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DESCRIPTION

WOUND TREATMENT APPARATUSES AND METHODS FOR CONTROLLED
DELIVERY OF FLUIDS TO A WOUND

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. Provisional Patent Application No.
61/299,787, filed January 29, 2010, which is incorporated herein in its entirety.

BACKGROUND
1. Field of the Invention
[0002] The present disclosure relates generally to healing of wounds and wound-
treatment therapies. More particularly, but not by way of limitation, the present disclosure

relates to fluid-instillation and negative-pressure wound therapies.

2. Background Information

[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

29 ¢

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
wound insert (e.g., a porous pad or other manifold device). The wound insert typically
contains cells or pores that are capable of distributing reduced pressure to the tissue and
channeling fluids that are drawn from the tissue. The wound insert can be incorporated into a
wound dressing having other components that facilitate treatment, such as, for example, a

drape (e.g., adhesive surgical drape).

SUMMARY
[0004] The present disclosure includes embodiments of pump cassettes, wound-
treatment apparatuses, and methods.
[0005] Some embodiments of the present pump cassette for use with a wound

treatment apparatus, comprise: a pump body having a pump chamber, an inlet valve in fluid

communication with the pump chamber, and an outlet valve in fluid communication with the
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pump chamber; a diaphragm coupled to the pump body such that the diaphragm is movable
to vary a volume in the pump chamber; and an identifier configured to store one or more
properties of the pump cassette such that the identifier is readable by an automated reader to
determine the one or more properties; where the pump cassette is configured to be removably
coupled to a wound-treatment apparatus having an actuator such that the actuator can be
activated to move the diaphragm. In some embodiments, the identifier comprises a radio-
frequency identification (RFID) tag. In some embodiments, the identifier comprises a
barcode. In some embodiments, the identifier comprises a magnetic stripe. In some
embodiments, the one or more properties include one or more of: the diameter of the
diaphragm, the area of the diaphragm, the stroke of the diaphragm, the change in volume in
the pump chamber caused by a stroke of the diaphragm, and a code indicative of one or more

properties of the pump cassette. In some embodiments, the inlet valve and outlet valve each

comprises a ball valve. In some embodiments, the inlet valve and outlet valve each

comprises a duckbill valve. In some embodiments, the inlet valve and outlet valve each
comprises an umbrella valve.

[0006] Some embodiments further comprise: a conduit having a first end coupled to
the inlet valve of the pump body, and a second end configured to be coupled to a fluid
container. Some embodiments, further comprise: a fluid container coupled to the second end
of the conduit such that the fluid container is in fluid communication with the inlet valve of
the pump body; and a fluid disposed in the fluid container. In some embodiments, the one or
more properties include the identity of the fluid disposed in the fluid container. Some
embodiments further comprise: a support device coupled to the pump body and including a
receptacle configured to receive a fluid container.

[0007] Some embodiments of the present wound-treatment apparatuses comprise: a
housing configured to be coupled to a pump cassette; a vacuum source coupled to the housing
and configured to be coupled to a wound dressing such that the vacuum source can be
activated to apply negative pressure to a wound through the wound dressing; an actuator
coupled to the housing; and an automated reader configured to read an identifier of a pump
cassette coupled ot the housing to determine one or more properties of the pump cassette;
where the wound-treatment apparatus is configured such that if an embodiment of the present
pump cassettes is coupled to the housing, the automated reader can read the identifier of the
pump cassette to determine one or more properties of the pump cassette, and the actuator can

be activated to move the diaphragm.
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[0008] In some embodiments, the housing is configured to be coupled to one or more
of the present pump cassettes, and the wound-treatment apparatus comprises: a plurality of .
actuators coupled to the housing; where the wound-treatment apparatus is configured such
that if one or more pump cassettes, each having at least one pump chamber and at least one
diaphragm configured to be movable to vary a volume in a pump chamber, are coupled to the
housing, the plurality of actuators can be activated to move the diaphragms. Some
embodiments further comprise: a controller coupled to the actuators and configured to
activate the actuators. In some embodiments, the controller is configured to activate the
actuators simultaneously. In some embodiments, the controller is configured to activate the
actuators sequentially. Some embodiments further comprise: a plurality of automated readers
each configured to read an identifier of the one or more pump cassettes to determine one or
more properties of the one or more pump cassettes; where the wound-treatment apparatus is
configured such that if one or more pump cassettes each having an identifier are coupled to
the housing, the one or more automated readers can read the identifiers to determine the one
or more properties. Some embodiments further comprise: one or more pump cassettes of
claim 1 each having a plurality of pump chambers and a plurality of diaphragms configured
to be movable to vary a volume in each of the plurality of pump chambers. In some
embodiments, at least one of the plurality of diaphragms is a different size than at least one
other of the plurality of diaphragms. In some embodiments, the plurality of pump cassettes
are coupled to the housing. Some embodiments further comprise: a fluid container. In some
embodiments, the input valve of each of the plurality of pump cassettes is coupled to the fluid
container. Some embodiments further comprise: a vacuum source coupled to the housing and
configured to be coupled to a wound dressing such that the vacuum source can be activated to
apply negative pressure to a wound through the wound dressing.

