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Description

Cross Reference of related Applications

[0001] This application claims priority to U.S. Provi-
sional Patent Application No. 61/314,018 and Interna-
tional Patent Application PCT/US2010/052569.

Field of Invention

[0002] This invention relates, generally, to otologic de-
vices of various ear-related disorders, and more specif-
ically to delivering medicine into the tympanic cavity.

Background of the Invention

[0003] The device in the present invention relate to de-
livery of medicine to the middle and/or inner ear and evac-
uation of fluid, if any, located in the tympanic cavity. The
device can be used, for example, for treatment and/or
prevention of various ear-related ailments, such as acute
otitis media.
[0004] It is frequently desirable to deliver various types
of medicine into the tympanic cavity. Such medicine can
be directed at treating ailments of the middle as well as
the inner ear. For example, medically effective amounts
of antibiotic and/or anti-inflammatory drug(s) can be de-
livered through the tympanic membrane to treat middle
ear infections. Currently, delivery of the drugs into the
tympanic cavity is usually done when the tympanic mem-
brane has ruptured or the patient has a previously-insert-
ed tube in the membrane, that is, non-surgical delivery
of medicine to the tympanic cavity is usually done only
when there is an existing perforation in the tympanic
membrane, through which the medicine is delivered. The
majority of the patients, however, do not have an existing
perforation through which medicine can be delivered;
consequently, such procedure is not available to them.
[0005] Alternatively, a physician can use a syringe to
inject medicine through the tympanic membrane. How-
ever, this procedure can be dangerous for several rea-
sons. First, the tympanic cavity houses a variety of vul-
nerable structures, such as the malleus, incus, stapes,
facial nerve, and in some cases carotid artery. An acci-
dental contact with any of these structures can result in
adverse effects that range from pain and severe bleeding
(in case of a punctured carotid artery or branches of the
internal jugular vein) to permanent disability, such as
hearing loss.
[0006] Any incisions and/or perforations of the tympan-
ic membrane in the posterosuperior and anterosuperior
quadrants are highly discouraged because the most vul-
nerable structures located in the tympanic cavity are po-
sitioned proximately behind these two quadrants. Con-
sequently, incisions and/or perforations of the tympanic
membrane are usually performed in the posteroinferior
and anteroinferior quadrants. Further, incisions and/or
perforations made in the posteroinferior and anteroinfe-

rior quadrants must also be done with extreme care, and
accidental penetration more than a minimal depth be-
yond the normal physiological position of the tympanic
membrane can cause severe injuries. Because the phy-
sician must insert the needle in a tiny area and with min-
imal penetration, the margin for error is very small. Con-
sequently, incisions and/or penetrations of the tympanic
membrane in children are usually performed under gen-
eral anesthesia, to avoid accidental over-penetration or
an unwanted penetration in a wrong location (for exam-
ple, a perforation in the posterosuperior quadrant or con-
tact with the ear canal) as a result of the child’s inability
to remain stationary during the procedure.
[0007] US 2007/0167918 A1 discloses a device for
making an incision in the tympanic membrane, withdraw-
ing fluid from the tympanic cavity or middle ear and ad-
ministering a medicament to the tympanic cavity or mid-
dle ear. The device comprises a first actuating trigger
that activates a first tubular element in which is disposed
a spring-loaded hollow piercing shaft having a first end
which is adapted to penetrate a tympanic membrane
when it is extended from a barrel-shaped casing by the
action of the spring and a second internal end that is
adapted to engage an end of a tubular vacuum cartridge.
[0008] This invention offers a novel way of safely de-
livering desired amounts of medicine into, as well as as-
pirating fluid from, the tympanic cavity. The invention al-
lows evacuation of fluid from the tympanic cavity, delivery
of medicine into the tympanic cavity, and/or biopsy of the
tympanic membrane by making a minute perforation in
the membrane. Furthermore, the invention allows the
procedure to be performed quickly, safely and without
general anesthesia by limiting the depth and location of
the penetration on the tympanic membrane. The inven-
tion also allows for safe removal of fluid accumulated in
the tympanic cavity and subsequent analysis of the fluid.
Such analysis, for example, may include a test for the
presence of bacteria and a determination of the type of
bacteria present. Consequently, the invention will reduce
the need for systemic treatment of ailments related to
middle and inner ear in patients who do not have a per-
forated tympanic membrane, especially in children.
[0009] One of the major deficiencies of the current de-
vices is the potential to make contact with crucial physi-
ological structures behind the membrane, injuring the pa-
tient. This potential for injury is amplified in young pa-
tients. Although an adult patient is likely to comply with
a request to remain stationary while the physician injects
him with a 101,6 mm (four inch) needle, a child is likely
to ignore such request.

