(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau
(43) International Publication Date
17 August 2017 (17.08.2017)

(10) International Publication Number

W O 2017/139686 Al

W IPO I PCT

(51) International Patent Classification:
A61M 1/00 (2006.01)

Heslington, York YO10 5DF (GB). DE VILLIERS,
Jason, Peter; c/o PA Consulting Group, Cambrige Tech

(21) International Application Number:

nology Centre, Melboum, Herts SG8 6DP (GB).
PCT/US2017/017538

(74) Agent:

DELANEY, Karoline, A.; Knobbe, Martens,
Olson & Bear, LLP, 2040 Main Street, 14th Floor, Irvine,
CA 92614 (US).

(22) International Filing Date:
10 February 2017 (10.02.2017)
(81)

(25) Filing Language:

English

(26) Publication Language:

English

(30) Priority Data:
62/294,816
12 February 2016 (12.02.2016)
62/294,725
12 February 2016 (12.02.2016)
62/305,475
8 March 2016 (08.03.2016)

US
US
US

(71) Applicant: SMITH & NEPHEW, INC. [US/US]; 1450
Brooks Road, Memphis, TN 38116 (US).
(72) Inventors: HARTWELL, Edward, Yerbury; c/o Smith
& Nephew Research Centre, York Science Park, Hesling
ton, York YO10 5DF (GB). QUINTANAR, Felix, C.; c/o
Smith & Nephew Research Centre, York Science Park,

Designated States (unless otherwise indicated,for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, Fl, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
MD, ME, MG, MK, MN, MW, MNX, MY, MZ, NA, NG,
NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
RU, RW, SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY,
TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated,for every
kind of regional protection available): ARIPO (BW, GH,
[Continued on next page]

(54) Title: SYSTEMS AND METHODS FOR DETECTING OPERATIONAL CONDITIONS OF REDUCED PRESSURE THER
APY
(57) Abstract: In some embodiments, a negative pressure wound therapy sys
tem can detect and classify one or more operational conditions, including detec
tion of a wound bleeding. The system can react to detection of blood by provid
ing an indication, reducing the intensity or stopping therapy, releasing negative
pressure, etc. In certain embodiments, the system can detect one or more addi
tional operational conditions, such as change in vacuum pressure, gas leak rate
change, exudate flow rate change, wafer flow rate change, presence of exudate,
presence of water, etc. The system can detect and distinguish between different
operational conditions and provide indication or take remedial action.

FLOW ESTIMATION PROCESS

START
12

rRECEIVE PRESS
JRE SENSORDATA
14
DETERMINE ONE OR MORE PROPERTIES
OF
ASPIRATED SUBSTANCE
(E.G. FLOW RATE)
US INGS
:PRESSURE SENSOR DATA

STORE DATA INDICATIVE OF DETERMINED
ONEORMORE PROPERTIES

FIG. 16

W O 20 17/13 9686 A 1 l
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU'
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, Fl, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE,
SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG).

llll|ll l111

1l|||||||||II|||||||1
|||||||1|||||||||||||||||

Published:
-

with internationalsearch report (Art.21(3))
before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

PCT/US2017/017538

WO 2017/139686

SYSTEMS AND METHODS FOR DETECTING OPERATIONAL CONDITIONS OF
REDUCED PRESSURE THERAPY
CROSS-REFERENCE TO RELATED APPLICATIONS
[0001]

The present application claims the benefit of U.S. Provisional

Patent Application No. 62/294,725, filed on February 12, 2016; U S. Provisional
Patent Application No. 62/294,816, filed on February 12, 2016; and U.S. Provisional
Patent Application No. 62/305,475, filed on March 8, 2016, each of which is
incorporated by reference in its entirety.
BACKGROUND
Field
[0002]

Embodiments of the present disclosure relate to systems and

methods for dressing and treating a wound with reduced pressure therapy, negative
pressure wound therapy (NPWT), or topical negative pressure therapy (TNP).

In

particular, but without limitation, embodiments of this disclosure relate to negative
pressure therapy devices, methods for controlling the operation of TNP systems,
and methods of using TNP systems.
Description of the Related Art
[0003]

Embodiments of the present disclosure relate to apparatuses and

methods for dressing and treating a wound with reduced pressure therapy.

In

particular, but without limitation, embodiments disclosed herein relate to negative
pressure therapy devices, methods for controlling the operation of TNP systems,
and methods of using TNP systems.
SUMMARY
[0004]

In some embodiments, an apparatus for applying negative pressure

to a wound includes a negative pressure source disposed in a housing, the negative
pressure source configured to be coupled, via a fluid flow path including at least one
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lumen, to a dressing placed over a wound and to provide negative pressure to the
dressing, one or more pressure sensors configured to monitor a pressure in the fluid
flow path. The apparatus also includes a controller configured to while the negative
pressure source provides negative pressure, detect presence of blood in the fluid
flow path based at least on the pressure monitored by the one or more pressure
sensors, and in response to detecting presence of blood in the fluid flow path,
provide an indication of presence of blood.
[0005]

The apparatus of preceding paragraph can include one or more of

the following features.

The indication can be prevention of administration of

negative pressure to the wound dressing by at least one of deactivating operation of
the negative pressure source, opening a vent positioned in the fluid flow path or
closing a valve positioned in the fluid flow path. The controller can be configured to
detect presence of blood in a canister based at least on data from one or more
optical sensors.

The one or more pressure sensors can include at least two

pressure sensors.

The indication can include activation of an audible or visible

alarm. The controller can be configured to detect presence of blood further based
on a level of activity of the negative pressure source.

The controller can be

configured to determine the level of activity based on at least one of a duty cycle
signal of the negative pressure source or a tachometer signal.
[0006]

In some embodiments, an apparatus for applying negative pressure

to a wound includes a negative pressure source disposed in a housing, the negative
pressure source configured to be coupled, via a fluid flow path including at least one
lumen, to a dressing configured to be placed over a wound and to provide negative
pressure to the dressing and one or more pressure sensors configured to monitor a
pressure in the fluid flow path. The apparatus also includes a controller configured
to while the negative pressure source provides negative pressure to the dressing,
determine an estimated flow rate of a substance aspirated from the wound into the
fluid flow path based at least on the pressure monitored by the one or more pressure
sensors, and store, in a memory device, a flow rate value indicative of the estimated
flow rate of the substance.
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[0007]

The apparatus of any of preceding paragraphs can include one or

more of the following features. The controller can be configured to output the flow
rate value. The controller can be configured to activate one of a first flow rate
indicator or second flow rate indicator responsive to the flow rate value, the first flow
rate indicator denoting a change in at least one fluid parameter of the substance
aspirated from the wound than the second flow rate indicator. At least one fluid
parameter can include density of the substance. The controller can be configured to
determine the estimated flow rate of the substance based at least on one or more of
(i) a rate of change of the pressure monitored by the one or more pressure sensors,
(ii) a duration that the pressure monitored by the one or more pressure sensors
remains at a level, (iii) a mode of operation of the controller or the negative pressure
source, (iv) a level of activity of the negative pressure source, (v) a flow rate
measured in the fluid flow path by a flow rate detector, (vi) a flow rate in the fluid flow
path calculated by the controller, or (vii) a mass flow in the fluid flow path calculated
by the controller. The controller can be configured to determine a confidence value
associated with the estimated flow rate, the confidence value being indicative of an
estimated accuracy of the estimated flow rate relative to an actual flow rate of the
substance. The controller can be configured to activate one of a first confidence
indicator or second confidence indicator responsive to the confidence value, the first
confidence indicator denoting a higher confidence than the second confidence
indicator.

The controller can be configured to modify operation of the negative

pressure source responsive to at least one of the flow rate value or the confidence
value.
[0008]

In some embodiments, an apparatus for applying negative pressure

to a wound includes a negative pressure source configured to provide negative
pressure, via a fluid flow path, to a dressing placed over a wound and one or more
pressure sensors configured to monitor a pressure in the fluid flow path.

The

apparatus also includes a controller configured to detect presence of blood in the
fluid flow path based on the pressure monitored by the one or more pressure
sensors and an activity level of the negative pressure source, and provide an
indication that blood is present in the fluid flow path.
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[0009]

The apparatus of any of preceding paragraphs can include one or

more of the following features.

The negative pressure source can be a pump

operated by an actuator, and wherein the activity level includes at least one of a
pump speed, a pulse width modulation (PWM) signal configured to drive the
actuator, or a current signal configured to drive the actuator. The controller can be
configured to compute a first indicator associated with change in the pressure over a
time duration and a second indicator associated with change in the activity level over
the time duration; and detect presence of blood based on the first and second
indicators. At least one of the first or second indicators can be a statistical indicator.
The controller can be configured to perform a time series analysis to determine if at
least one of the first or second indicators deviates from a threshold and based on the
deviation detect presence of blood. Time series analysis can include determination
of a cumulative sum (Cusum) of at least one of the first or second indicators. Cusum
of at least one of the first or second indicators can include a sliding causal Cusum.
The first indicator can include mean pressure over the time duration and the second
indicator includes standard deviation of standard deviation of the current signal over
the time duration.

The indication that blood is present in the fluid flow path can

include one or more of: activation of an alarm, release of negative pressure in the
fluid flow path, decrease of a target negative pressure provided by the negative
pressure source, or deactivation of the negative pressure source.
[0010]

The apparatus of any of preceding paragraphs can include one or

more of the following features.

The controller can be configured to detect and

provide indication of one or more of: presence of water in the fluid flow path,
presence of exudate in the fluid flow path, presence of gas leak in the fluid flow path,
or change in the pressure in the fluid flow path. The controller can be configured to
compute a plurality of indicators associated with change in the pressure over a time
duration and change in the activity level over the time duration; and detect and
provide an indication of one or more of presence of water in the fluid flow path,
presence of exudate in the fluid flow path, presence of gas leak in the fluid flow path,
or change in the pressure in the fluid flow path based on the plurality of indicators. At
least some of the plurality of indicators can include a statistical indicator.
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controller can be configured to perform a time series analysis to determine if at least
some of the plurality of indicators deviate from one or more thresholds and based on
the deviation detect one or more of presence of water in the fluid flow path, presence
of exudate in the fluid flow path, presence of gas leak in the fluid flow path, or
change in negative pressure in the fluid flow path. Time series analysis can include
determination of a cumulative sum (Cusum) of at least some of the plurality of
indicators. Cusum of at least some of the plurality of indicators can include a sliding
causal CUsUm. An indicator associated with change in the pressure in the fluid flow
path can include mean pressure over the time duration, an indicator associated with
presence of gas leak in the fluid flow path includes standard deviation of a mean of
the current signal, and an indicator associated with presence of water or exudate in
the fluid flow path includes kurtosis of standard deviation of the pump speed. The
controller is can be configured to determine malfunction of the one or more pressure
sensors based on at least one of the indicators.
[0011]

In some embodiments, a method of operating an apparatus for

applying negative pressure to a wound includes while providing negative pressure
from a negative pressure source of the apparatus, via a fluid flow path, to a wound
dressing configured to be placed over the wound, detecting presence of blood in the
fluid flow path based at least on a pressure in the fluid flow path, and in response to
detecting presence of blood in the fluid flow path, providing an indication of presence
of blood.
[0012]

The method of preceding paragraph can include one or more of the

following features. Providing the indication can include preventing administration of
negative pressure to the wound dressing by at least one of deactivating operation of
the negative pressure source, opening a vent positioned in the fluid flow path or
closing a valve positioned in the fluid flow path. Detecting presence of blood in a
canister can be based at least on data from one or more optical sensors.

The

method can include activating of an audible or visible alarm in response to detecting
presence of blood in the fluid flow path. The method can include detecting presence
of blood based on a level of activity of the negative pressure source. The method
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can include determining the level of activity based on at least one of a duty cycle
signal of the negative pressure source or a tachometer signal.
[0013]

In some embodiments, a method of operating an apparatus for

applying negative pressure to a wound includes while providing negative pressure
from a negative pressure source of the apparatus, via a fluid flow path, to a wound
dressing configured to be placed over the wound, determining an estimated flow rate
of a substance aspirated from the wound into the fluid flow path based at least on a
pressure in the fluid flow path, and outputting the flow rate value.
[0014]

The method of any of preceding paragraphs can include one or

more of the following features. The method can include activating one of a first flow
rate indicator or second flow rate indicator responsive to the flow rate value, the first
flow rate indicator denoting a change in at least one fluid parameter of the substance
aspirated from the wound than the second flow rate indicator. At least one fluid
parameter can include density of the substance.

Determining the estimated flow

rate of the substance can be based at least on one or more of (i) a rate of change of
the pressure in the fluid flow path, (ii) a duration that the pressure in the fluid flow
path remains at a level, (iii) a mode of operation of a controller of the apparatus or
the negative pressure source, (iv) a level of activity of the negative pressure source,
(v) a flow rate in the fluid flow path measured by a flow rate detector, (vi) a flow rate
in the fluid flow path calculated by the controller, or (vii) a mass flow in the fluid flow
path calculated by the controller. The method can include determining a confidence
value associated with the estimated flow rate, the confidence value being indicative
of an estimated accuracy of the estimated flow rate relative to an actual flow rate of
the substance. The method can include activating one of a first confidence indicator
or second confidence indicator responsive to the confidence value, the first
confidence indicator denoting a higher confidence than the second confidence
indicator. The method can include modifying operation of the negative pressure
source responsive to at least one of the flow rate value or the confidence value.
[0015]

In some embodiments, a method of operating an apparatus for

applying negative pressure to a wound includes providing negative pressure from a
negative pressure source of the apparatus, via a fluid flow path, to a wound dressing
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configured to be placed over the wound, detecting presence of blood in the fluid flow
path based on a pressure monitored in the fluid flow path and an activity level of the
negative pressure source, and providing an indication that blood is present in the
fluid flow path.
[0016]

The method of any of preceding paragraphs can include one or

more of the following features.