[0009] Some embodiments of the present wound-treatment apparatuses, comprise:
housing configured to be coupled to a pump cassette comprising: a pump body having a
pump chamber, inlet valve in fluid communication with the pump chamber, and an outlet
valve in fluid communication with the pump chamber; and a diaphragm coupled to the pump
body such that the diaphragm is movable to vary a volume in the pump chamber; a vacuum
source coupled to the housing and configured to be coupled to a wound dressing such that the
vacuum source can be activated to apply negative pressure to a wound through the wound
dressing; and an actuator coupled to the housing; where the wound-treatment apparatus is
configured such that if the pump cassette is coupled to the housing the actuator can be

activated to move the diaphragm.
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[0010] Some embodiments of the present wound-treatment apparatuses comprise: a
vacuum source configured to be coupled to a wound dressing such that the vacuum source
can be activated to apply negative pressure to a wound through the wound dressing; an
actuator for moving a diaphragm of a pump cassette coupled to the housing; and an
automated reader configured to read an identifier of a pump cassette coupled to the housing
to determine one or more properties of the pump cassette. Some embodiments further
comprise: a plurality of actuators, each for moving a diaphragm of a pump cassette coupled to
the housing. In some embodiments, the apparatus is configured to be coupled to a plurality of
pump cassettes. In some embodiments, the apparatus is configured to actuate the actuators
simultaneously. In some embodiments, the apparatus is configured to actuate the actuators
sequentially. Some embodiments further comprise: a plurality of automated readers, each
reader configured to read an identifier of a pump cassette coupled to the housing. In some
embodiments, the apparatus is coupled to one of the present pump cassettes. In some
embodiments, the apparatus is coupled to a plurality of the present pump cassettes.

[0011] Some embodiments of the present methods comprise: coupling a wound
dressing to a wound-treatment apparatus that comprises; a housing configured to be coupled
to a pump cassette comprising: a pump body having a pump chamber, inlet valve in fluid
communication with the pump chamber, and an outlet valve in fluid communication with the
pump chamber; and a diaphragm coupled to the pump body such that the diaphragm is
movable to vary a volume in the pump chamber; a vacuum source coupled to the housing and
configured to be activated to apply negative pressure to a wound through the wound dressing;
and an actuator coupled to the housing. Some embodiments further comprise: coupling a
pump cassette to the housing of the wound treatment apparatus such that actuator can be
activated to move the diaphragm and such that the outlet valve is in fluid communication
with the wound dressing. Some embodiments further comprise: activating the actuator to
move the diaphragm such that fluid is delivered to the wound dressing. In some
embodiments, coupling a pump cassette is performed prior to coupling a wound dressing.
Some embodiments further comprise: activating the vacuum source such that negative
pressure is applied to the wound dressing.

[0012] Any embodiment of any of the present systems and/or methods can consist of
or consist essentially of — rather than comprise/include/contain/have — any of the described
steps, elements, and/or features. Thus, in any of the claims, the term “consisting of” or

“consisting essentially of” can be substituted for any of the open-ended linking verbs recited
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above, in order to change the scope of a given claim from what it would otherwise be using
the open-ended linking verb.
[0013] Details associated with the embodiments described above and others are

presented below.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014] The following drawings illustrate by way of example and not limitation. For
the sake of brevity and clarity, every feature of a given structure is not always labeled in
every figure in which that structure appears. Identical reference numbers do not necessarily
indicate an identical structure. Rather, the same reference number may be used to indicate a
similar feature or a feature with similar functionality, as may non-identical reference
numbers.
[0015] FIG. 1 depicts a side view of one embodiment of the present wound dressings
having one of the present wound inserts and coupled to a wound site and to a wound
treatment apparatus.
[0016] FIG. 2 depicts a schematic block diagram of one embodiment of a wound
treatment apparatus that can comprise and/or be coupled to and/or be used with the present
wound dressings and/or wound inserts.
[0017] FIG. 3 depicts an enlarged cross-sectional view of a portion of one
embodiment of the present pump cassettes.
[0018] FIG. 4 depicts a perspective view of one embodiment of the present wound-
treatment épp‘aratuses.
[0019] FIGS. 5 and 6 dépicts a side view of the apparatus of FIG. 4.
[0020] FIG. 7 depicts a side view of a portion of an another embodiment of the
present wound-treatment apparatuses. _
[0021] FIG. 8 depicts a diagram of a portion of another embodiment of the present

wound-treatment apparatuses.

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
[0022] The term “coupled” is defined as connected, although not necessarily directly,
and not necessarily mechanically; two items that are “coupled” may be integral with each
other. The terms “a” and “an” are defined as one or more unless this disclosure explicitly

2%

requires otherwise. The terms “substantially,” “approximately,” and “about” are defined as
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largely but not necessarily wholly what is specified, as understood by a person of ordinary
skill in the art.

