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AMBULATORY THERAPY SYSTEM INCORPORATING ACTIVITY AND
ENVIRONMENTAL SENSING CAPABILITY

RELATED APPLICATION
[0001] This application claims the benefit, under 35 USC 119(e), of the filing of U.S.
Provisional Patent Application No. 62/256,391, entitled “Ambulatory Therapy System
Incorporating Activity and Environmental Sensing Capability,” filed 17 November 2015, which

is incorporated herein by reference for all purposes.

TECHNICAL FIELD
[0002] The invention set forth in the appended claims relates generally to tissue treatment
systems and more particularly, but without limitation, to a system for capturing movement and

environmental data for therapy modification.

BACKGROUND
[0003] Clinical studies and practice have shown that reducing pressure in proximity to a
tissue site can augment and accelerate growth of new tissue at the tissue site. The applications of
this phenomenon are numerous, but it has proven particularly advantageous for treating wounds.
Regardless of the etiology of a wound, whether trauma, surgery, or another cause, proper care of
the wound is important to the outcome. Treatment of wounds or other tissue with reduced

pressure may be commonly referred to as "negative-pressure therapy," but is also known by

"ot "ot

other names, including "negative-pressure wound therapy," "reduced-pressure therapy," "vacuum

LA t

therapy," "vacuum-assisted closure," and "topical negative-pressure," for example. Negative-
pressure therapy may provide a number of benefits, including migration of epithelial and
subcutaneous tissues, improved blood flow, and micro-deformation of tissue at a wound site.
Together, these benefits can increase development of granulation tissue and reduce healing
times.

[0004] There is also widespread acceptance that cleansing a tissue site can be highly
beneficial for new tissue growth. For example, a wound can be washed out with a stream of
liquid solution, or a cavity can be washed out using a liquid solution for therapeutic purposes.

These practices are commonly referred to as "irrigation" and "lavage" respectively. "Instillation"
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is another practice that generally refers to a process of slowly introducing fluid to a tissue site
and leaving the fluid for a prescribed period of time before removing the fluid. For example,
instillation of topical treatment solutions over a wound bed can be combined with negative-
pressure therapy to further promote wound healing by loosening soluble contaminants in a
wound bed and removing infectious material. As a result, soluble bacterial burden can be
decreased, contaminants removed, and the wound cleansed.

[0005] While the clinical benefits of reduced-pressure therapy are widely known,
improvements to reduced-pressure systems, components, and processes may benefit healthcare

providers and patients.



WO 2017/087157 PCT/US2016/059847

BRIEF SUMMARY

[0006] New and useful systems, apparatuses, and methods for monitor and adjust therapy
for a tissues site are set forth in the appended claims. Illustrative embodiments are also provided
to enable a person skilled in the art to make and use the claimed subject matter.

[0007] For example, in some embodiments, a system for providing therapy to a tissue site
is described. The system can include a light sensor, a motion sensor, and a controller. The
controller can be communicatively coupled to the source of negative pressure, the light sensor,
and the motion sensor. In some embodiments, the controller can be configured to receive a first
signal from the light sensor indicative of ambient light, receive a second signal from the motion
sensor indicative of activity, and activate an alert based on the first signal and the second signal.

[0008] More generally, a system for providing negative-pressure therapy is described.
The system can include a tissue interface configured to be positioned adjacent a tissue site and a
sealing member configured to be positioned over the tissue interface to form a sealed space. A
negative-pressure source can be configured to be fluidly coupled to the sealed space. The system
can also include a light sensor, a motion sensor, and a controller communicatively coupled to the
negative-pressure source, the light sensor, and the motion sensor. In some embodiments, the
controller can be configured to receive a signal from the light sensor and a signal from the
motion sensor, actuate the source of negative pressure, and modify an operating parameter of the
negative-pressure source in response to the signal from the light sensor and the signal from the
motion sensor.

[0009] Alternatively, other example embodiments may include a method for providing
negative-pressure therapy. The method can provide a therapy system having a light sensor, a
motion sensor, and a controller. The controller may be communicatively coupled to the light
sensor and the motion sensor. In some embodiments, the controller can be configured to receive
input from the light sensor and the motion sensor, and conduct ambulatory therapy in response to
the input. The motion sensor may be coupled to a patient, and a prescribed number of activity
periods may be received. Signals received from the light sensor and the motion sensor may be
monitored, and in response to the signals received from the light sensor and the motion sensor,
the patient may be prompted to engage in ambulation.

[0010] Another method for providing negative-pressure therapy is also described. A

therapy system can be provided. The therapy system may include a light sensor, a motion
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sensor, and a controller communicatively coupled to the light sensor and the motion sensor. The
controller can be configured to receive input from the light sensor and the motion sensor, and
adjust operating parameters of negative-pressure therapy in response to the input. The motion
sensor can be coupled to a patient, and a prescribed number of activity periods can be received
by the controller. The controller can monitor signals received from the light sensor and the
motion sensor, and in response to the signals received from the light sensor and the motion
sensor, determine whether to enter a sleep mode. If the sleep mode is entered, the controller can
adjust operating parameters of negative-pressure therapy to operate in a sleep mode. If the sleep
mode is not entered, the controller can adjust operating parameter of negative-pressure therapy to
operate in a normal mode.

[0011] An apparatus for managing therapeutic activity of a patient is also described. The
apparatus can include a light sensor configured to provide a light signal indicative of ambient
light, an activity sensor configured to provide an activity signal indicative of the patient’s
activity, and a controller coupled to the light sensor and to the motion sensor. The controller can
be configured to compare the light signal to a light threshold, compare the activity signal to an
activity threshold, and determine a number of activity intervals based on the activity signal. The
controller can also be configured to prompt the patient to increase activity if the light signal is
greater than the light threshold, the activity signal is less than the activity threshold, and the
number of activity intervals is less than a target number.

[0012] An apparatus for providing negative-pressure therapy is described. The apparatus
can include a negative-pressure source, a light sensor configured to provide a light signal
indicative of ambient light, and an activity sensor configured to provide an activity signal
indicative of the patient’s activity. A controller can be coupled to the negative-pressure source,
to the light sensor, and to the motion sensor. In some embodiments, the controller can be
configured to: compare the light signal to a light threshold, compare the activity signal to an
activity threshold, and modify an operating parameter if the light signal is less than the light
threshold and the activity signal is less than the activity threshold.

[0013] In another embodiment, a method for providing negative-pressure therapy is
described. A therapy system is provided and includes: a light sensor; a motion sensor; a user
interface; and a controller communicatively coupled to the light sensor and the motion sensor.

The controller may be configured to receive input from the light sensor and the motion sensor,
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and adjust operating parameters of negative-pressure therapy in response to the input. An active
mode and a sleep mode of the therapy system can be set with the user interface. Signals received
from the light sensor and the motion sensor can be monitored. In response to the signals
received from the light sensor and the motion sensor, whether to enter the sleep mode can be
determined. If the sleep mode is entered, operating parameters of negative-pressure therapy can
be adjusted to operate in the sleep mode. If the sleep mode is not entered, operating parameter of
negative-pressure therapy can be adjusted to operate in the active mode.

[0014] In another embodiment, a method for providing negative-pressure therapy is
described. A therapy system is provided and includes: a light sensor; a motion sensor; a user
interface; and a controller communicatively coupled to the light sensor and the motion sensor.
The controller may be configured to receive input from the light sensor and the motion sensor,
and adjust operating parameters of negative-pressure therapy in response to the input. An active
mode and a sleep mode of the therapy system can be set with the user interface. Signals received
from the light sensor and the motion sensor can be monitored, and the signals received from the
light sensor and the motion sensor can be transmitted to a remote server.

[0015] Objectives, advantages, and a preferred mode of making and using the claimed
subject matter may be understood best by reference to the accompanying drawings in

conjunction with the following detailed description of illustrative embodiments.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Figure 1 is a functional block diagram of an example embodiment of a therapy
system that can provide negative-pressure therapy and instillation therapy in accordance with this
specification;

[0017] Figure 2 is a schematic diagram illustrating additional details of system-level
operations of the therapy system of Figure 1;

[0018] Figure 3 is a flow chart illustrating additional details that may be associated with
an example embodiment of an operation of the therapy system of Figure 1; and

[0019] Figure 4 is a flow chart illustrating additional details that may be associated with

an example embodiment of another operation of the therapy system of Figure 1.
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DESCRIPTION OF EXAMPLE EMBODIMENTS

[0020] The example embodiments may be described herein with reference to spatial
relationships between various elements or to the spatial orientation of various elements depicted
in the attached drawings. In general, such relationships or orientation assume a frame of
reference consistent with or relative to a patient in a position to receive treatment. However, as
should be recognized by those skilled in the art, this frame of reference is merely a descriptive
expedient rather than a strict prescription.

