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SYSTEM AND METHOD FOR USING
MICRO-ELECTRO-MECHANICAL SYSTEMS (MEMS) TO HEAL WOUNDS

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application No.
61/102,662, filed October 3, 2008, which is incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION
1. Field of the Invention

[0002] The principles of the present invention generally relate to a system and method
for treating tissue. More specifically, the principles of the present invention relate to using
micro-electro-mechanical systems (MEMS), also known as BioMEMS, with reduced pressure
delivery systems to treat tissue.

2. Description of the Related Art

[0003] The field of wound therapy has advanced in recent years. One of the
advancements of wound healing therapy has been the development of vacuum assisted wound
healing or reduced pressure delivery to wounds. The application of reduced or negative
pressure to a wound has been clinically shown to improve blood flow at the wound or tissue
site, increase tissue growth, reduce infection, and improve healing time. Caregivers may use
such vacuum assisted wound healing to treat a variety of chronic and acute wound types, such
as pressure ulcers, diabetic wounds, abdominal wounds, partial-thickness burns, trauma
wounds, flaps and grafts.

Background on Wounds and Wound Healing Processes

[0004] A wound is generally defined as a break in the epithelial integrity of the skin.
Such an injury, however, may be much deeper, including the dermis, subcutaneous fat, fascia,
muscle, and even bone. Proper wound healing is a highly complex, dynamic, and coordinated
series of steps leading to tissue repair. Acute wound healing is a dynamic process involving
both resident and migratory cell populations acting in a coordinated manner within the extra-
cellular matrix environment to repair the injured tissues. Some wounds fail to heal in this

manner (for a variety of reasons) and may be referred to as chronic wounds.
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[0005] Following tissue injury, the coordinated healing of a wound will typically
involve four overlapping but well-defined phases: hemostasis, inflammation, proliferation, and
remodeling. Hemostasis involves the first steps in wound response and repair that are
bleeding, coagulation, and platelet and complement activation. Inflammation peaks near the
end of the first day. Cell proliferation occurs over the next 7 - 30 days and involves the time
period over which wound area measurements may be of most benefit. During this time,
fibroplasia, angiogenesis, re-epithelialization, and extra-cellular matrix synthesis occur. The
initial collagen formation in a wound typically peaks in approximately 7 days. The wound re-
epithelialization occurs in about 48 hours under optimal conditions, at which time the wound
may be completely sealed. A healing wound may have 15% to 20% of full tensile strength at
3 weeks and 60% of full strength at 4 months. After the first month, a degradation and
remodeling stage begins, wherein cellularity and vascularity decrease and tensile strength
increases. Formation of a mature scar often requires 6 to 12 months.

Efforts in the Related Art to Measure Wound Healing Processes

[0006] Because wound treatment can be costly for both materials and professional care
time, assessment of the wound and the wound healing process can be essential. There are a
few wound parameters that may assist a caregiver in determining healing progress of a wound.
For example, wound area and volume measurements may provide a caregiver with knowledge
as to whether or not a wound is healing and, if the wound is healing, how rapidly the wound is

healing.

[0007] In addition to size and volume of a wound, caregivers often use color and
texture of a wound in determining wound health and healing progress. Wound tissue includes
a wound bed and periwound areas or wound edges. Certain problems may be detected from
the color and texture of wound tissue. For example, normal granulation tissue has a beefy,
red, shiny textured appearance and bleeds readily, whereas necrotic tissue (i.e., dead tissue)
may either be yellow-gray and soft, generally known as “slough” tissue, or hard and
black/brown in color, generally known as “eschar” tissue. A caregiver may observe and
monitor these and other wound tissues to determine wound healing progress of the overall
wound and specific wound regions. Wound assessment is an important process to properly
treat a wound, as an improper or incomplete assessment may result in a wide variety of
complications. Infections at a tissue site that go untreated may result in permanent damage,

amputation, or even death to a patient.
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[0008] Infections can start slowly, but increase rapidly. If an infection increases too
rapidly, a patient can become seriously ill over a short span of time. During treatment of a
wound, bandages or other dressing typically cover the wound. As such, caregivers cannot see
the wound except when the dressing is removed or changed. Depending on the size and type
of wound, the dressing may be changed less regularly to avoid disrupting the healing process
of the wound. During the intervals of changing the wound, an infection may form without a
caregiver knowing that an infection has started or how quickly the infection is progressing.
Other problems may develop during the wound healing process while the wound is covered by

the dressing, and may go unnoticed until the dressing is changed.

SUMMARY OF THE INVENTION

[0009] To provide a caregiver with an improvement in being able to assess healing and
infection status of a tissue site of a patient, the principles of the present provide for
measurement of one or more characteristic of exudate fluid from a tissue site. The exudate
fluid may be measured for chemical characteristic (e.g., pH level), biological marker (e.g.,
bacteria count or type), or any other indicator of chemical characteristic(s) and/or biological
marker(s) to assist a caregiver in treating a tissue site. One embodiment for measuring one or
more characteristic of exudate fluid includes using a micro-electro-mechanical system
(MEMS) placed at or near the tissue site. By integrating the MEMS device into a reduced
pressure delivery system that is operating to treat the tissue site using reduced pressure, the
reduced pressure delivery system may adjust one or more treatment parameters to compensate
for undesired characteristics of exudate fluid from a tissue site in response to a MEMS device

sensing one or more characteristics of the exudate fluid.

