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FLUID VOLUME MEASUREMENT USING CANISTER RESONANCE FOR

REDUCED PRESSURE THERAPY SYSTEMS

RELATED APPLICATION

[0001] The present invention claims the benefit, under 35 USC § 119(e), of the filing of

U.S. Provisional Patent Application serial number 61/847,754, entitled "FLUID VOLUME

MEASUREMENT USING CANISTER RESONANCE FOR REDUCED PRESSURE

THERAPY SYSTEMS," filed July 18, 2013, which is incorporated herein by reference for all

purposes.

FIELD OF THE INVENTION

[0002] The present invention relates generally to tissue treatment systems and in

particular to systems and methods for collecting wound fluid.

BACKGROUND OF THE INVENTION

[0003] Clinical studies and practice have shown that providing a reduced pressure in

proximity to a tissue site augments and accelerates the growth of new tissue at the tissue site. The

applications of this phenomenon are numerous, but application of reduced pressure has been

particularly successful in treating wounds. This treatment (frequently referred to in the medical

community as "negative pressure wound therapy," "reduced pressure therapy," or "vacuum

therapy") provides a number of benefits, including faster healing and increased formulation of

granulation tissue. Typically, reduced pressure is applied to tissue through a porous pad or other

manifold device. The porous pad contains cells or pores that are capable of distributing reduced

pressure to the tissue and channeling fluids that are drawn from the tissue. The porous pad often



is incorporated into a dressing having other components that facilitate treatment. The fluids

expressed by the wound are removed through the manifold device by the reduced pressure and

transported through a tube connecting the manifold device to a canister. The canister collects the

fluids removed from the wound. When the canister is full of fluid removed from the wound, the

canister may be emptied and replaced. It may be useful to alert an operator when the canister

becomes full.

SUMMARY

[0004] In one illustrative embodiment, a reduced pressure treatment system for collecting

bodily fluids is provided. The reduced pressure treatment system comprises a canister having a

wall and the canister having a volume within. The canister also comprises an inlet adapted to be

in fluid communication with a dressing disposed at a tissue site and an outlet adapted to be in

fluid communication with a source of reduced pressure. The source of reduced pressure

motivates bodily fluids to move from the tissue site into the canister. A cavity within the canister

is defined by the wall of the canister and the surface of the bodily fluids within the canister. The

reduced pressure treatment system further comprises an acoustic transducer adapted to insonify

the cavity of the canister along an axis of insonification at a plurality of frequencies between a

first and a second frequency. The acoustic transducer is also adapted to receive an echo output

signal resulting from the insonification. The reduced pressure treatment system further comprises

a processor in data communication with the acoustic transducer wherein the processor is adapted

to determine a resonant frequency wherein the resonant frequency is related to the volume of the

cavity.

[0005] In an illustrative embodiment, a method of assessing a volume of bodily fluid in a

fluid collection device is provided. The fluid collection device comprises a canister having a



wall, the wall and the bodily fluid surface defining a cavity within the canister. The method

further comprises insonifying the cavity with an acoustic transducer, detecting resulting echo

output signals, analyzing the resulting echo output signals, calculating a volume of the cavity

based on one or more of the resulting echo output signals, and calculating the volume of the

bodily fluid collected in the canister by subtracting the calculated volume of the cavity from a

known volume of the canister. The insonifying step may also include insonifying over a range of

frequencies and the first calculating step may include determining a resonant frequency of the

cavity.

[0006] Unless otherwise indicated, as used herein, "or" does not require mutual

exclusivity. Other objects, features, and advantages of the illustrative embodiments will become

apparent with reference to the drawings and detailed description that follow.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 depicts a sectional view of a reduced pressure treatment system having a

fluid collection system, a canister, and a therapy unit according to an illustrative embodiment;

[0008] FIG. 2 depicts a perspective view of a container of the canister of FIG 1 according

to an illustrative embodiment;

[0009] FIG. 3 depicts a perspective view of the container of the canister of FIG 1

according to an illustrative embodiment; and

[0010] FIG. 4 depicts a method of calculating a volume of a bodily fluid in the reduced

pressure treatment system of FIG 1.



DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[001 1] In the following detailed description of several illustrative embodiments,

reference is made to the accompanying drawings that form a part hereof, and in which is shown

by way of illustration specific preferred embodiments in which the invention may be practiced.

