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(57) Abstract: Embodiments of negative pressure wound therapy systems and methods for operating the systems are disclosed. In
some embodiments, a system includes a negative pressure source, a sensor, and a controller. The negative pressure source can provide
negative pressure via a fluid flow path to the wound dressing. The sensor can monitor pressure in the fluid flow path. The controller
can determine whether the wound dressing is coupled to a wound from a change in magnitude of pressure in the fluid flow path over
time being more indicative of a steady state condition than a chaotic condition while the negative pressure source maintains negative
pressure in the fluid flow path within a pressure range. In addition, the controller can output a first indication denoting that the wound
dressing is coupled to the wound and a second indication denoting that the wound dressing is not coupled to the wound.
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AUTOMATIC WOUND COUPLING DETECTION IN NEGATIVE PRESSURE
WOUND THERAPY SYSTEMS

CROSS-REFERENCE TO RELATED APPLICATIONS
{80011 This application claims the benefit of U.S. Provisional Application
No. 62/335978, filed May 13, 2016, and U.S. Provisional Application No.
62/378,856, filed August 24, 20186, the disclosures of which are hereby incorporated

by reference in their entirety.

BACKGROUND
{00021 Embodimenis of the present disclosure relale to methods and
apparatuses for dressing and treating a wound with negative or reduced pressure
therapy or topical negatlive pressure (TNP) therapy. In particular, but withowt
imitation, embodiments disclosed herein relale to negative pressure therapy
devices, methods for controlling the operation of TNP systems, and methods of

using TNP systems.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Embodimenis of the present disclosure will now be described
hereinafter, by way of example only, with reference {o the accompanying drawings in
which:

{0004] Figure 1 illustrates a negative pressure wound therapy system
according o some embodiments.

[0008] Figures 2A, 2B, and 2C illustrate a pump assembly and canister
according to some embodiments.

[0006] Figures 3A, 3B, 3C, 3D, 3k, 3F, and 3G illusirate components of a
negative pressure therapy system according to some embodimenis.

[G007] Figure 4 ilustraies components of a negative pressure therapy

system that includes multiple sensors according to some embodiments.
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{0008] Figure b illustrates a wound coupling detection process according
o some embodiments.

[6009] Figures 6 and 7 illustrate example pressure versus time curves for
a negative pressure therapy system according o some embodiments.

[0010] Figures 8, 9, and 10 illustrate variations due {0 a gas leak, change

in fivid rate, and change in vacuum level according to some embodiments.

SUMMARY

{00111  In some embodiments, an apparatus for applying negative pressure
to a wound is disclosed. The apparatus can include: a negative pressure source
configured to couple via a fluid flow path {0 a wound dressing and provide negative
pressure to the wound dressing; a sensor configured to monitor pressure in the fluid
flow path, and a controlier configured to: determine that the wound dressing is
coupled to a wound from a change in a magnitude of pressure in the fluid flow path
over a lime duration being indicative of a steady stale condition while the negative
pressure source maintains negative pressure in the fluid flow path within a target
pressure range, output a first indication denoting that the wound dressing is coupled
to the wound, determine that the wound dressing is not coupled to the wound from
the change in the magnitude of pressure in the fluid flow path over the time duration
being indicative of a chaotic condition while the negative pressure source maintains
negative pressure in the fluid flow path within the {arget pressure range, and output
a second indication different from the first indication denoting that the wound
dressing is not coupled to the wound.

[6012] The apparatus of the preceding paragraph can include one or more
of the following features: The controller is further configured {o: in response {o the
determination that the wound dressing is coupled to the wound, store, in @ memory
device, device usage data indicating a compliant use of the negative pressure
source. The controller is further configured to: in response io the determination that
the wound dressing is not coupled 1o the wound, store, in a memory device, device
usage data indicating a misuse use of the negative pressure source. The device

usage data comprises one or more of a pressure level, an alarm, an exudate level,
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an event log, or a therapy duration. The controller is further configured to compare a
measure of irregularity of the change in the magnitude over the time duration to a
threshold to determine whether the change in the magnitude over the time duration
is indicative of the steady state condition. The measure of irregularity is responsive
o the change in the magnitude over the time duration of at least 1 second, 10
seconds, 30 seconds, 1 minute, or 5 minutes. The conirolier is further configured to:
perform a statistical operation, a trending operation, a fillering operation, a
cumulative summation operation, or a low-pass filkering operation on the magnitude
over the time duration to generate an output value; and determine that the change in
the magnitude over the time duration is indicative of the steady staie condilion in
response (o a determination that the oufput value is indicative of the steady state
condition. The coniroller is configured to determine that the change in the
magnitude over the time duration is indicative of the steady siate condition from a
time domain representation of the magnitude over the time duration and a frequency
domain representation of the magnitude over the time duration. The controller is
further configured o compare the magnitude over the time duration {0 a pressure
pattern to determine whether the change in the magnitude over the time duration is
indicative of the steady state condilion. The pressure pattern is indicative of
pressure in the fluid flow path when the wound dressing is coupled to the wound
while the negative pressure source mainiains negative pressure in the fiuid flow path
within the target pressure range. The pressure pattern is indicative of pressure in
the fluid flow path when the wound dressing is not coupled to the wound while the
negative pressure source maintains negative pressure in the fiuid flow path within
the farget pressure range. The first indication denotes a compliant use of the
negative pressure source, and the second indication denoctes a non-compliant use of
the negative pressure source. The coniroller is further configured to: output the first
indication for storage in a memory device, or cutput the second indication for storage
in the memory device. The controlier is further configured to. outpul the first
indication by causing a transmitter to transmit the first indication {0 a computing
device via a communication network, or output the second indication by causing the

transmitier to transmil the second indication to the computing device via the
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communication network. The controller is further configured {o: ouiput the first
indication for presentation to a user, or output the second indication for presentation
o the user. The fluid flow path comprises at least one lumen. The fluid flow path
comprises a plurality of lumens. The controller is configured fo activate and
deactivate the negative pressure source responsive to the first indication or the
second indication. The negative pressure source is configured to perform negative
pressure therapy when the magnitude over the time duration is maintained within the
target pressure range.

[0013] In some embodiments, a method of operating a negative pressure
wound therapy apparatus is disclosed. The method can include: providing negative
pressure 10 a wound dressing via a fluid flow path using a negalive pressure source,
monitoring with a sensor pressure in the fluld flow path; determining whether the
wound dressing is coupled to a wound from a change in a magnitude of pressure in
the fluid flow path over a time duration being indicative of a steady state condition
while maintaining negative pressure in the fluid flow path within a target pressure
range; in response to determining that the wound dressing is coupled to the wound
from the change in the magnitude over the time duration, outputting a first indication
denoting that the wound dressing is coupled o the wound, and in response o
determining that the wound dressing is not coupled o the wound from the change in
the magnitude over the time duration, cutputling a second indication different from
the first indication dencting that the wound dressing is not coupled to the wound.

[0014] The method of the preceding paragraph can include one or more of
the following features. The method can further include storing, in a memory device,
device usage data associated with a compliant use of the negative pressure wound
therapy apparatus in response to determining the wound dressing is coupled to the
wound. The method can further include storing, in @ memory device, device usage
data asscociated with a misuse use of the negative pressure wound therapy
apparatus in response {o determining the wound dressing is not coupled {o the
wound. The device usage dala comprises one or more of a pressure level, an
alarm, an exudate level, an event log, or a therapy duration. Said determining

comprises comparing a measure of irregularity of the change in the magnitude over
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the time duration to a threshold. The measure of irregularity i3 responsive fo the
change in the magnitude over the time duration of at least 1 second, 10 seconds, 30
seconds, 1 minute, or 5 minutes. The method can further include performing a
statistical operation, a trending operation, a fillering operation, a cumulative
summation operation, or a low-pass filtering operation on the magnitude over time to
generate an output value, wherein said determining comprises determining whether
the change in the magnitude over the time duration is indicative of the steady stale
condition in response o determining that the output value is indicative of the steady
staie condition. The method can further include comparing the magnitude over the
time duration 10 a pressure pattern o determine whether the change in the
magnitude over the time duration is indicative of the steady state condition.

{60151 In some embodiments, an apparatus for applying negative pressure
o a wound is disclosed. The apparatus comprising. a negalive pressure source
cortfigured to couple via a fluid flow path to a wound dressing and provide negative
pressure to the wound dressing, a sensor configured to monitor pressure in the fluid
flow path; and a controlier configured to: based at least in part on the pressure in the
fluid flow path, determine that the wound dressing is coupled to a wound based on at
least one of detection of change in flow of gas in the fluid flow path, detectlion of
change in flow of exudaie in the fluid flow path, change in vacuum level if the fluid
flow path, or detection of presence of blood in the fluid flow path, and ocutput an
indication that the wound dressing is coupled {o the wound.

[0018] The apparstus of the preceding paragraph can include one or more
of the following features: The coniroller is configured {o determine that the wound
dressing s coupled o the wound further based on an aclivity level of the negative
pressure source. The negalive pressure source comprises a pump operated by an
actuator, and wherein the activily level comprises at least one of a pump speed, a
pulse width modulation (PWM) signal configured {o drive the actuator, or a current
signal configured to drive the actuator. The controller is configured to determine a
first indicator associated with change in the aclivity level over a time duration. The
first indicator comprises a siatistical indicator. The controller is further configured to

perform a time series analysis to determine if the first indicator deviates from a first
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threshold and in response to a determination that the first indicator deviates from the
first threshold, determine that the wound dressing is coupled to the wound. The time
series analysis comprises determination of a cumulative sum (Cusum) of the first
indicator. The Cusum of the first indicators comprises a non-causal Cusum, sliding
causal Cusum, or cumulative causal Cusum. The first indicator comprises kurtosis
of standard deviation of the activily level, and wherein the first indicator is indicative
of a change in flow of exudate in the fluid flow path. The controller is further
configured to determine a cumuiative sum (Cusum) of second indicator associated
with change in the activity level over the time duration, the second indicator different
from the first indicator. The second indicator comprises standard deviation of the
activity level indicalive of a change in a gas leak rate in the fluid flow path, and the
controlier is further configured {o determine if the second indicalor deviates from a
second threshold and in response {0 a determination that the second indicator
deviates from the second threshold, determine that the wound dressing is coupled {o
the wound. The controller is further configured {o determine a cumulative sum
{Cusum) of third indicator associated with change in the pressure in the fluid flow
path over the time duration, the third indicator different from the first and second
indicators. The third indicator comprises mean pressure in the fluid flow path
indicative of a change in negative pressure in the fluid flow path, and the controller is
further configured to determine if the third indicator deviates from a third threshold
and in response to a determination that the third indicator deviates from the third
threshold, determine that the wound dressing is coupled to the wound.

{00171  In some embodimenis, a method for applying negative pressure to
a wound is disclosed. The method can include: providing negative pressure with a
negative pressure source to a wound dressing via a fluid flow path;, monitoring
pressure in the fluid flow path; and based at least in part on the pressure in the fluid
flow path, determining that the wound dressing is coupled to a wound from one of
detection of change in flow of gas in the fluid flow path, detection of change in flow of
exudate in the fluid flow path, change in vacuum level if the fluid flow path, or
detection of presence of blocd in the fluid flow path; and oculputting an indication that

the wound dressing is coupled to the wound.
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{6018] The method of the preceding paragraph can include one or more of
the following features: Said determining comprises determining that the wound
dressing is coupled to the wound further from an activity level of the negative
pressure source. The negative pressure source comprises a pump operated by an
actuator, and the aclivity level comprises at least one of a pump speed, a pulse
width modulation (PWM) signal configured {o drive the aciuator, or a current signal
configured to drive the actuator. The method can further include determining a first
indicator associated with change in the aclivity level over a time duration. The first
indicator comprises a slalistical indicator. The method can further include
performing a time series analysis {0 determine if the first indicator deviates from a
first threshold and, in response to determining that the first indicator deviates from
the first threshold, determining that the wound dressing is coupled o the wound.
The time series analysis comprises determination of a cumulative sum (Cusum) of
the first indicator. The Cusum of the first indicators comprises a non-causal Cusum,
sliding causal Cusum, or cumulative causal Cusum. The first indicator comprises
kurtosis of standard deviation of the activity level, and the first indicator is indicative
of a change in flow of exudate in the fluid flow path. The method can further include
determining a cumulative sum {Cusum) of second indicaior associated with change
in the aclivity level over the time duration, the second indicator different from the first
indicator. The second indicator comprises standard deviation of the aclivity level
indicative of a change in a gas leak rate in the fluid flow path, and the method can
further include determining if the second indicator deviates from a second threshold
and, in response o determining that the second indicator deviales from the second
threshold, determining that the wound dressing is coupled io the wound. The
method can further include determining a cumulative sum {Cusum) of third indicator
associated with change in the pressure in the fluid flow path over the time duration,
the third indicator different from the first and second indicators. The third indicator
comprises mean pressure in the fluid flow path indicative of a change in negative
pressure in the fluid flow path, and the method can further include delermining if the

third indicator deviates from a third threshold and, in response o determining that
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the third indicator deviates from the third threshold, determining that the wound

dressing is coupled to the wound.

