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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority from U.S. Provi-
sional Patent Application Serial No. 62/239,566, filed Oc-
tober 9, 2015, entitled "Compression Garment Compli-
ance," U.S. Provisional Patent Application Serial No.
62/239,527, filed October 9, 2015, entitled "Determining
a Configuration of a Compression Garment," U.S. Pro-
visional Patent Application Serial No. 62/239,493, filed
October 9, 2015, entitled "Determining a Configuration
of a Compression Garment," and U.S. Provisional Patent
Application Serial No. 62/329,233, filed April 29, 2016,
entitled "Determining a Configuration of a Compression
Garment."

BACKGROUND

[0002] Intermittent pneumatic compression (IPC) sys-
tems include devices used to apply pressurized fluid,
such as air, to a limb of a patient or wearer. In some
instances, pressurized air is applied to the lower limb of
a patient at risk for the formation of deep vein thrombosis
(DVT). An IPC system typically includes a pumping unit
to manage pressurization of the fluid, a tubing set to ex-
tend the delivery of fluid beyond the pumping unit, and a
compression garment which is wrapped around the pa-
tient’s limb and contains the pressurized fluid. The IPC
system intermittently pressurizes the garment to apply
therapeutic compression to the patient’s limb, moving
blood from that area of the limb. The effectiveness of
such IPC systems for DVT prophylaxis, however, de-
pends on the patient’s adherence to a prescribed treat-
ment protocol including the IPC system. Patent docu-
ment US2012/083712 discloses to monitor patient com-
pliance with a compression therapy regimen. Venous Re-
fill Time (VRT) is monitored via a pressure sensor in a
bladder of a compression system. A controller of the com-
pression system correlates the monitored VRT to a pre-
determined threshold to determine whether the patient
is using the compression system.

SUMMARY

[0003] In an aspect, the present disclosure is directed
to systems and methods of monitoring a wearer’s com-
pliance with a compression treatment regimen for use of
a compression system. In another aspect, the present
disclosure is directed to systems and methods of deter-
mining whether a compression garment is applied to a
limb of a wearer.
[0004] In one aspect, a compression device controller
includes a memory device, one or more processors cou-
pled to the memory device, and computer-executable in-
structions embodied on a computer readable storage me-
dium. The memory device is configured for storing mon-
itored parameters. The computer-executable instruc-

tions include instructions for causing the one or more
processors to direct the flow of fluid from a pressurized
fluid flow source to inflate and deflate an inflatable blad-
der of a compression garment. The compression gar-
ment is configured to be wrapped around a limb of a
wearer of the garment. Also included are instructions for
causing the one or more processors to receive pressure
signals indicative of fluid pressure in the inflatable blad-
der from a pressure sensor communicatively coupled to
the bladder. The one or more processors, when caused
by the instructions, process the received pressure signals
during at least one of inflation and deflation of the inflat-
able bladder. The pressure signals are used to detect
variance in the signals indicative of a change in condition
of the compression garment. The instructions also cause
the one or more processors to change a state of at least
one of the monitored parameters in the memory device
in response to detecting variance in the received pres-
sure signals. The changed state of the monitored param-
eter is representative of the change in condition of the
compression garment with respect to wearing.
[0005] In another aspect, a computer-implemented
method includes computer-executable instructions exe-
cuting on one or more processors controlling a pressu-
rized fluid flow source through a cycle of operation in
which at least one inflatable bladder of a compression
garment configured to be wrapped around a limb of a
patient is inflated and deflated. The one or more proces-
sors receive pressure signals indicative of fluid pressure
in the bladder from a pressure sensor communicatively
coupled to the bladder. Computer-executable instruc-
tions executing on the one or more processors detect
variance in the received pressure signals indicative of a
change in condition of the compression garment during
the inflation and deflation of the bladder. Computer-ex-
ecutable instructions executing on the one or more proc-
essors also change a state of at least one monitored pa-
rameter stored in a memory device in response to de-
tecting variance in the received pressure signals. The
memory device is coupled to the one or more processors
and the changed state of the monitored parameter is rep-
resentative of the change in condition of the compression
garment with respect to wearing.
[0006] In yet another aspect, a system includes a com-
pression garment and a controller. The compression gar-
ment includes at least one inflatable and deflatable blad-
der and is securable about a limb of a wearer. The con-
troller includes a memory device, one or more processors
coupled to the memory device, and computer-executable
instructions embodied on a computer readable storage
medium. The memory device is configured for storing
monitored parameters. The computer-executable in-
structions include instructions for causing the one or
more processors to direct the flow of fluid from a pressu-
rized fluid flow source to inflate and deflate the bladder
of the compression garment. Also included are instruc-
tions for causing the one or more processors to receive
pressure signals indicative of fluid pressure in the bladder
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from a pressure sensor communicatively coupled to the
bladder. The one or more processors, when caused by
the instructions, process the received pressure signals
during at least one of inflation and deflation of the inflat-
able bladder. The pressure signals are used to detect
variance in the signals indicative of a change in condition
of the compression garment. The instructions also cause
the one or more processors to change a state of at least
one of the monitored parameters in the memory device
in response to detecting variance in the received pres-
sure signals. The changed state of the monitored param-
eter is representative of the change in condition of the
compression garment with respect to wearing.
[0007] Embodiments can include one or more of the
following advantages.
[0008] In some embodiments, compliance monitoring
of a compression system is performed using a signal in-
dicative of pressure in an inflatable bladder of a compres-
sion garment, providing a real time indication of a wear-
er’s compliance with use of the compression garment
with respect to wearing.
[0009] This can, for example, provide a robust indica-
tion of compliance while reducing the burden on caregiv-
ers to track compliance.
[0010] Other aspects, features, and advantages will be
apparent from the description and drawings, and from
the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