[0021] Figure 1 is a simplified functional block diagram of an example embodiment of
a therapy system 100 that can provide negative-pressure therapy and instillation therapy in
accordance with this specification.

[0022] The term “tissue site” in the context of the described embodiments broadly
refers to a wound, defect, or other treatment target located on or within tissue, including but not
limited to, bone tissue, adipose tissue, muscle tissue, neural tissue, dermal tissue, vascular tissue,
connective tissue, cartilage, tendons, or ligaments. A wound may include chronic, acute,
traumatic, subacute, and dehisced wounds, partial-thickness burns, ulcers (such as diabetic,
pressure, or venous insufficiency ulcers), flaps, and grafts, for example. The term “tissue site”
may also refer to areas of tissue that are not necessarily wounded or defective, but are instead
areas in which it may be desirable to add or promote the growth of additional tissue. For
example, negative pressure may be applied to a tissue site to grow additional tissue that may be
harvested and transplanted.

[0023] The therapy system 100 may include a negative-pressure supply, and may include
or be configured to be coupled to a distribution component, such as a dressing. In general, a
distribution component may refer to any complementary or ancillary component configured to be
fluidly coupled to a negative-pressure supply in a fluid path between a negative-pressure supply
and a tissue site. A distribution component is preferably detachable, and may be disposable,
reusable, or recyclable. For example, a dressing 102 may be fluidly coupled to a negative-
pressure source 104, as illustrated in Figure 1. A dressing may include a cover, a tissue
interface, or both in some embodiments. The dressing 102, for example, may include a cover
106 and a tissue interface 108. A regulator or a controller, such as a controller 110, may also be

coupled to the negative-pressure source 104.
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[0024] In some embodiments, a dressing interface may facilitate coupling the negative-
pressure source 104 to the dressing 102. For example, a dressing interface may be a T.R.A.C.®
Pad or Sensa T.R.A.C.® Pad available from Kinetic Concepts, Inc. (KCI) of San Antonio, Texas.
The therapy system 100 may optionally include a fluid container, such as a container 112,
coupled to the dressing 102 and to the negative-pressure source 104.

[0025] The therapy system 100 could also include a source of instillation solution. For
example, a solution source 114 may be fluidly coupled to the dressing 102, as illustrated in the
example embodiment of Figure 1. The solution source 114 may be fluidly coupled to a positive-
pressure source such as a positive-pressure source 116 in some embodiments, or may be fluidly
coupled to the negative-pressure source 104. A regulator, such as an instillation regulator 118,
may also be fluidly coupled to the solution source 114 and the dressing 102. In some
embodiments, the instillation regulator 118 may also be fluidly coupled to the negative-pressure
source 104 through the dressing 102, as illustrated in the example of Figure 1.

[0026] Additionally, the therapy system 100 may include sensors to measure operating
parameters and provide feedback signals to the controller 110 indicative of the operating
parameters. As illustrated in Figure 1, for example, the therapy system 100 may include a
pressure sensor 120, an electric sensor 122 configured to detect voltage and/or current changes,
an activity sensor or motion sensor, such as an accelerometer 124, a light sensor 126, and/or a
time-of-day chip 127. These sensors may be coupled to the controller 110. The pressure sensor
120 may also be coupled or configured to be coupled to a distribution component and to the
negative-pressure source 104. The electric sensor 122 may also be coupled to the negative-
pressure source 104 or the solution source 114. The accelerometer 124 may be coupled to the
controller 110 and configured to provide an activity signal indicative of a patient’s activity.
Similarly, the light sensor 126 may be coupled to the controller 110 and configured to provide a
light signal indicative of ambient light in the external environment. The therapy system 100 may
also include a user interface 128 coupled to the controller 110. In some embodiments, the
negative-pressure source 104, the controller 110, the container 112, the pressure sensor 120, the
electric sensor 122, the accelerometer 124, the light sensor 126, and the time-of-day chip 127
may be components of a therapy device 113.

[0027] Components may be fluidly coupled to each other to provide a path for

transferring fluids (i.e., liquid and/or gas) between the components. For example, components
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may be fluidly coupled through a fluid conductor, such as a tube. A "tube," as used herein,
broadly includes a tube, pipe, hose, conduit, or other structure with one or more lumina adapted
to convey a fluid between two ends. Typically, a tube is an elongated, cylindrical structure with
some flexibility, but the geometry and rigidity may vary. In some embodiments, components
may also be coupled by virtue of physical proximity, being integral to a single structure, or being
formed from the same piece of material. Moreover, some fluid conductors may be molded into
or otherwise integrally combined with other components. Coupling may also include
mechanical, thermal, electrical, or chemical coupling (such as a chemical bond) in some
contexts. For example, a tube may mechanically and fluidly couple the dressing 102 to the
container 112 in some embodiments.

[0028] In general, components of the therapy system 100 may be directly or indirectly
coupled to other components. For example, the negative-pressure source 104 may be directly
coupled to the controller 110, and may be indirectly coupled to the dressing 102 through the
container 112.

[0029] The fluid mechanics of using a negative-pressure source to reduce pressure in
another component or location, such as within a sealed therapeutic environment, can be
mathematically complex. However, the basic principles of fluid mechanics applicable to
negative-pressure therapy and instillation therapy are generally well-known to those skilled in
the art. The process of reducing pressure may be described illustratively herein as “delivering,”
“distributing,” or “generating” negative pressure, for example. Similarly, the process of

E

instilling fluid may be described illustratively herein as “delivering,” “distributing,” or
“generating” fluid, for example.

[0030] In general, exudates and other fluids flow toward lower pressure along a fluid
path. Thus, the term “downstream” typically implies a position in a fluid path relatively closer to
a source of negative pressure or further away from a source of positive pressure. Conversely, the
term “upstream’ implies a position relatively further away from a source of negative pressure or
closer to a source of positive pressure. Similarly, it may be convenient to describe certain
features in terms of fluid “inlet” or “outlet” in such a frame of reference. This orientation is

generally presumed for purposes of describing various features and components herein.

However, the fluid path may also be reversed in some applications (such as by substituting a
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positive-pressure source for a negative-pressure source) and this descriptive convention should
not be construed as a limiting convention.

[0031] “Negative pressure” generally refers to a pressure less than a local ambient
pressure, such as the ambient pressure in a local environment external to a sealed therapeutic
environment provided by the dressing 102. In many cases, the local ambient pressure may also
be the atmospheric pressure at which a tissue site is located. Alternatively, the pressure may be
less than a hydrostatic pressure associated with tissue at the tissue site. Unless otherwise
indicated, values of pressure stated herein are gauge pressures. Similarly, references to increases
in negative pressure typically refer to a decrease in absolute pressure, while decreases in negative
pressure typically refer to an increase in absolute pressure. While the amount and nature of
negative pressure applied to a tissue site may vary according to therapeutic requirements, the
pressure is generally a low vacuum, also commonly referred to as a rough vacuum, between -5
mm Hg (-667 Pa) and -500 mm Hg (-66.7 kPa). Common therapeutic ranges are between -75
mm Hg (-9.9 kPa) and -300 mm Hg (-39.9 kPa).

[0032] A negative-pressure supply, such as the negative-pressure source 104, may be a
reservoir of air at a negative pressure, or may be a manual or electrically-powered device that
can reduce the pressure in a sealed volume, such as a vacuum pump, a suction pump, a wall
suction port available at many healthcare facilities, or a micro-pump, for example. A negative-
pressure supply may be housed within or used in conjunction with other components, such as
sensors, processing units, alarm indicators, memory, databases, software, display devices, or user
interfaces that further facilitate therapy. For example, in some embodiments, the negative-
pressure source 104 may be combined with the controller 110 and other components into a
therapy unit, such as the therapy device 113. A negative-pressure supply may also have one or
more supply ports configured to facilitate coupling and de-coupling the negative-pressure supply
to one or more distribution components.

[0033] The tissue interface 108 can be generally adapted to contact a tissue site. The
tissue interface 108 may be partially or fully in contact with the tissue site. If the tissue site is a
wound, for example, the tissue interface 108 may partially or completely fill the wound, or may
be placed over the wound. The tissue interface 108 may take many forms, and may have many
sizes, shapes, or thicknesses depending on a variety of factors, such as the type of treatment

being implemented or the nature and size of a tissue site. For example, the size and shape of the
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tissue interface 108 may be adapted to the contours of deep and irregular shaped tissue sites.
Moreover, any or all of the surfaces of the tissue interface 108 may have projections or an
uneven, course, or jagged profile that can induce strains and stresses on a tissue site, which can
promote granulation at the tissue site.

