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A system for monitoring and controlling negative pressure wound therapy includes a means for
maintaining reduced air pressure; a pressure sensor; a microcontroller for controlling the means
for maintaining reduced air pressure based at least in part on the signal from the pressure
sensor; a first housing for enclosing at least a portion of the means for maintaining reduced air
pressure and the microcontroller, the first housing having a recess in an outer surface thereof; a
mobile communication device comprising a microprocessor for generating control signals for the
microcontroller to control the means for maintaining reduced air pressure to maintain one or
more of a continuous reduced air pressure state or an intermittent reduced air pressure state
over the wound; and a wireless transceiver in communication with the microprocessor. A
second housing that encloses the mobile communications device is sized to fit within the recess

of the first housing.



SYSTEM FOR MONITORING AND CONTROLLING NEGATIVE PRESSURE
WOUND THERAPY

This invention relates to controlling and monitoring medical devices. More particularly, this
invention relates to a system for controlling and monitoring the application of negative pressure

therapy to a wound.

BACKGROUND

Negative-pressure wound therapy (NPWT) is a therapeutic technique wherein a vacuum dressing
is applied to a wound to promote and enhance healing. NPWT involves the controlled
application of sub-atmospheric pressure to an airspace over a wound using a sealed wound
dressing connected to a vacuum pump. The sub-atmospheric pressure (also referred to herein as
"negative pressure") draws fluid out of the wound and increases blood flow to the area. The
vacuum may be applied continuously or intermittently, depending on the type of wound being
treated and the clinical objectives. Dressings used in NPWT include gauze and open-cell foam
dressings sealed with a suction dome that contains the vacuum at the wound site. Most NPWT

devices provide for intermittent removal of fluid drained from the wound bed.

In most NPWT systems, a non-adherent dressing film covers the wound, a second dressing or
filler material is fitted to the contours of the wound, and a suction dome or transparent film is
applied to seal the airspace over the wound. One end of a vacuum tube is connected to an
opening in the suction dome or film and the other end of the vacuum tube is connected to a
canister and a vacuum pump. Excess fluid is removed from the wound through the vacuum tube

to enhance circulation, create a moist healing environment, and reduce edema.

Typically, an NPWT device is prescribed by healthcare professionals for ongoing treatment of a
patient's wound after the patient has been discharged from a hospital. After the patient is
discharged, it becomes more difficult for healthcare providers to confirm that the NPWT device
is functioning properly and that the patient is using the device in a proper manner. Generally,

frequent in-home visits by healthcare providers are needed to check the progress of wound
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healing and confirm proper operation and use of the NPWT device.

The cost of NPWT devices is typically covered by Medicare or other healthcare insurance. In the
Medicare domain, use of an NPWT device within a hospital is covered by Medicare Part A.
Once a patient is discharged from the hospital, the cost of the NPWT device may be reimbursed
under Medicare Part B. Keeping up with the Medicare Part A to Part B transition and ensuring
that costs are reimbursed under the proper Medicare regime can be an onerous task for healthcare

administrators.

What is needed, therefore, is a system for remotely monitoring the location and operational status
of a NWPT device, for remotely controlling its operation, for remotely confirming that the
device is being used properly to provide the needed therapy, and for updating insurance

reimbursement conditions.

SUMMARY

The above and other needs are met by a system for monitoring and controlling negative pressure
wound therapy for treating a wound on a person's body. In a preferred embodiment, the system
includes means for maintaining reduced air pressure in an airspace over the wound, a pressure
sensor, a microcontroller, and a mobile communication device. The pressure sensor senses air
pressure and generates a pressure signal based on sensed air pressure, and the microcontroller
controls the means for maintaining reduced air pressure based on the pressure signal. The means

for maintaining reduced air pressure may include a vacuum pump and a valve.

The mobile communication device includes a microprocessor in electrical communication with
the microcontroller, a touchscreen display, a data storage device, a GPS module, and a wireless
transceiver. The microprocessor executes software instructions to generate control signals that
are provided to the microcontroller to control the means for maintaining reduced air pressure to
maintain either a continuous reduced air pressure state or an intermittent reduced air pressure
state in the airspace over the wound. The microprocessor also executes software instructions to

monitor the pressure signal and generate a closed-system alarm, a leak-detected alarm or an
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open-system alarm. The closed-system alarm is generated if the pressure signal indicates an air
pressure leak rate that is below a closed-system threshold. The leak-detected alarm is generated
if the pressure signal indicates an air pressure leak rate that is above a leak-detected threshold

and below an open-system threshold. The open-system alarm is generated if the pressure signal

indicates an air pressure leak rate that is above the open-system threshold.