FIG. 1 is a perspective view of a compression system
including a compression garment and a controller.
FIG. 2 is a schematic representation of the compres-
sion system of FIG. 1, including a schematic of a
pneumatic circuit.
FIG. 3 is a schematic representation of another ex-
emplary compression system of FIG. 1, including a
schematic of a pneumatic circuit.
FIG. 4 is a graphical representation of a pressure
profile produced by the compression system of FIG.
1 when the compression garment is in a wrapped
configuration on a leg form, simulating a limb of a
wearer.
FIG. 5 is a graphical representation of a pressure
profile produced by the compression system of FIG.
1 when a compression garment of the system is in
an unwrapped configuration and away from a leg
form, simulating a limb of a wearer.
FIG. 6 is a graphical representation of the manifold
pressure signals of the compression system of FIG.
1, the manifold pressure signals corresponding to
manifold pressure signals for the wrapped and un-
wrapped compression garment configurations in
FIGS. 4 and 5, respectively.
FIG. 7 is a flow diagram of a method of compliance
monitoring using the compression system of FIG. 1.

FIGS. 8 and 9 are flow diagrams of exemplary im-
plementations of the compliance monitoring method
of Fig. 7.
FIG. 10 is a graphical representation of polynomial
curve fit lines of the pressure in the manifold during
an inflation phase of a bladder of the compression
garment in both the wrapped and unwrapped con-
figurations.
FIG. 11 is a graphical representation of a pressure
profile produced by the compression system of FIG.
1 when the compression garment is in a wrapped
configuration on a limb of a wearer.
FIG. 12 is graphical representation of a pressure pro-
file produced by the compression system of FIG. 1
when the compression garment is in an unwrapped
configuration and away from a limb of a wearer.
FIGS. 13 and 14 are flow diagrams of methods of
compliance monitoring using the compression sys-
tem of FIG. 1.
FIGS. 15A-15C are graphical representations of an-
other pressure profile produced by the compression
system of FIG. 1 when the compression garment is
in a wrapped configuration on a limb of a wearer.
FIG. 16 is graphical representation of another pres-
sure profile produced by the compression system of
FIG. 1 when the compression garment is in an un-
wrapped configuration and away from a limb of a
wearer.
FIGS. 17A and 17B are graphical representations of
another pressure profile produced by the compres-
sion system of FIG. 1 when the compression gar-
ment is in a wrapped configuration on a limb of a
wearer.
FIGS. 18-23C are flow diagrams of methods of com-
pliance monitoring using the compression system of
FIG. 1.
FIGS. 24 and 25 are graphical representations of
another pressure profile produced by the compres-
sion system of FIG. 1 when the compression gar-
ment is in a wrapped configuration on a limb of a
wearer.

[0012] Corresponding reference characters indicate
corresponding parts throughout the drawings.

