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DESCRIPTION
FIELD OF THE INVENTION

[0001] The present invention is related to an earplug for use in retaining a solution in the ear 
canal of a human patient and to a system for delivering a solution to the ear canal.

BACKGROUND OF THE INVENTION

[0002] The present invention provides systems and methods useful for delivering fluids to the 
ear canal of a patient. The systems and methods may be useful for anesthetizing the tympanic 
membrane and/or the ear canal of a patient in preparation for a surgical procedure, including 
the placement of a tympanostomy tube (or pressure equalization tube) across a tympanic 
membrane of an ear. Additionally, the invention provides systems and methods for delivering 
and/ retaining fluid in the ear canal of a human patient for treatment of the ear canal or 
tympanic membrane.

[0003] Otitis media is among the most common diagnoses made by pediatricians. A majority of 
children may have at least one episode of otitis media ("ear infection") prior to their third 
birthday. Otitis media is often caused by an inability of the eustachian tube to drain fluid from 
the middle ear. Otitis media is often treated with antibiotics.

[0004] A significant number of children exhibit recurrent episodes of otitis media and/or otitis 
media with effusion. Treatment of these more severe cases often involves the placement of a 
tympanostomy tube across the tympanic membrane to provide adequate drainage and/or 
ventilation of the middle ear and reduce the likelihood of future infections. Tympanostomy 
tubes provide fluid communication between the middle and outer ear (e.g., pressure 
equalization) and typically fall out spontaneously within about a year of placement. 
Tympanostomy tube placement is among the most frequent surgical procedures performed in 
the pediatric population. It has been estimated that more than a million tympanostomy tubes 
may be placed each year, with typical patients being between about 18 months and 7 years of 
age at the time of the procedure.

[0005] Tympanostomy tube placement is typically performed in an out-patient surgery setting 
under general anesthesia. After administering the general anesthesia, the physician typically 
first examines the external auditory canal and tympanic membrane under microscopic 
visualization through a hand-held conical shaped speculum. The physician then makes an 
incision in the tympanic membrane (a "myringotomy"), typically using a standard, small profile 
scalpel which the physician advances through the conical speculum. The physician may then 
pass a suction device through the myringotomy into the middle ear, to aspirate fluid/effusion 
from the middle ear. The physician will then place the tympanostomy tube across the tympanic 
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membrane, typically using a basic tool, such as forceps, for holding and advancing the tube 
into the myringotomy.

[0006] Systems and methods have been proposed for deploying tympanostomy tubes without 
having to use general anesthesia. Such systems are described for example in US Publication 
No. 2011/001564 (Tympanic Membrane Pressure Equalization Tube Delivery System), US 
Publication No. 2010/0198135 (Systems and Methods for Anesthetizing Ear Tissue), US 
Publication No. 2009/0163848 (Iontophoresis Methods) and US Publication No. 2009/0262510 
(Disposable Iontophoresis System and Tympanic Membrane Pain Inhibition Method). These 
publications describe integrated methods for delivering tympanostomy tubes and appropriate 
anesthesia, however, simplified systems that provide for delivery of solution to the tympanic 
membrane with minimal discomfort to the patient are still desirable.

[0007] In light ofthe above, the present invention is directed to improved devices and systems 
for delivering and retaining fluid in the ear canal of a patient. These improvements facilitate 
delivery and retention of an anesthetizing solution into the ear canal to prepare the tympanic 
membrane for tympanostomy tube placement without requiring multiple devices and operator- 
performed steps. At least some of these advantages may be provided by the embodiments 
described herein.

BRIEF SUMMARY OF THE INVENTION

[0008] The present invention provides an earplug for use in retaining a solution in the ear 
canal of a human patient and a system for delivering a solution to the ear canal.

[0009] In one aspect, the invention is directed to an earplug having a dome shaped portion for 
insertion into the ear canal. The dome shaped portion has an outside surface and an inside 
surface. The earplug further has a flap useful for removal of the earplug from the ear canal. A 
pressure sensitive adhesive on the outside surface of the dome shaped portion contacts the 
ear canal such that the earplug is retained in the ear canal for a period of time.

[0010] In one embodiment, the earplug has a flange that surrounds the dome shaped portion. 
In another embodiment, the flange is a 360 degree flange that surrounds the dome shaped 
portion and in yet another embodiment, the flange is a 180 degree to less than 360 degree 
flange that partially surrounds the dome shaped portion.

[0011] In a further embodiment, the earplug flange has notches, and in another embodiment 
the flange has 1 to 6 notches.

[0012] In yet another embodiment, the earplug has a shaft portion for connection to a handle 
through which the solution is delivered into the ear canal, the shaft portion being contained 
within the inside surface ofthe dome shaped portion.
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[0013] In another embodiment, the pressure sensitive adhesive on the earplug is selected 
from the group consisting of silicones, acrylics, butyl rubber, ethylene-vinyl acetate, natural 
rubber, nitriles and styrene block copolymers.

[0014] In yet another embodiment, the pressure sensitive adhesive is a silicone pressure 
sensitive adhesive.

[0015] In a further embodiment, the solution is selected from the group consisting of an 
anesthetizing solution, an antibacterial solution, an antifungal solution, an anti-inflammatory 
solution and a ceruminolytic solution.

[0016] In still another embodiment, the solution is an anesthetizing solution that is selected 
from the group consisting of lidocaine, the combination of lidocaine and epinephrine, and the 
combination of lidocaine, epinephrine and sodium bicarbonate.

[0017] In another aspect, the invention is directed to a system for delivering a solution to the 
ear canal of a human patient and for retaining the solution therein. The system includes an 
earplug for use in retaining a solution in the ear canal of a human patient, the earplug having a 
dome shaped portion for insertion into the ear canal. The dome shaped portion has an outside 
surface and an inside surface, a flap useful for removal of the earplug from the ear canal, a 
shaft, and a pressure sensitive adhesive on the outside surface of the dome. The system 
further includes a handle for inserting the earplug into the ear canal of the patient, the handle 
being inserted into the shaft of the earplug and having a fill system wherein the solution is 
delivered through the handle and the shaft of the earplug into the patient's ear canal.