DETAILED DESCRIFPTION

[0018] The present disclosure reiates to methods and apparatuses for
dressing and treating a wound with reduced pressure therapy or topical negative
pressure (TNP) therapy. In particular, but without limitation, embodiments of this
disclosure relate to negatlive pressure therapy apparatuses, methods for controlling
the operation of TNP systems, and methods of using TNP systems. The methods
and apparatuses can incorporate or implement any combination of the features
described below.

{00201 TNP therapy can assist in the closure and healing of many forms of
‘hard to heal” wounds by reducing tissue oedema, encouraging blood flow and
granular tissue formation, or removing excess exudate and can reduce bacterial load
{and thus infection risk). In addition, TNP therapy may allow for less disturbance of
a wound leading to more rapid healing. TNP systems can also assist in the healing
of surgically closed wounds by removing fluid or help to stabilize the lissue in the
apposed position of closure. A further beneficial use of TNP therapy can be found in
grafts and flaps where removal of excess fluid is imporiant and close proximity of the
grafi to tissue is required in order (o ensure tissue viability.

[6021] Asis used herein, reduced or negative pressure levels, such as -X
mmHg, represent pressure levels that are below atmospheric pressure, which
typically corresponds to 760 mmHg (or 1 atm, 29.93 inHg, 101.325 kPa, 14.696 psi,
gtc.). Accordingly, a negative pressure value of —X mmHg reflects pressure that is X
mmHg below atmospheric pressure, such as a pressure of (780-X) mmHg. In
addition, negative pressure that is “less” or “smaller” than —X mmHg corresponds to
pressure that is closer to aimospheric pressure {(e.q., —-40 mmHg is less than -60
mmHg). Negative pressure that is “more” or “greater” than - mmHg corresponds
to pressure that is further from atmospheric pressure (e.g., —80 mmHg is more than
~60 mmHg).
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Querview

[0022] It may be difficult, in some instances, o confirm whether a negative
pressure source, such as a pump, of a TNP apparatus (sometimes referred {o herein
as a pump assembly) is in use on a patient. A TNP apparatus can log the usage of
its negative pressure source as a function of time belween the aclivation and
deactivation of the negative pressure source, as well as log events such as alarms,
measured pressure, or changes to a therapy program administered by the TNP
apparatus. However, the time between the activation and deactivation and the log
gvents may not enable the TNP apparatus to confidently determine whether the
negative pressure source is aclivated but not coupled via a fluid flow path {o a
wound.  The TNF apparatus may, for instance, be unable {o distinguish with
cortfidence whether the negalive pressure source is being used o treat a wound or
instead being used while uncoupled from g wound and simply placed aside or in
storage with the wound dressing not forming a substantially fluid tight seal over any
surface or forming the seal over a surface other than tissue of the patient (for
example, the dressing may be positioned over a table, door, elc). Moreover, the
TNP apparatus may be used for training, tampered with in a way that impacis
treatment, or it may take g long time to set up use on a patient. As a result, it may be
difficult {o distinguish data collected from such uses or situations and data collected
from treatment use on the patient.

[0023] In order to accurately understand the usage of a TNP apparatus, i
can be desirable o know with greater confidence if a negative pressure source of
the TNPF apparatus is in use on a patient. For example, it may be desirable {o
monitor compliance of use of the TNP apparatus and thus to determine whether the
TNP apparatus is being used in a complaint manner, such as to treat 8 wound, or
instead being used in a non-compliant matier, such as being turned on but left
unconnected to a wound.

{0024] Advantageously, in cerfain embodiments, a TNP apparatus can
automatically detect whether a negalive pressure source of TNP apparatus is
coupied via a fluid flow path to a wound, such as the wound cavily 110. As a resulf,
the TNP apparatus can automatically determine whether the TNP apparatus is in
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use on a patient and thus used in a compliant manner. This aufomatic determination
by the TNP apparatus can moreover enable data collected by the TNP apparatus for
diagnosis or compliance of the patient {0 be validated as resulting from therapeutic
use on the patient.

[0025] In one implementation, a TNP apparatus can analyze a magnitude
of pressure (such as by measuring raw peak-io-peak pressure readings) in a TNP
system that includes the TNP apparatus {o determine whether the negative pressure
source is pumping on or against a wound dressing coupled {0 a wound, such as the
wound cover 120 and the wound filler 130 coupled to the wound cavity 110, or
against its own system {(for example, the negative pressure source or the wound
dressing may be left uncoupled or instead may be coupled {o something other than a
wound like an inanimate object). When the negative pressure source may be
maintaining pressure against its own system rather than against the wound dressing
coupled o the wound, the magnitude of pressure in the TNP sysiem can relatively
quickly begin o follow a regular pattern or reach a steady state condition because
there may be no liquid moving through the TNP system and the TNP system may
not be moving or flexing irregularly. The TNP apparatus can accordingly determine
whether the change in the magnitude of pressure in the TNP system follows an
irregular patiern or a chaoctic condition indicative of use of the TNP apparaius on a
patient or a regular pattern or a steady state condition not indicative of use of the
TNP apparatus on a patient.

[0026] Moreover, a TNF apparatus can analyze arlifacts in a pressure
signal to determine whether the negative pressure source s pumping against a
wound dressing coupled to a wound. The artifacts can be produced by mechanical
or fluidic changes in a TNP system that includes the TNF apparatus. For example,
mechanical movement at a wound (for example, due to patient's movement) coupled
to a wound dressing can manifest as an artifact in the pressure signal. As another
example, liquid passage in the TNP system can manifest as an artifact in the
pressure signal. Notably, some artifacts may appear {0 be random while other
artifacts, such as from pulse or respiragtion, may follow a substantially periodic

pattern.

-10-
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Negative Prassure System

{00271 Figure 1 illustrates an embodiment of a negalive or reduced
pressure wound treatment (or TNP) system 100 comprising & wound filler 130
placed inside a wound cavity 110, the wound cavity sealed by a wound cover 120,
The wound filler 130 in combination with the wound cover 120 can be referred to as
wound dressing. A single or mulli lumen tube or conduit 140 is connecled the
wound cover 120 with a pump assembly 150 configured to supply reduced pressure.
The wound cover 120 can be in fluidic communication with the wound cavity 110. In
any of the system embodiments disclosed herein, as in the embodiment illustrated in
Figure 1, the pump assembly can be a canisterless pump assembly (meaning that
exudate is coliected in the wound dressing or is transferred via ifube 140 for
collection to another location). However, any of the pump assembly embodiments
disclosed herein can be configured to include or support a canister. Additionally, in
any of the system embodiments disclosed herein, any of the pump assembly
embodiments can be mounted {o or supporied by the dressing, or adiacent to the
dressing.

{0028 The wound filler 130 can be any suitable type, such as hydrophilic
or hydrophobic foam, gauze, inflatable bag, and so on. The wound filler 130 can be
conformabie to the wound cavity 110 such that it subsiantially fills the cavily. The
wound cover 120 can provide a substantially fluid impermeable seal over the wound
cavity 110. The wound cover 120 can have a top side and a bottom side, and the
bottom side adhesively {(or in any other suitable manner} seals with wound cavity
110, The conduit 140 or lumen or any other conduit or lumen disclosed herein can
be formed from polyurethane, PVC, nylon, polysthylene, silicone, or any other
suitable material.

[06028] Some embodimenis of the wound cover 120 can have a port (not
shown) configured 1o receive an end of the conduit 140. For example, the port can
be Renays Soft Port available from Smith & Nephew. In other embodiments, the
conduit 140 can otherwise pass through or under the wound cover 120 to supply

reduced pressure o the wound cavily 110 so as o maintain a desired level of

~14-
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reduced pressure in the wound cavily. The conduit 140 can be any suitable article
configured {0 provide at least a substantially sealed fluid flow pathway between the
pump assembly 150 and the wound cover 120, so as to supply the reduced pressure
provided by the pump assembly 150 to wound cavity 110,

[0030] The wound cover 120 and the wound filler 130 can be provided as
a single article or an integrated single unit. In some embodiments, no wound filler is
provided and the wound cover by itself may be considered the wound dressing. The
wound dressing may then be connected, via the conduit 140, to a source of negative
pressure, such as the pump assembly 150, The pump assembly 150 can be
miniaturized and porigble, sithough larger conventional pumps such can also be
used.

{00311 The wound cover 120 can be iocated over a wound site 1o be
treated. The wound cover 120 can form a substantially sealed cavily or enclosure
over the wound site. In some embodiments, the wound cover 120 can be configured
to have a film having a high water vapor permeability 1o enable the evaporation of
surplus fluid, and can have a superabsorbing material contained therein {o safely
absorb wound exudate. It will be appreciated that throughout this specification
reference is made to a wound. In this sense it is {0 be understood that the term
wound is {0 be broadly construed and encompasses open and closed wounds in
which skin is tormn, cut or punclured or where trauma causes a contusion, or any
other surficial or other condilions or imperfections on the skin of a patient or
otherwise that benefit from reduced pressure freatment. A wound is thus broadly
defined as any damaged region of tissue where fluid may or may not be produced.
Examples of such wounds inciude, but are not limited o, acute wounds, chronic
wounds, surgical incisions and other incisions, subacute and dehisced wounds,
traumatic wounds, flaps and skin grafis, lacerations, abrasions, contusions, bums,
diabelic ulcers, pressure uicers, stoma, surgical wounds, trauma and venous uicers
or the like. The components of the TNP system described hersin can be particularly
suited for incisional wounds that exude g small amount of wound exudate.

[8032] Some embodiments of the system are designed o operate without

the use of an exudate canister. Some embodiments can be configured to support

43~
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an exudate canister. in some embodiments, configuring the pump assembiy 150
and tubing 140 s0 that the tubing 140 can be quickly and easily removed from the
pump assembly 150 can faciliiale or improve the process of dressing or pump
changes, if necessary. Any of the pump embodiments disclosed herein can be
configured to have any suitable connection between the tubing and the pump.

[0033] The pump assembly 150 can be configured to deliver negative
pressure of approximately -80 mmHg, or between about -20 mmHg and 200 mmHg
in some implementations. Note that these pressures are relative to normal ambient
atmospheric pressure thus, -200 mmHg would be about 560 mmHMHg in practical
terms. The pressure range can be between about -40 mmHg and -150 mmHg.
Alternatively a pressure range of up to -75 mmHg, up {o -80 mmHg or over -80
mmtg can be used. Alsc a pressure range of below -75 mmHg can be used.
Alternatively a pressure range of over approximately -100 mmHg, or even 150
mmtg, can be supplied by the pump assembly 150,

[0034] In operation, the wound filler 130 is inserted into the wound cavily
110 and wound cover 120 is placed so as {o seal the wound cavity 110. The pump
assembly 150 provides a source of a negalive pressure to the wound cover 120,
which is transmitted to the wound cavity 110 via the wound filler 130, Fluid {e.qg.,
wound exudate) is drawn through the conduit 140, and can be stored in a canister.
in some embodiments, fluid is absorbed by the wound filler 130 or one or more
absorbent layers (not shown).

{00351 Wound dressings thal may be utilized with the pump assembly and
other embodiments of the present application include Renasys-F, Renasys-G,
Renasys AB, and Pico Dressings available from Smith & Nephew. Further
description of such wound dressings and other components of a negalive pressure
wound therapy system that may be used with the pump assembly and other
embodiments of the present application are found in U.S. Patent Publication Nos.
2011/0213287, 2011/0282308, 2012/0116334, 2012/0138325, and 2013/0110058,
which are incorporated by reference in their entirely.  In other embodiments, other

suitable wound dressings can be ulilized.
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[0038] Figure 2A illustrates a front view of a pump assembly 230 and
canister 220 according to some embodiments. As is illustrated, the pump assembly
230 and the canister are connected, thereby forming a negative pressure wound
therapy device. The pump assembly 230 can be similar {o or the same as the pump
assembly 150 in some embodiments.