DETAILED DESCRIPTION

[0013] The invention is defined by the wording of the
claims. Further embodiments are of illustrative nature.
[0014] As used herein, the terms "proximal" and "dis-
tal" represent relative locations of components, parts and
the like of a compression garment when the garment is
worn. For example, a "proximal" component is disposed
most adjacent to the wearer’s torso, a "distal" component
is disposed most distant from the wearer’s torso, and an
"intermediate" component is disposed generally any-
where between the proximal and distal components. Fur-
ther, as used herein, the terms "wrapped" and "un-
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wrapped" define conditions of the garment where the gar-
ment is properly applied to the wearer’s limb (wrapped)
and where the garment is removed from the wearer’s
limb (unwrapped).
[0015] Referring to Figs. 1-3, a compression system 1
includes a compression garment 10 for applying sequen-
tial compression therapy to a limb of a wearer and a con-
troller 5 having one or more processors 7 and computer
executable instructions embodied on a computer reada-
ble storage medium 33, the computer executable instruc-
tions including instructions for causing the one or more
processors to control operation of the compression sys-
tem 1. The compression garment 10 includes a distal
inflatable bladder 13a, an intermediate inflatable bladder
13b, and a proximal inflatable bladder 13c. The compres-
sion garment 10 can be fastened around the wearer’s
limb and in one embodiment is adjustable to fit limbs of
different circumferences.
[0016] As described in further detail below, the control-
ler 5 controls operation of the compression system 1 to
perform an inflation cycle, in which the inflatable bladders
13a, 13b, 13c are inflated to apply pressure to the wear-
er’s limb to establish a gradient pressure applied to the
wearer’s limb by the inflatable bladders 13a, 13b, 13c of
the compression garment 10 during one or more com-
pression cycles. As also described in further detail below,
for purposes of this description, each therapeutic com-
pression cycle includes inflation phases for all three blad-
ders 13a, 13b, 13c, a decay phase for bladders 13a and
13b, and a vent phase for all three bladders 13a, 13b,
13c. The end-of-cycle pressure of each bladder 1 3a,
13b, 13c is the pressure in each bladder 13a, 13b, 13c
prior to initiation of the vent phase of the respective blad-
der 13a, 13b, 13c. As will be explained in greater detail
below, the controller 5 determines, based at least in part
on a measured pressure of one or more of the inflatable
bladders 13a, 13b, 13b, whether or not the compression
garment 10 is applied to (i.e., in a wrapped configuration
around) a wearer’s limb and, in some embodiments, pro-
vides an indication of the determination (e.g., by incre-
menting a timer, by pausing a timer, by providing an au-
dible alarm, and/or by providing a visual indication on a
graphical user interface). Determining whether the com-
pression garment 10 is being worn (i.e., in a wrapped
configuration around a wearer’s limb) provides a compli-
ance monitoring function which enables the compression
system 1 to track when the garment is being properly
used to achieve a prescribed treatment. As also de-
scribed in further detail below, the controller 5 can control
operation of the compression system 1 to perform an
inflation cycle, in which the inflatable bladders 13a, 13b,
13c are inflated to apply pressure to the wearer’s limb to
establish, for example, a gradient pressure applied to the
wearer’s limb by the inflatable bladders 13a, 13b, 13c of
the compression garment 10 during one or more com-
pression cycles.
[0017] The compression garment 10 is a thigh-length
sleeve positionable around the leg of the wearer, with