[0018] In one embodiment, the earplug has a flange that surrounds the dome shaped portion.

[0019] In another embodiment, the handle further has vent features. In a further embodiment, 
the vent features may be vent holes or vent slits or a combination thereof.

[0020] In another embodiment, the handle further has a fill tip.

[0021] In still another embodiment the handle further comprises electrodes useful for 
iontophoretic delivery of the solution to the tympanic membrane.

[0022] In yet another aspect, the invention is directed to a method for filling and retaining an 
anesthetizing solution in the ear canal of a human patient The method includes preparing an 
anesthetizing solution, preparing the ear canal of a human patient for delivery of the 
anesthetizing solution, selecting an earplug having adhesive thereon based on the determined 
appropriate earplug size, assembling an ear kit system using the selected earplug, inserting 
the earplug into the ear canal of the human patient and adhering the earplug to the ear canal, 
and powering on a control unit to begin an iontophoresis procedure to deliver the anesthetizing 
solution to the tympanic membrane.
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[0023] In one embodiment, the anesthetizing solution is selected from the group consisting of 
lidocaine, the combination of lidocaine and epinephrine, and the combination of lidocaine, 
epinephrine and sodium bicarbonate.

[0024] In another embodiment, preparing the anesthetizing solution includes warming it to 
body temperature.

[0025] In yet another embodiment, assembling the ear kit system includes removing the 
earplug with adhesive thereon from a packaging system, exposing the adhesive, and 
positioning the earplug.

[0026] In another aspect, the invention is directed to a method of filling and retaining a solution 
in the ear canal of a human patient The method includes preparing a therapeutic solution, 
preparing the ear canal of a human patient for delivery of the therapeutic solution, selecting an 
earplug having adhesive thereon based on the determined appropriate earplug size, 
assembling the earplug on an ear kit system using the selected earplug, inserting the earplug 
into the ear canal of the human patient and adhering the earplug to the ear canal, wherein the 
solution is selected from the group consisting of antifungal agents, antibacterial agents, anti­
inflammatory agents, antibiotic agents, steroids, astringent and ceruminolytics.

[0027] In another aspect the invention is an earplug system for use in retaining a solution in 
the ear canal of a human patient. The earplug system comprises an earplug having an outside 
surface for contacting the ear canal. The earplug comprises a dome shaped portion for 
insertion into the ear canal, a flap connected to the dome shaped portion; and a pressure 
sensitive adhesive adhered to the outside surface of the earplug. The earplug system further 
comprises a handle for inserting the earplug into the ear canal; and tubing for delivering the 
solution through the earplug and the handle and into the ear canal. In one embodiment, the 
earplug system further comprises a pressure applicator for activating the pressure sensitive 
adhesive and in another embodiment, the earplug system further comprises a liner for 
protecting the pressure sensitive adhesive during storage and insertion of the earplug into the 
ear canal.

[0028] In one embodiment the earplug system tubing is routed through the handle and exits 
the handle at an angle of between about 10 and 30 degrees. In another embodiment, the 
earplug system conforms to different anatomy. In yet a further aspect the solution is an 
anesthetizing solution.

[0029] In another aspect, the invention is a method for retaining a solution in the ear canal of a
human patient The method comprises providing an earplug system comprising an earplug
having an outside surface for contacting the ear canal. The earplug comprises a dome shaped
portion for insertion into the ear canal; a flap connected to the dome shaped portion; and a
pressure sensitive adhesive adhered to the outside surface ofthe earplug. The earplug system
further comprises a handle for inserting the earplug into the ear canal and tubing for delivering
the solution through the earplug and the handle and into the ear canal. The method further
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comprises inserting the earplug system into the ear canal and delivering the solution into the 
ear canal.

[0030] For a further understanding of the nature and advantages of the invention, reference 
should be made to the following description taken in conjunction with the accompanying 
figures. However, each of the figures is provided for the purpose of illustration and description 
only and is not intended to limit the scope of the embodiments of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031]

Fig. 1A shows a frontal view of an outer ear.

Fig. 1B shows a partial cross-sectional view of an outer, middle and inner ear.

Fig. 2 shows a system for iontophoretic substance delivery.

Fig. 3 shows a bottom view of an earplug according to one embodiment of the invention.

Fig. 4 shows a perspective view of the earplug shown in Fig. 3.

Fig. 5 shows a perspective view the earplug of Fig. 3 further including a handle according to 
the invention.

Fig. 6 shows a perspective view of the earplug and handle of Fig. 5 further including the 
accompanying wire and tubing for iontophoretic substance delivery.

Fig. 7 shows a perspective view of a package for storing the earplug of Fig. 3.

Fig. 8 shows a method according to the invention.

Figs. 9A, 9B, 9C and 9D show perspective views of a method for filling the ear canal according 
to the invention.

Figs. 10A, 10B, 10C, 10D and 10E show perspective views of a further method for filling the 
ear canal according to the invention.

Figs. 11 A, 11B, 11C, 11D and 11E show perspective views of a number of different 
embodiments of the earplugs according to the invention.

Fig. 12 is an enlarged cut-away view of an earplug including a handle according to an example 
not part of the invention.

Fig. 13A shows a perspective view of an earplug assembly according to another embodiment 
of the invention. Fig. 13B is an enlarged cut-away view of the earplug and handle of the 
assembly shown in Fig. 13A.
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Figs. 14Aand 14B are perspective views of adhesive earplugs according to an embodiment of 
the invention.

Fig. 15 is an enlarged view of the inside of the earplug of the earplug assembly shown in Fig. 
13Aand 13B.