In some embodiments, the system includes a NPWT service provider computer in
communication with the wireless transceiver of the mobile communication device via a
communication network. The NPWT service provider computer is also in communication with a
healthcare provider computer via the communication network. The wireless transceiver transmits
one or more of the pressure signal, the open-system alarm, the leak-detected alarm, and the
closed-system alarm to the NPWT service provider computer via the communication network,
and the NPWT service provider computer sends a corresponding alert communication to the

healthcare provider computer via the communication network.

In some embodiments, a first housing encloses the means for maintaining reduced air pressure
and the microcontroller. The first housing has a recess in one of its outer surfaces. A second
housing that encloses the mobile communications device is sized to fit substantially within the

recess in the outer surface of the first housing.

In some embodiments, there is a hinged connection between the first housing and the second
housing, such that the second housing is rotatable on the hinged connection to move from a first
position to a second position. In the first position, an outer surface of the second housing is
substantially flush with the outer surface of the first housing. In the second position, the outer

surface of the second housing is tilted with respect to the outer surface of the first housing,.

In some embodiments, a power source is disposed in the first housing for providing power to the
means for maintaining reduced air pressure. A tether harness is connected between the first
housing and the second housing through which the mobile communication device in the second

housing is electrically connected to the microcontroller in the first housing.
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In some embodiments, the system includes a canister for receiving fluid drained from the wound,
and a fluid sensor that is electrically connected to the microcontroller. The fluid sensor senses a
quantity of fluid in the canister and generates a fluid signal based thereon, and the

microcontroller controls the means for maintaining reduced air pressure based on the fluid signal.

Various embodiments of the system include a NPWT service provider computer that is in
communication with the wireless transceiver of the mobile communication device via the
communication network. The NPWT service provider computer is also in communication with a

healthcare provider computer via the communication network.

In some embodiments, the microprocessor of the mobile communication device generates a
canister filling rate signal based on the fluid signal. The wireless transceiver transmits the
canister filling rate signal to the NPWT service provider computer via the communication
network, and the NPWT service provider computer sends an alert communication based on the

canister filling rate signal to the healthcare provider computer via the communication network.

In some embodiments, the wireless transceiver transmits one or more of the pressure signal, the
open-system alarm, the leak-detected alarm, and the closed-system alarm to the NPWT service
provider computer via the communication network. The NPWT service provider computer then
sends an alert communication based on these signals or alarms to the healthcare provider

computer via the communication network.

In some embodiments, the GPS module of the mobile communication device generates location
coordinate information indicative of the geographic location of the mobile communication
device. The microprocessor determines whether the location coordinate information indicates
that the mobile communication device has moved from inside to outside a geofence boundary
and generates a geofence alert message based thereon. The wireless transceiver transmits the
geofence alert message to the NPWT service provider computer via the communication network.
The NPWT service provider computer then sends a geofence alert communication based on the

geofence alert message to the healthcare provider computer via the communication network.
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In some embodiments, the NPWT service provider computer generates a pressure-setting
command message and transmits the pressure-setting command message to the mobile
communication device via the communication network. The wireless transceiver receives the
pressure-setting command message and the microprocessor executes software instructions to
generate control signals based on the pressure-setting command message. The control signals are
then provided to the microcontroller to control the means for maintaining reduced air pressure to

maintain a reduced air pressure in the airspace over the wound.

In some embodiments, the GPS module of the mobile communication device determines a
geographic location of the mobile communication device after the patient whose wound is being
treated has been discharged from a healthcare facility. The microprocessor of the mobile
communication device generates a location message based on the geographic location. The
wireless transceiver of the mobile communication device transmits the location message to the
NPWT service provider computer via the communication network. The NPWT service provider
computer then provides patient location information via the communication network to a mobile
device carried by a healthcare provider. The patient location information indicates to the

healthcare provider the location at which to find the patient whose wound is being treated.

In some embodiments, the data storage device of the mobile communication device stores a unit
ID number that uniquely identifies the mobile communication device. The NPWT service
provider computer of this embodiment receives patient identification information from the
healthcare provider computer that identifies the patient being treated by the system. The
microprocessor of the mobile communication device generates a message that includes the unit
ID number, and the wireless transceiver transmits the message to the NPWT service provider
computer via the communication network. The NPWT service provider computer then associates
the unit ID number transmitted from the mobile communication device with the patient
identification information sent from the healthcare provider computer in a database connected to

the NPWT service provider computer.

In some embodiments, the data storage device of the mobile communication device stores

electronic documentation of standard practices that law requires medical device suppliers to
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abide by and to disclose to patients being treated by the system. The touchscreen displays the
standard practices for viewing by the patient, and receives an indication from the patient
confirming that the patient has viewed the standard practices. The wireless transceiver then

transmits the indication to the NPWT service provider computer via the communication network.