Negative pressure source can include a pump

operated by an actuator, and the activity level can include at least one of a pump
speed, a pulse width modulation (PWM) signal configured to drive the actuator, or a
current signal configured to drive the actuator. The method can include computing a
first indicator associated with change in the pressure over a time duration and a
second indicator associated with change in the activity level over the time duration,
and detecting presence of blood based on the first and second indicators. At least
one of the first or second indicators can include a statistical indicator. The method
can include performing a time series analysis to determine if at least one of the first
or second indicators deviates from a threshold and based on the deviation detect
presence of blood. Time series analysis can include determination of a cumulative
sum (Cusum) of at least one of the first or second indicators. Cusum of at least one
of the first or second indicators can include a sliding causal Cusum.

The first

indicator can include mean pressure over the time duration and the second indicator
includes standard deviation of standard deviation of the current signal over the time
duration.
[0017]

The method of any of preceding paragraphs can include one or

more of the following features. The indication that blood is present in the fluid flow
path can include one or more of: activation of an alarm, release of negative pressure
in the fluid flow path, decrease of a target negative pressure provided by the
negative pressure source, or deactivation of the negative pressure source. The
method can include detecting and providing indication of one or more of: presence of
water in the fluid flow path, presence of exudate in the fluid flow path, presence of
gas leak in the fluid flow path, or change in the pressure in the fluid flow path. The
method can include computing a plurality of indicators associated with change in the
pressure over a time duration and change in the activity level over the time duration,
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and detecting and providing an indication of one or more of presence of water in the
fluid flow path, presence of exudate in the fluid flow path, presence of gas leak in the
fluid flow path, or change in the pressure in the fluid flow path based on the plurality
of indicators. At least some of the plurality of indicators can include a statistical
indicator. The method can include performing a time series analysis to determine if
at least some of the plurality of indicators deviate from one or more thresholds and
based on the deviation detect one or more of presence of water in the fluid flow path,
presence of exudate in the fluid flow path, presence of gas leak in the fluid flow path,
or change in negative pressure in the fluid flow path. Time series analysis can
include determination of a cumulative sum (Cusum) of at least some of the plurality
of indicators. Cusum of at least some of the plurality of indicators can include a
sliding causal Cusum. An indicator associated with change in the pressure in the
fluid flow path can include mean pressure over the time duration.

An indicator

associated with presence of gas leak in the fluid flow path can include standard
deviation of a mean of the current signal. An indicator associated with presence of
water or exudate in the fluid flow path can include kurtosis of standard deviation of
the pump speed. The method can include determining malfunction of a pressure
sensor of the apparatus based on at least one of the indicators.
BRIEF DESCRIPTION OF THE DRAWINGS
[0018]

Embodiments of the present disclosure will now be described

hereinafter, by way of example only, with reference to the accompanying drawings in
which:
[0019]

Figure 1 illustrates a negative pressure wound therapy system

according to some embodiments.
[0020]

Figure 2 illustrates a negative pressure wound therapy device

according to some embodiments.
[0021]

Figure 3 illustrates an electrical component schematic of a negative

pressure wound therapy device according to some embodiments.
[0022]

Figure 4 illustrates operational parameters according to some

embodiments.
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[0023]

Figure 5 illustrates detection of a gas leak when water is being

aspirated according to some embodiments.
[0024]

Figure 6 illustrates detection of a change in fluid rate when water is

being aspirated according to some embodiments.
[0025]

Figure 7 illustrates detection of a change in vacuum level when

water is being aspirated according to some embodiments.
[0026]

Figure 8 illustrates detection of a gas leak when exudate is being

aspirated according to some embodiments.
[0027]

Figure 9 illustrates detection of a change in fluid rate when exudate

is being aspirated according to some embodiments.
[0028]

Figure 10 illustrates detection of a change in vacuum level when

exudate is being aspirated according to some embodiments.
[0029]

Figure 11 illustrates detection of a gas leak when blood is being

aspirated according to some embodiments.
[0030]

Figures 12A-B illustrate detection of a change in fluid rate when

blood is being aspirated according to some embodiments.
[0031]

Figure 13 illustrates detection of a change in vacuum level when

blood is being aspirated according to some embodiments.
[0032]

Figure 14 illustrates a process for detecting and classifying

operational conditions according to some embodiments.
[0033]

Figures 15A-B illustrate vacuum pressure data according to some

embodiments.
[0034]

Figure 16 illustrates a process for detection of a fluid according to

some embodiments.
[0035]

Figure 17 illustrates a process for estimating viscosity of a fluid

according to some embodiments.
DETAILED DESCRIPTION
[0036]

The present disclosure relates to methods and apparatuses for

dressing and treating a wound with reduced pressure therapy or topical negative
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pressure (TNP) therapy.

The methods, apparatuses, and devices can incorporate

or implement any combination of the features described below.
Overview
[0037]

Embodiments disclosed herein relate to systems and methods of

treating a wound with reduced pressure. As is used herein, reduced or negative
pressure levels, such as -X mmHg, represent pressure levels relative to ambient
atmospheric pressure, which can correspond to 760 mmHg (or 1 atm, 29.93 inHg,
101.325 kPa, 14.696 psi, etc.). Accordingly, a negative pressure value of -X mmHg
reflects absolute pressure that is X mmHg below, for example, 760 mmHg or, in
other words, an absolute pressure of (760-X) mmHg. In addition, negative pressure
that is "less" or "smaller" than X mmHg corresponds to pressure that is closer to
atmospheric pressure (e.g., -40 mmHg is less than -60 mmHg). Negative pressure
that is "more" or "greater" than -X mmHg corresponds to pressure that is further
from atmospheric pressure (e.g., -80 mmHg is more than -60 mmHg).

In some

embodiments, local ambient atmospheric pressure is used as a reference point, and
such local atmospheric pressure may not necessarily be, for example, 760 mmHg.
[0038]

Embodiments of the present disclosure are generally applicable to

use in in topical negative pressure ("TNP") or reduced pressure therapy systems.
Briefly, negative pressure wound therapy assists in the closure and healing of many
forms of "hard to heal" wounds by reducing tissue oedema, encouraging blood flow
and granular tissue formation, and/or removing excess exudate and can reduce
bacterial load (and thus infection risk).

In addition, the therapy allows for less

disturbance of a wound leading to more rapid healing. TNP therapy systems can
also assist in the healing of surgically closed wounds by removing fluid.

In some

embodiments, TNP therapy helps to stabilize the tissue 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 important and close proximity of the graft to tissue
is required in order to ensure tissue viability.
[0039]

In certain embodiments, a negative pressure wound therapy

system can detect and classify one or more operational conditions, including
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detection of a wound bleeding. The ability to detect blood, particularly a bleed out,
may be safety critical and prevent harm (such as, pain or discomfort) to a patient,
and may be used to prevent exsanguination (e.g., particularly for deeper wounds).
The system can react to detection of blood by providing an indication (e.g., high
priority alarm), reducing the intensity or stopping therapy, releasing negative
pressure, and the like.
[0040]

In some embodiments, the system can detect one or more

additional operational conditions, such as change in vacuum pressure, gas leak rate
change, exudate flow rate change, water flow rate change, presence of exudate,
presence of water, and the like. The system can detect and distinguish between (or
classify) different operational conditions and provide indication or take remedial
action.
Negative Pressure System
[0041]

Figure 1 illustrates an embodiment of a negative or reduced

pressure wound treatment (or TNP) system 100 including a 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 multi lumen tube or conduit 140 is connected the

wound cover 120 with a negative pressure device or 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
device (meaning that exudate is collected in the wound dressing). 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 to or supported by the
dressing, or adjacent to the dressing. 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 conformable to the wound cavity 110 such that it
substantially fills the cavity at atmospheric pressure, and also may have a
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substantially reduced compressed volume when under negative pressure.

The

wound cover 120 can provide a substantially fluid impermeable seal over the wound
cavity 110.

In some embodiments, the wound cover 120 has 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 any other conduit disclosed herein can
be formed from polyurethane, PVC, nylon, polyethylene, silicone, or any other
suitable material.
[0042]

Some embodiments of the wound cover 120 can have a port (not

shown) configured to receive an end of the conduit 140. In some embodiments, the
conduit 140 can otherwise pass through and/or under the wound cover 120 to supply
reduced pressure to the wound cavity 110 so as to maintain a desired level of
reduced pressure in the wound cavity. The conduit 140 can be any suitable article
configured to 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.
[0043]

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.

In some embodiments, though not

required, the pump assembly 150 can be miniaturized and portable, although larger
conventional pumps such can also be used.
[0044]

The wound cover 120 can be located over a wound site to be

treated. The wound cover 120 can form a substantially sealed cavity or enclosure
over the wound site. In some embodiments, the wound cover 120 can be configured
to have a film having a high water vapour permeability to enable the evaporation of
surplus fluid, and can have a superabsorbing material contained therein to safely
absorb wound exudate.

It will be appreciated that throughout this specification

reference is made to a wound.

In this sense it is to be understood that the term

wound is to be broadly construed and encompasses open and closed wounds in
which skin is torn, cut or punctured or where trauma causes a contusion, or any
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other surficial or other conditions or imperfections on the skin of a patient or
otherwise that benefit from reduced pressure treatment. A wound is thus broadly
defined as any damaged region of tissue where fluid may or may not be produced.
Examples of such wounds include, but are not limited to, acute wounds, chronic
wounds, surgical incisions and other incisions, subacute and dehisced wounds,
traumatic Wounds, flaps and skin grafts, lacerations, abrasions, contusions, burns,
diabetic ulcers, pressure ulcers, stoma, surgical Wounds, trauma and venous ulcers
or the like. In some embodiments, the components of the TNP system described
herein can be particularly suited for incisional wounds that exude a small amount of
wound exudate.
[0045]

Some embodiments of the system 100 are designed to operate

without the use of an exudate canister.

Some embodiments of the system 100 can

be configured to support an exudate canister. In some embodiments, configuring
the pump assembly 150 and tubing 140 so that the tubing 140 can be quickly and
easily removed from the pump assembly 150 can facilitate 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 assembly.
[0046]

In some embodiments, the pump assembly 150 can be configured

to deliver negative pressure at a desired negative pressure setpoint or target
pressure, which can be selected or programmed to be approximately -80 mmHg, or
between about -20 mmHg and -200 mmHg (e.g., as selected by a user). Note that
these pressures are relative to normal ambient atmospheric pressure thus, -200
mmHg would be about 560 mmHg assuming that ambient atmospheric pressure is
760 mmHg. In some embodiments, the pressure range can be between about -40
mmHg and -150 mmHg. Alternatively a pressure range of up to -75 mmHg, up to
80 mmHg or over -80 mmHg can be used. Also in other embodiments a pressure
range of below -75 mmHg can be used.

Alternatively a pressure range of over

approximately -100 mmHg, or even -150 mmHg, can be supplied by the pump
assembly 150.
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[0047]

In some embodiments, the pump assembly 150 is configured to

provide continuous or intermittent negative pressure therapy.

Continuous therapy

can be delivered at above -25 mmHg, -25 mmHg, -40 mmHg, -50 mmHg, -60
mmHg, -70 mmHg, -80 mmHg, -90 mmHg, -100 mmHg, -120 mmHg, -140 mmHg,
160 mmHg, -180 mmHg, -200 mmHg, or below 200 mmHg.

Intermittent therapy

can be delivered between low and high negative pressure set points or target
pressures. Low set point can be set at above 0 mmHg, 0 mmHg, -25 mmHg, -40
mmHg, -50 mmHg, -60 mmHg, -70 mmHg, -80 mmHg, -90 mmHg, -100 mmHg, -120
mmHg, -140 mmHg, -160 mmHg, -180 mmHg, or below -180 mmHg. High set point
can be set at above -25 mmHg, -40 mmHg, -50 mmHg, -60 mmHg, -70 mmHg,
80 mmHg, -90 mmHg, -100 mmHg, -120 mmHg, -140 mmHg, -160 mmHg, -180
mmHg, -200 mmHg, or below -200 mmHg.

During intermittent therapy, negative

pressure at low set point can be delivered for a first time duration, and upon
expiration of the first time duration, negative pressure at high set point can be
delivered for a second time duration. Upon expiration of the second time duration,
negative pressure at low set point can be delivered.

The first and second time

durations can be same or different values. The first and second durations can be
selected from the following range: less than 2 minutes, 2 minutes, 3 minutes, 4
minutes, 6 minutes, 8 minutes, 10 minutes, or greater than 10 minutes.

In some

embodiments, switching between low and high set points and vice versa can be
performed according to a step waveform, square waveform, sinusoidal waveform,
and the like.
[0048]

In operation, the wound filler 130 is inserted into the wound cavity

110 and wound cover 120 is placed so as to seal the wound cavity 110. The pump
assembly 150 provides a source of a negative pressure to the wound cover 120,
which is transmitted to the wound cavity 110 via the wound filler 130. Fluid (e.g.,
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).
[0049]

WNound dressings that may be utilized with the pump assembly and

other embodiments of the present application include Renasys-F, Renasys-G,
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Renasys AB, Renasys Soft Port, and Pico Dressings available from Smith &
Nephew. Further description of such wound dressings and other components of a
negative 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 Nos.
8,801,685, 8,791,315, 9,061,095, 8,905,985, 9,084,845; U.S. Patent Publication
Nos. 2015/0025482 and 2016/0136339; and International Patent Publication No.
WO 2016/018448, each of which is incorporated by reference in its entirety. In other
embodiments, other suitable wound dressings can be utilized.
[0050]

Figure 2 illustrates a negative pressure wound therapy device 200

according to some embodiments. The device includes a pump assembly 230 and a
canister 220.

As is illustrated, the pump assembly 230 and the canister are

connected, thereby forming a device. The pump assembly 230 comprises one or
more indicators, such as visual indicator 202 configured to indicate alarms and
visual indicator 204 configured to 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, to a variety of operating parameters and/or failure conditions of the
negative pressure system, including alerting the user to normal or proper operational
conditions, pump failure, power supplied to the pump or power failure, detection of a
leak within the wound cover or flow pathway, suction blockage, unexpected change
in pressure, bleeding, 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 one or more of visual, audio, tactile, and so on. The indicator 202
can be configured to signal alarm conditions, such as canister full, system blockage,
power low, conduit 140 disconnected, seal broken in the wound seal 120, blood
detected, and so on. The indicator 202 can be configured to display colored flashing
and/or continuous light (e.g. red, amber, green or blue and combinations thereof) to
draw user's attention. The indicator 204 can be configured to signal status of the
TNP system, such as therapy delivery is ok, leak detected, exudate detected, water
detected, another type of fluid detected, and so on.