[0010] One embodiment of a reduced pressure delivery system may include
electromechanical components configured to apply treatment to a tissue site of a patient. A
processing unit may be in communication with the electromechanical components and be
configured to cause the electromechanical components to activate to apply the treatment to the
tissue site. At least one conduit may be configured to deliver the treatment to the tissue site.
A micro-electro-mechanical (MEMS) device configured to sense one or more characteristic of
exudate fluid from the tissue site, and further be configured to communicate data indicative of

the sensed exudate fluid characteristic(s). The processing unit may be configured to receive
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the data from said MEMS device and cause the electromechanical components to apply the

treatment to the tissue site of the patient via the conduit(s).

[0011] One embodiment of a method for treating a tissue site of a patient may include
sensing one or more characteristic of exudate fluid of a tissue site of a patient. A level of the
sensed characteristic(s) of the exudate fluid may be measured, and, in response to the
measured characteristic(s) level, treatment may be caused to be applied or altered to the tissue

site.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is an illustration of an exemplary configuration of a patient being treated

using a reduced pressure delivery system;

[0013] FIG. 2 is an illustration of an exemplary dressing covering a tissue site to which
reduced pressure is being applied by a reduced pressure delivery system, a MEMS device

being included within a fluid path of the tissue site to a reduced pressure delivery system;

[0014] FIG. 3 is an illustration of an exemplary dressing covering a tissue site, a
MEMS device being included within a fluid path of the tissue site to a reduced pressure

delivery system;
[0015] FIG. 4A is a block diagram of an exemplary reduced pressure delivery system;

[0016] FIG. 4B is a block diagram of exemplary modules configured to control
operation of the reduced pressure delivery system of FIG. 4A;

[0017] FIG. 5 is an illustration of an exemplary reduced pressure delivery system that

includes an electronic display for displaying an exemplary graphical user interface; and

[0018] FIG. 6 is a flow diagram of an exemplary process for sensing one or more
characteristic of exudate fluid at a tissue site of a patient and delivering treatment fluid to the

tissue site in response thereto.
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DETAILED DESCRIPTION OF THE DRAWINGS

[0019] With regard to FIG. 1, a setup 100 for treating a patient 102 is shown. The
patient is receiving reduced pressure treatment at a tissue site 104 by a reduced pressure
delivery system 106. The reduced pressure delivery system 106 is also known as a vacuum
assisted therapy device. The reduced pressure delivery system 106 may be any system that is
generally utilized to assist a patient in the process of tissue treatment, such as wound healing.
Still yet, the reduced pressure delivery system 106 may be any computing system that is
configured to utilize software as described further heréin to assist a caregiver with monitoring
healing of the tissue site 104. A caregiver generally means any medical professional, user,
family member of a patient, or patient who interacts or interfaces with a reduced pressure
delivery system. In an alternative embodiment, the reduced pressure delivery system may be

integrated into an integrated dressing that may be utilized for treating a mobile patient.

[0020] The term “tissue site” as used herein refers to a wound or defect located on or
within any tissue, including but not limited to, bone tissue, adipose tissue, muscle tissue, neuro
tissue, dermal tissue, vascular tissue, connective tissue, cartilage, tendons, or ligaments. The
term “tissue site” may further refer to areas of any tissue that are not necessarily wounded or
defective, but are instead areas in which it is desired to add or promote the growth of
additional tissue. For example, reduced pressure tissue treatment may be used in certain tissue
areas to grow additional tissue that may be harvested and transplanted to another tissue

location.

[0021] The term “reduced pressure” as used herein generally refers to a pressure less
than the ambient pressure at a tissue site that is being subjected to treatment. In most cases,
this reduced pressure will be less than the atmosphere pressure at which the patient is located.
Alternatively, the reduced pressure may be less than a hydrostatic pressure of tissue at the
tissue site. Although the terms “vacuum” and “negative pressure” may be used to describe the
pressure applied to the tissue site, the actual vacuum level applied to the tissue site may be
significantly less than the vacuum level normally associated with a complete vacuum.
Reduced pressure may initially generate fluid flow in the tube or conduit in the area of the
tissue site. As the hydrostatic pressure around the tissue site approaches the desired reduced
pressure, the flow may subside, and the reduced pressure is then maintained. Unless otherwise

indicated, values of pressures stated herein are gage pressures.
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[0022] The reduced pressure delivery system 106 may include a reduced pressure
conduit 108 that extends from the reduced pressure delivery system 106 to the tissue site 104.
At the tissue site 104, a reduced pressure dressing 110 that may include a distribution manifold
(not specifically referenced) that may be fluidly connected to the reduced pressure conduit
108. In addition, a drape 112 may be placed over the tissue site 104 and distribution manifold
110. The term “manifold” as used herein generally refers to a substance or structure that is
provided to assist in applying reduced pressure to, delivering fluids to, or removing fluids
from a tissue site. A manifold typically includes a plurality of flow channels or pathways that
interconnect to improve distribution of fluids and pressure provided to and removed from the
area of tissue around the manifold. Examples of manifolds may include, without limitation,
devices that have structural elements arranged to form flow channels, cellular foams, such as
open cell foam, porous tissue collections, and liquids, gels and foams that include or cure to

include flow channels.