the distal bladder 13a around the wearer’s ankle, the in-
termediate bladder 13b around the wearer’s calf, and the
proximal bladder 13c around the wearer’s thigh. It will be
understood by one of ordinary skill in the art that com-
pression garment 10 may be a knee-length sleeve, a foot
garment, and the like without departing from the scope
of the invention. The inflatable bladders 13a, 13b, 13c
expand and contract under the influence of fluid (e.g., air
or other fluids) delivered from a pressurized fluid source
21 (e.g., a pump or compressor) in electrical communi-
cation with the controller 5. The pressurized fluid source
21 delivers pressurized fluid (e.g., air) to the inflatable
bladders 13a, 13b, 13c through tubing 23.
[0018] Referring to Fig. 2, each inflatable bladder 13a,
13b, 13c is in fluid communication with a respective valve
25a, 25b, 25c. A pressure sensor 27 is in communication
(e.g., fluid communication) with a manifold 29 to measure
a signal indicative of pressure in the manifold 29. Fluid
communication between the manifold 29 and the respec-
tive inflatable bladders 13a, 13b, 13c can be controlled
through control of the position of the respective valves
25a, 25b, 25c (e.g., through activation and/or deactiva-
tion of the respective valves 25a, 25b, 25c). The pressure
sensor 27 is in electrical communication with the control-
ler 5 such that the controller 5 receives from the pressure
sensor 27 signals indicative of the pressure of the man-
ifold 29 and/or one or more of the inflatable bladders 13a,
13b, 13c in fluid communication with the manifold 29 as
a result of the positions of the respective valves 25a, 25b,
25c. If only one bladder 13a, 13b or 13c is in fluid com-
munication with the manifold 29, the signal received from
the pressure sensor 27 is indicative of the pressure of
the respective bladder 13a, 13b, 13c in fluid communi-
cation with the manifold 29. For example, the pressure
sensor 27 provides a signal indicative of the pressure in
the inflatable bladder 13a when valve 25a is open and
valves 25b, 25c are closed. Similarly, the pressure sen-
sor 27 provides a signal indicative of the pressure in the
bladder 13b when the valve 25b is open and the valves
25a and 25c are closed. Likewise, the pressure sensor
27 provides a signal indicative of the pressure in the in-
flatable bladder 13c when the valve 25c is open and the
valves 25a and 25b are closed. A vent valve 25d is ac-
tuatable to control fluid communication between the man-
ifold 29 and a vent port 15, which vents to ambient at-
mosphere. All bladders 13a, 13b, 13c can be vented us-
ing the vent valve 25d.
[0019] Each valve 25a, 25b, 25c is a 2-way/2-position,
normally open, solenoid valve. Each valve 25a, 25b, 25c
includes two ports and is actuatable to place an inlet port
in fluid communication with a bladder port in a first, open
position. Each valve 25a, 25b, 25c is further actuatable
to shut off fluid communication between the inlet port and
the bladder port. The inlet port of each valve 25a, 25b,
25c is in fluid communication with the pressurized fluid
source 21 and the manifold 29. The bladder port of each
valve 25a, 25b, 25c is in fluid communication with a re-
spective inflatable bladder 13a, 13b, 13c.

5 6 



EP 3 359 110 B1

5

5

10

15

20

25

30

35

40

45

50

55

[0020] Any one of the bladders 13a, 13b, 13c can be
placed in fluid communication with the pressurized fluid
source 21 and the manifold 29 by the respective valve
25a, 25b, 25c to deliver pressurized fluid to the bladder
13a, 13b, 13c. After the bladder 13a, 13b, 13c is inflated,
the respective valve 25a, 25b, 25c can be closed to hold
the fluid in the respective bladder 13a, 13b, 13c. Thus,
the bladders 13a, 13b, 13c of the compression garment
10 can be individually inflated by opening the respective
valve 25a, 25b, 25c and closing the other valves 25a,
25b, 25c so that only the one bladder 13a, 13b, 13c as-
sociated with the opened valve 25a, 25b, 25c is in fluid
communication with the pressurized fluid source 21 and
the manifold 29.
[0021] The vent valve 25d is also a 2-way/2-position,
normally open, solenoid valve. The vent valve 25d in-
cludes two ports and is actuatable to place an inlet port
in fluid communication with a vent port 15 in a first posi-
tion. The vent inlet port is in fluid communication with a
vent port 15 in a first position. The vent valve 25d is further
actuatable to shut off fluid communication between the
inlet port and the vent port 15. The inlet port of vent valve
25d is in fluid communication with the pressurized fluid
source 21 and the manifold 29. The vent port 15 of the
vent valve 25d is in fluid communication with ambient
atmosphere.
[0022] It should be appreciated that the valves 25a,
25b, 25c, 25d could be other types and have other ar-
rangements within the compression system 1 without de-
parting from the scope of the present disclosure. For ex-
ample, referring to Fig. 3, the valves may be valves 35a,
35b, 35c, which are 3-way/2-position solenoid valves and
are actuatable to control the pressure in bladders 13a,
13b, 13c without a vent valve.
[0023] With reference again to Fig. 2, the computer
executable instructions embodied on the computer read-
able storage medium 33 include instructions to cause the
one or more processors 7 to pressurize (e.g., inflate) the
inflatable bladders 13a, 13b, 13c to provide cyclical ther-
apeutic compression pressure to a wearer’s limb. For
example, the computer executable instructions embod-
ied on the computer readable storage medium 33 include
instructions to cause the one or more processors 7 to
control the pressurized fluid source 21 and/or the valves
25a, 25b, 25c, 25d to pressurize the inflatable bladders
13a, 13b, 13c to therapeutic compression pressures for
a predetermined amount of time to move the blood in the
limb from regions underlying the inflatable bladders 13a,
13b, 13c. The length of time the bladder 13a, 13b is held
at the compression pressure is referred to herein as a
decay phase. Following the decay phase is a vent phase
in which the computer executable instructions include
instructions to cause the one or more processors 7 to
control the pressurized fluid source 21 and/or the valves
25a, 25b, 25c, 25d to reduce the pressure in the inflatable
bladders 13a, 13b, 13c to a lower pressure (e.g., atmos-
pheric pressure).
[0024] The compression system 1 can determine