The indicator 204 can be

configured to display one or more different colors of light, such as green, yellow, red,
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etc. For example, green light can be emitted when the TNP system is operating
properly and yellow light can be emitted to indicate a warning.

In some

embodiments, indicators 202 and 204 can be interchangeable or redundant.
[0051]

The pump assembly 230 comprises 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) content, 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, controlling, and monitoring the operation of the TNP system. The pump
assembly 230 comprises a gripping portion 210 formed in the case of the pump
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 canister 220
can be replaced with another canister, such as when the canister 220 has been filled
with fluid.
[0052]

The pump assembly 230 comprises one or more keys or buttons

212 configured to allow the user to operate and monitor the operation of the TNP
system. As is illustrated, three buttons 212a, 212b, and 212c are included. Button
212a can be configured as a power button to turn on/off the pump assembly 230.
Button 212b can be configured as a play/pause button 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 212c can be configured to lock the display 206 and/or the buttons 212. For
instance, button 212c can be pressed so that the user does not unintentionally alter
the delivery of the therapy. Button 212c can be depressed to unlock the controls. In
other embodiments, additional buttons can be used or one or more of the illustrated
buttons 212a, 212b, or 212c can be omitted. Multiple key presses and/or sequences
of key presses can be used to operate the pump assembly 230.
[0053]

The pump assembly 230 includes one or more latch 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 to allow attachment and detachment of the canister 220 using one or

-16-

PCT/US2017/017538

WO 2017/139686

more canister latches 221. The pump assembly 230 comprises a gas outlet 224 for
allowing gas removed from the wound cavity 110 to escape. Gas 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 connecting a carry strap to the pump
assembly 230 or for attaching a cradle.

In the illustrated embodiment, two strap

mounts 226 can be formed on the sides of the pump assembly 230.

In some

embodiments, various of these features are omitted and/or various additional
features are added to the pump assembly 230.
[0054]

The canister 220 is configured to 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 illustrated 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
opaque and the contents of the canister and substantially 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 canister from the apparatus 230. The
canister 220 includes a substantially transparent window 216, which can also include
graduations of volume. For example, the illustrated 300 mL canister 220 includes
graduations of 50 mL, 100 mL, 150 mL, 200 mL, 250 mL, and 300 mL.

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 mL canister.
The canister 220 comprises a tubing channel 218 for connecting to the conduit 140.
In some embodiments, various of these features, such as the gripping portion 214,
are omitted and/or various additional features are added to the canister 220. Any of
the disclosed canisters may include or may omit a solidifier.
[0055]

Figure 3 illustrates an electrical component schematic 300 of a

negative pressure device or pump assembly, such as the pump assembly 150,
according to some embodiments. Electrical components can operate to accept user
input, provide output to the user, operate the pump assembly and the negative
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pressure system, provide network connectivity, and so on. Electrical components
can be mounted on one or more printed circuit boards (PCBs). As is illustrated, the
pump assembly can include multiple processors or controllers.

It may be

advantageous to utilize multiple processors in order to allocate or assign various
tasks to different processors. A first processor can be responsible for user activity
and a second processor can be responsible for controlling the pump. This way, the
activity of controlling the pump, which

may necessitate a higher level of

responsiveness (corresponding to higher risk level), can be offloaded to a dedicated
processor and, thereby, will not be interrupted by user interface tasks, which may
take longer to complete because of interactions with the user.

In some

embodiments, the pump assembly can include less or more processors than
illustrated in Figure 3.
[0056]

The pump assembly can comprise a user interface processor or

controller 310 configured to operate one or more components for accepting user
input and providing output to the user, such as a display, button(s), speaker(s),
indicator(s), etc. Input to the pump assembly and output from the pump assembly
can be controlled by an input/output (1/0) module 320. For example, the 1/0 module
can receive data from one or more ports, such as serial, parallel, hybrid ports, and
the like. The processor 310 also receives data from and provides data to one or
more expansion modules 360, such as one or more USB ports, SD ports, Compact
Disc (CD) drives, DVD drives, FireWire ports, Thunderbolt ports, PCI Express ports,
and the like. The processor 310, along with other controllers or processors, stores
data in one or more memory modules 350, which can be internal and/or external to
the processor 310. Any suitable type of memory can be used, including volatile
and/or non-volatile memory, such as RAM, ROM, magnetic memory, solid-state
memory, Magnetoresistive random-access memory (MRAM), and the like.
[0057]

In some embodiments, the processor 310 can be a general

purpose controller, such as a low-power processor.

In other embodiments, the

processor 310 can be an application specific processor. The processor 310 can be
configured as a "central" processor in the electronic architecture of the pump
assembly, and the processor 310 can coordinate the activity of other processors,

-18-

PCT/US2017/017538

WO 2017/139686

such as a pump control processor 370, communications processor 330, and one or
more additional processors 380 (e.g., processor for controlling a display 206,
processor for controlling one or more buttons, etc.). The processor 310 can run a
suitable operating system, such as a Linux, Windows CE, VxWorks, etc. One or
more of the processors described herein can be a DSP processor.
[0058]

The pump control processor 370 can be configured to control the

operation of a negative pressure pump 390. The pump 390 can be a suitable pump,
such as a diaphragm pump, peristaltic pump, rotary pump, rotary vane pump, scroll
pump, screw pump, liquid ring pump, pump (for example, diaphragm pump)
operated by a piezoelectric transducer, voice coil pump, and the like. The pump
control processor 370 can measure pressure in a fluid flow path, using data received
from one or more pressure sensors (which can be positioned anywhere in the flow
path), calculate the rate of fluid flow, and control the pump.

The pump control

processor 370 can control an actuator (e.g., pump motor) so that a desired level of
negative pressure is achieved in the wound cavity 110.

The desired level of

negative pressure can be pressure set or selected by the user.

In various

embodiments, the pump control processor 370 controls an actuator of the pump (for
example, a pump motor) using pulse-width modulation (PWM) or another suitable
drive signal. A control signal for driving the pump can be a 0-100% duty cycle PWM
signal.

The pump control processor 370 can perform flow rate calculations and

detect various conditions in a flow path.

The pump control processor 370 can

communicate information to the processor 310. The pump control processor 370
can include internal memory and/or can utilize memory 350.

The pump control

processor 370 can be a low-power processor.
[0059]

A communications processor 330 can be configured to provide

wired and/or wireless connectivity to another computing device, such as a remote
monitoring station.

The communications processor 330 can utilize one or more

antennas 340 for sending and receiving data. The communications processor 330
can provide one or more of the following types of connections: Global Positioning
System (GPS) technology, cellular connectivity (e.g., 2G, 3G, LTE, 4G), WiFi
connectivity, Internet connectivity, and the like. Connectivity can be used for various
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activities, such as pump assembly location tracking, asset tracking, compliance
monitoring, remote selection, uploading of logs, alarms, and other operational data,
and adjustment of therapy settings, upgrading of software and/or firmware, and the
like. The communications processor 330 can provide dual GPS/cellular functionality.
Cellular functionality can, for example, be 3G functionality. In such cases, if the
GPS module is not able to establish satellite connection due to various factors
including atmospheric conditions, building or terrain interference, satellite geometry,
and so on, the device location can be determined using the 3G network connection,
such as by using cell identification, triangulation, forward link timing, and the like.
The pump assembly can include a SIM card, and SIM-based positional information
can be obtained.
[0060]

The communications processor 330 can communicate information

to the processor 310.

The communications processor 330 can include internal

memory and/or can utilize memory 350. The communications processor 330 can be
a low-power processor.
[0061]

In some embodiments, the pump assembly can track and store

various data, such as one or more of positioning data, therapy parameters, logs,
device data, and so on. The pump assembly can track and log therapy and other
operational data. Data can be stored, for example, in the memory 350.
[0062]

In some embodiments, using the connectivity provided by the

communications processor 330, the device can upload any of the data stored,
maintained, and/or tracked by the pump assembly.

For example, the following

information can be uploaded to a remote computer or server: activity log(s), which
includes therapy delivery information, such as therapy duration, alarm log(s), which
includes alarm type and time of occurrence; error log, which includes internal error
information, transmission errors, and the like; therapy duration information, which
can be computed hourly, daily, and the like; total therapy time, which includes
therapy duration from first applying a particular therapy program or programs;
lifetime therapy information; device information, such as the serial number, software
version, battery level, etc.; device location information; patient information; and so
on.

The device can also download various operational data, such as therapy
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selection and parameters, firmware and software patches and upgrades, and the
like. The pump assembly can provide Internet browsing functionality using one or
more browser programs, mail programs, application software (e.g., apps), etc.
[0063]

In some embodiments, the communications processor 330 can use

the antenna 340 to communicate a location of the pump assembly, such as a
location of a housing of the pump assembly, to other devices in the proximity (for
example, within 10, 20, or 50 meters and the like) of the pump assembly. The
communications processor 330 can perform one-way or two-way communication
with the other devices depending on the implementation.

The communications

transmitted by the communications processor 330 can include identifying information
to uniquely identify the pump assembly relative to one or more other pump
assemblies also in the proximity of the pump assembly. For example, identifying
information can include a serial number or a value derived from the serial number.
The signal strength of the transmitted communications by the communications
processor 330 can be controlled (for example, maintained at a constant or
substantially constant level) to enable another device to determine a distance to the
pump assembly, such as a distance between the device and the pump assembly.
[0064]

In some embodiments, the communications processor 330 can

communicate with other devices in the proximity of the pump assembly so that the
communications processor 330 can itself determine a distance from the pump
assembly to the other devices.

The communications processor 330, in such

embodiments, can track and store the distance from the pump assembly to the other
devices or indications of change in the distance over time, and the communications
processor 330 can later provide this information to the other devices. For instance,
the communications processor 330 can determine a duration of time during which
the pump assembly has been removed from a coverage area of a device and
subsequently report this time to the device upon being returned to the coverage
area.
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Detection of Operational Conditions
[0065]

In some embodiments, negative pressure wound therapy system

can monitor and detect operational conditions of the negative pressure system, such
as the system 100 in Figure 1. Operational conditions can include changes in
pressure, fluid leaks (including change in gas flow rate, change in water flow rate,
change in exudate flow rate), presence of blood, blockages, and the like. Water can
include substances that consist mainly of water, such as physiological solutions
having up to 90% (or more or less) water.

These substances can include

physiological saline, wound washes, ringer's solutions, wound irrigants, antibiotics,
or any other aqueous based solution of compounds used in the treatment of wounds
(e.g., having a dynamic viscosity 0.7 to 1.3 mPa s (millipascal seconds) at 25 OC or
any other suitable viscosity and specific gravity in the range of 0.95 to 1 1).
[0066]

In some embodiments, the system can classify or distinguish a

particular operational condition from other conditions.

As explained herein, the

system can detect a change in properties of fluid that flows through the fluid flow
path and determine a type of fluid causing the change (e.g., blood, exudate, water,
etc.).

For example, flow rate can be one of fluid properties, and the system can

detect a change in the flow rate (e.g., relative to one or more thresholds) and classify
the fluid type. Flow rate can change due to introduction into the flow path of fluid
that has different properties (e.g., density or viscosity). The system can detect a
change in properties of the fluid in the fluid flow path and classify the change to
determine the fluid type. In some implementations, the system can detect a change
in flow due to changes in dimensions of the flow path (e.g., decrease in diameter
due to a restriction or blockage, increase in diameter due to removal of restriction or
blockage, etc.), surface tension, gravitational force (e.g., patient raises a limb which
has a wound, stands up, etc.), and the like.
[0067]

During the provision of TNP therapy, different substances, such as

gas (e.g., air), exudate, water, blood, and tissue aspirated from the wound cavity 110
may enter the fluid flow path (including any one or more of dressing, tube or lumen
140, or canister) in the system 100 of Figure 1. The pump assembly 150 can
desirably, in certain embodiments, determine a one or more properties of one or
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more substances in the fluid flow path so that the pump assembly 150 can
determine a composition or properties of the substance and enable one or more
appropriate actions to be taken in view of the composition or properties of the
substance. For example, because blood may be denser and differ in viscosity than
liquid or gaseous exudate, blood can be differentiated from exudate, among other
possible substances, by monitoring one or more operational parameters of the
system, such as pressure, activity, and the like, and determining presence of one or
more substances in the fluid flow path. For example, the system can determine that
the composition of the aspirated substance has one or more properties that satisfy
one or more thresholds. The ability to detect blood, particularly a bleed out, may be
safety critical and prevent harm (such as, pain, discomfort, or death) to a patient,
and may be used to prevent exsanguination in worst cases (e.g., particularly for
deeper wounds and wounds where major blood vessels may be exposed, close to
the surface of the tissue, or damaged).
[0068]

Figure 4 illustrates operational parameters 400 that can be used for

detecting one or more operational conditions according to some embodiments.
These

parameters

can

include

pressure

measurements,

level

of

activity

measurements, and the like obtained during operation of the negative pressure
wound therapy system.

Parameters 400 can correspond to the system operating

under a particular negative pressure setting (such as -80 mmHg) and a particular
gas leak (such as 60 standard cubic centimeter per minute (sccm)).
[0069]

In some embodiments, the level of activity can include one or more

parameters of an actuator (e.g., motor) of the negative pressure source, such as
current (or voltage) of a motor drive signal, PWM signal, and motor speed. These
parameters are illustrated in Figure 4. Graph 400a illustrates PWM signal 402a for
driving the motor captured over a time period, such as 1 second or another suitable
time period. Also illustrated is a peak-to-peak 404a of the PWM signal, average or
mean of the PWM signal 406a, and standard deviation 408a of the PWM signal.
Graph 400b illustrates motor or pump speed 402b, which can be determined using a
Hall sensor, tachometer, or another suitable sensor.

Motor speed can be

represented as partial or full pump motor rotations (e.g., for diaphragm pump) or
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may be an account or a measure of piston/diaphragm displacement (e.g., for a
reciprocating pump).