{00371 The pump assembly 230 includes one or more indicators, such as
visual indicator 202 configured to indicate alarms and visual indicator 204 configured
o indicate status of the TNP system. The indicators 202 and 204 can be configured
to alert a user, such as patient or medical care provider, {0 a variety of operaiing or
failure conditions of the system, including alerting the user to normal or proper
operating conditions, pump failure, power supplied o the pump or power failure,
detection of a leak within the wound cover or flow pathway, suction blockage, or any
other similar or suitable conditions or combinations thereof. The pump assembly
230 can comprise additional indicators. The pump assembly can use a single
indicator or multiple indicators. Any suitable indicator can be used such as visual,
audio, tactile indicator, and so on. The indicator 202 can be configured to signal
alarm conditions, such as canister full, power low, conduit 140 disconnecied, seal
broken in the wound seal 120, and 3o on. The indicator 202 can be configured to
display red flashing light to draw users attention. The indicalor 204 can be
configured to signal status of the TNP system, such as therapy delivery is ok, leak
detected, and so on. The indicator 204 can be configured {o display one or more
different colors of light, such as green, yellow, elc. For example, green light can be
emifted when the TNF system is operating properly and yellow light can be emitted
to indicate a warning.

[G038] The pump assembly 230 includes a display or screen 206 mounted
in a recess 208 formed in a case of the pump assembly. The display 206 can be a
touch screen display. The display 206 can support playback of audiovisual (AV)
contert, such as instructional videos. As explained below, the display 206 can be
configured to render a number of screens or graphical user interfaces (GUls) for
configuring, coniroiling, and monitoring the operation of the TNP system. The pump
assembly 230 comprises a gripping portion 210 formed in the case of the pump
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assembly. The gripping portion 210 can be configured to assist the user to hold the
pump assembly 230, such as during removal of the canister 220. The canisier 220
can be replaced with another canister, such as when the canister 220 has been filled
with fluid.

[0038] The pump assembly 230 includes one or more keys or bultons
configured to allow the user to operate and monitor the operation of the TNP system.
As is illustrated, there bullons 212a, 212b, and 21Zc¢ {(colleclively referred to as
butions 212) are included. Button 212a can be configured as a power button {o turmn
onfoff the pump assembly 230. Butlon 212b can be configured as a play/pause
bution for the delivery of negative pressure therapy. For example, pressing the
button 212b can cause therapy to start, and pressing the button 212b afterward can
cause therapy to pause or end. Button 212¢ can be configured to lock the display
206 or the buttons 212, For instance, button 212¢ can be pressed so that the user
does not unintentionally alter the delivery of the therapy. Butlon 212¢ can be
depressed to uniock the controls. [n other embodiments, additional buttons can be
used or one or more of the iliustrated butions 212a, 212b, or 212¢ can be omitied.
Multiple key presses or sequences of key presses can be used to operate the pump
assembly 230.

[0040] The pump assembly 230 includes one or more iaich recesses 222
formed in the cover. In the illustrated embodiment, two latch recesses 222 can be
formed on the sides of the pump assembly 230. The latch recesses 222 can be
configured {o allow attachment and detachment of the canister 220 using one or
more canisier latches 221, The pump assembly 230 comprises an air outlet 224 for
aliowing air removed from the wound cavity 110 to escape. Air entering the pump
assembly can be passed through one or more suitable filters, such as antibacterial
filters. This can maintain reusability of the pump assembly. The pump assembly
230 includes one or more strap mounts 226 for connecling a carry strap to the pump
assembly 230 or for attaching a cradie. In the illustrated embodiment, two strap
mounts 226 can be formed on the sides of the pump assembly 230. In some
ambodiments, various of these features are omitted or various additional features

are added {o the pump assembly 230.
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[0041] The canister 220 is configured {o hold fluid {(e.g., exudate) removed
from the wound cavity 110. The canister 220 includes one or more latches 221 for
attaching the canister to the pump assembly 230. In the lllustrated embodiment, the
canister 220 comprises two latches 221 on the sides of the canister. The exterior of
the canister 220 can formed from frosted plastic so that the canister is substantially
opague and the contents of the canister and substiantially hidden from plain view.
The canister 220 comprises a gripping portion 214 formed in a case of the canister.
The gripping portion 214 can be configured to allow the user to hold the pump
assembly 220, such as during removal of the canisier from the apparaius 230. The
canister 220 includes a substantially transparent window 216, which can aiso include
graduations of volume. For example, the iliustrated 300 mlL canister 220 includes
graduations of 50 mi, 100 mL, 150 mkb, 200 mL, 250 mbL, and 300 miL. Other
embodiments of the canister can hold different volume of fluid and can include
different graduation scale. For example, the canister can be an 800 mbL canister.
The canister 220 comprises a tubing channel 218 for connecting o the conduit 140,
In some embodiments, various of these fealures, such as the gripping portion 214,
are omitted or varicus additional features are added to the canister 220. Any of the
disclosed canisters may include or may omit 3 solidifier.

[0042] Figure 2B illustrates a rear view of the pump assembly 230 and
canister 220 according to some embodiments. The pump assembly 230 comprises
a speaker port 232 for producing sound. The pump assembly 230 includes a filler
access door 234 with a screw for removing the access door 2384, accessing, and
replacing one or more filters, such as antibacterial or odor filters. The pump
assembly 230 comprises a gripping portion 236 formed in the case of the pump
assembly. The gripping portion 236 can be configured to allow the user {o hold the
pump assembly 230, such as during removal of the canister 220, The pump
assembly 230 includes one or more covers 238 configured to as screw covers or
feet or protectors for placing the pump assembly 230 on a surface. The covers 230
can be formed out of rubber, silicone, or any other suitable material. The pump
assembly 230 comprises a power jack 239 for charging and recharging an internal

battery of the pump assembly. The power jack 239 can be a direct current (DC)
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jack. In some embodiments, the pump assembly can comprise a disposable power
source, such as batteries, so that no power jack is needed.

[0043] The canister 220 includes one or more feel 244 for placing the
canister on a surface. The feet 244 can be formed out of rubber, silicone, or any
other suitable material and can be angled at a suitable angle so that the canister 220
remains stable when placed on the surface. The canister 220 comprises a tube
mount relief 246 configured to aliow one or more {ubes to exit to the front of the
device. The canister 220 includes a stand or kickstand 248 for supporting the
canister when it is placed on a surface. As explained below, the kickstand 248 can
pivot between an opened and closed posttion.  iIn closed position, the kickstand 248
can be latched to the canister 220. In some embodiments, the kickstand 248 can be
made out of opaque malerial, such as plastic. In other embodiments, the kickstand
248 can be made out of transparent material. The kickstand 248 includes a gripping
portion 242 formed in the Kickstand. The gripping portion 242 can be configured to
aliow the user to place the kickstand 248 in the closed position. The kickstand 248
comprises a hole 249 to allow the user to place the kickstand in the open position.
The hole 249 can be sized to allow the user {0 exiend the kickstand using a finger.

[0044] Figure 2C illustrates a view of the pump assembly 230 separated
from the canister 220 according {o some embodiments. The pump assembly 230
includes a vacuum attachment, connector, or inlet 252 through which a vacuum
pump communicates negative pressure to the canister 220, The pump assembly
aspirates fluid, such as gas, from the wound via the inlet 252, The pump assembly
230 comprises a USB access door 256 configured to allow access to one or more
LISB ports.  In some embodiments, the USB access door is omitted and USB ports
are acceassed through the door 234. The pump assembly 230 can include additional
access doors configured to allow access to additional serial, parailel, or hybrid data
fransfer interfaces, such as SD, Compact Disc (CD), DVD, FireWire, Thunderbolt,
PCI Express, and the like. In other embodiments, one or more of these additional
ports are accessed through the door 234,

[0045] Figure 3A illustrates componenis of a negative pressure therapy

system 300A thal includes a TNP apparatus 310 and a remote data processing
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system 320. The TNP apparatus 310 can be used {o treat a wound using a wound
dressing that is in fluidic communication with the TNP apparatus 310 via a fluid flow
path. The TNP apparatus 310 can include a controller 311, a memory device 312, a
negative pressure source 313, a user inierface 314, a power source 315, a pressure
sensor 316, and a transceiver 317 that are configured to electrically communicate
with one another. The power source 315 can provide power {0 one or more
components of the TNP apparatus 310. The TNP apparatus 310 can operate af the
pressure levels and using control approaches as described herein or similar to those
described in U.S. Patent Publication Nos. 2016/0138339 and 2016/0184488, which
are incorporated by reference in their entirety. The TNP apparatus 310 can bhe
similar to or the same as the pump assembly 150 in some embodimenis.

{60461 The controller 311 can conirol operations of one or more other
components of the TNF apparatus 310 according at least {o instructions stored in
the memory device 312. The controller 311 can, for instance, control operations of
and supply of negative pressure by the negative pressure source 313. The negative
pressure source 313 can include a pump, such as, without limitation, & rotary
diaphragm pump or other diaphragm pump, a piezoelectric pump, a peristallic pump,
a piston pump, a rotary vane pump, a liquid ring pump, a scroll pump, a diaphragm
pump operated by a piezoelectric transducer, or any other suilable pump or
micropump or any combinations of the foregoing.

[0047] The user interface 314 can include one or more elements that
receive user inputs or provide user outpuls to a patient or caregiver. The one or
more elements that receive user inputs can include buttons, swilches, dials, fouch
screens, or the like. The user interface 314 can, for example, be used to generate
and display a report or other information reflecting data from therapy use, data from
non-compliant use, or a comparison of data from therapy use versus non-compliant
use. As ancther example, the user interface 314 may receive g user input providing
a patient reference number or another unigque identifier, and the TNF apparatus 310
may then be aclivated for use by the palient and data collected and stored as
described herein may be associated with the patient reference number for usage

monitoring for a particular patient.
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{0048] The pressure sensor 316 can be used to monitor pressure
underneath a wound dressing, such as (i) pressure in a fluid flow path connecting
the negative pressure source 313 and the wound dressing as illustrated by Figure
3B, (i) pressure at the wound dressing as illustrated by Figure 3C, or (iii) pressure at
or in the negative pressure source 313 as illustrated by Figure 3D. As the negative
pressure source 313 provides negative pressure, the negative pressure source 313
may generate pressure pulses that are propagated through the fluid flow path and
detected by the pressure sensor 316. These pressure pulses may show as a
change or bounce in the magnitude or frequency of a signal from the pressure
sensor 316.

{00491 The controller 311 can analyze a signal ocutput by the pressure
sensor 316 to determine pressure in the fluid flow path. The controller 311 may
examine the signal using one or more approaches including time domain or
frequency domain calculations, such as with a digital signal processor.

{60501 The controller 311 or other circuitry of the TNP apparatus 310 may
process one or more signals output by the pressure sensor 316 by filtering out noise
and then dynamically amplifying the filtered one or more signals. Dynamic
amplification can be performed without filtering. This may enable the features
described herein to be applied to smailer wounds or weaker pressure signals. For
example, the amplification can be performed by a programmable gain ampilifier,
which may be controlied by software or hardware.

[0051] The detection of pressure by the pressure sensor 316 can, in some
instances, be enhanced by changing one or more setlings of the negalive pressure
source 313, such as increasing or decreasing vacuum level delivered by the
negative pressure source 313, stopping the negative pressure source 313, changing
an operating speed of the negative pressure source 313, changing a cadence of the
negative pressure source 313, combinations of the same, or the like. The controller
311 can, for example, automatically manage adjustment of the one or more setlings.

{00521 In some implementations, the pressure sensor 316 can be used in
combination with another pressure sensor so that the at least two pressure sensors

that are positioned in or fluidically connected o the fiuid flow path to permil
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differential measurement of the pressure, such as illustrated by Figure 3E. For
example, a first pressure sensor can be positioned upstream of the wound {(such as
at or near the inlet of the negative pressure source 313C) and a second pressure
sensor can be positioned to detect pressure at or near the wound or at or near a
canister. This configuration can be accomplished by incorporating, in addition fo one
or more lumens forming a first fiuid flow path connecling the negalive pressure
source 313 to the wound, a second fluid flow path that includes one or more lumens
connecting the TNP apparatus 310 to the wound and through which the second
pressure sensor can monitor pressure at or near the wound or at or near a canisier.
The first and second fluid flow paths can be fluidically isolated from each other.
When the al least two pressure sensors are used, the rate of change of pressure (for
example, in peak-to-peak pressure or maximum pressure) in the first and second
fluid flow paths can be determined and the difference in pressure detected belween
the first and second pressure sensors can be determined. These vaiues can be
used separately or together to detect various operational conditions, such as leaks,
blockages, canister full, presence of blood in the first fluid flow path or the second
fluid flow path, etc. In some implementations, muitiple redundant pressure sensors
can be provided to profect against failure of one or more of the pressure sensors.