[0023] The terms “comprise” (and any form of comprise, such as “comprises” and
“comprising”), “have” (and any form of have, such as “has” and “having”), “include” (and
any form of include, such as “includes” and “including”) and “contain” (and any form of
contain, such as “contains” and “containing”) are open-ended linking verbs. As a result, a
method that “comprises,” “has,” “includes” or “contains” one or more steps possesses those
one or more steps, but is not limited to possessing only those one or more steps. Likewise, a
wound dressing that “comprises,” “has,” “includes” or “contains” one or more elements
possesses those one or more elements, but is not limited to possessing only those elements.
For example, in a wound dressing that comprises a wound insert and a drape, the wound
dressing includes the specified elements but is not limited to having only those elements. For
example, such a wound dressing could also include a connection pad configured to be
coupled to a wound-treatment apparatus.

[0024] Further, a device or structure that is configured in a certain way is configured
in at least that way, but it can also be configured in other ways than those specifically
described.

[0025] Referring now to the drawings, and more particularly to FIG. 1, shown therein
is an embodiment of one of the present wound treatment system 10. In the embodiment
shown, apparatus 10 comprises a wound-treatment apparatus 14, and a wound dressing 18
coupled to apparatus 14 by a conduit 22. As shown, dressing 18 is configured to be coupled
to (and is shown coupled to) a wound 26 of a patient 30. More particularly, in the
embodiment shown, dressing 18 comprises a wound insert 34 and a drape 38. As shown,
wound insert 34 is configured to be positioned (and is shown positioned) on wound 26 (e.g.,
on or adjacent to wound surface 42), and/or drape 38 is configured to be coupled to (and is
shown coupled to) skin 46 of the patient adjacent to wound 26 such that drape 38 covers
wound insert 34 and wound 26, and forms a space 50 between drape 38 and wound 26 (e.g.,
wound surface 42).

[0026] Apparatus 14 can comprise, for example, a vacuum source configured to be
actuatable (and/or actuated) to apply negative pressure (e.g., via conduit 22) to wound
dressing 18, a fluid (e.g., liquid or foamed fluid) source configured to be actuatable (and/or
actuated) to deliver (e.g., via conduit 22) a fluid (e.g., an instillation fluid such as a medicinal
liquid, antibacterial liquid, irrigation liquid, foamed fluid, and/or the like) to wound dressing

18. System 10 can be implemented and/or actuated and/or coupled to patient 30 in any of

-6-
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various configurations and/or methods similar to those described in the prior art. For
example, various wound therapy systems and components are commercially available
through and/or from KCI USA, Inc. of San Antonio, Texas, U.S.A., and/or its subsidiary and
related companies (collectively, “KCI”).

[0027] Conduit 22 can comprise a single lumen conduit (e.g., switched between a
vacuum source and/or a fluid source and apparatus 14), or can comprise multiple single-
lumen conduits or a multi-lumen conduit such that, for example, fluid can be delivered and/or
negative pressure can be applied to wound dressing 18 individually and/or simultaneously.
Additionally, conduit 22 can comprise, for example, multiple lumens (e.g., as in a single
conduit with a central lumen for application of negative pressure and/or fluid delivery and
one or more peripheral lumens adjacent to or around the central lumen, such that the
peripheral lumens can be coupled to a pressure sensor to sense a pressure or negative pressure
between drape 38 and surface 42 (e.g. in space 50)). In the embodiment shown, system 10
further comprises a wound dressing connection pad 54 configured to be coupled (and is
shown coupled) to conduit 22. One example of a suitable connection pad 54 is the "V.A.C.
T.R.A.C.® Pad," commercially available from KCI. Another example of a connection pad
54 is disclosed in U.S. Pat. App. No. 11/702,822, published as Pub. No. US 2007/0219512
Al. One example of a suitable drape 38 includes the "V.A.C.® Drape" commercially
available from KCI.

[0028] Some embodiments of the present wound-treatment apparatuses and methods
may be better understood with reference to FIG. 2. FIG. 2 depicts the schematic block
diagram of one embodiment of system 10. In the embodiment shown, wound dressing 18 is
coupled to apparatus 14, and apparatus 14 comprises a vacuum source 100 (e.g., a vacuum
pump and/or the like) coupled to a canister 104 (e.g., configured to receive exudate and or the
like from wound dressing 18) by way of a conduit 108. In the embodiment shows, apparatus
14 further comprises: a pressure sensor 112 having a first pressure transducer 116 coupled to
conduit 108 by way of conduit 120 and/or tee-fitting 124, and a second pressure transducer
128 coupled to canister 104 and/or wound dressing 18 by way of conduit 132. Pressure
sensor 112 is configured to sense the negative pressure in wound dressing 18 and/or any of
the various conduits coupled to wound dressing 18, pressure sensor 112, and/or vacuum
source 100.

