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{0002]

F0003]

CROSS-REFERENCE TO RELATED APPLICATIONS
This application clatms priority to and the benefit of US Provisional Patent
Application Serial No. 61/300,609, entided “Liquid-Filled Probe System with

Reservoir and Loss Detection Means”, filed March 15, 2013, which is

incorporated by reference herein,

BACKGROUND
Liguid-filled acoustic probes can be adversely impacted by fluid Joss, air
bubbles, volumetric shrinkage, and/or loss of performance or failure. What is
needed are systems and methods of witigating [Tuid loss, as well as, taking

action, when necessary, 1o maimtain safety and treatment efficacy.

SUMMARY
In some embodiments, an acoustic system can uelude a liguwid-filled coupling
compenent comprising an acoustic couphing fluid and a housing encasing the
coupling thuid; a fluid reservoir comprising an amount of the coupling fluid; a
path in fluid communication between the coupling component and the fluid
gservolr; and a bubble detector coupled to the path and configared to moniter

the coupling fluid in the path.
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[0004]

10005}

10006}

(0007]

[0008]

Some ewbodimenis provide methods of monitoring a Hguid-filled coupling
component.  An exemplary method can include the steps off providing an
acoustic probe comprising an amount of a coupling fluid distributed in a
hquid-filled coupling component, a fluid reservoir, and a path in flud
communication between the coupling component and the reservoir, operating
the probe to emit acoustic energy through the coupling component
monttoring an amount of atr in at least one of the fuid reservoir and the path;
determining the amount of air and comparing the amount of air to a threshold;

and stopping the emit acoustic energy f the threshold is reached.

DRAWINGS

The present disclosure will become wmore fully undersiood from the
specification and the accompanying drawing, wherein:

FiG. 1 i5 a block diagram ilustrating an exemplary system, in accordance
with some embodiments of the present nvention; and

FIG. 2 is a diagram illustrating an exemplary system, 1o accordance with some
embodiments of the present invention.

The drawings described herein are for illostrative purposes only of selected
embodiments and not all possible fraplementations, and are not intended to
timit the scope of any of the exemplary embodiments disclosed herein or any
cquivalents thereot. It 15 understood that the drawings are not drawn 1o scale.
For purposes of clarity, the same reference numbers will be used in the

drawings to identify similar elements.
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[0009]

[0010]

DESCRIPTION

The following description is merely exemplary in nature and is in no way
intended to limit the exemplary embeodiments, their application, or uses.
Various embodimenis of the present invention may be practiecd 1n any
number of any medical or non-medical contexts, which may be directed to a
method and/or a system for gcoustic tissue {reatment. For example, various
aspects the embodiments may be suitably applied to cosmetic applications,
such as, for example, cosmetic enhancement of skin and/or various
sybeutaneous tissue layers and/or fat reduction.

For example, a cosmetic enhancement can be a procedure, but not Limited to
procedures, which are used to improve or change the appearance of a nose,
eyes, eyehrows and/or other facial features, or to improve or change the
appearance and/or the textare and/or the elasticity of skin, or to improve ot
change the appearance of a mark or scar on a skin surface, or o tmprove or
change the appearance andfor the content of fat near a skin surface, or the
targeting of a gland to improve or change the appearance a portion of the
body. Some examples of a cosmetic enhancement can include a procedure, but
not limited to procedures, which are used to improve an appearance of
cellutite and/or reduce subcutaneous fat. In some embodiments, methods of
cosmetic enhancement can increase elasticity of skin by thinming a dermis
layer, thereby rejuvenating a portion of skin. {n some embodiments, methods

of cosmetic cnhancement can stimulate fuftjation of internal body resources
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for the purpose of repairing an injury andfor cell defects. Some embodiments
provide an acoustic treatment system configured for temporarily or
permanertly affecting tissue or s physiology. In at least one embodiment,
cosmetic enhancement 1§ an acoustic treatment, whick is a non-surgical and
non-invasive procedure,

(0011} In some embodiments, an acoustic system can comprise. a liguid-filled
coupling component comprising an acoustic coupling fluid and a housing
encasing the couphiog fluid; a flwd reservoir comprising an amount of the
coupling fluid; a path i fhud comnunication between the coupling
component and the fluid reservoir; and a bubbie detector coupled to the path
and configured to monitor the coupling fluid wn the path.

