SYSTEM AND METHOD FOR DETERMINING A FILL STATUS OF A
CANISTER OF FLUID IN A REDUCED PRESSURE TREATMENT SYSTEM
BACKGROUND OF THE INVENTION 1. Field of the Invention ~ [0001] The
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fluid used with medical devices. 2. Description of Related Art [0002] The

treatment of open woynd % res.such as d E'&I lcers and those
ulcers found on the fegf%(sflg% gﬁ‘é%i)s(gfo’gw iﬁ%&etreatment of such
wounds which are frequently infected with bacterial pathogens is
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urderighngetigsilideskpresses serous fluids and possibly a purulent exudate,
both of which have to be removed to promote wound healing. Traditional
methods of removing the aforementioned fluids required a mechanical
ZcrubescoptiengbBelrtedddatying of the wound with sponges. This

procedure is not only painful for the patient but also increases the possibility
of superinfection of the wound by bacteria introduced into the wound during
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are frequéently infected with bactérial pathogens s multifactori Toery 1S u 1y required
to for arglatlveyalr tight anéll%a |§roo seal around the wound. The®
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vacuum pump is activated, a negative pressure is created inside the pad )
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ConNegHiftA 122 NRAT 18 AN e G RNSHEAIET S Sy, When the
wound is infected, the underlying tissue expresses serous fluids and possibly a purulent
exudate, both of which have to be removed to promote wound healing. Traditional methods of
removing the aforementioned fluids required a mechanical scrubbing of the wound and drying
of the wound with sponges. This procedure is not only painful for the patient but also
increases the possibility of superinfection of the wound by bacteria introduced into the wound
during treatment.

[0004] An alternative to this mechanical scrubbing of the open wound is a negative
pressure wound closure device. This negative pressure wound closure device consists of a
foam pad which is placed over the wound to form a relatively air tight and leak proof seal
around the wound. The negative pressure wound closure device also has a vacuum pump
fluidly coupled to the pad which is seated over the patient’s wound. When the vacuum pump
is activated, a negative pressure is created inside the pad covering the wound. The fluids
expressed by the wound are removed through the foam pad by the negative pressure and

transported through a tube connecting the foam pad to a canister. The canister collects the
1



1 fluids removed from the wound. When the canister is full of fluid removed
from the wound, the canister is emptied and reengaged to the vacuum
system. Attempts have been made to alert the user when the canister is full
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of directly measuring the amaount of wound fluid in the canister have proved
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systems are solved by the systems and method of the present invention. In
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provided. The method includes creating a reduced pressure in a fluid
communication path of the tissue treatment system and applying the reduced
pressure to a tissue site SEMINIASRYIREtEHEIMUENTEON site in the canister.
The reduced pressure is released, and a decay of the reduced pressure is
measured. A fill status of the canister is determined from the measured
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prassyadreatioani sysigseinchidasoa canister disic yvaane ciaBodimectisstite
site.and configuied tn rpeeiye.uid, dran flom, (he tissue B nder e, eument
Phifiénce of a reduced pressure. K fedu edupressure source'is conﬁgure 0
provicde thevidellcEbepretsyurmadndeiscfiviaing eoeivecteriagsateitisdvadsite by a
HHEhRAMMYRIGAH R R e i QRPN RN RASNHO AlHAES BEQUEERo a
conduit, the canister, and a target conduit. The canister is positioned between
Eﬁ@?e“é‘ﬁc&“&é‘s%‘d@@éﬁf@@ Hirditseerisin SReUmdcss ﬁ%f?%ﬁ%@f&i@ﬂ%‘s
thleaked UGRIch PERS S WIRIRQYHGEA Y IR SO W aR SRRELITA TileGarisahdalster is

Iutidl .cocppecttd to the tigﬁue site by the target conduit. The reduced

p?ggsbr}% tr%’é?mgnl?%afgfgm flifther includes a sensing device in

commHi@akibrangthetiranbodimoent oh theipeeehtonfiguve chic dend @ pressorarient

IDESOHGRLRQ Q@Hﬂﬁsér‘ﬁll’cﬁ%%ﬂ&é@@ﬁ%iﬁ GRRHNIGRUQRHUIRING RRUICEfIuid

conduit to selectively vent the reduced pressure. A processing unit is in
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unit is configured to open the valve for a selected amount of time, receive sensing data from



