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VESTIBULAR CANAL PLUG 

TECHNICAL FIELD 

[0001] This invention relates to a medical plugging 
device, and more particularly to a vestibular canal plug. 

BACKGROUND 

[0002] The ability of human beings to maintain stability 
and balance is controlled by the vestibular system. This 
system provides the central nervous system With the infor 
mation needed to maintain balance and stability. 

[0003] In FIG. 1, the vestibular system includes three 
mutually-orthogonal ring-shaped tubes, referred to as the 
semicircular canals 102a-c, that are ?lled With endolymph 
?uid. The semicircular canals are formed by a membrane 
called the membranous labyrinth. Each of the semicircular 
canals 102a-c is disposed inside a holloW bony tube (not 
shoWn in the diagram), called the bony labyrinth, that 
extends along the contours of the semicircular canals. Lining 
the interior Walls of the bony labyrinth is a thin membrane 
called the endosteum. The bony labyrinth is ?lled With a 
?uid called the perilymph. 

[0004] As further shoWn in FIG. 1, each semicircular canal 
102a-c terminates in an enlarged balloon-shaped section 
called the ampulla (marked 104a-c in FIG. 1). Inside each 
ampulla is the cupula 106a-c, on Which hair cells are 
embedded. 

[0005] Generally, as the semicircular canals 102a-c rotate 
due to rotational motion of a head, the endolymph ?uid 
inside the canal Will lag behind the moving canals, and thus 
cause the hair cells on the cupula to bend and deform. This 
deformation stimulates nerves attached to the hair cells, 
resulting in the generation of nerve signals that are sent to 
the central nervous system. These signals are decoded to 
provide the central nervous system With motion information. 

[0006] The three canals together provide information 
about rotation in all three spatial dimensions. The other 
endorgans in the vestibular system are the otolith organs, the 
utricle and the saccule. These endorgans act as linear accel 
erometers and respond to both linear motion and gravity. 

[0007] In response to the vestibular nerve impulses, the 
central nervous system perceives motion and, in response, 
controls the movement of various muscles in an effort to 
maintain balance. 

[0008] Dehiscence is a medical condition in Which the 
bony labyrinth surrounding one or more of the semicircular 
canals is so thin that small changes of air pressure in the ear 
(for example, resulting from sound Waves), can cause the 
actuation of the endosteum that stimulates the vestibular 
system. 

[0009] Another condition affecting the vestibular system 
is intractable benign paroxysmal positional vertigo. In this 
medical condition, small stones or debris formed in the 
semicircular canals are randomly displaced inside the 
endolymph ?uid. This disturbs the endolymph ?uid, Which 
in turn de?ects the hair cells on the cupula. Thus, the patient 
perceives motion that is inconsistent With his actual motion. 

[0010] Person suffering from dehiscence, intractable 
benign paroxysmal positional vertigo, or other conditions 
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resulting in an overly sensitive vestibular system, experience 
vertiginous symptoms such as diZZiness and disorientation. 

[0011] Occasionally, symptoms associated With dehis 
cence or intractable benign paroxysmal positional vertigo 
subside either by themselves, or With the aid of non-invasive 
treatment (e.g., simple head exercises to remove the debris 
from the endolymph ?uid in situations involving intractable 
benign paroxysmal positional vertigo). HoWever, in some 
situations it becomes necessary to perform a surgical pro 
cedure called “canal plugging” to alleviate such conditions. 
The goal of canal plugging is to block most of the canal’s 
function Without signi?cantly a?fecting other semicircular 
canals or parts of the ear. This procedure, hoWever, poses a 
small risk to hearing. More troubling, hoWever, is that canal 
plugging is irreversible. Thus, although canal plugging 
permanently relieves vertiginous symptoms, it does so at the 
cost of making it non-feasible for patients to bene?t from 
neWly-discovered treatment options. 

SUMMARY 

[0012] The invention is based on the recognition that one 
can relieve the symptoms of certain vestibular dysfunctions 
by curtailing ?oW of endolymph. 

[0013] In one aspect, the invention includes an apparatus 
to reduce the sensitivity of the vestibular system to stimu 
lation. The apparatus includes a plugging device con?gured 
to constrain the movement of endolymph ?uid Within a 
semicircular canal, and a control module coupled to the 
plugging device that causes the plugging device to maintain 
a set actuated position. 

[0014] In some embodiments, the apparatus also includes 
a sensing system that provides information to the control 
module indicative of environmental conditions and/or per 
formance of the plugging device. 