{6012} The system according can comprise a controller in communication with the
bubble detector and configured to receive a signal from the bubble detector.
The signal can be a measurementy, such as, for example, a measuwrement of an
amount of air in the path. The controlier can determine whether to shut off the
acoustic sysiem based on the amount of air in the path. In some embodiments,
the bubble detector comprises an algorithm configured to determine an
arpount of air in the path based on the monitoring the coupling fluid in the
path and to provide a shut-off sigoal 1o the controller if the amount of air in
the path is above a threshold Jevel.

{0013]  In another example, the signal can be a measurement of an amount of ume
that atr is detected in the path. The coutrolier can determine whether to shut

oft the acoustic system based on the amount of time that air is detected in the
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path.  In some embodiments, the bubble detector comprises an algorithm
configured to determing an amount of time that air is detected in the path
based on the monitoring the coupling {iuid in the path and to provide a shut-
off signal to the controller if the amount of time that air is detected in the path
is above a threshold level

[0014] The system can comprise a clock configured to provide a shut off signal when
an expiration date of the liquid-filled coupling component has been reached.
The system can include memory configured to retain and communicate the
expiration date. The hquid-filled coupling component can include a hounsing
encasing the fluid and configured to prevent seepage of the fluid through the
housing.

[O015] The acoustic system can comprise a positive pressure within the liquid-filled
coupling component, the fluid path, and the reservoir. The acoustic system
can comprise an acoustic transducer coupled to the fguid-filled coupling
component and configured {o emit acoustic enevgy through the liquid-filled
coupling component and inte a region of interesi, which is acoustically
coupled to the hquud-{illed coupling component. The acoustic membrane can
be positioned in a path of the acoustic energy and in contact with a surface
above a region of interest. The positive pressure can be configured to push
the acoustic membrane against the surface.

{00161  The acoustic system can comprise a negative pressure within the liquid-filled
coupling component, the fluid path, and the reserveir. The reservoir can be a

cotlapsible housing configured to shrink a reservoir volume under the negative
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pressure as the amount of fluid decreases. The system can nclude a sensor
configured to detect an emipty posttion of the collapsible housing and provide
a shut off signal to the controller when the empty position is reached.

{00177 The system can include an acoustic transducer coupled to the liguid-filled
coupling component and configured to emit acousiic encrgy through the
liquid-filled coupling component and nto a reglon of interest, which is
acoustically coupled to the hquid-filled coupling component. The acoustic
iransducer can be configured to receive a reflected acoustic energy. The
acoustic transducer can be configured to treat a region of interest. The
acoustic transducer can be configured to image a region of interest. The
acoustic transducer can be configured to treat and image a regon of interest.
The system can be configured to move a bubble in the liquid-filled coupling
component up inte the path and/or the reservoir when the systent 1s put info a
treatment mode.

[0018] Some embodiments provide a method of monitoring a Hgud-filled coupling
component. The method can include the steps oft providing an acoustic probe
comprising an amount of a coupling fluid distributed i a Howd-filled
coupling component, a fluid reservoir, and a path in fhud communication
between the coupling component and the reservoir; operating the probe to
emit acoustic engrgy through the coupling component; monitoring an amount
of air in at least one of the fluid veservoir and the patly determining the
amount of air and comparing the amount of air 1o a threshold; and stopping

the emit acoustic energy 1f the threshold is reached.
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{0019] The method can include monitoring an amount of time that an amount of air in
at least one of the fluid reservoir and the path; determining if the amount of air
is above a tume threshold; and stopping the emit acousiic energy if the time
threshold 1s reached.