Summary of the Invention

[0010] This invention, as further disclosed in the
claims, is directed at a device for delivering medicine to
the middle and inner ear as well as evacuating fluid, if
any, located in the tympanic cavity. This device over-
comes the deficiencies of prior devices by eliminating the
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potential for penetrating into the tympanic cavity beyond
the normal physiological position of the tympanic mem-
brane. By doing so, this device presents a novel and safe
way for delivering medicine into and/or removing fluid
from the tympanic cavity. Instead of penetrating the tym-
panic membrane by plunging a needle through the mem-
brane and into the tympanic cavity, the present invention
allows to flex the membrane toward a movable body and
keep the movable body in contact with the tympanic
membrane after at least one piercing element punctures
the membrane. Because no piercing element enters the
tympanic cavity beyond the normal physiological position
of the tympanic membrane, there is no risk of contact
with any of the structures in the tympanic cavity. The
invention also facilitates one or more fluid-holding cham-
bers in the movable body of the device, which may hold
substance that would be injected into and/or fluid that
would be evacuated from the tympanic cavity. Multiple
piercing elements can be used. For example, one hollow
piercing element can be used to inject the medicine into
the tympanic cavity and another to evacuate the fluid
from the tympanic cavity. Alternatively, a double-walled
piercing element (for example, a double-lumen needle)
can also be used. Additionally, a hollow piercing element
can be used to obtain a biopsy of the tympanic membrane
tissue, which can be later analyzed. After the evacuation
of fluid, the injection of medicine, and/or the biopsy are
completed, the tympanic membrane is released and will
return to its normal physiological position. Subsequently,
the device is removed from the patient’s ear canal.

Brief Description of the Drawings

[0011]

Fig. 1 shows the list of elements.
Fig. 2 shows the front view of the device.
Fig. 3 shows the Section A-A of the device in a fully-
extended position.
Fig. 4 shows the Section B-B of the device in a fully-
extended position.
Fig. 5 shows the Section A-A of the device in a fully-
retracted position, inserted into the ear canal.
Fig. 6 shows the side view of the device in a fully-
extended position, inserted into the ear canal.
Fig. 7 shows a flowchart of the operations of the de-
vice.

Detailed Description of the preferred Embodiments

[0012] The front view of the device assembly shown in
Fig. 2 shows the locations of section views A-A and B-
B, displayed in Figures 3 and 4, respectively. In the pre-
ferred embodiment, the device is comprised of the fol-
lowing elements, shown in Figs. 2, 3, and 4: movable
body 1, stationary body 2, housing insert 3, printed circuit
board 4, housing 5, and handle 6. In the preferred em-
bodiment, an insert 3 is used mainly for ease of assembly