[0009] Other objects, features, and advantages of the present invention will
become apparent with reference to the drawings and detailed description that
follow. BRIEF DESCRIPTION OF THE DRAWINGS [0010] Figure 1
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Figure 1 depicts a reduced pressure treatment system having full canister
detection capabilities according to an embodiment of the present invention;

[0011] Figure 2 depicts a block diagram of a processing unit of the reduced pressure
treatment system of FIG. 1;

[0012] Figure 3 depicts a graphical representation of the results of a test conducted
with a system employing a full canister detection method according to an illustrative
embodiment of the present invention;

[0013] Figure 4 depicts a graphical representation of the results of a test conducted
with a system employing a full canister detection method according to an illustrative
embodiment of the present invention;

[0014] Figure 5 depicts a graphical representation of the results of a test conducted
with a system employing a full canister detection method according to an illustrative
embodiment of the present invention; and

[0015] Figure 6 depicts a graphical representation of the results of a test conducted
with a system employing a full canister detection method according to an illustrative

embodiment of the present invention.



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT [0016]

In the following detailed description of the illustrative embodiments, reference

is made to the accompanying drawings that form a part hereof. The invention
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are described in sufficient detail to enable those skilled in the art to practice

the invention. Other embodiments may be utilized, and that logical, structural,
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the fluid communication path to the atmosphere when opened. The solenoi
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whigbns described in more detail below. The processing unit 26 may further
commupicate with.a sensing, device 28 that is used to determine.a pressure
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communication path by any reliable blockage detection method, the

processing unit 26 signals the valve 18 tp open for a selected amount of time
(e.g. 1 second) to vent the reduced pressure from the fluid communication

path to atmosphere. The processing unit 26 receives sensing data from the
sensing device 28 and monitors the pressure decay over this 1 second

period. If the pressure decays quickly, then processing unit 26 determines



[0022] If the decay is slow, which is to say that in the 1 second period that the
solenoid valve 18 is opened, the vacuum does not decay to a pre-determined
level, the processing unit 26 will conclude that the canister 17 is not full. The
prodessinbeanelviiomerisad i the wcerreslacR4gdcendstivr brigihttarget
dsiggted is caused by an actual blockage in the target conduit 21 and not a
canister full condition. The processing unit 26 in this particular instance may
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pressure) over a selected amount of time after opening valve 18. As another
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contemplated within the scope of the illustrative embodiments. [0024
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and observation of the’ reduced pressure treatment. [0027] TEST DATA
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treatment system 11. In this test, variation in decay time was noted against fill
level at 125 mmHg for a closed canister. The canister was filled with various

levels of water from empty to 500 ml in go ml increments. Negative pressure

for the wound therapy was set to 125 mmHg and the system run until the



pump stopped at slightly over the target pressure. Therapy was then turned
off and natural leakage was applied to bring the pressure down to 125
mmHg. At this point, the valve was operated to vent the canister to
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[0030] The canister was filled to 450m1 and a pressure slightly above the
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olpened as describeqhapove% For the t?f(%gkeq Iamilylgf curves, the canister :
one OL.JNOIE, processars that aye the same or diiferen CS.” L'Or €Xa ¢, the procgssing unit
was filed t})y Injecting Water into the woun anéprunnlng tnder noral ther y
%@ndﬁibm@d?@gglos obthisrtestsare mmmOE@Hanentﬁooeaqwmwmmes
iRk s figHin dapicR A-diRRhicel IRRigseRiation afhe resiis afadest

in which decay differences between full and other fluid levels at 350mmHg
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[0027] TEST DATA

[0028] With reference to FIG. 3, this figure depicts a graphical representation of the
results of a test conducted with a system similar to reduced pressure treatment system 11. In
this test, variation in decay time was noted against fill level at 125 mmHg for a closed canister.
The canister was filled with various levels of water from empty to 500 ml in 50 ml increments.