[0015] In other embodiments, the control module is con 
?gured to cause the plugging device to maintain the set 
actuated position by generating a control signal for trans 
mission to the plugging device. 

[0016] In yet other embodiments, the plugging device 
includes a balloon attached to a catheter, the balloon having 
a volume that varies in response to a control signal. In some 
of these embodiments, the control module is con?gured to 
maintain the balloon at the set actuated position by changing 
the volume of the balloon in response to ?uid leakage from 
the balloon and/or air pressure changes. 

[0017] Additional embodiments include those in Which 
the plugging device includes a pieZoelectric mechanical 
vibrator con?gured to be displaced in response to a control 
signal, a piston, con?gured to be displaced in response to a 
control signal, or an elastic membrane, con?gured to expand 
in response to a control signal. 

[0018] In some embodiments, the apparatus also includes 
a poWer source electrically coupled to the plugging device to 
poWer the plugging device. 

[0019] In another aspect, the invention includes a method 
for reducing the sensitivity of the vestibular system to 
stimulation. The method includes inserting a plugging 
device in mechanical communication With a semicircular 
canal of a patient, and maintaining the plugging device at a 
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set actuated position selected to constrain the movement of 
the endolymph ?uid in the semicircular canal. 

[0020] In another aspect, the invention includes an appa 
ratus for reducing the sensitivity of the vestibular system to 
stimulation. The apparatus includes one or more plugging 
devices con?gured to constrain the movement of endolymph 
?uid in the corresponding semicircular canals, and a control 
module coupled to the one or more plugging devices that 
causes the one or more plugging devices to maintain corre 

sponding set actuated positions. 

[0021] The details of one or more embodiments of the 
invention are set forth in the accompanying draWings and 
the description beloW. Other features, objects, and advan 
tages of the invention Will be apparent from the description 
and draWings, and from the claims. 

DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 is a diagram ofpart ofthe vestibular system. 

[0023] FIG. 2 is a schematic diagram of an exemplary 
embodiment of a plug apparatus. 

[0024] FIG. 3A is a schematic diagram in cross-section of 
a semicircular canal in the vestibular system. 

[0025] FIG. 3B is a schematic diagram in cross-section of 
an embodiment of a piston-based plugging device. 

[0026] FIG. 3C is a schematic diagram in cross-section of 
an embodiment of an elastic membrane plugging device. 

[0027] FIG. 3D is a schematic diagram in cross-section of 
an embodiment of a balloon plugging device implanted at 
the exterior of the bony labyrinth. 

[0028] FIG. 3E is a schematic diagram in cross-section of 
an embodiment of a balloon plugging device implanted at 
the interior of the bony labyrinth. 

[0029] FIG. 3F is a schematic diagram in cross-section of 
the in?ated balloon plugging device of FIG. 3E. 

[0030] Like reference symbols in the various draWings 
indicate like elements. 

DETAILED DESCRIPTION 

[0031] FIG. 2 is a schematic diagram of an exemplary 
embodiment of a vestibular canal plug apparatus 200 to 
chronically constrain the movement endolymph ?uid Within 
the semicircular canal. The plug apparatus 200 includes a 
plugging device 210 inserted proximate to a semicircular 
canal With respect to Which the ?oW of the endolymph ?uid 
in that canal is to be constrained. 

[0032] FIG. 3A is a simpli?ed cross-sectional diagram 
shoWing a semicircular canal. As shoWn, the semicircular 
canal 306 is formed from the membranous labyrinth. 
Endolymph ?uid 308 ?lls the canal 306. A bony labyrinth 
304 lined With endosteum 302 de?nes a volume ?lled With 
perilymph ?uid 309 that surrounds the canal 306. Actuation 
of the plugging device 210 to a set position partially or 
completely pinches the semicircular canal 306 inside the 
perilymph-?lled volume formed by the bony labyrinth. As a 
result, the diameter of the semicircular canal 306 decreases, 
and the ?oW of the endolymph ?uid 308 is thus constrained. 
Consequently, the ?oW of endolymph ?uid in the cupula is 
also constrained, thereby minimiZing the motion of the hairs 
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in the cupula. This in turn reduces stimulation of the central 
nervous system. When the semicircular canal is completely 
blocked (i.e., When the semicircular canal is pinched so that 
at that location the canal’s diameter is substantially Zero), 
the endolymph ?oW in the semicircular canal is effectively 
inhibited. 