{00241 Some embodiments provide a method of monitoring a Hauid-filled coupling
component. The method can melude the steps of! providing an acoustic probe
gomprising an amount of a coupling fluid distributed 1n a haquid-filled
coupling component, a {luid reservoir, and a path in fluid communication
hetween the coupling component and the reservolr; operating the probe to
emit acoustic energy through the coupling component; montonng an amount
of time that an amount of air in at least one of the fluid reservoir and the path;
determining if the amount of air 1s above a threshold; and stopping the emit
acoustic energy if the threshold is reached.

[0021]  The method can include monitoring an amount of air in at least one of the
fhuid reservoir and the path; determining the amourt of air and comparing the
amount of air to an air threshold; and stopping the emit acoustic energy if the
air threshold is reached.

10022} The methods can include refilling the fluid reservoir with the coupling fluid
and resetting the probe. The methods can include providing an alarm if the
threshold is reached. The methods can include moniforing a clock corfigured
to identify an expiration date; and stopping the emit acoustic energy if the
expiration date is reached. The methods can include sensing if the liquid-filled

coupling component is coupled to region of interest and stopping the emit
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[0023]

[0024]

acoustic encrgy if the hiquid-filled coupling component is not coupled to
region of interest.

The methods can include providing a positive pressure within the liquid-filled
coupling component, the fluid reserveir, and the path. The methods can
include contacting an acoustic membrane with a surface above a rogion of
interest, wherein the lguid-filled component comprises the acoustic
membrane in a path of the acoustic energy. The methods can include
providing a positive pressure within the liquid-filled coupling component, the
fluid reservoir, and the path; and pushing the acoustic membrane against the
surface.

The method can include providing a negative pressure within the liquid-filled
coupling component, the fluid reservoir, and the path.  The method can
include collapsing the fluid reservoir to shrink a reservoir volame under the
negative pressure as the amount of fluid decreases. The methods can include
detecting an empty position of fluid reservoir; and stopping the emit acoustic
energy if the empty position is reached.

The methode can include engaging the probe into a treatment mode on a
surface of a region of interest; and moving a bubble in the liguid-filled
coupling component up mto the fuid reservoir and/or the path. The methods
can inclade providing active flow control to move the acoustic fluid from the
fluid reservoir to Hquid-filled coupling component.

Referring to FIGS. 1 and 2, an acoustie system 100 comprises a liquid-filled

acoustic modude 102 which is configured to propagate acoustic energy 104 to
5 pag £
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and/or from a region of interest 106 via an acoustic couplant. The acoustic
system 100 can be contained within 3 device housing 120, The acoustic
system 100 can a controller 116, which can be in comumumcation with a
bubble detection 112 and gn acousiic transducer 130, Liquid-filled acoustic
module 102 is enclosed by a housing, which is typically made from a malerial
that has a small but non-zero fluid permeation through, and subsequent
evaporation from, the external surface of housing. This fluid loss from such
fluid permeation, if loft unchecked, will eventually reduce performance of
acoustic system 100, since acoustic energy 104 cannot propagate through the
air voids, or bubbles, created by loss of fluid.

{00277 Various effects may occur at the liquid-filled acoustic module 102 depending
on the rate of gas permeation versus fluid permeation of the acoustic system
100, Air melecule ingress can occwr and fill the void left by fluid loss
{creating one or more bubbles). Shrinkage of the liguid-filled acoustic module
102 may occur via volumetric thuid loss, creating a “suck-in” phenomenon,
such as suck-in of 4 thin acoustic membrane 122 typically disposed as part of
the liqud-filled acoustic module housing 120, In addition, biometric loss can
also affect a shelf life of the Lquid-filled acoustic modiude 102, The liquid-
filted acoustic modale 102 can include a housing encasing the coupling fluid
and configured to prevent seepage of the fhud or fluid permeation through the
houstng.

