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2 (57) Abstract: Disclosed herein are systems and methods for providing reduced or negative pressure, and more particularly cyclical

=) reduced pressure, to treat a wound. The system can include a wound dressing, a fluid collection container, a suction source, filters,

& and conduits. In addition, the system can include a control device and sensors. The sensors may be configured to monitor certain

& physiological conditions of a patient such as temperature, pressure, blood flow, blood oxygen saturation, pulse, cardiac cycle, and
the like. Application of cyclical reduced pressure between two or more values below atmospheric pressure may be synchronized
with the physiological conditions monitored by the sensors. Certain embodiments of the system utilize an air reservoir and one or
more valves and pressure sensors or gauges to allow for rapid cycling of the level of reduced pressure within the wound dressing
between two or more reduced pressure values.
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SUSTAINED VARIABLE NEGATIVE PRESSURE WOUND TREATMENT
AND METHOD OF CONTROLLING SAME
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is related to, and claims the benefit of, U.S. Provisional
Patent Application No. 61/019,819, filed January 8, 2008, the entirety of which is hereby

mcorporated by reference herein and made a part of the present disclosure.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] Certain embodiments of the present application relate to treating a wound
by applying reduced or negative pressure to the wound.

Description of the Related Art

[0003] The treatment of open or chronic wounds that are too large to
spontaneously close or otherwise fail to heal has long been a troublesome area of the medical
practice. Closure of an open wound requires inward migration of surrounding epithelial and
subcutaneous tissue. Some wounds, however, are sufficiently large or infected that they are
unable o heal spontaneously. In such instances, a zone of stasis in which localized edema
restricts the flow of blood to the epithelial and subcutancous tissue forms near the surface of
the wound. Without sufficient blood flow, the wound is unable to successfully fight bacterial
infection and 1s accordingly unable to close spontancously.

[0004] An inmtial stage of wound healing is characterized by the formation of
granulation tissue which is a matrix of collagen, fibronectin, and hyaluronic acid carrying
macrophages, fibroblasts, and neovasculature that forms the basis for subsequent
epithelialization of the wound. Infection and poor vascularization hinder the formation of
granulation tissue within wounded tissue, thereby inhibiting wound healing. 1t therefore
becomes desirable to provide a technique for increasing blood circulation within wounded
tissue to promote spontaneous healing and to reduce infection.

10005] Another problem encountered during the treatment of wounds is the

selection of an appropriate technique for wound closure during the healing process. Sutures
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are often used to apply force to adjacent viable tissue in order to induce the edges of a wound
to migrate together and heal. However, sutures apply a closure force to only a very small
percentage of the area surrounding a wound. When there is scarring, edema, or msufficient
tissue, the tension produced by the sutures can become great, causing excessive pressure to be
exerted by the sutures upon the tissue adjacent to each suture. As a result, the adjacent tissue
often becomes ischemic, thereby rendering suturing of large wounds counterproductive. If
the quantity or size of the sutures is increased to reduce the tension required of any single
suture, the quantity of foreign material within the wound is concomitantly increased and the
wound 1s more apt to become infected. Additionally, the size or type of a particular wound
may prevent the use of sutures to promote wound closure. It therefore becomes desirable to
provide an apparatus and method for closing a large wound that distributes a closure force
evenly about the periphery of the wound.

[0006] Wounds resulting from ischemia, or lack of blood flow, are also often
difficult to heal since decreased blood flow to a wound may inhibit normal immune reaction
to fight infection. Patients that are bedridden or otherwise non-ambulatory are susceptible to
such ischemic wounds as decubitus ulcers or pressure sores. Decubitus ulcers form as a
result of constant compression of the skin surface and underlying tissue thus restricting
circulation. Since the patient is often unable to feel the wound or to move sufficiently to
relieve the pressure, such wounds can become self-perpetuating. Although it 1s common to
treat such wounds with flaps, the conditions that initially caused the wound may also work
against successful flap attachment. Wheelchair-bound paraplegics, for example, must still
remain seated after treatment of pelvic pressure sores. It therefore becomes desirable to
provide a treatment procedure for ischemic wounds that can be conducted in situ upon an
immobile or partially mobile patient.

[0007] Other types of wounds in which 1schemia leads to progressive
deterioration include partial thickness burns. A partial thickness burn is a burn in which the
cell death due to thermal trauma does not extend below the deepest epidermal structures such
as hair follicles, sweat glands, or sebaceous glands. The progression of partial thickness
burns to deeper bumns is a major problem in burn therapy. The ability to control or diminish

the depth of burns greatly enhances the prognosis for burn patients and decreases morbidity
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resulting from burns. Partial thickness burns are formed of a zone of coagulation, which
encompasses tissue killed by thermal injury, and a zone of stasis. The zone of stasis 1s a layer
of tissue immediately beneath the zone of coagulation. Cells within the zone of stasis are
viable, but the blood flow is static because of collapse of vascular structures due to localized
edema. Unless blood flow 1s re-established within the zone of stasis soon after injury, the
tissne within the zone of stasis also dies. The death of tissue within the zone of stasis is
caused by lack of oxygen and nutrients, reperfusion injury (re-establishment of blood flow
after prolonged ischemia), and decreased migration of white blood cells to the zone resulting
in bacterial proliferation. Again, it becomes desirable to provide a technique for treating burn
wounds by enhancing blood circulation to the wounded tissue to inhibit burn penetration.
Negative pressure wound therapy has been around for many years and has been proven to

assist with the healing of wounds.

SUMMARY OF THE INVENTION

[0008] In some embodiments of the invention, reduced or negative pressure (c.g.,
below atmospheric pressure) can be used to assist with the healing of wounds, and can be
used in three general modes. The first general mode is a continuous mode, wherein negative
pressure is applied in a constant manner up to a predetermined pressure, where the negative
pressure is held at this level. The second general mode may be charactenized as being
intermittent. In the intermittent mode, the negative pressure is preferably generally applied to
the wound and then either released or disabled, allowing for a gentle or sudden release of the
pressure back to atmospheric pressure. A vanation of the mtermittent mode comprises
apphcation of the negative pressure to the wound at a first magnitude and then either
releasing or disabling the pressure such that the negative pressure reaches a second
magnitude. Application of intermittent pressure to the wound can assist patients with
chronic, traumatic, and other type of wounds by healing such wounds in a rapid and efficient
manner.

{0009] In some embodiments, such wounds are treated by using a negative
pressure wound therapy apparatus preferably comprising a wound dressing, a fluid collection

device, one or more conduits, fillers, a suction source (e.g., a vacuum pump) configured to
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apply cyclical reduced pressure to the wound, and a control device configured to control the
suction source. In some embodiments, cyclical reduced pressure may be applied to the
wound between two or more magnitudes of pressure below atmospheric pressure and at one
ore more frequencies of cycling.

[0010] In some embodiments, the apparatus may comprise one or more sensors
configured to monitor physiological conditions of a patient, such as such as temperature,
pressure, blood flow, blood oxygen saturation, pulse, cardiac cycle, and the like. In some
embodiments, the control device may receive the conditions monitored by the one or more
sensor and control the suction source based on the monitored conditions.

{0011} In some embodiments, the apparatus may be configured to apply cyclical
reduced pressure to the wound in synchrony with the monitored heart activity of the patient
received from the one or more sensors. In some embodiments, the control device may
contro] the suction source to apply a reduced pressure at a first amplitude during duration of
systolic period, and to release the reduced pressure at the first amplitude to apply a reduced
pressure at a second amplitude during duration of diastolic period. In some embodiments, the
control device may control the suction source to apply a reduced pressure at a first amplitude
during duration of diastolic period, and to release the reduced pressure at the first amplitude
to apply a reduced pressure at a second amplitude during duration of systolic period. In some
embodiments, the reduced pressure at the first amphitude may be applied during the entirety
of systolic period and a part of diastolic pertod. In some embodiments, the reduced pressure
at the first amplitude may be applied during the entirety of diastolic period and a part of
systolic period. In some embodiments, cychng between the reduced pressure at the first
amplitude and the reduced pressure at the second amplitude comprises varying reduced
pressure according to a time-varying waveform such as a square, half-wave rectified
trapezoid, and triangular waveforms and symmetric, half-wave rectified, asymmetric, and
partially rectified asymmetric sinusoidal waveforms.

[0012] In some embodiments, the apparatus may be configured to apply cyclical
reduced pressure to the wound in synchrony with the monitored blood flow through the
wound received from the one or more sensors. In some embodiments, the apparatus may be

configured to provide a baseline negative pressure of approximately 10-12 mmHg below
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atmospheric pressure, and to cycle the negative pressure by increasing the negative pressure
applied to the wound by approximately 20-150 mmHg, at a frequency of approximately 20-60
cycles per minute. In some embodiments, to provide brief sustained levels of greater
negative pressure, the apparatus may be configured for a baseline negative pressure of
approximately 20 mmHtg below atmospheric pressure, and for cycling the negative pressure
by increasing it to approximately 200 mmHg below atmospheric pressure, at a frequency of
approximately 120 cycles per minute.

[0013] In some embodiments, the apparatus may be configured to apply cyclical
reduced pressure to the wound such that the reduced pressure at the second amptitude is
between 5 and 85 mmHg above the reduced pressure at the first amplitude. In some
embodiments, the apparatus may be configured to cycle the reduced pressure at the first and
second amplitudes with a frequency of 200 to 400 cycles per minute.

[0014] In some embodiments, the apparatus can comprise an air reservoir and one
or more valves and pressure sensors or gauges to allow for rapid cycling of the level of
reduced pressure within the wound dressing between two or more reduced pressure values.
The air reservoir, valves, and pressure sensors or gauges may be configured to supply positive
pressure to the wound dressing from the air reservoir and reduced pressure to the wound
dressing from the suction source. In some embodiments, the apparatus may be configured to
comprise one or more conduits connecting the suction source and the air reservoir to the
wound dressing. In some embodiments, the apparatus may comprise one or more safety
valves.