These embodiments are described in sufficient detail to enable those skilled in the art to practice

the invention, and it is understood that other embodiments may be utilized and that logical

structural, mechanical, electrical, and chemical changes may be made without departing from the

spirit or scope of the invention. Moreover, descriptions of various alternatives using terms such

as "or" do not necessarily require mutual exclusivity unless clearly required by the context, and

reference to "an" item generally refers to one or more of those items. To avoid detail not

necessary to enable those skilled in the art to practice the embodiments described herein, the

description may omit certain information known to those skilled in the art. The following

detailed description is, therefore, not to be taken in a limiting sense, and the scope of the

illustrative embodiments are defined only by the appended claims.

[0012] The example embodiments may also be described herein in the context of

reduced-pressure therapy applications, but many of the features and advantages are readily

applicable to other environments and industries. Spatial relationships between various elements

or to the spatial orientation of various elements may be described as depicted in the attached

drawings. In general, such relationships or orientations assume a frame of reference consistent

with or relative to a patient in a position to receive reduced-pressure therapy. However, as

should be recognized by those skilled in the art, this frame of reference is merely a descriptive

expedient rather than a strict prescription.



[0013] The term "reduced pressure" as used herein generally refers to a pressure less than

the ambient pressure at a tissue site that is being subjected to treatment. In most cases, this

reduced pressure will be less than the atmospheric pressure at which the patient is located.

Alternatively, the reduced pressure may be less than a hydrostatic pressure associated with tissue

at the tissue site. Although the terms "vacuum" and "negative pressure" may be used to describe

the pressure applied to the tissue site, the actual pressure reduction applied to the tissue site may

be significantly less than the pressure reduction normally associated with a complete vacuum.

Reduced pressure may initially generate fluid flow in the area of the tissue site. As the

hydrostatic pressure around the tissue site approaches the desired reduced pressure, the flow may

subside, and the reduced pressure is then maintained. Unless otherwise indicated, values of

pressure stated herein are gauge pressures. Similarly, references to increases in reduced pressure

typically refer to a decrease in absolute pressure, while decreases in reduced pressure typically

refer to an increase in absolute pressure.

[0014] The term "tissue site" as used herein refers to a wound or defect located on or

within any tissue, including but not limited to, bone tissue, adipose tissue, muscle tissue, neural

tissue, dermal tissue, vascular tissue, connective tissue, cartilage, tendons, or ligaments. The term

"tissue site" may further refer to areas of any tissue that are not necessarily wounded or

defective, but are instead areas in which it is desired to add or promote the growth of additional

tissue. For example, reduced pressure tissue treatment may be used in certain tissue areas to

grow additional tissue that may be harvested and transplanted to another tissue location.

[0015] Referring to FIG. 1, a reduced pressure treatment system 10 comprises a fluid

collection system 101 for applying reduced pressure therapy to a patient, a therapy unit 102 for

providing reduced pressure, and a canister 103 fluidly coupled between the fluid collection



system 101 and the therapy unit 102 according to one illustrative embodiment. The canister 103

comprises a container 104 having an inlet 105 for providing fluid communication into the

container 104 and an outlet 106 for providing fluid communication out from the container 104.

The inlet 105 is fluidly coupled to the fluid collection system 101 for providing reduced pressure

to the fluid collection system 101 and receiving bodily fluids from the patient. The outlet 106 is

adapted to be connected to a reduced pressure port 107 of the therapy unit 102 to provide

reduced pressure to the fluid collection system 101 from a reduced pressure source 108 that may

be contained within the therapy unit 102. A filter 109 may be disposed proximate or within the

outlet 106. The filter 109 may be a hydrophobic filter to help reduce the migration of the bodily

fluids to the reduced pressure source 108. The container 104 may be substantially rectangular in

shape including sidewalls 120 closed at one end by an upper wall 121 and by a lower wall 122 at

the opposite end, all collectively referred to as the "walls" of the container 104. The inlet 105

and the outlet 106 are preferably disposed in the upper wall 121, or in the sidewall 120 proximate

the upper wall 121, so that both are positioned at a higher elevation relative to the lower wall 122

during operation.

[0016] The container 104 may be constructed of a liquid impervious material such as, for

example, a thermoplastic material such as polycarbonate or acrylic or a combination of

polycarbonate and acrylic, to contain the exudates or bodily fluids collected from the patient.

The container 104 may have a volume that is sufficiently large to accommodate the collection of

exudates and bodily fluid from the patient, the level or surface 125 of the bodily fluid rising as

the container 104 fills from an empty state to a full state after collecting such fluids. The

sidewalls 120 and the upper wall 121 of the container 104 define a void or airspace 126 above

the surface 125 of the bodily fluid contained within the container 104. To the extent that the



orientation of the canister 103 may change during operation, the position of the surface 125 of

the bodily fluid will also change relative to the walls of the container 104 while staying

essentially parallel to the horizon.