of the device; it is affixed in the housing 5 with flat head
screws 99. The housing 5 and handle 6 are made from
6061-T6 aluminum, and the housing insert 3 is made
from Teflon® PTFE Grade 860 (polytetrafluoroethylene).
However, many other materials are suitable for the hous-
ing 5, handle 6, housing insert 3 as well as other com-
ponents of the device, which are known or would be ob-
vious to those skilled in the art. Further, other configura-
tions, which would not change the basic functionality of
the device, for example a device without the handle 6,
would be obvious to those skilled in the art.
[0013] The movable body 1 is disposed within the sta-
tionary body 2, and the pair is inserted into the housing
insert 3, as shown in Figs. 2, 3, and 4. The stationary
body is held in place using a stopper ball 33 and stopper
spring 34 combinations, as shown in Fig. 4. There are
many other methods of securing the movable body 1 and
stationary body 2 pair in the device, which are known to
those skilled in the art. In the preferred embodiment, the
movable body 1 and stationary body 2 are designed to
be disposable and are removable from the housing 5.
However, other configurations of the device--for exam-
ple, where the housing 5 and the stationary body 2 would
be a single element--are known or would be obvious to
those skilled in the art.
[0014] As shown in Figs. 2, 3, and 4, in the preferred
embodiment, the movable body 1 comprises: the large
section of the movable body 1a, the small section of the
movable body 1b, the distal surface of the movable body
1c, and the proximal surface of the movable body 1d.
The large section of the movable body 1a and the small
section of the movable body 1b are essentially cylindrical.
However, other suitable shapes can be used and would
be obvious to those skilled in the art. Further, an injection
chamber 11a; evacuation chamber 11b; piercing element
10a connected to the injection chamber 11a; and piercing
element 10b connected to the evacuation chamber 11b
are disposed in the movable body 1.
[0015] As shown in Figs. 2, 3 and 4, in the preferred
embodiment, the distal surface of the movable body 1c
is disposed approximately in a plane oriented at a com-
pound angle with respect to the x-axis 7, such that when
the device is inserted into the ear, the distal surface of
the movable body 1c can be aligned to be approximately
parallel to the tympanic membrane. That is, the distal
surface of the movable body 1c is disposed approximate-
ly in a plane that is at an angle with respect to the plane
formed by the x-axis 7 and y-axis 8, and at an angle with
respect to the plane formed by x-axis 7 and z-axis 9, as
shown in Figs. 2, 3, and 4. It is recognized that the distal
surface of the movable body 1c can be disposed at var-
ious angles with respect to planes formed by x-axis 7 and
y-axis 8, x-axis 7 and z-axis 9, and y-axis 8 and z-axis
9. For example, the distal surface of the movable body
1c can be approximately disposed in a plane normal to
the x-axis 7, which would be parallel to a plane formed
by the y-axis 8 and z-axis 9. Furthermore, the distal sur-
face of the movable body 1c can have various shapes;
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for example, it can approximate the shape of the tympanic
membrane.
[0016] One or more piercing elements is disposed in
the movable body; and some or all of the piercing ele-
ments can be either solid or hollow. Further, some or all
of the piercing elements can be connected to a chamber
capable of holding substance or can be standalone (un-
connected). In the preferred embodiment, two hollow
piercing elements 10a and 10b, which are connected to
two chambers 11a and 11b, respectively, are used, as
shown in Figs. 2 and 4. Because the hollow piercing el-
ement(s) are capable of holding fluid inside the hollow
portion of the shaft, the element(s) can also serve as
fluid-holding chamber(s). After the tympanic membrane
is punctured, a substance (if any) located in the injection
chamber 11a can be delivered through the piercing ele-
ment 10a into the tympanic cavity. Simultaneously, any
fluid located in the tympanic cavity can be evacuated
through the piercing element 10b, into the evacuation
chamber 11b, as shown in Figs. 2, 3 and 4, which is
connected to the evacuation chamber 11b. A biopsy of
the tympanic membrane can also be obtained from the
evacuation chamber or a piercing element designed for
biopsy can be used.
[0017] In the preferred embodiment, the movable body
1 is made from medical grade polypropylene, and the
piercing elements 10a and 10b are fixed in place with a
light curing adhesive, such as DYMAX MD® 1162-M.
There are many other materials for and methods of man-
ufacturing the same, which are known to those skilled in
the art.
[0018] In the preferred embodiment, the viewing open-
ing 18 and front lens 14 are disposed in the movable
body, as shown in Fig. 2, 3, and 4. The user can see the
tympanic membrane through the viewing opening 18 be-
fore advancing the movable body 1 and piercing the
membrane. The viewing opening improves the safety of
the device by allowing the user to view the tympanic
membrane while the movable body is advanced toward
the membrane. Other mechanisms known to those
skilled in the art can also be used to view the tympanic
membrane. For example, an endoscope or other video
visualization devices can be used. In the preferred em-
bodiment, the front lens 14 is disposed in the small sec-
tion of the movable body 1b part of the viewing opening
18, and in some embodiments it may be unnecessary all
together. However, the lens can be disposed anywhere
along the viewing opening 18. Further, the lens may be
a magnifying lens. There are many suitable materials that
the lens 14 can be made from. For example, the lens can
be made from a clear plastic such as Lexan®. To illumi-
nate the ear canal and the tympanic membrane, an LED
40 is used, as shown in Figs. 3 and 4. A magnifying lens
50 is disposed in the housing 5, as shown in Figs. 3 and
4. The magnifying lens 50 improves visibility of the tym-
panic membrane during the use of the device.
[0019] As shown in Figs. 2, 3, and 4, in the preferred
embodiment, the stationary body 2, comprises: large sec-