[06015] In some embodiments, the air reservoir can be connected to the suction
source and the wound dressing, and configured to supply positive pressure to the wound
dressing. A control valve may be connected to the air reservoir and the wound dressing, the
control valve may be configured to circulate air from the air reservoir into the wound
dressing. In some embodiments, the apparatus can be configured to apply cyclical reduced
pressure to the wound by closing the control valve during application of the reduced pressure
at a first amplitude and opening the control valve during application of the reduced pressure
at a second amplitude, such that opening the control valve circulates air from the air reservoir

into the wound dressing.
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[0016] Other embodiments of the invention are directed to methods for utilizing
the apparatuses described above, and the subcomponents of the apparatuses described above.
In one embodiment, a method for treating a wound of a patient is provided. A wound
dressing is placed over and encloses the wound, the dressing adapted to maintain reduced
pressure between the dressing and the wound. Reduced pressure is applied to the wound,
wherein the applied reduced pressure 1s cycled between at least two different magnitudes of
reduced pressure. In one embodiment, heart activity of the patient may be monitored, and the
cycling is synchronized to the monitored heart activity. In another embodiment, positive
pressure may be supplied to the wound dressing from an air reservoir. A control valve may
be closed between the air reservoir and the wound dressing during application of reduced
pressure at a first amplitude, and the control valve may be opened during application of
reduced pressure at a second amplitude, wherein the opening of the control valve circulates

air from the air reservoir into the wound dressing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] These and other features, aspects and advantages will now be described in
connection with certain embodiments, in reference to the accompanying drawings. The
illustrated embodiments, however, are merely examples and are not intended to be limiting.
The following are brief descriptions of the drawings.

10018} Figure 1 is a schematic representation of a continuous reduced pressure
program.

[0019] Figure 2 i1s a schematic representation of a sustained variable reduced
pressure program.

[0020] Figure 3 is a schematic representation of an embodiment of a sustained
variable negative pressure wound treatment apparatus.

[0021] Figure 4A is a schematic representation of another embodiment of a
sustained variable negative pressure wound treatment apparatus.

[0022] Figure 4B is a schematic representation of another embodiment of a

sustained variable negative pressure wound treaiment apparatus.
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[0023] Figure 5 is a schematic representation of another embodiment of a
sustained variable negative pressure wound (reatment apparatus, illustrating sensors
embedded in the wound.

10024] Figure 6 is a schematic representation of another embodiment of a
sustained negative pressure wound treatment apparatus, illustrating sensors positioned
adjacent to the dressing.

[0025] Figure 7A-7G is a schematic representation of a sustained variable negative
pressure program wherein negative pressure cycling is synchronized to a patient’s heartbeat.

[0026] Figure 8 is a schematic representation of a sustained variable negative
pressure program wherein negative pressure cycling comprises pulsing.

{0027} Figure 9 is a schematic representation of another embodiment of a
sustained variable negative pressure wound treatment apparatus, illustrating control,

recording, and alarm devices.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0028] Negative pressure can be used to assist with the healing of wounds, and in
certain embodiments of the invention, can be used in three general modes. The first general
mode is a continuous mode, wherein negative pressure is applied in a constant manner up to a
predetermined pressure, where the negative pressure is held at this level. For example,
Figure 1 illustrates continuous application to the wound site of negative pressure 80 mmHg
below atmospheric pressure.

[0029] The second general mode may be characterized as being intermittent. In
the intermittent mode, the negative pressure is preferably generally applied to the wound and
then either released or disabled, allowing for a gentle release of the pressure back to
atmospheric pressure. A variation of the intermittent mode, referred to herein as sustained
variable negative or reduced pressure, comprises application of the negative pressure to the
wound at a first magnitude and then either releasing or disabling the pressure such that the
negative pressure reaches a second magnitude. For example, Figure 2 illustrates application
of sustained variable negative pressure to the wound by cycling between negative pressure

amplitudes of approximately 85 mmHg and 10 mmHg below atmospheric pressure. As is
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illustrated in Figure 2, negative pressure of about 10 mmHg below atmospheric pressure 1s
first applied to the wound. Subsequently, the negative pressure 1s increased (e.g., spiked) to
85 mmHg below atmospheric pressure for a short duration, and then released back to about
10 mmHg below atmospheric pressure. Such treatment may be advantageous when a wound
causes a lot of pain or when the healing has reached a plateau.

[0030] In some embodiments, the apparatus preferably provides sustained
variable negative pressure, which may allow for greater versatility in the application of
negative pressure wound treatment. At least some embodiments of the apparatus arc
preferably configured to allow a medical practitioner or patient to apply a negatrve pressure in
any of the three general modes discussed above, or to switch from one mode to another
during operation. In some embodiments, the cycle frequency and amplitude of sustained
variable negative pressure that the apparatus can provide may be adjusted by a patient or a
medical practitioner, or may be pre-programmed in the apparatus.

[0031] Sustained variable negative pressure wound treatment is a new and novel
concept that can assist patients with chronic, traumatic, and other type of wounds by healing
such wounds in a rapid and efficient manner. For example, delivery of sustained variable
negative pressure can be synchronized to a patient’s heartbeat to maintain better blood flow
through the wound and to promote healing. As another example, delivery of sustamed
variable negative pressure can by decreasing the amplitude of pressure below capillary
closing pressure, thus maintaining a higher level of blood flow through the wound.

[0032] Figure 3 is a schematic view of an embodiment of a sustained varable
negative pressure wound therapy apparatus 20. As described herein, a sustained variable
negative pressure wound therapy apparatus may be configured to treat a wound by apphication
of reduced pressure (e.g., below atmospheric pressure) to a wound site 22 at different
amplitudes so as to provide sustained variable negative pressure to the wound site 22 in a
controlled manner for a selected period of time.

[0033] As is illustrated in Figure 3, the negative pressure wound therapy
apparatus 20 comprises a wound cover or wound dressing 24 for enclosing a wound site 22
and providing a fluid-tight or gas-tight enclosure over the wound site 22 to effect treatment of

a wound site 22 with sustained variable negative pressure. For the purpose of creating
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suction within the wound dressing 24, the wound dressing 24 1s connected to a vacuum
system 26 to provide a source of suction or reduced pressure for the sealed wound dressing
24 at the wound site 22. The suction source 26 may comprise a vacuum pump 30 that
preferably cycles between at least two predetermined levels of negative pressure, the negative
pressure being applied to a wound or wound dressing, wherein the predetermmed levels of
negative pressure are greater than zero such that a negative pressure is always applied to the
wound or wound dressing. The suction source 26 may further comprise a control device 32, a
filter 34, and tubing 36 that connects the vacuum pump 30 to a fluid collection system 28.
Predetermined amounts of suction or reduced pressure are produced by the vacuum pump 30.
The vacuum pump 30 is preferably controlled by a control device 32 that will be described n
greater detail below. A filter 34, such as micropore filter, is attached to the exhaust of the
vacuum pump 30 to prevent potentially pathogenic microbes or aerosols from the wound site
22 from being vented to the atmosphere by the vacuum pump 30. In some embodiments (not
shown), the filter may preferably be positioned between the fluid collection system 28 and
pump 30 along tubing 36 such that the pump may be protected from contaminated fluids. In
some embodiments, the suction source 26 can comprise two or more vacuum pumps 30
(primary and secondary pumps) connected with fubing 36, preferably arranged in parallel. As
described below, the additional pump may provide faster switching of reduced pressure
cycles, increased suction, and a higher level of safety and product quahty by providing pump
redundancy to prevent a suction source failure in the event that a single pump fails. In some
embodiments, the cycle frequency and amplitude of sustained variable negative pressure that
the apparatus can provide can be adjusted by a patient or medical practitioner, or can be pre-
programmed in the apparatus. For safety reasons, there may be limits as to how low or high
the frequency and amplitude may be adjusted or pre-programmed.

[0034] Between the wound dressing 24 and the suction source 26 is a fluid
collection system 28 for intercepting and retaining exudate that 1s aspirated from the wound
site 22. The fluid collection system 28 is preferably interconnected between the suction
vacuum pump 30 and wound dressing 24 to remove and collect any exudate which may be
aspirated from the wound site 22 by the wound dressing 24. The wound dressing 24

preferably functions to actively draw fluid or exudate from the wound site 22. Collection of
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exudate in a fluid collection system 28 between the vacuum pump 30 and the wound dressing
24 is preferred to prevent clogging of the vacuum pump 30.

[0035] As illustrated in Figure 3, the fluid collection system 28 may be
comprised of a fluid-impermeable collection container 38 and a shutoff mechanism 40. The
container 38 may be of any size and shape suitable for intercepting and retaining a
predetermined amount of exudate. Many examples of such containers are available in the
relevant art. The container 38 illustrated preferably has a first port 42 and a second port 44
positioned on the top of the container 38. The first port 42 preferably enables suction to be
applied to the wound dressing 24 through the tubing 46 and also enables exudate from the
wound site 22 covered by wound dressing 24 to be drained into the container 38. In some
embodiments, the tubing 46 may comprise two or more tubes, with constant level of negative
pressure and cycled negative pressure being applied through different tubes to a wound or
wound dressing. In some embodiments, the tubing 36, 46 can be sized and configured to
conduct enough air to permit the apparatus to rapidly cycle the level of reduced pressure
within the dressing 124 between two or more reduced pressure values. The container 38
provides a means for containing and temporarily storing the collected exudate. A second port
44 is also provided on the top of the container 38 to enable the application of suction from
the vacuum pump 30 to the container 38. As mentioned above, the second port 44 of the
collection system 28 is connected to the vacusm pump 30 by a vacuum line 36. The
collection system 28 is preferably sealed approximately gas-tight so that as to enable the
suction vacuum pump 30 to supply suction to the wound dressing 24 through the collection
system 28.