[0029] In the embodiment shown, apparatus 14 further comprises a pressure release
valve 136 coupled to conduit 132. Further, in the embodiment shown, canister 104 and

vacuum source 100 are coupled to wound dressing 18 by way of a conduit 140. More
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particularly, conduit 140 couples canister 104 to wound dressing 18. In the embodiment
shown, canister 104 comprises a filter 144 at or near an outlet of canister 104 to prevent
liquid or solid particles from entering conduit 108. Filter 144 can comprise, for example, a
bacterial filter that is hydrophobic and/or lipophilic such that aqueous and/or oily liquids will
bead on the surface of the filter. Apparatus 14 can be configured such that during operation

of vacuum source 100 will provide sufficient airflow through a filter 144 that the pressure

* drop across filter 144 is not substantial (e.g., such that the pressure drop will not substantially

interfere with the application of negative pressure to wound dressing 18 from vacuum source
100).

[0030] In various embodiments, such as the one shown in FIG. 2, apparatus 14 can be
configured such that as soon as liquid in the canister reaches a level where filter 144 is
occluded, a much-increased negative (or subatmospheric) pressure occurs in conduit 108 and
is sensed by transducer 116. Transducer 116 can be connected to circuitry that interprets
such a pressure change as a filled canister and signals this by means of a message on an LCD
and/or buzzer that canister 104 requires emptying and/or replacement, and/or that
automatically shuts off or disables vacuum source 100.

[0031] Apparatus 14 can also be configured to apply intermittent negative (or
subatmospheric) pressure to the wound site, and/or such that pressure relief valve 136 enables
pressure at the wound site to be brought to atmospheric pressure rapidly. Thus, if apparatus
14 is programmed, for example, to relieve pressure at ten-minute intervals, at these intervals
pressure relief valve 136 can open for a specified period, allow the pressure to equalize at the
wound site, and then close to restore the negative pressure. It will be appreciated that when
constant negative pressure is being applied to the wound site, valve 136 remains closed to
prevent leakage to or from the atmosphere. In this state, it is possible to maintaiﬁ negative
pressure at the wound site without running and/or operating pump 100 continuously, but only
from time to time or periodically, to maintain a desired level of negative pressure (i.e. a
desired pressure below atmospheric pressure), which is sensed by transducer 116. This saves
power and enables the appliance to operate for long periods on its battery power supply.
[0032] In the embodiment shown, apparatus 14 further comprises a fluid source 200
coupled to wound dressing 18 by way of a conduit 204 such that such that fluid source 200 is
actuatable to deliver a fluid to wound dressing 18 (e.g., to the wound through the wound
dressing). Fluid source 200 can be any suitable mechanism capable of delivering fluid, such

as, for example, a syringe, a fluid pump, and/or the like.
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[0033] FIG. 3 depicts an enlarged cross-sectional view of a portion of one
embodiment 250 of the present pump cassettes that is suitable for use in some embodiments
of fluid source 200. In the embodiment shown, pump cassette 250 comprises: a pump body
254 having a pump chamber 258, an inlet valve 262 in fluid communication with pump
chamber 258, and an outlet valve 266 in fluid communication with pump chamber 258. In
the embodiment shown, pump cassette 250 further comprises a diaphragm 270 coupled to
pump body 254 such that diaphragm 270 is movable to vary a volume in pump chamber 258
(e.g., the volume between pump body 254 and diaphragm 270). In the embodiment shown,
and as depicted in FIGS. 5 and 6, pump cassette 250 is configured to be removably coupled
to a wound-treatment apparatus having an actuator such that the actuator (e.g., 304) can be
activated to move diaphragm 270 (e.g., relative to pump body 254) such as, for example, to
pump fluid through pump cassette 250 (e.g., from inlet valve 262 to outlet valve 266). In the
embodiment shown, inlet valve 262 and outlet valve 266 each comprise a one-way valve,
such as, for example, ball valves, duckbill valves, umbrella valves, etc. As such, when
diaphragm 270 is moved (e.g., by actuator 304) in direction 274, inlet valve 262 closes, and
outlet valve 266 opens, such that fluid is forced out of pump chamber 258 as the volume
between diaphragm 270 and pump body 254 decreases. Similarly, when diaphragm 270 is
moved (e.g., by actuator 304) in direction 278, outlet valve 266 closes, and inlet valve 262
opens, such that fluid is drawn into pump chamber 258 as the volume between diaphragm
270 and pump body 254 increases. In the embodiment shown, diaphragm 270 (e.g., the
center of diaphragm 270) is removably coupled to a distal end 308 of actuator 304 by a
slotted connector 282 configured to couple diaphragm 270 and end 308 of actuator 304 such
that end 308 can push and pull diaphragm 270 (e.g., can move diaphragm in two substantially
opposite directions). In other embodiments, any suitable mechanical coupling structure or
mechanism can be used, such as, for example, a pin or cotter pin, a threads on end 308 and
corresponding threads on connector 282, magnets and/or magnetic materials, and/or the like.