[0033] The plugging device 210 includes a control mecha 
nism (not shoWn) that receives control signals transmitted 
from the control module 220. The control mechanism con 
trols the movement and position of the actuated plugging 
device, and thereby enables occasional adjustments of the 
actuated position of the device. Such adjustments may be 
needed to compensate for disturbances such as ?uid leakage, 
changes in ambient air pressure, and temperature changes. 
Transmission of control signals from the control module 220 
to the plugging device 210 can be done using Wireless 
transmission. Alternatively, the control signals can be sent 
from an electrical Wire connecting the control module 220 to 
the plugging device 210. The Wire is placed such that it runs 
subcutaneously from the control module 220 to the control 
mechanism of the plugging device 210. 

[0034] FIGS. 3B-3E are various embodiments of the plug 
ging device 210. In the embodiment shoWn in cross-section 
in FIG. 3B, a plugging device 310 includes a piston 312 that 
is displaced hydraulically inside a cylinder 316. The dimen 
sions of the mechanical piston depend on the siZe of the 
semicircular canal, Which in turn depends on the patient’s 
age and gender. A typical piston diameter for an adult male 
is 0.3-1.0 mm. 

[0035] Initially, the plugging device 310 receives control 
signals corresponding to the position to Which the piston 312 
should be moved to pinch the semicircular canal 306. 

[0036] As the piston moves to its actuated position, it 
presses against the endosteum 302. This causes the endos 
teum 302 to be displaced inWardly. As the endosteum 302 is 
displaced, it presses against the semicircular canal 306 and 
pins it against the opposite Wall of the endosteum, thereby 
constraining the canal’s motion and altering the dimensions 
of the semicircular canal 306. The reduced dimensions of the 
semicircular canal 306 constrain the movement of the 
endolymph ?uid in the semicircular canal 306. As shoWn in 
the example of FIG. 3B, the piston 312 is actuated to a 
position in Which the semicircular canal 306 is held in place 
betWeen the opposing Walls of the endosteum 302, but is not 
entirely pinched. Thus, although the motion of the 
endolymph ?uid in the semicircular canal 306 is con 
strained, it is not entirely curtailed. In that position, the 
semicircular canal is only partially blocked. To entirely 
curtail the ?oW of the endolymph ?uid in the semicircular 
canal 306, the piston 312 is actuated into a position Whereby 
the piston 312 exerts su?icient pressure on the endosteum 
302 to completely pinch the semicircular canal 306, and thus 
completely block endolymph ?oW. 

[0037] The plugging device 310 also includes a control 
mechanism (not shoWn) adapted to receive control signals 
from the control module 220. These control signals cause 
displacement of the piston 312 in the cylinder 316 to a set 
actuated position. Thereafter, the position of the piston 312 
is maintained, except to adjust for minor positional shift of 
the piston 312 caused by environmental ?uctuations (e.g., 
?uctuations in temperature or pressure), or by performance 
degradation of the plugging device 310. The set actuated 
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position of the piston 312 may be occasionally changed in 
accordance With medical necessities (e. g., to more forcefully 
pinch the semicircular canal 306). 

[0038] To minimize damage to the endosteum 302 due to 
the piston’s motion, the piston head is covered With a soft 
biocompatible material 314. A suitable biocompatible mate 
rial is Silastic. 

[0039] Since the plugging device 310 is implanted, it 
should be constructed using biocompatible materials. Thus, 
in some embodiments the piston-based plugging device 310 
is made of suitable metallic materials such as stainless steel 
or titanium. Other suitable materials include various types of 
ceramics that are approved for medical applications. 

[0040] FIG. 3C shoWs, in cross-section, a second exem 
plary embodiment of a plugging device. In the embodiment 
shoWn in FIG. 3C, a plugging device 320 includes an elastic 
membrane 322 placed at the end of a cylinder 324. Pressure 
provided by a pump mechanism coupled to the plugging 
device via the cylinder 324 causes the membrane 322 to 
expand outWardly toWards the endosteum 302, thereby 
de?ecting the endosteum 302. As With the piston-based 
plugging device shoWn in FIG. 3B, the de?ected endosteum 
302 presses against the semicircular canal 306 and pins it to 
the opposite Wall of the endosteum 302. The pressure from 
the actuated membrane 322 deforms the dimensions of the 
semicircular canal, thereby reducing the space in Which the 
endolymph ?uid 308 can ?oW. The altered dimensions of the 
semicircular canal constrain, or all together preclude, move 
ment of the endolymph ?uid. This reduces the stimulation 
that can be delivered to the hair cells on the cupula of the 
semicircular canal 306, thereby reducing the sensitivity of 
the vestibular system to stimulation. In FIG. 3C, the mem 
brane 322 is shoWn to have been expanded enough to 
partially pinch the semicircular canal 306. As noted, hoW 
ever, it is often necessary to completely curtail the ?oW of 
endolymph ?uid in the semicircular canal 306. Under those 
circumstances, the membrane 322 is actuated to a position in 
Which it completely pinches the semicircular canal 302, and 
thus completely blocks the ?oW of the endolymph ?uid in 
the semicircular canal 306. 