[0036] The fluid-impermeable wound cover 50 in the embodiment of the wound
dressing 24 illustrated in Figure 3 may be substantially rigid (to better support application of
cyclical negative pressure} or flexible sheet. The sheet may also include an adhesive, and
may be a fluid impermeable polymer sheet for covering and enclosing the wound site 22,
including an optional absorbable matnx 48 within it, and the surrounding normal skin 50
around the wound site 22. In some embodiments, the wound cover 50 may be of biclogically
created material, such as artificially grown skin. In further embodiments the matrix 48 may

be non-bioabsorbable, as is known in the art. The wound cover 50 preferably includes an

-10-
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adhesive backing 54 which functions to seal the wound cover 50 to the normal skin 52
around the periphery of the wound site 22 so as to provide a generally gas-tight or fluid-tight
enclosure over the wound site 22. The adhesive cover 50 preferably has sufficient adhesion
to form a fluid-tight or gas-tight seal around the periphery of the wound site 22 and to hold
the cover 50 in sealed contact with the skin 52 during the application of suction, reduced or
negative pressure, or cycled negative pressure. The wound cover 50 also preferably provides
a gas-tight seal around the tubing 46 at the feedthrough location 56 where the tubing 46
emerges from beneath the wound cover 50. The tube segment 46a cmbedded within the
absorbable matrix 48 preferably has at least one side port 58 positioned within the interior of
the absorbable matrix 48 to enable a substantially uniform application of reduced pressure
throughout the enclosure. In some embodiments (not shown), the tubing 46 may be
connected to the wound dressing 24 through a port positioned on the top of the dressing.

[0037] In some embodiments, the wound dressing 24 may also comprisc an
intermittent layer (not shown) configured to evenly distribute the suction over the wound.
The intermittent layer may contain a variety of materials that partially collapse under
application of negative pressure, such as gauze and gauze type materials, open cell foams,
sponges, matrix type materials, and the like.

|0038] The absorbable matrix 48 .can be placed over substantially the expanse of
the wound site 22 to encourage growth of tissue in the area of the wound site 22 into the
matrix 48 as the wound heals. The size and configuration of the absorbable matrix 48 can be
adjusted to fit the individual wound site 22. It can be formed from a variety of absorbable
materials, preferably a material that is also porous. The matrix 48 should be constructed in a
manner so that it is sufficiently porous to allow oxygen to reach the wound site 22. The
absorbable matrix 48 is preferably constructed of a non-toxic material that is absorbable by
the epithelial and subcutaneous tissue within the area of the wound site 22, such as collagens
derived from healthy mammals, absorbable synthetic polymers, or other materials similar to
those used for absorbable dressings. However, other materials for and configurations of the
absorbable matrix 48 can be used with the negative pressure wound therapy apparatus 20
disclosed herein, such as is described in U.S. Patent Application Publication No. US

2004/0073151 Al, which is incorporated by reference herein in its entirety.
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[0039] In some embodiments, the apparatus may comprise a dressing 24 that is
configured to distribute the negative pressure approximately evenly to all portions of the
wound. Alternatively, in some embodiments the apparatus may comprise a dressing that is
configured to distribute the negative pressure at different levels to different portions of the
wound. For example, in some embodiments, if a sensor (as described below) determines that
the blood oxygen level flowing into a portion of the wound is lower than optimal value, the
dressing would preferably be configured to provide an increased level of negative pressure to
that particular portion of the wound. Further as mentioned above, the dressing may have a
stronger seal or sealing aspect so as to minimize the incidence of any leaks in the dressing
during the cyclic loading of negative pressure.

[0040] The suction source 26 can be provided by any suitable device such as, but
not limited to, a portable suction pump apparatus, a piston type device, several pistons in
combination, a diaphragm type pump, a rotary vane pump, or the like. The suction source
can also originate from wall suction (as is provided in hospitals), and a regulator could be
attached to the wall suction source. As described above, the suction source can be provided
by a vacuum pump. A second pump may be used to provide faster switching of reduced
pressure cycles, increased suction, and a higher level of safety and product quality by
providing pump redundancy to prevent a suction source failure in the event that a single
pump fails. Alternatively, a single large volume vacuum pump may be used to provide
switching of reduced pressure cycles and increased suction. Alternatively, the vacuum pump
may have a secondary piston or diaphragm that provides for faster switching of reduced
pressure cycles, increased suction, and a higher level of safety and product quality.

[0041] The vacuum pump may decrease or release the negative pressure applied
during cycling of negative pressure by releasing the pressure through a port or valve in the
pump or in the dressing, or by turning off the pump source and allowing inherent leaks in the
dressing drop the pressure down. As shown in Figure 3, a valve 33 may be placed along
tubing 36 to release the negative pressure applied during cycling. A filter (not shown), such
as micropore filter, may be attached to the port or valve to prevent potentially pathogenic

microbes or aerosols from the wound site 22 from being vented to the atmosphere.
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[0042] A contro! device 32 can control the vacuum pump so as to control the
amount of suction that is provided to the dressing 24 and wound site. The control device 32
preferably receives signals from the sensors and converts the signals to an electronic or other
suitable form that can be recognized by the vacaum pump. In some embodiments, the control
device 32 can be configured to operate without a processor. For example, the control circuit
and other aspects of the apparatus disclosed in International Patent Application Publication
No. WO 2008/048481, can be used to control the pump motor or pump described herein.
Additionally, any of the configurations described in the above-mentioned WO 2008/048481
application publication regarding pressure sensors, the control of such pressure sensors,
and/or other aspects of the apparatus disclosed therein can be used with the apparatus
described in the present application, and International Patent Application Publication No.
WO 2008/048481 is hereby incorporated by reference as 1f fully set forth herein.

[0043] In some embodiments, the control device 32 can comprise a processor that
preferably enables the control device to control the vacuum pump 30 or, as described below,
the wound dressing, valves, pressure sensors, or other components comprising the apparatus.
Furthermore, the control device 32 can be a computer, data processor, or other controller
having any suitable device such as, but not limited to, a processor, for controlling the pump
motors and/or other components that are described herein, or for receiving or changing data,
or for any other function suitable for the apparatus. In some embodiments, a control device
comprising digital componentry, i.e.,, comprising digital electromcs and microprocessors,
may improve the robustness of the pump in the sustained variable pressure mode.

[0044] Figure 4A is a schematic view of another embodiment of a sustained
variable negative pressure wound therapy apparatus 120. As illustrated in Figure 4A, some
embodiments of the sustained variable negative pressure wound therapy apparatus 120 can
have any of the same components, features, materials, or other details, ncluding but not
limited to the fluid collection system, wound cover, wound filler, valves, and/or pressure
sensors, as in any other negative pressure wound therapy apparatuses disclosed herein or
otherwise known or later developed in the field.

[0045] As will be described in greater detail below, the negative pressure wound

therapy apparatus 120 can comprise a wound dressing 124 configured to cover the wound site
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122, a suction source 126, a fluid collection system 128 that can have a collection container
138, a shutoff mechanism 140, a first port 142, and a second port 144 positioned on the top of
the container 138, and an air reservoir 160. As will be described in greater detail below, the
air reservoir 160 can enable the negative pressure wound therapy apparatus 120 to quickly
change the level of reduced pressure within the wound dressing 124 to allow for rapid cycling
of the level of reduced pressure within the wound dressing 124. Conduit or tubing 136 can
be used to communicate or supply reduced pressure from the vacuum pump 130 to the
collection container 138, and conduit or tubing 146 can be used to communicate or supply
reduced pressure from the collection container 138 to the wound site 122, by being routed
under the wound dressing 124. Additionally, conduit or tubing 163 can be used to
communicate or supply increased pressure from the vacuum pump 130 to the air reservoir
160 and conduit or tubing 166 can be used to communicate or supply increased pressure from
the air reservoir 160 to the wound site 122, by being routed under the wound cover 124.

[0046] As used herein, the term increased pressure 1s used to describe the air that
is exhausted by the vacuum pump 130 as the vacuum pump 130 reduces the air pressure
within the conduit 136. In some conventional systems or apparatuses, the increased pressure
or exhaust air from a vacuum pump is typically exhausted to the atmosphere. In the
apparatus 120, however, the increased pressure or exhaust air from the vacuum pump 130 can
be directed into the air reservoir 160 to be used to quickly increase the air pressure within the
wound dressing 124 so that the level of reduced pressure within the wound dressing 124 can
be cycled between two or more reduced pressure values, as is described herein.

[0047] In some embodiments, the suction source 126 can comprise a vacuum
pump 130 and control device 132. A filter, such as micropore or other suitable filter (not
shown), can be positioned between the vacuum pump 130 and the air reservoir 160. The
filter can cleanse the exhaust air flowing out of the vacuum pump 130 to prevent or reduce
the amount of bacteria, potentially pathogenic microbes or aerosols, or other contamination
from the vacuum pump 130 exhaust air before the air is channeled into the air reservoir 160.
Additionally, the vacoum pump 130 can be configured to vent a portion of the air removed
from the conduit 136 to the atmosphere. In this configuration, a filter (not shown), such as a

micropore or other suitable filter, can be positioned between the vacuum pump 130 and the
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atmosphere. The filter can cleanse the exhaust air flowing out of the vacuum pump 130 to
prevent or reduce the amount of potentially harmful bacteria or microbes from entering the
atmosphere.

[0048] Each of the components comprising the suction source 126 can be the
same as or similar to any of the components comprising the suction source of any other
apparatuses described herein or otherwise known or later developed in the field. In some
embodiments, as will be described in greater detail below, the control device 132 can be
configured to control the vacuum pump 130 and any of the valves used in the apparatus 120.
Additionally, the control device 132 can be configured to receive and process signal inputs
from each of the pressure sensors positioned within the apparatus 120, and to control each of
the valves and vacuum pump based on, without limitation, the pressure sensor readings and
predetermined reduced pressure loading programs.