[0034] In some embodiments, pumping cavity 258 is shaped such that when
diaphragm 270 (e.g., end 308) is fully extended (diaphragm 270 and end 308 are as close as
possible to valves 262 and 266), the circumference about exit valve 266 is sealed by the
diaphragm, such that if negative pressure is applied to the wound dressing, negative pressure
is substantially prévented (e.g., by diaphragm 270 and inlet valve 266) from being transferred
through the pump chamber (which might otherwise draw fluids from the fluid container to the

wound and/or collection canister).
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[0035] FIGS. 4-6 depict one embodiment of the present wound-treatment apparatuses
14a that may be similar to the apparatus 14 of FIG. 2. More particularly, FIG. 3 depicts a
view of an overall apparatus 14a; FIGS. 4 and 5 depict partial view of apparatus 14a and
illustrate the removability of one embodiment of the presenf pump cassettes; and FIG. 6
depicts an enlarged view of one embodiment of the present pump cassettes. Apparatus 14a
comprises: a housing 300 configured to be coupled to a pump cassette 250 (e.g., such that
pump body 254 is in substantially fixed relationship to housing 300). In the embodiment
shown, apparatus 14a further comprises an actuator 304 coupled to housing 300. As
described above, pump cassette 250 includes a pump chamber 258 and a membrane 270
configured to be movable to vary the volume of the pump chamber (e.g., to pump fluid
through the pump cassette). Actuator 304 is configured such that if pump cassette 250 is
coupled to housing 300 (as shown in FIG. 4), actuator 304 can be activated to move the
diaphragm of the pump cassette (e.g., to pump fluid through the pump cassette). In the
embodiment shown, actuator 304 comprises a solenoid with a linear stroke that can oscillate
end 308 and diaphragm 270 to sequentially decrease and increase a volume in the pump
chamber (between diaphragm 270 and pump body 254) to pump fluid through the pump
cassette. In other embodiments, actuator 304 can comprise any suitable actuator or actuating
mechanism, such as, for example, a cam mechanism, a rack and pinion mechanism, a
gearbox, an eccentric arm from a motor, and/or any other suitable actuator that permits pump
cassette 250 and/or apparatus 14a to function as described in the present disclosure.

[0036] In the embodiment shown, pump cassette 250 also comprises an identifier 312
configured to store one or more properties of the pump cassette such that the identifier is
readable by an automated reader to determine the one or more properties. In the embodiment
shown, apparatus 14a further comprises an automated reader 316 configured to read identifier
312 of the pump cassette to determine the one or more properties (stored on or readable from
the identifier). Apparatus 14a can also be configured such that if pump cassette 250 is
coupled to housing 300 (as shown in FIG. 4), automated reader 316 can read identifier 312 of
pump cassette 250 to determine the one or more properties (stored on or readable from
identifier 312). Identifier 312 can comprise any suitable device or structure, such as, for
example, a radio-frequency identification (RFID) tag, barcode, a magnetic stripe (e.g., as 1s
commonly used on credit cards and the like), and/or any other suitable identifier that can be
read by automated reader 316. In some embodiments, identifier comprises flash memory, a
processor, and/or a wireless transceiver. Reader 316 can comprise any suitable device or

structure, such as, for example, an RFID reader (for RFID tags), a barcode reader (for

-10 -
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barcodes), a magnetic-stripe reader (for magnetic stripes), and so on. In some embodiments,
the one or more properties (stored on or readable from identifier 312) can include one or
more of: the diameter of diaphragm 270, the area of diaphragm 270, the stroke of diaphragm
270 (linear distance through which the center of diaphragm 270 can be actuated), the change
in volume in pump chamber 258 (e.g., between diaphragm 270 and pump body 254) caused
by a stroke of diaphragm 270, and a code indicative of one or more properties of pump
cassette 250. In some such embodiments, apparatus 300 can comprise a controller and/or
memory (not shown) that is coupled to reader 316 and programmed to recognize a code
stored on identifier 312 and activate actuator 308 in a predetermined or preprogrammed
fashion corresponding to the one or more properties of pump cassette 250 identified by a
code obtained from identifier 312 with reader 316. In some embodiments, the pump cassette
does not comprise an identifier that is readable by an automated reader, and is instead labeled
with one or more of its properties; and, in such embodiments, apparatus 14a can comprise
one or more switches and/or a touch-screen to permit a user to manually select one or more
apparatus settings that correspond to a particular pump cassette (e.g., how to alter the
frequency and stroke of the actuator to best drive the diaphragm, and/or which range of user
selectable options should be displayed on the user interface).