0028] By providing a liquid-filled reservoir 110, with a liguid connection path 108

to the ligquid-filled acoustic module 102, the ltoss of fluid in Howd-filled
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100297

[0030]

10031]

10

acoustic meodule 102, can be compensated for, thereby eliminating bubbles or
suck-in of liguid-filled acoustic module 102, The bubble detection 112 can be
coupled 1o liguid connection path 108, In some cmbodiments, the bubble
detection 112 can be coupled 1o any of the hiquid-filled acoustic module 102,
the hquid-filled comnection path 108, and the Hguid-filled reservoir 110 In
one examplz, the hiquid-filled connection path 108 and the liquid-filled
reservoir 110 can be integrated usto a single unit, and the babble detection 112
can be coupled to the single unit. In some aspects, the liquid-filled reservorr
110 can mechanically or functionally merged with liquid connection path 108
and/or 1n any combination with ligaid-filled acoustic module 102

In accordance with various embodiments, at least one of liguid connection
path 108, liguid-filled acoustic module 102, and/or hiquid-filled reservoir are
monitored 114 for bubbles or stmply loss of fluid via bubble detection 112,
Rubble detection 112 can be accomplished by means of any electro-acoustic,
electro-mechanical, mechanical, electrical, clectro-optical or other means,
such as through-transnussion ot  reflective sensing,  electric-acoustic
inpedance sensing, stiffness or compliance sensing, capacitive sensing,
visual, and other means.

The bubble can be detected while passing through liquid connection path 108
Detection of bubble or fluid loss via monitoring 114 can be binary or
proportional to size of bubble of fluid loss.

A controller 116 can be in control of and/or communication with bubble

detection 112 wiites {o a non-volatile or volatile memory 118 that a bubble or
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11

fluid loss has been detected  The controlier 116 can disable the acoustic
transnyission 104 from liguid-filled acoustic medule 102 when bubble or
liguid loss are above a certain threshold, which can adversely rmipact safety
and/or efficacy of acoustic system 100,

The acoustic system 100 can comprise a contretler in communication with the
bubble detector 112 and configured to receive a signal from the bubble
detector 112. The signal can be a measurement, such as, for example, a
measurement of an amount of air {n the hiquid connection path 108 or the
lquid reservoir 110, The controller can dstermine whether to shut off the
acoustic system 100 based on the amount of air in the liqud connection path
108 or the liquid reservoir 110, In some cmbodiments, the bubble detector
116 can comprise an algorithm configured to determine an amount of air in
the liquid comnection path 108 or the liquid reservoir 110 based on the
monitoring the coupling fuid in the liquid connention path 108 or the hiquid
reservoir 110 and to provide a shut-off signal to the controller 116 if the
amount of air in the liquid connection path 108 or the liquid reservowr 110 is
above a threshold level.

In another example, the signal can be a measurement of an amount of time
that air is detected in the liquid connection path 108 or the hiqud reservorr
110, The controller 116 can determine whether to shut off the acoustic sysiem
100 based on the amount of time that air is detected in the iquid connection
path 108 or the liquid reservoir 110, In some embodiments, the bubble

detector 112 comprises an algorithm configured to deternine an amount of
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time that air is detected in the liquid connection path 108 or the liquid
reservorr 110 based on the monitoring the coupling fluid in the liquid
connection path 108 or the liquid reserveir 110 and to provide a shut-off
signal to the controller 116 if the amount of time that air is detected in the
Hiquid connection path 108 or the liquid reservoir 110 is above a threshold
level

{00343 The acoustic system 100 can comprise a clock configured to provide a shat off
signal when an expiration date of the liquid-filled acoustic module 102 has
been reached. The acoustic system 100 can include memory configured to
retain and commaunicate the expiration date.