[0023] The drape 112 may be a flexible material that is gas permeable and prevents
liquids from entering or exiting the tissue site 104 during reduced pressure treatment. The
flexible material is an object or material that is able to be bent or flexed. Elastomer materials
are typically flexible, but reference to flexible materials herein does not necessarily limit
material selection to only elastomers. The use of the term “flexible” in connection with a
material or reduced pressure delivery apparatus in accordance with the principles of the
present invention generally refers to the material’s ability to conform to or closely match the
shape of a tissue site. For example, the flexible nature of a reduced pressure delivery
apparatus used to treat a bone defect may allow the apparatus to be wrapped or folded around

the portion of the bone having the defect.

[0024] The reduced pressure delivery system 106 may include an exudate canister 114
that collects exudate fluid. As shown, the exudate canister 114 is shown to protrude from the
reduced pressure delivery system 106 so that a user may view a level of exudate fluid if the
exudate canister 114 is at least partially translucent. Alternatively, the exudate canister 114
may be in fluid communication with the reduced pressure delivery system 106 through an

intermediate tube (not shown), for example.

[0025] In one embodiment, a MEMS device (not shown) may be integrated into the
reduced pressure conduit 108, reduced pressure dressing 110, exudate canister 114 at the

reduced pressure delivery system 106, applied directly to the tissue site 104, or otherwise
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positioned within a fluid path of the reduced pressure delivery system 106. A MEMS device
is generally considered an integration of mechanical elements, sensors, actuators, and
electronics, or combination thereof, on a common substrate using micro-fabrication
technology, and can perform for one or more functions through use of the integration of the
mechanical and electrical components. The functions for the reduced pressure delivery system
106 may include sampling and sensing, generating feedback signals, and delivering or causing
treatment to be delivered to the tissue site 104. Such a feedback is generally considered an
active feedback in an automatic control system. The “fluid path” is a path that exudate fluid
travels from and including the tissue site 104 to and including the exudate canister 114. The
MEMS device may be fixedly attached or removably positioned in the fluid path to sample the
exudate fluid from the tissue site 104. While many parameters may be measured in the fluid
path away from the tissue site, certain parameters, such as temperature and pressure, are more
accurately measured at the tissue site. The term “fluid” as used herein generally refers to a gas
or liquid, but may also include any other flowable material, including but not limited to gels,

colloids, and foams. One example of a gas is air.

[0026] With regard to FIG. 2, a tissue site 200 on a person’s body 202 is receiving
reduced pressure therapy from a reduced pressure delivery system (not shown). It should be
understood that the reduced pressure delivery system may be similarly utilized on an animal’s
body. The reduced pressure delivery system is connected to a reduced pressure conduit 204
and in fluid communication with a distribution manifold 210, either directly or via an adapter
206. A drape 208 may be configured to cover the distribution manifold 210, which is shown
to be pressing into the drape 208. The drape 208 covers tissue at the tissue site 200, thereby
helping to maintain a seal formed at an intersection 212 of the drape 208 and surrounding
tissue 214 at the tissue site 200 so that fluids, such as air, cannot enter or exit the tissue site
200. A caregiver may use his or her hand 215 to press the drape 208 onto healthy tissue on the
person’s body 202 surrounding the tissue site 200 to form a seal. By preventing fluids from
entering or exiting the tissue site 200, the tissue site 200 may receive maximum benefit of the
reduced pressure therapy, including minimizing chance for additional infection, improving

growth of tissue, reducing edema, etc.

[0027] A MEMS device 216 may be positioned within the fluid path between the
tissue site 200 and reduce pressure delivery system. The MEMS 216 device may be affixed to
the manifold, reduced pressure conduit 204, drape 208, or anywhere else within the fluid path.

In one embodiment, the MEMS device 216 is configured to communicate wirelessly with the
7
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reduced pressure delivery system. A wireless MEMS device is sometimes referred to as a
wireless integrated micro-system (WIMS). Alternatively, the MEMS device 216 may be
configured to have a wired connection to the reduced pressure delivery system. If wireless,
the MEMS device 216 may be configured to use any wireless communication protocbl to
communicate with the reduced pressure delivery system. For example, Bluetooth® wireless
communication protocol may be utilized since the reduced pressure delivery system is

generally within range to form a Bluetooth® communication path.

[0028] The MEMS device 216 may be configured to sample exudate fluid from the
tissue site 200. In one embodiment, the MEMS device 216 may be configured to determine
one or more specific characteristics of the exudate fluid, such as pH level or O, level, which
may help determine tissue oxygenation. For the purposes of this description, a characteristic
of exudate fluid refers to chemical composition, chemical characteristic, biological marker, or
any other characteristic of exudate fluid that is measurable by the MEMS device 216.
Alternatively, the MEMS device 216 may be configured to sample and collect raw data of the
exudate fluid. The MEMS device 216 may communicate either the raw data or processed data

to the reduced pressure delivery system.

[0029] Still yet, the MEMS device 216 may be configured to sense humidity at the
tissue site. Humidity at a wound site that is too low may cause dessication of the wound. By
sensing humidity, the reduced pressure delivery system may ensure that would dessication
does not occur. In one embodiment, a predetermined minimum threshold level may be
established to trigger an alarm or alter operation of the reduced pressure delivery system by
initiating fluid delivery to the tissue site. For example, a minimum threshold level of 95%
humidity may be set such that when the humidity drops below 95%, the reduced pressure
delivery system delivers a treatment fluid to the tissue site. A second minimum threshold
level of 90% may be set such that in response to the humidity dropping below the second
minimum threshold level, an alarm may be generated to notify a caregiver of the situation. In
an alternative embodiment, moistness of the tissue site itself may be sensed by the MEMS
device 216.

