shape generally 

resembling an imperial moustache, or (when turned 180° from the view in FiG 17) a 

handlebar mustache. At least a portion of liner strip (380) is coated with fluoro-silicone, 

providing a low-tack release surface that facilitates peeling of liner strip (380) away from the 

pressure sensitive adhesive on sealing element (324). Liner strip (380) itself comprises a
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generally flexible 0.0009 inch thick polyethylene terephthalate (PET) film. Alteratively, 

liner strip (380) may comprise a variety of other suitable materials having a range of 

thicknesses.  

100581 The shape of liner strip (380) divides liner strip (380) into four discrete portions (382, 

383, 384, 385). In particular. liner strip (380) may be folded along three fold lines (shown in 

broken lines in 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 seen in FIG. 18, attachment portions (382, 383) are folded in a 

reverse direction to define a surface suitable for attachment of linerstrip (380) to opposing 

sides of sealing element (324). In the present example, each attachment portion (382, 383) is 

also heat forned to define a slight curvature in each attachment portion (382, 383). The 

curvatureof each attachment portion (382, 383) is entirely optional and may be omitted in 

some examples. However, where used, the curvature of attachment portions (382, 383) 

corresponds to the curvature of flexible sealing element (324) of earplug (320) to promote 

fill apposition between attachment portions (382, 383) and sealing element (324).  

100591 As seen in FIG. 18 and 19, each gripping portion (384, 385) extends proximally away 

from each respective attachment portion (382,383). In particular, each gripping portion 

comprises a corresponding thin portion (386, 387) and thick portion (388, 389). Each thin 

portion (386, 387) curves laterally away from each attachment portion (382, 383) to orient 

each respective thick portion (388, 389) away from arplIg (320). This feature permits thick 

portions (388, 389) to be used for grasping by a user to manipulate earplug (320) by grasping 

liner strip (380).  

[00601 As can be seen in FIG. 19, liner strip (380) is placed on earplug (320) such that 

attachment portions (382, 383) are positioned about sealing element (324) at angular 

locations corresponding to the posterior and anterior walls of a patient's ear canal (E). In 

some instances, this positioning corresponds to the areas of flexible sealing element (324) 

that will encounter the most resistance from a patient's ear canal (E) during insertion of 

earplug (320). Such positioning may be desirable to ensure that the pressure sensitive 

adhesive onsealing element (324) filly engages the superior and inferior walls of the 

patient's ear canal (E) before the pressure sensitive adhesive on sealing element (324) 

contacts the posterior and anterior walls of the patient's ear canal (EC). Once earplug (320) 

is inserted into the ear canal (E)fiar enough for sealing element (324) to fully engage the
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posterior and anterior walls of the patient's ear canal (EC, the operator may peel awayliner 

strip (380) to allow the pressure sensitive adhesive on sealing element (324) to contact the 

posterior and anterior walls of the patient's ear canal (EC). At this stage, the pressure 

sensitive adhesive on sealing element (324) maycontact the walls of the ear canal (EC) about 

the entire angular perimeter of sealing element (324). Liner strip (380) may then be disposed 

ot.  

[0061] In the present example, the pressure sensitive adhesive is provided about the entire 

angular perimeter of sealing element (324), Also in the presentexample, attachment portions 

(382, 383) are together sized to contact approximately 40% of the surface ofsealing element 

(324) that is coated with pressure sensitive adhesive. Alternatively, attachment portions (382, 

383) may cover any other suitable portion of the surface of sealing element (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 ofsealing element 

(324). For instance earplug (320) mabe configured such that pressure sensitive adhesive is 

only provided on the zonesof sealing element (324) that will contact posterior and anterior 

walls of the patient's ear canal (EC); but not on the zones of sealing element (324) that will 

contact posterior arid anterior walls of the patient's ear canal (EC).  

[0062] As another merely illustrative example, a lubricious material (e.g, alcohol, etc.), may 

be applied to the pressure sensitive adhesive on sealing element (324) to aid in insertion of 

sealingelement (324) in the ear canal (EC); with the lubricious material being configured to 

evaporate or otherwise dissipate to enable the pressure sensitive adhesive to adhere to the 

walls of the ear canal (EC) shortly after sealing element (324) is inserted in the ear canal 

(EC). Still other suitable variations will be apparent to those of ordinary skill in the art in 

view of the teachings herein.  