In some embodiments, the data storage device stores information regarding characteristics of the
wound and treatment of the wound. The touchscreen displays the information regarding
characteristics of the wound and treatment of the wound for viewing by a healthcare provider
attending to the patient. The touchscreen also receives information from the healthcare provider
regarding characteristics of the wound and treatment of the wound provided to the patient by the
healthcare provider. The wireless transceiver then transmits the information regarding
characteristics of the wound and treatment of the wound to the NPWT service provider computer

via the communication network.

In some embodiments, the touchscreen displays a prompt for viewing by a healthcare provider,
where the prompt requests input regarding whether use of the system for treatment of the
person's wound is covered by a particular type of healthcare insurance, such as Medicare Part A
or B. The touchscreen receives information input by the healthcare provider in response to the
prompt. The wireless transceiver then transmits the information input by the healthcare provider

to the NPWT service provider computer via the communication network.

BRIEF DESCRIPTION OF THE DRAWINGS

Other embodiments of the invention will become apparent by reference to the detailed
description in conjunction with the figures, wherein elements are not to scale so as to more
clearly show the details, wherein like reference numbers indicate like elements throughout the

several views, and wherein:

FIG. 1 depicts a block diagram of a system for monitoring and controlling a negative pressure

wound therapy unit according to an embodiment of the invention;
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FIGS. 2-8 depict flowcharts of methods for monitoring and controlling a negative pressure

wound therapy unit according to embodiments of the invention;

FIGS. 9A and 9B depict a physical configuration of a negative pressure wound therapy unit

according to an embodiment of the invention;

FIG. 10 depicts command and response message formats used in a negative pressure wound

therapy system according to an embodiment of the invention;

FIG. 11 depicts global and local variables used in a negative pressure wound therapy unit

according to an embodiment of the invention;

FIG. 12 depicts settings maintained in a negative pressure wound therapy unit according to an

embodiment of the invention;

FIG. 13 depicts various commands used by a negative pressure wound therapy unit to control the
starting and stopping of therapy and to do diagnostics according to an embodiment of the

invention; and

FIG. 14 depicts transition states implemented in a negative pressure wound therapy system

according to an embodiment of the invention.

DETAILED DESCRIPTION

Some embodiments described herein are directed to a negative pressure wound therapy (NPWT)
system, which is one example of an item of Durable Medical Equipment (DME). DME is
typically dispensed to a patient to treat a particular type of medical condition, which treatment
may begin in a hospital setting and continue in a home healthcare setting after the patient leaves
the hospital. Those skilled in the art will appreciate that various aspects of the invention
described herein are not limited to NPWT systems, but are applicable as well to other types of
DME.
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As shown in FIG. 1, a preferred embodiment of an NPWT system 10 includes an NPWT unit 12
and an NPWT service provider computer system 14. The NPWT service provider computer
system 14 is in communication with the NPWT unit 12 and with a healthcare provider computer

18 via a communication network 16, such as the Internet.

The healthcare provider computer 18 may be, for example, a desktop computer, laptop computer,
tablet computer, or smart phone. A browser application is loaded on the healthcare provider
computer 18 to provide access to an NPWT service provider website via the communication

network 16.

The healthcare provider computer 18 is also in communication with an admissions-discharge-
transfer (ADT) server 19. The ADT server 19 comprises one or more computers that store and
manage records regarding the status of patients receiving treatment in a medical facility.
Generally, a patient's status is either admitted to the facility, discharged from the facility, or
transferred to another facility. Communication between the healthcare provider computer 18 and
the ADT server 19 may be through the communication network 16 or through a local area

network (LAN).

With continued reference to FIG. 1, the NPWT service provider computer system 14 comprises
one or more computers that store information and execute software for monitoring and
controlling multiple NPWT units 12. As the term is used herein, an "NPWT service provider”
may be a company that supplies NPWT units to healthcare providers for use in treating wounds
and that monitors and controls NPWT units on behalf of the healthcare providers. An example of

one such NPWT service provider is DeRoyal Industries, Inc. of Powell, Tenn.

The NPWT service provider computer system 14 preferably includes an NPWT unit database 15
that stores information regarding NPWT units. For each NPWT unit, the database 15 associates
the unit's unique ID number, the identity of the healthcare provider entity that obtained the unit
from the service provider, the identity of the patient to which the unit has been dispensed, the
current location of the unit (preferably based on GPS data, cellular data, Wi-Fi data, or a

combination thereof), current status of the unit (active or inactive), the current operational mode
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(continuous or intermittent pressure), a log of alert communications that have been received from
the unit, a log of command communications sent to the unit, and an insurance reimbursement
indicator for the unit (private insurance or Medicare Part A or B). The information stored in the
NPWT unit database 15 provides a complete chain of custody for each NPWT unit 12, including
transfer of the unit from the DME service provider to the hospital, dispensing to a patient,
leaving the hospital with the patient, use in the patient's home, transfer back to the hospital or

DME service provider, and so forth.