[0030] With regard to FIG. 3, a cutout view of the tissue site 200 is provided to show
the drape 208 extending over healthy tissue 302 surrounding tissue 303, such as wound tissue,
at the tissue site 200. The drape 208 extends over manifold 304 and dressing foam 305, which

is in fluid communication with reduced pressure conduit 306. The drape 208, manifold 304,
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and dressing foam 305 are all part of the dressing, as understood in the art. It should be
understood that the dressing may be formed of additional, fewer, and/or different components,
as understood in the art. The reduced pressure conduit 306 is further in fluid communication
with reduced pressure delivery system 308. Valves 307, which may be internal or external of
the reduced pressure delivery system 308, may be controllable by the reduced pressure therapy
system 308 to enable reduced pressure and/or treatment fluid to be applied or altered to the
tissue site 200. The reduced pressure therapy system 308 may include a vacuum pump 310
and electronic display 312. The electronic display 312 may include control elements 314a —
314n (collectively 314) that may be used by a user operating the reduced pressure delivery
system 308. In addition or alternatively, the electronic display 312 may include a touch-screen
electronic display 316 that enables the user to interface with and operate the reduced pressure
delivery system 308. A more detailed illustrative reduced pressure delivery system is
provided in FIG. 4A.

[0031] The MEMS device 216 is shown to be beneath the drape 208 and attached to or
otherwise in contact with the manifold 304. By positioning the MEMS device 216 as close to
the tissue 303 at the tissue site 200 as possible, the MEMS device 216 can collect and/or
produce as accurate a reading of the characteristic(s) (e.g., chemical characteristic and/or
biological marker) of the exudate fluid as possible. In one embodiment, the MEMS device
216 may be placed in contact with the tissue site 200 to measure certain parameters that are

more accurately measured when the MEMS device 216 is in contact with the tissue site 200.

[0032] The reduced pressure delivery system 308 may receive data via one or more
signals communicated from the MEMS device 216. The data may include raw data or
processed data indicative of the characteristic(s) of the exudate fluid. As understood in the art,
the MEMS device 216 may be configured to sample any type of characteristic, including a
chemical characteristic and/or biological marker. For example, the MEMS device 216 may be
configured to sample and measure pH level of the exudate fluid, bacteria count or type in the
exudate fluid, or any other chemical characteristic and/or biological marker in the exudate
fluid that can help assist a caregiver in treating the patient. The MEMS device 216 may
additionally or alternatively be configured to sense environmental factors, such as pressure,
temperature, and humidity, as previously described. An illustrative MEMS device that may be
used or modified, and used for sensing pressure to wirelessly communicate pressure readings
to the reduced pressure delivery system 308 is produced by Integrated Sensing Systems

(ISSYS) located in Ypsilanti, MI USA. Other MEMS sensors produced by ISSYS or other
9
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manufactures for sensing other chemical characteristic, biological marker, and/or
environmental conditions may be utilized in accordance with the principles of the present

invention.

[0033] With regard to FIG. 4A, an exemplary reduced pressure delivery system 400 is
shown to be configured with electronics 402 and fluid flow equipment 404. The electronics
may include a processing unit 406 that executes software 408. The software 408 may be
configured to control and manage operation of the reduced pressure delivery system 400. The
processing unit 406 may be in communication with a memory 410, display 412, input/output
(I/O) unit 414, and storage unit 416. The storage unit may store a data repository 418, which
may be a database, for storing setting information or information associated with one or more
patient on whom treatment is applied by the reduced pressure delivery system 400. It should
be understood that the data repository 418 may be configured of one or more data files, as
understood in the art. The memory 410 may be used by the processing unit 406 for storing
operation information, such as settings and operational status of one or more features of the
reduced pressure delivery system 400. The display 412 may be an electronic display that
provides a user interface, such as a graphical user interface, and may be touch sensitive to
enable a caregiver to control the reduced pressure delivery system. The I/O unit 414 may be
configured to communicate locally (i.e., at the reduced pressure delivery system 400) or

remotely (e.g., with devices over a network or with a remotely located MEMS device).

[0034] The electronics 402 may communicate with the fluid flow equipment 404 for
controlling operation of electromechanical components. The electromechanical components
may include a vacuum pump 424, exudate fluid canister 426, and treatment fluid(s) 428.
Other electromechanical components may include transducers, such as flow, tissue pressure,
and pump pressure transducers, as understood in the art. Filters (not shown) may also be
included in the fluid flow equipment 404. The vacuum pump 424 may be configured to create
a reduced pressure that is used to apply a reduced pressure at a tissue site of a patient. The
exudate fluid canister 426 may be a container, such as a plastic container, that is integrated
into or separate from the reduced pressure delivery system 400 and used to collect exudate

fluid from a patient being treated by the reduced pressure delivery system 400.

[0035] The treatment fluid(s) 428 may include one or more treatment fluids that are
used for treating a patient. For example, the treatment fluid(s) 428 may include anti-bacterial

or antiseptic fluids that help reduce bacteria at a tissue site. As another example, the treatment

10
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fluid(s) 428 may include one or more pH balance fluid (e.g., acidic or basic fluids) that may be
applied or altered to the tissue site to adjust pH balance. Still yet, the treatment fluid(s) 428
may include a saline or other cleanser fluid that may be used to clean, irrigate, or humidify the
tissue site. In general, any biological marker or medicinal fluids may be utilized as treatment

fluids in accordance with the principles of the present invention.

