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The pump assembly, canister, and wound dressing can be fluidically connected to facilitate delivery of negative pressure to the

wound. The system can be configured to deliver negative pressure based at least on a. sensed pressured Ir

a fluid flow path

connecting a pump of the pump assembly and the wound dressing. The sensed pressure can be sampled, iIn some embodiments,
synchronous with operation of the pump and can be used for controlling the pump. Increased efficiency, diminished noise and

vibration caused by operation of the pump, reduced Iin energy usage, and better comfort for the patient can be att

alned.
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therapy systems and methods for operating the systems are
disclosed. In some embodiments, a system includes a pump
assembly, canister, and a wound dressing configured to be po-
sitioned over a wound. The pump assembly, canister, and
wound dressing can be fluidically connected to facilitate de-
livery of negative pressure to the wound. The system can be
configured to deliver negative pressure based at least on a.
sensed pressured in a fluid tlow path connecting a pump of
the pump assembly and the wound dressing. The sensed pres-
sure can be sampled, in some embodiments, synchronous with
operation of the pump and can be used for controlling the
pump. Increased efficiency, diminished noise and vibration
caused by operation of the pump, reduced in energy usage,
and better comfort for the patient can be attained.
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SYSTEMS AND METHODS FOR APPLYING REDUCKD PRESSURE THERAPY

BACKGROUND
ficld
LHHY FEmbodiments of the present disclosure relate to methods and apparatuses

for dressing and treating a wound with reduced pressure therapy or topical negative pressure
(TNP) therapy. In particular, but without lmtation, embodiments disclosed herein relate to
negative pressure therapy devices, methods for controliing the operation of TNP systems,

and mcthods of using TNP systems.

Dresernntion of the Related Arxt

0072 Manv different types of wound dressings are known for aiding in the
healing process of a human or anumal. These different types of wound dressings inciude
many different types of materials and layers, tor exampie, gauze, pads, foam pads or multi-
laver wound dressings. Topical negative pressure {(TNP) therapy, sometimes referred to as
vacuum assisted closure, negative pressure wound therapy, or reduced pressure wound
therapy, 18 widely recognized as a beneficial mechanism for improving the healing rate of a
wound. Such therapy 1s applicable fo a broad range of wounds such as wmcisional wounds,
open wounds and abdonunal wounds or the like.

3003 TNP therapy assists in the closure and healing of wounds by reducing
tissue oedema, cncouraging blood flow, stimulating the formation of granulation {issue,
removing excess exudates and may reduce bactenal load and, thus, infection to the wound.
Furthermore, TNF therapy permuits less outside disturbance of the wound and promotes more

rapid healing.

SUMMARY
LHHIEY In some cmbodiments, an apparatus for applying negative pressurg
therapy to a wound inchides a housing, a pressure sensor, and a controller. The housing can
include a source of negative pressure in Huidic comumunication with a wound dressing. The
source of negative pressure can mclude a motor configured to operate ong or more valves o

open and close to aspirate tluid from the wound. The pressure sensor can measure pressure

1.
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i a fluid flow path that fluidically connects the wound dressing and the source of negative
pressure. The controller can operate the source of negative pressure {for example, the motor)
using a drive signal. In addition, the controlier can receive measurements of pressure in the
flurd flow path from the pressure sensor, cause sampling or sampiec the measurements
synchronous with opening and/or closing of at least one valve of the one or more valves,
determine an estimated pressure level o the Hluid How path based at least on the sampled
measurements, and generate the drive signal based at lcast on the estimated pressure level.
LHUIRY In some embodiments, an apparatus for applving negafive pressure
therapy to a wound includes a housing, a pressure sensor, and a controller. The housing can
mclude a source of negative pressure configured to be in flnwdic communication with a
wound dressing.  The source of negative pressure can include at lecast one valve., The
Pressure sensor can measure pressure in a flnd flow path configured to fhudically connect
the wound dressing and the source of negative pressure. The controller can operate the
source of negative pressure using a drive signal. In addition, the controller can determine a
pressure measurement based on the pressure measured by the pressure sensor and generate
the drive signal based at least on the determuned pressure. The controlier can perform the

pressure measurement determunation synchronous with operation of the source of negative

&

Pressure.

LHEILY The apparatus of the preceding paragraph can include one or more of the
following featurcs: The conirolier can determine the pressure svnchronous with opening
and/or closing of the at least one valve. The pressure measured by the pressurc sensor can
nclude one or more components due to a pressure transient generated by the opening and/or
closing of the at least one valve, and the one or more of the components can be substantially
excluded from the determination of the pressure measurement. The pressure transient can be
periodically gencrated by the at lecast one valve. The controller can determine the pressure
measurement syvochronous with the opeming and/or closing of the at least one valve by
sampling the measurements at a frequency that exceeds the frequency with which the at least
ong valve opens and/or closes. The sample frequency can be proportional io the frequency
with which the at lcast onc valve opens and/or closes. The controllier can determince the
pressure measurcment synchronous with operation of the source of negative pressure based

on ong or more of the measurements obtained at times when the at least one valve may be in

.
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a first position and not based on one or more of the measurements obtained at fimes when the
at least one valve may be in a second position. The source of negative pressure can include a
vacuum pump having a motor, and the controlier can determine the pressure measurement
synchronous with the operation of the source of negative pressure based at least on a speed of
the motor. The apparatus can further include a tachometer configured to measure the speed
of the motor and generate a signal indicative of the measured speed of the motor, and the
confroller can determine the pressure measurement synchronous with the operation of the
source of negative pressure based on the signal received from the tachometer. The condroller
can determine the pressure measurement synchronous with the operation of the source of
negative pressure in response 1o a nising edge of the speed signal and 1 response to a falling
cdge of the speed signal.  The coniroller can defermine the pressure measurement
synchronous with the operation of the source of negative pressure based on a signal received
from the source of negative pressure. The at least one valve can melude an mndet valve and an
outlet valve. The controller can determine the pressure measurement synchronous with the
operation of the source of negative pressure by applying a low-pass filter a plurality of
measurements obtained from the pressure sensor. The controller can delermine the pressure
rocasurement asynchronous with the operation of the source of negative pressure in response
to determining that an activity of the source of negative pressure falls below an activity
threshold. The controller can control the source of negative pressure using pulse-width
moduiation (PWM) and generate the drive signal using a proportional-integral-derivative
(PID)} calculation bhased at least on a difference between a pressure setpoint and the
determined pressure. The controller can generate the drive signal to have a 8% duty cvele in
response to determining that the delermuned pressurc exceeds a first threshold.  The
controlier can generate the drive signal to have a 108% duty cyele m response to determining
that a proportional term of the PID calculation exceeds a first threshold., The controller can
cenerate the drive signal to have a 180% duty cycie n response to determining that a sum of
a proporiional term of the PID caleulation and an miegral term of the PID calculation
exceeds a first threshold, The controller can set an integral term of the PID calculation to be
0 and an accumulated crror of the PID calculation to be O in response to deternuning that the
accumuiated error 1s legss than {§. The controller can set an accumulated error of the PiID

calcuiation to be greater than a sum of the accunmilated error and the difference 1o response
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to determumng that the difference is negative. The controlier can determane the pressure
measurement by sampling the pressure measured by the pressure sensor.
FHE A method of opcrating the apparatus of any of the preceding three

paragraphs can be performed.

BRIEF DESCRIPTION OF THE DRAWINGS
808 Embodiments of the present disclosure will now be described hereinafter,
by way of example only, with reference to the accompanying drawings in which:
LUV Figurce | illustrates a reduced pressure wound therapy system according 1o

some embodiments.,

it Figures 2ZA-2C illustrate a pump assembly and camster according to some
cmbodimnents.
0011 Figure 3 illustrates an electrical component schematic of a pump assembly

according to some embodiments.

21 Figurc 4 illustrates an electrical component schematic of components of a
pump control processor according to some embodiments,

tHUR] Figure 5 illustrates a process of providing negafive pressure wound

therapy according to some embodiments,

001 4] Figure 6 illustrates pressure pulses according to some embodiments.
O01 5] Figure 7 illustrates a process of providing negative pressure wound

therapy according to some embodiments.

{381 6] Figurc & illustrates a process for determining a duty cycle for a control
signai for a source of negative pressure according to some embodiments.

3017 Figures 9A-9B and 10A-10B diustrate plots of operating pressure {or

sirotitated reduced pressure wound therapy systems according to some ernbodiments.