{0035} For example, gross fluid leaks, such as those occurring by damage to or
faiture of acoustic system 100 are detected by bubble detection 112, and
controller 116 disables the acoustic transmission 104 from liquid-filled
geoustic module 10Z, when such leaks are above a certain thresheld, which
can adversely impact satety and/or efficacy of acoustic system 100

[0036] The rate of gas ingress versus liquid loss in the Hiquid-filled reservoir 110 can
be controlled via selection of materials such that, as fluid loss occurs in the
Hquid-fitled acoustic module 102, the liquid-filled reservoir 110 passively
collapses or shrinks in volume over time and loses ifs volume of fluid through
the hiquid-counection path 108 to the Hguid-filled acoustic module 102, One
or more sensors can be included to detect an empty position of the liguid-

o and

Sy

filled reservoir 110, such as, a certain point of the passively collapsin

provide a shut off signal to the controller when the empty position is reached.
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[0037]

[0038]

[0039]
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fn various embodiments the liquid-filled reservoir 110 is pressurized, such as
via & spring or other mechanical stress, such that as fluid loss occurs in the
liquid-filled acoustic module 102 the lquid-filled reservoir 110 provides a
replacement volume of thad through the liguid-connection path 108,

In various embodiments, excess pressure in the Hquid of acoustic systemn 100
created by a pressarized liquid-filled reservelr 110 creates a barder to gas
ingress into the liguid-filled acoustic module 102. This is because external air
15 at atmosphenic or ambient pressure whereas internal pas molecules
entrained in the liquid are at higher pressure, The excess pressure in the liguid
of acoustic system 100 can be created by a pressurized ligquid-filled reservoir
110 can prevent suck-in or collapse of housing and/or acoustic membrane 122
of’ Hguid-filed acoustic module 102, The excess pressure in the liquid of
acoustic systern 100 created by a pressurized lquid-filied reservoir 110 can
prevent cavitation within the liquid-filled acoustic module 102, In addition,
the pressurized liquid-filled reservoir 110 can improve coupling of the
acoustic membrans 112 and a surface 124 of the region of interest 106,

In various embodiments the total rate of fluid loss and total volumes of the
liquid-filled acoustic module 102, ligud-connection path 108, and liquid-
filled reservoir 110 are configured such that over a certain time period, such as
the lifetime of the device, that the performance of acoustic system 100 is not
adversely impacted, such that no bubbles are present or that an acceptable

fluid toss is present.
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[0041]

[0042)
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fa various embodiments the total rate of fluid loss and fotal volumes of the
Hquid-filled acoustic module 102, liquid-connection path 108, and hquid-
filled reservoir 110 are configured such that after a certain time periad a
known fluid loss is present, whereby such known fluid loss trips monitoring
114 threshold and invokes controller 116 to disable acoustic system 100,

In various embodiments liquid connection path 108 and Hgwd-filled reservoir
110 allow adequate amount of fluid o be sopplied to liguid-filled acoustic
module 102 over lifetime of device without re-filling, which in various
embodiments is further beneficial if liquid-filled acoustic module 102 has
smatl volume and/or miniature size.

n various embodiments the total rate of fluid loss is known. Using a shelf life
of the acoustic system 100, a total fluid loss can be estimated. Accordingly
total volumes of the liquid-filled acoustic module 102, liguid-connection path
108, and liguid-filled reservoir 110 are preater than the total fluid loss, as
estimated.  In some embodiments, the liquid-filled reservoir 110 is sized to
twold the total fluid loss, as estimated. At approxamately the time expiration
date of the shelf life of the acoustic system 100, the total {luid loss, as
estimated, has caunsed the liquid-filled acoustic module to collapse. Once the
total fluid loss, as estimated has left the liquid-filled reservoir 110, the
collapsing liquid-fifled reservoir 110 triggers a sensor, which is coupled to the
controller 116, After the sensor has been fripgered and a signal sent fo the

controller 116, the acoustic system 18 turned off by the controller 116, A
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[0043)