[0017] To determine the extent to which the position of the surface 125 of the bodily

fluid may change within the container 104, an orientation detection device 110 may be used to

detect the roll and pitch positions of the canister 103. The orientation detection device 110 may

be, for example, a motion detection device, an accelerometer or a gyroscope. The canister 103

may also contain sensors that further improve the efficiency of the reduced pressure treatment

system 10. In one example, a humidity sensor (not shown) may be disposed within the canister

103 to determine the humidity within the canister 102. In another example, a temperature sensor

(not shown) may be disposed within the canister 102 to determine the temperature within the

canister 103.

[0018] The fluid collection system 101 comprises a wound dressing 111 fluidly coupled

to the inlet 105 of the canister 103 via a conduit or tube 112 containing at least one lumen for the

transmission of fluids, both gaseous and liquid. The wound dressing 111 is adapted to be

positioned proximate the tissue site 113. The wound dressing 111 may comprise a tube connector

114 adapted to be fluidly coupled to the tube 112, and a distribution manifold 115 fluidly

coupled to the tube connector 114. The wound dressing 111 may further comprise a drape 116

adapted to cover the distribution manifold 115 for providing a substantially airtight seal over the

tissue site 113. The distribution manifold 115 may be a bioabsorbable or bioinert material

capable of distributing reduced pressure at various desired levels. The drape 116 may include an

adhesive seal 119 that not only maintains the reduced pressure at various levels, but also holds

the wound dressing 111 in place over the tissue site 113. In one embodiment, the distribution



manifold 115 may be an open cell, reticulated foam comprising, for example, a polyurethane

material (for example GranuFoam, Kinetic Concepts, San Antonio, Texas). The wound dressing

111 delivers reduced pressure to the tissue site 111 to provide therapeutic treatment to the tissue

site 111 and to remove exudates and bodily fluids from the tissue site 111. Applied reduced

pressure may motivate the bodily fluids from the fluid collection system 101 to the canister 102.

[0019] The therapy unit 102 may comprise the reduced pressure source 108, a processing

unit 117, and a transducer interface 118. The reduced pressure source 108 may be fluidly

coupled to the outlet 106 of the canister 103 via the reduced pressure port 107 for providing

reduced pressure to the canister 103. The reduced pressure source 108 may be a reduced

pressure or vacuum pump driven by a motor or a piezoelectric device such as, for example, the

ultrasonic pump described in US Pat. 8,371,829, which is incorporated herein by reference. In

another embodiment, the reduced pressure source 108 may be a manually-actuated pump such as

a compressible bellows pump. In still another embodiment, the reduced pressure source 108 may

be a wall suction port either with or without a separate pressure regulator.

[0020] The therapy unit 102 may also contain sensors, alarm indicators, memory devices,

databases, software, display units, or user interfaces that further facilitate the application of

reduced pressure treatment to the tissue site. In one example, a pressure sensor (not shown) may

be disposed at or near the reduced pressure source 108 to determine a source pressure generated

by the reduced pressure source 108. The pressure sensor may communicate with the processing

unit 117 that monitors and controls the reduced pressure delivered by the reduced pressure

source 108. The humidity sensor, the temperature sensor, or the orientation detection device 110

of the canister 103 may also communicate with the processing unit 117.



[002 1] Still referring to FIG 1, a first acoustic transducer 131 may be affixed to a first

acoustical window 141 of one of the sidewalls 120 of the container 104 and electrically coupled

to the transducer interface 118. The first acoustical window 141 comprises an acoustically

transparent or transmissive material such as, for example, a rigid material such as polycarbonate

or acrylic. It is to be understood that the first acoustical window 141 may be an integral portion

of the sidewalls 121 or a separate piece of material disposed in an opening of the sidewalls 121.

The first acoustic transducer 131 is oriented to flood the airspace 126 with acoustic waves

propagating along an axis substantially normal to the surface of the first acoustic transducer 131,

i.e., the first acoustic transducer 131 insonifies the airspace 126 along an axis of insonification

which is essentially normal to the surface of the first acoustic transducer 131. The acoustic waves

from the first acoustic transducer 131 are reflected by the opposing walls of the container 104 to

generate a first echo acoustic wave from the insonification. The first acoustic transducer 13 1 is

adapted to receive the first echo acoustic wave resulting from the insonification and provide a

first echo output signal to the transducer interface 118 corresponding to the first echo acoustic

wave.

[0022] If the canister 103 is designed to be substantially stationary during operation, only

one acoustic transducer as described above may be necessary to determine the height of the

bodily fluids within the container 104 by insonifying acoustic waves along a single axis.