Figs. 16A, 16B, 16C and 16D are top views of the inside of varying sized earplugs useful 
according to the invention.

Fig. 17A is a top view of a liner useful with the earplugs of the invention and Fig. 17B is a 
perspective view of two liners in place over an earplug according to the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0032] The embodiments of the invention are intended to provide systems that are useful for 
delivering and retaining a solution in a patient's ear.

[0033] Fig. 1A shows a view of an outer ear 10. The outer ear 10 includes a major element 
known as the auricle 100. The outer ear serves as a funnel for directing sounds into the 
internal portions of the ear. The major physical features of the ear include the lobule, 102, 
concha 104, anthelix 106, helix 108, scapha 110, triangular fossa 112, tragus 114, antitragus 
116 and ear canal 118.

[0034] Fig. 1B shows a cross-section of the inner and outer portions of the ear. The outer ear 
10 is shown connected to the ear canal 118. The ear canal is shown as a relatively straight 
passage, but is often a more curved, tortuous passageway. The ear canal is connected to the 
middle ear 120, which includes the tympanic membrane 122. The middle ear 120 in turn is 
connected to the internal ear 124 which leads to the auditory tube 126 (also known as the 
eustachian tube). The middle ear 120 normally has a pocket of air behind the tympanic 
membrane 122. When the middle ear 120 is infected, fluid swells inside the tympanic 
membrane 122. Fluid expansion causes extreme pain to an individual with a middle ear 
infection, as often occurs in young children.

[0035] The anatomy of the ear canal 118 and the tympanic membrane 122 is quite variable 
across individuals of different ages, and even among those of the same age. The length and 
diameter of the ear canal 118 may vary, as well as its shape. Further, the size and position of 
the tympanic membrane 122 is not constant. Accordingly, it would be useful for treatment of 
middle ear infection, to be able to develop a system for delivering and maintaining fluid in the 
ear canal for treatment of the ear canal or tympanic membrane that would be comfortable for 
the patient and would prevent fluid from leaking out of the ear canal. One such use for the 
system would be for anesthetizing the tympanic membrane prior to delivery of tympanostomy 
tubes.
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[0036] Fig. 2 shows a system for delivering and maintaining fluid in the ear canal for 
anesthetizing the tympanic membrane using an iontophoresis delivery system according to one 
embodiment of the invention. The iontophoresis ear kit system 200 consists of a cable 210, 
control unit 228, a fill tube and wire system 212 including handles (grips) 214a and 214b, and 
iontophoresis electrodes (not shown). The system is designed to fill and retain solution in the 
ear canal and deliver electric charge to the ionized drug solution. Additionally shown in Fig. 2 
are a set of earplugs 220a-e, a syringe 222 for attachment to the luer connectors 224a and 
224b on the fill tube and wire system 212, and return electrode 226. Fig. 2 further shows an 
iontophresis control unit 228, a wire and tube management unit 230, in this case a tie, and a 
set of earplug sizers 232.

[0037] Turning now to a more detailed explanation of the system shown in Fig. 2, the set of 
ear plug sizers 232 are shown with 5 earplug sizers 234a, 234b, 234c, 234d, and 234e that will 
aid in determining which size earplug will best fit the patient's anatomy. The earplug sizers 
234a-e are provided with lugs 236a-e and ear plugs 220a-e. In the illustrative embodiment, 
there are 5 different earplug sizes, but in other embodiments there may be 1,2, 3, 4, 6, 7, 8 or 
even more than 8 earplug sizes. The lugs 236a-e are constructed, for example, of a rigid 
plastic material for insertion past the concha 104 (see Fig. 1A) and into the ear canal (118) for 
initial selection of the size of the earplugs 220a-e. The outer diameters of the lugs are 
equivalent to the sealing diameters of the earplugs. In an alternative embodiment, the lugs 
may be constructed of a flexible material such as silicone rubber and have the same shape as 
the ear plugs.

[0038] An exemplary earplug 300 is further shown in Fig. 3. The earplug 300 is designed to 
provide adequate surface area for the placement of sufficient adhesive for sealing of the ear 
canal, and to provide for a feature that will allow for easy removal of the earplug 300 from the 
ear canal. Accordingly, the earplug is made of a flexible material that can conform to the 
contours of the ear canal and may be made of silicone rubber or other similar materials such 
as polyurethane, styrene butadiene, butyl and fluorosilicone rubbers. As can be further seen in 
Figs. 4 and 5, each earplug 300 is constructed of a dome shaped 302 distal portion 312 for 
insertion into the ear canal 118 and orientation toward the tympanic membrane 122 (see Fig. 
1B) and a proximal portion 314. The proximal portion 314 of the dome 302 has a flange 304 
that surrounds it. Further, a shaft section 318 disposed within the dome shaped section 302 
can be attached at its distal end to the distal end of the dome shaped section 302 and at its 
proximal end 328 to the earplug sizer 234a-e (See Fig. 2) or to the outside surface of the 
handle 316 which contains the electrode.

[0039] The earplug 300 provides a seal to keep liquid in the ear canal for a period of time of at
least about 1 minute, often at least about 5 minutes, often at least about 10 minutes, often at
least about 30 minutes and often at least about 60 minutes. In some cases, the liquid is a drug
solution useful for anesthetizing the tympanic membrane. The earplugs include an adhering
substance for adhering the earplugs to the ear canal. The adhering substance must adhere to
the earplug substrate as well as the outer ear canal skin (the concha, see Fig. 1A). The
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adhering substance must be more adhesive to the earplug 300 than to the concha 104 and 
must allow for peeling off and repositioning of the earplug 300 within the ear canal and further 
must adhere to both wet and dry skin. The adhering substance may be a two-sided tape or a 
pressure sensitive adhesive. In a particular embodiment, the earplugs are coated with a 
pressure sensitive adhesive (PSA) 320 that secures them in the ear canal. Representative 
pressure sensitive adhesives include but are not limited to silicones, acrylics, butyl rubber, 
ethylene-vinyl acetate, natural rubber, nitriles and styrene block copolymers, and in particular 
may be silicone rubbers manufactured by Dow-Coming under the trade names of MD7-4602 or 
MD7-4502 or manufactured by NuSil Corporation under the trade name of MED-1356. Multiple 
color-coded earplug sizes are available to accommodate variation in ear canal size.