{00531 The iransceiver 317 can be used o communicate with the data
processing system 320 via a network 330. The transceiver 317 can, for example,
fransmit device usage data like alarms, measured pressure, or changes to a therapy
program administered by the TNP apparatus 310 io the data processing system 320.
The network 330 can be a communication network, such as a wireless
communications network like a cellular communications network.  The memory
device 312 can be used {o store the device usage data that may be fransmiited by
the transceiver 317.

[0054] The data processing system 320 can, in some implementations,
analyze pressure data received from the transceiver 317 to determine whether the
received pressure data is indicative of the negative pressure source 313 being in
use on a patient, such as using analysis approaches as described with respect to

the TNF apparatus 310, The data processing system 320 can, for instance,
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generate and display a report or other information reflecting data from therapy use,
data from non-compliant use, or 8 comparison of data from therapy use versus non-
compliant use. In one example, a user of the data processing system 320 may input
a patieni reference number or TNP apparatus number associated with a TNF
apparatus, and the data processing system 320 can then provide or display data like
data from therapy use or data from non-compliant use for the palient reference
number or TNP apparatus number.

[00585] Figure 3B illustrates a negative pressure therapy system 300B that
includes the TNP apparatus 310 of Figure 3A, as well as a first fluid flow path 340A,
a wound dressing 350, and a wound 360. The TNP apparatus 310 can be used to
freat the wound 380 using the wound dressing 350 that is in fluidic communication
with the negative pressure source 313 via the first fiuid flow path 340A. In particular,
Figure 3B depicts that the pressure sensor 316 can be positioned in the first fluid
flow path 340A, such as at or near an inlet of the TNP apparatus 310, to measure
pressure in the first fluid flow path 340A.

[B056] Figure 3C lliustrates a negative pressure therapy system 300C that
differs from the negative pressure therapy system 300B in that the pressure sensor
316 can instead be positioned {0 measure pressure at or near the wound dressing
350, such as pressure underneath the wound dressing 350 when the wound
dressing 350 is coupled o the wound 360.

[6087] Figure 3D illustrates a negative pressure therapy system 300D that
differs from the negative pressure therapy system 300B in that the pressure sensor
316 can instead be positioned to measure pressure at the negative pressure source
313. In one example, the pressure sensor 316 can be a part of and within the
negative pressure source 313 to measure pressure generated by the negative
pressure source 313. In another example, the pressure sensor 316 can be separate
from the negalive pressure source 313 and positioned 10 measure pressure at or
near an inlet of the negative pressure source 313.

[00588] Figure 3E illustrates a negative pressure therapy sysiem 300k that
differs from the negative pressure therapy system 300B in that the negative pressure

therapy system 300E further includes a second fluid flow path 34CB, and the
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pressure sensor 316 can be a differential pressure sensor or include two pressure
sensors. |If the pressure sensor 316 may include the two pressure sensors, one of
the two pressure sensors of the pressure sensor 316 can be positioned in the first
fluid flow path 340A to measure pressure in the first fluid flow path 340A, and the
other of the two pressure sensors the pressure sensor 316 can be positioned in the
second fluid flow path 3408 to measure pressure in the second fluid flow path 3408,
If the pressure sensor 316 may be the differential pressure sensor, the pressure
sensor 316 can be fluidicially connected to the first fluid flow path 340A and the
second fluid flow path 3408, The first fluid flow path 340A can thus be used by the
negative pressure source 313 to provide negative pressure to the wound dressing
350, and the second fluid flow path 3408 can be used primarily by the pressure
sensor 316 {o measure pressure at or near the wound dressing 350, such as under
the wound dressing 360. The pressure sensor 316 can thereby be used by the TNP
apparatus 310 to perform differential measurement of pressure between pressure
supplied by the negative pressure source 313 and pressure at or near the wound
dressing 350.

{00591  Figure 3F illustrates a negative pressure therapy system 300F that
differs from the negative pressure therapy system 300B in that the negative pressure
therapy system 30CF can further include an additional pressure sensor 370
positioned {0 measure pressure at or near the wound dressing 350, such as
pressure underneath the wound dressing 350 when the wound dressing 350 is
coupied 1o the wound 360, The additional pressure sensor 370 can generate and
output a signal to the TNP apparatus 310 responsive o the pressure measured at
the wound dressing 350. The pressure sensor 316 and the additional pressure
sensor 370 can thus be used by the TNP apparatus 310 fo perform differeniial
measurement of pressure between pressure supplied by the negative pressure
source 313 and pressure at or near the wound dressing 350,

[6060] Figure 3G illustrates a negative pressure therapy system 300G that
differs from the negative pressure therapy system 300B in that a canister 380 can be
coupled between the negative pressure source 313 and the wound dressing 350 in

the first fluid flow path 340A. The canister 380 can collect exudate removed from

e



WO 2017/197357 PCT/US2017/032545

the wound 360. The examples of Figures 3C-3F can be similarly modified to also
include the canister 380, in some implementations.

[0061] Figure 4 illustrates a negative pressure therapy system 400 that
includes a TNP apparaius 410 and sensors 4204, 4208, ..., 420N. The sensors
420A, 4208, ..., 420N can advantageously be used, in ceriain embodiments, {o
confirm coupling to or use of the TNP apparatus 410 on a patient. The TNP
apparatus 410 can be similar to or the same as the TNP apparatus 310 in some
embodiments. One of the sensors 420A, 4208, ..., 420N can be similar to or the
same as the pressure sensor 316 in some embodiments. One of the sensors 420A,
4208, ..., 420N can be similar to or the same as the pressure sensor 370 in some
embodiments.

{0062] The sensors 420A, 4208, ..., 420N can be respeclively detecting
from contact sites 430A, 4308, ..., 430N of the palient or responsive to the patient.
The sensor 420A can, for instance, be detecting from the contact site 4304, and the
sensor 4208 can be detecling from the contact site 4308 while the sensor 420N can
be detecting from the contact site 430N, The contact sites 430A, 4308, ..., 430N
can include tissue sites of the patient {for instance, an internal or external lissue of
the patient at a wound, a limb, or a head of the patient), items attached to the patient
(for instance, clothing or jewelry), or part of the TNP apparatus 410 or a related
component like a canister. One or more of the sensors 420A, 4208, ..., 420N may
be incorporated as part of the wound dressing or configured to couple to the wound
dressing.

[G063] The sensors 420A, 4208, ..., 420N can include, for example, one
or more of a pressure sensor, an acoustic sensor, a chemical sensor, an eleclric
current sensor, electric poiential sensor, an impedance sensor, a magnetic sensor,
an optical sensor, a color sensor, a pressure sensor, a piezosleciric sensor, a
thermometer, a thermal sensor, a proximily sensor, a biosensor, a sirain gauge,
combinations of the same, or the like. The sensors 4204, 4208, ..., 420N can be
the same sensors placed to delect at different locations or different sensors in some

implementations.
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[0064] FLach of the sensors 420A, 4208, ..
wireless or wired communication, one or more signals responsive {0 a corresponding
monitored one of the contact sites 430A, 4308, ..., 430N {o the TNP apparatus 410,

The one or more signals can, for instance, be responsive to a physiological condition

. 420N can transmit, via

of the patient or movement by the patient. In turn, the TNP apparatus 410 can
process the one or more signals to determine whether the one or more signals from
two or more of the sensors 420A, 4208, ..., 420N indicale that the TNP apparatus
410 or related component like a wound dressing is coupled {o the patient or in
compliant use on the patient. The TNP apparaius 410 can, for example, determine
whether each or at least 3 subset of two or more of the sensors 4204, 4208, .,
420N provide physiologically acceptable signals (for example, signals responsive {0
patient activity like patient respiration, pulse, or motion) to the TNF apparatus 410
that indicate successful coupling to or association of the TNF apparatus 410 with the
patient.

Wound Coupling Datection

[0068] rigure & illustrates a wound coupling delection process 500
performable by a device, such as the pump assembly 150 of Figure 1, the pump
assembly 230 of Figure 2A-C, the TNP apparatus 310 of Figure 3A, or other pump
assemblies like those described in U.S. Patent Publication Nos. 2016/0138338 and
2016/0184486 that were previously incorporated herein by reference in their
entireties. For convenience, the wound coupling detection process 500 is described
in the context of the TNP apparatus 310 of Figure 3A, bul may instead be
implemented in other systems described herain or by other systems not shown.

[6068] The wound coupling detection process 500 can enable the TNP
apparatus 310 to auiomatically determine whether a wound dressing coupled to the
TNP apparatus 310 is coupled to a wound of a patient. The TNP apparatus 310 can
advantageously, in certain embodiments, output a first indication when the wound
dressing is determined to be coupled to a wound or a second indication different
from the first indication when the wound dressing is deiermined not {o be coupled 1o

a wound.
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{00671 Al block 502, the process 500 can receive pressure data. For
exampie, the controller 311 can receive pressure data indicalive of a magnitude of
pressure measured in a fluid flow path coupling the negative pressure source 313 {o
a wound dressing. The pressure can be measured, for instance, by the pressure
sensor 316 using measurement approaches as described herein or in U.S. Patent
Publication Nos. 2016/01363539 and 2016/0184498, which were previously
incorporated herein by reference in their entireties. The pressure sensor 316 can
communicate information via a wire or wirelessly to the controller 311, In certain
implementations, the pressure sensor 316 can be positioned at or near the wound
and wirelessly communicate information o the controller 311, in some
embodiments, pressure sensor data includes one or more magnitudes of pressure
measursd over a duration of time, such as 0.5 seconds, 1 second, 3 seconds, and
the like.

{0068] Al block 504, the process 500 can delermine whether a dressing is
coupled o a wound. For instance, the controller 311 can determine from the
pressure data, such as from a change in the magnitude over time, whether the
wound dressing is coupled to a wound of a patient.

{00691 In one example, the controller 311 can compare a measure of the
irregularity of the change in the magnitude over time to one or more thresholds to
determine whether wound dressing is coupled to the wound (and in some instances,
perform the comparison multiple times to prevent false positives due to errant
pressure readings, noise, and the like). The measure of the irregularity can be
responsive {0 the change in the magnitude over a duration of at least 1 second, 10
seconds, 30 seconds, 1 minute, or 5 minutes. The controlier 311 can perform a
statistical operation, a trending operation, a fillering operation, a cumulative
summation operation, or a low-pass filtering operation on the magnitude over time to
generate the measure of irregularity. The controlier 311 can determine thatl the
wound dressing is coupled to the wound in response {o delermining that the
measure of irreqularity satisfies a threshold corresponding to the chaotic condition or
does not satisfy a threshold corresponding to the steady state condition. On the
other hand, the controller 311 can determine that the wound dressing is not coupled
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o the wound in response {o deiermining that the measure of irregularity does not
satisfy the threshold corresponding to the chaotic condition or satisfies the threshold
corresponding to the steady state condition. The one or more thresholds to which
the measure of the irregularily is compared, moreover, can vary over time (for
example, automatically adjust as the patient heals) or be set responsive to operating
conditions for the TNP apparatus 310 (for exampie, adjust to become more or less
sensilive {0 background noise) or health needs of the patient {for example, adjust
depending on a size of a wound, gender of the palient, or age of the patient).

{00701 In yet another example, the controller 311 can compare the
magnitude over time {0 one or more pressure patterns, such as one stored in the
memory device 312, to determine whether the wound dressing is coupled to the
wound. One pressure pattern, for instance, can be indicative of pressure in the fluid
flow path when the wound dressing is coupled to the wound, and another different
pressure pattern can be indicative of pressure in the fluid flow path when the wound
dressing is not coupled {o the wound. The degree of similarity of the magnitude over
time relative to the one or more pressure patterns can be used to assign the
magnitude over time as reflecting either the wound dressing is or i8 not coupled to
the wound.