In a preferred embodiment, the NPWT unit 12 comprises a vacuum pump 22 that pulls a vacuum
on an air line 24. The level of air pressure in the air line 24 is determined by a valve 25 and is
sensed by a pressure sensor 26. The pump 22 and valve 25 are preferably powered by a Lithium-
ion or Lithium-polymer battery pack and charging circuit 34. The end of the air line 24 opposite
the pump/valve is connected to a suction dome 20 that is sealed over a wound on a person's body
21. Fluid 31 from the wound flows through the air line 24 and into a collection canister 30. The

level of fluid 31 in the canister 30 is sensed by a fluid level sensor 32.

A microcontroller 28 receives a fluid level sensor signal from the fluid level sensor 32 and an air
pressure signal from the pressure sensor 26. Based on these signals and received
command/control messages described hereinafter, the microcontroller 28 controls the pump 22
and valve 25 to maintain a continuous pressure profile or an intermittent pressure profile in the

airspace within the suction dome 20.

As shown in FIG. 1, the NPWT unit 12 includes a mobile communication device 36, such as
cellular "smart phone." In a preferred embodiment, the mobile communication device 36
includes a microprocessor 38 running an Android or 10S operating system, a touch screen
display/interface 40, data storage 42, a battery 43, a data input/output interface 44, a wireless
transceiver/modem 46, a global positioning system (GPS) module 48, and a camera 50. The data
interface 44 is preferably serial-over-USB protocol (3.3V serial TTL), but could also be Ethernet,
SPI, I2C or CAN bus.

As depicted in FIGS. 9A and 9B, components of the NPWT unit 12 are disposed in or on a

9
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NPWT unit housing 54, wherein the fluid canister 30 is attached to one side of the housing 54. In
a preferred embodiment, the components of the mobile communication device 36 are disposed
within a separate and removable mobile communication device housing 56, wherein the touch
screen display/interface 40 is disposed on an upper surface of the housing 56. As shown in FIG.
9A, the mobile communication device housing 56 may be disposed within a recess 58 in the
upper surface of the NPWT unit housing 54. In this configuration, the touch screen
display/interface 40 is substantially flush with the upper surface of the housing 54. As shown in
FIG. 9B, the mobile communication device housing 56 may be removed from the recess 58, with
electrical connections between the housing 54 and the housing 56 provided by a tether harness
60. In preferred embodiments, the tether harness 60 provides power and data interface
connections between the mobile communication device 36 in the housing 56 and the

microcontroller 28 and battery/charging circuit 34 in the housing 54.

In alternative embodiments, when the mobile communication device housing 56 is disposed in
the recessed area 58, a microUSB connector on the housing 56 engages a mating connector
within the recessed area 58. In these embodiments, the microUSB connector within the recess 58

may be PCB-mounted on an embedded motherboard for the controller 28.

In some embodiments, the housing 56 is hinged with respect to the housing 54. In the hinged
configuration, the housing 56 may be flipped up and tilted with respect to the housing 54, such as
to provide an advantageous angle for viewing and operating the touch screen display/interface

40.

In the preferred embodiment depicted in FIG. 1, electrical power for the vacuum pump 22 and
valve 25 are provided by the battery 34 disposed within the NPWT unit housing 54. The battery
34 also continuously charges the smaller battery 43 that powers the mobile communication
device 36. Preferably, the battery 43 powers the embedded controller 28 through the tether
harness 60. In preferred embodiments, a power on/off button on the touch screen 40 of the
mobile communication device 36 controls power to the unit 12. In this configuration, the
embedded controller 28 does not drain the battery 43 when the unit 12 is powered off.

FIG. 2 depicts a process 100 for monitoring and controlling negative pressure wound therapy

10
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using the system 10 depicted in FIG. 1. It should be appreciated that the order of many of the
process steps shown in FIG. 2 and described herein is not critical to the operation of the system,
and the order of the steps may be rearranged in other embodiments of the invention. The pressure
sensor 26, which is in fluid communication with the airspace within the suction dome 20,
generates a pressure signal based on the sensed air pressure (step 102). The pressure signal is
provided to the controller 28, which controls the pump 22 and valve 25 to maintain the pressure
level within a desired range as discussed in more detail hereinafter (step 104). The pressure
signal is also digitally sampled periodically (such as at 30 second intervals), and the sampled
pressure measurements versus time are used to determine the system leak rate that is stored in the

data storage device 42 (step 1006).

The GPS module 48 periodically generates location coordinate information indicative of the
geographic location of the NPWT unit 12 (step 107). For example, this location information may
be generated once per hour. The location information is preferably stored in the data storage
device 42. In alternative embodiments, location coordinate information may be determined based

on cellular telephone network data or Wi-Fi data or combinations of such data with GPS data.