[0040] The earplugs 300 are designed to have a dome shape 302 and a flange 304 
surrounding the dome 302. The flange may further have a flap 306 which extends beyond the 
circumference of the rest of the flange. The PSA may be applied in bead form, ring form or 
brushed on. In the embodiment shown in Fig. 5, three rings 308 of PSA surround the proximal 
portion 314 of the dome. The PSA 320 may be applied in 1 or more rings (1,2, 3, 4 or 5) often 
in 3 rings, or 2 to 4 rings or even 1 to 5 rings. In one aspect, the PSA may be applied to the 
earplug 1400 in a patterned manner as shown in Fig. 14Awith two thin bands 1402 and 1404 
on one side of a thicker band 1406 and two thin bands 1408 and 1410 on the other side of the 
thicker band 1406 and to the earplug 1420 in a contoured manner 1422 as shown in Fig. 14B, 
such that the earplug 300 can be positioned before the PSA is in contact with the skin. Further, 
the PSA may be applied in greater quantity in certain areas to match the anatomical structures 
within the ear. The PSA 320 may also be applied in partial rings or in spots. The PSA 320 can 
be applied either to the dome section 302 of the earplug 300 or the flange section 304 of the 
earplug 300 or to both the flange and the dome sections of the earplug. The PSA 320 sticks to 
the ear canal walls and the outside ear and provides retention for the earplug 300. It prevents 
the iontophoresis drug solution from coming out of the ear.

[0041] Prior to insertion of the earplug 300 into the ear canal, a liner may be used to protect 
the PSA from adhering. The liner is removed prior to final placement of the earplugs. In an 
alternative embodiment, the adhesive formulation may be replaced with a formulation that is 
modified to contain groups or chemical moieties that will change their tack to the skin upon 
application of an external signal. This signal may be chemical (such as presence of absence of 
a solvent that causes swelling), thermal (lowering or increase of temperature), electrical, 
mechanical (change in stress or strain), magnetic or optical. The change in surface adhesive 
property (amount of adhesive force between adhesive layer and skin) would occur upon 
application of the external signal, thereby allowing for replacement or repositioning of the 
earplug 300 in the ear canal.

[0042] An example of a system that can change in response to an external signal is the use of 
a solvent system that is volatile at body temperatures (for easy removal). The presence of 
solvents (including but not limited to alcohols or ketones, more specifically a mixture of alcohol 
and de-ionized water or low boiling point alcohols such as ethanol or isopropyl alcohol or a 
solvent such as acetone) lowers the adhesion by making the polymer molecules highly mobile 
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and leads to lower interaction with the substrate. Removal of the solvent would lower the 
mobility and lead to a higher degree of interaction between the polymer chains in the adhesive 
and the substrate, thereby leading to a higher adhesive force.

[0043] In an alternative embodiment, the adhesive may be replaced with self-expanding 
sections on the earplugs themselves. These self-expanding sections may be made from any 
self-expanding material, including but not limited to polymeric materials, and metallic materials 
such as nitinol in the form of a ring attached to the earplug.

[0044] The flange 304 can be designed to be a continuous 360 degree flange that surrounds 
the earplug dome 302 or it can have notches or cuts at different locations for relieving stress 
on the earplug 300 or for preventing pleating when the earplug 300 is compressed prior to 
being inserted in the ear canal or while positioned within it. In addition, as shown in Figs. 11 A, 
11B, 11C, 11D and 11E, the flange 304 may have a number of different configurations including 
but not limited to a concha shape 1100, to follow the contour ofthe concha (Fig. 11 A), a three 
finger design 1102 (Fig. 11B), an oval two finger design 1106 and a rectangular two finger 
design 1108 (Figs. 11D and 11E) and a round flange design 1104 with no flaps or fingers (Fig. 
11C). In addition to the two finger designs 1106 and 1108 and three finger design 1102 shown, 
any number of fingers from 4 to 6 fingers or more are contemplated. Additionally, the earplug 
may be designed to fit over the tragus 114 alone or to both the concha 104 and the tragus 114 
(see FIG. 1A). Where the earplug is designed to fit over the concha 104, the earplug may 
include trim lines, such that the earplug may be trimmed along predetermined portions to an 
appropriate earplug for the size and shape of a particular patient's concha.

[0045] Fig. 3 shows the flange 304 with 4 notches 322 a, b, c and d, but the flange may have 
any number of notches such as 1,2, 3, 5 or 6 notches. It can also be designed to be less than 
360 degrees to partially surround the dome shaped portion such as from 180 degrees to less 
than 360 degrees. The flap 306 is an aid that allows for the ease of removal of the earplug 300 
from the ear canal. The flap 306 allows the health care professional to peel the plug from the 
ear canal. It can be designed to be an integral part of the earplug or a separate component 
and attached to the earplug 300 rather than molded with the earplug. As shown in Fig. 5 an 
exemplary dome shaped ear plug 300 has a sealing diameter (SD) 324 that fits against the ear 
canal for sealing the iontophoresis solution into the ear canal. The flange 304 provides an 
additional area for presence of PSA 320 and helps in increasing the surface area for PSA 320. 
The PSA application on the earplug helps in sticking the plug to the ear canal walls. The 
notches 322 a-d on the flange 304 help reduce the pleating in the flange 304 which may occur 
during insertion and retention in the ear canal due to the oval nature of the ear canal in some 
people. The flap 306 is designed to be easy to grip, non-intrusive and comfortable. Pulling on 
the flap 306 leads to peeling of the earplug 300, allowing for comfortable removal of the 
earplug 300 from the ear canal.