[0O71] Al block 508, the process 500 can output a first indication. For
exampie, in response to determining that the wound dressing is coupled {0 the
wound, the confroller 311 can output a first indication indicative of the wound
dressing being coupled to the wound. The first indication can denote compliant
usage of the TNP apparatus 310 in some instances. The first indication can be
output, for example, by one or more of. outputting the first indication for storage in
the memory device 312, transmilling the first indication to the data processing
system 320 via the transceiver 317, outpulling the first indication for presentation to
a user via the user interface 314, or storing the first indication in association with
device usage data of the TNF apparatus 310. The outpulting of the first indication
can additionally control operations of the TNF apparatus 310, such as to enable

continued activation of the negative pressure source 313.
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[0072] Al block 508, the process 500 can cutput a second indication. For
exampie, in response {o determining that the wound dressing is not coupled o the
wound, the controller 311 can outpul a second indication indicative of the wound
dressing not being coupled {o the wound. The second indication can denote non-
compliant usage of the TNP apparatus 310 in some instances. The second
indication can be outpul, for example, by one or more of outpulling the second
indication for storage in the memory device 312, tfransmilting the second indication
to the data processing system 320 via the {ransceiver 317, oulpulling the second
indication for presentation {0 a user via the user interface 314, or storing the second
indication in association with device usage data of the TNP apparatus 310, The
outputting of the second indication can additionally control operations of the TNP
apparatus 310, such as {o cause deactivation of the negative pressure source 313
because the TNP apparatus 310 may be being used in a non-compliant manner.

{00731 The process 500 can examine data from ancther sensor as
described, for instance, with respect to Figure 4 to provide additional information or
confidence as to whether the TNP apparatus 310 may be being used in a compliant
or non-compliant manner. For example, if another sensor associated with the TNP
apparatus 310 detects a signal reflecling a pulse or respiration of a patient, the TNP
apparatus 310 may have further confidence and information that the TNP apparatus
310 is being used in a compliant manner rather than a non-compliant manner.

[G074] Figure & illustrates an example pressure versus time curve 800 for
a TNP system in which a negative pressure source of a TNF apparatus, such the
TNP apparatus 310, is in use on a wound of a patient. As can be seen from Figure
6, once the negative pressure source has been activated for a period of time, af time
T, the magnitude of pressure in the fluid flow path can generally fluctuate around a
target pressure level. The magnitude of pressure in the fluid flow path, however, can
be substantially chaotic and unpredictable from time Ty fo T, for a number of
reasons. The patient can be continuously moving due to physical adjustments of the
position, breathing, or pulse, thus affecting, for instance, the geometry of the wound,
the dressing seal, etc. As a resull, the volume of the wound may continuously be
undergeoing minor changes which can result in changes in the magnitude of

-97-



WO 2017/197357 PCT/US2017/032545

pressure. Further, the wound can produce exudate, which upon entering the fluid
flow path can cause a gas volume to decrease. Because the gas volume can
represent the compressible volume in the system, this compressible volume can act
as a damper o pressure spikes created by the negative pressure source and
movement of the patient so that the pressures spikes become increasingly large due
to reduced damping. In addilion, liquid can ieave the wound dressing and travel up
through the fluid flow path in slugs, and these slugs can affect (for example, increase
in magnitude or frequency) the pressure spikes. Qverall, this can result is a
relatively significant amount of noise in the pressure readings. The magnitude of
pressure depicted by Figure 6 may thus be reflective of a chaotic condition from time
T4 io Ty rather than a steady state condition. in addition or alternatively, other
characteristics of pressure, such as freguency, can be monitored for changes. For
example, from time T4 to T, frequency of the pressure signal is smalier in over the
time duration 612 than the time duration 614.

[0075] In one implementation, the TNF apparatus 310 can monitor the
noise described in the preceding paragraph to determine whether the negative
pressure source is connected {0 a patient. Thus, the TNP apparatus 11 can, for
example, flag usage data and logging of events as either (i) patient data or (ii) device
misuse. The TNP apparatus 310 can, in some instances, use statistical techniques
trending techniques or filtering techniques, such as cumulative sum {(Cusum) or low-
pass filtering, to determine if the pressure readings may be in steady state (not
attached to a wound) or chaotic (atlached o a wound).

[0076] Figure 7 illusirales an example pressure versus time curve 700 for
a TNPF system in which a negalive pressure source of a TNP apparatus, such the
TNP apparatus 310, is not in use on a wound of a patient. As can be seen from
Figure 7, once the negative pressure source has been activaied for a period of time,
at time T3 the magnitude of pressure in the fluid flow path can generally fluctuate
arcund a target pressure level. The frequency can generally fluctuate around a
particular frequency value. The magnitude of pressure in the fluild flow path,
however, can be less chaotic and more predictable (such as from time T3 to Ty) than

when the TNP apparatus is in use on the wound, for at least the reasons described
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in the preceding two paragraphs as well as other reasons described herein. The
magnitude of pressure depicted by Figure 7 may thus be reflective of a steady state
condition from time T3 to T4 rather than a chactic condition.

[0077] From comparing pressure characieristic depicted fromtime T, to Ty
in Figure 6 and from time T; {o T4 in Figure 7, the following features can be noted.
The characteristics of pressure from time T4 o T, in Figure 8 can have one or more
of a greater pressure magnitude variation, more pressure frequency varialion over
time, higher pressure magnitude components (such as, spikes), or greater
randomness than the magnitude or frequency of pressure as compared 1o pressure
variations over time Tz to T4 in Figure 7.

[0078] In some embodiments, time series analysis algorithms such Auto
Regressive Integrated Moving Average (ARIMA), Generalized Autoregressive
Conditional Heteroskedasticity (GARCH]), or Cusum (or cumulative sum) can be
used to detect use on a wound of a patient. Cusum can be defined as the running
sum of the difference between each sample and the mean (e.qg., in the absence of
change, Cusum is zero). Cusum can be used to track variations in the underlying
variable.

[0079] Cusum can be determined in a number of ways. In ceriain
implementations, non-causal Cusum uses the mean calculated from the entire
duration of an input signal, which requires knowledge of all samples before the
difference from the mean can be calculated. Non-causal Cusum may not be suitable
for real-time monitoring and detection and classification unless an estimate of the
mean from prior analysis can be used. Non-causal Cusum can starts and end with a
value of zero.

[0080] The sliding causal Cusum can be determined using a sliding
window to estimate the mean. initial step change can yield the first departure from
zero, rather than resulling in a change of gradient as in the non-causal Cusum.
Sliding causal Cusum can produce data within durations of fime that are shorter than
with non-causal Cusum. Sliding causal Cusum may allow tighter bounds to be used
o detect changes and may be less prone {o rounding and rollover errors (e.g.,

numerical errors that may result from use of longer sequences of data).
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[0081] The cumulative causal Cusum determination may use all preceding
samples from the start of a ime duration o the current sample to estimate the mean
for the current sample in some embodiments. This version of Cusum can be a
compromise between the foregoing two versions, and may be smoother than sliding
causal Cusum but not ending at a zero value.

{00821 A TNP apparatus can, for example, be connected to a wound
model and one or more sensors can be used to delect one or more of the
parameters in Table 1. These parameters can include pressure measurements,
level of activity measurements, and the like obtained during operation of the
negative pressure wound therapy system. In some embodiments, the level of
activity can include one or more parameters of an actuator {(e.g., motor) of the
negative pressure source (e.g., pump}, such as current {or voliage) of a motor drive
signal, PWM signal, and molor speed. The apparatus can be operaied under the
conditions of changing one of vacuum level provided by the negative pressure
source, rate of water removed from the wound, rate of exudate removed from the
wound, rate of blood removed from the wound, or gas {(e.g., air) leak rate in the fluid
flow path while maintaining the other parameters constant.  This way, operational
parameters can be determined, stalistics can be computed and analyzed {(e.q., by
using Cusum analysis), and the most appropriate statistic(s) for detecting use on a
wound of a patient can be selected. In addition, in some embodiments, statistical
properties of one or more of the statistics in Table 1 are calculated. These siatistical
properties can include one or more of mean, standard deviation, skewness (third
statistical moment), kurtosis {fourth statistical moment), minimum, and maximum.

input Signal Statistic

Vacuum Pressure Peak to Peak

Current Mean
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impulse (Motor Speed) | Peak io Peak

Table 1. input signals and statistics
[0083] Using correlation and filness analysis is described, for instance, in
International Patent Application No. PCT/US2017/017538 titled "SYSTEMS AND
METHODS FOR DETECTING OPERATIONAL CONDITIONS OF REDUCED
PRESSURE THERAPY,” filed on February 10, 2017, the entirety of which is
incorporated by reference, the following statistics can be selected for detection and

classification of one or more operational conditions of a TNP apparatus:

Operational Statistic
Conditi

Gas leak rate | Standard deviation of the roliing mean of motor current (e.g., 804

Blood rate Standard deviation of the rolling standard deviation of the motor

Table 2: Siatistics used for detection and classification

[0084] For example, in the graphs illustrated in Figures 8-10, a TNP
apparatus was operated initially in steady-state and thereafter one of the operational
parameters or variables was changed. In Figure 8, the intensity of gas (e.g., air}
leak in the fluid flow path has been changed (e.g., from 80 scem o 180 scom at
around 5 seconds) and coliected and analyzed data is used to perform detection of
an abrupt increase in the leak rate.  In Figure 9, flow rate of fluid {e.g., exudate} has
been changed (e.g., bolus of fluld introduced into the fluid flow path at around &
seconds) and collected and analyzed dala is used to perform detection of change in
the fluid flow rate. In Figure 10, vacuum level produced by the negative pressure

source has been changed (e.g., from -80 mmHg to -120 mmHg at around 18
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seconds) and collected and analyzed data is used {o perform detection of change in
vacuum pressure in the fluid flow path.

[0088] Figure 8 Hllustrates delection 800 of a gas leak when exudate is
being aspirated from a wound according to some embodiments. Four plots 800a,
800b, 800c, and 800d are illustrated corresponding io, respectively, raw (or
unprocessed) values of the statistics in Table 2 and non-causal Cusum, shiding
causal Cusum, and cumulative causal Cusum of the statistics in Table 2. In plots
800a-d, curves 802 represent raw and Cusum values of mean of raw vacuum,
curves 804 represent raw and Cusum values of standard deviation of the rolling
mean of motor current, curves 806 represent raw and Cusum vaiues of kurtosis of
rolling standard deviation of pump speed, and curves 808 represent standard
deviation of roliing standard deviation of motor current.  X-axes in the plots 800a-d
corresponds to time duration {e.g., 80 seconds). Y-axis in plot 800a represents
logarithmic scale (1o normalized different raw values of the statistics), and y-axes in
plots 800b-d are linearly scaled (or normalized) so that Cusum values are in the
range (-1.0, 1.0). Plots 800a-d capilure data corresponding to a change (e.q.,
increase) in the gas leak rate (e.g., from 60 scom to 180 scem at around 5 seconds).

[0086] Figure 9 illusirates detection 900 of a change in fiuid rate when
exudate is being aspirated from a wound according {0 some embodiments. Four
plots 900a-d are illustrated corresponding to, respectively, raw (or unprocessed)
values of the stalistics in Table 2 {labeled 802, 804, 808, and 808) and non-causal
Cusum, sliding causal Cusum, and cumulative causal Cusum of the statistics. Plots
800a-d caplure data corresponding to a change {(e.q., increase) in exudate flow rate
due to bolus of exudate being released into the fluid flow path (e.g., at around 5
seconds).

{00871 Figure 10 illustrates deteclion 1000 of a change in vacuum level
when exudate is being aspirated from a wound according 0 some embodiments.
Four plois 1000a-d are illustrated corresponding to, respectively, raw (or
unprocessed) values of the statistics in Table 2 (labeled 802, 804, 808, and 808) and
non-causal Cusum, sliding causal Cusum, and cumulative causal Cusum of the
statistics. Plots 1000a-d caplure dala corresponding to a change {e.g., increase) in
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vacuum level provided by the pump {e.qg., from -80 mmHg to -120 mmHg at around
18 seconds).

[0088] In certain implementations, as described in International Patent
Application No. PCT/US2017/017538, similar plots can be obtained when another
type of fluid, such as water or blood, is introduced into the fluid flow path.

{00891 Detection of one or more operational conditions described herein
can moreover be used for detection of use on a wound of a patient. For example,
with reference fo Figure 8, various Cusums (non-causal, sliding causal, and
cumulative causal) for the standard deviation of the rolling mean of motor current
(804) are responsive to the increase in the gas leak around 5 seconds. Non-causal
Cusum illustrated in 800b sharply increases between about 5 and 8 seconds,
flattens out between about © and 30 seconds, and then gradually decreases after
aboui 30 seconds. Sliding causal Cusum illustrated in 800c stays relatively flat
between about 5 and 7 seconds, sharply decreases at 8 seconds, and then stays
relatively flat.  Cumulative causal Cusum illustraied in 800c stays relatively flat
between about 5 and 8 seconds and linearly or monoionically decreases thereafier.
Any of such patlerns, including sharp, gradual, or linear changes {increases or
decreases), can be compared {0 one or more thresholds to delect changes in the
gas leak rate. Delection of such changes in the gas leak rate can be indicative of
use on a wound of a patient.