In preferred embodiments, the microcontroller 28 may be set to control the valve 25 and vacuum
pump 22 to generate two types of negative air pressure profiles within the suction dome 20: (1) a
generally constant pressure over time, or (2) an intermittent pressure profile wherein a first
pressure level is maintained during periodic intervals separated by intervals of a second pressure
level that is different from the first level (a square wave profile). The constant or intermittent
pressure profile is set based on control signals provided by the microprocessor 38 via the data
interface 44. The pressure profile is selected either by a manual entry using the touch screen

interface 40 or by remote control as described hereinafter.

Regardless of the pressure profile selected, the microprocessor 38 monitors the sampled pressure
measurements to determine whether the system leak rate is within certain boundaries. In a
preferred embodiment, three leak rate thresholds are defined: (1) a closed-system threshold, (2)
leak-detected threshold, and (3) open-system threshold. A leak rate below the closed-system

threshold indicates that the dressing on the wound may be sealed too tightly such that air cannot
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pass through the dressing. A leak rate that is above the open-system threshold indicates that the
system is open to the outside air, which may be caused by an open hose connection or an
unsealed suction dome. A leak rate that is below the open-system threshold but above the leak-
detected threshold indicates there is a leak in the system that is causing a pressure change at a

lower rate than may be caused by an open-system problem.

If the microprocessor 38 determines that the leak rate is below the closed system threshold (step
108), the microprocessor 38 generates a closed-system alarm message (step 110). If the
microprocessor 38 determines that the leak rate is below the open-system threshold but above the
leak-detected threshold (step 112), the microprocessor 38 generates a leak-detected alarm
message (step 114). If the microprocessor 38 determines that the leak rate is above the open-
system threshold (step 116), the microprocessor 38 generates an open-system alarm message
(step 118). All of these alarm messages preferably include at least the unique ID number of the
NPWT unit 12, the measured leak rate, an indication of which leak rate condition triggered the

alarm, and GPS location information.

The leak rate alarm messages are transmitted by the wireless transceiver 46 via the
communication network 16 and are received by the NPWT service provider computer system 14
(step 120). In a preferred embodiment, the leak rate alarm messages are text messages formatted
according to Short Messaging Service (SMS) protocol. In other embodiments, the leak rate alarm
messages are email messages or other electronically transmitted messages. The NPWT service
provider computer system 14 extracts the unique ID number from the leak rate alarm messages
and does a database query to identify the particular healthcare provider (such as a particular
hospital, medical clinic, DME service provider, etc.) associated with the extracted ID number

(step 122).

The NPWT service provider computer system 14 then sends an alert communication via the
communication network to the healthcare provider computer 18, such as in the form of an email
message (step 124). In this situation, the alert communication preferably includes (1) information
to identify the NPWT unit 12 that transmitted the leak rate alarm message or the patient to whom
the unit 12 was dispensed, (2) an indication of which leak rate condition triggered the alert, (3)

12
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the measured leak rate, and (4) the GPS location coordinates and/or a physical address
determined based on the GPS location coordinates. The alert communication may also be
received at a mobile device 52 carried by healthcare provider personnel assigned to oversee the
treatment of the patient to whom the identified NPWT unit 12 was dispensed. This

communication may be via email, text message or other electronic means.

In some embodiments, alert communications may convey a message indicating that a problem
with the NPWT unit 12 has been detected and directing the responsible healthcare provider to

access the NPWT service provider webpage to view detailed information regarding the problem.

In a preferred embodiment depicted in FIG. 3, the fluid level sensor 32 generates a fluid level
signal indicative of the level of the fluid 31 in the canister 30 and the rate of filling of the canister
30, which is related to the drain rate of the wound (step 126). The fluid level signal is also
digitally sampled periodically, and the sampled fluid level measurements are transferred via the
data interface 44 to be stored in the data storage device 42 as fluid levels (or percentage full) and

as a fluid drain rate (step 128).

Based on the fluid drain rate, the microprocessor 38 determines whether the canister 30 is filling
with fluid 31 at an abnormally high rate and/or whether the fluid level in the canister has
exceeded a maximum threshold (step 132). If the microprocessor 38 determines that the
measured fluid level in the canister 30 has risen above a maximum threshold or that the drain

rate is abnormally high, the microprocessor 38 generates a fluid alarm message (step 134).
Monitoring of the fluid level in the canister helps to prevent exsanguination and contamination of

the pump system with overfilled waste.

The fluid alarm message preferably includes at least the unique ID number of the NPWT unit 12,
the current fluid level in the canister 30, the fluid drain rate, and GPS location information. The
fluid alarm message is transmitted by the wireless transceiver 46 and via the communication
network 16 and is received by the NPWT service provider computer system 14 (step 136). In a
preferred embodiment, the format of the fluid alarm message is the same as the leak rate alarm

message. The NPWT service provider computer system 14 extracts the unique ID number from

13
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the fluid alarm message and does a database query to identify the particular healthcare provider

associated with the extracted ID number (step 138).