[0049] A pressure sensor or gauge 137 can be positioned along tubing 136 that
connects the suction source 126 to the collection container 138. The pressure sensor 137 can
be used to monitor the pressure within the conduit 136. In this configuration, the pressure
sensor 137 can be used to determine the approximate air pressure within the wound dressing
124. Additional valves and pressure sensors can be positioned at any desired location within
the apparatus 120 to further monitor and control the pressure within any desired location of
the apparatus 120. For example, if desired, additional pressure sensors can be positioned at
various locations within the apparatus 120 such as, but not limited to, in the tubing 146
connecting the fluid collection system 128 to the wound dressing 124.

[0050] A valve 168 can be positioned along tubing 146 as shown. Any of the
valves described herein can be actuated by the control device 132 and can be used to control
the amount of air flow through the conduit in which the valve is positioned. As such, the
valve 168 can be controlled by the control device 132 to substantially prevent, allow, or
otherwise control the level of air flow through the conduit 146. In this configuration, the
valve 168 can be used to provide an approximate scal between the fluid collection system 128
and the wound dressing 124.

[0051] As mentioned, an air reservoir 160 can be connected to the suction source

126 with tubing 163. The reservoir 160 can be configured to have any suitable size, volume,
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or shape desired. In some embodiments, the air reservoir 160 can be sized and configured to
hold enough air to permit the apparatus 120 to rapidly cycle the level of reduced pressure
within the dressing 124 between two or more reduced pressure values. The reservoir 160 can
have a valve 167, which can vent air from the air reservoir 160 to the atmosphere. The valve
167 can be a safety release valve configured to prevent the air reservoir 160 or any other
components within the apparatus 120 from rupturing from excessive air pressure. In some
embodiments, a filter (not shown), such as micropore filter, may be attached to the valve 167
to prevent potentially pathogenic microbes or acrosols from the wound site 122 from being
vented to the atmosphere.

[0052] A valve 162 can be positioned along the tubing 166 as shown. As
described above, the valve 162 can be configured to control the amount of air flowing
through the conduit 166. As such, the valve 162 can be closed by the control device 132 to
provide an approximate seal between the air reservoir 160 and the wound dressing 124.
Additionally, a valve 164 can be positioned along the tubing 166 as shown in Figure 4A and
can be used to release the pressure from the wound dressing 124 and the tubing 166. A
pressure sensor or gauge 165 can be positioned along the tubing 166 to monitor the pressure
in the tubing 166 and, hence, in the wound dressing 124.

[0053] An additional pressure sensor (not shown) can be positioned in the conduit
163 or in the air reservoir 160 to monitor the level air pressure between the vacuum pump
130 and the valve 162. This additional pressure sensor (not shown)}, can be useful to monitor
the level of pressure within the air reservoir 160 when the valve 162 is closed. Similarly, an
additional pressure sensor (not shown) can be positioned within the tubing 146 between the
wound dressing 124 and the valve 168 to monitor the level of pressure within the tubing 146
and, hence, the wound dressing 124, when the valve 168 is closed.

[0054] The fluid-impermeable wound cover 150 in the embodiment of the wound
dressing 124 illustrated in Figure 4A preferably provides an approximately gas-tight seal
around the tubing 146 and 166 where the tubing 146 and 166 emerges from beneath the
wound cover 150. In some embodiments (not shown), one or more of the tubing 146 and 166
may be connected to the wound dressing 124 through a port or ports integrally formed or

otherwise attached to the wound cover 150.
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[0055} In some embodiments, a valve that can be configured to selectively permit
air to enter the conduit 146 from the atmosphere can be positioned along the tubing 146
between the valve 168 and the collection container 138. This valve may be used to quickly
provide air to the conduit 146 and, hence, the wound dressing 124 during operation of the
apparatus 120 to rapidly decrease the level of reduced pressure within the conduit 146 and the
wound dressing 124. A filter, such as micropore filter, may be attached to the valve to
prevent bacteria, germs, microbes, or other contaminants from the outside air from entering
into the tubing 146 and wound dressing 124.

[0056]) In some embodiments, a filter, such as micropore or other suitable filter,
can be positioned between the vacuum pump 130 and the collection container 138 (for
example, without limitation, at port 144 or otherwise supported by the collection contamer
138) to prevent or reduce the amount of exudate, bacteria, potentially pathogenic microbes or
aerosols, or other contamination from the wound site 122 from entering the vacuum pump
130. Another filter, such as micropore or other suitable filter, can be positioned in the tubing
166 to prevent or reduce the amount of exudate, bacteria, potentially pathogenic microbes or
aerosols, or other contamination from the wound site 122 from entering the vacuum pump
130, and to prevent or reduce the amount of bacteria, potentially pathogenic microbes or
aerosols, or other contamination from entering the wound site 122. The filters described
herein may additionally be disposable and intended for single patient use.

[6057] In some embodiments, the apparatus 120 may be used to provide sustained
variable negative pressure as follows. With reference to Figure 2, point 2A represents the
level of reduced pressure with wound dressing before the suction system 126 has been
actuated and, hence, before the pressure within the dressing 124 has been reduced. In other
words, point 2A represents atmospheric pressure. In order to increase the level of reduced or
negative pressure within the wound dressing 124, the valve 168 can be opened and valve 162
can be closed when the pump 130 is actuated. Additionally, the valves 164 and 167 can be
closed at this point to prevent increased pressure from venting to the atmosphere. Thus, in
this configuration, when the vacuum pump 130 is actuated, the reduced or negative pressure
within the dressing 124 can be increased from point 2A to point 2B (as can be monitored by

the pressure sensor 137), which is approximately 85 mmHg. Again, the values descnibed
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herein and are meant to be approximate and merely exemplifying. As such, the values set
forth herein are non-limiting. The apparatus 120 or any other apparatus described herein can
be configured to provide any suitable or desired level of negative or reduced pressure at any
suitable or desired frequency.

[0058) As the pump 130 draws air out of the conduits 136, 146 and, hence,
increases the level of reduced pressure within the wound dressing 124 from point 2A to point
2B, the air that is drawn out of conduits 136, 146 can be channeled into the air reservoir 160.
In other words, the level of positive pressure within the reservoir 160 can be increased with
the air that is drawn out of the wound dressing 124, while the level of negative pressure in the
wound dressing 124 is being increased. Once the level of reduced pressure within the wound
dressing 124 has reached point 2B, the vacuum pump 130 can be stopped and the valve 163
can be closed.

[0059] In some embodiments, the vacuum pump 130 can be configured such that
air can only flow through the vacuum pump 130 in one direction, to substantially prevent air
from flowing from the air reservoir 160 through the vacuum pump 130 into the conduit 136.
Additionally, the vacuum pump 130 can be sized and configured to provide as rapid an
increase in the reduced pressure as is desired. In some embodiments of the apparatus 120,
multiple vacuum pumps or multi-piston pumps 130 can be used to increase the rate of air
flow through the apparatus 120, so that the level of reduced pressure within the wound
dressing 124 can be cycled at any desired amplitude or frequency.

[0060] After the level of reduced pressure within the dressing 124 has reached
point 2B, the valve 162 can be opened by the control device 132 and the valve 168 can be
closed by the control device 132 or remain closed. In some embeodiments, the valves 162,
168 can be simultaneously opened and closed, respectively, or the valves 162, 168 can be
sequentially opened and closed, respectively. With valve 162 open and a valve 168 closed,
positive pressure or air within the air reservoir 160 can be transferred from the air reservoir
160 to the volume beneath the wound dressing 124, so as to decrease the level of reduced
pressure within the dressing from point 2B to point 2C. Consequently, air will be caused to
fill the conduit 146 up to the valve 168, causing the level of reduced pressure within that

portion of the conduit 146 to be decreased to point 2C. Once the level of reduced pressure
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within the volume beneath the wound dressing 124 has reached point 2C, as can be
monitored by the pressure sensor 163, the valve 162 can be closed by the control device. 132
so that the level of pressure within the wound dressing 124 is maintairied at approximately
point 2C.

[0061] Thereafter, the level of reduced pressure within the dressing 124 can be
maintained at a constant level for a period of time (i.e., from point 2C to point 2D), or it can
be approximately immediately increased, such as to the level represented by point 2E. To
increase the level of reduced pressure from point 2C or point 2D to point 2E, with the valve
162 closed, the vacuum pump 130 can again be actuated and the valve 168 can be opened,
causing the vacuum pump to again draw air from the conduits 136, 146 and the volume
beneath the wound dressing 124 until the level of pressure within the wound dressing reaches
a desired level, such as the level represented by point 2E. When this period elapses, the cycle
can repeat as described above. Thus, in this configuration, by circulating the air through the
apparatus 120 as described above, the level of reduced pressure within the volume beneath
the wound dressing 124 can be rapidly cycled.

[0062] Additionally, by positioning the valve 168 as close as it is feasible to the
wound dressing 124 and by reducing the volume within each of the conduits, the volume of
the negative pressure airspace that is required to be increased and decreased can be reduced,
thus permitting the apparatus 120 to accommodate higher frequencies of sustained variable
pressure. In some embodiments where cycling of negative pressure comprises small
variations in the magnitude of negative pressure (e.g. 10 mmHg), the air reservoir 160 may
not be needed. In such cases, valve 164 may be closed or valve 167 may be opened to not
involve the reservoir 160 in the cycling. In some embodiments, the vacuum pump 130 may
be configured to be reversible, such that the level of reduced pressure within the wound
dressing 124 can be increased and decreased just by the operation of the vacoum pump 130.