[0034] In some embodiments, the tissue interface 108 may be a manifold. A
"manifold" in this context generally includes any substance or structure providing a plurality of
pathways adapted to collect or distribute fluid across a tissue site under pressure. For example, a
manifold may be adapted to receive negative pressure from a source and distribute negative
pressure through multiple apertures across a tissue site, which may have the effect of collecting
fluid from across a tissue site and drawing the fluid toward the source. In some embodiments,
the fluid path may be reversed or a secondary fluid path may be provided to facilitate delivering
fluid across a tissue site.

[0035] In some illustrative embodiments, the pathways of a manifold may be
interconnected to improve distribution or collection of fluids across a tissue site. In some
illustrative embodiments, a manifold may be a porous foam material having interconnected cells
or pores. For example, cellular foam, open-cell foam, reticulated foam, porous tissue collections,
and other porous material such as gauze or felted mat generally include pores, edges, and/or
walls adapted to form interconnected fluid channels. Liquids, gels, and other foams may also
include or be cured to include apertures and fluid pathways. In some embodiments, a manifold
may additionally or alternatively comprise projections that form interconnected fluid pathways.
For example, a manifold may be molded to provide surface projections that define
interconnected fluid pathways.

[0036] The average pore size of a foam may vary according to needs of a prescribed
therapy. For example, in some embodiments, the tissue interface 108 may be a foam having pore
sizes in a range of about 400 microns to about 600 microns. The tensile strength of the tissue
interface 108 may also vary according to needs of a prescribed therapy. For example, the tensile
strength of a foam may be increased for instillation of topical treatment solutions. In one non-
limiting example, the tissue interface 108 may be an open-cell, reticulated polyurethane foam
such as GranuFoam®™ dressing or VeraFlo® foam, both available from Kinetic Concepts, Inc. of

San Antonio, Texas.
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[0037] The tissue interface 108 may be either hydrophobic or hydrophilic. In an
example in which the tissue interface 108 may be hydrophilic, the tissue interface 108 may also
wick fluid away from a tissue site, while continuing to distribute negative pressure to the tissue
site. The wicking properties of the tissue interface 108 may draw fluid away from a tissue site
by capillary flow or other wicking mechanisms. An example of a hydrophilic foam is a
polyvinyl alcohol, open-cell foam such as V.A.C. WhiteFoam® dressing available from Kinetic
Concepts, Inc. of San Antonio, Texas. Other hydrophilic foams may include those made from
polyether. Other foams that may exhibit hydrophilic characteristics include hydrophobic foams
that have been treated or coated to provide hydrophilicity.

[0038] The tissue interface 108 may further promote granulation at a tissue site when
pressure within the sealed therapeutic environment is reduced. For example, any or all of the
surfaces of the tissue interface 108 may have an uneven, coarse, or jagged profile that can induce
microstrains and stresses at a tissue site if negative pressure is applied through the tissue
interface 108.

[0039] In some embodiments, the tissue interface 108 may be constructed from
bioresorbable materials. Suitable bioresorbable materials may include, without limitation, a
polymeric blend of polylactic acid (PLA) and polyglycolic acid (PGA). The polymeric blend
may also include without limitation polycarbonates, polyfumarates, and capralactones. The
tissue interface 108 may further serve as a scaffold for new cell-growth, or a scaffold material
may be used in conjunction with the tissue interface 108 to promote cell-growth. A scaffold is
generally a substance or structure used to enhance or promote the growth of cells or formation of
tissue, such as a three-dimensional porous structure that provides a template for cell growth.
[Mustrative examples of scaffold materials include calcium phosphate, collagen, PLA/PGA, coral
hydroxy apatites, carbonates, or processed allograft materials.

[0040] In some embodiments, the cover 106 may provide a bacterial barrier and
protection from physical trauma. The cover 106 may also be constructed from a material that
can reduce evaporative losses and provide a fluid seal between two components or two
environments, such as between a therapeutic environment and a local external environment. The
cover 106 may be, for example, an elastomeric film or membrane that can provide a seal
adequate to maintain a negative pressure at a tissue site for a given negative-pressure source.

The cover 106 may have a high moisture-vapor transmission rate (MVTR) in some applications.
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For example, the MVTR may be at least about 300 g/m2 per twenty-four hours in some
embodiments. In some example embodiments, the cover 106 may be a polymer drape, such as a
polyurethane film, that is permeable to water vapor but impermeable to liquid. Such drapes
typically have a thickness in the range of about 25 microns to about 50 microns. For permeable
materials, the permeability generally should be low enough that a desired negative pressure may
be maintained.

[0041] An attachment device may be used to attach the cover 106 to an attachment
surface, such as undamaged epidermis, a gasket, or another cover. The attachment device may
take many forms. For example, an attachment device may be a medically-acceptable, pressure-
sensitive adhesive that extends about a periphery, a portion, or an entire sealing member. In
some embodiments, for example, some or all of the cover 106 may be coated with an acrylic
adhesive having a coating weight between about 25 grams per square meter (gsm) and about 65
gsm. Thicker adhesives, or combinations of adhesives, may be applied in some embodiments to
improve the seal and reduce leaks. Other example embodiments of an attachment device may
include a double-sided tape, paste, hydrocolloid, hydrogel, silicone gel, or organogel.

[0042] The container 112 is representative of a container, canister, pouch, or other
storage component, which can be used to manage exudates and other fluids withdrawn from a
tissue site. In many environments, a rigid container may be preferred or required for collecting,
storing, and disposing of fluids. In other environments, fluids may be properly disposed of
without rigid container storage, and a re-usable container could reduce waste and costs
associated with negative-pressure therapy. In some embodiments, the container 112 may be a
component, such as an absorbent component of a dressing, configured to be positioned adjacent
to the tissue site or tissue interface to store liquids.

[0043] The solution source 114 may also be representative of a container, canister,
pouch, bag, or other storage component, which can provide a solution for instillation therapy.
Compositions of solutions may vary according to a prescribed therapy, but examples of solutions
that may be suitable for some prescriptions include hypochlorite-based solutions, silver nitrate
(0.5%), sulfur-based solutions, biguanides, cationic solutions, and isotonic solutions.

[0044] In operation, the tissue interface 108 may be placed within, over, on, or
otherwise proximate to a tissue site. The cover 106 may be placed over the tissue interface 108

and sealed to an attachment surface near the tissue site. For example, the cover 106 may be
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sealed to undamaged epidermis peripheral to a tissue site. Thus, the dressing 102 can provide a
sealed therapeutic environment or sealed space proximate to a tissue site, substantially isolated
from the external environment, and the negative-pressure source 104 can reduce the pressure in
the sealed therapeutic environment. Negative pressure applied across the tissue site through the
tissue interface 108 in the sealed therapeutic environment can induce macrostrain and
microstrain in the tissue site, as well as remove exudates and other fluids from the tissue site,
which can be collected in container 112.

[0045] In addition to negative-pressure therapy and instillation therapy, ambulation may
aid in healing of a tissue site. Ambulation may move fluids around the body, reduce edema, and
encourage normal biological function and well-being. As a result, patients may be encouraged to
engage in ambulatory activities as part of the therapy process. Unfortunately, patients may find
ambulation difficult while using typical therapy devices. The size of negative-pressure therapy
and instillation systems may make it difficult for a patient to move, or may forget that
ambulation is required or fail to understand the level of activity necessary to receive therapeutic
benefits. In addition, the light and noise of some therapy devices may compromise patient rest,
prompting a patient to disable or remove the therapy device while sleeping. Often, removal of
the therapy device can lead to negative patient outcomes.

[0046] The therapy system 100 can overcome these problems and others by prompting a
patient to engage in ambulatory therapy at an intensity level. In some embodiments, the therapy
system 100 can measure a patient’s activity and environmental conditions. In some
embodiments, sensors may be deployed in a therapy device that is worn by a patient.
Additionally or alternatively, sensors may be deployed in a separate monitoring unit, which can
be carried or worn by a patient. The monitoring unit may be communicatively coupled to a
therapy device that is providing negative-pressure therapy and/or instillation therapy. In some
embodiments, the sensors may use standard or proprietary protocols that can communicate
wirelessly with the controller 110 or other microprocessor.