The NPWT service provider computer system 14 then sends an alert communication via the
communication network to the healthcare provider computer 18, such as in the form of an email
message (step 140). In this situation, the alert communication preferably includes at least (1)
information to identify the NPWT unit 12 that transmitted the fluid alarm message or the patient
to whom the unit 12 was dispensed, (2) an indication whether a high fluid level or an abnormal
drain rate triggered the alert, (3) the fluid level, (4) the fluid drain rate, and (5) the GPS location
coordinates and/or a physical address determined based on the GPS location coordinates. The
alert communication may also be received at a mobile device 52 carried by healthcare provider
personnel assigned to oversee the treatment of the patient to which the identified NPWT unit 12

was dispensed.

As shown in FIG. 4, GPS information transmitted from the NPWT unit 12 may be used in
determining that the NPWT unit 12 has departed from a hospital or other healthcare facility, and
this information may be used in determining whether cost reimbursement for the unit should be
under Medicare Part A or Part B. As discussed above, the GPS module 48 periodically (such as
once per hour) generates location coordinate information indicative of the geographic location of
the NPWT unit 12, and the location information is stored in the data storage device 42 (step 107
in FIG. 2; step 130 in FIG. 3).

Also stored in the data storage device 42 is geofence boundary information indicating a
geographic boundary around a healthcare facility (step 146). For example, the geofence
information may define a circle of a particular radius centered on the healthcare facility. The
microprocessor 38 periodically compares the location information determined by the GPS
module 48 with the geofence boundary information stored in data storage device 42 (step 148). If
the location information indicates that a NPWT unit 12 that was previously inside the geofence
boundary has moved outside the geofence boundary (step 150), the microprocessor 38 generates

a geofence exit message (step 152).

14
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The geofence exit message preferably includes at least the unique ID number of the NPWT unit
12 and GPS location information. The geofence exit message is transmitted by the wireless
transceiver 46 and via the communication network 16 and is received by the NPWT service
provider computer system 14 (step 154). In a preferred embodiment, the format of the geofence
exit message is the same as the pressure alarm message. The NPWT service provider computer
system 14 extracts the unique ID number from the geofence exit message and does a database
query to identify the particular healthcare provider associated with the extracted ID number (step
156).

The NPWT service provider computer system 14 sends a geofence alert communication via the
communication network to the healthcare provider computer 18, such as in the form of an email
message (step 158). In this situation, the geofence alert communication preferably includes at
least (1) information to identify the NPWT unit 12 that transmitted the geofence exit message or
the patient to whom the unit 12 was dispensed, (2) an indication that a geofence boundary
crossing triggered the alert, and (3) the GPS location coordinates and/or a physical address
determined based on the GPS location coordinates. The geofence alert communication may also
be received at a mobile device 52 carried by healthcare provider personnel assigned to oversee

the treatment of the patient to whom the identified NPWT unit 12 was dispensed.

In an alternative embodiment, the geofence boundary information is stored in the database 15 of
the NPWT service provider computer system 14. The location information determined by the
GPS module 48 is periodically transmitted from the NPWT unit 12 via the communication
network 16 to the NPWT service provider computer system 14 that then performs the
comparison of the received location information to the geofence boundary to determine if the
unit 12 has crossed the boundary (step 148). Upon a boundary crossing event, the NPWT service
provider computer system 14 generates and sends the geofence alert communication via the

communication network to the healthcare provider computer 18 as described above.

In a preferred embodiment, based on receipt of the geofence alert communication, the healthcare

provider computer 18 automatically updates the healthcare provider records to indicate that the
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cost reimbursement regime for the unit 12 has changed from Medicare Part A to Medicare Part B
(step 160). Alternatively, the healthcare provider computer 18 automatically generates an email
message (or other message format) directed to a healthcare administrator who is tasked with
making a decision regarding whether the Medicare reimbursement regime should be changed for
the particular unit 12 that transmitted the geofence alarm message. Also, the insurance
reimbursement indicator for the unit may be updated at this time in the NPWT unit database 15

of the service provider computer system 14.

A change in the location of the unit 12 may also be used to trigger the updating of records to
indicate the transition of responsibility for the care of the patient from the hospital to a home
health care agency or DME caregiver. Such a location change may also prompt a home caregiver
to set up the initial appointment for dressing changes and education of the patient. Location
monitoring may also be used to locate the unit if it is not returned after the treatment protocol has

been completed and to follow-up on any alarms sent back to the caregiver.