tion of the stationary body 2a, small section of the sta-
tionary body 2b, distal surface of the stationary body 2c,
and proximal surface of the stationary body 2d. The mov-
able body 1 is disposed within the stationary body 2 and
is free to move axially toward the tympanic membrane
(inward) and away from the tympanic membrane (out-
ward). In the preferred embodiment, the movable body
1 is induced to move inward when a slight vacuum is
created in the ear canal. The pressure difference created
by the slight vacuum in the ear canal creates a force on
the movable body 1 that equals to the vacuum 3 area of
the cross-section of the large section of the movable body
1a. This force pushes the movable body inward, toward
the tympanic membrane.
[0020] In the preferred embodiment, the selector panel
45 is disposed on the side of the housing 5, as shown in
Fig. 6. The device is turned on by depressing the power
button 46. After the device is turned on, the user may
select the type of movable body that has been inserted
into the device. If the injection chamber 11a, shown in
Fig. 4, is empty, the select button for empty cartridge 48
is depressed. The injection chamber 11a may also con-
tain a substance, for example an antibiotic-steroid otic
suspension such as Ciprodex®. If the injection chamber
11a contains a substance, the select button for filled-
chamber cartridge 47 should be depressed.
[0021] The small section of the stationary body 2b is
inserted into the ear canal of the patient and a slight vac-
uum seal is created between the ear canal tissue and
small section of the stationary body 2b, as shown in Fig.
5. The small section of the stationary body 2b is approx-
imately cylindrical. However, other suitable shapes,
which would be obvious to those skilled in the art, can
be used. In the preferred embodiment, the outer com-
pressible layer of the stationary body 20 helps facilitate
the vacuum seal between the stationary body 2 and the
ear canal. When the small section of the stationary body
2b is inserted into the ear canal, the outer compressible
layer 20 deforms and takes the shape of the ear canal,
thereby creating an airtight seal. Underlying the outer
compressible layer 20 is the inner rigid layer 20a. The
outer compressible layer 20 can be made from any suit-
able material known to those skilled in the art. In the pre-
ferred embodiment, the outer compressible layer 20 is
made from silicone, which is overmolded over the inner
rigid layer of the stationary body 20a. A compressible
layer is not required to create a sufficiently airtight seal
between the ear canal and the stationary body 2. After
the small section of the stationary body 2b is inserted
into the ear canal and the vacuum seal is created be-
tween the ear canal and the stationary body 2, a small
amount of air is withdrawn from the ear canal to create
the necessary vacuum. The air is withdrawn through the
vacuum line 61, shown in Fig. 3, which is connected to
the vacuum fitting 30. The vacuum fitting 30 is connected
to the vacuum inlet 25 of the stationary body 2. After the
vacuum valve 60 is opened, air flows out of the ear canal
through the vacuum ports 26a, shown in Figs. 2 and 4,
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and subsequently through the vacuum channels 26 in
stationary body 2, thereby creating the necessary vacu-
um in the ear canal. Vacuum line 61 is connected to a
commercially available vacuum pump. Various manual,
mechanical, or electromechanical mechanisms for gen-
erating necessary vacuum may be used as standalone
units that are connected to the device or may be incor-
porated into the device.
[0022] The back seal 22, shown in Figs. 3 and 4, main-
tains the pressure difference between the distal surface
of the movable body 1c and the proximal surface of the
movable body 1d, by preventing air from entering into
the ear canal. There are many ways to make a function-
ally-equivalent seal, which are known to those skilled in
the art. For example, a rubber gasket or an o-ring can be
used in either the movable body 1 or the stationary body
2 to create an airtight seal. Because the required vacuum
is very low, in the preferred embodiment, the seal is not
completely airtight; rather, the seal acts as a temporary
barrier that impedes the air from entering through the
back seal 22. Consequently, in the preferred embodiment
the seal is created by having a sliding fit, with about
0.03mm per side clearance between the movable body
1 and the back seal 22. The small clearance also allows
the back seal 22 to function as a guide, approximately
maintaining the motion of the movable body 1 in a pre-
determined path. Furthermore, because the back seal
22 allows some air to flow through, it serves as a safety
mechanism, limiting the maximum vacuum in the ear cav-
ity as well as the force on the movable body 1. The al-
lowable clearance between the seal and the movable
body depends on the size of the movable body 1, types
of materials used for the stationary body 2 and the mov-
able body 1, surface roughness, and the vacuum used
to advance the movable body. In the preferred embodi-
ment, the area of the cross-section of the large section
of the movable body 2a is approximately 500mm2, and
the vacuum used is about 40-70 Torr. The movable body
1 is made from medical grade polypropylene, and the
stationary body 2 is made from Teflon® PFA Grade 445
HP (perfluoroalkoxy copolymer). There are many suita-
ble materials that can be used for the movable body 1
and stationary body 2, which would be obvious to those
skilled in the art. The vacuum range can be increased or
decreased depending on the area of the cross-section
of the largest portion of the movable body. However, high-
er levels of vacuum may be painful for the patient and,
depending on the pressure in the tympanic cavity, may
rupture the tympanic membrane. In the preferred embod-
iment, the force that is applied to the sliding body is less
than 10N. Although greater force may be used, it might
result in some additional discomfort to the patient.
[0023] Many mechanisms, known to those skilled in
the art, can be used to advance the movable body toward
the tympanic membrane such as electrical, mechanical,
hydraulic, pneumatic, or their various combinations. For
example, linear actuators, screw mechanisms, electro-
mechanical and magnetic linear actuators, hydraulic or