[06090] As another example, with reference to Figure 9, various Cusums
(non-causal, sliding causal, and cumulative causal) for the kurtosis of the rolling
standard deviation of pump speed (806) are responsive {o the increase in the
exudate flow rate at around 5 seconds. As illustrated in plots 900b-d, curve 806 is
substantially periodic after about 6 seconds and reaches several distinctive peaks
around 20, 25, and 35 seconds. Such patterns indicating change in the exudate flow
rate can be detected, by, for example, comparison to one or more thresholds, and
can be used o provide indication of use on a wound of a patient.

[6091] As yet ancther example, with reference to Figure 10, various
Cusums (non-causal, sliding causal, and cumulative causal) for the mean vacuum

(802) are responsive to the increase in the vacuum level at around 18 seconds.
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Non-causal Cusum illustrated in 1000b linearly or monoionically increases after
about 18 seconds. Cumulative causal Cusum illustrated in 1000c stays linearly or
monotonically increases after about 18 seconds. Any of such patierns, including
inear changes (increases or decreases), can be compared {o one or more
thresholds to detect changes in the vacuum level. Detection of such changes in the
gas leak rate can be indicative of use on a wound of a patient.

[00%2] Presence of blood or change in flow rate of blood can detected
based on, for example, the standard deviation of the roliing standard deviation of the
motor current (808) as described in  International Palent Application No.
PCTUS2017/017538. Detection of any one or more of changes in the gas leak rate,
vacuum level, exudate flow rate, or blood flow rate can be used to provide indication

of use on a wound of a patient.

Other Variations

{00931 In some embodiments, an apparatus for detecling compliant and
non-compliant use of a negative pressure wound therapy device is disclosed. The
apparatus can include a memory device and a processor. The memory device can
store pressure data indicative of a magnitude of pressure over time in a fluid flow
path connecting a negative pressure source and a wound dressing. The processor
can be in communication with the memory device. The processor can: determine
from a change in the magnitude over time whether the wound dressing was coupled
to a wound when the negalive pressure source provided negative pressure o the
wound dressing, oulput a first indication in response determining that the wound
dressing was coupled {o the wound when the negative pressure source provided
negative pressure to the wound dressing, and ouiput a second indication different
from the first indication in response determining that the wound dressing was not
coupied to the wound when the negalive pressure source provided negative
pressure {0 the wound dressing.

[00%94] The apparatus of the preceding paragraph can include one or more
of the foliowing features: The apparatus can further include a receiver configured to
receive the pressure data via a communication network.  The communication
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network can be a wireless communication network. The processor can compare a
measure of irregularity of the change in the magniiude over time to a threshold to
determine whether the wound dressing was coupled to the wound. The processor
can. perform a statistical operation, 8 trending operation, a filtering opersation, a
cumulative summation operation, or a low-pass filtering operation on the magnitude
over time to generate an oulput value; and determine that the wound dressing was
coupied to the wound in response o delermining that the cutput value is more
indicative of a chaotic condition than a sieady state condition. The processor can
compare the magnitude over time to a pressure patiemn (o determine whether the
wound dressing was coupled to the wound. The processor can output the second
indication by cutputting the second indication for presentation {0 a user on a graphic
user interface. The processor can output the second indication by generating and
fransmitling an alert for presentation to a user on a graphic user interface. The
processor can store, in the memory device, device usage data in association with
the first indication to denocte that the device usage dala is associated with a
compliant use of the negative pressure source. The processor can store, in the
memary device, device usage data in association with the second indication to
denote that the device usage data is associated with a non-compliant use of the
negative pressure source.

[G095] A method of operating or manufacturing the apparatus of any of the
preceding two paragraphs is disclosed.

[0096] Any value of a threshold, limif, duration, etc. provided herein is not
intended 1o be absolute and, thereby, can be approximate. In addition, any
threshold, limit, duration, eic. provided herein can be fixed or varied either
automatically or by a user. Furthermore, as is used herein relative terminology such
as exceeds, greater than, less than, eic. in relation {0 a reference value is intended
o also encompass being egual to the reference value. For example, exceeding a
reference value that is positive can encompass being equal o or greater than the
reference value. In addition, as is used herein relative terminology such as exceeds,
greater than, less than, etc. in relation to a reference value is intended to aiso

encompass an inverse of the disclosed relationship, such as below, less than,
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greater than, efc. in relations to the reference value. Moreover, although blocks of
the various processes may be described in terms of delermining whether a value
meets or does not meet a particular threshold, the bioccks can be similarly
understood, for example, in terms of a value (i) being below or above a threshold or
(if} satisfying or not satisfying a threshold.

[0097] Features, materials, characteristics, or groups described In
conjunclion with a particular aspect, embodiment, or example are to be understood
to be applicable to any other aspect, embodiment or example described herein
unless incompatible therewith. All of the features disclosed in this specification
(including any accompanying claims, abstract and drawings), and/or all of the steps
of any method or process so disclosed, may be combined in any combination,
except combinations where at least some of such features and/or steps are mutually
exclusive. The protection is not restricted to the delails of any foregoing
embodiments. The protection extends to any novel one, or any novel combination,
of the fealures disclosed in this specification (including any accompanying claims,
abstract and drawings), or {0 any novel one, or any novel combination, of the sleps
of any method or process so disclosed.

[0098] While cerlain embodiments have been described, these
embodiments have been presented by way of example only, and are not intended {o
imit the scope of protection. Indeed, the novel methods and systems described
herein may be embodied in a variely of other forms. Furthermore, various
omissions, substitutions and changes in the form of the methods and systems
described herein may be made. Those skilled in the art will appreciate that in some
embodiments, the actual steps taken in the processes illusirated andfor disclosed
may differ from those shown in the figures. Depending on the embodiment, certain
of the steps described above may be removed, others may be added. For example,
the actual steps and/or order of steps taken in the disclosed processes may differ
from those shown in the figure. Depending on the embodiment, certain of the steps
described above may be removed, others may be added. For instance, the various
components illustrated in the figures may be implemented as software andfor

firmware on a processor, coniroller, ASIC, FPGA, and/or dedicated hardware.
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Hardware components, such as processors, ASICs, FPGAs, and the like, can
include logic circuitry. Furthermore, the features and atliributes of the specific
embodiments disclosed above may be combined in different ways to form additional
embodiments, all of which fall within the scope of the present disclosure.

[0098] User interface screens illustrated and described herein can include
additional and/or alternative components. These components can include menus,
lists, butions, text boxes, labals, radio butlons, scroll bars, sliders, checkboxes,
combo boxes, status bars, dialcg boxes, windows, and the like. User interface
screens can include additional and/or alternative information. Components can be
arranged, grouped, displayed in any suitable order.

{0100]  Although the present disclosure includes certain embodiments,
exampies and applications, it will be understood by those skilled in the art that the
present disclosure exiends beyond the specifically disclosed embodiments to other
alternative embodimenis and/or uses and obviocus modifications and equivalents
thereof, including embodiments which do not provide all of the fealures and
advaniages set forth herein. Accordingly, the scope of the present disclosure is not
intended to be limited by the specific disclosures of preferred embodiments herein,
and may be defined by claims as presented herein or as presented in the future.

{06401] Conditional language, such as “can,” “could,” "might,” or “may,”
unless specifically stated otherwise, or otherwise undersicod within the context as
used, is generally intended {0 convey that certain embodiments include, while other
embodiments do not include, certain features, elements, or steps. Thus, such
conditional language is not generally intended to imply that features, elements, or
steps are in any way required for one or more embodiments or that one or more
embodiments necessarily include logic for deciding, with or without user input or
prompling, whether these features, elements, and/or steps are included or are {0 be
performed in any particular embodiment.  The terms “comprising,” “including,”
‘having,” and the like are synonymous and are used inclusively, in an open-ended
fashion, and do not exclude additional elements, features, acts, operations, and so
forth.  Also, the term “or’ is used in iis inclusive sense {(and not in its exclusive
sense} so that when used, for example, to connect a list of elements, the term “or”
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means one, some, or all of the elements in the list. Further, the term “each,” as used
herein, in addition to having its ordinary meaning, can mean any subset of a set of
elements to which the term “each’ is applied.

[86102] Conjunctive language such as the phrase “at least one of X| Y, and
Z” unless specifically staled otherwise, is otherwise understood with the context as
used in general {0 convey that an item, term, elc. may be aither X, Y, or £, Thus,
such conjunctive language is nol generally intended {o imply that certain
embodiments require the presence of at least one of X, at least one of Y, and at
least one of 2.

{01031 Language of degree wused herein, such as the terms
‘approximately,” “about,” “generally,” and “substantially” as used herein represent a
value, amount, or characteristic close {0 the stated valus, amount, or characteristic
that still performs a desired function or achieves a desired resull. For example, the
terms “approximately”, “about’, “generally,” and “substantially” may refer {o an
amount that is within less than 10% of, within less than 5% of within less than 1%
of within less than 0.1% of, and within less than 0.01% of the siated amount. As
anocther example, in ceriain embodiments, the terms “generally parallel” and
‘substantially paraillel” refer {o a value, amount, or characteristic that deparis from
exactly parallel by less than or equal {o 15 degrees, 10 degrees, 5 degrees, 3
degrees, 1 degree, or 0.1 degree.

[6104] The scope of the present disclosure is not intended 10 be limited by
the specific disclosures of preferred embodiments in this section or elsewhere in this
specification, and may be defined by claims as presenied in this seclion or
elsewhere in this specification or as presented in the future. The language of the
claims is to be interpreted broadly based on the language emploved in the claims
and not limited to the examples described in the present specification or during the
prosecution of the application, which examples are t0 be construed as non-

exclusive.
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WHAT 1S CLAIMED:

1. An apparatus for applying negative pressure {0 a wound, the apparatus
comprising.
a negative pressure source configured to couple via a fluid flow path to
a wound dressing and provide negative pressure {0 the wound dressing;
a sensor configured {0 monitor pressure in the fluid flow path; and
a controller configured to:
determine that the wound dressing is coupled to a wound from a
change in a magnitude of pressure in the fluid flow path over a time
duration being indicative of a steady state condition while the negative
pressure source mainiains negative pressure in the fluid flow path
within a target pressure range,
output a first indication denoting that the wound dressing is
coupled o the wound,
determine that the wound dressing is not coupled to the wound
from the change in the magnitude of pressure in the fluid flow path
over the time duration being indicative of a chaotic condition while the
negative pressure source maintains negative pressure in the fluid flow
path within the target pressure range, and
output a second indication different from the first indication

denoting that the wound dressing is not coupled to the wound.

2. The apparatus of any one or more preceding claims, wherein the
controlier is further configured {o! in response to the determination that the wound
dressing is coupled {o the wound, store, in a memory device, device usage data

indicating a compliant use of the negative pressure source.

3. The apparatus of any one or more preceding claims, wherein the
controlier is further configured {o! in response to the determination that the wound
dressing is not coupled to the wound, store, in a memory device, device usage data

indicating a misuse use of the negative pressure source.
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4. The apparatus of claims 2 or 3, wherein the device usage data
comprises one or more of a pressure level, an alarm, an exudate level, an event log,

or a therapy duration.

5. The apparatus of any one or more preceding claims, wherein the
controlier is further configured to compare a measure of irregularity of the change in
the magnitude over the time duration {o a threshold to determine whether the
change in the magnitude over the time duration is indicative of the sieady state

condition.

G. The apparatus of claim 5, wherein the measure of irregularity is
responsive to the change in the magnitude over the time duration of at least 1

second, 10 seconds, 30 seconds, 1 minute, or 5 minuies.

7. The apparatus of any one or more preceding claims, wherein the
controller is further configured to:
perform a statistical operation, a trending operation, a filtering
operation, a cumulative summation operation, or a low-pass filtering operation
on the magnitude over the time duration {0 generate an output value; and
determine that the change in the magnitude over the time duration is
indicative of the sieady state condition in response {¢ a determination that the
output value is indicative of the steady state condition.

8. The apparatus of any one or more preceding claims, wherein the
controlier is configured to determine that the change in the magnitude over the time
duration is indicative of the steady state condition from a time domain representation
of the magnitude over the time duration and a frequency domain representation of
the magnitude over the time duration.