10044

{0045}

15

message regarding the need to replace the liquid-filled acoustic module 102
can be communicated to g user by the acoustic system 100,

In various embodiments hquid-filled reservoir 110 is an enclosure impervious
o air molecules such that as hguid-filled acoustic module 102 loses fluid the
liquid-filled reservoir 110 crumples, collapses, or shrinks while it supplies its
own fluid io the liquid-filled acoustic moduale 102 via small volume and/or
miniature size. In various embodiments the liquid, such as, a coupling fluid,
can be wholly or in part replaced by a gel or low viscosity gel and in anr-
coupled applications a gas.

The acoustic system 100 can nclude an acoustic transducer 150 coupled to the
Haad-filled acoustic modale 107 and configured to emit acoustic energy 104
through the liquid-filled acoustic module 102 and into a region of interest 106,
which is acoustically coupled to the hquid-filled acoustic module 102, The
acoustic transducer 130 can be configured to receive a reflected acoustic
energy. The acoustic transducer 150 can be configured to treat a region of
interest 106, The acoustic transducer 150 can be configured to image a region
of interest 130, The acoustic transducer 150 can be configured to freat and
image a region of interest 106, The acoustic sysiem 100 can be configured to
move a bubble in the higmd-filled acoustic modole 102 up into the hqud
connection path 108 and/or the hiquid-filled reservoir 110 when the acoustic
system 100 is put into a freatment mode.

In some applications, the region of mterest 106 can be subcutaneous fissue

below a skin surface 124, The acoustic system 100 can be emploved in
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cosmetic enhancement of skin andior various subcutancous tissue lavers
and/or fat reduction.  The acoustic system 100 can be configured for
temporarily or permanently affecting the suboutansous lissue or ifs
physiology.  The acoustic system 100, and its methods of us, can be
configured for cosmetic enhancement using an acoustic treatment, which is a
nan-surgical and non-invasive procedure.

{00461 As used herein, the termas “comprise”, “compnises”, “comaprising”, “having”,
“including”, “includes”™ or any variation thercof, are intended to reference a
non~exclusive inclosion, such that a process, method, device, syster,
coraposition or apparatus that comprises & Hst of elements does not melude
only those elements recited, but roay alzo inclade other elements not expressly
listed or inherent to such process, method, device, system, composition or
apparatus,

{00477 As used herein, the phrase “at teast one of A, B, and {7 can be construed {0
mean a logical (A or B or C), using a non-exclusive logical “o1,” however, can
be contrasted to mean {A, B, and C), in addition, can be coustrued to mean (A
and B) or (A and C) or (B and C). As used herein, the phrase “A, B and/or 7
should be construed to mean (A, B, and C) or sltematively (A or B or C),
using a non-exclusive jogical “or.”

{0048} It should be understoed that steps within a method may be executed in
different order without altering the principles of the present disclosurs. The
some embodiments may be described berein in terms of various functional

components and processing steps. It should be appreciated that such
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components and sieps may be realized by any number of hardware
components configured to perform the specified functions.

The present invention has been described above with reference o vanous
exemplary embodiments and examples, which are not imtended to be limiting
in describing the full scope of systems and methods of this invention
However, those skilled m the art will recognize that equivalent changes,
medifications and variations of the embodiments, materials, systems, and
methods may be made within the scope of the present invention, with
substantially similar results, and are intended to be included within the scope

of the present invention, as set forth in the following claims.
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Claims:
1. &n acoustic system comprising:

a Hguid-filled coupling module comprising an acoustic coupling fluid and a
housing encasing the coupling fluid;

a fluid reservoir comprising an amount of the coupling fluid;

a path in fluid communication between the coupling component and the fluid
reservoir; and

a bubble detector coupled to the path and configured to monitor the coupling

flnid in the path

2. The system according to daim 1, further comprising a controller in
communication with the bubble detector and configured to receive a signal from the

bubble detector.