[0046] Use of PSA to secure the earplug serves to eliminate the need for further retention 
elements like a headset. PSA application is a process challenge because of the three 
dimensional geometry of the earplug. The method of using a dispensing system similar to the



DK/EP 2854731 T3

one manufactured by EFD Corporation to apply beads of the adhesive as well as the method 
of brushing the PSA on the earplug enhances the manufacturability of the earplug.

[0047] The flange 304 provides an additional area for presence of PSA 320 and helps in 
increasing the surface area for PSA 320. The PSA application on the earplug helps in sticking 
the plug to the ear canal walls. The notches 322 a-d on the flange 304 help reduce the pleating 
in the flange 304 which may occur during insertion and retention in the ear canal due to the 
oval nature of the ear canal in some people. The flap 306 is designed to be easy to grip, non­
intrusive and comfortable. Pulling on the flap 306 leads to peeling of the earplug 300, allowing 
for comfortable removal of the earplug 300 from the ear canal. In an example not part of the 
present invention, an adjustable ear plug design may be desirable, and that may require the 
use of pressure sensitive adhesive or may not require such use. The design is shown in Fig 12 
and includes an earplug 1200, an earkit handle 1202, a lever 1204, and a flap 1206. The flap 
1206 is shaped like an umbrella and is made of an elastomer with higher durometer than the 
earplug 1200. In use, the flap 1206 engages the inner surface 1208 ofthe earplug 1200. The 
lever 1204 is engaged with the earkit handle 1202 in a threaded fashion. Following insertion 
into the ear canal, there will be a slight clearance between the earplug 1200 and the ear canal. 
The lever 1204 is then rotated clockwise to advance the lever 1204 toward the ear drum. As 
the lever advances forward, it opens the flap 1206. The flap 1206 presses against the inner 
surface 1208 of the earplug 1200 and stretches the earplug 1200 to fit against the ear canal. 
Using a buttress thread as the threaded interface between the lever 1204 and the handle 1202 
reduces the possibility of backward movement ofthe earplug 1200, ensuring continued sealing 
of the ear canal.

[0048] Excessive pressure buildup in the ear canal can cause patient discomfort and is not 
desirable. To prevent excessive pressure buildup the ear kit handle 316 is designed to include 
vent features 326 (which can include but are not limited to holes or slits or a combination 
thereof) which provide a pathway for venting the air and fluid during iontophoresis solution 
delivery. In the embodiment shown in Fig. 5, the vent features comprise holes which can vary 
in diameter from 0.005 inches to 0.030 inches. Depending on the maximum pressure 
requirements either one hole or multiple holes (2 are shown but there can be 3, 4 or more) can 
be positioned along the handle (see Fig. 5). Furthermore, the interference between the 
earplug shaft 318 and the ear kit handle 316 can be varied depending on the maximum 
pressure requirements. The vent features 326 are covered by the earplug shaft 318 and the 
earplug shaft 318 acts like a valve to allow for venting when the physician is filling the ear canal 
and prevents leakage when the therapy is on-going.

[0049] The handle 316 is designed to allow for ergonomic gripping of the device for ease of
insertion of the earplug 300 into the ear canal. The grip 330 is designed as a rounded elbow,
however it could be flat and rectangular as well, so long as it is easy to grip and small enough
not to interfere with the operation of the fill tube and wire system 212. The handle 316 distal
end 332 also includes mating features for interfacing with the earplug 300 and a cavity for
positioning and seating the electrode. The fill tube and wire system 212 is designed to include
one or more spray holes and extends from the handle about 0.4 inches. It is shaped to route
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behind the ear (see Fig. 6) and has luer connectors 224a and 224b for easy connection and 
removal of the syringe 222. The electrode (not shown) is a coiled silver wire that resides inside 
of the handle 316 and provides adequate surface area for the iontophoresis reaction.

[0050] Fig. 6 shows the earplug 300 seated on the handle 316 with the fill tip 310 extending 
through the shaft section 318 of the earplug 300 and beyond the distal portion 312 of the dome 
302. The three spray holes distributed 120 degrees apart on the fill tip 310 provide for solution 
turbulence when filling the ear canal. There may be any number of spray holes between 3 and 
12, for example 4, 5, 6 or more spray holes that are distributed about the fill tip 310. The 
number of spray holes range from one to three or more and are evenly distributed one from 
the other (where there are three spray holes, they are spaced 120 degrees apart) to create 
turbulence in the ear canal 118. Further, the most distal portion of the fill system tip 310 is 
designed to face the tympanic membrane 122 such that during iontophoresis, the ear canal fills 
from the portions closest to the tympanic membrane out towards the outer ear 10 and air that 
has accumulated in the ear canal 118 will be evacuated though vent features 326 in the handle 
316 as shown in Fig. 5. In an alternative embodiment, a valve (such as a one way valve or a 
check valve) may be integrated into the handle 316 such that fluid is instilled through the 
handle 316 and into the ear canal, and is the fluid is retained in the ear by the valve in the 
handle 316. No external fill system would therefore be required.

[0051] Fig. 13A is another embodiment of the device according to the invention. In this 
embodiment, the iontophoresis system of the invention comprises an earplug 1320, a fluid 
source 1340, a control unit 1342 and a ground pad 1346. Earplug 1320 is configured to be 
inserted into a patient's ear and remain there throughout the iontophoresis procedure. Earplug 
1320 is mounted on a handle 1322 that is configured to be gripped during insertion of earplug 
1320 into a patient's ear. Earplug 1320 also includes a flap 1328 that may be gripped and 
pulled to assist in removing earplug 1320 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 1320. While only one earplug 1320 is shown, it should be understood that the 
iontophoresis system 1300 may have two earplugs 1320 that may be used simultaneously or 
sequentially.