pneumatic actuators, as well as many other mechanisms
known to those skilled in the art. The movable body 1
can also be moved manually inward and/or outward. The
vacuum seal between the stationary body 2 and the ear
canal may be unnecessary, depending on the method
chosen for advancing the movable body 1 and whether
vacuum is used in the ear canal to deflect the tympanic
membrane toward the movable body 1.
[0024] The front guide 27, shown on Fig. 3, ensures
that the movable body 1 moves approximately along a
predetermined path. The front guide 27 does not have
to function as a seal, although such functionality can be
added without changing the operation of the device. Con-
sequently, in the preferred embodiment, the clearance
between the small section of the movable body 1b and
the front guide 27 is about 0.08mm per side. However,
it would be obvious to those skilled in the art to choose
a different suitable clearance.
[0025] In the preferred embodiment, the piercing ele-
ments 10a and 10b are made from 316 Stainless Steel.
However, piercing elements can be made from a variety
of suitable materials known to those skilled in the art,
including nonmetallic materials. As shown in Figs. 2 and
3, the piercing elements 10a and 10b glide over the pierc-
ing element contacts 23a and 23b respectively. The
piercing element contacts 23a and 23b are disposed in
the stationary body 2. Wires connect the piercing element
contacts 23a and 23b to the stationary body contacts 24a
and 24b respectively. When the stationary body 2 is in-
serted into the insert 3, the stationary body contacts 24a
and 24b make connection with the insert contacts 32a
and 32b respectively. Wires connect insert contacts 32a
and 32b to the ohmmeter module 42, which is imbedded
in the printed circuit board 4. The main power supply line
62 delivers the required power to the circuit board. The
CPU 43 controls the sequence of operations. When the
piercing elements contact the tympanic membrane, the
measured resistance between the two piercing elements
will change. This change will be detected by the ohmme-
ter module 42. At a predetermined time interval, such as
less than a second after the change in resistance has
been detected, electromagnetic clamps 31, shown in Fig.
4, are activated and move forward to clamp around the
movable body 1. The electromagnetic clamps 31 prevent
the movable body 1 from further motion in either inward
or outward direction. The compression layer of electro-
magnetic clamp 31a is disposed on the parts of the elec-
tromagnetic clamps 31 that come into contact with the
large section of the movable body 1a. The compression
layer deforms around the movable body, to reduce de-
formation of the large section of the movable body 1a.
The electromagnetic clamps provide the device with an
additional safety measure and also aid in preventing
movement of the movable body 1 if/when a substance is
injected from and/or evacuated into the chambers 11a
and/or 11b respectively. Other mechanisms known to
those skilled in the art can also be used to both detect
the final position of the movable body 1 and/or to fixate
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the movable body once it has reached the final position.
For example, a pressure sensor can be used to detect
contact of the movable body 1 with the tympanic mem-
brane. Furthermore, in some embodiments, the injec-
tion/evacuation mechanism may be disposed within the
movable body. Consequently, during the injection/evac-
uation operation, the movable body will not experience
external forces from the injection/evacuation mecha-
nism, and the electromagnetic clamps 31 would not be
required to hold the movable body stationary during the
injection/evacuation operation. After the procedure is
completed, the speaker 44 can be used to signal the end
of the process.
[0026] If the resistance between the piercing elements
10a and 10b changes again, after the piercing elements
came into contact with the tympanic membrane, it is be-
cause the piercing elements came into contact with fluid
in the tympanic cavity. Consequently, the device can also
be used to detect the presence or absence of fluid in the
tympanic cavity.
[0027] In the preferred embodiment, after the piercing
elements 10a and 10b have penetrated the tympanic
membrane, the substance (if any) located in the injection
chamber 11a can be injected into the tympanic cavity,
while the fluid located in the tympanic cavity (if any) can
be evacuated. The injection chamber plunger 12a is dis-
posed in the retracted position-at the proximal end of the
chamber, away from the point of connection to the pierc-
ing element 10a; and the evacuation chamber plunger
12b is disposed in the fully-extended position-at the distal
end of the chamber, closest to the connection point to
the piercing element 10b. Further, the injection chamber
is connected to the evacuation chamber with the vent
channel 15. When the injection chamber plunger 12a
moves forward, toward the distal end of the chamber, the
air is drawn out of the evacuation chamber 11b. The re-
duction in air volume in the evacuation chamber 11b pulls
the evacuation chamber plunger 12b backward, away
from the distal end of the chamber. As the evacuation
chamber plunger 12b moves backward, it creates a slight
vacuum, which draws fluid from the tympanic cavity
through the piercing element 10b and into the evacuation
chamber 11b. Consequently, injection of a substance into
and evacuation of the fluid from the tympanic cavity can
be performed essentially simultaneously. There are other
methods, known to those skilled in the art, which can be
used to synchronize the injection and evacuation func-
tions of the device. Furthermore, injection and evacuation
need not be performed simultaneously and can be done
sequentially. Also, only one of the functions, either injec-
tion or evacuation, can be performed independently,
without performing the other function.
[0028] In the preferred embodiment, a magnetizable
insert 13 is imbedded in the injection chamber plunger
12a, as shown in Fig. 3. The injection chamber plunger
12a is advanced forward via application of a magnetic
field, which is created by the electromagnet 41, shown
in Fig. 4. As discussed above, the movement of the in-