[0037] In some embodiments, pump cassette 250 comprises a conduit 320 having a
first end 324 coupled to inlet valve 262 of pump body 254, and a second end 328 configured
to be coupled to a fluid container 332 (e.g., via spike 336). In some embodiments, pump
cassette 250 comprises: fluid container 332 coupled to second end 328 of conduit 320 (e.g.,
via spike 336) such that fluid container 332 is in fluid communication with inlet valve 262 of
pump body 254; and a fluid disposed in fluid container 332. The fluid in fluid container 332
can comprise any suitable fluid or component, such as, for example, saline, debridement
agent, and/or antibiotic. In embodiments in which pump cassette 250 comprises fluid
container 332, the one or more properties (stored on or readable from identifier 312), can
include the identity of the fluid disposed in fluid container 332. In some embodiments, pump
cassette 250 also comprises a support device 340 (e.g., coupled to pump body 254) that
includes a receptacle 344 configured to receive a fluid container (e.g., fluid container 332).
[0038] In some embodiments, the pump cassette is disposable, such that it can be
replaced periodically by a user, and/or can be included in the present kits that can comprise
one or pump cassettes, a wound dressing (e.g., 18), a fluid container (e.g., 332), a fluid
disposed in the fluid container, and/or a conduit for coupling the wound dressing to the pump

cassette and/or a wound treatment apparatus (e.g., 14, 14a). Disposable pump cassettes can
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increase the service life of the apparatus because the high-wear components of the pump
(e.g., the diaphragm, etc.) are in the disposable pump cassette that is easily replaceable.
Additionally, disposable pump cassettes can improve cleanliness and reduce risks of
infections and/or cross-contamination because the fluids can be retained in the pump cassette
without transfer to the remainder of the apparatus.

[0039] In some embodiments, apparatus 14a comprises a vacuum source (e.g., 100)
coupled to housing 300 and configured to be coupled to a wound dressing (e.g., 18) such that
the vacuum source can be activated to apply negative pressure to a wound (e.g., 26) through
the wound dressing.

[0040] FIG. 7 depicts a side view of a portion of an another embodiment of the
present wound-treatment apparatuses 14b. Apparatus 14b is similar in some respects to
apparatus 14a. However, apparatus 14b comprises a housing 300a that is configured to be
coupled to a plurality of pump cassettes (e.g., 250). In the embodiment shown, apparatus 14b
also comprises: a plurality of actuators 304a, 304b, 304¢ coupled to housing 300a. In the
embodiment shown, épparatus 14b is configured such that if one or more pump cassettes
(e.g., 250) having a plurality of pump chambers (e.g., 254) and a plurality of diaphragms
270a, 270b, 270c¢ configured to be movable to vary a volume in each of the plurality of pump
chambers, the plurality of actuators 304a, 304b, 304c can be activated to move the
diaphragms 270a, 270b, 270c. In the embodiment shown, the plurality of diaphragms 270a,
270b, 270c are coupled to a single pump cassette 250a (including a plurality of pump
chambers). In other embodiments, a plurality of pump cassettes (e.g., 250) can be coupled to
housing 300a.

[0041] In the embodiment shown, fluid container 332 is coupled in parallel to inlet
valves 262a, 262b, 262c¢ of each of the pump chambers, and outlet ports 266a, 266b, 266¢ are
coupled in parallel to wound dressing 18. In some embodiments, apparatus 14b comprises a
controller (not shown) coupled to actuators 304a, 304b, 304¢ and configured to activate the
actuators. In some embodiments, the controller is configured to activate actuators 304a,
304b, 304c simultaneously. In some embodiments, the controller is configured to activate
actuators 304a, 304b, 304c sequentially (e.g., 304a—304b—304c, 304a—304b—304c) such
as, for example, to minimize fluctuations perceivable at wound dressing 18. Sequential
activation can reduce pump ripple, and/or increase flow. In some embodiments, sequential
activation can deliver very high flow-rates of fluid, and, by changing the selected actuators,

deliver a very accurate final dose.
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[0042] In some embodiments, apparatus 14b comprises: one or more automated
readers (e.g., 312) configured to read an identifier (e.g., 316) of the one or more pump
cassettes (e.g., 250, 250a) to determine the one or more properties of the one or more pump
cassettes, and apparatus 14b is configured such that if one or more pump cassettes (e.g., 250,
250a) having an identifier (e.g., 312) are coupled to the housing, the one or more automated
readers can read the identifier to determine the one or more properties. In some
embodiments, apparatus 14b comprises a one or more pump cassettes (e.g., 250, 250a)
having a plurality of pump chambers (e.g., 258) and a plurality of diaphragms (e.g., 270a,
270b, 270¢) configured to be movable to vary a volume in each of the plurality of pump
chambers. In some embodiments, the one or more pump cassettes are coupled to housing
300a. In the some embodiments, the plurality of diaphragms are the same size. In the
embodiment shown, at least one of the plurality of diaphragms is a different size than at least
one other of the plurality of diaphragms. For example, in the embodiment shown diaphragm
270c is larger than diaphragm 270b, and diaphragm 270b is larger than diaphragm 270a.
[0043] FIG. 8 depicts a diagram of a portion of another embodiment 14¢ of the
present wound-treatment apparatuses. Apparatus 14¢ is similar in some respects to apparatus
14b. However, apparatus 14c¢ is configured to be coupled to a plurality of fluid containers
332a, 332b, 332c¢, such that each of the plurality of pump chambers (and diaphragms) are
configured to pump fluid from a different one of the plurality of fluid containers 332a, 332b,
332c. In this way, pump chambers and/or diaphragms of different sizes can pump different
fluids in different amounts and/or at different rates. Apparatus 14c can be configured to
deliver two or more fluids in combination, simultaneously or in sequence (e.g., to first flush a
wound with saline which is then removed under NPWT, and then dose the wound with an
antibiotic).