DETAILED DESCRIPTION OF SOME EMBODIMENTS
Qverview
B0 81 Embodiments disclosed herein relate to systems and methods of treating a
wound with reduced pressure. As 1s used berein, rediiced or negative pressure levels, such as

—X mmHg, represent pressure levels relative to normal ambient atmospheric pressure, which

4.
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can correspond to 760 mynHe {or 1 atm, 29.93 inHg, 101.325 kPa, 14.696 psi, etc.).
Accordingly, a negative pressure vahie of =X mmHg reflects absolute pressure that 18 X
mmHg below 760 mmHg or, in other words, an absolute pressure of {760—-X) mmHg. In
addition, ncgative pressurc that 1s “less” or “smaller” than X mmHg corresponds to pressure
that 1s closer to atmospheric pressure {e.g2., —40 mmHg 15 less than 60 mmHg). Negative
pressure that 18 “more” or “greater” than —X mmHg corresponds to pressure that i1s {urther
from atmospheric pressure {(c.g., —&0 mmHg i1s more than —60 mmHgz) In some
embodiments, local ambient atmospheric pressure 18 used as a reference poind, and such local
atmospheric pressure may not necessarily be, tor example, 760 mmHg.

U] Embodiments of the present disclosure arc generally apphicable to usc n
topical negative pressure {INP} or reduced pressure therapy systems.  Briefly, negative
pressure wound therapy assists m the closure and healing of many forms of “hard to heal”
wounds by reducing fissue oedema, concouraging blood flow and granular tissue formation,
and/or removing cxcess exudate and can reducce bacterial load {(and thus infection nsk}. In
addition, the therapy allows for less disturbance of a wound lecading to more rapid healing.
TP therapy systems can also assist in the healing of surgically closed wounds by removing
fluid. In some cmbodiments, TNP therapy helps to stabilize the tissue i the apposed
position of closure. A further beneficial use of TNP therapy can be found 1in grafis and flaps
where removal of excess thud 15 mmportant and close proxumity of the graft to tissue is

required 1n order to ensure fissue viability.

Negative Pressure System

3020 Figure 1 illustrates an cmbodiment of a negative or reduced pressure
wound treatment {(or TINP) system 130 comprising a wound filler 130 placed inside a wound
cavity 110, the wound cavity scaled by a wound cover 120, The wound filler 130 1n
combination with the wound cover 120 can be referred to as wound dressing. A single or
multt lumen tube or conduit 140 18 connected the wound cover 120 with a pump assembly
150 configured to supply reduced pressure. The wound cover 120 can be m fluidic
communication with the wound cavity 1103, In any of the system embodiments disclosed
herein, as n the ernbodiment tllustrated m Figure 1, the pump assembly can be a camisteriess

purnp assembly {meaning that exudate 15 collected in the wound dressing or s transierred via
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tube 140 for collection to another location). However, any of the pump assembly
erbodiments disclosed heremn can be configured (o wnclude or support a canisier.
Additionally, 1in 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 suifable type, such as hydrophilic or hvdrophobic foam,
gavze, inflatable bag, and so on. The wound {iller 130 can be conformabie to the wound
cavity 110 such that it substantially fills the cavity. The wound cover 120 can provide a
substantially fhind impermeable seal over the wound cavity 118, The wound cover 120 can
have a top side and a bottom side, and the bottom side adhesively (or i any other suitable
manner} seals with wound cavity 110, The condwit 140 or humen or any other condut or
lumen disclosed hercin can be formed from polyurcthane, PV, nvion, polvethviene,
sicone, or any other suitable material.

021 ] Some embodiroents of the wound cover 120 can have a port {(not shown}
configurcd to receive an end of the conduit 140, In other embodiments, the conduit 140 can
otherwise pass through and/or under the wound cover 128 to supply reduced pressure to the
wound cavity 110 so as to mamntain a desired level of reduced pressure m the wound cavity.
The conduit 140 can be anv suitable article configured to provide at lcast a substantially
scaled fhud flow pathway between the pump assembly 150 and the wound cover 128, so as
to supply the reduced pressure provided by the pump assembly 150 to wound cavity 110,

3022 The wound cover 120 and the wound filler 130 can be provided as a single
article or an integrated single unit. In some cmbodiments, no wound filler 18 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 1580, The pump assembly 158 can be miniaturized and portable, although larger
conventional pumps can also be used.

80231 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 12 can be configured to have a film having a high
water vapour permeability o enable the evaporation of surplus fhud, and can have a
superabsorbing matenal contained theremn to safely absorb wound exudate. It will be

appreciated that throughout this specification refercnce 18 made to a wound. In this sensc i

-
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1s to be understood that the term wound 15 to be broadly construed and encompasses open
and closed wounds n which skin 15 torn, cut or punctured or where traurpa causes a
contusion, or any other surficial or other condifions 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 fissue where fiwd may or may not be produced. Examples of such
wounds melude, but are not limited to, acute wounds, chronic wounds, surgical mcisions 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, The components of the TNP system described
herein can be particularly suited for mcisional wounds that exude a small amount of wound
exudate,

80241 Some embodiments of the system are designed {o operate without the use
of an exudate camister. Some embodunents can be configured {o support an exudate
canister. In some cmbodiments, configuring the pump assembily 130 and conduit 140 so that
the conduit 148 can be quickly and easily removed from the pump assembly 150 can
tacilitate or improve the process of dressing or pumyp changes, if necessary. Any of the pump
cmbodunents disclosed herein can be configured to have any suitable connection between the
tubing and the pump.

HH025] In some ecrmabodiments, the pump assembly 150 can be configured (o
deliver negative pressure of approximately -80 mmbg, or between about -20 mmHg and -200
mumnbg. Noie that these pressures are relative to normal ambicnt atmospheric pressure thus,
200 mmHge would be about 560 mmHge v practical terms.  The pressure range can be
between about -40 mmHg and -150 mmHg, Alernatively a pressure range of up to -73
nunHg, up to ~-80 mmHg or over -80 mmHg can be used. Also a pressure range of below =75
mmibg can be uscd. Alternatively a pressure range of over approximately -100 mmHg, or
even 158 mmHe, can be supphied by the pump assembly 150,

H026] fn some cmbodiments, the pump assembly 150 18 configured to provide
continuous or intermutient negative pressure therapy. Continuous therapy can be delivered at
above ~23 mmHg, -25 mmHg, ~40 mmHg, -5 mmHg, ~-60 mmHg, -70 mmHg, ~-&0 mmig,
-90 mmHg, ~100 mmHg, -120 momHg, -140 munHg, -160 mmHg, -180 mmHg, -200 mamHg,

or below -200 mumHg. Intermittent therapy can be delivered between low and high negative
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pressure setpoints. Low sctpomnt can be set at above § mnHg, O momHg, 25 mnHg, -40
mmHg, -30 mmHg, -60 oamHg, -70 mmHg, -30 mmHg, -90 mmHg, -100 romHg, -120
mmHg, -140 mmHg, -160 mmHg, -180 mmHg, or below ~180 munHg., High setpoint can be
sct at above -25 mmHg, -40 mmHg, -50 mmHge, -60 mmHge, -70 mmHg, -30 mmHg, -90
mmbg, -100 mmHg, ~120 mmHg, -140 mmHge, -160 mmHge, -1830 mmHg, ~-200 mmHg, or
below -200 mmHg., Dunng imternuttent therapy, negative pressure at low setpowmnt can be
delivered for a first tume duration, and upon expiration of the first time duration, negative
pressure at high sctpoint can be delivered for a second time duration. Upon expiration of the
second time duration, negative pressure at low setpoint can be debivered. The first and
second fime durations can be same or different values. The first and second durations can be
selected from the following range: less than 2 munutes, 2 minuies, 3 minutes, 4 minutes, 6
rnutes, & minutes, 10 minutes, or greater than 10 minutes. In some embodiments, switching
between low and high setpoints and vice versa can be performed according to a step
wavelform, square waveform, sinusoidal wavetform, and the hike.

U277 in operation, the wound filler 130 15 inserted mnto the wound cavity 11{)
and wound cover 120 15 placed so as to seal the wound cavity 110, The pump asserably 150
provides a source of a negative pressure to the wound cover 120, which 1s transmitted to the
wound cavity 110 via the wound filler 130, Fhind {c.g., wound exudate) 18 drawn through the
conduit 140, and can be stored 1n a canister. In some embodiments, fhud 15 absorbed by the
wound filler 130 or one or more absorbent layers {(not shown).

80281 Wound dressings that may be utthzed with the pump asscmbly and other
embodiments of the present application mclude Renasys-F, Renasys-(, Renasys AB, and
Pico Dressings available from Snuth & Nephew. Further descuption 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.5. Patent Publication Nos. 2011/0213287, 201 1/0282309, 2012/0116334, 2012/8136325,
and 2013/0110058, which are corporated by reference m their entirety.  In other

cmbodiments, other suitable wound dressings can be utilized.