[0052] As best seen in FIG. 13B, earplug 1320 includes a flexible sealing element 1324 and a 
distally projecting nozzle 1326. Sealing element 1324 is configured to provide a fluid tight seal 
against the patient's ear canal when earplug 1320 is inserted in the patient's ear canal. Nozzle 
1326 is positioned to project into the patient's ear canal when earplug 1320 is inserted in the 
patient's ear canal, such that nozzle 1326 is spaced lateral to the tympanic membrane (TM). 
Nozzle 1326 has spray apertures 1327 and is secured to the distal end of a semi-rigid post 
1325. Post 1325 provides a path for fluid communication from conduit 1320 to spray apertures 
1327. Spray apertures 1327 are thus in fluid communication with fluid source 1340 via post 
1325 and conduit 1330. Sealing element 1324 is secured to a rigid frame 1323 which defines 
gripping features on handle 1322. Sealing element 1324 and frame 1323 also together define 
a working channel 1321. Frame 1323 defines a plurality of vent paths 1329 in fluid 
communication with working channel 1321. Vent paths 1329 are configured to allow air to 
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escape working channel 1321 while working channel 1321 fills with iontophoresis solution, yet 
are further configured to prevent iontophoresis solution from escaping working channel 1321 
via vent path 1329 once working channel 1321 is filled with iontophoresis solution. An 
iontophoresis electrode 1352 in the form of a coil extends along at least part of the length of 
working channel 1321. It should be understood that iontophresis electrode may have any other 
suitable configuration. Iontophresis electrode 1352 is coupled with control unit 1342 via a cable 
1350 and is thereby operable to be activated with a positive charge. Thus, control unit 1342 
may activate iontophoresis electrode 1352 to provide a repulsive electromotive force to the 
iontophoresis solution delivered through aperture 1327 to drive the anesthetic of the 
iontophoresis solution into the tympanic membrane TM for anesthetization of the tympanic 
membrane.

[0053] Turning now to Fig. 15, in a particular embodiment, the earplug assembly 1500 is 
shown with a dome shaped earplug 1502, without a flange, but with a flap 1504 that can be 
gripped to remove the earplug from the ear canal as described above. In this particular 
embodiment, dual lumen tubing 1506 made of a soft polymeric material (in certain 
embodiments of Pebax of 20 to 60 durometer) may be used to fill the ear canal with 
iontophoresis solution (the first lumen 1508) and to contain the iontophoresis wiring (the 
second lumen 1510). The handle 1512 is constructed such that the tubing is routed through 
the handle and exits the handle at an angle of between about 10 and 30 degrees and often 
about 15 degrees. The tubing is forced into the groove 111 behind the helix 108 ofthe ear 10 
(see Fig. 1A). The tubing 1506 is then routed over the ear and terminates in a coiled section 
1370 (see Fig. 13A). A sleeve 1550, made of higher durometer material that is smooth and 
slippert (in certain embodiments a polyolefin heat shrink thermoplastic material with a 
durometer above 50), may be included in a coaxial manner, surrounding a portion ofthe tubing 
1506 above the ear, such that the earplug system 1320 may comfortably conform to different 
anatomies, that is, different ear sizes and head shapes and distribute the forces over a larger 
area above the ear, by allowing the tubing 1506 to slip within the sleeve 1506 and vary the 
amount of tubing 1506 that resides between the earplug 1502 and the polymeric sleeve 1550. 
A clip may be attached to the end of the coiled section 1370 and is clipped to the patient's 
clothing such that tension is applied to the earplug system 1320, protecting the system 1320 
from interference by the patient or treatment provider and interruption of the iontophoresis 
procedure.

[0054] As noted earlier and shown in Figs. 14A and 14B, pressure sensitive adhesive is 
applied to the dome shaped earplug 1502 in a variety of patterns. A pressure applicator 1514 
is included on the inside portion 1516 ofthe dome shaped earplug 1502 and the handle 1512 
is inserted into the base 1518 of the pressure applicator 1524. The pressure sensitive 
adhesive (PSA) is activated once it is in position in the ear canal by displacing or rotating 
handle 1512 and thereby putting pressure on the inside portion 1516 of the dome shaped 
earplug. As is shown in Figs. 16A, 16B, 16C, and 16D, the base portion 1518 ofthe pressure 
applicator 1514 is shaped to match the ear canal anatomy. In the smallest sizes 1610 shown in 
Fig. 16D, the base portion 1620 is round, in the largest sizes 1616, the base portion 1626 is 
oval, the middle sizes 1612 (Fig. 16C) and 1614 (Fig. 16B) increase in ovalness from 
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somewhat oval 1622 to mostly oval 1624 as the earplugs increase in size. The smallest 
earplugs may not require a pressure applicator as the gap between the handle stem and the 
umbrella portion ofthe plug is small enough that the handle stem can be deflected to active the 
glue by pivoting the handle.

[0055] As noted above with regard to earplug 300, a liner may be used to protect the PSA from 
adhering. The liner may be removed prior to final placement of the earplugs or it may be 
removed once final placement has been determined. This latter type of liner is shown in Figs. 
17Aand 17B. The liner 1700, shown in Fig. 17Ais used to protect the PSA during storage and 
during insertion ofthe earplug 1750, shown in Fig. 17B. The liner has a gripping feature 1702 
and an adhesive protector 1704. The liner may act as an insertion aid, giving the treatment 
provider the ability to reach a desired location before activating any ofthe PSA. In this way, the 
treatment provider can reposition and reinsert the earplug. As shown in Fig. 17B, the liner 
1700 is designed to wrap around the profile of the dome of the earplug 1750 and fold back 
over onto itself. In order to expose the PSA to the skin, the gripping feature 1702 is pulled 
back, rolling back the adhesive protector 1704, and allowing the PSA to touch the skin of the 
ear canal. In the embodiment shown in Fig 17A, two liners 1700 are used to protect the PSA, 
but any number of liners from 1 to 4 may be used according to the invention.