[0041] The plugging device 320 also includes a control 
mechanism (not shoWn) adapted to receive control signals 
from the control module 220. These control signals cause the 
plugging device’s pump to pump ?uid (gas and/or liquid) to 
expand the elastic membrane 322 to a set actuated position. 
Thereafter, the position of the elastic membrane 322 is 
maintained, except to adjust for minor changes to the 
position of the membrane 322 to compensate for such 
factors as leakage, or changes in air pressure or temperature, 
or to adjust the position of the membrane 322 in accordance 
With medical necessities. 

[0042] FIG. 3D shoWs, in cross-section, a third embodi 
ment of a plugging device that includes a balloon 332 in 
?uid communication With a balloon catheter 334. Pressure 
provided by a pump mechanism (not shoWn) coupled to the 
plugging device via the cylinder 324 causes the balloon 332 
to expand outWardly toWards the endosteum 302, 30 thereby 
de?ecting the endosteum 302. As With the plugging devices 
shoWn in FIGS. 3B-C, the de?ected endosteum 302 presses 
against the semicircular canal 306 and pins it against the 
opposite Wall of the endosteum 302, thereby altering the 
canal’s dimensions and constraining the ?oW of endolymph 
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?uid 308 in the semicircular canal 306. As shoWn in FIG. 
3D, the balloon 332 is actuated into a position Whereby the 
semicircular canal is only partially pinched, and thus the 
motion of the endolymph ?uid in the semicircular canal 306 
is only partially constrained. HoWever, the balloon 332 can 
be actuated to a position Whereby the semicircular canal is 
substantially fully pinched, thus substantially precluding 
movement of the endolymph ?uid in the semicircular canal 
306. 

[0043] The plugging device 330 includes a control mecha 
nism (not shoWn) adapted to receive control signals from the 
control module 220 to cause the plugging device’s pump to 
pump ?uid to the extent required to in?ate the balloon 332 
to a set volume su?icient to pinch the canal. Thereafter, the 
volume of the balloon 332 is not altered except to adjust for 
minor changes to the volume of the balloon 332, or to adjust 
the volume of the balloon 332 in accordance With medical 
necessities. 

[0044] The plugging devices shoWn in FIGS. 3B-3D are 
placed on the exterior of the endosteum. As a result, the 
endosteum 302 is not breached. This reduces the risk of 
damage that can otherWise be caused by the presence of a 
plugging device in the perilymph space. 

[0045] FIGS. 3E-F shoW, in cross-section, a fourth 
embodiment of a plugging device placed inside the peri 
lymph space, thereby enabling the plugging device to 
directly exert pressure on the semicircular canal 306. As 
shoWn in FIG. 3E, a plugging device 340 includes a balloon 
342 coupled to a balloon catheter (not shoWn). The balloon 
342 is constructed of a durable, non-porous material having 
good elongation properties (e.g., greater than 250% of the 
original siZe of the balloon), and proper tensile strength. 
Example of such materials include latex, polyurethane, and 
silicone elastomers. It should be noted that if latex is 
selected, then medical grade latex, in Which proteins causing 
allergic reaction have been removed, should preferably be 
used. A typical balloon 342 has a length of about 1 mm, an 
in?ated circular cross-section diameter of 0.7-1 mm, and a 
de?ated circular cross-section diameter of approximately 
0.2-0.3 mm. 

[0046] The balloon catheter is inserted into the perilymph 
space by cutting a small opening through the bony labyrinth 
304 and the endosteum 302 and passing the balloon catheter 
into the perilymph space using a micromanipulator. After 
insertion of the balloon catheter, the openings in the bony 
labyrinth and endosteum are sealed and alloWed to heal. 

[0047] The plugging device 340 also includes a larger 
diameter catheter (not shoWn) located outside the bony 
labyrinth that is coupled to the smaller catheter that Was 
inserted into the perilymph space. The larger catheter runs 
subcutaneously to a closed container in Which a pump 
mechanism, a ?uid reservoir for in?ating the balloon, and a 
control mechanism to control the volume of the balloon 342 
are all located. The pump mechanism, ?uid reservoir, and 
the control mechanism are of conventional design and are 
therefore omitted from FIGS. 3E-F for the sake of clarity. 