Negative pressure for the wound therapy was set to 125 mmHg and the system run until the
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[0035] The graph in Figure 4 indicates that there is distinct grouping in the
data. With a full canister when filter occlusion had occurred, the pressure fell
to under 10 mmHg in less than 0.8 seconds, irrespective of the therapy
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without departing from the spirit thereof.” CLA claim: A'reduced

ﬁﬁé&é@fé‘ f@é{ﬁ@ﬁggwdﬁmgﬁ@tween full and other fluid levels at 350mmHg

with a large wound were observed. A standard large wound was prepared as in the test of
figures 3 and 4 and pressure curves plotted at 350mmHg for fluid levels from empty to 500
ml, filling externally. This procedure was done under direct control as in the tests described
above. The system was run under normal therapy at 200 mmHg and fluid injected into the
wound until a blockage alarm occurred. Direct control was resumed at 350 mmHg and the last
curve plotted.

[0032] TEST CONCLUSIONS

[0033] The plots obtained with a closed canister in Figure 3 show good linearity
between the fill level and the time for the pressure to fall to both zero and 5 mmHg. There is
some cross-over in the early stages of the decay, but the trend of the plots appears to indicate

that decay time is approximately proportional to fill level.
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a canister fluidly connected to a tissue she and configured to receive fluid
drawn from the tissue site under the influence of a reduced pressure; a
reduced pressure source configured to provide the reduced pressure and

fluidly E¥98Ab &g eerttseleivsiod BitBigyanfieCo1agssrizpatieatiddldisatt! ek as
fhgich cAmMNMRILAE AR LALh IRGIVHINO.aSAHIGE £RRAMT (R CRNINE A0d R

target conduit, the canister being positioned between the reduced pressure
QLIS dsue site and being fluidly connected to the reduced
pressyn®3gjurae dypihen Sogueeldadiduits the: dasnistediftribhierrdeing fluitkydata. With

nlﬂtr(]) gc?e\fl?s IIIE]IHH in less

connesied fo the tissue site. by r}ﬁ‘c?otcar%&reetdcg%d ur%és%rg%
communlcatlon‘wn the source conduit ari CC?I‘] |gured¢t sense a pre;s rein
than Hctiseeordmdugepoetive i borarapicatisstryith tise deparestes mouipmrgnately full

CRUIGHEShIRMEIR tReUeIHERIPRESS YIr: YN RGeS IR More. The
communication WI'tli the sensirgg d :vice and the va 1 ve and configured to

YlrraHal vy st Areerseted Bristint ot e taeRidnSEH S HRES oM theelue
persirgwdeyiaeaduting the selected amount of time to determine a decay of

reduc ure; and determine a fill status of th ister based on the
ey BT RO RTINS S oIl SRS RRSS R isoom
faldti @asteb sthatidhienesio Sadrtisnfigit-ogre legelfuffom 350 mmHg. The fastest decay rate

(500ml) fell to about 20 mmHg after four seconds and was still around 10 mmHg after 10
seconds. By comparison, the blocked curve fell to virtually zero (under 3mmHg) in less than a
second.

[0037] The system and method disclosed in the instant application improves upon
existing negative pressure treatment systems by reliably alerting the user of the system that the
wound fluid canister is full and may have to be emptied. By releasing the pressure in the fluid
communication path through a valve, the systems and methods disclosed herein are able to
measure the decay of the negative pressure. If the negative pressure inside the fluid
communication path decays rapidly, then the system determines that the canister is full and
activates an alarm notifying the user that the canister is full of wound fluid. If the negative
pressure inside the fluid communication path decays slowly, then the system determines that
there is a blockage in the system that should be removed and notifies the user by activating an
alarm.

[0038] Even though many of the examples discussed herein are applications of the
present invention in the medical field of treatment of wounds, the present invention also can
be applied to other types of negative pressure applications including but not limited to suction
and fluid collection devices for other medical and non-medical uses.

[0039] One skilled in the art will see that the present invention can be applied in many
areas where there is a need to provide an indication of a fill status of a container containing
any substance. 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.



3. The system of claim 1, wherein: the valve selectively vents the reduced
pressure from a east a portion of the fluid communication path; and the decay
of reduced pressure is determined in the at least a portion of the fluid
communication path. 4. The system of &&it¥Svherein the processing unit is
further configured to: upon opening the valve, determine the time required for
the capjstenig attain a pressure threshold; and determine the fili status of the
canister using the time. die sy stem of claim I, wherein the processing unit is
urtRer é;onf ured tot deterntnne a pressure attained within the fluid
communica rrelsf’)%\ﬁ foll glvevrllngy%e selected amount of time, and determlnlng
the fill statusoftthél eahisterasddoontihecpressuteatigined to receive fluid drawn