[0056] The method according to the invention is carried out according to Fig. 8. The 
anesthetizing solution is prepared (in this case a solution of 1:12,000 epinephrine, 3.3% 
lidocaine and 0.7% sodium bicarbonate but may be any appropriate combination thereof such 
as lidocaine, lidocaine plus epinephrine, or lidocaine plus epinephrine and sodium bicarbonate 
or other anesthetizing solution known in the art) and warmed to body temperature (800).

[0057] The ear canal is cleaned and prepared (810) using a standard ear cleaning technique, 
making sure that the tympanic membrane is not blocked by cerumen of observable size, The 
outside ofthe ear canal is wiped as well as the opening ofthe ear canal with rubbing alcohol to 
remove any oils or wax from the skin. The site is allowed to dry.

[0058] The ear canal can be filled with anesthetizing solution in a number of different ways. 
The ear canal can be filled first by using a manual fill nozzle and then the earkit system 200 
can be inserted to seal the ear canal and keep the fluid in place. Other methods for filling the 
ear canal will be described below. Following filling of the ear canal, the iontophoresis ear kit 
system 200 is then prepared for placement on the patient as follows. As previously described 
above with regard to Fig. 2, an earplug sizer 234 is placed into a patient's ear canal to 
determine the appropriate earplug size for the size and shape of the patient's ear canal (820). 
The appropriate ear plugs 300 are removed from the package 400 (see Fig. 7) and the PSA 
320 is exposed. The package 400 is made so as to prevent any dust exposure ofthe adhesive 
and is designed in such a way to enable the removal of the earplugs 300 with the grips 330 
from the package 400 and placement onto the handles 214a and 214b. In the embodiment 
shown in Fig. 7, the package 400 is designed so that the earplug 300 is positioned with the 
dome portion 302 facing up such that the adhesive is not in contact with any portion of the 
package. In an alternative design, the dome portion may be seated in a cup-shaped packaging
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system, such that the adhesive is in contact with the package. The earplugs 300 are then 
positioned onto the handles 214a or 214b of the fill tube and wire system 212 (830). In an 
alternative embodiment, using the earplug system 1320 shown in Fig. 13A, the device is 
placed in the ear canal, the ear canal is filled with the iontophoresis solution that is supplied 
through the dual lumen tubing 1304 and the iontophoresis procedure is continued as further 
described below.

[0059] The earplugs 300 are carefully placed into the patient's ears such that the ear canal is 
sealed against leakage of fluid from the ear canal (850). The fill tube and wire system 212 are 
routed behind the ear and anchored behind the patient's head such that they remain out of the 
patient's and treatment provider's way. The return electrode patch 226 is connected to the 
iontophoresis ear kit system 200 via the return electrode snap 227 on the electrode patch 206 
and the return electrode connector (not shown) on the cable 210. The syringe is depressed in 
order to fill the ear canal with anesthetizing solution (860). The return electrode patch 226 is 
placed on the patient's skin and the control unit 228 shown in Fig. 2 may be connected to the 
control unit connector 229 on the fill tube and wire system 212 shown in Fig. 2 and the control 
unit 228 may be clipped to the patient's or the parent's clothing.

[0060] The battery tab located on the back of the control unit 228 case is removed. Empty 
status bars should appear on screen once the device is powered on. To start the iontophoresis 
procedure, the control unit is activated by pressing the yellow button and/or the blue button on 
the control unit 228 and holding for 2 seconds (870). Each button controls an independent 
channel, with button colors corresponding to the colors of the left and right sides of the 
headset. A short beep confirms when a button has been activated. The control unit 228 is 
clipped to the patient's or the parent's clothing. The status bars will fill up to indicate each 
channel's progress toward completion. Atypical procedure takes approximately 10 minutes, 
with each status bar segment representing approximately 20% of procedure time. A flashing 
segment indicates that current is running; a solid segment indicates the portion already 
completed. To pause the procedure, the button for the appropriate channel is pressed and 
held for 2 seconds. The pause symbol and status bar segment will both flash and then turn 
solid when current delivery has stopped. To resume the procedure, the same button is pressed 
and held for 2 seconds. The control unit 228 will play a long beep when each channel (yellow 
or blue side) has completed delivering a full dose. The status bars will also turn completely 
solid to indicate that full charge has been delivered through each channel. Once the tympanic 
membrane is anesthetized, to deactivate the control unit, the button for the appropriate 
channel is pressed and held for 2 seconds.

[0061] Other methods of filling the ear canal will further be described with regard to Figs. 9A,
9B, 9C and 9D and Figs 10A, 10B, 10C, 10D and 10E. As shown in Figs, 9A, 9B, 9C and 9D,
the earplug 900 can be inserted by using an earplug insertion tool (not shown in the figure)
and then secured and sealed to the ear canal (see Fig. 9A). The ear canal can then be filled
with the drug solution using a manual fill system 902 or any other means of filling the ear canal,
by inserting the fluid through the central lumen 904 of the earplug 900 (Fig. 9B). The central
lumen 902 of the earplug 900 can then be sealed by inserting the elbow-handle 906 through
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the lumen (Fig. 9C). The tube and the wire 908 can then be routed behind the ear (Fig. 9D)

[0062] In another method for filling ear canal according to the invention, an earplug 1000 can 
be loaded on to a speculum 1002 as shown in Fig. 10A. The speculum 1002 can then be used 
for positioning and insertion of the earplug 1000 in the ear canal (see Fig. 10B). After the 
earplug is seated in place the ear canal can be filled with fluid by using the speculum as an aid 
and guide and filling with a manual fill system 1004 (Fig. 10C). After the ear canal has been 
completely filled with the fluid solution, the speculum 1002 can be removed, keeping the 
earplug 1000 in place (Fig. 10D). The ear kit handle 1006 can then be inserted in the earplug 
1000 to seal the earplug and provide contact between the drug solution and the electrode 
present in the ear kit handle 1006 and the tube and wire 1008 can be routed behind the ear 
(Fig. 10E).