However, if the canister 103 is designed to be part of a portable therapy unit where the container

104 is pitching and rolling around multiple axes such that the surface 125 of the bodily fluids is

moving around within the container 104, then a multi-axis insonification system may be

desirable.



[0023] In another exemplary embodiment, a second acoustic transducer 132 may be

affixed to a second acoustical window 142 of one of the sidewalls 120 of the container 104 and

electrically coupled to the transducer interface 118. However, the second acoustical window 142

is in one of the sidewalls 120 that is substantially orthogonal to that portion of the sidewalls 120

comprising the first acoustical window 141. The second acoustical window 142 also comprises

an acoustically transparent or transmissive material such as, for example, a rigid material such as

polycarbonate or acrylic. It is to be understood that the second acoustical window 142 may be an

integral portion of the sidewalls 120 or a separate piece of material disposed in an opening of the

sidewalls 120. The second acoustic transducer 132 is oriented to insonify the airspace 126 along

an axis of insonification which is essentially normal to the surface of the second acoustic

transducer 132. The acoustic waves from the second acoustic transducer 132 are reflected by the

opposing walls of the container 104 and to generate a second echo acoustic wave from the

insonification. The second acoustic transducer 132 is adapted to receive the second echo acoustic

wave resulting from the insonification and provide a second echo output signal to the transducer

interface 118 corresponding to the second echo acoustic wave. The first acoustic transducer 131

and the second acoustic transducer 132 are oriented to insonify the airspace 126 along separate

axes of insonification that are essentially orthogonal to each other. The first and second echo

output signals from the first and second acoustic transducers 131, 132, respectively, provide

useful information regarding the pitch and roll positions of a portable container 104 that moves

around.

[0024] In yet another exemplary embodiment, a third acoustic transducer 133 may be

affixed to a third acoustical window 143 of the upper wall 121 of the container 104 and

electrically coupled to the transducer interface 118. Consequently, the third acoustical window



143 is substantially orthogonal to the sidewalls 120 comprising the first acoustical window 141

and the second acoustical window 142. The third acoustical window 143 also comprises an

acoustically transparent or transmissive material such as, for example, a rigid material such as

polycarbonate or acrylic. It is to be understood that the third acoustical window 143 may be an

integral portion of the upper wall 121 or a separate piece of material disposed in an opening of

the upper wall 121 . The third acoustic transducer 133 is oriented to insonify the airspace 126

along an axis of insonification which is essentially normal to the surface of the third acoustic

transducer 133. The acoustic waves from the third acoustic transducer 133 are reflected generally

by the surface 125 of the bodily fluids to generate a third echo acoustic wave from the

insonification. The third acoustic transducer 133 is adapted to receive the second echo acoustic

wave resulting from the insonification and provide a third echo output signal to the transducer

interface 118 corresponding to the third echo acoustic wave. The first acoustic transducer 131,

the second acoustic transducer 132, and the third acoustic transducer 133 are each oriented to

insonify the airspace 126 along separate axes of insonification that are essentially orthogonal to

each other.

[0025] The acoustic transducers 131, 132, 133 generate acoustic waves between about

50Hz and about 20,000Hz and receive echo acoustic waves in response to reflections within the

container 104 for providing echo output signals to the transducer interface 118 as described

above. By way of a non-limiting example, the acoustic transducers 131, 132, 133 may be a

microphone such as a Bruel & Kj a r model 4180 ½ inch laboratory microphone. The transducer

interface 118 is in the electrical communication with the processing unit 117 and configured to

provide a control signal alternately to the acoustic transducers 131, 132, 133 wherein the control

signal sequentially activates the acoustic transducers 131, 132, 133 to generate acoustic waves at



a specific frequency within the range indicated above. The echo output signals are dependent on

one or more variables associated with the physical characteristics and dimensions of the

container 104, the variable volume (AV) of the airspace 126, and the surface 125 of bodily fluids

within the container 104. For example, the airspace 126 has a resonant frequency with a damping

ratio and a phase shift between the insonification signal and the echo output signal corresponding

to the resonant frequency.

[0026] The processing unit 117 is configured and programmed to calculate the resonant

frequency along with the corresponding damping ratio and the phase shift of the airspace 126

based on the echo output signals provided by the acoustic transducers 131, 132, 133 to the

transducer interface 118. This calculation may be formulaic or based on empirical data stored in

databases (not shown) associated with the processing unit 117 of the therapy unit 102. If the

orientation of the container 104 changes during operation causing the surface 125 of the bodily

fluid to change its position such that the bodily fluid covers one or more of the acoustic

transducers 131, 132 located in the sidewalls 120, the remaining acoustic transducers that are not

covered by the bodily fluid may be utilized for determination of the resonant frequency of the

airspace 126.