CA 02972691 2017-06-28

WO 2016/109041 PCT/US2015/0611635

\
<

Pump Assembly and Canister

029 Figure 2A illustrates a front view 200A of a pump assembly 230, such as
the pump assembly 150, and canister 220 according to some embodiments. As 1s ilustrated,
the pump assembly 23{ and the canister 220 are connected, thereby forming a device. The
pump assembly 230 comprises one or more indicators, such as wvisual indicator 202
configurcd to indicate alarms and visual indicator 204 configured to indicate status of the
TNP system. The indicators 202 and 2{4 can be configured to alert a uscr, such as patient or
medical care provider, o a variely of operating and/or fatlure conditions of the system,
including alerting the user to normal or proper operating conditions, pump failure, power
supplied to the pump or power failure, detection of a leak within the wound cover or flow
pathway, suction blockage, or any other similar or suitable condilions or combinations
thereof. The pump assembly 230 can comprise additional indicators. The pump assembly
can use a smngle mdicator or multiple mdicators. Any suttable ndicator can be used such as
visual, audio, tactile indicator, and so on. The indicator 202 can be configured fo signal
alarm conditions, such as canister full, power low, condwt 144 disconnected, scal broken
the wound seal 120, and so on. The mdicator 202 can be configured fo display red flashing
light fo draw a user’s attention. The mdicator 204 can be configured to signal status of the
TNF system, such as therapy dehivery i1s ok, leak detected, and so on. The indicator 204 can
be configured to display onc or more dificrent colors of light, such as green, vellow, cte. For
example, green light can be emiticd when the TNP system 1s operating property and vellow
light can be emitted o indicate a warning.

FHIRT The pump assembly 238 comprises a display or screen 2086 mounted i a
recess 208 formed mn a case of the pump assembly. The display 206 can be a touch screen
display. The display 206 can support plavback of audiovisual (AV) content, such as
instructional videos. As cxplained below, the display 206 can be configured to render a
number of screens or graphical user wnferfaces (GUIS) for conbiguring, controliing, and
monitoring the operation of the TNP system. The pump assembly 230 comprises a gripping
portion 210 formed m the casc of the pump assembly. The gripping portion 210 can be
configured to assist the user to hold the pump assembly 238, such as during removal of the
camister 220. The canister 220 can be replaced with another camister, such as when the

canister 220 has been filled with {tuid.
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3031 The pump assembly 230 comprises one or more kevs or butions 212
contfigured to allow the user to operate and montior the operation of the TNP sysiem. As is
itiustrated, there buttons 212a, 212b, and 212¢ are inciuded. Button 2122 can be configured
as a power putton to turn on/oif the pump assembly 230, Button 212b can be configured as a
play/pause button for the dehivery of negative pressure therapy. For example, pressing the
button 212b can cause therapy to start, and pressing the button Z12Z2b afterward can cause
therapy to pause or end. Button 212¢ can be configured to lock the display 206 and/or the
buttons 212,  For istance, bulton 212¢ can be pressed so that the user does not
uruntentionally alter the delivery of the therapy. Button 212¢ can be depressed to unlock the
controls.  In other cmbodiments, additional buttons can be used or onc or more of the
tlustrated buttons 212a, 212b, or 212¢ can be omitted. Multipic key presses and/or
sequences of key presses can be used to operate the pump assembly 230,

LIRS The pump assembly 230 includes one or more latch recesses 222 formed
in the cover. In the ilustrated embodiment, two latch recesses 222 can be formed on the
sides of the pump assembly 23{0. The latch recesses 222 can be conhgured to allow
attachment and detachment of the canister 220 using one or more canister latches 221, The
pump assembly 230 comprises an air outlet 224 for allowing air removed from the wound
cavity 110 to escape. Air entering the pump assembly can be passed through one or more
stitable filters, such as antibacterial filters. This can mawntain reusabuity of the pump
assembly, The pump assembly 230 inchudes one or more strap mounts 226 for connecting a
carry sirap fo the pump assembly 230 or for attaching a cradie. In the illustrated
eribodiment, two strap mounts 226 can be formed on the sides of the pump assembly 230, In
some embodirpents, various of these features are omtted and/or various additional features
arc added to the pump assembliy 23(.

LHIRR] The camister 220 13 configured fo hold thnd {e.g., exudate) removed from
the wound cavity 110. The camster 220 mceludes one or more latches 221 for attaching the
canister to the pump assembly 230. In the illustrated cmbodiment, the camster 220
comprises two latches 221 on the sides of the camster. The exterior of the canister 228 can
formed from frosted plastic so that the canister 1s substantially opaque and the contents of the
camister and substantially hudden from plain view. The canister 220 comprises a gripping

portion 214 formed 1 a case of the canister. The gripping portion 214 can be configured {o
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atlow the user to hold the pump assembly 220, such as during removal of the canister from
the apparatus 230, The canister 220 ncludes a substantially transparent window 216, whach
can also mciude graduations of volume. For exampie, the iflustrated 300 mb canister 220
includes graduations of 58 mb, 100 mbL, 130 mi, 200 mL, 250 mb, and 300 mbL. Other
emibodiments of the camster can bhold different volume of fhuid and can nclude different
graduation scale. For example, the canister can be an 300 mi. canwster. The camster 220
comprises a tubing channel 218 for connecting to the conduit 140, In some embodiments,
various of these featurcs, such as the gripping portion 214, arc omitted and/or various
additional features are added to the canister 220, Any of the disclosed canisters may include
or rnay oroit a sohidifier.

FHIREY Figure 2B illustrates a rear view Z200B of the pump assembly 230 and
canister 220 according (o some cmbodiments. The pump assembiy 230 comprises a speaker
port 232 for producing sound. The pump assembly 230 mcludes a filter access door 234 lor
accessing and replacing one or more filters, such as antibacterial filters, The pump assembly
2380 comprises a gripping portion 236 formed in the case of the pump assembly 230, The
sripping portion 236 can be configured to allow the user to hold the pump assernbly 230,
such as during removal of the camster 220. The pump assembly 230 includes one or more
covers 238 configured to as screw covers and/or fect or protectors for placing the pump
assembly 230 on a surface. The covers 230 can be formed out of rubber, siliconeg, or any
other suitable matenal. The purop asserobly 230 comprises a power jack 239 {or charging
and recharging an internal batiery of the pump assembly. The power jack 239 can be a direct
current {DC) jack. In some embodiments, the pump assembly 230 can comprise a disposable
power souree, such as batteries, so that no power jack 18 needed.

LHIRK) The canister 220 includes onc or more feet 244 for placing the camister on
a surface. The fect 244 can be formed out of rubber, silicone, or any other suttable material
and can be angled at a suitable angle so that the camister 220 remains stable when placed on
the surlace. The canister 220 comprises a tube mount rehiel 246 configured o allow one or
morc fubes to ¢xit to the front of the device. The camister 220 mncludes a stand or kickstand
248 for supporting the canister when 1t 18 placed on a surface. As cxplained below, the
kickstand 248 can pivot between an opened and closed position.  In closed posttion, the

kickstand 24K can be latched fo the camster 220, In some embodiments, the kickstand 248
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can be made out of opague matenial, such as plastic. In other embodiments, the kickstand
248 can be made out of transparent material. The kickstand 248 includes a gripping portion
247 formed in the kickstand. The gripping portion 242 can be configured to aliow the user to
place the kickstand 248 in the closed posttion. The kickstand 248 comprises a hole 249 to
allow the user to place the kickstand 1n the open position. The hole 249 can be sized to allow
the user to extend the kickstand using a linger.

3036 Figure 20 illustrates a view 200C of the pump assembly 230 scparated
from the canster 220 according (o some embodiments. The pump assembly 230 mcludes a
vacuum aftachrent, connecior, or mdet 252 through which a vacuum pump conururucates
negative pressure to the camister 220. The pump assembly aspirates thuid, such as gas, from
the wound via the inlet 252, The pump assembly 230 comprises a UNB access door 256
configured to allow access 1o one or more USE ports. In some embodiments, the USB access
door 15 onutted and USE ports are accessed through the door 234, The pump assembly 230
can include additional access doors configured to allow access o additional serial, parallel,
and/or hybrid data transfeor interfaces, such as SD, Compact Disc {CD), DVD, FireWire,
Thunderbolt, PCI Express, and the hike. In other embodiments, one or more of these
additional ports are accessed through the door 234,

80371 Additional description of the pump assembly 230 1s disclosed m U.S.
Patent Application No. 14/210,062, filed on March 13, 2014 and titled “SYSTEMS AND
METHODS FOR APPLYING REDUCED PRESSURE THERAPY,” which 1s incorporaied

by reference in s entirety.