[0048] The control mechanism for the balloon plugging 
device shoWn in FIGS. 3E-F is adapted to receive control 
signals from the control module 220 and to cause the pump 
to pump ?uid into the balloon 342 to in?ate it. 

[0049] As shoWn in FIG. 3F, the pump mechanism directs 
pressurized gas or liquid from the ?uid reservoir through the 
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interconnected catheters. This ?uid in?ates the balloon 342 
inside the perilymph space. The balloon 342 then begins 
pressing against the semicircular canal 306, pushing it 
against the Wall of the endosteum 302, thereby constraining 
the ?oW of the endolymph ?uid through the semicircular 
canal 306. In FIG. 3F the balloon is shoWn as having been 
in?ated to a volume that partially pinches the semicircular 
canal 306, and thus partially constrains movement of the 
endolymph ?uid in the semicircular canal 306. To com 
pletely block the ?oW of the endolymph ?uid in the semi 
circular canal 306, the balloon 342 is in?ated further until it 
completely pinches the semicircular canal 306 and thus 
substantially blocks the ?oW of the endolymph ?uid in the 
canal. 

[0050] Once the balloon 342 has been in?ated to its set 
volume inside the perilymph space, no additional ?uid is 
pumped or WithdraWn except to compensate for uncon 
trolled changes to the balloon’s volume due, for example, to 
?uid leakage or to environmental changes (e.g., temperature 
and/or pressure changes), or to adjust the volume of the 
balloon in accordance With medical necessities. To de?ate 
the balloon 342 so as to enable adjustments, or to remove the 
balloon 342 from the perilymph space, the pump mechanism 
WithdraWs the ?uid inside the balloon 342. 

[0051] The ?uid reservoir used to in?ate the balloon 
should have enough ?uid to ensure that the balloon-based 
plugging device 340 Will continue operating notWithstand 
ing any ?uid leakage. The ?uid reservoir is preferably 
equipped With a recharging mechanism so that When the 
?uid level in the reservoir dips beloW a certain threshold 
level, the reservoir can be recharged to ensure continued 
operation of the plugging device 340. 

[0052] It Will be clear that the use of the pump mechanism 
together With the ?uid reservoir described in relation to the 
plugging device 340 can also be used to control the opera 
tion of the plugging devices shoWn in FIGS. 3C and 3D. 

[0053] Yet another embodiment of the plugging device 
210 shoWn in FIG. 2, a pieZoelectric device receives voltage 
control signals that cause it to be displaced so as to inWardly 
de?ect the endosteum 302. The inWard de?ection of the 
endosteum consequently pinches the semicircular canal 306, 
and thus constrains the ?oW of endolymph ?uid Within it. 
Alternatively, the pieZoelectric device could be used to push 
?uid to activate any of the plugging devices 322332, 342 
discussed previously. Alternatively, a piston could be forced 
against the endosteum 302 by the pieZoelectric device. 

[0054] Yet another embodiment uses a magnetic ?eld 
created by a coil of Wire to move a piston electromagneti 
cally, Which, in turn, pushes ?uid to activate any of the 
plugging devices 322332, 342 discussed previously. Alter 
natively, a piston moved by the magnetic coil could push 
directly on the endosteum 302. 

[0055] As noted above, and as can be seen from FIGS. 
3B-3F, the plugging device is adjacent to the endosteum 302. 
Placement of the plugging device either outside or inside the 
endosteum 302 generally includes a surgical procedure to, 
among other things, remove part of the bony labyrinth 
shielding the endosteum. Thus, performance of such a 
surgical procedure Would generally require that at least local 
anesthesia be used. 

[0056] Turning back to FIG. 2, although only a single 
plugging device 210 is shoWn, the vestibular canal plug 
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apparatus may include additional plugging devices. For 
example, a companion plugging device (not shoWn in the 
?gure) may be placed in the person’s other ear. Or, more 
than one plugging device may be placed in each of a 
person’s ears. For example, plugging devices may be placed 
in each of the three orthogonal semicircular canals forming 
a person’s peripheral vestibular system. 

[0057] As further shoWn in FIG. 2, coupled to the plug 
ging device 210 is the control module 220. The control 
module 220 controls the actuated position of the plugging 
device. In particular, the control module sends control 
signals to the plugging device 210 that cause the plugging 
device 210 to move to a set actuated position. For a 
balloon-based plugging device, for example, the control 
signals cause the plugging device control mechanism to 
in?ate the balloon to a set volume. As discussed above, the 
pre-determined set position or volume of the plugging 
device 210 pinches the semicircular canal 306 and thus 
reduces the volume in Which the endolymph ?uid can ?oW, 
thereby partially or completely constraining the movement 
of the endolymph ?uid. This, in turn, reduces the sensitivity 
of the vestibular system to stimulation. Once the plugging 
device has been set to its actuated position, the control 
module 220 maintains the plugging device’s actuation 
mechanism in its set position (or volume) and makes any 
necessary adjustments required by small deviations of the 
plugging device from its set actuated position. 