[0063] In a further aspect, the fill tube and wire system 212 may be useful for delivering a drug 
solution to the ear canal for treating the ear canal It may be used for anesthetizing the ear 
canal or tympanic membrane or for delivering solutions for other therapeutic purposes. Such 
solutions include but are not limited to antifungal or antibacterial agents such as benzalkonium 
chloride, boric acid, acetic acid, and clotrimazole, anti-inflammatory agents such as 
beclamethazone and antibiotic and steroids such as betnesol, prednisilone sodium phosphate, 
gentamycin, neomycin, and quinolenes, astringent agents such as aluminum acetate, 
ceruminolytics such as sodium chloride solution, hydrogen peroxide or sodium bicarbonate 
solution.

[0064] The invention has been described with reference to certain examples or embodiments 
of the invention, but various additions, deletions, alterations and modifications may be made to 
those examples and embodiments without departing from the intended spirit and scope of the 
invention. For example, any element or attribute of one embodiment or example may be 
incorporated into or used with another embodiment or example, unless otherwise specified or if 
to do so would render the embodiment or example unsuitable for its intended use. Also, where 
the steps of a method or process have been described or listed in a particular order, the order 
of such steps may be changed unless otherwise specified or unless doing so would render the 
method or process unworkable for its intended purpose. All reasonable additions, deletions, 
modifications and alterations are to be considered equivalents of the described examples and 
embodiments and are to be included within the scope of the following claims.
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PATENTKRAV

1. Øreprop (300, 1320, 1502) til anvendelse til tilbageholdelse af en opløsning i 

øregangen på en human patient, hvilken øreprop omfatter:

en kuppelformet del (302) til indføring i øregangen, hvilken kuppelformet del (302) har en ydre 

overflade og en indre overflade; og

hvor et trykfølsomt klæbestof på den ydre overflade af den kuppelformede del (302) er 

udformet til at komme i kontakt med øregangen, således at opløsningen tilbageholdes i 

øregangen i et tidsrum, kendetegnet ved, at øreproppen endvidere er forsynet med en flap (306, 

1328, 1504), der er forbundet med den kuppelformede del, hvilken flap kan anvendes til 

fjernelse af øreproppen fra øregangen.

2. Øreprop ifølge krav 1, der endvidere omfatter en flange (304), der omgiver den 

kuppelformede del.

3. Øreprop ifølge krav 2, hvor flangen (304) omfatter en 360 graders flange, der omgiver 

den kuppelformede del (302).

4. Øreprop ifølge krav 2, hvor flangen (304) omfatter en 180 graders til mindre end 360 

graders flange, der delvist omgiver den kuppelformede del (302).

5. Øreprop ifølge krav 2, hvor flangen (304) endvidere omfatter indsnit (322), fortrinsvis 

hvor flangen omfatter 1 til 6 indsnit.

6. Øreprop ifølge krav 1, der endvidere omfatter en skaftdel (318) til forbindelse til et greb 

(316), hvorigennem opløsningen indgives i øregangen, hvilken skaftdel (318) er indeholdt i 

den indre overflade af den kuppelformede del (302).

7. Øreprop ifølge krav 1, hvor det trykfølsomme klæbemiddel er valgt fra gruppen 

bestående af silikone, acryl, butylgummi, ethylen-vinylacetat, naturgummi, nitril og 

styrenblokcopolymerer, fortrinsvis hvor det trykfølsomme klæbemiddel er silikonegummi.

8. System til indgivelse af en opløsning til en human patients øregang og til at 

tilbageholde opløsningen deri, hvilket system omfatter:

en øreprop ifølge krav 1 eller krav 2, der endvidere omfatter et skaft; og

et greb (316) til indføring af øreproppen i patientens øregang, hvor grebet (316) indføres i 

øreproppens skaft (318), hvor grebet (316) omfatter et påfyldningssystem, hvori opløsningen 

indgives via øreproppens greb (316) og skaftet (318) i patientens øregang.

9. System ifølge krav 8, hvor grebet (316) endvidere omfatter ventilationsfunktioner 

(326), fortrinsvis hvor ventilationsfunktionerne (326) er valgt fra gruppen bestående af 

ventilationshuller og ventilationsspalter eller en kombination deraf.

10. System ifølge krav 8, hvor grebet (316) endvidere omfatter en påfyldnings spids.
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11. System ifølge krav 8, hvor grebet (316) endvidere omfatter elektroder, der kan 

anvendes til iontoforetisk indgivelse af opløsningen til trommehinden.

12. Ørepropsystem til anvendelse ved tilbageholdelse af en opløsning i øregangen på en 

human patient, hvilket ørepropsystem omfatter:

5 en øreprop ifølge krav 1;

et greb til indføring af øreproppen i øregangen; og

slange (1506) til indgivelse af opløsningen gennem øreproppen og grebet og ind i øregangen.

13. Ørepropsystem ifølge krav 12, der endvidere omfatter en trykapplikator (1514) til 

aktivering af det trykfølsomme klæbemiddel.

10 14. Ørepropsystem ifølge krav 12, der endvidere omfatter en foring (1700) til beskyttelse af

det trykfølsomme klæbemiddel under opbevaring og indføring af øreproppen i øregangen.

15. System ifølge krav 12, hvor slangen (1506) er ført gennem grebet og forlader grebet i 

en vinkel på mellem ca. 10 og 30 grader.

16. System ifølge krav 12, der endvidere omfatter et hylster (1550), der koaksialt omgiver 

15 slangen (1506).
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