LHIRYY Figure 3 illustrates an electrical component schematic 300 of a pump
assembly, such as the pump assembly 23{, according to some cmbodiments. Electrical
components can operate to accept user mput, provide output to the user, operate the pump
assembly and the TNP system, provide network connectivity, and so on.  Electrical
components can be mounted on ong or more printed circuit boards {PCBs). As 1s iliustrated,
the pump assembly can mclude multiple processors. H may be advantageous fo utihize
multiple processors mn order to allocate or assign various tasks to ditferent processors. A furst

processor can be responsibie for user activity and a second processor can be responsibie for
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controlling the pump. This way, the activity of controtling the pump, which mayv necessitate
a higher level of responsiveness {corresponding to higher risk level), can be officaded to a
dedicated processor and, thereby, will not be interrupted by user interface tasks, which may
take longer to compicte because of mteractions with the user.

LHIRMY The pump assembly can comprise a user mterface processor or controller
310 contfigured to opcrate one or more components for accepting user mput and providing
output to the user, such as the display 206, buttons 212, etec. Input to the pump assembly and
output from the pump assembly can controllied by an mput/output (1/0) module 320, For
example, the /O module can receive data from one or more ports, such as serial, paraliel,

hybrid ports, and the like. The processor 310 also receives data from and provides data to

O

one or more expansion modules 36{, such as onc or morec USE ports, SD ports, Compact
Disc (D) daves, BV dives, FireWire ports, Thunderbolt ports, PUT Express ports, and the
ke, The processor 310, along with other conirollers or processors, stores data 1o one or
more memory modules 3500, 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, magnectic memory, sohid-state memory, Magnetorgsistive random-aceess
memory (MRAM), and the like.

8040 fn some embodiments, the processor 310 can be a general purpose
controlier, such as a low-power processor. In other embodiments, the processor 310 can be

o
why

an application spectlic processor. The processor 310 can be configured as a “central”
processor i the electronic architecture of the pump assembly, and the processor 318 can
coordinate the activity of other processors, such as a pump control processor 378,
communications processor 330, and one or more additional processors 380 {¢.g., processor
for controlling the display 206, processor for controlling the buttons 212, ctc). The
processor 31{ can run a suitable operating system, such as a Linux, Windows CE, VxWorks,
cic.

O041 | 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, penstaltic pump, rotary pump, rotary vane pump, scroill pump, screw
pump, hquid ning pump, diaphragm purap operated by a piczoelectnic transducer, voice coil

pump, and the like. The pump can include onc or more valves, such as inlet and outlet {or
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exhaust) vaives. The valves can be configured to open and close to enable the pump to
aspirate flud from the wound cavity 1108, The pump control processor 370 can measure
pressure i g flud flow path, using data received from one or mMore pressure SCRSOrs,
caiculate the rate of fhuid flow, and control the pump. The pump control processor 370 can
control a pump motor s0 that a desired ievel of negative pressure 1s achieved mn the wound
cavity 110, The desired level of negative pressure can be pressure set or selected by the user.
In various cmbodiments, the pump control processor 370 conirols the pump {e.g., pump
motor) using pulse-width modulation (PWM)}. A conirol signal for driving the pump can be
a (-100% duty cvele PWM signal. The pump control processor 370 can perform flow rale
calculations and detect vantous conditions in a flow path. The pump control processor 370
can communicate information to the processor 310, The pump control processor 370 can
include ternal memory and/or can utilize memory 350, The pump control processor 370
can be a low-power processor. In some embaodiments, processor 310 18 conligured to control
the pump 390, and pump control processor 370 1s not used.

38421 A communications processor 330 can be configured {o provide wired
and/or wireless connectivity. The communications processor 330 can utihize one or more
antecnnas 340 for sending and recciving data. The communications processor 33{( can
provide one or more of the following types of connections: Global Posittioning System (GPS)
technology, cellular conmectivity {e.g., 2(5, 3G, LTE, 4G}, Wikt connectivity, Iniernet
connectivity, and the hike. Connectivity can be used lor varnous activifies, such as pump
assembly location tracking, asset fracking, compliance monitoring, remote sclcction,
uploading of logs, alarms, and other operational data, and adjustment of therapy setiings,
upgrading of software and/or firmware, and the like. The communications processor 330 can
provide dual GPS/cellular functionality, Cellular functionality can, {or example, be 3G
functionality. In such cases, if the GPS module 18 not able to cstablish sateliite connection
duc to various factors mchuding atmospheric conditions, building or forrain interference,
satellite geometry, and so on, the device location can be determined using the 3G network
connection, such as by using cell wdentification, tnangulation, forward hink timing, and the
itke. The pump assembly can inchide a SIM card, and S{M-based positional information can

he obtained.
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0431 The communications processor 330 can comrunicate information to the
processor 310, The communications processor 330 can mnclude internal memory and/or can
utihize memory 350, The commumnications processor 330 can be a low-power processor.

30441 In some embodiments, the pump assembly can tfrack and store various
data, such as one or more of positioning data, therapy parameters, logs, device data, and so
on. The pump assembiy can track and log therapy and other operational data. Data can be
stored, for example, i the memory 350.

3045] In somme embodumnents, using the comnectivity provided by the
comnmunications processor 330, the device can upload any of the data stored, maimntained,
and/or fracked by the pump assembly. For example, the following mformation can be
uploaded to a remote computer or server: activity log{s), which ncludes therapy dehivery
information, such as therapy duration, alarm log{s), which mncludes alarm type and time of
occurrence; crror log, which includes internal error information, transmission crrors, and the
like; therapy duration information, which can be computed hourly, daily, and the like; {otal
therapy time, which includes therapy duration from first applving a particular therapy
program or programs; hfctime therapy information; device information, such as the serial
number, software version, battery level, ¢ic.; deviee location information; patient
intormation; and so on. The device can also downleoad various operational data, such as
therapy selection and parameters, hrmoware and software patches and upgrades, and the like.
The pump assemibly can provide Internet browsing functionality using one or more browser

programs, mail programs, application software {¢.g., apps), ctc.

Condrolling the operation of a negative Pressyre souree using synehronous sammlng

8046 Figure 4 illustrates an clectrical component schematic 400 of cxampic
components of a pump control processor, such as the pump control processor 376, according
to some embodumnents. Although the components can be part of the pump control processor,
onc or more of the componcents may be scparate from the pump control processor in other
embodiments. The componenis of the pump conirol processor can be used to sample a
pressure signal provided by a pressure sensor of a pump assembly, such as the pump
assembly 230, The pressure sensor can sense the pressure m or near an inlet, such as the

ket 252, {or canister conncction} of the pump assembly to generate the pressure signal.,
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This pressure sensor can measure the pressure in the canister {or i or near the dressing i a
camsterless system). Moreover, although the components may be described in the context of
samphing of a pressure signal, one or more other signals {¢.g., motor voltage or current
signalsy can be sampled similarty or in accordance with a sumidar or the same timing using
the components in other embodiments.

0471 In some cmbodiments, opening {or closing} of the inlet valve causes a
pressure transient in the fhnd tlow path. Opening {or closing} of the outiet valve can also
cause fransrmssion of the pressure transient. Measuring pressure values in the presence of
the transient and using the measured pressure values to control the pump may cause
maccuracics and errors. Accordingly, it can be advantageous to synchronize the pressurc
measurements {and pump control} to durations when the pressure transient is not present in
the fluid flow path. In certam embodiments, pressure measurements of the pressure sensor
are read {(for example, sampled) so as to be synchromzed to “miss” the pressure transionis
causcd by operation of the pump, such as due to the closing and/or opening of the at least one

,
©

vaive. This can be referred to as “synchronous” sampling. By contrast, reading pressurg
sensor measurements without regard 1o the operation of the pump {for example, opening
and/or closing of the valves) can be referred to as “asynchronous” sampling., Whether
sampling 18 synchronous or asynchronous, measured pressure can be used for controlling the
pump as explained below.

048] In some cmbodimenis, svnchronous sampling can be performed as
follows. The pressure sensor can provide the pressure signal {0 a sampler module or sampler
412 of an analog/digital { A/} processor 410, The sampler can be a sample and hold device.
The sampler 412 can sample the pressure signal with a frequency, such as 500 Hz, 1 kHz, 2
KHz or 10 KHz, so that the sampler 412 provides an analog value indicative of the pressure
signal to an A/D converter 414 of the A/D processor 410 at the selected frequency. The
sarapier 412 can, for example, operate 1in a sample mode or DBANP scan mode. The sampler
can also perform anti-aliasing filtering {(such as low pass filiering at a suitable frequency)
before the analog data 1s converted into digital form. The A/D converter 414 can convert the
analog values received from the sampiler 412 to digital values and store the digital values 1n

an output butter 416 of the A/D processor 410.
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30491 A fitter 420 can access the digital values stored mn the output butfer 416
and perform a filtering operation on the digital values. For cxample, the filter 420 can be an
infinite umpulsc response (1R} filter {or a fintte impuise response (FiR)} filter} and perform a
low-pass filter (LPEF} operation on the digital values to reduce higher frequency noise or
smooth out rapid changes in the sampled pressure signal that are duc to the pressure
transicnts. The filter 420 thus can, for instance, maintain a continuoys runmng average of the
digital values over one or more cycles or a fraction of a ¢vele of opening and/or closing of
one or more valves or rotation of a motor of the pump, such as the pump 393, In one
cxample implernentation, the filfer operation performed by the filter 420 can be based on the
following cquation:
filieredSample = |averager = {[{avemg*er —{averager >> iirRitShifi |} + rawSampl el >> iirBiiShift }]
where rawSample can be a digital valuce removed trom the output bufier 416, iirBitShift can
be a constant weighting factor, averager can be a variable used to hold mtermediate filter
results, and filieredSample can be the output value of the {ilter 428, The {ilter 428 can store
the filtered digital values from the fillering operation in the filter buffer 430. The hilter 420
can, for instance, opcraie at the same frequency as the sampler 412 so that the filter 420
provides a filtered value for cach digital value to the filter buffer 430 at the same freguency.