jection chamber plunger 12a pulls back the evacuation
chamber plunger 12b. If the injection chamber 11a does
not contain any substance, and the device is used only
for evacuation of fluid, the same function can be used,
that is, an injection chamber plunger 12a can be pushed
forward to pull back the evacuation chamber plunger 12b
to evacuate the fluid from the tympanic cavity.
[0029] Many other mechanisms can be used to ad-
vance the injection chamber plunger 12a forward and/or
move the evacuation chamber plunger 12b backward.
For example, linear actuators, various screw mecha-
nisms, electromechanical and magnetic linear actuators,
hydraulic or pneumatic actuators, as well as many other
mechanisms known to those skilled in the art can be
used. Furthermore, the injection chamber plunger 12a
and the evacuation chamber plunger 12b can be moved
manually.
[0030] After injection and/or evacuation function is
completed, the device can be removed from the patient’s
ear canal. In the preferred embodiment, the device
sounds a long beep at the end of the injection/evacuation
process. The end of the process is determined by the
time elapsed from the commencement of the injection
function. In the preferred embodiment, the time-delay be-
tween the commencement and the long beep, indicating
the end of the process, is 10 seconds. There are many
other ways, known to those skilled in the art, to determine
whether the injection/evacuation has been completed.
For example, a sensor can be used to determine the po-
sition of either the injection chamber plunger or evacua-
tion chamber plunger. Also, there are many ways that
the end of the procedure can be signaled to the user.
[0031] Fig. 7 is an example of a sequence of operations
of the device in the preferred embodiment. Not all of the
operations in the sequence shown in Fig. 7 are essential
to the invention. Likewise, a different sequence of the
operations, which would not alter the essence of the in-
vention, would be obvious to those skilled in the art. First,
the device is activated (powered up), the user selects the
type of cartridge that is inserted into the device, and the
small section of the stationary body 2b is inserted into
the patient’s ear. Then, the user locates the tympanic
membrane by looking through the viewing opening 18.
Once the tympanic membrane is located, the user opens
the vacuum valve 60. After the vacuum valve 60 is
opened, the air flows out of the ear canal creating a slight
vacuum. The slight vacuum creates a pressure difference
between the distal surface of the movable body 1c and
the proximal surface of the movable body 1d, which is
exposed to the ambient pressure. This pressure differ-
ence applies a force that equals to the area of the cross-
section of the large section of the movable body 1a 3
pressure difference; the force advances the movable
body inward, toward the tympanic membrane. The user
can maintain visual contact with the tympanic membrane
while the movable body 1 advances inward. Subsequent-
ly, the movable body 1 makes contact with the tympanic
membrane, and the piercing elements 10a and 10b pen-
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etrate the membrane. As the piercing elements make
contact with the tympanic membrane, the ohmmeter
module 42 detects the change in resistance between the
piercing elements and after a time-delay of less than a
second, electromagnetic clamps are activated and grip
around the movable body 1. If the selection for an empty
cartridge was made, the resistance between piercing el-
ements is checked again. If the resistance is different
than at the time of contact with the tympanic membrane,
that indicates that there is fluid in the tympanic cavity,
and the device beeps twice to notify the user of the pres-
ence of fluid. Subsequently, the injection/evacuation
function is activated. If the resistance between the pierc-
ing elements did not change after the initial contact of
the piercing elements with the tympanic membrane, this
indicates that there is no fluid in the tympanic cavity, at
least at the level reachable by the piercing elements. Sub-
sequently, the injection/evacuation process will not be
commenced, and a long beep will sound, signaling to the
user that the procedure has been completed. If the user
has preselected a cartridge that includes a substance for
injection, the process of testing for presence of fluid can
be bypassed, and injection/evacuation function is com-
menced after the electromagnetic clamps are engaged.
Upon completion of the injection/evacuation function a
long beep will sound, signaling the completion of the pro-
cedure.

Claims

1. A device for substance delivery to and/or extraction
from the tympanic cavity, the device comprising:

a stationary body (2) having a distal surface (2c)
and a proximal surface (2d), the stationary body
(2) having a small section (2b) that is sized and
configured to be inserted into an ear canal;
a movable body (1) having a distal surface (1c)
and a proximal surface (1d), disposed within the
stationary body (2) and free to move relative to
the stationary body (2);
at least one piercing element (10a,10b), having
a distal end and a proximal end, disposed within
the movable body (1); and
a mechanism for generating vacuum in the ear
canal sufficient to induce the movable body (1)
to move inward.

2. The device of claim 1, wherein the movable body (1)
further comprises:

a large section (1a) of the movable body (1) dis-
posed in contact with the proximal surface (1d)
of the movable body (1); and
a small section (1b) of the movable body (1) dis-
posed in contact with the distal surface (1c) of
the movable body (1).

3. The device of claim 1 or claim 2, wherein the station-
ary body (2) further comprises:

an outer compressible layer (20); and
an inner rigid layer (20a).

4. The device of any of claims 1 to 3, wherein the at
least one piercing element (10a,10b) is hollow.

5. The device of any of claims 1 to 4, wherein the distal
end of the piercing element (10a,10b) does not pro-
trude past the distal surface (1c) of the movable body
(1).

6. The device of claim 4, further comprising at least one
chamber (11a,11b) capable of holding a substance
connected to the at least one hollow piercing element
(10a,10b) in a manner that allows the substance to
pass through the at least one hollow piercing element
(10a,10b) and into or out of the at least one chamber
(11a,11b) capable of holding substance.

7. The device of claim 6, further comprising a means
(12a) for injecting a substance from the at least one
chamber (11a) capable of holding substance,
through the at least one hollow piercing element
(10a), into the tympanic cavity.

8. The device of claim 6, further comprising a means
(12b) for evacuating a substance from the tympanic
cavity through the at least one hollow piercing ele-
ment (10b) into the at least one chamber (11b) ca-
pable of holding substance.

9. The device of claim 6, further comprising at least one
vacuum port (26a) disposed in the stationary body
(2).

10. The device of claim 6, wherein the at least one cham-
ber capable of holding substance further comprises:

a first chamber (11a);
a second chamber (11b);
a first plunger (12a) disposed in the first chamber
(11a);
a second plunger (12b) disposed in the second
chamber (11b); and
at least one vent channel (15) connecting the
first chamber (11a) and the second chamber
(11b).