[0036] One or more treatment pumps 429 may be configured to pump the treatment
fluid(s) 428 to the tissue site. The treatment pump(s) 429 may be any pump that is capable of

pumping fluid, such as pneumatic and electromechanical pumps.

[0037] The processing unit 406, which may include one or more processors, may be
configured to communicate with fluid flow equipment, including valves 430 and transducers
432 for controlling operation of the reduced pressure delivery system 400. The software 408
may control the processing unit 406 to turn on/off the vacuum pump 424 and open/close
valves 430, including an actuating device 431, such as a valve, in response to receiving

information from transducers 434 or other sensors.

[0038] A MEMS device 434, which may also be considered a WIMS device as
wireless communications are performed by the MEMS device 434, may be positioned within a
fluid path at or between a tissue site of a patient and exudate fluid canister 426 at the reduced
pressure delivery system 400. The MEMS device 434 may be configured to (i) sample or (ii)
sample and measure characteristic(s) of the exudate fluid. The MEMS device 434 may be
configured to be wired or wireless to communicate a data signal with the reduced pressure
delivery system 400. In communicating either wired or wirelessly, the MEMS device 434
may communicate using either analog or digital communications techniques and any
communications protocol as understood in the art. The data signal may include raw or

processed data representative of characteristic data (e.g., pH level) of the exudate fluid.

[0039] The MEMS device 434 may be configured to sample the exudate fluid to
measure one or more chemical characteristic for O2 level, CO2 level, chemical markers, and
other chemical characteristic. Additionally and/or alternatively, the MEMS device 434 may
be configured to sample the exudate fluid to measure biological marker for microorganisms,
biomarkers, proteins (e.g., albumin), and other biological markers. Still yet, the MEMS device
434 may be configured to measure temperature of the exudate fluid, which may be indicative
of an infection or other process occurring at the tissue site. In one embodiment, rather than

using transducers 432 for controlling reduced pressure operation, the MEMS device 434 may
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be used by the reduced pressure delivery system 400 for controlling reduced pressure

operation.

[0040] In one embodiment, the reduced pressure delivery system 400 may be
configured to deliver treatment fluids, such as cleanser fluids or medicinal fluids, to the tissue
site for cleansing or treating. To clean or treat the tissue site, in response to the MEMS device
434 sensing one or more chemical characteristic and/or biological marker of exudate fluid, the
processing unit 406 may display information representative of the sensed characteristic(s) of
the exudate fluid on an electronic display (e.g., bar graph) or create an audio output (e.g., tone
or voice output). Alternatively and/or additionally, the processing unit 406 may cause the
treatment fluid(s) to be applied or altered to the tissue site via one or more conduits 436
connected to a dressing 438. In one embodiment, each treatment fluid may be delivered to the
tissue site using the same or different conduit as other treatment fluids. If multiple conduits
are used to deliver the treatment fluid(s) 428, then multiple valves or actuating devices may be
used to control delivery of the respective treatment fluid(s) 428. The treatment fluid(s) may be
delivered via the same or different conduits as used for delivering reduced pressure to the

tissue site.

[0041] In one embodiment, the conduit(s) 436 include a reduced pressure conduit for
applying reduced pressure to the tissue site and separate conduits for applying the treatment
fluid(s) 428. Alternatively, the same conduit may be utilized for both applying the reduced
pressure and treatment fluid(s) 428, but in such a configuration, the treatment pump(s) 429 and
vacuum pump 424 are to be operated at different times or the valves 430 are to limit fluid
communication of the treatment pump(s) 429 and vacuum pump 424 to the conduit(s) 436.
The processing unit may be in electrical communication with the actuating device 431 and set
the actuating device 431 in a configuration to cause the vacuum pump 424 to apply or alter
reduced pressure to the tissue site in a first state and communicate a delivery signal 422 via
communication line 420 from the electronics 402 to the fluid flow equipment 404 to configure
the actuating device 431 in a second state to apply treatment fluid(s) 428 to the tissue site. In
determining whether to configure the actuating device 431 in the first or second state, a
predetermined therapy may be followed by the processor 406, where the predetermined
therapy may respond to one or more characteristics of the exudate fluid sensed by the MEMS
device 434. Furthermore, depending on the treatment fluid that is being delivered, the
processing unit 406 may be configured to stop the vacuum pump 424 for a certain period of

time to allow the tissue site to be treated with medicine, for example, or operate the vacuum
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pump 424 while cleansing the tissue site, for example. It should be understood that a variety
of treatment operations may be utilized to deliver the treatment fluid 428 and control the
vacuum pump 424 in response to the MEMS device 434 sampling characteristic(s) of exudate
fluid from the tissue site. For example, the processing unit 406 may be configured to alter the
reduced pressure treatment in response to determining that the exudate fluid is increasing in
acidity. Still yet, the processing unit 406 may be configured to create a notification or alarm,
visual or audible, to notify a caregiver of a high or low level of a chemical characteristic
and/or biological marker in the exudate fluid. In one embodiment, the processing unit 406
may be configured to display a graphical (e.g., graph, pie chart, or bar) or alphanumerical
display (e.g., number or grade) to represent a level of chemical characteristic and/or biological
marker in the exudate fluid. The processing unit 406 may further be configured to generate
and display a graphical or alphanumerical display of environmental conditions, such as
temperature, pressure, and humidity that are sensed by the MEMS device. It should be
understood that one or more MEMS devices may be utilized to perform one or more sensing

and/or measuring functions.