G50 ] A storage processor 440 can access the filtered values stored in the filter
tuffer 430 and transicr the filtered values to a measures buffer 450 {c.g., a ning buficr} for
further processing by the pump control processor {e.2., for additional averaging, to determine
an estimated pressure near the inlet of the pump assembly, or to determine whether to tnigger
an alarm}. In some ermmbodiments, the storage processor 440 can sample the filtered values
stored in the filter buffer 430 and transfer the sampled values to the measures butfer 450, As
a result, the storage processor 448 may not, in some mnstances, access all of the filtered
values stored in the filter butfer 438, but may access a selected subset of the filtered values
tor further processing. In one example, the storage processor 440 can access the filfered
values and transicr the sampied values synchronous with the operation of the pump, such as
aticr opening and/or closing of one or more valves of the pump. Advantageously, in certain
erbodiments, by samphing and transferring the filtered values synchronous with the

opcration of the pump, the storage processor 440 can avoid further processing of filtered
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vaiues corresponding to a pressure fransient created in the flow path on gach opening and/or
closing of one or more valves of the pump.

3051 The filtered values corresponding to the pressure transient may contain
more noise than other fittered values and thus may be less desirable for use m {urther
processing by the pump control processor. In some embodiments, the storage processor 440
can samplic the filtered values and transfer the sampled values to the measures butier 450 in
accordance with a timer {e.g., perigdically, such as cvery 2 ms} and asynchronous with the
operation of the pump when an operational speed of the pump falls below a threshold {(e.g., a
rotation speed of the pump falls below 1 Hz or 2 Hz) or the pump has been wdle for at least a
threshold period of time {(c.g., 100 ms or 500 ms). That 18, when the pump 1S operating
siowly {(for example, when activity of the pump falls below an activity threshold),
asynchronous sampiing can be utibized. The storage processor 440 can further fransfer a
system voltage and motor current of the pomp {and/or any other measurement of the
opcration of the negative pressure apparatus) from the filter buffer 430 to the measures butier
454,

LRy The pump can imclude a tachometer or any other suitable device {as
described) below for measuring rotation of the pump motor. For cxample, the pump can bec a
diaphragm pump operated by a DC motor and having inlet and outlet valves. Once cyele of
the pump can correspond to four rotations of the motor (or any other suitable number of
rotations), and the tachometier can provide an indication for cach rotation of the motor.
Pressure sensor reading can be sampled by the sampler 412 and converted to digital data by
the A/} converter at a {requency or rate that exceeds the rate of frequency at which the pump
18 operating {(for example, as measured by the tachometer). The pressure 18 sampled at a
higher frequency {(or oversampled) as compared to the speed of the pump motor {(as measured
by the tachometer} and the opening and/or closing of cither or both the inlet and outlet
valves. Oversampling allows for removal {for example, by the filter 420} of coniributions
due to the pressure transients caused by the operung and/or closing of the valves, The
filicred pressure values can be removed from the filter buffer 430 synchronous with {for
example, upon arrival or detection ofy the indication from the tachomceter that the pump

motor has turned. This achieves synchronous sampling.
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LHISK] In certain embodiments, synchronous sampling can be performed by
directly idenfifving the time durations when the at lcast one pump valve opens and/or closes.
For example, the pump, such as the pump 390, may utilize one or more sensors that sense
opeming and/or closing of the at least one valve. Information provided by the one or more
sensors can be used to perform synchronous sampling. For imnstance, the pressure can be
sampled sometime after the opening and/or closing of the valve as indicated by the onc or
more sensors. This time can be determine bascd on one or more threshold intervals, such as
for mstance 100 ms {or any other suitable time) after opening of the at least one valve.

LUIREY In some cmbodiments, a pump assembly, such as pump assembly 2Z3{,
controls the vacuum pump to deliver negative pressure therapy to a wound according to a
selected or programmed protocol. Pump confrol can be performed by the pump control
processor 370 alone or in cornbination with the processor 310, For example, as explained
above, the user can sclect continuous operation at a desired pressure {or negative prossure
sgtpoint). The pump assembly can activate the vacuum pump to reduce or draw down the
pressure at the wound {e.g., under the dressing) to reach the setpoint.  As explained below,
the draw down can be performed by increasing the negative pressure at the wound bimited by
a maximum change in negafive pressure per unit time called compression, until the sctpoint
has been achicved. Wound draw down can be defined as the period of time immediately
after therapy has been mutiated durning which the wound has not vet achieved the setpoint.
As explained below, at the end of this period when the setpomt 1s achicved, the flow rate in
the thud fiow path should be below a leak {(or high flow) threshold and above a low vacuum
threshold, otherwise an appropriate alarm will be activated.

LHIRRY Figure 5 illustrates a process 500 for providing negative pressure wound
therapy according to some cmbodiments. The process 500 can be exccuted by the pump
control processor 370 alone or i combination with the processor 318, The process S80 can
be pernodically executed, such as for example every 100 nulliseconds {or 10 fimes per
sccond) or at any other suitable frequency. Alternatively or additionally, the process 500 can
be contimuously exccuted.

U561 The process 500 can begin i block 502, which it can transiiion to when
therapy 1s mitiated or when the setpomnt is changed while therapy 18 being delivered. In

block 502, the process 500 compares wound pressure, which can be determined as explained
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below, to the setpoint. I the wound pressure 1s below the setpomnt, the process SO0 can
transifion to block 304, Conversely, i the wound pressure exceeds or 18 egqual to the
setpoint, the process SG{ can transifion o block 506.

087 In block 304 (pressure ramp upl, the process 3040 can increment a pump
ramp seipoint by an amount that depends on the compression sctiing as explamed below,
The vacuum pump will then attempt to draw down the wound pressure to reach the current
value of the pump ramp setpoint. For cxample, a suttable pump drive signal, such as voltage
or current signal, can be generated and supphied to the pump motor s0 as o mcrease the
speed of the pump motor fo achieve wound draw down. For purposes of etficiency, the
pump motor can be driven using PWM or any other suitable method. The process 500 can
continue incrementing the pump ramp seipoint until it reaches the setpoint sclected by the
user. The process SO0 can transition {0 biock 508 when the wound pressure has nearly
reached or reached the setpoint. For example, the process 500 can transition to block S50R
when the wound pressure 1s within a ramp up threshold pressure of the setpoint, such as
within 2 mmHg of the setpoint or within any other suttabie value.

LR In block 306 {pressure ramp down}, the process 500 can set the pump
ramp scipoint to the setpoint selected by the user. The process 500 can deactivate the pump
so that the wound pressure 18 allowed to decay, such as due to one or more leaks in the fhud
flow path, to reach or almost reach the setpoint. At this pomnt, the process 500 can transition
to block 308. For example, the process 500 can transition to block 508 when the wound
pressure 15 within a ramp down threshold pressure of the setpoint, such as within 5 mmHg of
the seipomt or within any other suitable value. In some cases, the ramp down threshold
pressyure can be the sarme as the ramp up threshold pressure.

3059 in block 508 (steady statc}, the pump ramp scipoint can be set to the
setpoint selected by the user. The process S80 can control the vacuum pump {0 maintamn the
desired negative pressure at the wound., One or more conditions, such as high vacuum, low
vacuum, leak, and the like can be detected in block 508 as 1s explamned below. If the user
changes the sctpoint to be more negative or more positive or if delivery of therapy 18 paused,
the process SO0 can transition to block 502.

H36U] In some embodiments, the pump assembly controls the vacuum pump to

draw down the wound {¢.g., as 1s explained above in connection with block 534} by utilizing
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compression.  Using compression can be beneficial for avoiding rapid c¢hanges i wound
pressure, which can mmnumize patient discomifort, reduce noise produced as a result of
operating the pump, maintain efficient dehivery of negative pressure, maintain efficient use of
power {€.g., batiery power}, and the like. Compression can be cxecuted by the process 500,
which m turn can be implemented by the pump control processor 378 alone or
combination with the processor 310. Compression can correspond to the maximum desired
mcrease i negative pressure at the wound per unit of time. Compression can be deternuned
based on the negative pressure setpoint and sclected compression setting {e.g., low, medium,
or high).