[0027] Referring to FIG 2, by way of an illustrative example, container 104 may

comprise a spherical portion 201 in communication with a cylindrical portion 202 that is closed

on the end distal to the spherical portion 201, the spherical portion 201 having a volume V and

the cylindrical portion 202 having length L and cross-sectional area A. The first acoustic

transducer 13 1 is oriented to insonify the airspace 126 through the closed end of the cylindrical

portion 202. The first acoustic transducer 13 1 is activated at a first frequency f(l) while the

power applied by the transducer interface 118 is monitored by the processing unit 117. The first



frequency f(l) is then increased to a second frequency f(2) while the processing unit 117

continues to monitor the power applied by the transducer interface 118. The lowest frequency /

between the first frequency and the second frequency that corresponds to a drop in the power

required to drive the first acoustic transducer 131 is determined to be a resonant frequency / of

the airspace 126 which can be expressed by the following equation (Equation 1):

where v is the speed of sound. In this example, the volume of the spherical portion of airspace

126 may be calculated from the resonant frequency /by

v 2 A
= 2 f )

illustrating that the volume V of the spherical portion of the airspace 126 is inversely

proportional to the square of the resonant frequency The container 104 may also comprise a

spherical portion in communication with a cylindrical portion, the spherical portion having an

opening defined by edge 203. Because the spherical portion of the container 104 is open to the

atmosphere, the volume V of the airspace 126 is essentially infinite such that the airspace 126

would have no resonant frequency according to Equation 1 above.

[0028] Referring now to FIG 3, in another illustrative example, the container 104 may be

substantially rectangular in all three projections, having dimensions L, W, and H. The acoustic

transducers 131, 132, 133 are oriented to insonify the airspace 126 along the axes of

insonification essentially orthogonal to each other, each axis of insonification essentially parallel

to an edge of the rectangular container 104. The processing unit 117 and the transducer interface

118 are configured to calculate a volume of the airspace 126 based on a fundamental standing

wavelength, w , of each axis. In operation, by way of an illustrative example, the first acoustic



transducer 13 1 is activated at a first frequency while the power applied by the transducer

interface 118 is monitored by the processing unit 117. The frequency with which the first

acoustic transducer 131 is activated is then increased to a second frequency while the

processing unit 117 continues to monitor the power applied by the transducer interface 118. The

lowest frequency between the first frequency and the second frequency that corresponds to a

drop in the power required to drive the first acoustic transducer 131 is determined to be

a fundamental frequency, / , corresponding to a fundamental standing wavelength, λ, along that

axis. The fundamental standing wavelength, λ, is the inverse of twice the length dimension, L,

along the first axis of insonification, a first half of the wavelength reflecting back a second half

of the wavelength. Given that the fundamental frequency,/ is equal to the speed

of sound, v , divided by the fundamental standing wavelength, λ,

f =v

the first dimension, L, along the first axis of insonification is given by

In operation, this is repeated with the second and third acoustic transducers 132, 133 along the

second and third axes of insonification for a second and third dimension, H and W, along the

second and third axes. The processing unit 117 then calculates a volume of the airspace 126 as

the product of L, H, and W.

[0029] In yet another illustrative example, the container 104 may be substantially

rectangular in all three projections, having dimensions L, W, and H. The first acoustic transducer

131 is oriented to insonify the container 104. In operation, by way of an illustrative example, the

first acoustic transducer 131 is activated at an initial frequency while the power applied by the

transducer interface 118 is monitored by the processing unit 117. The frequency with which the



first acoustic transducer 131 is activated is increased to a final frequency while the processing

unit 117 continues to monitor the power applied by the transducer interface 118. The first lowest

frequency between the initial frequency and the final frequency that corresponds to a drop in the

power required to drive the first acoustic transducer 131 is determined to be a first modal

frequency, fl, corresponding to the first mode wavelength, λΐ . The second lowest frequency

between the initial frequency and the final frequency that corresponds to a drop in the power

required to drive the first acoustic transducer 121a is determined to be a second modal frequency,

f2, corresponding to the second mode wavelength, λ2 . Subsequent modal frequencies and mode

wavelengths are similarly determined.