11. The device of claim 1, further comprising a seal (22)
between the stationary body and the movably body.

12. The device of claim 11, wherein the seal (22) is not
airtight.

13. The device of claim 11, wherein the seal (22) forms
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a sliding fit between the stationary body (2) and the
movable body (1).

14. The device of claim 6, wherein the at least one pierc-
ing element (10a,10b) serve as the at least one
chamber capable of holding substance.

15. The device of claim 1, wherein the at least one pierc-
ing element (10a,10b) comprises a first piercing el-
ement and a second piercing element, and the de-
vice further comprises an ohmmeter module (42) ca-
pable of measuring resistance between the first
piercing element and the second piercing element.

Patentansprüche

1. Vorrichtung für eine Substanzabgabe an und/oder
-extraktion aus der Paukenhöhle, wobei die Vorrich-
tung umfasst:

einen stationären Körper (2), der eine distale
Oberfläche (2c) und eine proximale Oberfläche
(2d) aufweist, wobei der stationäre Körper (2)
einen kleinen Bereich (2b) aufweist, der bemes-
sen und konfiguriert ist, um in einen Gehörgang
eingeführt zu werden;
einen beweglichen Körper (1), der eine distale
Oberfläche (1c) und eine proximale Oberfläche
(1d) aufweist, der innerhalb des stationären Kör-
pers (2) angeordnet ist und sich relativ zu dem
stationären Körper (2) frei bewegen kann;
wenigstens ein Durchstechungselement (10a,
10b), das ein distales Ende und ein proximales
Ende aufweist, das innerhalb des beweglichen
Körpers (1) angeordnet ist; und
einen Mechanismus zum Erzeugen eines Vaku-
ums in dem Gehörgang, der ausreicht, um den
beweglichen Körper (1) zu veranlassen, sich
nach innen zu bewegen.

2. Vorrichtung nach Anspruch 1, wobei der bewegliche
Körper (1) ferner umfasst:

einen großen Bereich (1a) des beweglichen
Körpers (1), der in Berührung mit der proximalen
Oberfläche (1d) des beweglichen Körpers (1)
angeordnet ist; und
einen kleinen Bereich (1b) des beweglichen
Körpers (1), der in Berührung mit der distalen
Oberfläche (1c) des beweglichen Körpers (1)
angeordnet ist.

3. Vorrichtung nach Anspruch 1 oder Anspruch 2, wo-
bei der stationäre Körper (2) ferner umfasst:

eine äußere komprimierbare Schicht (20); und
eine innere starre Schicht (20a).

4. Vorrichtung nach einem der Ansprüche 1 bis 3, wo-
bei das wenigstens eine Durchstechungselement
(10a, 10b) hohl ist.

5. Vorrichtung nach einem der Ansprüche 1 bis 4, wo-
bei das distale Ende des Durchstechungselements
(10a, 10b) nicht über die distale Oberfläche (1c) des
beweglichen Körpers (1) hinausragt.

6. Vorrichtung nach Anspruch 4, die ferner wenigstens
eine Kammer (11a, 11b) umfasst, die in der Lage ist,
eine Substanz, die mit dem wenigstens einen hohlen
Durchstechungselement (10a, 10b) verbunden ist,
auf eine Weise aufzunehmen, die es der Substanz
ermöglicht, sich durch das wenigstens eine hohle
Durchstechungselement (10a, 10b) und in die oder
aus der wenigstens einen Kammer (11a, 11b) zu be-
wegen, die in der Lage ist, die Substanz aufzuneh-
men.

7. Vorrichtung nach Anspruch 6, die ferner ein Mittel
(12a) zum Injizieren einer Substanz aus der wenigs-
tens einen Kammer (11a), die in der Lage ist, Sub-
stanz aufzunehmen, durch das wenigstens eine
hohle Durchstechungselement (10a) in die Pauken-
höhle umfasst.

8. Vorrichtung nach Anspruch 6, die ferner ein Mittel
(12b) zum Auspumpen einer Substanz aus der Pau-
kenhöhle durch das wenigstens eine hohle Durch-
stechungselement (10b) in die wenigstens eine
Kammer (11b), die in der Lage ist, Substanz aufzu-
nehmen, umfasst.

9. Vorrichtung nach Anspruch 6, die ferner wenigstens
eine Vakuumöffnung (26a) umfasst, die in dem sta-
tionären Körper (2) angeordnet ist.

10. Vorrichtung nach Anspruch 6, wobei die wenigstens
eine Kammer, die in der Lage ist, Substanz aufzu-
nehmen, ferner umfasst:

eine erste Kammer (11a);
eine zweite Kammer (11b);
einen ersten Kolben (12a), der in der ersten
Kammer (11a) angeordnet ist;
einen zweiten Kolben (12b), der in der zweiten
Kammer (11b) angeordnet ist; und
wenigstens einen Entlüftungskanal (15), der die
erste Kammer (11a) und die zweite Kammer
(11b) verbindet.

11. Vorrichtung nach Anspruch 1, die ferner eine Dich-
tung (22) zwischen dem stationären Körper und dem
beweglichen Körper umfasst.