[0063] Figure 4B is a schematic view of another embodiment of a sustained
variable negative pressure wound therapy apparatus 220. As illustrated in Figure 4B, some
embodiments of the sustained variable negative pressure wound therapy apparatus 220 can
have any of the same components, features, materials, or other details, including but not

limited to the fluid collection system, wound cover, wound filler, valves, and/or pressure
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sensors, as in any other negative pressure wound therapy apparatuses disclosed herein or
otherwise known or later developed in the field.

[0064] As will be described in greater detail below, the negative pressure wound
therapy apparatus 220 can comprise a wound dressing 224 configured to cover the wound site
222, a vacuum pump 230, a control device 232, a fluid collection system 238, and an air
reservoir 260. Similar to the air reservoir 160 described above, the air reservoir 260 can
enable the negative pressure wound therapy apparatus 220 to quickly change the level of
reduced pressure within the wound dressing 224 to allow for rapid cycling of the level of
reduced pressure within the wound dressing 224. Conduit or tubing 236 can be used to
communicate or supply reduced pressure from the vacuum pump 230 to the fluid collection
system 238, and conduit or tubing 246 can be used to communicate or supply reduced
pressure from the fluid collection system 238 to the wound site 222, by being routed under
the wound dressing 224. In some embodiments, the conduit 246 can have openings 247 in the
end portion of the conduit 246 to distribute the pressure within the conduit 246.
Additionally, conduit or tubing 263 can be used to communicate or supply increased pressure
from the vacuum pump 230 to the air reservoir 260 and conduit or tubing 266 can be used to
communicate or supply increased pressure from the air reservoir 260 to the wound site 222,
by being routed under the wound dressing 224. As illustrated in Figure 4B, the conduit 266
can be joined with conduit 248 by using a valve 268 positioned at the juncture of conduit 248
and 266.

[0065] The valve 268 can be controlled by the control device 232 and can be used
to permit the conduit 246 to communicate either with conduit 248 or conduit 266,
independently. In other words, when the valve 268 is in a first position, the conduit 246 will
be permitted to communicate with the conduit 248 but not with conduit 266. In this first
position, air and/or fhuid will be permitted to flow from conduit 246 to conduit 248, but air
and/or fluid will not be permitted to flow from conduit 246 or conduit 248 to conduit 266.
When the valve 268 is in a second position, the conduit 246 will be permitied to
communicate with the conduit 266 but not with conduit 248. In this second position, air
and/or fluid will be permitted to flow from conduit 266 to conduit 246, but air and/or fluid

will not be permitted to flow from conduit 266 to conduit 246 or 248. A valve 270 can be
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positioned within the conduit 248 to permit or prevent air and/or fluid from flowing through
conduit 248. However, valve 270 is not required for the operation of the apparatus 220.

[0066] As mentioned above, in the apparatus 220, the increased pressure or
exhaust air from the vacuum pump 230 can be directed to the air reservoir 260 to be used to
quickly increase the air pressure within the wound dressing 224 so that the level of reduced
pressure within the wound dressing 224 can be rapidly cycled between two or more reduced
pressure values, as is described herein.

00671 In some embodiments, a filter 234, which can be a micropore or other
suitable filter, can be positioned between the vacuum pump 230 and the air reservoir 260.
The filter can cleanse the exhaust air flowing out of the vacuum pump 230 to prevent or
reduce the amount of bacteria, potentially pathogenic microbes or aerosols, or other
contamination from the vacuum pump 230 exhaust air before the air is channeled into the air
reservoir 260. In some embodiments, a filter (such as, without hmitation, filter 234), which
can be a micropore or other suitable filter, can be positioned in the conduit 236 to prevent or
reduce the amount of exudate, bacteria, potentially pathogenic microbes or aerosols, or other
contamination from the wound site 222 from entering the vacuum pump 230. In some
embodiments, a micropore or other suitable filter (such as, without limitation, filter 234), can
be positioned in the outlet port of the collection system 238 or otherwise be supported by the
collection system 238. Additionally, in some embodiments, a micropore or other suitable
filter can be positioned between the valve 268 and the reservoir 260 to prevent contamination
from being circulated to the wound site 222 and/or from entering the vacuum pump 230.

10068} Additionally, the vacuum pump 230 can be configured to vent a portion of
the air removed from the conduit 236 to the atmosphere. In this configuration, a filter, such
as a micropore or other suitable filter, can be positioned between the vacuum pump 230 and
the atmosphere. The filter can cleanse the exhaust air flowing out of the vacuum pump 230
to prevent or reduce the amount of potentially harmful bacteria or microbes from entering the
atmosphere.

{00691 In some embodiments, as will be described in greater detail below, the
control device 232 can be configured to control the vacuum pump 230 and any of the valves

used in the apparatus 220. Additionally, the control device 232 can be configured to receive
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and process signal inputs from each of the pressure sensors positioned within the apparatus
220, and to control each of the valves and vacuum pump based on, without Iimitation, the
pressure sensor readings and predetermined reduced pressure loading programs.

[0070} A pressure sensor or gauge 265 can be positioned so as to be in
communication with tubing 246 that communicates or supplies reduced pressure to the
wound site 222. The pressure sensor 265 can be used to monitor the pressure within the
conduit 246 and, hence, the pressure within the volume beneath the wound dressing 224.
Additional valves and pressure sensors can be positioned at any desired location within the
apparatus 220 to further monitor and control the pressure within any desired location of the
apparatus 220. For example, if desired, additional pressure sensors can be positioned at
various locations within the apparatus 220 such as, but not limited to, in the tubing 266
connecting the air reservoir 260 to the valve 268.

[0071]) As mentioned, an air reservoir 260 can be connected to the vacuum pump
230 with tubing 263. The reservoir 260 can be configured to have any suitable size, volume,
or shape desired. In some embodiments, the air reservoir 260 can be sized and configured to
hold enough air to permit the apparatus 220 to rapidly cycle the level of reduced pressure
within the wound dressing 224 between two or more reduced pressure values. The reservoir
260 can have a valve 267, which can vent air from the air reservoir 260 to the atmosphere.
The valve 267 can be a safety release valve configured to prevent the air reservoir 260 or any
other components within the apparatus 220 from rupturing from excessive air pressure. In
some embodiments, a filter (not shown), such as micropore filter, may be attached to the
valve 267 to prevent potentially pathogenic microbes or aerosols from the wound site 222
from being vented to the atmosphere.

[0072] The fluid-impermeable wound cover 250 in the embodiment of the wound
dressing 224 illustrated in Figure 4B preferably provides an approximately gas-tight seal
around the tubing 246 where the tubing 246 emerges from beneath the wound cover 250. In
some embodiments (not shown), the conduit 246 may be connected to the wound dressing
224 through a port integrally formed or otherwise attached to the wound cover 250.

[0073] In some embodiments, a valve that can be configured to selectively permit

air to enter the conduit 246 from the atmosphere can be positioned along the tubing 246
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between the valve 268 and the wound dressing 224. This valve may be used to quickly
provide air to the conduit 246 and, hence, the wound dressing 224 during operation of the
apparatus 220 to rapidly decrease the level of reduced pressure within the conduit 246 and the
wound dressing 224. A filter, such as micropore filter, may be attached to the valve to
prevent bacteria, germs, microbes, or other contaminants from the outside air from entering
into the tubing 246 and wound dressing 224.

[0074] In some embodiments, the apparatus 220 may be used to provide sustained
variable negative pressure as follows. With reference to Figure 2, in order to increase the
level of reduced or negative pressure within the wound dressing 224, the valve 268 can be
positioned (by the control device 232) in the first position so that air can flow from conduit
246 into the conduit 248, but not into the conduit 266, when the pump 230 i1s actuated.
Additionally, the valve 270 can be opened to permit air and/or fluid to flow through conduit
248 and mto the collection container 238, and the valve 267 can be closed to prevent
increased pressure from venting to the atmosphere. Thus, in this configuration, when the
~ vacuum pump 230 is actuated, the reduced or negative pressure within the dressing 224 can
be increased from point 2A to peint 2B, which is approximately 85 mmHg. Again, the values
described herein and are meant to be approximate and merely exemplifying. As such, the
values set forth herein are non-limiting. The apparatus 220 or any other apparatus described
herein can be configured to provide any suitable or desired level of negative or reduced
pressure at any suitable or desired frequency.

[0075] As the pump 230 draws air out of the conduits 246, 248 and, hence,
increases the level of reduced pressure within the wound dressing 224 from point 2A to point
2B, the air that is drawn out of conduits 246, 248 can be channeled into the air reservoir 260.
In other words, the level of positive pressure within the reservoir 260 can be increased while
the level of negative pressure in the wound dressing 224 is being increased. Once the level of
reduced pressure within the dressing 224 has reached point 2B, the vacuum pump 230 can be
stopped and the valve 270 can be closed.

[0076] In some embodiments, the vacuum pump 230 can be configured such that
air can only flow through the vacuum pump 230 in one direction, to substantially prevent air

from flowing from the air reservoir 260 through the vactum pump 230 into the conduit 236.
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Additionally, the vacuum pump 230 can be sized and configured to provide as rapid an
increase in the reduced pressure as is desired. In some embodiments of the apparatus 220,
multiple vacuum pumps or multi-piston pumps 230 can be used to increase the rate of air
flow through the apparatus 220, so that the level of reduced pressure within the wound
dressing 224 can be cycled at any desired amplitude or frequency.

[0077] Afier the level of reduced pressure within the dressing 224 has reached
point 2B, the valve 268 can be switched from the first position to the second position by the
contro! device 232, and the valve 270 can be caused to be closed or remain closed by the
control device 232. In some embodiments, the valves 268, 270 can be simultaneously opened
and closed, respectively, or the valves 268, 270 can be sequentially opened and closed,
respectively. With valve 268 in the second position so that air can flow from the conduit 266
to the conduit 246 but not to conduit 248, and the valve 270 closed, positive pressure or air
within the air reservoir 260 can be transferred from the air reservoir 260 to the volume
beneath the wound dressing 224, so as to decrease the level of reduced pressure within the
dressing from point 2B to point 2C. Once the level of reduced pressure within the volume
beneath the wound dressing 224 has reached point 2C, as can be monitored by air pressure
sensor 265, the valve 268 can be changed back to the first position so that the level of
pressure within the wound dressing 224 is maintained at approximately point 2C.