from the tissue site under the influence of a reduced pressure;

a reduced pressure source configured to provide the reduced pressure and fluidly
connected to the tissue site by a fluid communication path, the fluid
communication path including a source conduit, the canister, and a target
conduit, the canister being positioned between the reduced pressure source
and the tissue site and being fluidly connected to the reduced pressure source
by the source conduit, the canister further being fluidly connected to the tissue
site by the target conduit;

a sensing device in communication with the source conduit and configured to sense
a pressure in the source conduit;

a valve in communication with the source conduit and configured to vent the
reduced pressure; and

a processing unit in communication with the sensing device and the valve and
configured to:

open the valve for a selected amount of time;
receive sensing data from the sensing device during the selected amount of time
to determine a decay of reduced pressure; and

determine a fill status of the canister based on the decay of reduced pressure.
2. The system of claim 1, wherein the fill status indicates that the canister is full or is not full.

3. The system of claim 1, wherein:
the valve selectively vents the reduced pressure from at least a portion of the fluid
communication path; and
the decay of reduced pressure is determined in the at least a portion of the fluid
communication path.

4. The system of claim 1, wherein the processing unit is further configured to:
upon opening the valve, determine the time required for the canister to attain a
pressure threshold; and

determine the fill status of the canister using the time.



6. The system of claim I. wherein the processing unit is further configured to
del:ern whether a blockage exists in the fluid communication path: 7. The
system of claim 1 further comprising; a second valve fluidly coupled to the

fardée corauiranidicohfijirem b crsecsivar tid firsthailvenfseserioThe

system ofyelaifiro yyherain theifiest walve @od the-sgeandal/epsMRlSEing the
electrically Of mechanijcally-actuated valves. 9. The system of claim 1 further

comprising: an aRFHEHEESHhONICAtiIdRith the processing unit and
configuredeteralgiba iwseénwhen theheanistesrisafiall. o thidlpreducedipregsure
treatment system having full canister detection capabilities, the system
comprising, a reduced pressure source to provide a reduced pressure; a
porbusspedpositioned aththenigsuer sitesasd filiidjuebanevteg todhedaseited
Preéxabilite SPHIG&age exists in the fluid communication path:

7. The system of claim 1 further comprising:
a second valve fluidly coupled to the target conduit and configured to close when

the first valve is open.

8. The system of claim 7, wherein the first valve and the second valve comprise electrically

or mechanically-actuated valves.

9. The system of claim 1 further comprising:
an alarm in communication with the processing unit and configured to alert a user

when the canister is full.

10. A reduced pressure treatment system having full canister detection capabilities, the system
comprising:

a reduced pressure source to provide a reduced pressure;

a porous pad positioned at the tissue site and fluidly connected to the reduced
pressure source;

a canister fluidly connected between the porous pad and the reduced pressure source
to collect fluid drawn from the tissue site;

a solenoid valve fluidly connected to a conduit between the canister and the reduced
pressure source; and

means for determining a pressure decay in the conduit when the solenoid valve is

opened.

11. The system as defined in Claim 10, wherein the means for determining a pressure decay

further comprises a flow sensor in communication with the conduit.

12. The system as defined in Claim 10, wherein the means for determining a pressure decay

further comprises a pressure sensor in communication with the conduit.
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a canisterconnected between the porous pad and the reduced pressure

source to collect fluid drawn from the tissue site; a solenoid valve fluidly
connected to a conduit heR eel e canister and the reduced pressure source;
bhd easrisfordeteiaimifuiaptesslipectebayipnth s daditiwhen pgssure decay
solenaid valvgrisopengd i hedhig- sysiamuas.defined ind aimLhunvhargindhifiuic

means for determining a pressure decay further comprises a flow sensor in
cotfhitATBRWHPIRS CoHYEIRLS. The system as defined in Claim 10,
wherein the means for determining a pressure decay further comprises a
PIeRRUIe RENS05IR comeunigation with e conduit, 13, The systemias, ;.
defined in Claim 16, wherein the means for éete?mlnlng a pressure élecay
furtisepeopriprisesrestifedoe nisasudelamaniounn ot time fitltakes i cprdssure
in the conduit to reach a selected pressure threshold. 14. The system as
defined in Cit m 10 further comprising means to activate an alarm in
response to the pressure decay being determined to indicate a full canister
condilion.
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