V Exemplary Combinations 

100631 The following examples relate to various non-exhaustive ways in which the teachings 

herein may be combined or applied. It should be understood that the following examples are 

not intendedto restrict the coverage of any claims that may be presented at any time in this 

application or in subsequent filings of this application. No disclaimer is intended. The 

following examples are being provided for nothing more than merely illustrative purposes. It 

is contemplated that the various teachings herein may be arranged and applied in numerous
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other ways. It is also contemplated that some variations may omit certain features referred to 

in the below examples. Therefore, none of the aspects or features referred to below should be 

deemed critical unless otherwise explicitly indicated as such at a later date by the inventors or 

by a successor in interestto the inventors. Ifany claims are presented in this application or in 

subsequent filings related to this application that include additional features beyond those 

referred to below, those additional features shall not be presumed to have been added forany 

reason relating to patentability.  

Example 1 

100641 An apparatus comprising: (a) a rigid body, wherein the rigid body defines: (i) a 

channel, (ii) reservoir in fluid communication with the channel, and (ii) vent path in fluid 

communication with the reservoir, wherein the reservoir is configured to provide spacing 

between the channel and the vent path; (b) a flexible sealing element, wherein the sealing 

element is positioned distal to the rigid body (c) a nozzle assembly, wherein the nozzle 

assembly comprises: (i) a nozzle head, and (ii) a post, wherein 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 electrode, wherein the electrode is disposed within the channel of 

the rigid body, wherein the reservoir extends laterally from a longitudinal axis defined by the 

electrode.  

Example 2 

[00651 The apparatus of Example 1, wherein the electrode terminates at a proximal end, 

wherein the proximal end of the electrode is distal to the reservoir.  

Example 3 

[00661 The apparatus of any one or more of Examples through 2. wherein the channel and 

the reservoir together define an L-shape.  

Example 4 

[00671 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 

reservoir.
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Example 5 

[00681 The apparatus of any one or more of Examples I through 4, wherein the sealing 

element is 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.  

Example 6 

100691 The apparatus of Example 5, wherein the reservoir is in configured to communicate 

with the closed volume through the channel.  

EXample 7 

100701 The apparatus of Example 6, wherein the vent path is configured to release excess 

fluid from the reservoir inresponse to filling of the closed volume, the channel, and the 

reservoir with fluid 

Example 8 

100711 The apparatus of any one or more of Examples 6 through 7, wherein the reservoir is 

configured to provide an air pocket between fluid and the vent path as the closedvolume, the 

channel, and the reservoir are filled with fluid, wherein the channel is configured to maintain 

submersion ofthe electrode in the fluid while the air pocket resides in the reservoir.  

Example 9 

[00721 The apparatus of any one or more of Examples 5 through 8. further comprising a fluid 

conduit, wherein the fluid conduit is in communication with the channel, wherein the fluid 

conduit is configured to fill the closed volume, the channel, and the reservoir with fluid.  

Example 10 

100731 The apparatus of Example 9,wherein the fluid conduit extends through a conduit 

opening disposed in the rigid body.  

Example 11 

100741 The apparatus of Example 10, wherein the conduit opening and vent path are integral 

with each other.
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Example 12 

[0075 The apparatus of any one or more of Examples 10 through 11, wherein the conduit 

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

Example 13 

[00761 The apparatus of any one or more of Examples I through 12, further comprising a 

flexible fluid conduit is fluidly coupled with the post, wherein the post is configured to 

communicate fluid from the fluid conduit to the nozzle head.  

Example 14 

100771 The apparatus of any one or more of Examples I through 13, further comprising a 

pressure sensitive adhesive applied to the sealing element.  

Example 15 

100781 The apparatus of Example 14, further comprising a liner strip, wherein the liner strip 

comprises a pair of attachment portions secured to the pressure sensitive adhesive on the 

sealing element.  

Example 16 

100791 The apparatus of Example 15, wherein the sealing element defines an anterior zone, a 

posterior zone, a superior zone, andan inferior zone, wherein the attachment portions are 

configured to engage only the anterior and posterior zones of thesealing element, wherein the 

attachment portions are configured to not engage the superior and inferior zones of the 

sealing element.  