[0078] Thereafter, the level of reduced pressure within the dressing 224 can be
maintained at a constant level for a period of time (i.e., from point 2C to point 2D), or it can
be approximately immediately increased, such as to the level represented by point 2E. To
increase the level of reduced pressure from point 2C or point 2D to point 2E, with the valve
268 in the first position, the valve 270 can be opened, the vacuum pump 230 can again be
actuated, and the valve 268 can be opened, causing the vacuum pump to again draw air from
the conduits 246, 248 and the volume beneath the wound dressing 224 until the level of
pressure within the wound dressing reaches a desired level, such as the level represented by
point 2E. When this period elapses, the cycle can repeat as described above. Thus, in this
configuration, by circulating the air through the apparatus 220 as described above, the level

of reduced pressure within the volume beneath the wound dressing 224 can be rapidly cycled.
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[0079] Additionally, by reducing the volume within each of the conduits, the
volume of the negative pressure airspace that is required to be increased and decreased can be
reduced, thus permitting the apparatus 220 to accommodate higher frequencies of sustained
variable pressure.

[0080] In some embodiments, the apparatus would preferably enable the medical
practitioner or patient to set a base level of negative pressure on the wound bed such that
there would always be a negative pressure applied to the wound. Although the apparatus is
not limited to the specific negative pressure ranges described herein, the following are some
of the typical negative pressure ranges that may beneficially promote wound healing or
provide other benefits related to negative pressure wound therapy and may be used to define
cither the base level of negative pressure, or the maximum level of negative pressure, that
maybe applied to the wound. For example, in some embodiments the apparatus may be
configured so as to provide, and so that the dressing can accommodate, up to approximately
200 mmHg of negative pressure below atmospheric level. In some embodiments, the
dressing and other components of the apparatus can be configured to provide greater than
approximately 200 mmHg to the wound site, although this level of negative pressure may
exceed the gencrally desired range for many patients. For some embodiments of the
apparatus, it may be desired to provide in excess of 200 mmHg of negative pressure to a
dressing for purposes of examining a dressing, tubing, pump system, or other compbnents of
the apparatus for leaks or other performance-based deficiencies or characteristics.

[0081}] In some embodiments, the apparatus including the dressing can be
configured to provide as little as approximately 15-80 mmHg of negative pressure to the
wound. This level of negative pressure, i.c., approximately 15-80 mmHg, is typically
associated with greater patient comfort and compliance. Additionally, some embodiments of
the apparatus and dressing can be configured to provide and sustain less than approximately
15 mmHg at the wound site, although many wounds that are treated with the apparatus would
benefit from a greater level of reduced pressure. Some embodiments of the apparatus can be
configured to provide negative pressure Jevels in excess of approximately 80 mmHg, such as

levels up to approximately 150 mmHg.
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[0082] As mentioned above, the apparatus is preferably configured to provide a
pulsed or varying pressure to the wound. The pump would preferably provide the pressure
through the tubing to the dressing and the wound. In some embodiments, the apparatus may
be configured to allow the medical practitioner or patient to vary either the amplitude or the
frequency, or both, of the pulsed or varying pressure to the wound. As mentioned above, the
amplitude of the negative pressure can vary between any of the values in any of the ranges
described above. In some embodiments, the amplitude of the varying pressure preferably
varies between two values of negative pressure such that negative pressure is always provided
to the wound. In one non-limiting example, the pump could be configured to maintain a
minimum level of negative pressure at, for example, approximately 30 mmHg, and cycle the
negative pressure up to a higher level of negative pressure, such as up to approximately 80
mmHg. In this example, the pump would preferably be configured to cycle the negative
pressure back down to approximately 30 mmHg, whether through a release of pressure
through a port or valve in the apparatus or dressing, or merely by turming off the suction
source and allowing inherent leaks in the dressing drop the pressure down.

[0083] As mentioned, in some embodiments, the apparatus may be configured to
allow a medical practitioner or patient to control or vary the frequency of the cycling between
the high and low pressure values. In one non-limiting example, the frequency of the cycling
could range from a cycle every approximately 5-10 minutes to a more rapid cycle of
approximately 180 cycles per minute. This cycling aspect may allow for faster healing of the
wound by stimulating the blood flow.

[0084] In some embodiments, the apparatus can comprise sensors such as, but not
limited to, temperature, pressure, blood flow, pulse, cardiac cycle, or blood oxygen saturation
sensors. Further, in some embodiments, the sensors can be used to automatically trigger the
control device to change the magnitude or frequency of the pressure cycling based on the data
received from the sensors and pre-programmed algorithms in the control unit used to control
the vacuum pump. Accordingly, in some embodiments, when the blood flow rate determined
by the blood flow sensor exceeds an optimal or predetermined value, the apparatus can be
configured so that the amplitude of negative pressure is decreased. Further, n some

embodiments, when the blood oxygen saturation level determined by the blood oxygen
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saturation sensor falls below an optimal or predetermined value, the apparatus can be
configured so that the amplitude of the negative pressure is increased, so as to increase blood
flow to the wound.

[0085] The sensors can be connected to the control device via leads. The leads
are preferably cables or wires constructed of an electrically conductive material, optical fiber,
or other suitable medium arranged to enable data transmission from the sensors to the control
device, alarm, recording device, and/or a visual display (not shown). The leads can be
sealably routed under the wound dressing in a manner that is similar to that for the tubing so
as to maintain the gas and fluid impermeable nature of the seal of the wound dressing to the
body. In some embodiments, sensors can transmit information wirelessly so that the leads are
not needed.

[0086] The sensors and leads are preferably sized and configured so as to not
irritate or otherwise damage any of the tissue in or around the wound bed when the wound
dressing is changed from the semi-rigid configuration to the collapsed configuration. In some
configurations, the sensors and leads may be covered with a cotton gauze or other suitable
material that will not affect the sensors ability to collect the desired information from the
wound bed, but that will protect the wound bed from any damage that may occur if the
sensors or the leads contact the wound bed.

[0087] In some embodiments, sensors for surface application (for example, for
application to the dermis or wound bed) can be used. In some embodiments, sensors that are
implantable in the body or otherwise invasively applied can be used. In particular, in some
embodiments, the sensors can be positioned inside of the wound dressing so as to be
positioned between the wound dressing and the wound. In some embodiments, the sensors
can be positioned at least partially within the wound dressing or, in some embodiments,
positioned outside of the wound dressing preferably on the surface of or implanted within the
healthy skin adjacent to the wound. In some embodiments, the sensors may be positioned in
the wound bed. In some embodiments, only one sensor may be positioned in the wound bed.
Any sensor presently known in the art that can be used to measure the parameters disclosed
herein or other parameters of interest may be used with any of the embodiments of the

apparatus or wound dressing disclosed herein.
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|0088] Figure 5 is a schematic representation of a portion of a sustained variable
negative pressure wound therapy apparatus 20 in which a pair of sensors 84 connected fo a
control device 32 via leads 86 can be positioned in the wound bed 22. As described above,
the wound dressing 24 comprises a fluid-impermeable wound cover 50 and can be secured to
the healthy skin surrounding the wound with adhesive (not shown) or by any other suitable
method. Either of the sensors illustrated in Figare 5 can be a temperature, pressure, blood
flow, pulse, cardiac cycle, or blood oxygen saturation level sensor, or other any other suitable
sensor currently available or later developed. As illustrated in Figure 5, the sensors 84 can
be connected to the control device 32 via leads 86. The leads 86 are preferably cables or
wires constructed of an electrically conductive material, optical fiber, or other suitable
medium arranged to enable data transmission from the sensors 84 to the control device 32
and alarm device, recording device, and/or a visual display (not shown). The leads 86 can be
scalably routed under the wound dressing 24 in a manner that is similar to that for the tubing
46 so as to maintain the gas and fluid impermeable nature of the seal of the wound dressing
24 to the body.

[0089] In some embodiments, one or more sensors can be positioned outside of or
adjacent to the dressing. Figure 6 is a schematic representation of a portion of a sustained
variable negative pressure wound therapy apparatus 20 in which a pair of sensors 84
connected to a control device 32 via leads 86 can be positioned adjacent to the dressing 24.
Either of the sensors illustrated in Figure 6 can be a temperature, pressure, blood flow, pulse,
cardiac cycle, or blood oxygen saturation level sensor, or other any other suitable sensor
currently available or later developed. As illustrated in Figure 6, the sensors 84 can be
connected to the control device 32 via leads 86. The leads 86 are preferably cables or wires
constructed of an electrically conductive material, optical fiber, or other suitable medium
arranged to enable data transmission from the sensors 84 to the control device 32 and alarm
device, recording device, and/or a visual display (not shown). The leads can be routed over
the wound dressing 24 as is shown, and can be attached to the dressing. The leads can be
sealably routed under the wound dressing 24 in a manner that is similar to that for the tubing
46 as to maintain the gas and fluid impermeable nature of the seal of the wound dressing 24

to the body. The leads can also be routed through the tubing 46.
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[0090] In some embodiments, the apparatus may be configured such that the
frequency of the cycling between two or more magnitudes of negative pressure or positive
and negative pressure would be synchronized with the patient’s heartbeat or cardiac cycle.
Sensors configured to measure the patient’s heartbeat or cardiac cycle at or near the site of
the wound or anywhere on the patient’s body may be used to enable the synchronization.
Synchronizing the magnitude of the negative pressure to the patient’s heartbeat or cardiac
cycle may allow better blood flow through the wound and assist with healing. For some
patients, the frequency of the cycling may be between approximately 50-120 cycles per
minute, so as to be in synchronization with the patient’s pulse. Negative pressure can be
cycled in the range of 15-200 mmHg below atmospheric pressure. In some embodiments, the
synchronization of the frequency of the cycling can be performed by modulating the suction
source according to the measured patient’s heartbeat or cardiac cycle (e.g., an electrical
signal).