[0042] With regard to FIG. 4B, modules 440 may be configured to control operation of
the reduce pressure delivery system 400 (FIG. 4A). The modules 440 may be software, such
as software 408 executed by processing unit 406, hardware, or combination thereof. The
modules 440 may include a characteristic measurement module 442, apply reduced pressure
444, apply treatment fluid(s) module 446, display GUI with measured characteristic indicia
module 448, and set characteristic thresholds and generate alarms module 450. The modules
440 are exemplary and may be divided, combined, or configured in some other manner.
Furthermore, additional and/or different modules may be utilized to perform the same or

similar functionality in accordance with the principles of the present invention.

[0043] The characteristic measurement module 442 may be configured to measure one
or more characteristic of exudate fluid sensed by a MEMS device. In one embodiment, the
MEMS device may communicate raw data to the characteristic measurement module 442 to
compute levels of whatever characteristic is being sensed. In an alternative embodiment, the
characteristic measurement module 442 is configured within the MEMS device itself and
reports a computed characteristic level or value to the reduced pressure delivery system 400.

Multiple MEMS devices may be used to sense and process characteristics of exudate fluid.
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[0044] The apply reduced pressure module 444 may be configured to control
electromechanical equipment in the reduced pressure delivery system 400 to apply reduced
pressure to a tissue site of a patient. The reduced pressure module 444 may be configured to
apply a constant reduced pressure or intervals of reduced pressure. In one embodiment, the
reduced pressure module 444 may utilize one or more levels determined by the characteristic
measurement module 442 to determine an amount of reduced pressure to apply to the tissue
site, including whether the reduced pressure being applied to the tissue site should be stopped.
For example, if a level of bacteria is determined to be high, then the reduced pressure may be
temporarily halted by the reduced pressure module 444 until treatment fluid may be applied or
altered to the tissue site, and then the reduced pressure module 444 may re-apply reduced

pressure to the tissue site.

[0045] The apply treatment fluid(s) module 446 may be configured to control
electromechanical components within the reduced pressure delivery system 400 to apply
treatment fluids to the tissue site of a patient. The electromechanical components may include
a pump, valves, and any other electromechanical components used to control treatment fluid to
be applied or altered to the tissue site. In addition, the apply treatment fluid(s) module 446
may be configured to control concentration of treatment fluids being applied or altered to the
tissue site by controlling the electromechanical components to adjust mixture of fluids or other
materials (e.g., powder) to form a treatment fluid. In operation, the apply treatment fluid(s)
module 446 may be configured (i) to receive a characteristic level in the exudate fluid, (ii) to
determine amount, concentration, and/or duration of treatment fluid to apply to a tissue site of
a patient, and (iii) to apply treatment fluid(s) to the tissue site by controlling the

electromechanical components in the reduced pressure delivery system 400.

[0046] The display GUI with measured characteristic indicia module 448 may be
configured to receive a characteristic level in the exudate fluid and display a graphical and/or
alphanumeric representation of the characteristic level on an electronic display. The GUI may
display any graphical representation that indicates to a caregiver the level of the characteristic.
For example, a pH level may be shown on a bar graph, numerically, pie graph, or any other

format that a caregiver can view the pH level of the exudate fluid.

[0047] The set characteristic thresholds and generate alarms module 450 may be
configured with pre-established thresholds, maximum and minimum, or enable a caregiver to

establish or set thresholds of levels for characteristics of exudate fluid. The alarms may be
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visual and/or audible. In setting the thresholds, the module 450 may provide a menu with pre-
established thresholds and enable a caregiver to alter the thresholds on a case-by-case basis.
For example, a caregiver may set thresholds for maximum and minimum levels for pH levels
at 6.5 and 7.5, respectively. As another example, a maximum threshold may be set for
bacteria count at 75. If the reduced pressure delivery system 400 is configured to
automatically apply treatment fluids to a tissue site, then an alarm indicating that the
characteristic level crosses a threshold may indicate to the caregiver that the reduced pressure
delivery system 400 is having difficulty altering or maintaining the characteristic. If not

automated, the alarm may signal a caregiver that the tissue site or patient is having a problem.

[0048] With regard to FIG. 5, an exemplary reduced pressure delivery system 500 that
includes an electronic display 502 displaying an exemplary graphical user interface (GUI) 504
is shown. The GUI 504 may be configured to display one or more indicators of chemical
characteristics and biological marker being sensed by one or more MEMS devices. As shown,
two bar indicators 506 and 508 are being used to display levels of pH balance and bacteria
count, respectively. The bar indicator 506 may display an indicia 510 in the form of an arrow
with a line extending across the bar indicator 506 to represent a measured pH level. In one
embodiment, the indicia 510 may change color depending on the value of the pH level of
exudate fluid sensed by the MEMS device. In another embodiment, an alphanumeric indicia,
such as a number, may be displayed in place of or in addition to the bar indicator 506. Still
yet, historical values of the pH level may be displayed (e.g., measurement of pH level every

hour) or displayable via a request.