[0030] In yet another illustrative example, the first acoustic transducer 131 is configured

to insonify the airspace 126 over a range of frequencies to determine a series of harmonics from

which the volume of the airspace 126 is calculated. The processing unit 117 in conjunction with

the transducer interface 118 is configured to calculate a volume of the cavity 119 based on a set

of harmonics, x, for each of three dimensions according to

where v is the speed of sound and i, j , and k are the order of the modes along each axis. In this

example, the container 104 is substantially rectangular in each projection and is dimensioned

such that no edge dimension is more than a multiple of another edge dimension. By way of an

illustrative example, the container may have edge dimensions of four, five, and six inches along

the three axes since neither five nor six is more than an even multiple of four. Progressively

higher harmonics detected from the first acoustic transducer 121a correspond to progressively

smaller dimensions of the insonified airspace 126. In this manner, the first three harmonics



detected will correspond to the first mode along each axis with the mode of the other two axes

being zero. In operation, the lowest harmonic frequency found corresponds to an order of one in

a first dimension and zero in a second and a third dimension, removing these quantities from the

provided equation. Knowing the frequency of the harmonic, the speed of sound, and the order,

the magnitude of that dimension is calculated. The next lowest harmonic frequency found

corresponds then to an order of one in the second dimension and zero in the first and third

dimensions, eliminating these quantities from the provided equation. The calculation of the

magnitude in the second dimension is made in a similar manner. Finally, the third lowest

harmonic frequency found corresponds to an order of one in the third dimension and an order of

zero in the first and second dimension, removing these quantities from the equation provided.

The calculation of the magnitude in the third dimension is made in a similar manner. When each

of the first, second, and third dimensions are calculated, the product of these three dimensions is

determined, corresponding to the volume of the airspace 126.

[003 1] In yet another illustrative example, at the time that any one of the first, second, or

third acoustic transducers 131, 132, 133 is activated, a check is made by the processing unit 117

to determine if the acoustic transducer is insonifying the airspace 126 or the bodily fluid, in other

words, if the acoustic transducer is below the surface 125 of the bodily fluid. By way of example,

given that the speed of sound in water is more than four times the speed of sound in air, for the

first acoustic transducer 131, the fundamental frequency, fl, would be more than four times

higher than would be expected for a canister of known volume. The fundamental frequency,//,

is compared to a threshold and if the processing unit 117 determines that the first acoustic

transducer 13 1 is not insonifying the airspace 126, the processing unit 117 and the transducer

interface 118 repeat the process with the second acoustic transducer 132 and, if appropriate, the



third acoustic transducer 133. When any of the acoustic transducers 131, 132, 133 is determined

to be insonifying the bodily fluid rather than the airspace 126, data from that acoustic transducer

is not used in a volume calculation.

[0032] A method for assessing a volume of a bodily fluid in a canister is further provided

according to an illustrative embodiment. The method includes creating 401 a reduced pressure

within the canister to draw the bodily from the tissue site to the canister. The canister includes a

wall to contain the bodily fluid and a cavity defined by the wall and the bodily fluid surface and

the canister includes a first acoustic transducer oriented to insonify the cavity and to receive a

first echo output signal. The canister may include an orientation detection device. The method

further includes insonifying 402 the cavity with the first acoustic transducer along a first axis,

receiving 403 a resulting first echo output signal, analyzing 404 the resulting first echo output

signal, calculating 405 a volume of the cavity based on the resulting first echo output signal, and

calculating 406 the volume of the bodily fluid in the canister, the difference in the volume of the

canister and the volume of the cavity being the volume of the bodily fluid in the canister.

[0033] In one illustrative embodiment, the calculating of the volume of the cavity further

comprises assessing a signal from the orientation detection device, accessing a database of echo

output signals, orientation detection device signals, and corresponding cavity volumes that have

been determined empirically, and matching the resulting echo output signal and orientation

detection device signal with the corresponding empirically determined cavity volume. In another

illustrative embodiment, the calculating of the volume of the cavity further includes the step of

comparing the calculated volume of the cavity to the known volume of the canister and rejecting

the calculation of the volume of the cavity as erroneous if the cavity volume is determined to be

larger than the canister volume.



[0034] In another illustrative embodiment, the method includes insonifying the cavity

with the first acoustic transducer, receiving the resulting echo output signal, and comparing a

first time difference between initiation of the insonification and reception of the resulting echo

output signal, the first time difference being proportional to the length along the axis. The

method further includes insonifying the cavity with a second and a third acoustic transducer

along a second and a third axis, respectively, and in a similar manner, receiving a second and a

third echo output signal, determining a second and a third time difference between the

insonification to reception of the second echo output signal and the third echo output signal, the

second and third time differences being proportional to the length long the respective axes. The

method further includes using one or more of the three time differences to determine the cavity

volume. The method may further include determining an orientation of the cavity with an

orientation detection device and selecting which one or more of the three time differences to use

for the cavity volume calculation based on the orientation of the cavity.