In some embodiments, the transition from hospital care to home care may be indicated by a
change in the type of container used to collect fluid from the wound. For example, during the
patient's stay in the hospital, a larger stand-alone waste container may be r:connected to the unit
12. When it is time for the patient to leave the hospital, the stand-alone waste container is
disconnected and the onboard waste canister 30 is installed in the unit 12. This switch-out
triggers the billing transition from Medicare Part A to Part B and the transition to home care

event scheduling.

In some embodiments, the NPWT unit 12 may be remotely controlled by the healthcare provider
computer 18 via the communication network 16. As depicted in FIG. 5, remote control is
initiated when the healthcare provider computer 18 submits a control request to the NPWT
service provider computer system 14 (step 162). For example, the control request may be a mode
setting request specifying that a particular NPWT unit 12 is to be activated in a continuous
pressure mode or an intermittent pressure mode. In this situation, the control request includes the
NPWT unit ID number, a mode indicator (continuous or intermittent), a continuous pressure

level setting (for continuous mode), a high vacuum pressure setting (for intermittent mode), a

16
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high vacuum time interval setting (for intermittent mode), a low vacuum pressure setting (for
intermittent mode), and a low vacuum time interval setting (for intermittent mode). The NPWT
service provider computer system 14 receives the control request via the communication network
16 and generates a command message based on the contents of the control request (step 164).
The NPWT service provider computer system 14 then transmits the command message to the
identified NPWT unit 12 via the communication network 16 (step 166). The NPWT unit 12
receives the command message and generates the appropriate control signals to control the
vacuum pump 22 and valve 25 to maintain the desired continuous or intermittent negative air

pressure in the airspace over the wound (step 168).

The table depicted in FIG. 10 lists various command messages that may be transmitted to the
NPWT unit 12 and corresponding response messages generated by the NPWT unit 12, according

to a preferred embodiment.

In some embodiments, the data storage device 42 of the mobile communication device 36 stores
media for guiding a user in operation of the NPWT unit 12. For example, user guide
documentation and demonstration videos may be stored and accessed for viewing on the display

screen 40.

Applicable laws may require that some documentation, such as durable medical equipment
(DME) supplier standards, must be reviewed by a user of the NPWT unit 12 and that
confirmation of such user review (such as a user signature) must be recorded. FIG. 6 depicts a
process implemented by a preferred embodiment of the invention for displaying documentation
to a user and recording a user's digital signature. First the electronic documentation is stored in
the data storage device 42 of the NPWT unit 12 (step 170), such as during factory programming
of the unit 12. Alternatively, the documentation may be stored in the service provider computer
system 14 and transmitted to the NPWT unit 12 via the communication network 16 at the
appropriate time for viewing by the user. The electronic documentation is retrieved from the data
storage device 42 and displayed on the display screen 40 (step 172). This may occur
automatically when the unit 12 is initially powered on or after a system reset. A message is also

displayed on the display device 40 prompting the user to enter an electronic signature to confirm

17
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that the user has read and understands the displayed standard practice disclosure materials (step
174). Once the user's electronic signature has been stored in the data storage device 42 (step
176), the NPWT unit 12 is unlocked to begin controlling negative pressure wound therapy (step
178). In a preferred embodiment, the user's electronic signature and the unique ID number of the
NPWT unit 12 are transmitted via the communication network 16 to the NPWT service provider
computer system 14 for storage in the database 15 (step 180).

In some preferred embodiments, a doctor or other healthcare provider may store information in
the data storage device 42 regarding characteristics of a particular wound being treated and
specific instructions for use of the NPWT unit 12 for treatment of the particular wound (FIG. 7,
step 182). This information may be recalled and displayed on the display device 40 for reference
by the patient or the healthcare provider (step 184). The microprocessor 38 may also generate a
prompt that is displayed on the display device 40 asking the healthcare provider to enter further
information regarding observed characteristics of the wound and ongoing treatment (step 186).
For example, an in-home healthcare provider who is attending to a patient may enter
observations regarding the current condition of the wound, any changes that have occurred since
a previous visit, and steps taken in further treatment. This information is preferably stored in the
data storage device 42 and is transmitted along with the NPWT unit ID number via the
communication network 16 to the NPWT service provider computer system 14 to be stored in
the database 15 (step 190). This wound characteristic and treatment information may then be
accessed by a doctor or other healthcare provider personnel via the communication network 16

(step 192).