[0049] The bar indicator 508 may be configured to display bacteria count of exudate
fluid by the MEMS device. The bar indicator 508 may display a level in the form of a
dynamic indicia 512 that increases and decreases in response to a MEMS device sensing
bacteria and determining a bacteria count. The bacterial count may be performed over a
period of time if bacteria samples are to be cultured by the MEMS device, so the dynamic
indicia 512 may be a delayed indicator (e.g., indicator from an exudate fluid sample from 12
hours earlier) as to the bacteria count. The dynamic indicia 512 may change color depending
on the bacteria count. For example, if the bacteria count is below a certain level (e.g., 25),
then the dynamic indicia 512 may be displayed in green to enable a caregiver to readily
determine that bacteria count is in check. If the bacteria count exceeds a different level (e.g.,
75), then the dynamic indicia 512 may be displayed in red to alert the caregiver that bacteria

levels are too high and appropriate action is to be taken. In one embodiment, one or more
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alarms in the form of audible and/or visual indicators may be utilized to notify a caregiver that
either the pH level or bacteria count has increased over a predetermined level. It should be
understood that the bar indicators 506 and 508 are exemplary and that any other type of
graphical or alphanumeric indicator may be utilized to provide a caregiver with information of

characteristics of exudate fluid that is being sensed by one or more MEMS devices.

[0050] In addition to the reduced pressure delivery system 500 being capable of
displaying graphical indicators for a caregiver to monitor chemical characteristic(s) and/or
biological marker status of a tissue site being treated, the principles of the present invention
may further provide for the reduced pressure delivery system 500 to deliver treatment fluids to
the tissue site automatically based on the sensed characteristic(s) of the exudate fluid. For
example, if the pH level increases above 7.0, then an acidic treatment fluid may be delivered
to the tissue site by the reduced pressure delivery system 500. Depending on the pH level, the
acidic treatment fluid may be delivered for a different duration of time. For example, for a pH
level of 7.5, an acidic treatment fluid may be delivered for two minutes, and for a pH level of
8.5, an acidic treatment fluid may be delivered for eight minutes. Alternatively, the treatment
fluid may be set at a different level of pH (i.e., have a different concentration of acidity or
alkalinity), so that the treatment fluid may be delivered for the same duration of time even if
measured pH levels are different. In one embodiment, the pH level of the treatment fluid may

be automatically altered by adjusting concentration of acid in the treatment fluid.

[0051] If it is determined by the reduced pressure delivery system 500 that the bacteria
count has increased above a certain level, an antiseptic treatment fluid may be delivered to the
tissue site. In one embodiment, the antiseptic treatment fluid may be adjusted to address the
bacteria count. For example, if the bacteria count is relatively low, then a relatively low
concentration of antiseptic treatment fluid may be delivered to the tissue site. As the bacteria
count increases, so too may the antiseptic treatment fluid increase. The concentration of the
antiseptic may be altered by increasing and decreasing an aperture or valve to add or reduce
antiseptic fluid with another fluid, such as a cleanser fluid (e.g., saline solution), to create an
antiseptic treatment fluid for delivery via a conduit to the tissue site. After delivery of the
antiseptic treatment fluid, a cleanser fluid may be used to rinse the tissue site. It should be
understood that reduced pressure may be paused while the tissue site is being treated with the
treatment fluid and, once treatment is complete, the reduced pressure may be resumed to
initiate reduced pressure treatment and remove the treatment fluid and exudate fluid from the

tissue site.
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[0052] With regard to FIG. 6, an exemplary flow chart 600 is shown. The process
starts at step 602, where characteristic(s) of exudate fluid of a tissue site of a patient may be
sensed. The characteristic(s) of exudate fluid may be sensed by a MEMS device, which may
sample the exudate fluid and communicate raw data or processed data to a reduced pressure
delivery system. The MEMS device may be configured to sample one or more chemical
characteristic and/or biological marker. At step 604, a level of the sensed characteristic(s) of
the exudate fluid may be measured. The measurement may include processing raw data from
sampled data and may be performed by either the MEMS device or reduced pressure deliver
system. At step 606, in response to the measured characteristic level, treatment may be caused
to be applied or altered to the tissue site. The treatment may include altering reduced pressure
treatment, apply a treatment fluid, or a combination thereof. For example, a cleansing
treatment fluid, such as a saline solution, may be applied or altered to the tissue site and reduce
pressure may be applied to remove the cleansing treatment fluid from the tissue site.
Alternative treatment fluids may be applied or altered to the tissue site depending on the

characteristic(s) of the exudate fluid.

[0053] Although the MEMS device has been described as being incorporated for use in
a reduced pressure delivery system that utilizes a conduit for delivering reduced pressure to a
tissue site, it should be understood that the MEMS device may be utilized by an integrated
reduced pressure delivery system that delivers reduced pressure to the tissue site without
utilizing a conduit. Such an integrated reduced pressure delivery system incorporates
processing and vacuum pump functionality into a dressing, thereby eliminating a conduit. A
MEMS device may communicate with a processing unit either via a wire or wirelessly to assist

in delivering medicine or cleansing fluids.