Signal 402b illustrates timing between tachometer pulses or

ticks, with each pulse being represented by an impulse corresponding to a quarter
rotation of the pump motor (so that 4 consecutive impulses represent one full
revolution of the pump motor). For example, 58 tachometer ticks are illustrated in
400b. Also illustrated is a peak-to-peak 404b of the motor speed signal, mean of the
motor speed signal 406b, and standard deviation 408b of the motor speed signal.
Graph 400c illustrates motor current signal 402c (e.g., in amperes) for driving the
motor captured over a time period, such as 1 second or another suitable time period.
Also illustrated is a peak-to-peak 404c of the motor current signal, mean of the motor
current signal 406c, and standard deviation 408c of the motor current signal.
[0070]

Graph 400d illustrates vacuum pressure in the fluid flow path signal

402d (e.g., in mmHg) current captured over a time period, such as 1 second or
another suitable time period. Vacuum pressure can be monitored using one or more
pressure sensors described herein. Also illustrated is a peak-to-peak 404d of the
vacuum pressure signal, mean of the vacuum pressure signal 406d, and standard
deviation 408d of the vacuum pressure signal. As is illustrated in Figure 4, while
each signal is approximately periodic, each signal has a different period.

These

characteristics can be used to detect one or more operational conditions.
[0071]

In certain embodiments, sampling rate for collecting one or more

operational parameters can be chosen to allow detection in parameter changes. For
example, sampling rate of at least 0.2 Hz or higher can be used. A sampling rate of
1 kHz was used to collect data in Figure 4. In some instances, sampling rate of less
than 0.2 Hz can be used.
Time Domain Detection and Classification
[0072]

In some embodiments, time domain analysis can be used to detect

and classify one or more operational conditions, such as change in vacuum
pressure, detection of blood in the fluid flow path, change in gas (e.g., air) leak rate,
change in exudate flow rate, and change in water flow rate.
include the following:
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1) Calculate relevant statistics (and statistics of statistics if

[0073]

applicable) for the input signals;
[0074]

2) Perform time series analysis to detect when these statistics

deviate from norm; and
[0075]

3) Apply a classification algorithm to analyze the deviations and

interpret them as one or more operational conditions.
[0076]

In some implementations, input signals or operational parameters

and their statistics are illustrated in Figure 4. Time domain analysis can use one or
more of the following:

Statistic

Input Signal
Vacuum
Vacuum
Vacuum
Vacuum
Current

Pressure
Pressure
Pressure
Pressure

Raw .g.,
(e
402d)
Mean (e g 406d)
Standard Deviation (e.g., 408d)
Peak to Peak (e.g. 404d)
Raw (e g. 402c)

Current

Mean (e g., 406c)

Current

Standard Deviation (eg, 408c)

Current

Peak to Peak (e g.. 404c)

PWM

Raw (e.g., 402a)

PWM

Mean (e g. 406a)

PWM

PWM

Standard Deviation (e.g. 408a)
Peak to Peak (e.g. 404a)
Raw (e.g. 402b)
Mean (eg., 406b)
Standard Deviation (e.g., 408b)
: Peak to Peak (e g., 404b)
Raw (e.g., time between impulses)

impulse (Motor Speed)
impulse (Motor Speed)
Impulse (Motor Speed)
Impulse (Motor Speed)
Tick Rate (Motor
Speed)
Table 1. Input signals and statistics
[0077]

In addition, in some embodiments, statistical properties of one or

more of the statistics in Table 1 are calculated.

These statistical properties can

include one or more of mean, standard deviation, skewness (third statistical
moment),

kurtosis (fourth statistical moment),

minimum,

and maximum.

A

correlation between statistic and signal can be calculated, which determined which
statistic(s) are linearly related to which signal.

The aim can be to find, for each

signal, one statistic that is strongly related to it but is unrelated to the other signals.
Such a statistic would thus be a good indicator of when the signal has changed,
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which can indicate presence of an operational condition. A correlation greater than
0.5 (or less than -0.5) can be indicative of a strong linear relationship.
[0078]

In some embodiments, to determine whether or not a given statistic

is a good fit for a particular signal, three normalized correlations (which by definition
are in the range [-1.0, 1.0]) are evaluated via the following equation which measures
how distinct that statistic is for a given signal:
(2

C6 + ccj
[0079]

Where c, is the coefficient of correlation of the statistic with the

variable (or signal) of concern and

cb

and c, are the coefficients of the statistic with

the other two input variables (or signals). This equation can be extended to more
than three variables by adding additional terms to the denominator. This equation
rewards high correlations with the desired variable by squaring the numerator, which
also severely penalizes low correlations. The denominator rewards the statistic if it
is independent of both other variables (e.g., they are both close to zero).

The

second norm is used so that one variable being extremely close to zero does not
skew the results even if the other variable in the denominator has a fairly high
coefficient. The statistic with the highest distinctness as per the above equation can
be selected.
[0080]

In certain implementations, additional or alternative statistics can be

used, including the logarithm, exponents, and powers of each of the current statistics
as well as their ratios and products.

Additional or alternative selection methods to

choose the best statistics such Principal Component Analysis (PCA) and Singular
Value Decomposition (SVD) can be used.

Once the best statistic has been

determined, time series analysis algorithms such Auto Regressive Integrated Moving
Average (ARIMA),

Generalized

Autoregressive

Conditional

Heteroskedasticity

(GARCH), or Cusum (or cumulative sum) can be used for detection and
classification.
[0081]

In some embodiments, Cusum can be used to detect and classify

one or more operational conditions. Cusum can be defined as the running sum of
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the difference between each sample and the mean (e.g., in the absence of change,
Cusum is zero). Cusum can be used to track variations in the underlying variable.
[0082]

Cusum can be determined in a number of ways.

In certain

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.
[0083]

In some instances, 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 resulting in a change of gradient as in the non
causal Cusum. Sliding causal Cusum can produce data within durations of time that
are shorter than with non-causal Cusum.

Sliding causal Cusum may allow tighter

bounds to be used to detect changes and may be less prone to rounding and
rollover errors (e.g., numerical errors that may result from use of longer sequences
of data).
[0084]

In some embodiments, cumulative causal Cusum algorithm uses all

preceding samples from the start of a time duration to the current sample to estimate
the mean for the current sample.

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.
[0085]

In some implementations, a negative pressure wound therapy

system can include a negative pressure wound therapy device connected to a
wound model and having one or more sensors to detect one or more of the signals
in Table 1. The system can be operated 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 air leak rate in the fluid flow path while maintaining the other parameters
constant.

This way, operational parameters, such as those in Figure 4, can be

determined, statistics can be computed and analyzed (e.g., by using Cusum
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analysis), and the most appropriate statistic(s) for detecting and classifying
operational conditions can be selected.

For example, in the graphs illustrated in

Figures 5-13, the system was operated initially in steady-state and thereafter one of
the operational parameters or variables was changed. In Figures 5, 8, and 11, the
intensity of gas (e.g., air) leak in the fluid flow path has been changed (e.g., from 60
sccm to 180 sccm at around 5 seconds) and collected and analyzed data is used to
perform detection of an abrupt increase in the leak rate.

In Figures 6 and 9, flow

rate of fluid (water and exudate, respectively) has been changed (e.g., bolus of fluid
introduced into the fluid flow path at around 5 seconds) and collected and analyzed
data is used to perform detection of change in the fluid flow rate. In Figures 12A-B
blood was introduced into the fluid flow path and collected and analyzed data is used
to perform detection of blood. In Figures 7, 10, and 13, vacuum level produced by
the negative pressure source has been changed (e.g., from -80 mmHg to -120
mmHg at around 18 seconds) and collected and analyzed data is used to perform
detection of change in vacuum pressure in the fluid flow path.
[0086]

In some embodiments, using correlation and fitness analysis

described herein, the following statistics can be used to perform detection and
classification:
Operational
Condition
Vacuum level
Gas leak rate
Water/Exudate

Statistic
Mean o the raw vacuum (e.g., 502)
Standard deviation of the rolling mean of motor current (eg, 504)
Kurtosis of the rolling standard deviation of pump speed (e g,

rate

506)

Blood rate

Standard deviation of the rolling standard deviation of the motor
Table 2 Statistics used for detection and classification

[0087]

Figures 5-13 illustrate plots of Cusum analysis of the statistics in

Table 2 for detection and classification of various operational conditions. Figure 5
illustrates detection 500 of a gas leak when water is being aspirated from a wound
according to some embodiments.

Four plots 500a, 500b, 500c, and 500d are

illustrated corresponding to, respectively, raw (or unprocessed) values of the
statistics in Table 2 and non-causal Cusum, sliding causal Cusum, and cumulative
causal Cusum of the statistics in Table 2. In plots 500a-d, curves 502 represent raw
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and Cusum values of mean of raw vacuum, curves 504 represent raw and Cusum
values of standard deviation of the rolling mean of motor current, curves 506
represent raw and Cusum values of kurtosis of rolling standard deviation of pump
speed, and curves 508 represent standard deviation of rolling standard deviation of
motor current. X-axes in the plots 500a-d corresponds to time duration (e.g., 60
seconds). Y-axis in plot 500a represents logarithmic scale (to normalized different
raw values of the statistics), and y-axes in plots 500b-d are linearly scaled (or
normalized) so that Cusum values are in the range (-1.0, 1.0). Plots 500a-d capture
data corresponding to a change (e.g., increase) in the air leak rate (e.g., from 60
sccm to 180 sccm at around 5 seconds).
[0088]

Figure 6 illustrates detection 600 of a change in fluid rate when

water is being aspirated from a wound according to some embodiments. Four plots
600a-d are illustrated corresponding to, respectively, raw (or unprocessed) values of
the statistics in Table 2 (labeled 502, 504, 506, and 508) and non-causal Cusum,
sliding causal Cusum, and cumulative causal Cusum of the statistics. Plots 600a-d
capture data corresponding to a change (e.g., increase) in water flow rate due to
bolus of water being released into the fluid flow path (e.g., at around 5 seconds).
[0089]

Figure 7 illustrates detection 700 of a change in vacuum level when

water is being aspirated from a wound according to some embodiments. Four plots
700a-d, 600b, 600c, and 600d are illustrated corresponding to, respectively, raw (or
unprocessed) values of the statistics in Table 2 (labeled 502, 504, 506, and 508) and
non-causal Cusum, sliding causal Cusum, and cumulative causal Cusum of the
statistics. Plots 700a-d capture data corresponding to a change (e.g., increase) in
vacuum level provided by the pump (e.g., from -80 mmHg to -120 mmHg at around
18 seconds).
[0090]

Figures 8, 9, and 10 correspond to Figures 5, 6, and 7 respectively

except that exudate is being aspirated from a wound.
respectively

illustrate detection

800,

900,

embodiments.
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[0091]

Figure 11 is similar to Figure 5, but illustrates detection 1100 of a

gas leak when blood is being aspirated from a wound according to some
embodiments.
[0092]

Figures 12A and 12B illustrate detection 1200 and 1250 of a

change in fluid rate when blood is being aspirated from a wound according to some
embodiments. Data in Figure 12A has been collected in the presence of 60 sccm air
leak. Data in Figure 12B has been collected in the presence of 120 sccm air leak.
Figures 12A-B are similar to Figure 6. Figure 13 is similar to Figure 7, but illustrates
detection 1300 of a change in vacuum level when blood is being aspirated according
to some embodiments.
[0093]

In some embodiments, travel of fluid (and rate of travel) through the

fluid flow path from the wound bed toward the pump can be detected because of
changes in the signals and statistics (Tables 1 and 2) due to changes in the flow
path volume "seen" by the negative pressure source. For example, a slug of fluid
travelling in the fluid flow path (e.g., between wound and canister) can slow down or
prevent gas from flowing from behind it, thus causing the negative pressure source
to have to remove less gas to maintain a target pressure (e.g., selected by a user or
preset). The pressure differential in the fluid flow path (which can increase with
increase in a gas leak rate) eventually pushes the slug closer to the negative
pressure source, thus increasing the pressure between the negative pressure
source and the slug (pressure is inversely proportional to volume in accordance with
Boyle's Law).

After the slug is aspirated into the canister, the negative pressure

source then has to remove more gas left behind the slug to reach the target
pressure. This variance in the activity or work rate of the negative pressure source
will be further affected by the density or viscosity of the fluid (e.g., less dense water,
more dense exudate, and even more dense blood) as these factors affect how
slowly the slug will be pushed forward by the pressure differential in the flow path.
For example, more viscous fluid will flow slower than less viscous fluid and changes
in the volume seen by the negative pressure source (and associated pressure
increases) can be smaller for more viscous fluid. Variance in the work rate can be
captured via change(s) in PWM duty cycle, motor current, etc. In some instances, if
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an air leak develops (or increases in intensity), negative pressure in the fluid flow
path will at least momentarily decrease.

This may cause change(s) PWM duty

cycle, motor current, etc. as the negative pressure source may have to work harder
to maintain desired pressure.
[0094]

As is illustrated in Figures 7, 10, and 13, according to some

embodiments, a change in the vacuum level causes changes in each version of the
Cusum for each variable that is the same or approximately the same order of
magnitude or larger that the change in the vacuum level. This is particularly evident
in the magnitude of the vacuum statistic 502 for sliding causal Cusum. The smallest
vacuum step scale factor are all approximately 4.00x10A4. The largest non-vacuum
step scaling factor is 1.15x10A4, and most are on the order of

1 0A3.

In some

implementations, a threshold for detecting and classifying a vacuum change can be
set at 3.00x10A4 or another suitable value.
[0095]

As is illustrated in Figures 5, 6, 8, 9, 11, and 12A-B, according to

some embodiments, the blood statistic (508) closely follows the gas (or air) leak
statistic (504) for the exudate graphs (Figures 8 and 9) and water graphs (Figures 5
and 6), but is noticeably dissimilar for the blood graphs (Figures 11 and 12A-B).
[0096]

Table 3 quantifies the similarity between the air and blood statistic

plots according to some embodiments. Table rows have been ordered so that the
vacuum level change graphs (regardless of fluid type) are at the top, followed by the
change graphs involving blood, then change graphs involving exudate, and finally
the change graphs involving water. The correlation coefficient between the air leak
and blood statistics are calculated for the raw data and the three variants of the
CUSum.