[0091] As mentioned, in some embodiments, a patient’s pulse could be
determined with a pulse sensor, which may be attached to the inside of the dressing,
otherwise supported by the dressing, or otherwise positioned in the wound bed. In some
embodiments, the pulse sensor could be positioned adjacent to the wound site. In some
embodiments, the pulse sensor could be positioned at another location on the patient’s body
preferably close enough to the wound site so as to provide an accurate reading of the patient’s
pulse at the wound site. Any sensor presently known in the art or later developed can be used
to measure the patient’s pulse may be used with any of the embodiments of the sustained
variable negative pressure wound therapy apparatus or wound dressing disclosed herein,
Such sensors may include, but are nof limited to, invasive or non-invasive pulse sensors such
as pressure transducers, electrodes, photoplethysmographs, and oximeters (e.g., Nonin
Medical Pulse Oximeters, hitp://www.nonin.com). The patient’s pulse can be measured in or
adjacent to the wound site, or anywhere on the body. When another device, such as a
pacemaker, implantable cardioverter defibrillator {ICD)}, pulse oximeter, or the like, measures
the patient’s pulse, the information can be transmitted via leads or wirelessly to the apparatus.

[0092] Figure 7 illustrates application of negative pressure to the wound site by

cycling negative pressure synchronized to the patient’s cardiac cycle. Each plot illustrates
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applying greater magnitude of negative pressure during the systolic period, and decreasing the
magnitude of negative pressure during the diastolic period. The plots illustrate application of
a square (Figure 7A), half-wave rectified trapezoid (Figure 7B), and triangular (Figure 7C)
waveforms and symmetric (Figure 7D), half-wave rectified (Figure 7E), asymmetric (Figure
7F), and partially rectified asymmetric (Figure 7G) sinusoidal waveforms. In some
embodiments as is shown in Figure 7D, the application of greater magnitude of negative
pressure may not occupy the entirety of the systolic period, and negative pressure may be
relecased during a portion of the systolic period. In order to improve the blood flow to the
capillaries, in some embodiments, it may be advantageous to apply greater magnitude of
negative pressure during the diastolic period, and to decrease the magnitude of negative
pressure during the systolic period (i.e., reflect the plots of Figure 7 around the x-axis).
Application of negative pressure in synchrony with the patient’s cardiac cycle may simulate
blood pumping action within the wound site and/or condition the capillaries and other blood
vessels to open and close at a faster than normal rate to allow for better blood flow through
the wound.

[0093] In some embodiments, the apparatus may comprise a pump that allows for
increased blood flow by decreasing the constant pressure on the wound below capillary
closing pressure. Capillary closing pressure is the pressure that causes blood flow through a
capillary to stop. By decreasing the constant pressure below this range, a higher level of
blood flow through the capillaries may be maintained. Then the pulsation with increased
amplitude may be applied, drawing this increased blood flow into the wound itself.

[0094] Biood flow sensors configured to measure the blood perfusion through the
wound may be used to deliver negative pressure below capillary closing pressure. Any
sensor presently known in the art or later developed that can be used to measure the flow of
blood or the perfusion of red blood cells into or adjacent to the wound site may be used with
any of the embodiments of the apparatus or wound dressing disclosed herein.  Such sensors
may include, but are not limited to, the OxyFlo2000, the OxyFlo4000, OxyLab LDF laser
Doppler tissue blood perfusion monitors, or laser Doppler blood flow probes developed by
Discovery Technology International, LLLP (http://www.discovtech.com/PAGE! .htm), any of

which may be suitable for use with any of the embodiments of the apparatus or wound
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dressing. Ultrasonic blood flow measurement devices which, in some cases, are based on the
laser Doppler technology may also be used to measure the flow of blood. Capillary laser
Doppler devices that are implanted within the wound site or adjacent to the wound site may
provide the most accurate readings of blood flow or the perfusion of red blood cells into or
adjacent to the wound site.

[0095] In one non-limiting example, the apparatus may be configured to provide a
baseline negative pressure of approximately 10-12 mmHg below atmospheric pressure, and to
cycle the negative pressure by increasing the negative pressure applied to the wound by
approximately 20-150 mmHg, at a frequency of approximately 20-60 cycles per minute. This
is iHlustrated in Figure 2, where the baseline negative pressure at about 10 mmHg below
atmospheric pressure is applied to the wound. Subsequently, the negative pressure is
increased to 85 mmllg below atmospheric pressure for a short duration, and then released
back to the baseline negative pressure. The cycle is repeated at a frequency between 20-60
cycles per minute. In another non-limiting example, to provide brief sustained levels of
greater negative pressure, the apparatus may be configured for a baseline negative pressure of
approximately 20 mmHg below atmospheric pressure, and for cycling the negative pressure
by increasing it to approximately 200 mmHg below atmospheric pressure, at a frequency of
approximately 120 cycles per minute.

10096} In some embodiments, the apparatus may be configured to provide a
baseline negative pressure of approximately 5-60 mmHg below atmospheric pressure, and to
cycle the negative pressure by increasing the negative pressure applied to the wound by
approximately 5-85 mmHeg, at a frequency of approximately 200-400 cycles per minute. This
high frequency level may be referred to as micro pulsation. Micro pulsation may condition
the capillaries and other blood vessels to open and close at a faster than normal rate to allow
for better blood flow through the wound. For example, Figure 8 illustrates micro pulsation
around a baseline of approximately 85 mmHg below atmospheric pressure. The negative
pressure applied to the wound is increased by approximately 5 mmHg below at a frequency
between 200-400 cycles per minute.

[0097] In another non-hmiting example, the apparatus may be configured to

provide a baseline negative pressure of approximately 120 mmHg below atmospheric
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pressure, and to cycle the negative pressure to a value in the range of approximately 10-20
mmHg, at a frequency of approximately 10-200 cycles per minute, or even slower at
approximately 1-2 cycles in five minutes or, even slower, at approximately 1-2 cycles per
day.

[0098} Because it is believed that optimal values of the magnitude and frequency
are highly dependent on the patient, in some embodiments, the apparatus may be configured
so that the medical practitioner or patient can adjust the magnitude of the negative pressure
and/or the frequency of the cycling. Thus, in some embodiments, the pump would preferably
have controls that would enable the amplitude cycling time and duration to be programmed
or adjusted.

[0099] In some embodiments, the pump would additionally preferably have
memory capacity so as to record data that is provided by any of the sensors in the apparatus
or so as to store programs that control the cycling nature of the negative pressure. For
example, in some embodiments, the pump would preferably have the ability to sense the
oxygen levels, blood temperature, pulse, cardiac cycle, or blood flow rate of the wound
through a variety of sensors. The pump would then preferably be able to cycle through the
various typical or non-typical programs that allow for sustained variable pressure to the
wound bed and determine which may be the most optimal for the patient's circumstances and
then apply the most optimal program to the wound.

[0100} It is also highly likely that the body may adapt or that the wound at some
time in the future might need another type of program to optimize the wound healing process.
To account for this, in some embodiments, the pump would preferably have the ability to
cycle through the typical programs and determine the most optimal program based on oxygen
levels, blood temperature, or blood flow rate into the wound, although other parameters could
also be used to determine the most optimal negative pressure program.

j0101] As mentioned, the apparatus may comprise a control device, an alarm
device, and/or other recording device. In some embodiments, however, the apparatus may
comprise only the control device. The control device preferably receives signals from the
sensors and converts the signals to an electronic or other suitable form that can be recogmzed

by the alarm device. Accordingly, neither the alarm device nor the recording device is
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required in some arrangements of the apparatus. The alarm device and the recording device
arc supplemental components that may be added to the apparatus to warn the user or
practitioner when the values determined by the sensors exceed predetermined values
associated with the sensors, and to record the values transmitted from the sensors over a
predetermined amount of time, respectively. As such, any of the embodimenis of the
apparatus described herein can operate without the addition of the alarm device and/or
recording device.

[0102] With reference to Figure 9, the apparatus 20 may comprise a control
device 32, an alarm device 88, and/or other recording device 90. The alarm device 88 may
produce any type of audible sound when activated, such as a ringing sound, buzzing, chirping
or any other common alarm noise. Alternatively, the alarm device 88 may include a digitally
produced audible voice that presents pre-arranged messages corresponding to different
conditions in the area of the wound site 22. The alarm device 88 preferably produces
different levels of the alarm depending upon the magnitude of the measurements received
from the sensors 84. For example, if the blood flow rate, pulse, cardiac activity, or
temperature drops below or rises above predetermined values, as measured by the sensors 84,
the alarm device 88 may sound successive alarm pitches, sounds, messages or series of
sounds. Similarly, as the blood oxygen saturation level measured by any of the one or more
sensors 84 falls below or rises above a predetermined value, the apparatus 20 may be
configured to alert the user. As mentioned above, the control device 32 may also control the
vacuum pump 30 to adjust the negative pressure under the wound dressing 24, and the
negative pressure under the wound dressing 24 may be adjusted m response to the data
collected by the sensors 84.