[0054] While this description describes MEMS, it should be understood that the
principles of the present invention may apply to the use of nano electromechanical systems
(NEMS). NEMS devices may be configured to be integrated into a dressing and be in
communication with a reduced pressure delivery system, whereby the NEMS device may be
wired or wirelessly in communication with a reduced pressure delivery system for use in
providing the ability to perform feedback control based on measurements being made at the

tissue site,

[0055] Although the principles of the present invention have been described in terms

of the foregoing embodiments, this description has been provided by way of explanation only,
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and is not intended to be construed as a limitation of the invention. Those skilled in the art
will recognize modifications of the present invention that might accommodate specific patient

and tissue treatment environments.
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CLAIMS

I claim:
Claim 1. A reduced pressure delivery system for treating a tissue site of a patient,
comprising:

electromechanical components configured to apply a treatment to the tissue site of
the patient;

a processing unit in communication with said electromechanical components and
configured to cause said electromechanical components to activate to apply or
alter the treatment to the tissue site;

at least one conduit configured to deliver the treatment to the tissue site; and

a micro-electro-mechanical system (MEMS) device configured to sense one or
more characteristics of exudate fluid from the tissue site, and further configured
to communicate data indicative of the sensed one or more exudate fluid
characteristics, said processing unit configured to receive the data from said
MEMS device and cause said electromechanical components to apply the

treatment to the tissue site of the patient via said at least one conduit.

Claim 2. The reduced pressure delivery system according to claim 1, wherein said
electromechanical components include at least one valve and at least one pump, the at
least one pump configured to apply reduced pressure to the tissue site and the at least
one valve configured to enable and disable the reduced pressure to be applied or altered

to the tissue site.

Claim 3. The reduced pressure delivery system according to claim 2, wherein the at least
one pump is further configured to deliver or alter treatment fluid to the tissue site and
the at least one valve is configured to enable and disable the treatment fluid to be

applied or altered to the tissue site.

Claim 4. The reduced pressure delivery system according to claim 1, wherein said

MEMS device is wirelessly in communication with said processing unit.

Claim 5. The reduced pressure delivery system according to claim 1, wherein said

MEMS device is configured to sense a pH level of the exudate fluid.

Claim 6. The reduced pressure delivery system according to claim 1, further comprising

a dressing in fluid communication with said at least one conduit, and wherein said
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MEMS device is disposed within said dressing when sensing the one or more

characteristics of the exudate fluid of the tissue site.

Claim 7. The reduced pressure delivery system according to claim 1, wherein the

treatment includes at least one treatment fluid.

Claim 8. The reduced pressure delivery system according to claim 1, further comprising
an electronic display in communication with said processing unit, said processing unit
further configured to generate and display a graphical user interface (GUI) on said
electronic display, the GUI including an indicia representative of a characteristic level

of the exudate fluid from the tissue site.

Claim 9. The reduced pressure delivery system according to claim 8, wherein the one or

more characteristics of the exudate fluid include a chemical characteristic.

Claim 10. The reduced pressure delivery system according to claim 8, wherein the one or

more characteristics of the exudate fluid include a biological marker.

Claim 11. A method for treating a tissue site of a patient, said method comprising:
sensing a characteristics of exudate fluid of the tissue site of the patient;
measuring a level of the sensed characteristic of the exudate fluid; and
in response to the measured characteristics level, causing treatment to be applied or

altered to the tissue site.

Claim 12. The method according to claim 11, wherein causing treatment to be applied or
altered to the tissue site includes causing a treatment fluid to be applied to the tissue
site, and further comprising applying reduced pressure to the tissue site of the patient to

collect the treatment fluid from the tissue site.

Claim 13. The method according to claim 11, wherein causing the treatment fluid to be

applied or altered to the tissue site includes activating at least one valve.

Claim 14. The method according to claim 11, further comprising wirelessly receiving data

indicative of the sensed characteristic of the exudate fluid.

Claim 15. The method according to claim 11, wherein sensing a characteristic includes

sensing a chemical characteristic of the exudate fluid.

Claim 16. The method according to claim 11, further comprising cleansing the tissue site

by applying a treatment fluid to the tissue site.
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Claim 17. The method according to claim 1, further comprising generating and displaying
a graphical user interface on an electronic display, the graphical user interface

including an indicia representative of a level of a chemical characteristic of the exudate
fluid.

Claim 18. The method according to claim 17, wherein displaying the graphical user

interface includes displaying the indicia representative of a pH level of the exudate
fluid.

Claim 19. The method according to claim 17, wherein displaying the graphical user
interface includes displaying the indicia representative of a bacteria count in the

exudate fluid.

Claim 20. The method according to claim 17, further comprising generating an alarm in
response to determining that the characteristic of the exudate fluid increases above a

predetermined level.

Claim 21. The method according to claim 11, further comprising:
sensing humidity at the tissue site; and
in response to determining that the humidity drops below a predetermined

threshold level, altering the treatment being applied to the tissue site.

Claim 22. A reduced pressure therapy system for drawing exudate fluid from tissue of a
patient and treating the tissue, said reduced pressure therapy system comprising:

a dressing in fluid communication with the tissue for delivering a vacuum and the
treatment fluid to the tissue;

at least one conduit having one end in fluid communication with said dressing for
delivering the vacuum and the treatment fluid thereto;

an actuating device connected to the other end of said at least one conduit for
providing the vacuum thereto in a first state and the treatment fluid thereto in a
second state in response to a delivery signal;

a processing unit in electrical communication with said actuating device to cause
the vacuum to be applied or altered during the first state and a delivery signal to
be applied or altered to said actuating device during the second state in

response to a predetermined therapy for treating the tissue; and
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a MEMS device in fluid communication with the tissue to sense characteristics of
the exudate fluid and generate characteristic data related to the characteristics
of the exudate fluid, and in electrical communication with said processing
device for transmitting the characteristic data thereto, said processing device
applying or altering the delivery signal to said actuating device in response to

an analysis of the characteristic data according to the predetermined therapy.
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