The mean difference between the three variants of the Cusum (after they

have been normalized to be in the range (-1.0, 1.0)) is also provided. Finally the
means of the absolute differences for the normalized Cusums are provided.
[0097]

With reference to the bold entries for the correlation coefficient of

the sliding Cusum, and the mean absolute difference of the sliding Cusum in Table
3, the blood graphs can be clearly separated from the non-blood graphs. In some
embodiments, a threshold of 0.65 or another suitable value will delineate blood from
non-blood for the correlation coefficient (e.g., if blood is detected, the correlation
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coefficient will be smaller than 0.65). A threshold of 0.2 or another suitable value
can perform the superstation of the normalized sum of absolute difference (e.g., if
blood is detected, the normalized sum of absolute difference will be greater than
0.2). The raw values, non-causal Cusum, and cumulative causal Cusum may not
provide this separation. For this reason, the sliding causal Cusum algorithm can be
used for the thresholds for detection and classification of an event, vacuum level,
gas leak, and exudate/water differentiation as illustrated in Figure 14. This may
advantageously allow a single version of Cusum to be used.
[0098]

Once the vacuum level step graphs have been eliminated a leak

indicator can be used to detect changes in air leaks, such as abrupt changes
according to some embodiments. As is illustrated in Figures 5, 6, 8, 9, 11, and 12A
B, the sliding causal Cusurn for the air leak statistic (504) is consistently below -2.0
(when taking the scale factor into account) when air leak changes occur, and above
-2.0 otherwise.

This may be so whether or not the changes with blood are

considered. In some implementations, the threshold used for fluid detection is -2.0
or another suitable number.
[0099]

In some embodiments, exudate and water can be differentiated if

desired using the water/exudate statistic (506) once all the vacuum level changes,
air leak rate changes, blood detection have been accounted for. It can be seen that
the exudate rate step graph has a limit of -2.0x10A3 and the water step graph a limit
of -1.4x10A4.

A threshold of -1.Ox1OA4 or another suitable value can be used to

differentiate between exudate and water.
[0100]

In some embodiments, it may be advantageous to discern whether

an event (change in operation) has taken place in the first place.

This can be

reliably determined from examining the vacuum statistics (502) sliding Cusum.
Taking into account that the vacuum level produced by the negative pressure source
is controlled, any significant deviation may be indicative of an external disturbance.
This observation is corroborated by the constant value of the sliding causal Cusum
of the vacuum metric (502) prior to the change taking place in Figures 5-7, 9, and
13. Figure 6 has the smallest scale factor (879) for the vacuum statistic (502) sliding
causal Cusum plots (600c). In some implementations, 500 or another suitable value
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can be used as a threshold for event detection before event classification is
attempted.
[0101]

Although some embodiments describe detection of increases in

fluid flow rates, gas leak rate, vacuum pressure level, and the like, systems and
methods described herein can be used to detect decreases in one or more
operational conditions.
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[0102]

Figure 14 illustrates a process 1400 for detecting and classifying

operational conditions according to some embodiments. The process 1400 can be
implemented by any pump assembly described herein, such as by any one or more
of the processors described herein.

The process 1400 can be used to detect

occurrence of an event and classify the event as one of: vacuum level change, blood
detected, air leak change (e.g., sudden or abrupt) detected, exudate detected, or
water detected.

In some embodiments, the process 1400 can alternatively or

additional provide magnitude or another parameter associated with the event, such
as new vacuum level, blood flow rate, air leak rate, exudate flow rate, or water flow
rate.
[0103]

In block 1402 the process 1400 collects data, such as data for

signals in Table 1. Data can be collected over one or more analysis windows (e.g.,
60 second windows or any other suitable period of time). The process 1400 can
transition to block 1404 where it determines sliding causal Cusum for statistics, such
as statistics in Table 2. The process 1400 can transition to block 1406 where it
detects occurrence of an event.

As is described herein, the process 1400 can

determine if the sliding causal Cusum of the vacuum level exceeds a threshold (e.g.,
absolute maximum Cusum value exceeds 500 or another suitable value).

If the

sliding causal Cusum of the vacuum level does not exceed the threshold, the
process 1400 returns to block 1402. On the other hand, if the sliding causal Cusum
of the vacuum level satisfies the threshold, an event has occurred and the process
1400 can transition to block 1408 to classify the event.
[0104]

In block 1408, the process 1400 determines if change in pressure

level has been detected. As is described herein, the process 1400 can determine if
the sliding causal Cusum of the vacuum level exceeds a threshold (e.g., absolute
maximum Cusum value exceeds 3.00x10^4 or another suitable value).

If the sliding

causal Cusum of the vacuum level exceeds the threshold, the process 1400
transitions to block 1410 where it can provide indication that change in pressure has
been detected.

Indication can include one or more of audio, visual, tactile

indications (e.g., alarms) as described herein. Indication can also include adjusting
operation of the negative pressure source, such as one or more of increasing
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negative pressure, decreasing negative pressure, or stopping delivery of negative
pressure. Indication can include providing an alarm.
[0105]

If the sliding causal Cusum of the vacuum level does not satisfy the

threshold in block 1408, the process 1400 can transition to block 1412 to continue
classification. In block 1412, the process 1400 can compute correlation coefficient
of air leak statistic or indicator (504) sliding causal Cusum and blood statistic or
indicator sliding causal Cusum (508) as described herein. In some implementations,
alternative or additional correlation coefficients may be computed, such as a
correlation coefficient of fluid rate statistic or indicator (506) sliding causal Cusum
and blood indicator sliding causal Cusum (508).
[0106]

The process 1400 can transition to block 1414 where it determines

if blood has been detected.

The process 1400 can compare the correlation

coefficient computed in block 1414 to a threshold (e.g., 0.65 or another suitable
value).

If the correlation coefficient is below the threshold, the process 1400

transitions to block 1416 where it can provide indication (e.g., high priority alarm)
that blood has been detected in the fluid flow path. The indication can be provided
using any of the approaches described herein and may also be transmitted to a
remote monitoring station using any of communication techniques described herein.
In some embodiments, the process 1400 can adjust operation of the negative
pressure source, such as by one or more of: maintain or decrease the negative
pressure level provided by the negative pressure source (for example, decrease
negative pressure progressively if blood detection persists over a time period), stop
delivery of negative pressure (e.g., immediately or after a period of time during which
negative pressure level is decreased or not increased), or vent negative pressure to
atmosphere (e.g., by opening one or more valve(s) positioned in the flow path) to
prevent further bleeding.
[0107]

If the correlation coefficient does not satisfy the threshold in block

1414, the process 1400 transitions to block 1418 where it determines if a leak has
been detected. The process 1400 can compare the sliding causal Cusum of the air
leak statistic or indicator to a threshold (e.g., absolute minimum Cusum falls below
2.0 or another suitable threshold).

If the sliding causal Cusum is below the
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threshold, the process 1400 can transition to block 1420 where it can provide
indication that a leak has been detected. The indication can be provided using any
of the approaches described herein and may include indicating the detected leak
rate.
[0108]

If the sliding causal Cusum of the air leak indicator does not satisfy

the threshold in block 1418, the process 1400 transitions to block 1422 to determine
presence of exudate or water. The process 1400 can compare the fluid rate statistic
(506) sliding causal Cusum to a threshold (e.g., compare the minimum of sliding
causal Cusum to -1 Ox1 0 A 4 or another suitable value). If the sliding causal Cusum is
below the threshold, the process 1400 can transition to block 1424 where it can
provide indication that exudate has been detected.

Otherwise, the process can

transition to block 1426 where it can provide indication that water has been detected.
The indication in blocks 1424 and 1426 can be provided using any of the
approaches described herein.
[0109]

Additional or alternative statistics can be used for detection of one

or more operational conditions. In some embodiments, one or more of the following
statistics can be used to detect change in vacuum pressure (listed in the order of
highest to lowest distinctiveness):
[0110]

1 mean of peak to peak (P2P) of current signal

[0111]

2

minimum of standard deviation (StD) of current signal

[0112]

3

mean of StD of current signal

[0113]

4

mean of vacuum signal

[0114]

5

mean of mean of vacuum signal

[0115]

6

StD of current signal

[0116]

7 minimum of P2P of current signal

[0117]

8

maximum of vacuum signal

[0118]

9

maximum of mean of vacuum signal

[0119]

10 maximum of StD of current signal

[0120]

11 maximum of mean of current signal

[0121]

12 mean of mean of current signal

[0122]

13 mean of current signal
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[0123]

14 maximum of current signal

[0124]

15 maximum of P2P of current signal

[0125]

16 minimum of mean of vacuum signal

[0126]

17 minimum of vacuum signal

[0127]

18 minimum of mean of current signal

[0128]

19 kurtosis of PWM signal

[0129]

In certain embodiments, using any one or more of input signals not

directly associated with the pressure measurement, such as mean of peak to peak
(P2P) of current signal, can advantageously provide for redundancy and additional
system safety in case of partial or full malfunction of the pressure sensor. In certain
implementations, pressure levels measured indirectly can be used to supplement
direct readings by the pressure sensor. This can improve accuracy, reduce system
cost (e.g., by allowing cheaper, less accurate pressure sensor to be used), etc. The
system could also detect malfunction of the pressure sensor, which can assist with
troubleshooting and repair. In some cases, any one or more of these advantages
can be realized by using pressure data measured by the pressure sensor instead of
or in addition to negative pressure source activity data described in the following
paragraphs to indirectly measure pump activity.
[0130]

In some implementations, one or more of the following statistics

can be used to detect change in gas leak rate (listed in the order of highest to lowest
distinctiveness):
[0131]

1 StD of mean of current signal

[0132]

2

minimum motor speed signal

[0133]

3

mean of P2P of vacuum signal

[0134]

4

mean of StD of vacuum signal

[0135]

5

StD of vacuum signal

[0136]

6

StD of mean of vacuum signal

[0137]

7 skewness of P2P of vacuum signal

[0138]

8

minimum of mean motor speed signal

[0139]

9

skewness of StD of vacuum signal

[0140]

10 StD of P2P of vacuum signal
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[0141]

In certain embodiments, one or more of the following statistics can

be used to detect change in fluid rate (listed in the order of highest to lowest
distinctiveness):
[0142]

1 kurtosis of StD of motor speed signal

[0143]

2

kurtosis of StD of PWM signal

[0144]

3

kurtosis of mean of PWM signal

[0145]

4

StD of mean of PWM signal

[0146]

In certain implementations, one or more of the following statistics

can be used to detect change in water rate (listed in the order of highest to lowest
distinctiveness):
[0147]

1 kurtosis of StD of pump speed signal

[0148]

2

[0149]

In some embodiments, one or more of the following statistics can

kurtosis of mean of pump speed signal

be used to detect change in exudate rate (listed in the order of highest to lowest
distinctiveness):
[0150]

1 kurtosis of StD of pump speed signal

[0151]

2

kurtosis of StD of PWM signal

[0152]

3

kurtosis of mean of pump speed signal

[0153]

In some implementations, one or more of the following statistics

can be used to detect blood (listed in the order of highest to lowest distinctiveness):
[0154]

1 StD of StD of current signal

[0155]

2

[0156]

3 kurtosis of mean of vacuum signal

[0157]

In some instances, in addition to or as an alternative to expert

kurtosis of vacuum signal

system detection and classification illustrated in Figure 14, artificial intelligence
classifiers, such as neural networks, Naive Bayes classifiers, and support vector
machines, can also be used to detect and classify one or more operational
conditions.
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Low Pass Filter Detection and Classification
[0158]

In some embodiments, low pass filter analysis can be used in

addition to or instead of time domain analysis for detection and classification of one
or more operational conditions.

Figures 15A-B illustrate vacuum pressure data

graphs when water is being aspirated according to some embodiments. Figure 15A
illustrates a graph 1500 that depicts sensed pressure values 1512 (having
magnitudes indicated by right y-axis) and Cusum of pressure values 1514 (having
magnitudes indicated by left y-axis) over a 60 second time duration.

Figure 15B

illustrates a graph 1550 that illustrates only the pressure values 1514.
[0159]

At around 5 seconds (indicated by line 1502) a bolus of water was

released into the wound model.

At around 33 seconds (indicated by line 1504)

water slugs started to enter the canister. As is shown in Figure 15A and explained
herein, Cusum of pressure values 1514 tracks the changes in pressure in the flow
path and can be used to detect presence of water or water flow rate.
[0160]

In some embodiments, pressure values 1514 can be analyzed

using a low pass filter to alternatively or additionally detect presence of water or
water flow rate.

Referring to Figure 15B, it can be observed that the number of

pressure samples that have magnitudes greater than a measure of average
maximum peak value (illustrated by line 1520) or another suitable indicator that
tracks the envelope of the pressure signal increases to the right of line 1504 (or after
fluid slugs start entering the canister).

One such cluster of "outlier" pressure

samples exceeding (or being less negative) in magnitude than the threshold
corresponding to line 1520 is illustrated in the interval 1530. This increase in the
number of pressure sample "outliers" may be due to transient changes in the volume
(for example, decrease) seen by the negative pressure source as fluid slugs are
being aspirated into the canister, which can cause a correspondingly proportional
change (for example, decrease) in the negative pressure.

Detecting and counting

such outliers can be used to detect presence of water or water flow rate.
[0161]

In some implementations, outliers on the bottom side of the

pressure graph 1550 can be used additionally or alternatively, and a measure similar
to line 1520 can be used as a threshold. These outliers will be detected as having
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pressure magnitude that is less (or is more negative) than the threshold. In some
cases, outliers can be detected earlier in time than after line 1504, such as after line
1502 when water bolus starts to fill the dressing.
[0162]

In certain implementations, detection of water can be performed as

follows. Pressure signal samples can be collected over at least one time window
(e.g., of 60 second duration or another suitable duration). The number and duration
of windows can depend on the level of activity of negative pressure source (e.g.,
pump speed). Mean of pressure signal samples in the at least one window can be
determined and outliers are identified based on amplitude deviation or variance from
the mean satisfying a threshold. The mean can be determined using a low pass
filter, by averaging, etc. When a number of outliers detected in the at least one
window (or portion of the at least one window) has been detected, indication can be
provided using any of the techniques described herein.
[0163]

In some implementations, envelope detection of the pressure signal

can be performed in addition to or alternatively to approaches described herein. The
signal envelope can provide information about the number or magnitude of outliers
based on, for example, changes in the slope (e.g., first derivative) of the envelope
signal.