[0047] Data from the sensors can also be recorded, which may be particularly
advantageous for improving quality of life and compliance for ambulatory patients. For
example, the therapy system 100 may be portable or otherwise mobile, allowing an ambulatory
patient to resume many daily activities while undergoing therapy, which can prevent or reduce

edema. In some embodiments, the controller 110 can process data from a sensor such as the
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accelerometer 124 to analyze patient activity data and modify operating parameters or alarms
based on the patient activity data to reduce interference with the patient activity. For example,
the controller 110 may use data from the accelerometer 124 to identify rest periods and, in
response, change therapy pressure, alarm thresholds, volume levels, and backlight levels of the
therapy device 113. Generally, a therapy pressure may be a desired pressure in a sealed
therapeutic environment for optimal treatment of a tissue site based on the desired treatment
outcomes. Often, the therapy pressure may be about -125 mm Hg. Additionally or alternatively,
the controller 110 may provide reports indicative of compliance based on patient activity, such as
the number of steps taken by a patient and the number of rest periods. The controller 110 may
also provide reports of impacts to both the patient and the device that can be used by the
manufacturer to service the therapy device.

[0048] Figure 2 is a schematic diagram illustrating system level functions that may be
associated with some embodiments of the therapy system 100. As illustrated in the example of
Figure 2, the accelerometer 124 and other sensors can be deployed on a controller board 111
associated with the controller 110 to measure orientation, detect free-fall, monitor shock and
vibration, provide a motion-activated operator interface, or any combination thereof to collect
patient activity data. The controller board 111 may be disposed in the therapy device 113 in
some embodiments. The therapy device 113 may also include the negative-pressure source 104,
the electric sensor 122, the container 112, the pressure sensor 120, and the user interface 128. In
some embodiments, the therapy device 113 may include the light sensor 126 and the time-of-day
chip 127. The time-of-day chip 127 may be configured to determine a time of day and a passage
of set time intervals. Using the accelerometer 124, the therapy system 100 may provide a
canister orientation alarm if the container 112 is in an orientation that may disrupt therapy. The
therapy system 100 can also record a service log of instances of shock or abuse to the therapy
device 113 based upon signals from the accelerometer 124. The therapy system 100 can also
provide information, prompts, alarms and other alerts. For example, the controller 110 may
display patient activity level or goals through the user interface 128, prompt a patient to engage
in prescribed activity, report the number of patient activity intervals, and engage in remote
monitoring of patient activity. The therapy system 100 can also provide alarm monitoring and
alarm adjustment to reduce the disruption of patient rest using the light sensor 126 and the time-

of-day chip 127.
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[0049] A controller, such as the controller 110, may be a microprocessor or computer
that is programmed to operate one or more components of the therapy system 100, such as the
negative-pressure source 104. In some embodiments, for example, the controller 110 may be a
microcontroller, which generally comprises an integrated circuit containing a processor core and
a memory programmed to directly or indirectly control one or more operating parameters of the
therapy system 100. Operating parameters may include the power applied to the negative-
pressure source 104, the pressure generated by the negative-pressure source 104, alarm
thresholds, backlighting, or sound levels, for example. The controller 110 is also preferably
configured to receive one or more input signals, such as a feedback signal, and programmed to
modify one or more operating parameters based on the input signals.

[0050] A controller may also be a computing device or system, such as a programmable
logic controller, or a data processing system, for example. In some embodiments, a controller
may be configured to receive input from one or more devices, such as a user interface, a sensor,
or a flow meter, for example. In some embodiments, a controller may receive input, such as an
electrical signal, from an alternative source, such as through an electrical port, for example.

[0051] A programmable logic controller (PLC) may be a digital computer configured to
receive one or more inputs and send one or more outputs in response to the one or more inputs.
A PLC may include a non-volatile memory configured to store programs or operational
instructions. In some embodiments, the non-volatile memory may be operationally coupled to a
battery-back up so that the non-volatile memory retains the programs or operational instructions
if the PLC otherwise loses power. In some embodiments, a PLC may be configured to receive
discrete signals and continuous signals and produce discrete and continuous signals in response.

[0052] A data processing system suitable for storing and/or executing program code may
include at least one processor coupled directly or indirectly to memory elements through a
system bus. The memory elements can include local memory employed during actual execution
of the program code, bulk storage, and cache memories which provide temporary storage of at
least some program code in order to reduce the number of times code is retrieved from bulk
storage during execution.

[0053] A user interface, such as the user interface 128, may be a device configured to
allow communication between a controller and an environment external to a therapy device. In

some embodiments, an external environment may include an operator or a computer system
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configured to interface with a therapy device, for example. In some embodiments, a user
interface may receive a signal from a controller and present the signal in a manner that may be
understood by an external environment. In some embodiments, a user interface may receive
signals from an external environment and, in response, send signals to a controller.

[0054] In some embodiments, a user interface may be a graphical user interface, a
touchscreen, or one or more motion tracking devices. A user interface may also include one or
more display screens, such as a liquid crystal display ("LCD"), lighting devices, such as light
emitting diodes ("LED") of various colors, and audible indicators, such as a whistle, configured
to emit a sound that may be heard by an operator. A user interface may further include one or
more devices, such as knobs, buttons, keyboards, remotes, touchscreens, ports that may be
configured to receive a discrete or continuous signal from another device, or other similar
devices; these devices may be configured to permit the external environment to interact with the
user interface. A user interface may permit an external environment to select a therapy to be
performed with a therapy device. In some embodiments, a user interface may display
information for an external environment such as a duration of therapy, a type of therapy, an
amount of negative pressure being supplied, an amount of instillation solution being provided, a
fluid level of a container, or a fluid level of a cartridge, for example.

[0055] The controller 110 may be communicatively coupled to components of the
therapy system 100, such as a valve, a flow meter, a sensor, a user interface, or a pump, for
example, to control operation of the same. As used herein, communicative coupling may refer to
a coupling between components that permits the transmission of signals between the
components. In some embodiments, the signals may be discrete or continuous signals. A
discrete signal may be a signal representing a value at a particular instance in a time period. A
plurality of discrete signals may be used to represent a changing value over a time period. A
continuous signal may be a signal that provides a value for each instance in a time period. The
signals may also be analog signals or digital signals. An analog signal may be a continuous
signal that includes a time varying feature that represents another time varying quantity. A
digital signal may be a signal composed of a sequence of discrete values.

[0056] In some embodiments, communicative coupling may include transmission of
signals through wireless mechanisms. For example, the user interface 128 may be a remotely

located device, and the controller 110 may communicate with the user interface 128 using
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wireless communication.  Wireless communication can include radio communication,
microwave communication, free-space optical communication, sonic communication, and
electromagnetic induction, for example.

[0057] In some embodiments, communicative coupling between a controller and other
devices may be one-way communication. In one-way communication, signals may only be sent
in one direction. For example, a sensor may generate a signal that may be communicated to a
controller, but the controller may not be capable of sending a signal to the sensor. In some
embodiments, communicative coupling between a controller and another device may be two-way
communication. In two-way communication, signals may be sent in both directions. For
example, a controller and a user interface may be communicatively coupled so that the controller
may send and receive signals from the user interface. Similarly, a user interface may send and
receive signals from a controller. In some embodiments, signal transmission between a
controller and another device may be referred to as the controller operating the device. For
example, interaction between a controller and a valve may be referred to as the controller:
operating the valve; placing the valve in an open position, a closed position, or a metering
position; and opening the valve, closing the valve, or metering the valve.

[0058] Sensors, such as the pressure sensor 120, the electric sensor 122, the
accelerometer 124, the light sensor 126, and the time-of-day chip 127 can be apparatuses
operable to detect or measure a physical phenomenon or property, and generally provide a signal
indicative of the phenomenon or property that is detected or measured. For example, the
pressure sensor 120 and the electric sensor 122 may be configured to measure one or more
operating parameters of the therapy system 100, such as changes in the voltage or current used
by the negative-pressure source 104. In some embodiments, the pressure sensor 120 may be a
transducer configured to measure pressure in a pneumatic pathway and convert the measurement
to a signal indicative of the pressure measured. In some embodiments, for example, the pressure
sensor 120 may be a piezoresistive strain gauge. The electric sensor 122 may optionally measure
operating parameters of the negative-pressure source 104, such as the voltage or current, in some
embodiments. Preferably, the signals from the pressure sensor 120 and the electric sensor 122
are suitable as an input signal to the controller 110, but some signal conditioning may be

appropriate in some embodiments. For example, the signal may need to be filtered or amplified
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before it can be processed by the controller 110. Typically, the signal is an electrical signal, but
may be represented in other forms, such as an optical signal.

[0059] In other embodiments, the therapy system 100 may include a sensor configured to
respond to an auditory input, such as a microphone. A microphone may be a transducer
configured to convert sound into an electrical or optical signal. A microphone may be
configured to provide a signal to the controller 110. In some embodiments, the signal from a
microphone may be processed as an ambient environment noise, and the controller 110 may
determine based on the signal from the microphone whether the patient is in the active mode or
in the sleep mode. The therapy system 100 may also use a microphone to exit the sleep mode
based on an ambient noise level without requiring a command from a user or clinician. In other
embodiments, the controller 110 may include speech recognition software, and a microphone
may be provided with the therapy system 100 to permit the use of voice commands from a user
or clinician. For example, a patient may speak a command such as “sleep mode” to place the
therapy system 100 into the sleep mode.