[0058] Deviations from the plugging device’s set actuated 
state generally occur because of ?uctuations in external 
environmental factors or because of faults and imperfections 
of the plugging device. For example, Where the plugging 
device 210 is a balloon-type plugging device (like the 
plugging device 330 shoWn in FIG. 3D), an ambient tem 
perature variation of 5° C. can cause a 1% change in the 
ambient barometric pressure. Such a change in pressure can 
lead to unexpected and undesirable changes in the canal plug 
set point. In another example, the ?uid in a balloon can leak, 
thereby decreasing the volume of a balloon-based plugging 
device. 

[0059] To monitor changes to environmental conditions, 
the control module 220 includes a sensing system 222 that 
monitors exogenous conditions such as temperature, baro 
metric pressure, etc. Additionally, the sensing system 222 
also monitors the performance of the plugging device 210. 
For example, the sensing system can monitor and record the 
internal pressure of a balloon type plugging device, the 
position of a piston in the cylinder for a piston-based 
plugging device, etc. Other types of sensors may also be 
used. 

[0060] As can further be seen in FIG. 2, the sensing system 
222 is secured to the person’s head. The relatively small siZe 
of the sensing system 222 enables placement of the sensing 
system 222 on the external surface of the head, preferably at 
an inconspicuous and unobtrusive location. Alternatively, 
the sensing system 222 may be placed underneath the 
surface of the head, or at other locations on the person’s 
body. 

[0061] The control module 220 also includes a computing 
device 224 that can perform computations using digital 
and/or analog techniques. The computing device 224 is 
con?gured to receive data from the various sensing devices 
of the sensing system 222, to process the data, and to 



US 2007/0027465 A1 

generate output control information to be sent to the plug 
ging device 210. Some operations that the computing device 
224 is con?gured to perform include ?ltering and scaling of 
the input data. The computing device 224 processes the 
received data from the sensing devices and produces an 
output control feedback signal to maintain the plugging 
device in its actuated position. 

[0062] The control device 220 also includes a user inter 
face (not shoWn) to enable direct control by a user, such as 
the person Wearing the plugging device, a physician, or a 
technician, to set the initial position/volume of the plugging 
device, or to change that set position at some later point 
should the person’s medical condition require any such 
changes. Input entered through the user interface is pro 
cessed by the computing device 224 to generate correspond 
ing control signals for the plugging device 210. Typical user 
interfaces include a small key pad to enable the user to enter 
data. Such a key pad could be attached to a housing in Which 
the computing device 224 is held. HoWever, the user inter 
face need not be located proximate to the computing device 
224. For example, a computer console can be remotely 
linked to the computing device 224, either using Wireless 
transmission, or by direct physical coupling. Executing on 
such a computer console Would be, for example, a graphical 
user interface to enable the user to enter the data for 
controlling the actuated position of the plugging device 210. 

[0063] The computing device 224 thus sends initial con 
trol signals to the plugging device 210 to cause the plugging 
device to move to its initial set actuated position. Subse 
quently, the computing device 224 generates control signals 
to maintain the plugging device 210 in its set actuated 
position, and/or to change the set actuated position as may 
be decided by a user from time to time. 

[0064] The computing device 224 may include a computer 
and/or other types of processor-based devices suitable for 
multiple applications. Such devices can include volatile and 
non-volatile memory elements, and peripheral devices to 
enable input/output functionality. Such peripheral devices 
include, for example, a CD-ROM drive and/or ?oppy drive, 
or a netWork connection, for doWnloading softWare contain 
ing computer instructions to enable general operation of the 
processor-based device, and for doWnloading softWare 
implementation programs to receive and process sensor data 
and user data, and generate corresponding control informa 
tion to control the plugging device. Additionally or alterna 
tively, the computing device 224 may include a digital signal 
processor (DSP) to perform the various processing functions 
described above. A suitable DSP is the Analog Devices 
ADSP 2183 processor. 

[0065] The computing device 224 is placed proximate to 
the sensing system 222, thereby minimizing the distance that 
signals from the sensing devices travel to reach the com 
puting device 224. Thus, in FIG. 2 the computing device 224 
is shoWn located on the Wearer’s head. HoWever, the loca 
tion of the computing device 224 is not critical. The device 
224 can thus be placed anyWhere on the person’s body, or 
even at a location not on the person’s body. 