[0035] A method for assessing a rate of collection of a bodily fluid in a canister is

provided according to another illustrative embodiment. The method includes creating a reduced

pressure within the canister to draw the bodily fluid from the tissue site to the canister. The

canister includes a wall to contain the bodily fluid and a cavity defined by the wall and the bodily

fluid surface and the canister includes an acoustic transducer oriented to insonify the cavity and

to receive an echo output signal. The canister may include an orientation detection device. The

method further includes insonifying the cavity with the acoustic transducer, receiving a resulting

echo output signal, analyzing the resulting echo output signal, calculating a first volume of the

cavity based on the resulting echo output signal, repeating the previous steps after a time period

calculating a second volume of the cavity, and comparing the first volume to the second volume.



In one illustrative embodiment, the calculating of the volume of the cavity further comprises

assessing a signal from the orientation detection device, accessing a database of resulting echo

output signals, orientation detection device signals, and corresponding cavity volumes that have

been determined empirically. The method further includes providing an alert when the calculated

rate of collection of the bodily fluid exceeds a threshold.

[0036] A method of assessing a viscosity of a bodily fluid collected in a canister is

provided according to another illustrative embodiment. The method includes creating a reduced

pressure within the canister to draw the bodily from the tissue site to the canister. The canister

includes a wall to contain the bodily fluid and a cavity defined by the wall and the bodily fluid

surface. The canister includes an acoustic transducer oriented to insonify the cavity with an

insonification signal and to receive an echo output signal. The canister may include an

orientation detection device. The method further includes insonifying the cavity with the acoustic

transducer by providing power to the acoustic transducer, receiving a resulting echo output

signal, analyzing the resulting echo output signal, and calculating the viscosity of the bodily fluid

in the canister.

[0037] In another illustrative embodiment, the calculating step further includes

calculating a rate of decay of the resulting echo output signal. In yet another illustrative

embodiment, the insonifying step further includes driving the acoustic transducer at a plurality of

frequencies between a first frequency and a second frequency. The calculating step further

includes calculating the phase angle between the insonification signal and the resulting echo

output signal for each of the plurality of frequencies. In still another illustrative embodiment, the

insonifying step further includes monitoring the power level provided to the acoustic transducer



by the transducer interface and adjusting the power level to achieve a constant vibration

amplitude and the analyzing step further includes analyzing the achieved power level.

[0038] As described herein, the canister 102 is primarily used to collect exudate from the

tissue site 113. Exudates from a small percentage of patients have unique chemical and physical

properties. These properties promote bubble formation and foaming as fluid enters the canister,

and the fluid may contain proteins that can adhere to many hydrophobic filter membranes

forming a residue. When the residue accumulates on the surface of a hydrophobic filter, it may

impair filter performance and airflow. This blockage can occur after collecting only a fraction of

the canister's capacity, necessitating premature disposal of the canister and increasing operating

costs. Under severe conditions, the filter can become completely occluded, which causes the

system to fail to deliver the intended treatment. In the extreme case, the occlusion can lead to

complete failure of the filter membrane, defeating the primary requirement of separating the fluid

from the air, and permitting contamination of downstream components.

[0039] A method of removing a residue of a bodily fluid from a canister is provided

according to another illustrative embodiment. The canister includes a wall to contain the bodily

fluid and a cavity defined by the wall and the bodily fluid surface. The canister includes an inlet

and an outlet, the outlet including a filter. The canister further includes an acoustic transducer

oriented to insonify the cavity and to receive an echo output signal. The method includes

insonifying the cavity with the acoustic transducer at a plurality of frequencies between a first

frequency and a second frequency wherein a surface acoustic wave is established on the wall and

on the filter of the canister.

[0040] It will be appreciated that the illustrative embodiments described herein may be

used with reduced pressure treatment systems of any type, shape, or size and similarly with



canisters of any type, shape, or size. It should be apparent from the foregoing that an invention

having significant advantages has been provided. While the invention is shown in only a few of

its forms, it is not just limited but is susceptible to various changes and modifications without

departing from the spirit thereof.