[0060] The therapy system 100 may also include an electroacoustic transducer or
speaker.  The controller 110 may communicate with the speaker to produce sound
understandable by a user or clinician. For example, the controller 110 may provide an electrical
audio signal to produce an alarm tone, speech, or other sound to indicate a status of the therapy
system 100. The controller 110 may also provide a signal that can be produced as speech to
provide status of the therapy system or encouragement to the user. For example, if a user
follows a protocol, the controller 110 may provide a spoken phrase, such as “your activity level
today has been good” to the user through the speaker. In some embodiments, the therapy system
100 is monitored from a remote location. If the therapy system 100 is monitored from a remote
location, wireless communication may permit a clinician monitoring the therapy system 100 to
communicate with the user through a speaker and to receive communication from the user
through the microphone. In still other embodiments, the therapy system 100 may include storage
media capable of receiving data representative of an auditory message, store the data, and replay
the data at a predetermined time or in response to a predetermined signal.

[0061] In some example embodiments, the accelerometer 124 may be a 3-axis
accelerometer, such as the MMAS8653FC from Freescale Semiconductor, Inc. The exemplary

accelerometer may have a low-profile 2 x 2 x 1.0 mm dual-flat no-leads package with high
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sensitivity of 1 micro g per least significant bit, low noise: 150 micro g per root Hertz that is
independent of resolution, a 7 micro amps low-power mode, a 1.62 to 3.6V interrupt and inter-
integrated circuit interface supply, and an output data rate of about 1.5 to 800 Hz. The
accelerometer 124 may sense 3 axes of motion and both positive and negative loads between
about 2 g and about 8 g. The accelerometer 124 may detect orientation, free-fall, activity,
shock/vibration, and user interface motion controls. In some embodiments, the accelerometer
124 may determine a number of steps taken and a cadence of the steps taken. In some
embodiments, the accelerometer 124 may be worn by a person to detect an orientation of the
person, i.e., standing, sitting, or laying down. The light sensor 126, such as a photosensor,
camera, or other photo sensitive device, may also be deployed to detect or measure light in some
embodiments. The light sensor 126 can detect electromagnetic energy and, in response, generate
a signal corresponding to the intensity of the electromagnetic energy.

[0062] In some embodiments, the accelerometer 124 and the light sensor 126 may be
built into a device that is worn by the patient and may be physically coupled to the therapy
device 113. In other embodiments, the accelerometer 124 and the light sensor 126 may be a
separate device that can communicate, wired or wirelessly, with the controller 110. In still other
embodiments, the accelerometer 124 and the light sensor 126 may be incorporated into a third-
party device and the therapy device 113 may be configured to control or receive information
from the third-party activity monitor using proprietary or standardized protocols.

[0063] Figure 3 is a flow diagram illustrating additional details that may be associated
with the operation of some example embodiments of the therapy system 100. In general, Figure
3 is illustrative of operations that can be implemented in a controller, such as the controller 110,
to monitor patient compliance with prescribed activity periods and prompt the patient to
encourage compliance with ambulatory therapy. Ambulatory therapy may include prescribed
intervals or periods of activity, a prescribed activity intensity, and/or accumulated activity over a
period of time, for example, accumulated activity over a period of twenty-four hours.
Ambulatory therapy may include walking or other types of therapeutic activity, and may be
engaged in by a patient while undergoing negative-pressure therapy, instillation therapy, or both
negative-pressure therapy and instillation therapy.

[0064] A target number of activity intervals can be selected or otherwise configured in

the controller 110. For example, a target number of activity intervals in a period may be
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prescribed by a clinician. The target number of activity intervals may be entered into or
otherwise configurable by the controller 110. For example, a clinician may prescribe and enter 4
activity intervals for a twenty-four hour period into the therapy device 113 through the user
interface 128. The data entered may be stored by the controller 110 and used to control
operation of the therapy device 113.

[0065] An activity intensity may also be selected or otherwise configured in some
embodiments of the controller 110. For example, a clinician may prescribe activity having a low
intensity level, a medium intensity level, or a high intensity level. Data from sensors such as the
accelerometer 124 may be analyzed by the controller 110 to monitor or measure intensity of
activity. For example, distance, duration, and speed of movement can be monitored or measured
to evaluate compliance with a prescribed intensity. A clinician may select an intensity level
based on the clinical judgment of the clinician. For example, a clinician may consider the overall
health of the patient to determine how much activity the patient can reasonably engage in and
how different activity levels may impact healing of the tissue site. In some embodiments, low
intensity activity may include covering a distance of less than about 10 feet, a speed of about 1
mile per hour, and a duration of about 10 minutes. Medium intensity activity may include
covering a distance of between about 10 feet and about 30 feet, a speed of about 1 mile per hour
to about 2 miles per hour, and a duration of about 10 minutes to about 20 minutes. High
intensity activity may include covering a distance of between about 30 feet and about 50 feet, a
speed of about 2 miles per hour to about 4 miles per hour and a duration of about 20 minutes to
about 40 minutes. In some embodiments, a prescribed activity intensity level can be selected or
entered into the user interface 128 of the therapy device 113. For example, the clinician can
enter a low intensity activity level into the therapy device 113. The data entered may be stored
by the controller 110 and used to control operation of the therapy device 113. In some
embodiments, tiered activity intervals may be entered into or otherwise configurable by the
controller 110. For example, a user may select a first activity interval at a first activity intensity,
a second activity interval at a second intensity, and a third activity interval at a third intensity,
where the active intensity of the first, second, and third activity intensities may increase,
decrease, vary, or stay the same between activity intervals. In some embodiments, the therapy
system 100 may include biosensors, such as a heart rate monitor, a blood oxygen sensor, and/or a

respiratory rate sensor. The therapy system 100 may also receive signals from the heart rate
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monitor, the blood oxygen sensor, and/or a respiratory rate sensor to determine the level of the
patient’s activity.

[0066] In some embodiments, negative-pressure therapy may be provided at block 201.
For example, the controller 110 can operate the negative-pressure source 104 and receive signals
from the pressure sensor 120 and the electric sensor 122 to provide negative-pressure therapy to
a tissue site through the dressing 102.

[0067] The controller 110 can also manage ambulatory therapy. In some embodiments,
the controller 110 may manage ambulatory therapy without negative-pressure therapy or
intermittent with negative-pressure therapy. In still other embodiments, the controller 110 can
additionally or alternatively provide instillation therapy. In some embodiments, the controller
110 can manage ambulatory therapy with negative-pressure therapy. For example, as illustrated
in Figure 3, a prescribed number of activity intervals (Rx) can be entered or otherwise configured
at block 202. For example, the controller 110 may receive a prescribed number of intervals
through user interface 128. A prescribed activity intensity level may also be set or otherwise
configured at block 203. For example, a default intensity level may be configured in the
controller 110, an operator may select a level from a menu, or may enter the intensity level at a
prompt. A counter for a number of completed activity intervals (P) can be initialized at block
204. For example, the controller 110 sets a storage location for P to zero.

[0068] At block 206, a light intensity can be compared to a light threshold, such as a
sleep threshold intensity. For example, the controller 110 can receive an input from the light
sensor 126 indicative of light in the patient’s environment. In some embodiments, a light signal
may be a measurement of the luminous flux in the ambient environment and can be valued in
lumens. If the light intensity is not greater than the threshold, the process can continue along the
NO path to block 208. For example, if the controller 110 determines that the signal from the
light sensor 126 does not exceed the sleep threshold intensity, the process continues to block
208. At block 208, the process can set a time value (T) to zero and start a timer. For example,
the controller 110 can set a timer to 0 and start operation of the timer. At block 210, the process
can determine if a current time T is greater than a hold period. A hold period may be a period of
time where the controller 110 maintains the operation of the system 100 in its current operating
state. If the current time T is not greater than the hold period, the process follows the NO path to
block 212. At block 212, the process holds for a hold period. For example, the controller 110
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can wait to take any further action for a predetermined hold period of 30 minutes. At block 210,
if the current time T is greater than the hold period, the process follows the YES path to block
206. Blocks 208, 210, and 212 may collectively be referred to as a hold loop or a hold routine.
Blocks 208, 210, and 212 may pause the therapy system 100 for a predetermined hold period, for
example, one hour.