[0066] FIG. 2 further shoWs that the vestibular canal plug 
apparatus also includes a poWer source 230 to poWer both 
the sensing system 220 and/or the plugging device 210. The 
poWer source 230 may be a battery carried or attached to the 
person. The poWer source 230 is electrically coupled to the 
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sensing system 220 and/or the plugging device 210 using 
electrical conducting Wires. Since the plugging device 210 is 
generally implanted internally near the person’s vestibular 
system, the electrical poWer Wires pass subcutaneously en 
route to the plugging device 210. Alternatively, poWering of 
the control module 220 and the plugging device 210 may be 
implemented through poWer telemetry, in Which poWer is 
delivered to the plugging device 210 and/or the sensing 
system 220 via Wireless poWer transmission. In some 
embodiments the poWer source 230 may include several 
independent poWer units. For example, a battery for deliv 
ering su?icient poWer to the control module 220 could be 
connected directly to the control module 220 via electrical 
Wires. A separate poWer unit, situated at a different location, 
could be used, for example, to deliver poWer to the plugging 
device 210 using poWer telemetry. 

[0067] Some embodiments may not require a poWer 
source. For example, passive pressure regulation can be 
provided via a pressure regulator. 

[0068] Typically, the apparatus 200 has to be calibrated. 
Calibration of the apparatus 200 can include calibrating the 
sensing system 222 to ensure the accuracy of the sensing 
devices’ measurements. Additionally, calibration of the 
apparatus 200 includes determining hoW ?uctuating external 
environmental conditions affect the performance of the 
plugging device 224 (e.g., hoW a change of the outside 
temperature would affect ?uid pressure inside a balloon). 
Determining those relationships enables the computing 
device 224 to compute the extent of adjustment required to 
restore the plugging device to its actuated set position. 

[0069] In operation, a plugging device 210 is implanted 
proximate to a semicircular canal in the person’s vestibular 
system. At some later point, after the person has su?iciently 
recovered from the surgical procedure for implanting the 
plugging device, the actuated position of the plugging 
device 210 is determined. This is typically done by experi 
mentally adjusting the actuated position of the plugging 
device (e. g., varying the volume of a balloon-based plugging 
device) While measuring responses like perception of 
motion, eye responses, or changes in actuator pressure for 
different amounts of actuation. Experimental adjustment of 
the actuated position of the plugging device 210 can also be 
done in accordance With observed improvements of the 
vertiginous symptoms experienced by the patient. The deter 
mination of the set position of the plugging device 210 is 
generally performed by entering data through a user inter 
face linked to the control module 220 to generate control 
signals that move the plugging device to a particular posi 
tion. Feedback from the sensors or from the patient regard 
ing the comfort level and effectiveness of the plugging 
device at that actuated position is used to iteratively adjust 
the position of the plugging device until the optimal actuated 
position of the plugging device 210 is determined. In its 
optimal actuated position, the plugging device 210 con 
strains, either partially or fully, the movement of the 
endolymph ?uid in a semicircular canal upon Which it acts. 

[0070] Once the plugging device 210 has been actuated to 
its optimal set position, the control module receives sensory 
data from the various sensing devices of the sensing system 
222. The computing device 224 uses that data to determine 
if the plugging device has deviated from its actuated posi 
tion. The computing device 224 then determines any minute 
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adjustments that may be needed to restore the plugging 
device 210 to its set actuated position, and generates corre 
sponding control signals that are sent to the plugging device. 
The control signals cause the plugging device 210 to make 
the necessary adjustments to its position. 

[0071] To change the set actuated position of the plugging 
device 210, or to disable it (i.e., retract the plugging device 
to a non-actuating position in Which no pressure is exerted 
on the semicircular canal), a user can manually make that 
change. The user’s input is entered through a user interface 
connected to the control module 220, and the computing 
device 224 uses the input to generate a corresponding 
control signal. The control signal is sent to the plugging 
device 210 and causes the plugging device 210 to move to 
a different set position, or to WithdraW the plugging device 
210 to a non-actuating position. For example, in a balloon 
based plugging device, such as the plugging device 340 in 
FIG. 3E, a control signal to disable the device causes the 
plugging device to WithdraW ?uid from the balloon 342 to 
de?ate it, and thus retract it to a non-actuating position. 