Example 17 

100801 An apparatus, comprising: (a) an iontophoresis fluid reservoir, wherein the fluid 

reservoir defines a first volume; (b) a plug configured to define a closed volume in a patients 

ear canal outside a tympanic membrane of the patient; (c) a working conduit configured to 

connect the iontophoresis fluid reservoir with the closed volume, wherein the working 

conduit defines a second volume; and (d) a drainage conduit passing from the fluid reservoir 

to a region outside the closed volume and plug; wherein the reservoir plug working conduit,
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and drainage conduit are configured to supply iontophoresis fluid through the working 

conduit, wherein the first volume of the fluid reservoir is greater than the second volume of 

the working conduit.  

Example 18 

100811 An apparatus, comprising: (a) a plug configured to define a closed volume in a 

patient's ear canal outside a tympanic membrane of the patient, wherein the piug detites a 

channel configured to communicate with the closed volume, wherein the plug further 

includes a sealing element having a pressure sensitive adhesive thereon; (b) an iontophoresis 

electrode situated in the channel; and (c) a liner strip, wherein the liner strip comprises: (i) a 

pair of attachment portions, wherein each attachment portion is defined by a corresponding 

fold in the liner strip, wherein each attachment portion is configured cover two discrete 

portions the pressure sensitive adhesive on the sealing element, and (ii) a pair of gripping 

portions, wherein each gripping portion is defined by a fold in the linerstrip, wherein each 

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

Eample 19 

[0082] The apparatus of Example 18, wherein the attachment portions extend proximally 

from corresponding distal ends of the gripping portions.  

Eample 2) 

100831 The iontophoresis apparatus of any one or more of Examples 18 through 19, wherein 

each attachment portion comprises a generally curved shape contoured to complement a 

curvature of the sealing element.  

V. Miscellaneous 

[0084] It should be understood thatany of the examples described herein may include 

various other features in addition to or in lieu of those described above. By way of example 

only, any of the devices herein may also include one or more of the various features disclosed 

in any of the various references that are incorporated by reference herein, Itshould also be 

understood that anv one or more of the teachings, expressions, embodiments, examples, etc.  

described herein may be combined with any one or more of the other teachings, expressions, 

embodiments, examples, etc. that are described herein. The above-described teachings,
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expressions, embodiments, examples, etc. should therefore not be viewed inisolation relative 

to each other. Various suitable ways in which the teachings herein may be combined will be 

read iy apparent to those of ordinary skill in the art in view ofthe teachings herein. Such 

modifications and variations are intended to be included within the scope of the claims.  

[00851 It should be appreciated that any patent, publication, or other disclosure material, in 

whole or in part., that is said to be incorporated by reference herein is incorporated herein 

only to the extent that the incorporated material does not conflict with existing definitions, 

statements, or other disclosure material set forth in this disclosure. As such, and to the extent 

necessary, the disclosure as explicitly set forth herein supersedes any conflicting material 

incorporated herein by referenceAny material, or portion thereof that is said to be 

incorporated by reference herein, but which conflicts with existing definitions., statements. or 

other disclosure material set forth herein will onlybe incorporated to the extent that no 

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

[0086] Versions described above may be designed to be disposed of after a single use, or they 

can be designed to be used multiple times, Versions inay. in either or both cases. be 

reconditioned for reuse after at least one use. Reconditioning may include any combination 

of the steps of disassembly of the device, followed by cleaning or replacement of particular 

pieces, and subsequent reassembly. In particular, some versions of the device may be 

disassembled, and any number of the particular pieces or parts of the device may be 

selectively replaced or removed in any combination. Upon cleaning and/or replacement of 

particular parts, some versions of the device maybe reassembled for subsequent use either at 

a reconditioning facility, or by a user immediately prior to a procedure. Those skilled in the 

art will appreciate that reconditioning of a device may utilize a variety of techniques for 

disassembly, cleaning/replacement, and reassembly. Use of such techniques, and the 

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

[0087] By way of example only, versions described hereinmay be sterilized before and/or 

after a procedure. In one sterilization technique, the device is placed in a closed and sealed 

container, such as a plastic orTYVEK bag. The container and device may then be placed in 

a field of radiation that can penetrate the container, such as gamma radiation, x-rays, or high

energy electrons. The radiation may kill bacteria on the device and in the container. The 

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

ganuna radiation, ethylene oxide, or steam.  