[0069] At block 206, if the light intensity is greater than the light threshold, the process
follows the YES path to block 214. At block 214, a signal from an activity sensor, such as the
accelerometer 124, can be compared to an activity threshold. For example, the controller 110
may receive signals from the accelerometer 124 indicative of distance, speed, and duration of
movement. In some embodiments, the accelerometer 124 may measure acceleration and
deceleration in micro g in each of three orthogonal directions. The measured acceleration and
deceleration may be used by the controller 110 to determine a distance traveled, a speed of the
travel, and how long the travel took. If the current level of activity is not greater than or equal to
the activity threshold, the process continues on the NO path to block 216. At block 216, the
number of completed activity intervals is compared to the prescribed number of activity
intervals. For example, the controller 110 can compare the value of Ry to the value of P. If the
number of completed activity intervals P is greater than or equal to the prescribed activity
intervals Ry, the user can be alerted at block 218. For example, the controller 110 may actuate a
visual or auditory alert to indicate that the user is engaging in more physical activity than
prescribed. After alerting the user at block 218, the process can determine if therapy is
concluded at block 226. For example, the controller 110 can determine if ambulatory therapy
and negative-pressure therapy have concluded. If ambulatory therapy and negative-pressure
therapy have not concluded, the process can repeat by conducting negative-pressure therapy at
block 201. If ambulatory therapy and negative-pressure therapy have concluded, the process can
terminate.

[0070] If the total number of activity periods P is less than the prescribed number of
activity periods Ry, the process follows the YES path to an activity loop. At block 220, for
example, the user can be prompted to engage in activity. In some embodiments, a prompt may
be a visual and/or auditory message activated by the controller 110 on the user interface 128.

The process returns to block 206, completing the activity loop.
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[0071] At block 214, if the activity is greater than or equal to the activity threshold, the
process can enter an alert loop, and the number of completed activity intervals can be
incremented at block 222. For example, the controller 110 can add 1 to an activity counter, such
as the total number of completed activity intervals P. At block 224, the number of completed
activity intervals P for a period can be compared to a target number of activity intervals, such as
the prescribed activity intervals Ry. For example, the controller 110 can compare the value of P
to the value of Ry. If P is less than Ry, the process follows the NO path, returning to block 206.
If the number of activity intervals P is greater than or equal to the prescribed activity intervals
Ry, the user can be alerted at block 218. For example, the controller 110 may actuate the user
interface 128 to provide a visual or auditory alert to indicate that the user is engaging in more
physical activity than prescribed, ending the alert loop.

[0072] After alerting the user at block 218, the process can determine if therapy is
concluded at block 226. For example, the controller 110 can determine if ambulatory therapy
and negative-pressure therapy have concluded. If ambulatory therapy and negative-pressure
therapy have not concluded, the process can repeat by conducting negative-pressure therapy at
block 201. If ambulatory therapy and negative-pressure therapy have concluded, the process can
terminate.

[0073] Figure 4 is a flow diagram illustrating additional details that may be associated
with the operation of some example embodiments of the therapy system 100. In general, Figure
4 is illustrative of operations that can be implemented in some embodiments of the controller 110
to modify operating parameters based on activity and environment data. In some embodiments,
the controller 110 can activate a sleep mode based on data from an activity sensor, a light sensor,
and a time-of-day chip. For example, a sleep mode may be activated if a signal from an activity
sensor is below an activity threshold, a signal from a light sensor is below a light threshold, and a
time-of-day chip indicates a normal resting period. A sleep mode may also be activated if a
signal from an activity sensor is below an activity threshold and a signal from a light sensor is
below a light threshold. A sleep mode can include changes to the therapy protocol, alarm
thresholds, volume levels, and backlight levels, for example. In some embodiments, the
controller 110 may lower the therapy pressure in a sleep mode if a large leak is detected. For
example, a therapy pressure may be about 125 mm Hg, but if a large leak is detected in a sleep

mode, the therapy system 100 can lower the therapy pressure to 75 mm Hg so that the leak can
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be managed at a lower pump duty without setting off an alarm, and the patient is not disturbed.
The lower therapy pressure may be referred to as a sleep therapy pressure. If data from the
sensors indicates changed conditions, such as an activity signal that exceeds a threshold or a light
signal that exceeds a threshold, the controller 110 may restore an active mode. In an active
mode, the pressure can be restored to the prescribed therapy pressure and an alert regarding the
leak can be reported. In some embodiments, sleep modes can be programmed or learned, and
alarms can be adjusted or delayed until the device determines that the patient is awake. For
example, if a leak or blockage is detected an hour before normal wake-up time, the therapy
system 100 can disable therapy and wait the hour before alerting.

[0074] Referring to Figure 4 for illustration, negative-pressure therapy may be started at
block 301. For example, the controller 110 can operate the negative-pressure source 104 and
receive signals from the pressure sensor 120 and the electric sensor 122 to provide negative-
pressure therapy to the tissue site through the dressing 102. During the process, the controller
110 may receive input from the time-of-day chip 127, allowing the process to monitor the
passage of periods of time during the operations performed herein. At block 302, input from the
light sensor 126 can be compared to a light threshold. For example, the controller 110 can
compare the signal from the light sensor 126 to a sleep threshold intensity, which can be
indicative of a sleep environment. The sleep threshold intensity may vary by patient; generally,
a room lit by a light source emitting less than 200 lumens may be indicative of a sleep
environment. If the light intensity is greater than the light threshold, a standard or active mode
can be started or maintained at block 304. For example, the controller 110 may operate the
therapy system 100 in a standard or active mode to provide negative-pressure therapy and/or
instillation therapy at prescribed therapy levels while monitoring patient activity as described
with respect to Figure 3.

[0075] At block 302, if the light intensity is less than or equal to the light threshold, input
from an activity sensor can be compared to an activity threshold. For example, the controller
110 may receive a signal from the accelerometer 124, which can be indicative of the patient’s
current activity level. In some embodiments, the activity threshold may be set or otherwise
configured by the controller 110 to a value that is indicative of a patient who is sleeping. If an
activity signal is greater than the activity threshold, the controller 110 can activate or continue

operating a standard mode. For example, the controller 110 may operate the therapy system 100
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to provide negative-pressure therapy and/or instillation therapy at prescribed therapy levels while
monitoring patient activity as described with respect to Figure 3. During standard mode
operation, the process may determine if therapy is concluded at block 332. For example, the
controller 110 can determine if ambulatory therapy and negative-pressure therapy have
concluded. If ambulatory therapy and negative-pressure therapy have not concluded, the process
can repeat by conducting negative-pressure therapy at block 301. If ambulatory therapy and
negative-pressure therapy have concluded, the process can terminate.

[0076] At block 306, if an activity signal is less than an activity threshold, the controller
110 can enter a sleep mode at block 308. For example, the controller 110 may reduce therapy
pressure in a sleep mode. A sleep volume may also be set in a sleep mode. For example, the
controller 110 can adjust the volume of audible alarms of the therapy system 100 to one-half the
volume of the audible alarms in an active mode. At block 312, system lighting can also be
reduced. For example, the controller 110 can adjusts the backlight of the user interface 128 and
the intensity of any indicators or other devices of the therapy system 100 that emit light to one-
half the normal operating intensity.

[0077] At block 316, the sleep mode can be held for a hold time. For example, the
controller 110 may hold the sleep mode for a predetermined hold time period of 1 hour. At
block 318, the process compares a light intensity to the light threshold. For example, the
controller 110 receives a signal from the light sensor 126 indicative of the current light intensity
of the patient’s environment. The controller 110 then compares the light intensity received from
the light sensor 126 to the light threshold. If the light intensity is less than or equal to the light
threshold, the process follows the NO path to block 320. At block 320, the process determines if
the activity intensity is greater than the activity threshold. For example, the controller 110
receives a signal from the accelerometer 124 that is indicative of the patient’s current activity
level. If the activity intensity is not greater than the activity threshold, the process follows the
NO path to block 322. At block 322, the process holds for a hold time period, then returns to
block 318.

[0078] At block 320, if the activity intensity is greater than the activity threshold, the
process continues on the YES path to block 324. At block 324, the process operates a sleep
cycle routine. For example, the controller 110 can operate a sleep cycle routine. A sleep cycle

routine may be a logical routine operated by a computing device that can determine a sleep
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pattern of a user based on inputs from a light sensor, an activity sensor, and a timer. For
example, the controller 110 can determine a sleep pattern of a patient using signals from the
accelerometer 124, the light sensor 126, and the time of day chip 127. The sleep cycle routine
can determine a time at which the patient generally appears to be awake, appears to be asleep,
and how long the patient appears to remain asleep. At block 326, the process sets a normal
therapy pressure, a normal volume, and a normal lighting. For example, the controller 110 sets
the therapy pressure to 125 mm Hg for negative-pressure therapy, the volume for the therapy
system to full volume, and the light intensity for the therapy system 100 to full intensity. At
block 328, the process provides therapy under standard operating conditions. For example, the
controller 110 may operate the therapy system 100 to provide negative-pressure therapy and/or
instillation therapy at prescribed therapy levels while monitoring patient activity as described
with respect to Figure 3. During standard mode operation, the process may determine if therapy
is concluded at block 332. For example, the controller 110 can determine if ambulatory therapy
and negative-pressure therapy have concluded. If ambulatory therapy and negative-pressure
therapy have not concluded, the process can repeat by conducting negative-pressure therapy at
block 301. If ambulatory therapy and negative-pressure therapy have concluded, the process can
terminate.