B0 1 In some embodiments, the pump assembly monitors various parameticrs,
such as pressure and rate of flow in the flmd flow path, in order to control the pump in
connection with dehivery of negative pressure wound therapy. Parameters monttoring and
pump control can be performed by the pump control processor 370 alone or in combination
with the processor 310, Monitoring the flow rate can be used, among other things, to cosure
that therapy is properly dehivered to the wound, to detect lcakages, blockages, high pressure,
and low vacuurm, caruster full, and the like.

0672 The pump assembly can be configured to indirectly measure the flow raie
in the flnd flow path. For example, the pump assembly can measure the speed {€.g., as
frequency) of the vacuum pump motor by using a tachometer. Alternatively or addifionally,
the pump asscmbly can measure a level of activity or duty cycle of the pump using any
suitable approach, such as by monitoring voltage or current supplied to the pump, sensing
pump speed {¢.g., by using a Hall sensor), measuring back EMFE genecrated by the pump
rootor, monttoring duty cycle of the pump {(for exampie, of the pump motor or actuator} and
the like. Tachometer readings can be averaged {(for exampie, by applving a low pass filfer as
explained above} in order to nutigate the ctfccts of one or more crrant readings. A number of
most recent tachometer readings, such as over last 2.5 seconds or any other suitable fime
period, can be averaged to obtain short tachometer average. A number of less recent
tachometer readings, such as over the last 30 scconds or any other suitable time period, can
be averaged o obtain long tachometer average. Short and iong tachometer averages can be
utthzed for pump control.  Additionally or alternatively, the pump assembly can directly

rocasure the Hlow rate, such as by using a low meter.
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063 tn addition, the pump assembly can determine and monitor pressure in the
flow path using one or more sensors. In some cmbodiments, the pump assembly includes a
pressure sensor in or near the et 252 {or canster connection) of the pump assembly 2Z3{}.
This pressure sensor can measure the pressure in the cansster or any other portion of the fluid
flow path {or in or near the dressing or any other portion of the fluid flow path 1w a
canistericss system). The arrangement of one or more pressure sensors 1n disclosed in ULS.
Patent Application No. 14/21(,062, filed on March 13, 2014 and titled “SYSTEMS AND
METHODS FOR APPLYING REDUCED PRESSURE THERAPY,” which s mncorporated
by reference o its entirety. The pump assembly can contingously measure pressure mn the
canister, such as cvervy milliseccond or any other suitable duration. A suitable number of
latest pressure sensor readings can be averaged to mutigate the effects of onc or more crrant
readings.

B4 Wound pressure can be cstimated using the measured camister pressurc
and the pump speed. Because of presence of one or more leaks in the tlow path, wound
pressure may not be the same as canister pressie.

3065 Hased on the determined flow rate, canmister pressure, and wound pressure
values, the pump assembly monitor and detect various operating conditions and can control
the pump. OUne or more of these conditions can be detected by the process 500 while the
process i i block 508, Blockage i the tiuid flow path can be determined by comparing the
flow rate, as reflected by long tachometer average, to a particular blockage threshold over or
during a period of time, such as 2 minutes or any other suitable duration. The blockage
threshold ¢an be selected or determined based on the particular pressure setpoint. That 18, to
detect blockage, the pump assembly can utilize a plurality of blockage thresholds
corresponding o particular pressure setpoints.  As explammed above, the flow rate can be
mdirectly determuned by detecting and monmttorig the pump speed. Long tachometer
average can be compared to the blockage threshold.,  Alternatively or additionally, short
tachometer average or any other sutiable measurc of flow ratc can be compared to the
blockage threshold.

38661 During operation, the pump generates pressure pulses {(for example,
pressure fransients} that are propagated through the flmd flow path. The pressure pulscs,

which can be detected by a pressure sensor, are illustrated by the pressure curve 6032 of
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Figure 6 according to some emboduments. As s dlustrated 1o region 604, pressure in the
fluid flow path varnies or oscillates around a particular pressure setpoint 608 during normal
opcration of the system. Kegion 606 illusirates pressure pulses in the flow path in presence
of a bilockage distal to the pump. For example, the canister {or dressing} becomes full and/or
a canister {or dressing) filter 15 occluded or blocked. As s sllustrated i region 606, presence
of a distal blockage causes a reduced volume to be seen upstream of the canster {or
dressing), and the amplitude of the pressure pulses changes {e.g., increases). The frequency
of a pressure signal also changes (e.g., slows down or decreases}. Obscrved changes in one
or more parameters of the pressure signal can be used to wdentity the type of distal blockage
present, such as distinguish between canuster {or dressing) full and other types of blockages
in the fluid flow path. Changes in the amplitude of the pressure signal can be measured
using a vartety of technicpies, such as by measuring peak-to-trough change.

067 ] Figure 7 illustrates a process 700 of providing negative pressure wound
therapy according to some embodiments. The process 700 can be cxecuted by the pump
control processor 370 alone or in combination with the processor 318, The process 7(3{ can
be periodically executed or at any other suitable frequency. Alternatively or addifionally, the
process 700 can be continuously executed. Advantageously, in certain embodiments, the
process 78380 can enable the synchronization of pressure measurements with the operation of a
pump, such that the wmpact of pressure measurements corresponding {0 pressure transients
created n the flow path due fo the opening and/or closing of one or more valves of the pump
can be reduced or eluminated.

68 At block 702, the process 700 can read measurements of pressure m a
fluid flow path. The measuwrements may have been received from a pressure sensor
positioned to sense the pressure at or near an inlet of a pump assembly, such as the pump
assembly 230, or at any other suitable portion of the flmd flow path. In one example, the
measurements may be obtained trom the output bulfer 416 may have further been filtered,
such as by the filter 420, before being stored in the filter buffer 430,

691 At block 704, the process 700 can sample the identificd measurcments
synchronous with opening and/or closing of ong or more valves {e.g., an mlet valve or an
outlet valve) of a pump, such as the pump 390, of the pump asserably. The measurements

can thus be sampled such that onc or more of the identified measurcments are excluded from
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the sampled measuwrements. For instance, the measurements can be infltuenced by a pressure
transient created by the periodic opeming and/or closing of one or more valves of the pump,
and the process 700 can sample the measurements so that one or more measurements more
influenced by the pressure transient than are other of the measurements are exciuded from
the sampled measurements. The process 700 can, wn some embodiments, determne the
opemng and/or closing of the one or more valves using a signal from the pump or a sensor
associated with the pump.

T In one example, the process 700 can sample the measurements at a sample
frequency corresponding to {¢.g., proportional to) a opening and/or closing frequency ol one

-~
{
7

or morc valves of the pump. In another cxample, the process 700 can sampic the
measurements so that the measurements measurcd when one or more valves of the pump is at
one position 1 a opening and/or closing ¢ycle are mcluded in the sample measurements and
the measurements measured when the one or more valves 18 at another position in the
opening and/or closing cyele are excluded from the sample measurements,

871 In a further example, the process 700 can sample the measurements based
at least on a rate or frequency of a signal received from a tachometer associated with the
pump. The tachometer can be positioned fo measure a speed of a motor of the pump. The
sampling of the measurcments can invoive accessing and transferring pressure measurements
for turther processing, for mstance, i response to delecting one or either of the rising edge
and falimg edgc of the tachometer signal, such that of the sampling 1s synchromized with the
rotation of the motor {or operation of the pump).

7 21 At block 706, the process 700 can determune pressure i the fhud flow
path bascd at lcast on the sampled mecasurements. The pressure can, for mstance, be
determuined such that ong or more of the measurements that retlect contributions due o the
pressure transients are excluded from the sampled measurements. The pressure can be more
accurate than if the pressure were estimated based on both the sampled measurements and
the measurcments cxcluded from the sampled measurcments, because the impact of a
pressure transient created on cach opening and/or closing of one or more valves of the pump
can be reduced or clununated by not considerning the measurements excluded from the

sampled measurements i the determination of the pressure,

.Y
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307 3] At block 708, the process 700 can gencrate a drive signal based at least on
the estimated pressure to control the operation of the pump. For example, the drive signal
can bc a PWM signal, and the duty cvele of the drive signal can be varied to increase or
decrease the speed of the pump according at least to the estimated pressure. In some
crmbodiments, the duty cycle of the drive signal can be confrolled using a proportional-
integrai-derivative (PID) calculation bascd at lcast on a diffcrence between a pressure
setpoint and the estimated pressure as described with respect to process 800 of Figure 8.