12. Vorrichtung nach Anspruch 11, wobei die Dichtung
(22) nicht luftdicht ist.
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13. Vorrichtung nach Anspruch 11, wobei die Dichtung
(22) einen Gleitsitz zwischen dem stationären Kör-
per (2) und dem beweglichen Körper (1) ausbildet.

14. Vorrichtung nach Anspruch 6, wobei das wenigstens
eine Durchstechungselement (10a, 10b) als die we-
nigstens eine Kammer dient, die in der Lage ist, Sub-
stanz aufzunehmen.

15. Vorrichtung nach Anspruch 1, wobei das wenigstens
eine Durchstechungselement (10a, 10b) ein erstes
Durchstechungselement und ein zweites Durchste-
chungselement umfasst und die Vorrichtung ferner
ein Ohmmetermodul (42) umfasst, das in der Lage
ist, einen Widerstand zwischen dem ersten Durch-
stechungselement und dem zweiten Durchste-
chungselement zu messen.

Revendications

1. Dispositif d’administration dans la cavité tympanique
et/ou d’extraction de la cavité tympanique de subs-
tance, le dispositif comprenant :

un corps fixe (2) ayant une surface distale (2c)
et une surface proximale (2d), le corps fixe (2)
ayant une petite section (2b) qui est dimension-
née et conçue pour être insérée dans un conduit
auditif ;
un corps mobile (1) ayant une surface distale
(1c) et une surface proximale (1 d), disposé à
l’intérieur du corps fixe (2) et libre de se déplacer
par rapport au corps fixe (2) ;
au moins un élément de perçage (10a, 10b),
ayant une extrémité distale et une extrémité
proximale, disposé à l’intérieur du corps mobile
(1) ; et
un mécanisme pour générer un vide dans le con-
duit auditif suffisant pour induire le corps mobile
(1) à se déplacer vers l’intérieur.

2. Dispositif selon la revendication 1, dans lequel le
corps mobile (1) comprend en outre :

une grande section (la) du corps mobile (1) dis-
posée en contact avec la surface proximale (1d)
du corps mobile (1) ; et
une petite section (1b) du corps mobile (1) dis-
posée en contact avec la surface distale (1c) du
corps mobile (1).

3. Dispositif selon la revendication 1 ou la revendication
2, dans lequel le corps fixe (2) comprend en outre :

une couche compressible externe (20) ; et
une couche interne rigide (20a).

4. Dispositif selon l’une quelconque des revendications
1 à 3, dans lequel l’au moins un élément de perçage
(10a, 10b) est creux.

5. Dispositif selon l’une quelconque des revendications
1 à 4, dans lequel l’extrémité distale de l’élément de
perçage (10a, 10b) ne fait pas saillie au-delà de la
surface distale (1c) du corps mobile (1).

6. Dispositif selon la revendication 4, comprenant en
outre au moins une chambre (11a, 11b) capable de
contenir une substance reliée à l’au moins un élé-
ment de perçage creux (10a, 10b) d’une manière qui
permet à la substance de passer à travers l’au moins
un élément de perçage creux (10a, 10b) et dans ou
hors de l’au moins une chambre (11a, 11b) capable
de contenir une substance.

7. Dispositif selon la revendication 6, comprenant en
outre un moyen (12a) pour injecter une substance
de l’au moins une chambre (11a) capable de contenir
une substance, à travers l’au moins un élément de
perçage creux (10a), dans la cavité tympanique.

8. Dispositif selon la revendication 6, comprenant en
outre un moyen (12b) pour évacuer une substance
de la cavité tympanique à travers l’au moins un élé-
ment de perçage creux (10b) dans l’au moins une
chambre (11b) capable de contenir une substance.

9. Dispositif selon la revendication 6, comprenant en
outre au moins un orifice à vide (26a) disposé dans
le corps fixe (2).

10. Dispositif selon la revendication 6, dans lequel l’au
moins une chambre capable de contenir une subs-
tance comprend en outre :

une première chambre (11a) ;
une seconde chambre (11b) ;
un premier piston (12a) disposé dans la premiè-
re chambre (11a) ;
un second piston (12b) disposé dans la seconde
chambre (11b) ; et
au moins un canal d’aération (15) reliant la pre-
mière chambre (11a) et la seconde chambre
(11b).

11. Dispositif selon la revendication 1, comprenant en
outre un joint (22) entre le corps fixe et le corps mo-
bile.

12. Dispositif selon la revendication 11, dans lequel le
joint (22) n’est pas étanche à l’air.

13. Dispositif selon la revendication 11, dans lequel le
joint (22) forme un ajustement glissant entre le corps
fixe (2) et le corps mobile (1).
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14. Dispositif selon la revendication 6, dans lequel l’au
moins un élément de perçage (10a, 10b) sert en tant
que l’au moins une chambre capable de contenir une
substance.

15. Dispositif selon la revendication 1, dans lequel l’au
moins un élément de perçage (10a, 10b) comprend
un premier élément de perçage et un second élé-
ment de perçage, et le dispositif comprend en outre
un module ohmmètre (42) capable de mesurer la
résistance entre le premier élément de perçage et
le second élément de perçage.
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