[0079] At block 318, if the light intensity exceeds the light threshold, the process
continues on the YES path to block 330. At block 330, the process determines if the activity
intensity is greater than the sleep threshold activity intensity. For example, the controller 110
receives a signal from the accelerometer 124 indicative of the patient’s current activity and
compares the signal to the activity threshold. If the activity intensity is less than or equal to the
activity threshold, the process follows the NO path to block 322. At block 322, the process holds
for a hold time period, then returns to block 318. At block 330, if the activity intensity is greater
than the activity threshold, the process continues on the YES path to block 324 and follows the
process described above.

[0080] In some embodiments, the system can detect orientation of the therapy device,
allowing the therapy device to alert the user if the user has placed the therapy device in an un-
favorable position or if the canister filter is blocked due to a tilt of a canister. In still other
embodiments, the accelerometer 124 may be used to detect and log patterns of use, feedback

regarding pump activation, user interface control, such as sensing with the device is placed face
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down, implying that display can be dimmed, and dead-reckoning estimates through temporary
dead zones. In some embodiments, the controller 110 can record and report activity for
compliance review.

[0081] In some embodiments, the total number of completed activity intervals P for a
particular therapy period can be stored by the controller 110. The total number of completed
activity intervals P for the particular time period may be accessed at a later time by a clinician or
other user, for example, through the user interface 128, so that the data may be used to aid in
diagnosis of the patient’s condition and the appropriate treatment for the patient. For example,
the data, including total number of completed activity intervals P, time-of-day information,
activity intensity information, can be used to determine if a depressed patient got out of bed, or if
the patient deviated from therapy or the patient’s normal routine. The total number of sleep
cycles may also be stored by the controller 110. The information can be accessed at a later time
by a clinician or other user, for example, through the user interface 128, to determine whether a
patient is getting sufficient sleep and whether the duration of the patient’s sleep is sufficient to
accumulate appropriate rapid eye movement (“REM?”) sleep.

[0082] The systems, apparatuses, and methods described herein may provide significant
advantages. For example, a clinician can prescribe a program of mobility for a patient, who can
be prompted to comply. The patient’s activity can be recorded, providing the clinician with a
report of activity and rest periods. Alarms and other user interfaces can be adapted based on
signals from activity and environment sensors indicative of a patient sleeping or resting to reduce
or minimize patient disruptions. The prescribed program can be reasserted when the patient is
awake. In some embodiments, the system can provide alerts if the product is placed in an un-
favorable position or has been dropped. The system can record data about impacts and any
concerns that may need to be alerted to the manufacturer upon return or servicing. The device
can also alert the patient if a very significant impact may have caused damage to the device and
place the product in a safe mode where settings are restricted and pressure lowered. A sudden
acceleration of the device may indicate that the patient has fallen; the device can alert a clinician,
user, or provider to check the device if a sudden acceleration is detected. The device can reduce
disruptions to daily activities and rest, while encouraging compliance with ambulatory therapy
prescriptions. In systems including instillation therapy, the system can avoid or delay instillation

therapy during determined sleeping periods.
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[0083] While shown in a few illustrative embodiments, a person having ordinary skill in
the art will recognize that the systems, apparatuses, and methods described herein are susceptible
to various changes and modifications. Moreover, descriptions of various alternatives using terms
such as “or” do not require mutual exclusivity unless clearly required by the context, and the
indefinite articles "a" or "an" do not limit the subject to a single instance unless clearly required
by the context. Components may be also be combined or eliminated in various configurations
for purposes of sale, manufacture, assembly, or use. For example, in some configurations the
dressing 102, the container 112, or both may be eliminated or separated from other components
for manufacture or sale. In other example configurations, the controller 110 may also be
manufactured, configured, assembled, or sold independently of other components.

[0084] The appended claims set forth novel and inventive aspects of the subject matter
described above, but the claims may also encompass additional subject matter not specifically
recited in detail. For example, certain features, elements, or aspects may be omitted from the
claims if not necessary to distinguish the novel and inventive features from what is already
known to a person having ordinary skill in the art. Features, elements, and aspects described
herein may also be combined or replaced by alternative features serving the same, equivalent, or
similar purpose without departing from the scope of the invention defined by the appended

claims.
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CLAIMS

What is claimed is:

1. A system for providing therapy to a tissue site, the system comprising:

a light sensor;

a motion sensor;

a therapy unit including a source of negative pressure; and

a controller communicatively coupled to the source of negative pressure, the light
sensor, and the motion sensor, the controller configured to:
receive a first signal from the light sensor indicative of ambient light,
receive a second signal from the motion sensor indicative of activity,
activate an alert based on the first signal and the second signal, and

adjust an alert threshold based on the first signal and the second signal.

2. The system of claim 1, wherein the controller is further configured to determine a number of

activity intervals based on the second signal.

3. The system of claim 2, wherein the alert is activated if the first signal is greater than a light

threshold, the second signal is less than an activity threshold, and the number of activity

intervals is less than a target number.

4. The system of claim 2, wherein the alert is activated if the number of activity intervals is

greater than a target number.

5. The system of claim 2, wherein:

a first alert is activated if the first signal is greater than a light threshold, the second
signal is less than an activity threshold, and the number of activity intervals is
less than a target number; and

a second alert is activated if the number of activity intervals is greater than a target

number.

6. The system of any of claims 1-5, further comprising a tissue interface configured to be

positioned adjacent the tissue site.
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The system of claim 6, further comprising a sealing member configured to be positioned over

the tissue interface to form a sealed space.

The system of claim 6, further comprising the source of negative pressure configured to be
fluidly coupled to the tissue interface, and the controller is configured to operate the source

of negative pressure to deliver a therapy pressure to the tissue interface.

The system of claim 8, wherein the controller is further configured to modify an operating

parameter based on the first signal and the second signal.

The system of claim 8, wherein the controller is further configured to reduce the operating
parameter if the first signal is less than a light threshold and the second signal is less than an

activity threshold.
The system of any of claims 9 or 10, wherein the operating parameter is the therapy pressure.

The system of any of claims 9 or 10, wherein the operating parameter is a light intensity or a

sound intensity.

The system of claim 1, wherein the controller is further configured to receive an ambulatory
therapy and determine if a user is complying with the ambulatory therapy based the first

signal and the second signal.

The system of claim 1, wherein the light sensor is a photosensor.

The system of claim 1, wherein the light sensor is a camera.

The system of claim 1, wherein the motion sensor is an accelerometer.

The system of claim 1, wherein the therapy device includes an active mode and a sleep mode.

The system of claim 20, wherein the therapy device further comprises a user interface

configured to receive a selection of the active mode or the sleep mode.

The system of claim 20, wherein the controller is configured to select the active mode and

the sleep mode in response to the first signal and the second signal.
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20. A system for providing negative-pressure therapy, the system comprising:
a tissue interface configured to be positioned adjacent a tissue site;
a sealing member configured to be positioned over the tissue interface to form a sealed
space;
a negative-pressure source configured to be fluidly coupled to the sealed space;
a light sensor;
a motion sensor; and
a controller communicatively coupled to the negative-pressure source, the light sensor,
and the motion sensor, the controller configured to:
receive a signal from the light sensor and a signal from the motion sensor,
actuate the source of negative pressure, and
modify an operating parameter of the negative-pressure source in response to the

signal from the light sensor and the signal from the motion sensor.

21. The system of claim 20 wherein the operating parameter is a therapy pressure of the

negative-pressure source.

22. The system of claim 20 wherein the operating parameter is a therapy pressure of the

negative-pressure source, a light intensity, or a sound intensity.
23. The system of any of claims 20-22, wherein the light sensor is a photosensor.
24. The system of any of claims 20-22, wherein the light sensor is a camera.
25. The system of any of claims 20-22, wherein the motion sensor is an accelerometer.

26. The system of any of claims 20-22, wherein the controller is configured to adjust a therapy
pressure to a sleep therapy pressure if the signal from the light sensor is less than a light

threshold and the signal from the motion sensor is less than an activity threshold.