[0072] To completely remove the plugging device 210, the 
plugging device 210 is ?rst disabled and subsequently 
surgically removed, enabling the patient to regain his regular 
vestibular functions. 

[0073] Although FIG. 2 shoWs the apparatus 200 being 
used With a human being, the apparatus 200 can also be used 
With animals. The apparatus 200 need not be used to only 
alleviate medical conditions related to a person’s vestibular 
system, but can be used to remedy other medical conditions 
in Which reduction of the sensitivity of the vestibular system 
to stimulation is desirable. Further, the apparatus 200 may be 
used for non-therapeutic or even non-medical purposes. For 
example, the apparatus 200 can be used in the course of 
medical research to investigate the functioning of the brain. 

OTHER EMBODIMENTS 

[0074] A number of embodiments of the invention have 
been described. Nevertheless, it Will be understood that 
various modi?cations may be made Without departing from 
the spirit and scope of the invention. Accordingly, other 
embodiments are Within the scope of the folloWing claims. 

What is claimed is: 
1. An apparatus to reduce the sensitivity of the vestibular 

system to stimulation, the apparatus: 

a plugging device con?gured to constrain the movement 
of endolymph ?uid Within a semicircular canal; and 

a control module coupled to the plugging device that 
causes the plugging device to maintain a set actuated 
position. 

2. The apparatus of claim 1, further comprising a sensing 
system that provides information to the control module 
indicative of at least one of: environmental conditions, and 
performance of the plugging device. 

3. The apparatus of claim 1, Wherein the control module 
causes the plugging device to maintain the set actuated 
position by generating a control signal for transmission to 
the plugging device. 

4. The apparatus of claim 1, Wherein the plugging device 
comprises a balloon attached to a catheter, the balloon 
having a volume that varies in response to a control signal. 

5. The apparatus of claim 1, Wherein the plugging device 
comprises a pieZoelectric mechanical vibrator, the vibrator 
being con?gured to be displaced in response to a control 
signal. 
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6. The apparatus of claim 1, Wherein the plugging device 
comprises a piston, the piston being con?gured to be dis 
placed in response to a control signal. 

7. The apparatus of claim 1, Wherein the plugging device 
comprises an elastic membrane, the elastic membrane being 
con?gured to expand in response to a control signal. 

8. The apparatus of claim 1, further comprising a poWer 
source electrically coupled to the plugging device to poWer 
the plugging device. 

9. The apparatus of claim 4, Wherein the control module 
is con?gured to maintain the balloon at the set actuated 
position by changing the volume of the balloon in response 
to ?uid leakage from the balloon. 

10. The apparatus of claim 4, Wherein the control module 
is con?gured to maintain the balloon at the set actuated 
position by changing the volume of the balloon in response 
to air pressure changes. 

11. A method for reducing the sensitivity of the vestibular 
system to stimulation, the method comprising: 

inserting a plugging device in mechanical communication 
With a semicircular canal of a patient; and 

maintaining the plugging device at a set actuated position 
selected to constrain the movement of the endolymph 
?uid in the semicircular canal. 

12. The method of claim 11, Wherein maintaining the 
plugging device in the set actuated position comprises: 

receiving data indicative of at least one of: environmental 
conditions, and performance of the plugging device; 
and 

generating control signals on the basis of received data, 
the control signals causing the plugging device to 
adjust its position to the set actuated position. 

13. The method of claim 11, further comprising causing 
the plugging device to move to the set actuated position. 

14. The method of claim 13, Wherein causing the plugging 
device to move to the set actuated position comprises 
causing a balloon to change its volume. 

15. The method of claim 13, Wherein causing the plugging 
device to move to the set actuated position comprises 
causing a pieZoelectric mechanical vibrator to be displaced. 

16. The method of claim 13, Wherein causing the plugging 
device to move to the set actuated position comprises 
causing a piston to be displaced. 

17. The method of claim 13, Wherein causing the plugging 
device to move to the set actuated position comprises 
causing an elastic membrane to expand. 

18. The method of claim 14, Wherein maintaining the 
balloon at the set actuated position comprises changing the 
volume of the balloon in response to at least one of: ?uid 
leakage from the balloon, and air pressure changes. 

19. An apparatus for reducing the sensitivity of the 
vestibular system to stimulation, the apparatus comprising: 

one or more plugging devices con?gured to constrain the 
movement of endolymph ?uid in the corresponding 
semicircular canals; and 

a control module coupled to the one or more plugging 
devices that causes the one or more plugging devices to 
maintain corresponding set actuated positions. 

20. The apparatus of claim 19, further comprising a poWer 
source electrically coupled to the one or more plugging 
devices. 