Envelope detection can be synchronized to negative pressure source

activity, such as to motor speed to improve detection accuracy. Envelope detection
can be performed in software/firmware or hardware.

For example, envelope

detector circuit can be used, which in its simplest form can include a diode
connected to a capacitor and resistor placed in parallel, with the envelope (output)
being measured across the resistor. In certain cases, the output of the pressure
sensor can be connected as input to the envelope detector circuit (e.g., connected to
the diode), and detection can be performed on analog signals without digitizing the
signals.

As another example, envelope detection can be performed using a

precision rectifier connected to a low pass filter.
[0164]

In some embodiments, detection of operational conditions other

than water can be performed using similar approach, such as detection of blood,
exudate, gas leak, or vacuum level change. These operational conditions can be
classified or distinguished. In some implementations, detector output can be used to
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modulate pump motor speed (e.g., by controlling the PWM signal). For example, if
blood flow rate is being detected, pump motor can be controlled based on an inverse
relationship to the blood flow rate (e.g., pump motor can be slowed down to
decrease the negative pressure level in response to detection of increase in the
blood flow rate).

In certain implementations, detector output can be used to drive

an indicator, such as an indicator light, to provide direct feedback to a user.
[0165]

In some embodiments, detection and classification using low pass

filter analysis (or time domain analysis) can be performed using a dedicated co
processor or digital signal processor. This can offload one or more of the central
processor or pump control processor and improve performance of the system.
[0166]

In some embodiments, presence or flow rate of additional or

alternative fluids other than blood, exudate, and water can be detected using any of
the approaches described herein.
Other Variations
[0167]

Figure 16 illustrates a flow estimation process 10 performable by a

device, such as the pump assembly 150 of Figure 1, the pump assembly 230 of
Figure 2, or other pump assemblies described herein. In some embodiments, the
process 10 can be implemented by one or more of the processors described herein.
For convenience, the flow estimation process 10 is described in the context of
system 100 of Figure 1, but may instead be implemented in other systems described
herein or by other computing systems not shown.
[0168]

The flow estimation process 10 can enable the pump assembly 150

to determine an estimated composition of a substance in the fluid flow path so that
the pump assembly 150 can differentiate between various substances (e.g., blood
versus liquid or gaseous exudate) in the fluid flow path. For example, the pump
assembly 150 can advantageously, in certain embodiments, output an indication of
presence of blood in the fluid flow path (such as in the dressing, the tube 140, or in
the canister (if present)) for display to a user of the pump assembly 150 or adjust an
operation of the pump assembly 150, such as an operation of a source of negative
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pressure of the pump assembly 150 (e.g., pause operation of the source of negative
pressure), in view of detecting the presence of blood in the flow fluid path.
[0169]

At block 12, the process 10 can receive the pressure sensor data

indicative of a measured pressure in the fluid flow path, which includes the tube 140.
The pressure can be measured, for instance, by one or more of the pressure
sensors described herein.

The one or more pressure sensors can communicate

information via a wire or wirelessly. In certain implementations, one of the pressure
sensors can be positioned at or near the wound and wirelessly communicate
information to the pump assembly 150.

In some embodiments, pressure sensor

data includes multiple pressure values taken over a duration of time, such as 1
microsecond or less, 1 millisecond, 0.5 seconds, 1 second, 3 seconds or more, and
the like.
[0170]

At block 14, the process 10 can determine one or more properties

of a substance in the fluid flow path using the pressure sensor data. For example,
the processor can examine a rate of change of pressure (e.g., in peak-to-peak
pressure or maximum pressure) in the fluid flow path using the pressure sensor data
to determine changes in the flow. The measured pressure can, for instance, be
relatively higher when blood or tissue clots enter or flow in the fluid flow path than
when liquid or gaseous exudate enters or flows in the fluid flow path, and thus the
rate of change of the pressure can indicate presence of blood or tissue clots in the
fluid flow path.

Because blood or tissues clots have higher density than liquid or

gaseous exudate, the rate of flow decreases and the fluid flow path volume "seen"
by the source of negative pressure (e.g., combined volume of the tube 140, the
canister (if present), and wound dressing downstream of the source of negative
pressure) is reduced when blood or tissue clots are aspirated into the fluid flow path.
This reduction in volume can cause an increase (e.g., spike) in the sensed pressure
signal. Such increase can have one or more characteristics indicative of the change
in the flow (e.g., reduction in flow due to the presence of blood or tissue clots) of the
aspirated material.

For example, blood or tissue clots being aspirated into and

moving through the fluid flow path, may be interspersed with pockets of liquid or
gaseous exudate moving through the fluid flow path.
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exudate is less dense, it will flow more rapidly than blood or tissue clots. These
changes in flow will be reflected in the sensed pressure signal as follows: during
movement of denser material through the fluid flow path, the pressure signal will
increase, whereas during movement of less dense material (e.g., liquid or gaseous
exudate) through the fluid flow path, the pressure signal will decrease. This pattern
of increased pressure followed by decreased pressure (or vice versa) can be
indicative of the presence of blood or tissue clots in the fluid flow path. For example,
one or more of the duration of time between pressure increases and decreases (or
vice versa), actual values of increased and decreased pressure, and the like can be
compared to one or more of a set of thresholds to determine whether blood or tissue
clots are being aspirated into the fluid flow path.
[0171]

The multiple pressure sensor values collected over a period of time

can be used to determine presence of blood. For example, the rate of change of the
pressure can be analyzed over the period of time by comparing the multiple
determined rates of changes to one or more thresholds.

If the one or more

thresholds is satisfied N times (where N is an integer, such as two, three, four, or
more) over the period of time, the processor can indicate that blood has been
detected. Advantageously, in certain embodiments, this approach can prevent false
positives due to errant pressure readings, noise, and the like.
[0172]

The processor can be a processor dedicated to processing

pressure sensor data from one or more of the pressure sensors and outputting one
or more signals based thereon (e.g., the processor can be coupled to or mounted on
the one or more pressure sensors, can be a dedicated digital signal processor
(DSP), etc.), or the processor can additionally process other non-pressure sensor
data and output one or more signals based thereon for the pump assembly 150.
[0173]

At block 16, the processor of the pump assembly 150 can store in a

memory device the determined one or more properties (such as the estimated flow
rate), for instance, for later reference or outputting.
[0174]

In some implementations, at least two pressure sensors can be

positioned in the fluid flow path to permit differential measurement of the pressure,
which can be used in addition to or instead of the rate of change to determine
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presence of blood. 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) and a
second pressure sensor can be positioned at or near the wound or at or near a
canister. This configuration can be accomplished by incorporating, in addition to one
or more lumens forming a first fluid flow path connecting the negative pressure
source to the wound (such as the flow path), a second fluid flow path that includes
one or more lumens in which the second pressure sensor is positioned. The first
and second fluid flow paths can be fluidically isolated from each other. When the at
least two pressure sensors are used, the rate of change of pressure (e.g., 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 between the first and second
pressure sensors can be determined.

These values can be used separately or

together to detect presence of blood in the first fluid flow path or the second fluid
flow path.
[0175]

For example, suppose that the first pressure sensor is positioned at

or near the inlet and measures a pressure level in the canister, and the second
pressure sensor is positioned at or near the wound and measures a pressure level
at the wound.

Further, suppose that the first pressure sensor indicates that a

desired or set level of negative pressure being administered by the negative
pressure source is communicated to the canister, while the second pressure sensor
indicates that a lower negative pressure level (more positive pressure) is present at
the wound (for instance, due to blood or blood clots being aspirated from the
wound). In addition to or instead of the determined rates of change, the pressure
differential between the pressure levels measured by the first and second pressure
sensors can thus be used to determine and indicate presence of blood.
[0176]

The level of activity of the negative pressure source, as explained

herein, can be used in addition to or instead of the rate of change of pressure to
determine presence of blood. When blood or blood clots enter a portion of the fluid
flow path, the negative pressure source administers pressure to a smaller volume,
which in turn may cause the negative pressure source to lower its activity level (e.g.,
to slow down a motor of the negative pressure source in the case where the
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negative pressure include a motor) in response to the decreased flow. This lower
level of activity can be used together with or instead of determined rate of change to
detect presence of blood.
[0177]

In addition or alternatively to the features of the flow estimation

process 10 described with respect to blocks 12, 14, 16 and as described elsewhere
herein, the processor of the pump assembly 150, in some embodiments, can:
0

determine the estimated flow further or alternatively using a level of

activity of the pump assembly 150, such as a level of activity of a source of
negative pressure of the pump assembly 150; the level of activity can be
determined based at least on: (i) a duty cycle of the source of negative
pressure, (ii) a direct feedback measure of the level of activity of the source of
negative pressure from the source of negative pressure (for example, from a
signal directly output by the source of negative pressure indicative of its level
of activity, such a tachometer signal or Hall effect signal from the source of
negative pressure), and (iii) an indirect feedback measure of the level of
activity of the source of negative pressure, such as (a) from a signal from an
activity monitor (e.g., motion sensor) separate from the source of negative
pressure where the signal is responsive to activity of the source of negative
pressure or (b) from a signal from a pressure sensor in the TNP system 100,
where the signal is responsive to activity of the source of negative pressure;
for example, if the level of activity of the source of negative pressure remains
substantially constant and a particular characteristic of pressure increase is
detected, this can indicate decrease in the flow of the aspirated fluid, or in
contrast, if the level of activity of the source of negative pressure increases
(e.g., above a certain activity threshold), this can indicate presence of a
blockage in the fluid flow path, not change in the flow; the level of activity of
the pump assembly 150 can be determined using one or more parameters
individually or in combination, such as by using a weighted average
calculation
0

determine flow rate directly using one or more flow sensor or flow

meters (such as mass flow meters);
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0

compare the flow rate to one or more thresholds (e.g., the one or more

thresholds are selected depending on a pressure set point for the pump
assembly 150) to determine whether the substance is more likely to be blood
or exudate, among other possible substances, where the satisfying one or
more of the thresholds indicates that the substance is more likely to be blood
0

determine a confidence value associated with the estimated flow rate

indicative of an estimated accuracy of the estimated flow rate relative to an
actual flow rate of the substance, where the confidence value can depend at
least on one or more of: (i) a mode of operation when the estimated flow rate
is determined and (ii) a rate of change of pressure changes relative to one or
more confidence thresholds; the confidence value can be determined, for
instance, based on the rate of change of pressure and one or more of the
differential pressure measurement, determination of presence of blood in the
canister, or negative pressure source activity;
0

perform or change an operation (e.g., deactivating the source of

negative pressure, entering a low power state, or activate a countdown timer
for changing a setting or mode), setting (e.g., adjusting a level of activity of
the source of negative pressure) of the pump assembly 150 responsive to the
flow rate or the confidence value, or activating an audible or visible alarm; the
alarm can be additionally or alternatively be transmitted (using wired or
wireless transmission) to a remote computing device, such as a base station,
remote alarm system, and the like:
0

actuate one or more valves positioned between a canister and the

wound (such as upstream of the canister, such as between the canister and
the negative pressure source) in response to detection of blood or in
response to a pressure level in the fluid flow path (for instance, a valve may
be opened when the level of negative pressure in the canister reaches at
least -25 mmHg or another suitable value below atmospheric pressure,
otherwise, the valve may be kept closed); advantageously, in certain
embodiments, closing a valve between the canister and the wound can
disconnect the negative pressure source from the wound in order to prevent
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administration of negative pressure to the wound (and causing further harm to
the patient); in addition, closing the valve can prevent the canister from being
available for aspirating blood; in certain implementations, the one or more
valves can be opened automatically or partly by vacuum itself rather than
entirely under control of the processor;
0

actuate one or more vents (such as using a vent valve like a solenoid

valve), in response to detection of blood, to vent the fluid flow path to the
atmosphere in order to prevent further administration of negative pressure to
the wound; the or more vents can be positioned, for instance, (i) between the
negative pressure source and the canister (to quickly depressurize the fluid
flow path), (ii) between the canister and the dressing, or (iii) in another
suitable position in the fluid flow path; the one or more vents can, in certain
implementations, be opened immediately, soon after, or following a period of
time (e.g., 0.5, 1, 2, 5, or 10 seconds) after detection of blood in the fluid flow
path;
e

output the flow rate or the confidence value or data indicative thereof

for presentation to a user, such as on a display or via an indicator like a light
emitting diode (LED); or
0

confirm presence of blood in the fluid flow path (e.g., in a canister),

using one or more sensors configured to distinguish blood from exudate or
tissue; for example, one of the sensors can be an optical sensor including a
light source that emits light (such as visible light like red light or invisible light
like infrared light) and a detector that detects changes in the properties of the
light after it has passed through a substance in the fluid flow path; blood may
alter light differently from exudate or tissue as it passes through, such as by
absorbing energy at one or more different frequencies, which can be
detected.
[0178]

When negative pressure is applied to a depressurized wound (e.g.,

for the first time or after substantial pause in vacuum application), it may be
advantageous, in certain embodiments, to determine if negative pressure is being
applied too quickly so as to cause bleeding of the wound. If the wound is bleeding, it
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is likely that the patient is experiencing discomfort (e.g., pain) from rapid application
of negative pressure.

In response to detecting presence of blood in the fluid flow

path, the processor can slow down the application of negative pressure so that that
a negative pressure setting is reached over a longer duration of time, thereby
resulting in more comfort for the patient.
[0179]

In certain embodiments, a negative pressure wound therapy

system can determine, based on a viscosity of a substance in a fluid flow path, the
composition or properties of the substance and enable one or more appropriate
actions to be taken in view of the composition or properties of the substance. For
example, blood may have a higher viscosity than liquid or gaseous exudate, and
thereby blood can be differentiated from exudate, among other possible substances,
by determining that the composition of the aspirated substance has an estimated
viscosity that satisfies one or more thresholds.
[0180]

Figure 17 illustrates a viscosity estimation process 50 performable

by a device, such as the pump assembly 150 of Figure 1, the pump assembly 230 of
Figure 2, or other pump assemblies described herein. In some embodiments, the
process 50 can be performed by one or more of the processors described herein.
For convenience, the viscosity estimation process 50 is described in the context of
the system 100 of Figure 1, but may instead be implemented in other systems
described herein or by other computing systems not shown.
[0181]

The viscosity estimation process 50 can enable the pump assembly

150 to determine an estimated viscosity of a substance in the fluid flow path, which
includes the tube 140, so that the pump assembly 150 can provide the estimated
viscosity of the substance or differentiate between various substances (e.g., blood
versus exudate) in the fluid flow path.