We claim:

1. A reduced pressure treatment system for collecting bodily fluids from a tissue site using

reduced pressure, comprising:

a source of reduced pressure;

a dressing adapted to be disposed proximate and in fluid communication with the tissue

site;

a canister having sidewalls closed by a lower wall and an upper wall for collecting body

fluids from the tissue site, an inlet adapted to be in fluid communication with the

dressing, and an outlet disposed in the upper wall over the sidewalls proximate the

upper wall and adapted to be in fluid communication with the source of reduced

pressure, wherein the bodily fluids have a surface rising as the canister fills from an

empty state to a full state while collecting the bodily fluids to define an airspace

above the surface within the canister;

a first acoustic transducer acoustically coupled to one of the sidewalls of the canister,

configured to insonify the airspace of the canister at predetermined acoustic

frequencies along a first axis of insonification, and adapted to generate echo output

signals in response to acoustic waves reflected within the airspace at the

predetermined frequencies, said first acoustic transducer adapted to insonify at a

plurality of frequencies between a first frequency and a second frequency; and

a processor in electrical communication with the first acoustic transducer, and adapted to

provide input signals to the first acoustic transducer for insonifying the airspace at

predetermined acoustic frequencies between a first frequency and a second frequency

and then for receiving the echo output signals from the first acoustic transducer to



determine a first harmonic frequency therebetween corresponding to the volume of

the airspace.

The system of claim 1, further comprising a second acoustic transducer oriented to

insonify said interior of said canister along a second axis of insonification and oriented to

receive a second echo output signal, said second acoustic transducer adapted to insonify

at said plurality of frequencies between said first frequency and said second frequency,

said second acoustic transducer in data communication with said processor, and said

processor adapted to determine a second harmonic frequency based on said second echo

output signal whereby said second harmonic frequency is related to said volume of said

cavity.

A device as in claim 2 further comprising a third acoustic transducer oriented to insonify

said interior of said canister along a third axis of insonification and oriented to receive a

third echo output signal, said third acoustic transducer adapted to insonify at said

plurality of frequencies between said first frequency and said second frequency, said third

acoustic transducer in data communication with said processor, and said processor

adapted to determine a third harmonic frequency based on said second echo output signal

whereby said third harmonic frequency is related to said volume of said cavity.

A device as in any of claims 1 through 3 where said first frequency is about 50Hz and

said second frequency is about 20KHz.

A device as in claim 2 wherein said first axis of insonification and said second axis of

insonification are mutually orthogonal.

A device as in claim 3 wherein said third axis of insonification, said second axis of

insonification, and said first axis of insonification are mutually orthogonal.



7. A method of assessing a volume of a bodily fluid in a fluid collection device, the method

comprising:

collecting said bodily fluids in said fluid collection device, said fluid collection device

comprising a canister having a wall, a volume, and a cavity defined by said wall and

surface of said bodily fluids within said canister;

insonifying said cavity with an acoustic transducer;

detecting a resulting echo output signals;

analyzing said resulting echo output signals;

calculating a volume of said cavity based on said one or more echo output signals; and

calculating said volume of said bodily fluids in said canister based on the difference of

said volume of said canister and said volume of said cavity.

8. An assessing method as recited in claim 7, wherein the insonifying step includes

generating a signal comprising a sequence of acoustic frequencies.

9. An assessing method as recited in claim 8, wherein the analyzing step includes

determining a resonant frequency of the cavity.

10. An assessing method as recited in claim 7, wherein the analyzing step includes measuring

one or more time difference between insonifying and detecting said one or more resulting

echo output signals.

11. A method of assessing a volume of bodily fluid in a fluid collection device, the method

comprising:

collecting said bodily fluids in said fluid collection device, said fluid collection device

comprising a canister having a wall, a volume, and a cavity defined by said wall and

surface of said bodily fluids within said canister;



insonifying said cavity with an acoustic transducer;

detecting a resulting echo output signals;

calculating a resonant frequency of said cavity based on said resulting echo output

signals;

determining an orientation of said cavity;

selecting a cavity volume from a database based on said orientation and said resonant

frequency;

calculating said volume of said bodily fluids in said canister based on the difference of

said volume of said canister and said volume of said cavity.

12. An assessing method as recited in claim 10, wherein the analyzing step further includes

determining an orientation of said cavity and selecting one of said one or more time

differences based on the orientation of said cavity.

13. A method of assessing the viscosity of a bodily fluid in a fluid collection device, the

method comprising:

collecting bodily fluids in a fluid collection device, the fluid collection device comprising

a canister and a cavity defined by the canister;

insonifying the cavity with an acoustic transducer;

detecting one or more resulting echo output signals;

analyzing one or more resulting echo output signals;

calculating the viscosity of bodily fluid in the fluid collection device based on the one or

more echo output signals.

14. An assessing method as recited in claim 13, wherein the analyzing step includes

determining the damping ratio of said one or more resulting echo output signals.



15. A method of removing a residue of a bodily fluid from a canister, the method comprising:

collecting bodily fluids in a fluid collection device, the fluid collection device comprising

a canister and a cavity defined by the canister;

insonifying the cavity with an acoustic transducer with a range of frequencies between a

first frequency and a second frequency wherein a surface acoustic wave is established

with the canister.
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