[0044] Some embodiments of the present methods comprise: coupling a wound
dressing (e.g., 18) to a wound-treatment apparatus (e.g., 14a). In some embodiments, the
wound-treatment apparatus comprises; a housing (e.g., 300) configured to be coupled to a
pump cassette (e.g., 250); a vacuum source (e.g., 100) coupled to the housing and configured
to be activated to apply negative pressure to a wound through the wound dressing; and an
actuator (e.g., 304) coupled to the housing. Some embodiments of the present methods
comprise: . coupling a pump cassette (e.g., 250) to the housing of the wound treatment
apparatus such that actuator can be activated to move the diaphragm (e.g., 270) and such that
the outlet valve (e.g., 266) is in fluid communication with the wound dressing;, and/or

activating the actuator to move the diaphragm such that fluid is delivered to the wound
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dressing. In some embodiments, coupling a pump cassette is performed prior to coupling a
wound dressing. Some embodiments comprise: activating the vacuum source such that
negative pressure is applied to the wound dressing. Embodiments of the present wound-
treatment methods can comprise embodiments of the present apparatuses (e.g., 14, 14a, 14b)
and/or pump cassettes (e.g., 250, 250a).

[0045] The various illustrative embodiments of devices, systems, and methods
described herein are not intended to be limited to the particular forms disclosed. Rather, they
include all modifications and alternatives falling within the scope of the claims.

[0046] The claims are not intended to include, and should not be interpreted to
include, means-plus- or step-plus-function limitations, unless such a limitation is explicitly
recited in a given claim using the phrase(s) “means for” or “step for,” respectively.

[0047] It will be understood that the benefits and advantages described above may
relate to one embodiment or may relate to several embodiments. It will further be understood
that reference to ‘an’ item refers to one or more of those items, unless otherwise specified.
[0048] The steps of the methods described herein may be carried out in any suitable
order, or simultaneously where appropriate.

[0049] Where appropriate, aspects of any of the examples described above may be
combined with aspects of any of the other examples described to form further examples
having comparable or different properties and addressing the same or different problems.
[0050] It will be understood that the above description of preferred embodiments is
given by way of example only and that various modifications may be made by those skilled
in the art. The above specification, examples and data provide a complete description of the
structure and use of exemplary embodiments. Although various embodiments have been
described above with a certain degree of particularity, or with reference to one or more
individual embodiments, those skilled in the art could make numerous alterations to the

disclosed embodiments without departing from the scope of this invention.
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CLAIMS
1. A pump cassette for use with a wound treatment apparatus, comprising:

a pump body having a pump chamber, an inlet valve in fluid communication with the
pump chamber, and an outlet valve in fluid communication with the pump
chamber;

a diaphragm coupled to the pump body such that the diaphragm is movable to vary a
volume in the pump chamber; and

an identifier configured to store one or more properties of the pump cassette such that
the identifier is readable by an automated reader to determine the one or more
properties;

where the pump cassette is configured to be removably coupled to a wound-treatment
apparatus having an actuator such that the actuator can be activated to move

the diaphragm.

2. The pump cassette of claim 1, where the identifier comprises: a radio-frequency

identification (RFID) tag, a barcode, or a magnetic stripe.

3. The pump cassette of claim 1, where the one or more properties include one or more
of: the diameter of the diaphragfn, the area of the diaphragm, the stroke of the diaphragm, and

the change in volume in the pump chamber caused by a stroke of the diaphragm.

4. The pump cassette of claim 1, further comprising:
a conduit having a first end coupled to the inlet valve of the pump body, and a second

end configured to be coupled to a fluid container

5. The pump cassette of claim 4, where the one or more properties include the identity of

the fluid disposed in a fluid container of the pump cassette.

6. The pump cassette of any of claims 1-5 comprising
a pump body having a second pump chamber, a second inlet valve in fluid
communication with the second pump chamber, and a second outlet valve in
fluid communication with the second pump chamber;
a second diaphragm coupled to the pump body such that the second diaphragm is

movable to vary a volume in the second pump chamber; and
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where the pump cassette is configured to be removably coupled to a wound-treatment
apparatus having first and second actuators such that the actuators can be

activated to move a respective diaphragm.

7. The pump cassette of claim 6, further comprising:
a second identifier configured to store one or more properties of the pump cassette
such that the identifier is readable by an automated reader to determine the one

or more properties.