100881 While various inventive embodiments have been described arid illustrated herein, 

those of ordinary skill in the art will readily envision a variety of other means and/or 

structures for performing the function and/or obtaining the results and/or one or more of the 

advantages described herein, and each of such variations and/or modifications is deemed to 

bewithin the scope of the inventive embodiments described herein. More generally, those 

skilled in the art will readily appreciate that all parameters, dimensions, materials, and 

configurations described herein are meant to be exemplary and that the actual parameters, 

dimensions, materials, and/or configurations will depend upon the specific application or 

applications forwhichthe inventive teachings is/are used. Those skilled in the art will 

recognize, or be able to ascertain using no more than routine experimentation, many 

equivalents to the specific inventive embodiments described herein. It is, 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; inventive embodiments may 

be practiced otherwise than as specifically described and claimed. Inventive embodiments of 

the present disclosure are directed to each individual feature, system, article, material, kit, 

and/or method described here. In addition, any combination of two or more such features, 

systems, articles, materials,kits, and/or methods, if such features, systems, articles, materials, 

kits, and/or methods are not mutually inconsistent, is included within the inventive scope of 

the present disclosure.  

100891 Also, various inventive 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 in 

any suitable way. Accordingly, embodiments may be constructed in which acts are 

perfoned in an order different than illustrated, which may include performing some acts 

simultaneously, even though shown as sequential acts in illustrative embodiments.  

[0090] All definitions, as defined and used herein, should be understood to control over 

dictionary definitions, definitions in documents incorporated by reference, and/or ordinary 

meanings of the defined terms.  

100911 The indefinite articles "a" and "an," as used herein in the specification and in the 

claims, unless clearly indicated to the contrary, should be understood to mean "at least one."



WO 2017/011777 PCT/US2016/042577 
24 

[0092] The phrase"and/or." as used herein in the specification arid in the claims, should be 

understood to mean "either or both" of the elements so conjoined, ieelements that are 

conjunctively present in some casesand disjunctively presentin other cases. Multiple 

elements listed with "and/or" should be construed in the same fashion, i.e., "one or more" of 

theelementssoconjoined. Other elements may optionally be present other than the elements 

specificallyidentified by the "and/or" clause, whether related or unrelated tothose elements 

specifically identified. Thus, as a non-limitingexample, a reference to "A and/or B", when 

used in conjunction with open-ended language such as "comprising" can refer, in one 

enibodiment, to A only (optionally including elements other than B); in another embodiment, 

to B only (optionally including elements other than A); in yet another embodiment, to both A 

and B (optionally including other elements); etc.  

[00931 As used herein in the specification and in the claims, "or" should be understood to 

have the same meaning as "and/or" as defined above. For example,when separating items in 

a list, "or" or "and/or" shall be interpreted as being inclusive, i.e., the inclusion of at least 

one, but also including more than one, of a number or list of elements, and, optionally, 

additional unlisted items. Only terns clearly indicated to the contrary, such as "only one of" 

or"exactly one of," or. when used in the claims, "consisting of"will refer to the inclusion of 

exactly one element of a number or list of elements. In general, the termi "or" as used herein 

shall only be interpretedas indicatingexclusive alternatives (i.e. "one orthe other but not 

both") when preceded by terms of exclusivity, such as "either" "one of. ""only one of."or 

'exactly one of "Consisting essentially of,"when used in the claims, shall have its ordinary 

meaning as used in the fieldof patent law.  

100941 As used herin in the specification and in the claims, the phrase "at least one" In 

reference to a listof one or more elements, should be understood to mean at leastone element 

selected from any one or more of the elements in the list of elements, but not necessarily 

including 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 elements. This definition also 

allows that elements may optionally be present other than the elements specifically identified 

within the list of elements to which the phrase "at least one" refers, whether related or 

unrelated to those elements specifically identified. 'T'hus, as a non-limiting example, "at least 

one of A and B" (or, equivalently, "at least one of A or B," or, equivalently "at least one of A 

and/or B") can refer, in one embodiment, to at least one, optionally including 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.  

[00951 In the claims, as well as in the specification above, all transitional phrases such as 

"comprising," "including," "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.  

[00961 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: 

(i) a channel; 

(ii) 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 

(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 I 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 I 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 I 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: 

a nozzle 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 

(ii) 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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