For example, the pump assembly 150 can

advantageously, in certain embodiments, output an indication of the estimated
viscosity of a substance in the fluid flow path for display to a user of the pump
assembly 150 or adjust an operation of the pump assembly 150, such as an
operation of a source of negative pressure of the pump assembly 150 (e.g., pause
operation of the source of negative pressure), in view of the estimated viscosity of
the substance or a determined type of the substance in the flow fluid path.
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[0182]

At block 52, the process 50 can receive the pressure sensor data

indicative of a measured pressure in the fluid flow path.

The pressure can be

measured, for instance, by one or more of the pressure sensors described herein.
[0183]

At block 54, the process 50 can determine an estimated viscosity of

a substance in the fluid flow path using the pressure sensor data. For example, the
processor can examine a rate of change of pressure (e.g., in peak-to-peak pressure)
in the fluid flow path using the pressure sensor data. The rate of change of the
pressure can, for instance, be relatively higher when blood may enter or travel
through the fluid flow path than when exudate enters or flowss, and thus the rate of
change of the pressure changes can correspond to the estimated viscosity.
Because blood or tissues clots have higher viscosity than liquid exudate, the fluid
flow path volume "seen" by the source of negative pressure (e.g., combined volume
of the fluid flow path, which can include the tube 140, canister (if present), and
wound dressing downstream of the source of negative pressure) is reduced when
blood or tissue clots are aspirated into the fluid flow path. This reduction in volume
can cause an increase (e.g., spike) in the sensed pressure signal. Such increase
can have one or more characteristics indicative of the change in the viscosity of the
aspirated material.

These one or more characteristics can the identified to

determine that blood or tissue clots are present in the fluid flow path.
[0184]

The processor implementing the process 50 can be a processor

dedicated to processing pressure sensor data from one or more of the pressure
sensors and outputting one or more signals based thereon (e.g., the processor can
be coupled to or mounted on the one or more pressure sensors, can be a dedicated
digital signal processor (DSP), etc.), or the processor can additionally process other
non-pressure sensor data and output one or more signals based thereon for the
pump assembly 150.
[0185]

At block 56, the process 50 can store in a memory device a

viscosity value indicative of the estimated viscosity, for instance, for later reference
or outputting.
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[0186]

In addition or alternative to the features of the viscosity estimation

process 50 described with respect to blocks 52, 54, 56, the pump assembly 150, in
some embodiments, can:
0

determine the estimated viscosity further or alternatively using a level

of activity of the pump assembly 150, such as a level of activity of a source of
negative pressure of the pump assembly 150; the level of activity can be
determined based at least on: (i) a duty cycle of the source of negative
pressure, (ii) a direct feedback measure of the level of activity of the source of
negative pressure from the source of negative pressure (for example, from a
signal directly output by the source of negative pressure indicative of its level
of activity, such a tachometer signal or Hall effect signal from the source of
negative pressure), and (iii) an indirect feedback measure of the level of
activity of the source of negative pressure, such as (a) from a signal from an
activity monitor (for example, motion sensor) separate from the source of
negative pressure where the signal is responsive to activity of the source of
negative pressure or (b) from a signal from a pressure sensor in the TNP
system 100, where the signal is responsive to activity of the source of
negative pressure; for example, if the level of activity of the source of negative
pressure remains substantially constant and a particular characteristic of
pressure increase is detected, this can indicate increase in the viscosity of the
aspirated fluid, or in contrast, if the level of activity of the source of negative
pressure increases (e.g., above a certain activity threshold), this can indicate
presence of a blockage in the fluid flow path, not change in the viscosity; the
level of activity of the pump assembly 150 can be determined using one or
more parameters individually or in combination, such as by using a weighted
average calculation;
*

determine the estimated viscosity further or alternatively using one or

more other parameters such as a duration of a pressure change indicated by
the pressure sensor data, blood oxygen perfusion (SpO 2 ) sensor data; the
estimated viscosity can be determined using one or more of the parameters
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described in this disclosure individually or in combination, such as by using a
weighted average calculation
0

compare the viscosity value to one or more thresholds (e.g., the one or

more thresholds are selected depending on a pressure set point for the pump
assembly 150) to determine whether the substance is more likely to be blood
or exudate, among other possible substances, where the satisfying one or
more of the thresholds indicates that the substance is more likely to be blood
0

determine a confidence value associated with the estimated viscosity

indicative of an estimated accuracy of the estimated viscosity relative to an
actual viscosity of the substance, where the confidence value can depend at
least on one or more of: (i) a mode of operation when the estimated viscosity
is determined and (ii) a rate of change of pressure changes relative to one or
more confidence thresholds
0

perform or change an operation (e.g., deactivating the source of

negative pressure, entering a low power state, or activate a countdown timer
for changing a setting or mode), setting (e.g., adjusting a level of activity of
the source of negative pressure) of the pump assembly 150 responsive to the
viscosity value or the confidence value, or activating an audible or visible
alarm; or
o

output the viscosity value or the confidence value or data indicative

thereof for presentation to a user, such as on a display or via an indicator like
a light emitting diode (LED).
[0187]

When negative pressure is applied to a depressurized wound (e.g.,

for the first time or after substantial pause in vacuum application), it may be
advantageous, in certain embodiments, to determine if negative pressure is being
applied too quickly so as to cause bleeding of the wound. If the wound is bleeding, it
is likely that the patient is experiencing discomfort (e.g., pain) from rapid application
of negative pressure.

In response to detecting presence of blood in the fluid flow

path, the processor can slow down the negative pressure so that that a negative
pressure setting is reached over a longer duration of time, thereby resulting in more
comfort for the patient.
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[0188]

In some embodiments, an apparatus for applying negative pressure

to a wound includes a negative pressure source disposed in a housing, the negative
pressure source configured to be coupled, via a fluid flow path comprising at least
one lumen, to a dressing configured to be placed over a wound and to provide
negative pressure to the dressing.

The apparatus also includes one or more

pressure sensors configured to monitor a pressure in the fluid flow path and a
controller configured to: while the negative pressure source provides negative
pressure to the dressing, determine an estimated flow rate of a substance aspirated
from the wound into the fluid flow path based at least on the pressure monitored by
the one or more pressure sensors, and store, in a memory device, a flow rate value
indicative of the estimated flow rate of the substance.
[0189]

The apparatus of the preceding paragraph can include any one or

more of the following features. The controller can be further configured to activate
one of a first flow rate indicator or second flow rate indicator responsive to the flow
rate value, the first flow rate indicator denoting a higher density of the substance
aspirated from the wound than the second flow rate indicator. The controller can be
further configured to determine the estimated flow rate of the substance based at
least on one or more of (i) a rate of change of the pressure monitored by the one or
more pressure sensors, (ii) a duration that the pressure monitored by the one or
more pressure sensors remains at a level, (iii) a mode of operation of the controller
or the negative pressure source, (iv) a level of activity of the negative pressure
source, (v) a flow rate measured in the fluid flow path by a flow rate detector, (vi) a
flow rate in the fluid flow path calculated by the controller, or (vii) a mass flow in the
fluid flow path calculated by the controller. The controller can be further configured
to determine a confidence value associated with the estimated flow rate, the
confidence value being indicative of an estimated accuracy of the estimated flow
rate relative to an actual flow rate of the substance. The controller can be further
configured to activate one of a first confidence indicator or second confidence
indicator responsive to the confidence value, the first confidence indicator denoting a
higher confidence than the second confidence indicator.
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further configured to modify operation of the negative pressure source responsive to
at least of the flow rate value or the confidence value.
[0190]

In some embodiments, an apparatus for applying negative pressure

to a wound includes a negative pressure source disposed in a housing, the negative
pressure source configured to be coupled, via a fluid flow path comprising at least
one lumen, to a dressing placed over a wound and to provide negative pressure to
the dressing. The apparatus also includes one or more pressure sensors configured
to monitor a pressure in the fluid flow path and a controller configured to: while the
negative pressure source provides negative pressure, detect presence of blood in
the fluid flow path based at least on the pressure monitored by the one or more
pressure sensors, and in response to detecting presence of blood in the fluid flow
path, prevent administration of negative pressure to the wound dressing.
[0191]

The apparatus of any preceding paragraph can include any one or

more of the following features. The controller can be further configured to prevent
administration of negative pressure to the wound dressing by at least one of:
deactivating operation of the negative pressure source, opening a vent positioned in
the fluid flow path, or closing a valve positioned in the fluid flow path. The controller
can be further configured to detect presence of blood in a canister based at least on
data from one or more optical sensors. The one or more pressure sensors can
include at least two pressure sensors.
[0192]

In some embodiments, an apparatus for applying negative pressure

to a wound includes a negative pressure source disposed in a housing, the negative
pressure source configured to be coupled, via a fluid flow path comprising at least
one lumen, to a dressing configured to be placed over a wound and to provide
negative pressure to the dressing. The apparatus also includes a pressure sensor
configured to monitor a pressure in the fluid flow path and a controller configured to
while the negative pressure source provides negative pressure to the dressing,
determine an estimated viscosity of a substance aspirated from the wound into the
fluid flow path based at least on the pressure monitored by the pressure sensor, and
store, in a memory device, a viscosity value indicative of the estimated viscosity of
the substance.
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[0193]

The apparatus of any preceding paragraph can include any one or

more of the following features. The controller can be further configured to activate
one of a first viscosity indicator or second viscosity indicator responsive to the
viscosity value, the first viscosity indicator denoting a higher viscosity than the
second viscosity indicator.

The controller can be configured to determine the

estimated viscosity of the substance further based at least on one or more of (i) a
rate of change of the pressure monitored by the pressure sensor, (ii) a duration that
the pressure monitored by the pressure sensor remains at a level, (iii) a mode of
operation of the controller or the negative pressure source, or (iv) a level of activity
of the negative pressure source.
determine

The controller can be further configured to

a confidence value associated with the estimated viscosity, the

confidence value being indicative of an estimated accuracy of the estimated
viscosity relative to an actual viscosity of the substance.

The controller can be

further configured to activate one of a first confidence indicator or second confidence
indicator responsive to the confidence value, the first confidence indicator denoting a
higher confidence than the second confidence indicator.

The controller can be

further configured to modify operation of the negative pressure source responsive to
at least of the viscosity value or the confidence value.
[0194]

Some embodiments relate to a method of operating, using, or

manufacturing the apparatus of any preceding paragraph.
Terminlv
[0195]

Any value of a threshold, limit, duration, etc. provided herein is not

intended to be absolute and, thereby, can be approximate.

In addition, any

threshold, limit, duration, etc. 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, etc. in relation to a reference value is intended
to also encompass being equal to the reference value. For example, exceeding a
reference value that is positive can encompass being equal to 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 also
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encompass an inverse of the disclosed relationship, such as below, less than,
greater than, etc. in relations to the reference value. Moreover, although blocks of
the various processes may be described in terms of determining whether a value
meets or does not meet a particular threshold, the blocks can be similarly
understood, for example, in terms of a value (i) being below or above a threshold or
(ii) satisfying or not satisfying a threshold.
[0196]

Features,

materials,

characteristics, or

groups

described

in

conjunction 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 details of any foregoing

embodiments. The protection extends to any novel one, or any novel combination,
of the features disclosed in this specification (including any accompanying claims,
abstract and drawings), or to any novel one, or any novel combination, of the steps
of any method or process so disclosed.
[0197]

While

certain

embodiments

have

been

described,

these

embodiments have been presented by way of example only, and are not intended to
limit the scope of protection.

Indeed, the novel methods and systems described

herein may be embodied in a variety 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 illustrated and/or 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 and/or
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firmware on a processor, controller, ASIC, FPGA, and/or dedicated hardware.
Hardware components, such as processors, ASICs, FPGAs, and the like, can
include logic circuitry. Furthermore, the features and attributes 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.
[0198]

User interface screens illustrated and described herein can include

additional and/or alternative components. These components can include menus,
lists, buttons, text boxes, labels, radio buttons, scroll bars, sliders, checkboxes,
combo boxes, status bars, dialog 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.
[0199]

Although the present disclosure includes certain embodiments,

examples and applications, it will be understood by those skilled in the art that the
present disclosure extends beyond the specifically disclosed embodiments to other
alternative embodiments and/or uses and obvious modifications and equivalents
thereof, including embodiments which do not provide all of the features and
advantages 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.
[0200]

Conditional language, such as "can," "could," "might," or "may,"

unless specifically stated otherwise, or otherwise understood within the context as
used, is generally intended to 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
prompting, whether these features, elements, and/or steps are included or are to 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 its inclusive sense (and not in its exclusive
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sense) so that when used, for example, to connect a list of elements, the term "or"
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.
[0201]

Conjunctive language such as the phrase "at least one of X, Y, and

Z," unless specifically stated otherwise, is otherwise understood with the context as
used in general to convey that an item, term, etc. may be either X, Y, or Z. Thus,
such conjunctive language is not generally intended to imply that certain
embodiments require the presence of at least one of X, at least one of Y, and at
least one of Z.
[0202]

Language

of

degree

used

herein,

such

as

the

terms

'approximately," "about," "generally," and "substantially" as used herein represent a
value, amount, or characteristic close to the stated value, amount, or characteristic
that still performs a desired function or achieves a desired result. For example, the
terms "approximately", "about", "generally," and "substantially" may refer to 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 stated amount. As
another example, in certain embodiments, the terms "generally parallel" and
"substantially parallel" refer to a value, amount, or characteristic that departs from
exactly parallel by less than or equal to 15 degrees, 10 degrees, 5 degrees, 3
degrees, 1 degree, or 0.1 degree.
[0203]

The scope of the present disclosure is not intended to be limited by

the specific disclosures of preferred embodiments in this section or elsewhere in this
specification, and may be defined by claims as presented in this section 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 employed in the claims
and not limited to the examples described in the present specification or during the
prosecution of the application, which examples are to be construed as non
exclusive.
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CLAIMS:
1.