8. The pump cassette of claim 7, wherein the one or more properties identified by the

second identifier relate to the second diaphragm.

9. The pump cassette of any of claims 7-8, where the first and second diaphragms are of

different sizes.

10. A wound-treatment apparatus, comprising:

a vacuum source configured to be coupled to a wound dressing such that the vacuum
source can be activated to apply negative pressure to a wound through the
wound dressing;

an actuator for moving a diaphragm of a pump cassette coupled to the housing; and

an automated reader configured to read an identifier of a pump cassette coupled to the

housing to determine one or more properties of the pump cassette.
11.  The wound-treatment apparatus of claim 10, further comprising:
a plurality of actuators, each for moving a diaphragm of a pump cassette coupled to

the housing.

12.  The wound-treatment apparatus of claim 11, where the apparatus is configured to be

coupled to a plurality of pump cassettes.

13.  The wound-treatment apparatus of any of claims 11-12, where the apparatus is

configured to actuate the actuators simultaneously.
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14.  The wound-treatment apparatus of any of claims 11-12, where the apparatus is

configured to actuate the actuators sequentially.

15.  The wound-treatment apparatus of claim 11, further comprising:
a plurality of automated readers, each reader configured to read an identifier of a pump

cassette coupled to the housing.

16.  The wound treatment apparatus of any of claims 10-15, where the apparatus is coupled

to a pump cassette of any of claims 1-9.

17.  The wound treatment apparatus of any of claims 10-15, where the apparatus is coupled

to a plurality of pump cassettes of any of claims 1-9.

18. A wound-treatment apparatus, comprising:

a housing configured to be coupled to a pump cassette of any of claims 1-5;

a vacuum source coupled to the housing and configured to be coupled to a wound
dressing such that the vacuum source can be activated to apply negative
pressure to a wound through the wound dressing; and

an actuator coupled to the housing; and

an automated reader configured to read the identifier of the pump cassette to determine
the one or more properties;

where the wound-treatment apparatus is configured such that if the pump cassette is
coupled to the housing, the automated reader can read the identifier of the
pump cassette to determine the one or more properties, and the actuator can be

activated to move the diaphragm.

19.  The wound-treatment apparatus of claim 18, where the housing is configured to be
coupled to one or more pump cassettes, and where the wound-treatment apparatus comprises:
a plurality of actuators coupled to the housing; and
where the wound-treatment apparatus is configured such that if one or more pump
cassettes having a plurality of pump chambers and a plurality of diaphragms
configured to be movable to vary a volume in each of the plurality of pump

chambers, the plurality of actuators can be activated to move the diaphragms.
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The wound-treatment apparatus of any of claims 18-19, further comprising:

a controller coupled to the actuators and configured to activate the actuators.

The wound-treatment apparatus of any of claims 18-19, further comprising:

a fluid container.

The wound-treatment apparatus of any of claims 18-19, where the input valve of each

of the plurality of pump cassettes is coupled to the fluid container.

23.

24.

25.

The wound-treatment apparatus of any of claims 18-19, further comprising:
a vacuum source coupled to the housing and configured to be coupled to a wound
dressing such that the vacuum source can be activated to apply negative

pressure to a wound through the wound dressing.

A wound-treatment apparatus, comprising:

a housing configured to be coupled to a pump cassette comprising:

a pump body having a pump chamber, inlet valve in fluid communication with
the pump chamber, and an outlet valve in fluid communication with the
pump chamber; and

a diaphragm coupled to the pump body such that the diaphragm is movable to
vary a volume in the pump chamber;

a vacuum source coupled to the housing and configured to be coupled to a wound
dressing such that the vacuum source can be activated to apply negative
pressure to a wound through the wound dressing; and

an actuator coupled to the housing;

where the wound-treatment apparatus is configured such that if the pump cassette is

coupled to the housing the actuator can be activated to move the diaphragm.

A method comprising:
coupling a wound dressing to a wound-treatment apparatus that comprises;
a housing configured to be coupled to a pump cassette comprising:
| a pump body having a pump chamber, inlet valve in fluid
communication with the pump chamber, and an outlet valve in

fluid communication with the pump chamber; and
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a diaphragm coupled to the pump body such that the diaphragm is
movable to vary a volume in the pump chamber;
a vacuum source coupled to the housing and configured to be activated to
apply negative pressure to a wound through the wound dressing; and
5 an actuator coupled to the housing;
coupling a pump cassette to the housing of the wound treatment apparatus such that
actuator can be activated to move the diaphragm and such that the outlet valve
is in fluid communication with the wound dressing;
activating the actuator to move the diaphragm such that fluid is delivered to the wound

10 dressing.

26.  The method of claim 25, where coupling a pump cassette is performed prior to

coupling a wound dressing.
15 27.  The method of any of claims 25-26, further comprising:

activating the vacuum source such that negative pressure is applied to the wound

dressing.
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