7 4] Although the process 700 18 descnbed as using sampling to reduce or
chiminate the impact of pressure transients created by one or more valves of a pump, one or
more additional or other approaches can be used in some embodiments to reduce or chiminate
the 1mpact of the pressure transicnts ¢reated by the one or more valves of the pump. For
example, the process 700 can weight the measurements based at least on a synchronization of
the measurements with opening and/or closing of the one or more valves of the pump. The
measurements more influenced by a pressure transient created by the opening and/or closing
of the one or more valves of the pump than other measuwrements can be given a reduced
weilghting relative to the other measurements s0 that the measurements more mihienced by
the pressure transient can mfiucnce the determunced estimated pressure less than the other
measurenenis.

7S] Figure 8 illustrates a process X000 for determuning a duty covele for a PWM
control signal for a source of ncgafive pressure according to some embodiments. The
process 308 can be executed by the pump control processor 378 alone or in combination with
the processor 3180, The process 800 can be pentodically executed or at any other swntabile
frequency. Advantageously, in ceriain embodiments, the process 800 can enable the pump
control processor 370 to determine a suitable duty cycle for controlling a pump, such as the
pump 390, so that the pump 1s ramped or controlled {0 a setpomt without {1} significantly
overshooting the setpomnt or {(2) controlling the pump to operate at a level different from the
setpoint under canister full conditions.

7 61 The process &00 can be based on a PID ¢alculation and serve as a control
loop feedback mechamsm. The control loop feedback mechanism can provide up to three-
term control according to an error vahlue calculated based on a ditference between a measurcd

pressure and a setpoint pressurc. The up to threc-term control can be determuncd by a

IR,
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proportional control term (Prerv), integral control term (Irsru), Or derivative control term
(Drepv). In some ermnbodiments, the output of the PID calculation (PIDoyr) can depend on a
sum of Preese, Irerw, and Dypgrs. The Lenw. 10 addition, can be related to an integral sum
{(Ycina) that can also depend on an accummlation of past crrors. PIDgur can be set to
pernussibly range {rom O to 100 so that § corresponds to a 8% duty cyele PWM control

signal and 100 corresponds to a 100% duty cycle PWM control signal. As illustrated by the

process 800, in some embodiments, Dypwouw can be sef to O during the process 800,
87T The process 880 can, i some ways, be symlar to a standard PiD

calculation. However, the process 300 can include wmodilications to the standard PID
calculation that umprove the response of the PID calculation to various conditions in negative
pressure wound therapy.  For example, the process 83 can mnclude the folowing

modifications:

$ If a measured pressure exceeds a HighVacuumAlarmThreshold, oo can be set to
{}.

2 i1 Prepp execeds 100, lowm can be set to § and PIDoyr can be set to 100,

# if a difference between a pressure scipoint and a measurcd pressure 18 negative,

{sun can be set fo the sum of Ieuw and a value greater than the difference.

can prevent long PID restart delays following periods of pressure release.
& it a sum of PTERM and I?f[‘}j,}{M cxcecds 1@@, PTDQ{ 77 Ldll be set to 100 and IS{ v Call
be reduced, such as proportional to an amount that the sum cxceeds 100,
Although the process 00 may include all of the above-referenced modifications, in some
embodiments, the process 80{ can instead nclude one or more of the modifications and not
one or more other of the modilications, or may include different modilications.

7 81 At block 802, the process & can determine whether a measured pressure
(Pyveasursp) in the flow path exceeds a high vacuum threshold (T, The measured
pressure can be a pressure measurement received from a pressure sensor positioned at or near
an inlet of a pump assembly, such as the pump assembly 230, and, 1n some embodiments,
may have been sampled from a set of measurements as discussed with respect to process 730,

It the measured pressure exceeds the high vacuum threshoeld, at block 804, the process 800
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can set sy to be § and PiDour to be §, and the process 800 can end by returning the value
of PID(}{ .

79 I the measured pressure does not ¢xcced the high vacuum threshold, at
block 806, the process 300 can set ERROR {o be a difference between a pressure setpomt and
the measured pressure and set Prrroy to be a proportional gam (K} times ERROR. The
pressure setpoint can be set, for example, by a user of a pump assembly by setiing a desired
pressure or a mode of operation that corresponds to the pressure sctpomnt.  In some
eribodiments, the proportional gain can be set af pump assembly manufacture or during a test
operation of a pump assembly using one or more control loop tuning approaches. The
proportional gain can, for mnstance, be sct to a value ranging from {0 to 1, ranging from 3.3 to
(1.9, ranging from (.5 10 8.7, or to 0.6.

O80T At block §08, the process 800 can determune whether Prepws

]
- A

equals or
exceeds 100, I Progws equals or exceeds 130, at block S10, the process 800 can sct fsin 1o be
¢ and PlDopr to be 100, and the process 800 can end by returning the vahie of PiDgyy. It
Prerv does not eqgual or exceed 100, at block 812, the process 800 can delermine whether
ERROR 1s below . It ERROR 15 not below 8, the process 800 can set Isipv 10 be a sum of
fson and 2 times ERROR at block 8§14, If ERROR 18 below 0, the process 800 can sct Isowm
to be a sum of gy and ERRQOR at block 816. At block 818, the process &0 can determing
whether gy 18 less than 8. H Igug s less than §, at block 820, the process 800 can set Iqguw
to be U and PiDooy to be Pyenw, and the process SO0 can end by returning the value of
PiDonr.

NS I Isom 18 not less than §, at block K22, the process 800 can set Itprm 10 be
an 1ntegral gam (K} times gy and set PiDoor to be a sumn of Pragy and Ipppn. It some
embodiments, the proportional gain can be set to a value ranging trom § to 1, ranging from
(3.0001 to 0.0003, or to 0.0002. At block 824, the process 830 can determing whether PIDour
exceeds 100, I PIDopr does not exceed 100, process 800 can end by returmuing the value of
PiDoor. H PlDour exceeds 100, at block 826, the process 800 can scale s {c.g.. by an
amount depending on or proportional to the amount that PIDgyr exceeds 100} and set PlDoyy
to be 100, and the process 800 can end by returning the value of PlDoor.

ik Figures 9A-98 and 10A-10B idlustrate plots of opcrating pressure for

simulated reduced pressure wound therapy sysioms according to some embodiments.
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Figures 9A-9R depict example plots of operating pressure for a simulated system that does
not unplement at least some of the teachmgs provided m this disclosure, such as the
tcachings described with respect to the process 700 {(e.g., using sampled pressure values) and
the process 804 (e.g., PID calculation based controi process). Figures 10A-10B depict
example plots of operating pressure for a sumulated system that does mmplement at least some
of the teachings provided in this disclosure, such as the teachings described with respect to
the processes 700 and 830,

LHILR] Figure YA shows an example plot 900A for a draw down operation and
controthing of a purnp (o atierapt to draw down a pressure at the wound to reach 120 mmHg
without using synchronous sampling. The hnes A, B, and C of the plot 900A respectively
itlustrate the simulated operating pressure for the system with a full canister, nearly full
canisier, and empty camster. At a time of 0 seconds, the pump begins operating 50 as 1o
draw down the pressure. Af around a time of 3 seconds, the pump has finished the draw
down and cntered steady-operation. As can be scen from the ines A and B of the plot 900A,
the pressure 1n the sumulated systems indicates presence of a significant pressure pulse or
transient between O seconds to 0.5 seconds {which 15 not removed because synchronous
sampling 1s not used). OUperating the pump without removing or mitigating contributions due
to such a pressure pulsc or transient at the startup of the pump may not be desirabie 1 some
mstances and, for example, may be uncomfortable or painiul for a patient. In addition, it can
be seen from line A of plot 900A that the camister full condition may also cause the pump to
draw down by 100 mumHg rather than 120 mmHge as desired. Thus, the pump may also be
underperforming under camster full conditions {or cven under canister empty or relatively
empty condifions).

HINE] Figure 9B shows an cxamplc plot 9008 for controlling of a pump in a
presence of a pressure transtent of 120 mmHge without using synchronous samphing. The
ines A, B, and C of the plot 900B respectively illustrate the simulated operating pressure for
the system with a full canister, nearly full canwstier, and empty camster. At a time of §
sgconds, the pump begins operating to draw down the pressure at the wound., The time
between (0 and 1 second illustrates occurrence of @ pressure transient (which 1s not removed
because synchronous sampling 1s not used). At around a time of 1 second, the pressure

transient has ceased or ended. As can be seen frorn the hines A and B of the plot 900B, the

L3R
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pressure i the sumulated systems can show a sigmificant pressure overshoot between O
seconds to 0.3 seconds as a result of the pressure transient, Operating the pump without
removing or mitigating contributions due to such a pressure overshoot may not be desirabie
in some instances and, for example, may be uncomfortabic or pamnful for a patient. In
addition, 1t can be seen from hine A of plot 9008 that the canister full condition may cause
the pumnp to adjust pressure by 80 mmHg rather than 120 mmHg as desired.  Thus, the
pump can be underperforming under canister full conditions {or cven under canister empty or
relatively empty conditions).