3 The system according to claim 2, wherein the signal comprises a measurement of

an amount of air in the path.

4. The system according to 3, wherein the controller determines whether to shut off

the acoustic system based on the amount of air in the path.

5, The system according to claim 2, wherein the bubble detector comprises an
P

algorithm configured to determine an amount of air in the path based on the
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monitoring the coupling fluid in the path and to provide a shut-oft signal to the

cantroller if the amount of air in the path is above a thresheld level.

6. The system according to dlaim 2, wherein the signal comprises a measurement of

an amount of time that air is detected in the path.

7. The system according to &, wherein the controller determines whether to shut off

the acoustic system based on the amount of time that air is detected in the path.

8. The system aceording to claim 2, wherein the bubble detector comprises an
algorithm configured to determine an amount of time that air is detected in the path
hased on the monitoring the coupling fluid in the path and to provide a shut-off
signal to the controller if the amount of time that air is detected in the path is above

a threshold level.

9. The system according to claim 1, further comprising a negative pressure within

the liquid-filled coupling component, the fluid path, and the reservoir.

10. The system according to claim 8, wherein the reservoir comprises a collapsible
housing configured to shrink a reservoir volume under the negative pressure as the

amount of fluld decreases.
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11. The system according to claim 10, further comprising a sensor configured to
detect an empty position of the collapsible housing and provide a shut off signal to

the controller when the empty position is reached.

12, The system according to claim 2, further comprising a clock configured to
provide a shut off signal when an expiration date of the liguid-filled coupling

component has been reached,

13. A method of monitoring a liquid-filled coupling modale, the method comprising:
providing an acoustic prebe comprising an amount of a coupling fhud
distributed in a liguid-filled coupling module, a fluid reserveoir, and a path in fluid
communication between the coupling coraponent and the reservoir;
operating the probe to emit acoustic energy through the coupling module;
monitoring an ampunt of air in at least one of the fluid reservoir and the
path;
determining the amount of air and comparing the amount of air to a
threshold; and

stopping the emit acoustic energy if the threshold is reached.

14. The method according to claim 13, further comprising:
monitoring a clock configured to identify an expiration date; and

stopping the emit acoustic energy if the expiration date is reached.
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15. The method according to claim 13, further comprising sensing if the liquid-filled
coupling module is coupled to region of interest and stopping the emit acoustic

energy if the liquid-filled coupling module is not coupled to region of interest.

16. The method according to claim 13, further comprising:

monitoring an ameunt of time that an amount of air in at least one of the fluid
reservoir and the path;

determining if the amount of air is above a time threshold; and

stopping the emit acoustic energy if the time threshold is reached.

17. A method of monitoring a Hquid-fillad coupling module, the method comprising:
providing an acoustic probe comprising an amount of a coupling fluid
distributed in a liguid-filled coupling moduls, a fluid reservoir, and a path in fluid
communication between the coupling component and the reservoir;
operating the probe to emit acoustic energy through the coupling module;
monitoring an amount of time that an amount of air in at least one of the fluid
reservoir and the path;
determining if the amount of air is above a threshold; and

stopping the emit acoustic energy if the threshold is reached.

18, The method according to claim 17, further comprising:
monitoring an amount of air in at least one of the fluid reservoir and the

path;
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determining the amount of air and comparing the amount of air to an air

threshold; and

stopping the emit acoustic energy if the air threshold is reached.

19. The method according to claim 17, further comprising:
detecting an empty position of fluld reservoir; and

stopping the emit acoustic energy if the empty position is reached.

28 The method according to claim 17, further comprising:

engaging the probe inte a treatment mode on a surface of a region of interest;
and

moving a bubble in the liquid-filled coupling wodule up into the fluid

reservoir and for the path.
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