[0103] The recording device 90 may be any device designed to record data
received from the sensors 84. Such devices are preferably capable of recording data on
compact disks, DVD disks, floppy disks, magnetic tape, integrated circuits, or other similar
media in digital form. Altematively, the recording device 90 can be a “manual™ device that
records or displays data through a chart recorder or visual electronic display, such as an LCD
or CRT monitor. Such information can be in the form of real-time data, or an average over a

predetermined duration of time, or any other suitable form. In some embodiments,
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information regarding the pulse level could be displayed as follows: (i} Pulse Steady; (ii)
Pulse Increasing; or (iii} or Pulse Decreasing. In some embodiments information regarding
blood flow could be displayed as follows: (i) Blood Flow Steady; (ii} Blood Flow Increasing;
or (iii) or Blood Flow Decreasing. Thus, the apparatus 20 or display could embody this
information that is being gathered by one or more of the sensors 84 to help with the wound
healing as well as provide important information to a health care practitioner studying the
effects of such parameters on wound healing.

[0104] While the above detailed description has shown, described, and pointed
out novel features as applied to various embodiments, it will be understood that various
omissions, substitutions, and changes in the form and details of the device or process
illustrated may be made without departing from the spirit of the disclosure. Additionally, the
various features and processes described above may be used independently of one another, or
may be combined in various ways. All possible combinations and subcombinations are
mtended to fall within the scope of this disclosure.

[0105] As will be recognized, certain embodiments described herein may be
embodied within a form that does not provide all of the features and benefits set forth herein,
as some features may be used or practiced separately from others. The scope of the
inventions is indicated by the appended claims rather than by the foregoing description. All
changes which come within the meaning and range of equivalency of the claims are to be

embraced within their scope.
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WHAT IS CLAIMED IS:

1. A sustained variable negative pressure wound treatment apparatus comprising:

a wound dressing sized and configured to be placed over and enclose a wound,
the dressing adapted to maintain reduced pressure between the dressing and the
wound;

a suction source configured to apply cyclical reduced pressure to the wound
dressing;

a control device configured to control the suction source;

a sensor configured to monitor heart activity of a patient, wherein the control
device is configured to receive the monitored heart activity from the sensor and
control the suction source based on the monitored heart activity; and

a fluid collection device configured to remove and collect flmid and exudate
aspirated from the wound by the suction source.

2. The apparatus of Claim 1, wherein the suction source comprises a vacuum
pump.

3. The apparatus of any one of the preceding claims, wherein the suction source
is configured to apply cyclical reduced pressure to the wound between at least two amplitudes
of reduced pressure.

4. The apparatus of Claim 3, wherein the suction source 1s configured to apply
cyelical reduced pressure to the wound by:

applying a reduced pressure at a first amplitude; and

releasing the reduced pressure at the first amplitude to apply a reduced
pressure at a second amplitude.

5. The apparatus of Claim 4, wherein the suction source is configured to apply
cyclical reduced pressure to the wound by cycling between the reduced pressure at a first
amplitude and the reduced pressure at a second amplitude.

6. The apparatus of any one of the preceding claims, wherein the control device
is configured to control the suction source to apply cyclical reduced pressure to the wound

dressing in synchrony with the monitored heart activity received from the sensor.
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7. The apparatus of Claim 6, wherein the control device 1s configured to control
the suction source to apply cyclical reduced pressure to the wound dressing in synchrony with
the monitored heart activity received from the sensor by:

determining a duration of systolic period and a duration of diastolic period;

applying a reduced pressure at a first amplitude during the duration of systolic
period; and

releasing the reduced pressure at the first amplitude to apply a reduced
pressure at a second amplitude during the duration of diastelic period.

8. The apparatus of Claim 6, wheremn the control device is configured to control
the suction source to apply cyclical reduced pressure to the wound dressing in synchrony with
the monitored heart activity received from the sensor by:

determining a duration of systolic period and a duration of diastolic period;

applying a reduced pressure at a first amplitude during the duration of
diastolic period; and

releasing the reduced pressure at the first amplitude to apply a reduced
pressure at a second amplitude during the duration of systolic period.

9. The apparatus of Claim 7 or 8, wherein the control device is configured to
control the suction source to apply cyclical reduced pressure to the wound dressing in
synchrony with the monitored heart activity received from the sensor by cycling between the
reduced pressure at a first amplitude and the reduced pressure at a second amplitude.

10.  The apparatus of Claim 9, wherein the cycling between the reduced pressure at
the first amplitude and the reduced pressure at the second amplitude comprises varying

reduced pressure according to a time-varying waveform.

11.  The apparatus of Claim 10, wherein the time-varying waveform is a sinusoidal
waveform.
12.  The apparatus of Claim 10, wherein the time-varying waveform 1s a half-wave

rectified sinusoidal waveform.
13.  The apparatus of Claim 10, wherein the time-varying waveform 1is an

asymmetric sinusoidal waveform.
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14.  The apparatus of Claim 10, wherein the time-varying waveform is a square
waveform.
15.  The apparatus of Claim 10, wherein the time-varying waveform is a half-wave

rectified trapezoid waveform.

16.  The apparatus of Claim 10, wherein the time-varying waveform 1s a triangular
waveform.

17.  The apparatus of any one of the preceding claims, wherein the sensor is a
pulse sensor.

18.  The apparatus of any one of Claims 1-16, wherein the sensor is a pulse
oximeter.

19.  The apparatus of any one of Claims 1-16, wherein the sensor is a pressure
transducer.

20.  The apparatus of any one of Claims 1-16, wherein the sensor comprises one or
more ¢lectrodes.

21.  The apparatus of any one of the preceding claims, wherein the sensor is an
invasive sensor.

22, The apparatus of any one of the preceding claims, wherein the sensor is a non-
invasive sensor.

23. The apparatus of Claim 5, wherein the reduced pressure at the second
amplitude is between about 5 and 85 mmHg above the reduced pressure at the first
amplitude.

24.  The apparatus of Claim 23, wherein the cyching further comprises cycling
between the reduced pressure at the first amplitude and the reduced pressure at the second
- amplitude with a frequency of about 200 to 400 cycles per minute.

25.  The apparatus of any one of the preceding claims, further comprising a sensor
configured to monitor blood flow through the wound, wherein the control device 1s
configured to receive the monitored blood flow from the sensor and control the suction

source based on the monitored blood flow,
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26.  The apparatus of Claim 25, wherein the control device is configured to control
the suction source to apply cyclical reduced pressure to the wound dressing below capillary
closing pressure by:

monitoring blood flow through the wound; and

applying reduced pressure to the wound dressing to maintain blood flow
through the wound.

27. A sustained variable negative pressure wound treatment apparatus comprising:

a wound dressing sized and configured to be placed over and enclose a wound,
the dressing adapted to maintain reduced pressure between the dressing and the
wound;

a suction source configured to apply cyclical reduced pressure to the wound
dressing;

a fluid collection device configured to remove and collect fluid and exudate
aspirated from the wound by the suction source;

an air reservoir connected to the suction source and the wound dressing, the
air reservoir configured to supply positive pressure to the wound dressing; and

a control valve connected to the air reservoir and the wound dressing, the
control valve configured to circulate air from the air reservoir into the wound
dressing.

28.  The apparatus of Claim 27, further comprising conduits connected between
the suction source, the air reservoir, and the wound dressing, the conduits configured to
deliver cyclical reduced pressure to the wound dressing.

29.  The apparatus of Claim 28, further compnsing;:

a pressure sensor in communication with the wound dressing between the
wound dressing and the air reservoir, the pressure sensor configured to measure
reduced pressure in the wound dressing; and

a valve connected between the control valve and the fluid collection device,
the valve configured to apply cyclical reduced pressure to the wound dressing.

30.  The apparatus of Claim 27, further comprising:
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a first conduit connected between the suction source and the wound dressing,
the first conduit configured to deliver reduced pressure to the wound dressing; and

a second conduit connected between the air reservoir and the wound dressing,
the second conduit configured to deliver increased pressure to the wound dressing.

31.  The apparatus of Claim 30, further comprising:

a first pressure sensor in communication with the wound dressing between the
wound dressing and the suction source, the first pressure sensor configured to
measure the reduced pressure in the wound dressing; and

a second pressure sensor in communication with the wound dressing between
the wound dressing and the air reservoir, the second pressure sensor configured to
measure the reduced pressure in the wound dressing.

32.  The apparatus of any of Claims 30-31, wherein the control valve is placed
along the second conduit.

33.  The apparatus of any of Claims 30-32, further comprising a first safety valve
connected to the air reservoir.

34, The apparatus of any of Claims 30-33, further comprising a second safety
valve connected to the wound dressing along the second tube.

35.  The apparatus of any of Claims 30-34, further comprising a valve connected to
the wound dressing along the first tube, the valve configured to apply cyclical reduced
pressure to the wound dressing. |

36.  The apparatus of any of Claims 27-35, further comprising:

a control device configured to control the suction source; and

a sensor configured to monitor heart activity of a patient, wherein the control
device 15 configured to receive the momtored heart activity from the sensor and
control the suction source based on the monitored heart activity.

37.  The apparatus of Claim 36, wherein the control device is configured to control
the suction source to apply cyclical reduced pressure to the wound dressing in synchrony with
the monitored heart activity received from the sensor.

38. A method for treating a wound of a patient according to the apparatus of any

of preceding claims.
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39. A method for treating a wound of a patient, comprising:
placing a wound dressing over and enclosing the wound, the dressing adapted
to maintain reduced pressure between the dressing and the wound;
monitoring heart activity of the patient; and
applying reduced pressure to the wound, wherein the applied reduced pressure
is cycled between at least two different magnitudes of reduced pressure, and the
cycling is synchronized to the monitored heart activity.
40.  'The method of Claim 39, further comprising supplying positive pressure to the
wound dressing from an air reservoir.
41.  The method of Claim 40, wherein the applying reduced pressure to the wound
comprises:
closing a control valve between the air reservoir and the wound dressing
during application of reduced pressure at a first amplitude; and
opening the control valve during application of reduced pressure at a second
amplitude, wherein the opening of the control valve circulates air from the air

reservoir into the wound dressing.
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