An apparatus for applying negative pressure to a wound, comprising:
a negative pressure source disposed in a housing, the negative

pressure source configured to be coupled, via a fluid flow path comprising at
least one lumen, to a dressing placed over a wound and to provide negative
pressure to the dressing
one or more pressure sensors configured to monitor a pressure in the
fluid flow path; and
a controller configured to:
while the negative pressure source provides negative pressure,
detect presence of blood in the fluid flow path based at least on the
pressure monitored by the one or more pressure sensors, and
in response to detecting presence of blood in the fluid flow path,
provide an indication of presence of blood.
2.

The apparatus of any preceding claim, wherein the indication

comprises prevention of administration of negative pressure to the wound dressing
by at least one of deactivating operation of the negative pressure source, opening a
vent positioned in the fluid flow path or closing a valve positioned in the fluid flow
path.
3.

The apparatus of any preceding claim, wherein the controller is further

configured to detect presence of blood in a canister based at least on data from one
or more optical sensors.
4.

The apparatus of any preceding claim, wherein the one or more

pressure sensors comprises at least two pressure sensors.
5.

The apparatus of any preceding claim, wherein the indication

comprises activation of an audible or visible alarm.
6.

The apparatus of any preceding claim, wherein the controller is

configured to detect presence of blood further based on a level of activity of the
negative pressure source.
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7.

The apparatus of claim 6, wherein the controller is further configured to

determine the level of activity based on at least one of a duty cycle signal of the
negative pressure source or a tachometer signal.
8.

An apparatus for applying negative pressure to a wound, comprising:
a negative pressure source disposed in a housing, the negative

pressure source configured to be coupled, via a fluid flow path comprising at
least one lumen, to a dressing configured to be placed over a wound and to
provide negative pressure to the dressing;
one or more pressure sensors configured to monitor a pressure in the
fluid flow path: and
a controller configured to:
while the negative pressure source provides negative pressure
to the dressing, determine an estimated flow rate of a substance
aspirated from the wound into the fluid flow path based at least on the
pressure monitored by the one or more pressure sensors, and
store, in a memory device, a flow rate value indicative of the
estimated flow rate of the substance.
9.

The apparatus of claim 8, wherein the controller is further configured to

output the flow rate value.
10.

The apparatus of any one of claims 8 to 9, wherein the controller is

further configured to activate one of a first flow rate indicator or second flow rate
indicator responsive to the flow rate value, the first flow rate indicator denoting a
change in at least one fluid parameter of the substance aspirated from the wound
than the second flow rate indicator.
11.

The apparatus of any one of claims 8 to 10, wherein the at least one

fluid parameter comprises density of the substance.
12.

The apparatus of any one of claims 8 to 11, wherein the controller is

configured to determine the estimated flow rate of the substance based at least on
one or more of (i) a rate of change of the pressure monitored by the one or more
pressure sensors, (ii) a duration that the pressure monitored by the one or more
pressure sensors remains at a level, (iii) a mode of operation of the controller or the
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negative pressure source, (iv) a level of activity of the negative pressure source, (v)
a flow rate measured in the fluid flow path by a flow rate detector, (vi) a flow rate in
the fluid flow path calculated by the controller, or (vii) a mass flow in the fluid flow
path calculated by the controller.
13.

The apparatus of any one of claims 8 to 12, wherein the controller is

further configured to determine a confidence value associated with the estimated
flow rate, the confidence value being indicative of an estimated accuracy of the
estimated flow rate relative to an actual flow rate of the substance.
14.

The apparatus of any one of claims 8 to 13, wherein the controller is

further configured to activate one of a first confidence indicator or second confidence
indicator responsive to the confidence value, the first confidence indicator denoting a
higher confidence than the second confidence indicator.
15.

The apparatus of any one of claims 8 to 14, wherein the controller is

further configured to modify operation of the negative pressure source responsive to
at least one of the flow rate value or the confidence value.
16.

An apparatus for applying negative pressure to a wound, comprising:
a negative pressure source configured to provide negative pressure,

via a fluid flow path, to a dressing placed over a wound
one or more pressure sensors configured to monitor a pressure in the
fluid flow path; and
a controller configured to:
detect presence of blood in the fluid flow path based on the
pressure monitored by the one or more pressure sensors and an
activity level of the negative pressure source, and
provide an indication that blood is present in the fluid flow path.
17.

The apparatus of claim 16, wherein the negative pressure source

comprises a pump operated by an actuator, and wherein the activity 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 to drive the actuator.
18.

The apparatus of any one of claims 16 to 17, wherein the controller is

configured to:
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compute a first indicator associated with change in the pressure over a
time duration and a second indicator associated with change in the activity
level over the time duration; and
detect presence of blood based on the first and second indicators.
19.

The apparatus of claim 18, wherein at least one of the first or second

indicators comprises a statistical indicator.
20.

The apparatus of any one of claims 18 to 19, wherein the controller is

further configured to perform a time series analysis to determine if at least one of the
first or second indicators deviates from a threshold and based on the deviation
detect presence of blood.
21

The apparatus of claim 20, wherein the time series analysis comprises

determination of a cumulative sum (Cusum) of at least one of the first or second
indicators.
22.

The apparatus of claim 21, wherein the Cusum of at least one of the

first or second indicators comprises a sliding causal Cusum.
23.

The apparatus of any one of claims 18 to 22, wherein the first indicator

comprises mean pressure over the time duration and the second indicator comprises
standard deviation of standard deviation of the current signal over the time duration.
24.

The apparatus of any one of claims 16 to 23, wherein the indication

that blood is present in the fluid flow path comprises one or more of: activation of an
alarm, release of negative pressure in the fluid flow path, decrease of a target
negative pressure provided by the negative pressure source, or deactivation of the
negative pressure source.
25.

The apparatus of any one of claims 16 to 24, wherein the controller is

further configured to detect and provide indication of one or more of: presence of
water in the fluid flow path, presence of exudate in the fluid flow path, presence of
gas leak in the fluid flow path, or change in the pressure in the fluid flow path.
26.

The apparatus of claim 25, wherein the controller is further configured

to:
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compute a plurality of indicators associated with change in the
pressure over a time duration and change in the activity level over the time
duration; and
detect and provide an indication of one or more of presence of water in
the fluid flow path, presence of exudate in the fluid flow path, presence of gas
leak in the fluid flow path, or change in the pressure in the fluid flow path
based on the plurality of indicators.
27.

The apparatus of claim 26, wherein at least some of the plurality of

indicators comprise a statistical indicator.
28.

The apparatus of any one of claims 26 to 27, wherein the controller is

further configured to perform a time series analysis to determine if at least some of
the plurality of indicators deviate from one or more thresholds and based on the
deviation detect one or more of presence of water in the fluid flow path, presence of
exudate in the fluid flow path, presence of gas leak in the fluid flow path, or change
in negative pressure in the fluid flow path.
29.

The apparatus of claim 28, wherein the time series analysis comprises

determination of a cumulative sum (Cusum) of at least some of the plurality of
indicators.
30.

The apparatus of claim 29, wherein the Cusum of at least some of the

plurality of indicators comprises a sliding causal Cusum.
31

The apparatus of any one of claims 26 to 30, wherein an indicator

associated with change in the pressure in the fluid flow path comprises mean
pressure over the time duration, an indicator associated with presence of gas leak in
the fluid flow path comprises standard deviation of a mean of the current signal, and
an indicator associated with presence of water or exudate in the fluid flow path
comprises kurtosis of standard deviation of the pump speed.
32.

The apparatus of any one of claims 26 to 31, wherein the controller is

further configured to determine malfunction of the one or more pressure sensors
based on at least one of the indicators.
33.

A method of operating an apparatus for applying negative pressure to

a wound, the method comprising:
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while providing negative pressure from a negative pressure source of
the apparatus, via a fluid flow path, to a wound dressing configured to be
placed over the wound, detecting presence of blood in the fluid flow path
based at least on a pressure in the fluid flow path, and
in response to detecting presence of blood in the fluid flow path,
providing an indication of presence of blood.
34.

The method of claim 33, wherein providing the indication comprises

preventing administration of negative pressure to the wound dressing by at least one
of deactivating operation of the negative pressure source, opening a vent positioned
in the fluid flow path or closing a valve positioned in the fluid flow path.
35.

The method of any one of claims 33 to 34, further comprising detecting

presence of blood in a canister based at least on data from one or more optical
sensors.
36.

The method of any one of claims 33 to 35, further comprising activating

of an audible or visible alarm in response to detecting presence of blood in the fluid
flow path.
37.

The method of any one of claims 33 to 36, further comprising detecting

presence of blood based on a level of activity of the negative pressure source.
38.

The method of claim 37, further comprising determining the level of

activity based on at least one of a duty cycle signal of the negative pressure source
or a tachometer signal.
39.

A method of operating an apparatus for applying negative pressure to

a wound, the method comprising:
while providing negative pressure from a negative pressure source of
the apparatus, via a fluid flow path, to a wound dressing configured to be
placed over the wound, determining an estimated flow rate of a substance
aspirated from the wound into the fluid flow path based at least on a pressure
in the fluid flow path, and
outputting the flow rate value.
40.

The method of claim 39, further comprising activating one of a first flow

rate indicator or second flow rate indicator responsive to the flow rate value, the first
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flow rate indicator denoting a change in at least one fluid parameter of the substance
aspirated from the wound than the second flow rate indicator.
41.

The method of any one of claims 39 to 40, wherein the at least one

fluid parameter comprises density of the substance.
42.

The method of any one of claims 39 to 41, wherein determining the

estimated flow rate of the substance is based at least on one or more of (i) a rate of
change of the pressure in the fluid flow path, (ii) a duration that the pressure in the
fluid flow path remains at a level, (iii) a mode of operation of a controller of the
apparatus or the negative pressure source, (iv) a level of activity of the negative
pressure source, (v) a flow rate in the fluid flow path measured by a flow rate
detector, (vi) a flow rate in the fluid flow path calculated by the controller, or (vii) a
mass flow in the fluid flow path calculated by the controller.
43.

The method of any one of claims 39 to 42, further comprising

determining a confidence value associated with the estimated flow rate, the
confidence value being indicative of an estimated accuracy of the estimated flow
rate relative to an actual flow rate of the substance.
44.

The method of any one of claims 39 to 43, further comprising activating

one of a first confidence indicator or second confidence indicator responsive to the
confidence value, the first confidence indicator denoting a higher confidence than
the second confidence indicator.
45.

The method of any one of claims 39 to 44, further comprising

modifying operation of the negative pressure source responsive to at least one of the
flow rate value or the confidence value.
46.

A method of operating an apparatus for applying negative pressure to

a wound, the method comprising:
providing negative pressure from a negative pressure source of the
apparatus, via a fluid flow path, to a wound dressing configured to be placed
over the wound;
detecting presence of blood in the fluid flow path based on a pressure
monitored in the fluid flow path and an activity level of the negative pressure
source; and
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providing an indication that blood is present in the fluid flow path.
47.

The method of claim 46, wherein the negative pressure source

comprises a pump operated by an actuator, and wherein the activity 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 to drive the actuator.
48.

The method of any one of claims 46 to 47, further comprising:
computing a first indicator associated with change in the pressure over

a time duration and a second indicator associated with change in the activity
level over the time duration; and
detecting presence of blood based on the first and second indicators.
49.

The method of claim 48, wherein at least one of the first or second

indicators comprises a statistical indicator.
50.

The method of any one of claims 48 to 49, further comprising

performing a time series analysis to determine if at least one of the first or second
indicators deviates from a threshold and based on the deviation detect presence of
blood.
51.

The method of claim 50, wherein the time series analysis comprises

determination of a cumulative sum (Cusum) of at least one of the first or second
indicators.
52.

The method of claim 51, wherein the Cusum of at least one of the first

or second indicators comprises a sliding causal Cusum.
53.

The method of any one of claims 48 to 52, wherein the first indicator

comprises mean pressure over the time duration and the second indicator comprises
standard deviation of standard deviation of the current signal over the time duration.
54.

The method of any one of claims 46 to 53, wherein the indication that

blood is present in the fluid flow path comprises one or more of: activation of an
alarm, release of negative pressure in the fluid flow path, decrease of a target
negative pressure provided by the negative pressure source, or deactivation of the
negative pressure source.
55.

The method of any one of claims 46 to 54, further comprising detecting

and providing indication of one or more of: presence of water in the fluid flow path,
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presence of exudate in the fluid flow path, presence of gas leak in the fluid flow path,
or change in the pressure in the fluid flow path.
56.

The method of claim 55, further comprising:
computing a plurality of indicators associated with change in the

pressure over a time duration and change in the activity level over the time
duration; and
detecting and providing an indication of one or more of presence of
water in the fluid flow path, presence of exudate in the fluid flow path,
presence of gas leak in the fluid flow path, or change in the pressure in the
fluid flow path based on the plurality of indicators.
57.

The method of claim 56, wherein at least some of the plurality of

indicators comprise a statistical indicator.
58.

The method of any one of claims 56 to 57, further comprising

performing a time series analysis to determine if at least some of the plurality of
indicators deviate from one or more thresholds and based on the deviation detect
one or more of presence of water in the fluid flow path, presence of exudate in the
fluid flow path, presence of gas leak in the fluid flow path, or change in negative
pressure in the fluid flow path.
59.

The method of claim 58, wherein the time series analysis comprises

determination of a cumulative sum (Cusum) of at least some of the plurality of
indicators.
60.

The method of claim 59, wherein the Cusum of at least some of the

plurality of indicators comprises a sliding causal Cusum.
61.

The method of any one of claims 56 to 60, wherein an indicator

associated with change in the pressure in the fluid flow path comprises mean
pressure over the time duration, an indicator associated with presence of gas leak in
the fluid flow path comprises standard deviation of a mean of the current signal, and
an indicator associated with presence of water or exudate in the fluid flow path
comprises kurtosis of standard deviation of the pump speed.
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62.

The method of any one of claims 56 to 61, further comprising

determining malfunction of a pressure sensor of the apparatus based on at least one
of the indicators.
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