O055] Figure 10A shows an example plot 1000A for a draw down operation and
controiling of a pump to attempt to draw down a pressure by 120 mmBg, and Figure 10B
shows an cxampic plot 10008 for a transient operation and controlling of a pump i the
context of a pressure transient of 120 mmHg. In both plots 1888A and 1000B synchronous
samphing 15 ufilized. In contrast to Figures 9A-98, as can be seen from the lines A, B, and C
of the plots 1000A and 1000B, Figures [0A-10B show a smooth draw down in pressure,
minimal overshoot after a fransient cvent, relatively fast adjustment to reach a pressure
setpoint, and cffective adjustment of pressure mdependent of a remaimng capacity of a
canister. Morecover, as can be secn from the ling A of the plots 1000A and 1000B, the
pressure can be adjusted closer to a pressure sctpoint than may have been achigvable mn the
systems depicted by the plots 300A and 900B. Accordingly, use of synchronous sampiing
for controlling the pump results, for exarople, in ncreased efficiency, diminished noise and
vibration caused by operation of the pump, reduced in energy usage, and better comfort for

the patient.

Other Variations

{86 Any valuc of a threshold, hinut, duration, ctc. provided herein i not
intended to be absolute and, thereby, can be approxunate. In addifion, any threshold, limut,
duration, etc. provided herem can be fixed or vaned either automatically or by a user.
Furthermore, as 18 used hercin relative terminology such as exceeds, greater than, less than,
eic. in relation o a reference value 18 mnfended to also encompass being cqual to the reference
vahie, For example, exceeding a reference value that 1s positive can encompass being cgual

to or greater than the reference value. In addition, as 18 used heren relative terminology such

1ol
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as oxceceds, greater than, less than, efc. n relation to a reference value 18 mtended to also
encornpass an inverse of the disclosed relationship, such as below, less than, greater than,
ctc. in relations to the reference value.

HOORT Features, watenals, characieristics, or groups descnbed i compunclion
with a particular aspect, embodunient, or exaraple are to be understood to be applicable to
any other aspect, embodiment or example described hercin unless incompatible thercwith,
Al of the features disclosed n 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 m any cornbinafion, except combinations where at least some of such features
and/or steps arc mutually exclusive. The protection 1S not restricted to the details of any
foregoing embodiments. The protection extends to any novel one, or any novel combination,
of the features disclosed 1o this specification (including any accompanying claums, abstract
and drawings}, or to any novel one, or any novel combination, of the steps of any method or
process so disclosed.

08 While certain erabodiments bave been described, these embodiments have
been presented by way of example only, and are not mntended to hinut the scope of protection.
Indecd, the novel methods and systems described hercin may be embodied in a variety of
other forms. Furthermore, various omissions, substifutions and changes in the form of the
methods and svstems described heremn may be made. Those skilled in the art will appreciate
that in some cmibodiments, 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 sieps
and/or order of steps taken m 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 varous components itlustrated n the figures may be
implemented as software and/or firmware on a processor, controlier, ASIC, FPGA, and/or
dedicated hardware. Hardware components, such as processors, ASICs, FPGAs, and the
like, can include logic curcuitry. Furthermore, the features and atiributes of the specific
embodiments disclosed above may be combined m different ways to form additional

erabodiments, ail of which fall within the scope of the present disclosure.
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K9] Although the present disclosure mcludes 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 aliernative embodiments
and/or uses and obvious modifications and equivalents thercof, inchudimg embodiments
which do not provide all of the features and advantages set forth herein. Accordingly, the
scope of the present disclosure 18 not infended to be himited by the specific disclosures of
preferred embodiments herein, and may be defined by claims as presented hercin or as

presented in the future.
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WHAT IS CLAIMED iS;
i, An apparatus for applying negative pressure therapy to a wound, comprising:

a housing comprising a source of negative pressure configured to be in flundic
communication with a wound dressing, the source of negative pressure comprising at
feast one valve:

a pressure sensor configured fo measure pressure in a {luid flow path
configured to fluidically connect the wound dressing and the source of negative
pressure; and

a controlier configured to operate the source of negative pressure using a drive
signal, the controlier further confligured to:

determine a pressure measurement bascd on the pressure measured by
the pressurc scnsor, wherein the determination s performed  synchronous
with operation of the source of negative pressure, and
generate the drive signal based at lcast on the determined pressure.
2. The apparatus of ciaim 1, wherein the controlier 15 configured fo determine
the pressure svachronous with opening and/or closing of the at least one valve.
3. The apparatus of claim 2, wherein pressure measured by the pressure sensor
mcludes one or more components due to a pressurc fransient generated by the opening and/or
closing of the at least one valve, and the one or more of the componenis are substantially

excluded from the determination of the pressure measurement.

4 The apparatus of claim 3, wheremn the pressure transient s periodically
cencrated by the at least one valve,
3. The apparatus of claim 2, wherein the controlier 185 configured fo determine

the pressure measurement svochronous with the opening and/or closing of the at least one
valve by sampling the measurements at a frequency that exceeds the frequency with which
the at icast one valve opens and/or closes.

0. The apparatus of ¢laim 5, wherein the sample frequency 1s proportional {0 the
frequency with which the at least one valve opens and/or closes,

7. The apparatus of claim 1, wherein the controlier 18 configured fo deternunc
the pressure measurement synchronous with operation of the source of negative pressure

based on one or more of the measurements obtained at times when the at least one valve 15 in

230,
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a first position and not based on one or more of the measurements obtained at fimes when the
at least one valve 1s 1 a second position.

3. The apparatus of claim 1, wherein the source of negative pressure comprises a
vacuuimn pump having a motor, and the controlier 18 configured to determine the pressure

measurement synchronous with the operation of the source of negative pressure based at

least on a speed of the motor.
9. The apparatus of claim 8§, further comprising a tachometer configured to

measure the speed of the motor and gencrate a signal mdicative of the measured speed of the
motor, and whergin the controller 15 configured to determine the pressure measurement
synchronous with the operation of the source of negative pressure based on the signal
received from the tachometer.

10.  The apparatus of claim 9, wheremn the controller 18 configured {o determine
the pressure measurernent synchronous with the operation of the source of negafive pressure
in response 1o a rising edge of the speed signal and 1n response to a falling cdge of the speed
signai.

Fi.  The apparatus of claim 1, wherem the controller 1s configured to determune
the pressure measurement synchronous with the operation of the source of negative pressure
bascd on a signal received from the source of negative pressure.

12,  tThe apparatus of claim 1, wherein the at lcast one valve comprises an inlet
valve and an outlet valve.

i3, The apparatus of claim |, wherein the controller 1s configured fo deternune
the pressure measurcment synchronous with the opceration of the source of negative pressure
by applying a low-pass filter a plurality of measurements obtained from the pressure sensor.

i4.,  The apparatus of claim 1, wheremn the controller 18 further configured to
determine the pressure measurcment asvnchronous with the operation of the source of
negative pressure in response 1o defermuning that an activity of the sowrce of negative
pressure falls below an actyvity threshold.

15, The apparatus of claim 1, wheremn the controller 18 configured o control the
source of negative pressure using pulse-width modulation (PWM) and generate the drive
signal ysing a proportional-integral-derivative (P} calculation based at least on a difference

between a pressure setpomnt and the determined pressure.
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16. The apparatus of ¢laim 15, whercin the controller 15 configured to gencrate the
drive signal to have a 0% duty cycele 1o response to determining that the determianed pressure
exceeds a first threshold.

i7.  The apparatus of claim 15, wherein the controller 18 configured to gencrate the
drive signal to have a 1009 duty ¢ycle m response (o determining that a proportional term of
the P1D calculation exceeds a first threshold.

{8.  The apparatus of claim 15, whercin the controller 1s configured to gencrate the
drive signal to have a 100% duty cycle in response to determining that a sum of a
proportional term of the PID calculation and an mtegral term of the PiD calculation exceeds
a first threshold,

19, The apparatus of claim 15, whercin the controller 1s configured to sct an
integral term of the PID calculation to be 8 and an accumuiated error of the PiD calculation
{0 be O mn response to deterromming that the accumulated error 18 less than 0.

2.  The apparatus of claim 15, whercin the controiler 18 configured to sct an
accumutiated error of the PID calculation to be greater than a sum of the accumulated error
and the difference 1o response to determuning that the difference 1s negative.,

21, The apparatus of clairn 1, wheremn the controller 18 configured to determine
the pressure measurcment by sampling the pressure measurcd by the pressure scnsor.

,‘ﬁ

22. A method of operating the apparatus of any of claims 1-21.

- 44 -
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