The GPS functionality of the system 10 allows healthcare provider personnel to instantly
determine the location of any NPWT unit 12 using the healthcare provider mobile device 52.
This function is particularly advantageous in situations in which healthcare provider personnel
need to call on a patient to whom an NPWT unit 12 has been dispensed after discharge from the
hospital. As shown in FIG. 8, a location request may be submitted from a healthcare provider
computer 18 (or a healthcare provider mobile device 52) to the NPWT provider computer system
14 via the communication network 16 (step 194). Upon receipt of the location request, the

NPWT provider computer system 14 transmits a "Locate Unit" command to the NPWT unit 12

18
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via the network 16 (step 196). Upon receipt to the Locate Unit command at the NPWT unit 12,
the microprocessor 38 queries the GPS module 48 for the current location coordinates of the
NPWT unit 12 (step 198). The NPWT unit 12 then transmits the location coordinates (or other
location information derived from the location coordinates) to the NPWT service provider
computer system 14 via the communication network 16 (step 200). The NPWT service provider
computer system 14 sends the location information (GPS coordinates or street address
information) to the healthcare provider computer 18 that submitted the location request, such as
via an email or text message (step 202). Alternatively, the requested location information may be
made available to the healthcare provider by accessing an NPWT service provider website using

a browser on the healthcare provider computer 18 (or mobile device 52).

In some embodiments, the mobile communication device 36 of the NPWT unit 12 includes a
built-in camera 50 that may be used by the patient or the healthcare provider to record images of
the wound and/or the dressing. These images may be transmitted via email or text message from
the NPWT unit 12 to the NPWT service provider computer system 14 where they may be
accessed by the healthcare provider computer 18. Such images may be used by a doctor or other
healthcare provider to remotely evaluate the condition of a wound and the progress of its

treatment.

FIG. 11 depicts a listing of global variables used by the operating system of the microprocessor
38 of the NPWT unit 12. These variables are preferably maintained in persistent data storage,

even after power loss, and are available in the various operational states of the unit 12.

FIG. 12 depicts a listing of various fixed settings used by the operating system of the
microprocessor 38 of the NPWT unit 12.

FIG. 13 depicts a listing of various commands sent by the microprocessor 38 of the mobile
communication device 36 to the controller 28 of the NPWT unit 12. Among other things, these
commands control the starting and stopping of therapy and performance of diagnostics on the
unit 12.

FIG. 14 depicts a listing of various transition states of the microprocessor 38 of the NPWT unit

19
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12.

As discussed above, various aspects of the invention described herein are applicable to DME
other than NPWT units. Other DME may include sensors for monitoring parameters relevant to
the treatment provided by the DME and a mobile communication device 36 for communicating
the monitored parameters. For example, a rehabilitative brace or a range-of-motion brace may
include sensors for monitoring the angle of a joint such as a knee, and for monitoring the position
of the patient and patient movement to determine compliance with a rehabilitation protocol.
Sensors on brace buckles may detect whether and for how long each day that the brace is being

worn by the patient.

The foregoing description of preferred embodiments for this invention have been presented for
purposes of illustration and description. They are not intended to be exhaustive or to limit the
invention to the precise form disclosed. Obvious modifications or variations are possible in light
of the above teachings. The embodiments are chosen and described in an effort to provide the
best illustrations of the principles of the invention and its practical application, and to thereby
enable one of ordinary skill in the art to utilize the invention in various embodiments and with
various modifications as are suited to the particular use contemplated. All such modifications and
variations are within the scope of the invention as determined by the appended claims when
interpreted in accordance with the breadth to which they are fairly, legally, and equitably
entitled.

20
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Claims

1. A system for monitoring and controlling negative pressure wound therapy for treating a
wound on a person's body, the system comprising: means for maintaining reduced air pressure in
an airspace over the wound; a pressure sensor for sensing air pressure and generating a pressure
signal based on sensed air pressure; a microcontroller in electrical communication with the
means for maintaining reduced air pressure and the pressure sensor, the microcontroller for
controlling the means for maintaining reduced air pressure based at least in part on the pressure
signal from the pressure sensor; a first housing for enclosing at least a portion of the means for
maintaining reduced air pressure and the microcontroller, the first housing having a recess in an
outer surface thereof; a mobile communication device comprising: a microprocessor in electrical
communication with the microcontroller for executing software instructions to generate control
signals that are provided to the microcontroller to control the means for maintaining reduced air
pressure to maintain one or more of a continuous reduced air pressure state or an intermittent
reduced air pressure state in the airspace over the wound; a wireless transceiver in electrical
communication with the microprocessor; and a second housing for enclosing the mobile
communications device, the second housing sized to fit substantially within the recess in the

outer surface of the first housing.

2. The system of claim 1 further comprising a hinged connection between the first housing and
the second housing, whereby the second housing is rotatable on the hinged connection to move
from a first position in which an outer surface of the second housing is substantially flush with
the outer surface of the first housing to a second position in which the outer surface of the second

housing is tilted with respect to the outer surface of the first housing.

3. The system of claim 1 further comprising: a power source disposed in the first housing for
providing power to at least the means for maintaining reduced air pressure; and a tether harness
connected between the first housing and the second housing through which the mobile
communication device in the second housing is in electrical communication with the

microcontroller in the first housing.
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