8. The apparatus of any one or more preceding claims, wheregin the
controlier is further configured to compare the magnitude over the time duration o a
pressure pattern to determine whether the change in the magnitude over the time
duration is indicative of the steady state condition.
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10.  The apparatus of claim 9, wherein the pressure pattern is indicative of
pressure in the fluid flow path when the wound dressing is coupled to the wound
while the negative pressure scurce mainiains negative pressure in the fluid flow path

within the target pressure range.

11, The apparatus of claim 9, wherein the pressure pattern is indicative of
pressure in the fiuid flow path when the wound dressing is not coupled o the wound
while the negative pressure scurce mainiains negative pressure in the fluid flow path

within the target pressure range.

12.  The apparaius of any one or more preceding claims, wherein the first
indication denotes a compliant use of the negative pressure source, and the second

indication denotes a non-compliant use of the negative pressure source.

13. The apparatus of any one or more preceding claims, wherein the
controller is further configured to:
output the first indication for storage in @ memory device, or

output the second indication for storage in the memory device.

14.  The apparatus of any one or more preceding claims, wherein the
controller is further configured to:
output the first indication by causing a transmitter to transmit the first
indication to a computing device via a communication network, or
output the second indication by causing the transmitter to transmii the

second indication to the computing device via the communication network.

15. The apparatus of any one or more preceding claims, wherein the
controller is further configured to:
output the first indication for presentation to a user, or

output the second indication for presentation {o the user.

16.  The apparatus of any one or more preceding claims, wherein the fluid

flow path comprises at least one lumen.
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17.  The apparatus of any one or more preceding claims, wherein the fluid

flow path comprises a plurality of lumens.

18. The apparatus of any one or more preceding claims, wherein the
controlier is configured {o aclivate and deactivate the negative pressure source

responsive to the first indication or the second indication.

19. The apparatus of any one or more preceding claims, wherein the
negative pressure source is configured to perform negative pressure therapy when
the magnitude over the time duration is maintained within the target pressure range.

20. A method of operating a negative pressure wound therapy apparatus,
the method comprising:

providing negative pressure {0 a wound dressing via a fluid flow path
Using a negative pressure source;

monitoring with a sensor pressure in the fluid flow path;

determining whether the wound dressing is coupled to a wound from a
change in 8 magnitude of pressure in the fluid flow path over a time duration
being indicative of a steady state condition while maintaining negative
pressure in the fluid flow path within a target pressure range;

in response to determining that the wound dressing is coupled to the
wound from the change in the magnitude over the time duration, outputling a
first indication denoting thai the wound dressing is coupled {0 the wound,; and

in response o determining that the wound dressing is not coupled to
the wound from the change in the magnitude over the lime duration,
outputiing a second indication different from the first indication denoting that

the wound dressing is not coupled o the wound.

21, The method of any one or more preceding claims, further comprising
storing, in a memory device, device usage data associated with a compliant use of
the negalive pressure wound therapy apparatus in response to determining the

wound dressing is coupled to the wound.
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22. The method of any one or more preceding claims, further comprising
storing, in a memory device, device usage daia gssociated with a misuse use of the
negative pressure wound therapy apparatus in response {o determining the wound

dressing is not coupled to the wound.

23,  The method of claims 21 or 22, wherein the device usage data
comprises one or more of a pressure level, an alarm, an exudate level, an event log,

or a therapy duration.

24.  The method of any one or more preceding claims, wherein said
determining comprises comparing a measure of irreqularity of the change in the

magniiude over the time duration {o a threshold.

25, The method of claim 24, wherein the measure of irregularity is
responsive to the change in the magnitude over the time duration of at least 1

second, 10 seconds, 30 seconds, 1 minute, or 5 minuies.

26.  The method of any one or more preceding claims, further comprising
performing a statlistical operstion, a trending operation, a fillering operation, a
cumulative summation operation, or a low-pass filtering operation on the magnitude
over time to generate an output vaiue,

wherein said determining comprises determining whether the change
in the magnitude over the time duration is indicative of the steady state
condition in response o determining that the output value is indicative of the

steady state condition.

27.  The method of any one or more preceding claims, further comprising
comparing the magnitude over the time duration to a pressure patiern to determine
whether the change in the magnitude over the time duration is indicative of the

steady state condition.

28.  An apparatus for applying negative pressure to a wound, the apparatus

comprising.
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a negative pressure source configured o couple via a fluid flow path {o
a wound dressing and provide negative pressure to the wound dressing;

a sensor configured to monitor pressure in the fluid flow path, and
a controller configured to:

based at least in part on the pressure in the fluid flow paih,
determine that the wound dressing is coupled to a wound based on at
least one of deteclion of change in flow of gas in the fiuid flow path,
deteclion of change in flow of exudate in the fluid flow path, change in
vacuum level if the fluid flow path, or detection of presence of blood in
the fluid flow path, and

output an indication that the wound dressing is coupled to the

wound.

29, The apparatus of claim 28, wherein the controller is configured
to determine that the wound dressing is coupled 1o the wound further based

on an activity level of the negative pressure source.

30.  The apparatus of claims 28 or 28, wherein the negalive
pressure source comprises a pump operated by an actuator, and wherein the
aclivity level comprises al least one of a pump speed, a pulse widlh
modulation (PWM) signal configured to drive the actualor, or a current signal

configured to drive the actuator.

31, The apparatus of claim 30, wherein the controller is configured
to determine a first indicator associaied with change in the activity level over a

time duration.

32.  The apparatus of claim 31, wherein the first indicator comprises

a statistical indicator.

33. The apparaius of any one of claims 31 to 32, wherein the
coniroller is further configured o perform a time series analysis to determine
if the first indicaior deviales from a first threshold and in response o a

4
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determination that the first indicator deviates from the first threshold,

determine that the wound dressing is coupled {o the wound.

34. The apparatus of claim 33, wherein the time series analysis
comprises determination of a cumulative sum (Cusum) of the first indicator.

35.  The apparatus of claim 34, wherein the Cusum of the first
indicators comprises a non-causal Cusum, sliding causal Cusum, or

cumuiative causal Cusum.

36.  The apparatus of any one of claims 31 o 35, wherein the first
indicator comprises kuriosis of standard deviation of the activity level, and
wherein the first indicator 8 indicative of a change in flow of exudate in the

fluid flow path.

37.  The apparatus of any of claims 31 to 36, wherein the controller
is further configured to determine a cumulative sum (Cusum) of second
indicator associated with change in the aclivity level over the time duration,

the second indicator different from the first indicator.

38,  The apparatus of claim 37, wherein the second indicator
comprises standard deviation of the activity level indicative of a change in a
gas leak rate in the fluid flow path, and the coniroller is further configured to
determine if the second indicator deviates from a second threshold and in
response to g determination that the second indicator deviates from the
second threshold, determine that the wound dressing is coupled to the

wound.

39.  The apparstus of any of claims 37 o 38, wherein the controlier
is further configured to determine a cumulative sum (Cusum) of third indicator
associated with change in the pressure in the fluid flow path over the time

duration, the third indicator different from the first and second indicators.

~A4 5.



WO 2017/197357 PCT/US2017/032545

40.  The apparatus of claim 38, wherein the third indicator comprises
mean pressure in the fluid flow path indicative of a change in negative
pressure in the fluid flow path, and the controller is further configured to
determine if the third indicator deviates from a third threshold and in response
{0 a determination thai the third indicator deviaies from the third threshold,
determine that the wound dressing is coupled o the wound.

41. A method for applying negative pressure to a wound, the method
comprising:

providing negative pressure with a negative pressure source {0 a
wound dressing via a fluid flow path;

monitoring pressure in the fluid flow path; and

based at least in part on the pressure in the fluid flow path, determining
that the wound dressing is coupled to a wound from one of detection of
change in flow of gas in the fluid flow path, detection of change in flow of
exudate in the fluid flow path, change in vacuum level if the Tluid flow path, or
detection of presence of biood in the fluid flow path; and

outputting an indication thai the wound dressing is coupled o the

wound.

42. The method of claim 41, wherein said determining comprises
determining that the wound dressing is coupled to the wound further from an

activity level of the negative pressure source.

43. The method of claim 42, wherein the negative pressure source
comprises a pump operated by an actuator, and the aclivity level comprises
at least one of a pump speed, a pulse width modulation (PWM) signal
configured to drive the actuator, or a current signal configured {o drive the
actuator.

44, The method of claim 43, further comprising determining a first

indicator associated with change in the aclivity level over a time duration.

~ A5~
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45 The method of claim 44, wherein the first indicator comprises a

statistica! indicator.

45. The method of any one of claims 44 {o 45, further comprising
performing a time series analysis to determine if the first indicator deviates
from a first threshold and, in response to determining that the first indicator
deviates from the first threshold, determining that the wound dressing is

coupled o the wound.

47.  The method of claim 46, wherein the lime series analysis

comprises determination of a cumulative sum (Cusum) of the first indicator.

48. The method of claim 47, wherein the Cusum of the first
indicators comprises a non-causal Cusum, sliding causal Cusum, or

cumulative causal Cusum.

48, The method of any one of claims 44 1o 48, wherein the first
indicator comprises kurtosis of standard deviation of the aclivity level, and the

first indicator is indicative of a change in flow of exudate in the fiuid flow path.

5. The method of any of claims 44 to 48, further comprising
determining a cumulative sum (Cusum) of second indicator associated with
change in the aclivity level over the time durgtion, the second indicator

different from the first indicator.

51. The method of claim 50, wherein the second indicator
comprises standard deviation of the activity level indicative of a change in a
gas leak rate in the fluid flow path, and further comprising determining if the
second indicator deviates from a second threshold and, in response {o
determining that the second indicator deviates from the second threshold,
determining that the wound dressing is coupled to the wound.

52.  The method of any of claims 5C to 51, further comprising

determining a cumulative sum (Cusum} of third indicator associated with

A7~
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change in the pressure in the fluid flow path over the time duration, the third

indicator different from the first and second indicators.

53. The method of caim 52, wherein the third indicator comprises
mean pressure in the fluid flow path indicative of a change in negative
pressure in the fluid flow path, and further comprising determining if the third
indicator deviates from a third threshold and, in response to determining that
the third indicator deviates from the third threshold, determining that the

wound dressing is coupled to the wound.

A5~



PCT/US2017/032545

/ I

0003030300020 20202020
19020%02%0%0%0%0%0%: 0.0~

9,
0 0.0,
ARRRRRKK

1/18

054

WO 2017/197357

00}



CHORY
N\ —F—
2122 212

—

\\

F16. ZA



WO 2017/197357 PCT/US2017/032545
3/18

232

236

| —238




WO 2017/197357 PCT/US2017/032545
4/18




PCT/US2017/032545

WO 2017/197357

5/18

Ve’

Old

W31SAS
ONISSIO0Hd V.ivd

SNLVHVddV dNL1

\.\\
0ce

HAAIFDSNVYHL HOSN3S IHNSSIHd 304NOS HIMOd

v v e

FARS 9T¢ SEAS
304NOS PIAIA
JOV4HILNI H3SN JHNSSIHd AYOWIN HATTOH1INOD
JAILYVOIN

7 < v S

vi¢e ¢TE A% TTE
—
(01A3

ﬁ:\ v00E




PCT/US2017/032545

WO 2017/197357

6/18

ANNOM

g€ ‘Oid

09¢

ONISSIHA ANNOM

SN1VHVddV dNL

HOSN3S FHNSSTHd

\.\a
91¢

30UNOS IHNSSIHd

\x\x
0se

vOove

JAILVSIN

\\\
€Te

0Te

V//ﬂ 400¢



PCT/US2017/032545

WO 2017/197357

7/18

J€ 'Ol

SNLVHVddV dNL

ANNOM

09¢

ONISSIHA ANNOM

9TE

HOSN3S FHNSSTHd

30UNOS IHNSSIHd

.\\
0se

vOove

JAILVOIN

\\\
€Te

0Te

W/IE 200¢



PCT/US2017/032545

WO 2017/197357

8/18

ANNOM

de ‘Oid

09¢

ONISSIHA ANNOM

SNLVHVddV dNL

HOSN3IS FHNSSTHd

\.\\
9T¢

ID2HNOS IUNSSIHd

\\\
0se

vove

JAILVOIN

\\\
€le

0ote

ﬁl aooe



PCT/US2017/032545

WO 2017/197357

9/18

ANNOM

1€ 'Did

09¢

ONISSIHA ANNOM

a0ve

91¢

SNLVHVddV dNL

HOSN3S FHNSSTHd

30UNOS IHNSSIHd

vOove

\\
0se

JAILVOIN

P
€Te

0Te

v.//( 300¢



PCT/US2017/032545

WO 2017/197357

10/18

0Le

i€ "Old

SNLVHVddV dNL

HOSN3IS FHNSSTHd

ANNOM

ONISSIHA ANNOM

09¢

HOSN3IS FHNSSTHd

\\.«
91¢

ID2HNOS IUNSSIHUd

vove

\\\
0se

JAILVOIN

..\\...
€le

0ote

an 400¢



PCT/US2017/032545

WO 2017/197357

11/18

ANNOM

09¢

ONISSIHA ANNOM

9¢ 'Ol

\\
0se

vove

HALSINVD

SN1VHVddV dNL

HOSN3S FHNSSTHd

\...\
91¢

08¢

30UNOS IHNSSIHd
JAILVSIN

€Te

0Te

ﬁl{ 900¢




PCT/US2017/032545

WO 2017/197357

12/18

¥ "Oid

g e e e e T
i I ;
i HOSNIS i1 3ls ;
;R | | 1DVINOD |
i i i ;
i I S
m ZONT‘Hw . ) :Wfazomv
m - -
i
i
o o o e o e e e ;
111S
SNLVYYVYddY dNL be
3 YOSN3S 1OYINGD
%
oﬁqz\x moqux\ ffsmomv
111S
> YOSNIS 1DVINOD
<ONTKw fz;<om¢