27. The system of any of claims 20-22, wherein the controller is configured to adjust a light
intensity of the system to a sleep intensity if the signal from the light sensor is less than a

light threshold and the signal from the motion sensor is less than an activity threshold.
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The system of any of claims 20-22, wherein the controller is configured to adjust a volume of
the system to a sleeping system volume if the signal from the light sensor is less than a light

threshold and the signal from the motion sensor is less than an activity threshold.

The system of any of claims 20-22, wherein if the signal from the light sensor is less than a
light threshold and the signal from the motion sensor is less than an activity threshold, the
controller is further configured to:

adjust a therapy pressure of the system to a sleep therapy pressure;

adjust a light intensity of the system to a sleep threshold intensity; and

adjust a volume of the system to a sleep system volume.

The system of claim 26 or claim 29, wherein the therapy pressure is about 125 mm Hg and

the sleep therapy pressure is about 75 mm Hg.

The system of claim 27 or claim 29, wherein the sleep threshold intensity is about one-half

the light intensity.

The system of claim 28 or 29, wherein the sleeping system volume of the system is about

one-half of the volume.

The system of claim 26, wherein the controller is further configured to prompt a user to
engage in ambulatory therapy a prescribed number of therapy periods if the signal from the
light sensor is greater than the light threshold or the signal from the motion sensor is greater

than the activity threshold.

The system of claim 26, wherein the controller is further configured to prompt a user to
engage in ambulatory therapy a prescribed number of therapy periods if the signal from the
light sensor is greater than the light threshold and the signal from the motion sensor is greater

than the activity threshold.
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35. A method for providing negative-pressure therapy, the method comprising:
providing a therapy system having:

a light sensor;

a motion sensor;

a controller communicatively coupled to the light sensor and the motion sensor, the
controller configured to receive input from the light sensor and the motion
sensor, and conduct ambulatory therapy in response to the input;

coupling the motion sensor to a patient;

receiving a prescribed number of activity periods;

monitoring signals received from the light sensor and the motion sensor; and

in response to the signals received from the light sensor and the motion sensor, prompting the

patient to engage in ambulation.
36. The method of claim 35, wherein the light sensor is a photosensor.
37. The method of claim 35, wherein the light sensor is a camera.
38. The method of claim 35, wherein the motion sensor is an accelerometer.

39. The method of claim 35, further comprising positioning a dressing adjacent to a tissue site of

the patient.

40. The method of claim 39, further comprising fluidly coupling a negative-pressure source to
the dressing, wherein the controller is communicatively coupled to the negative-pressure

source to provide negative-pressure therapy.

41. The method of claim 39, wherein placing the dressing comprises:
positioning a tissue interface adjacent to the tissue site; and

positioning a cover over the tissue interface to form a sealed space.

42. The method of claim 41, wherein the tissue interface comprises a manifold.
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43. The method of claim 35, wherein the method further comprises:
receiving a signal of a light intensity from the light sensor;
comparing the light intensity to a light threshold;
if the light intensity is not greater than the light threshold, operating a hold loop; and
if the light intensity is greater than the light threshold, operating an activity loop.

44. The method of claim 43, wherein the hold loop comprises:
starting a timer;
comparing a current time to a hold period; and
if the current time is not greater than the hold period, holding for a predetermined time

period.

45. The method of claim 41, wherein the activity loop comprises:
receiving an activity signal from the activity sensor;
comparing the current activity to an activity threshold;
if the current activity is greater than the activity threshold, operating an alert loop; and
if the current activity is not greater than the activity threshold, providing a prompt to

engage in prescribed activity.

46. The method of claim 45, wherein the alert loop comprises:
increasing an activity counter by 1;
comparing the activity counter to a prescribed number of activity periods; and
if the completed number of activity periods is greater than or equal to the prescribed number

of activity periods, providing an alert.
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47. A method for providing negative-pressure therapy, the method comprising:
providing a therapy system having:

a light sensor;

a motion sensor;

a controller communicatively coupled to the light sensor and the motion sensor, the
controller configured to receive input from the light sensor and the motion
sensor, and adjust operating parameters of negative-pressure therapy in
response to the input;

coupling the motion sensor to a patient;

receiving a prescribed number of activity periods;

monitoring signals received from the light sensor and the motion sensor; and

in response to the signals received from the light sensor and the motion sensor, determining
whether to enter a sleep mode;

if the sleep mode is entered, adjusting operating parameters of negative-pressure therapy to
operate in a sleep mode; and

if the sleep mode is not entered, adjusting operating parameter of negative-pressure therapy

to operate in a normal mode.
48. The method of claim 47, wherein the light sensor is a photosensor.
49. The method of claim 47, wherein the light sensor is a camera.
50. The method of claim 47, wherein the motion sensor is an accelerometer.

51. The method of claim 47, wherein the method further comprises positioning a dressing

adjacent to a tissue site.

52. The method of claim 51, wherein the method further comprises fluidly coupling a negative-
pressure source to the dressing, wherein the controller is communicatively coupled to the

negative-pressure source to provide negative-pressure therapy.
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The method of claim 51, wherein positioning the dressing comprises:
positioning a tissue interface adjacent to the tissue site; and

positioning a cover over the tissue interface to form a sealed space.
The method of claim 53, wherein the tissue interface comprises a manifold.

The method of claim 47, wherein operating in a sleep mode comprises:
setting a therapy pressure to a sleep therapy pressure;
setting an operating volume to a sleep operating volume; and

setting an operating lighting to a sleep operating lighting.
The method of claim 55, wherein the sleep therapy pressure is about 75 mm Hg.

The method of claim 55, wherein the sleep operating volume is about one-half a normal

operating volume.

The method of claim 55, wherein a sleep operating lighting is about one-half a normal

operating lighting.
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59. An apparatus for managing therapeutic activity of a patient, the apparatus comprising:
a light sensor configured to provide a light signal indicative of ambient light;
an activity sensor configured to provide an activity signal indicative of the patient’s
activity; and
a controller coupled to the light sensor and to the motion sensor, the controller
configured to:
compare the light signal to a light threshold,
compare the activity signal to an activity threshold,
determine a number of activity intervals based on the activity signal,
prompt the patient to increase activity if the light signal is greater than the light
threshold, the activity signal is less than the activity threshold, and the

number of activity intervals is less than a target number.

60. The apparatus of claim 59, wherein the controller is further configured to modify an

operating parameter based on the light signal and the activity signal.

61. The apparatus of claim 59, wherein the controller is further configured to modify an
operating parameter if the light signal is less than the light threshold or the activity signal is
less than the activity threshold.

62. The apparatus of claim 59, wherein the controller is further configured to modify an
operating parameter if the light signal is less than the light threshold and the activity signal is
less than the activity threshold.
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63. An apparatus for providing negative-pressure therapy, the apparatus comprising:
a negative-pressure source;
a light sensor configured to provide a light signal indicative of ambient light;
an activity sensor configured to provide an activity signal indicative of the patient’s
activity; and
a controller coupled to the negative-pressure source, to the light sensor, and to the
motion sensor, the controller configured to:
compare the light signal to a light threshold,
compare the activity signal to an activity threshold, and
modify an operating parameter if the light signal is less than the light threshold
and the activity signal is less than the activity threshold.

64. The apparatus of claim 63, wherein the operating parameter is an alarm threshold.

65. The apparatus of claim 63, wherein the operating parameter is a therapy pressure of the

negative-pressure source.
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66. A method for providing negative-pressure therapy, the method comprising:
providing a therapy system having:

a light sensor;

a motion sensor;

a user interface;

a controller communicatively coupled to the light sensor and the motion sensor, the
controller configured to receive input from the light sensor and the motion
sensor, and adjust operating parameters of negative-pressure therapy in
response to the input;

setting one of an active mode and a sleep mode of the therapy system with the user interface;

monitoring signals received from the light sensor and the motion sensor; and

in response to the signals received from the light sensor and the motion sensor, determining
whether to enter the sleep mode;

if the sleep mode is entered, adjusting operating parameters of negative-pressure therapy to
operate in the sleep mode; and

if the sleep mode is not entered, adjusting operating parameter of negative-pressure therapy

to operate in the active mode.
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67. A method for providing negative-pressure therapy, the method comprising:
providing a therapy system having:
a light sensor;
a motion sensor;

a user interface;

a controller communicatively coupled to the light sensor and the motion sensor, the
controller configured to receive input from the light sensor and the motion
sensor, and adjust operating parameters of negative-pressure therapy in
response to the input;

setting one of an active mode and a sleep mode of the therapy system with the user interface;
monitoring signals received from the light sensor and the motion sensor; and

transmitting the signals received from the light sensor and the motion sensor to a remote

SCTVCET.

68. The systems, apparatuses, and methods substantially as described herein.
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