W/!I oor



WO 2017/197357

PCT/US2017/032545

13/18

WOUND COUPLING DETECTION PROCESS

500
T

502

RECEIVE PRESSURE DATA

YES -

i et

504

“DRESSING
" COUPLEDTO

. NO

OUTPUT FIRST INDICATION

508

OUTPUT SECOND INDICATION

FIG.5



WO 2017/197357 PCT/US2017/032545
14/18

600
Ty

PRESSURE

TIME

-
=
_|
N

FIG. 6



PCT/US2017/032545

WO 2017/197357

15/18

700 -
N

TIME

Ts

Ts

“

JHUNSSIYd

FIG. 7



PCT/US2017/032545
16/18

WO 2017/197357

(09s) awi w mv_h_

09 0s oy 0¢ 0¢c 0l 0

0'L-
e T —— S0
L0+810 kX —--—L T - e B— 00
PO+2L0 X v - —~— e ]
LO+96ZEX - — = =< __ T G0
1 §0+9/8°|LX S~ . - =T oL
(lenseo aAle|INWND) swns-n9) Jojedipuj V2/1)7)%
09 0S 04 0€ 0c oL oo.T
e R e R S T e e T ST
—— = e S=F l/l//.\\\..”..ll.l."l.llllr/l G0-
10-80)6X —--— AN
%Mwmm.mw ||||| B — pm -~ e~ - St 00
+ X = — = -~ -~ \\ // - —= o \\l/\\ll\\\ .
#0+eGLAX S—r b 7 NI N o
= 0l
(lenseo Buipls) swns-n9) Jojeoipu| 2008
09 oo.T
G'0-
00
S0
e \\\\III.“I-‘ o._\
(lenseo-uou) swns-n2) Joyesipu| 008
09 0s 014 0€ 0¢ 0l o_‘ 0l
1 | T ! ) - LI — 1 I - _— ——— 1 1 1 - 1 ) T T | I Tl -
U“.\”ﬂu..nlj..h,l..h\A_V\.\\\.I/.ﬂ__.“h\.«AcA\ J_H._Tl li_ﬂ,..“\alll. P \..|-|J/-..|ﬂ!."hn”..h“_“'|,u!\\.| P_”\ll.“..u.”.lh.:_”\.“.h“..ﬂu__ﬂ.l_."m”_,.h:."”..rl.h..._l\ 4_.” =0l
_ | | 1 Ho Lo I _ | o l 1 Tl «-m__H
N AN RV RN R G AVAY U
AN (Wl \\ v \/ e NN 2V N AN A - omw
e AN F
201
0l
S10]JeoIpul Mey o008
_ ASP-1S/ABP-ISAUBLINY :po0jg —--—  SISOUNY/ASp-IS/asindu :ajepnXJ/elep\ ————  ASP-IS/UBBIN/UBLING I — . —  UBSJ\/MBY/WNNOBA [WNNJBA |_

mom mom wom Nom v/
(31vanx3) HAVYES Mv31SVD o08



PCT/US2017/032545

WO 2017/197357

17/18

(0os) awin |
09 0S 04 0€ 0c ]} oo.T
e - e T ST
/////l \\\v\.\ ...... IIH.IUI\I./// m.OI
e —— \l\\\.\. e L T e TR R G T T T~
00+91 01X ——— S T T T - T~ 00
YO+OLT IX -———- e e .
MW+MONNX - I.“l!l‘).llll.l.l.“}ll.l\“ — m o
Qg X :
oL
(lenseo aAle|INWND) swns-n9) Jojedipuj PO0E
09 0S 04 0€ 0c oL oo.T
== == ————~ T ~ 7~
PP e N NS NN 7 Vo /\.//.A e 0
m_‘o-momuxmw R PPN —~ / ! —~A [ ETN \d/./l\/// .
H\\ommhwummﬂ.'l\\”“ll’\\\,\ — e /l-l\l’ ..... /I.7fll./|\ o.o
€0+9Y8'9X ~ g0

00+096°8X —- — -
0+ 1'GX

09 05 oF | 0g @ | o oy,
”..h.||...I|.h..”H.|I...I|.h..”.h.||...||.h..”.h.||...||.h..”.|.__rlh...I|.h _THH.|I...I|.||...__q”.|.“.r|m...\|.h..”H.._H...Il.lh..HT_.lH.. .I|.I...|._.._,|..|._,+._I|“_...ll\u~_‘\m m Mm w
—/,\..I/ll\\_ _/l..\\~ ///l\\/lll\l\_ /(\ /(\e _s/\ _~<“ “IOOF—\

01

201

0l

SI0Je0IpuUl MEY 08

| Aep-ig/nep-igAusLng (poojg —--—  SISOUNY|/ASP-IS/esindw :ejepnx3/Ielem —- - -

ASp-IS/UBBNAAUBLINY Iy — . —  UBSA/MEYH/WNNJOBA ‘WNNJBA |_

808

908 r08 c08 v/
(31vanx3) HdvYO 31vy din4 006



PCT/US2017/032545

WO 2017/197357

18/18

09

(0os) awin |

00+8/9'7X —--—
£0+928'9X

-?J

P
0040 L IX ——=—
£0+99/LX
00+895.gX_—-—-—
p0+0.6€X

09

\
/A
[N

00+306'LX —--—

09 0S 014 0€ 0C ] 0 0
I S S R B S S R 1 =
||.__||,_ ........... I“- ........... I“.."|.I.:|.|._|.“_=_ m“_‘ll_lll_ﬂh IIIIII T T T T T T T T _l\_ _: “ “ _ __'“._J_"n_ﬂ“““.\\ll \_ MHOF
VR NN A A . N Y (N ARGV AN i

T 0L
20l
0l
S10)edIpul mey o000/
_ ASP-1S/ASP-ISAUBLINY :po0jg —--—  SISOUNY/ASp-IS/asindu :a1epnxJ/elep\ ————  ASP-IS/UBSIN/UBLING I — . —  UBSJ\/MBY/WNNOBA [WNNOBA |_
808 908 £08 208

(31Lvanx3) HdvHES 13A3T INNNDOVYA

V/ ooo/



International application No.
INTERNATIONAL SEARCH REPORT PLT/US2017/032545
BoxNo.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.: 20-27, 41-53

because they relate to subject matter not required to be searched by this Authority, namely:

see FURTHER INFORMATION sheet PCT/ISA/210

2. |:| Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribad requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No.lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This Internaticnal Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

—_

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

IE No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2017/032545

A. CLASSIFICATION OF SUBJECT MATTER

INV. A6IM1/00 A61F13/00
ADD.

AblF13/02

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

A6IM AG61F

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 20117245682 A1 (ROBINSON TIMOTHY MARK 1-19,
[GB] ET AL) 6 October 2011 (2011-10-06) 28-40
paragraphs 0033, 0039; figures 3, 4

X US 2015/133829 Al (DEBUSK BRIAN C [US] ET 1-19,
AL) 14 May 2015 (2015-05-14) 28-40
paragraphs 0035, 0039-0041, 0050-0052;
figures 1, 2

A US 2013/085462 Al (NIP KENNETH KEI-HO [US] 1-19,
ET AL) 4 April 2013 (2013-04-04) 28-40
paragraphs 0141, 0143, 0148, 0149, 0157;
figures 21, 23

X US 2009/088823 Al (BARAK MENASHE [IL] ET 28-140
AL) 2 April 2009 (2009-04-02)
paragraph 0024; figure 1A

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"Q" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

20 September 2017

Date of mailing of the international search report

29/09/2017

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Martin Amezaga, J

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2017/032545
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2011245682 Al 06-10-2011 AU 2011235091 Al 23-08-2012
CA 2790457 Al 06-10-2011
CN 102811751 A 05-12-2012
CN 105536079 A 04-05-2016
EP 2552507 Al 06-02-2013
JP 5839368 B2 06-01-2016
JP 2013523279 A 17-06-2013
JP 2016052532 A 14-04-2016
TW 201141561 A 01-12-2011
US 2011245682 Al 06-10-2011
US 2017007746 Al 12-01-2017
WO 2011123624 Al 06-10-2011

US 2015133829 Al 14-05-2015 AU 2014348463 Al 26-05-2016
CA 2930714 Al 21-05-2015
EP 3068458 A2 21-09-2016
US 2015133829 Al 14-05-2015
WO 2015073809 A2 21-05-2015

US 2013085462 Al 04-04-2013 CA 2851495 Al 04-04-2013
CN 104114136 A 22-10-2014
EP 2760406 A2 06-08-2014
JP 2015501170 A 15-01-2015
US 2013085462 Al 04-04-2013
WO 2013049834 A2 04-04-2013

US 2009088823 Al 02-04-2009 EP 2200528 Al 30-06-2010
US 2009088823 Al 02-04-2009
WO 2009040809 Al 02-04-2009

Form PCT/ISA/210 (patent family annex) (April 2005)




International Application No. PCT/ US2017/ 032545

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-27

An apparatus for applying negative pressure to a wound and
method of operating said apparatus, the apparatus
comprising: a negative pressure source configured to couple
via a fluid flow path to a wound dressing and provide
negative pressure to the wound dressing; a sensor configured
to monitor pressure in the fluid flow path; and a controller
configured to: determine that the wound dressing is coupled
to a wound from a change in a magnitude of pressure in the
fluid flow path over a time duration being indicative of a
steady state condition while the negative pressure source
maintains negative pressure in the fluid flow path within a
target pressure range, output a first indication denoting
that the wound dressing is coupled to the wound, determine
that the wound dressing is not coupled to the wound from the
change in the magnitude of pressure in the fluid flow path
over the time duration being indicative of a chaotic
condition while the negative pressure source maintains
negative pressure in the fluid flow path within the target
pressure range, and output a second indication different
from the first indication denoting that the wound dressing
is not coupled to the wound.

2. claims: 28-53

An apparatus for applying negative pressure to a wound and
corresponding method for applying negative pressure to a
wound, the apparatus comprising: a negative pressure source
configured to couple via a fluid flow path to a wound
dressing and provide negative pressure to the wound
dressing; a sensor configured to monitor pressure in the
fluid flow path; and a controller configured to: based at
least in part on the pressure in the fluid flow path,
determine that the wound dressing is coupled to a wound
based on at least one of detection of change in flow of gas
in the fluid flow path, detection of change in flow of
exudate in the fluid flow path, change in vacuum level if
the fluid flow path, or detection of presence of blood in
the fluid flow path, and output an indication that the wound
dressing is coupled to the wound.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

Continuation of Box II.1

Claims Nos.: 20-27, 41-53

Claims 20-27 relate to subject-matter considered by this Authority to be
covered by the provisions of Rule 39.1(iv) PCT. The method disclosed
therein is directed to the operation of a negative pressure wound therapy
apparatus and therefore it comprises in its scope providing negative
pressure wound therapy. Hence it is considered a method for treatment of
the human or animal body by therapy/surgery. Claims 41-53 relate to
subject-matter considered by this Authority to be covered by the
provisions of Rule 39.1(iv) PCT. The method disclosed therein has the
explicit purpose of applying negative pressure to a wound by means of a
wound dressing. Hence it is considered a method for treatment of the
human or animal body by therapy/surgery.
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