whether or not the compression garment 10 is applied
(i.e., wrapped) to a wearer’s limb and, in certain embod-
iments, can provide an indication of that determination,
which can facilitate, for example, tracking the wearer’s
compliance with a prescribed therapeutic use of the com-
pression garment 10. The computer executable instruc-
tions embodied on the non-transitory computer readable
storage medium 33 include instructions to cause the one
or more processors 7 to analyze pressure signal data
received from the pressure sensor 27 during a decom-
pression period of a therapeutic cycle of the compression
system 1. The computer executable instructions embod-
ied on the non-transitory computer readable storage me-
dium 33 include instructions to cause the one or more
processors 7 to determine whether or not the character-
istics of the received pressure signal data satisfy one or
more conditions indicative of the compression garment
10 positioned on a wearer’s limb.
[0025] In an exemplary embodiment, the computer ex-
ecutable instructions cause the one or more processors
7 to receive pressure signal data from the pressure sen-
sor 27. The computer executable instructions can include
instructions to cause the one or more processors 7 to
process a single waveform representative of the pres-
sures within one or more of the bladders 13a, 13b, 13c.
It should be appreciated that the one or more processors
7 may process multiple waveforms without departing
from the scope of the present disclosure. By monitoring
the pressure signals and corresponding pressure data
during, for example, a decompression period of the ther-
apy cycle, the one or more processors 7 can detect cer-
tain characteristics on the waveform that are indicative
of whether the compression garment 10 is properly
wrapped on a wearer’s limb or is unwrapped from a wear-
er’s limb. In certain embodiments, during the decompres-
sion period, the pressure sensor 27 remains (or is inten-
tionally placed) in constant communication (e.g., fluidic
and/or mechanical communication) with one or more of
the bladders 13a, 13b, 13c. Exemplary static periods in-
clude non-therapeutic cycles (e.g., pressures in bladders
13a, 13b, 13c of less than about 25 mmHg), a subset of
an initial garment detection period, and/or a venous refill
measurement period.
[0026] In an exemplary operation of the embodiment
of Fig. 3, in which 3-way/2-position valves are utilized,
the computer-executable instructions embodied on the
computer readable storage medium 33 include instruc-
tions to cause the one or more processors 7 to control
one or more valves 35a, 35b, 35c for one or more of a
particular bladder 13a, 13b, 13c such that a fluidic path
is established between the pressure sensor 27 and one
or more of the bladders 13a, 13b, 13c.
[0027] In an exemplary operation of the embodiment
of Fig. 2, in which 2-way/2-position valves are utilized,
the computer-executable instructions embodied on the
computer readable storage medium 33 include instruc-
tions to cause the one or more processors 7 to open or
close the vent valve 25d such that the manifold 29 can
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no longer vent. One or more of the computer-executable
instructions causes the one or more processors 7 to de-
termine whether the signal received from the pressure
sensor 27 for random pressure impulses and spikes that
are expected to occur as the wearer moves (e.g., moving
leg, flexing calf, coughing, sneezing, general breathing,
etc.). Due to a volume of fluid (e.g., air) that is retained
within one or more of the bladders 13a, 13b, 13c and
extends to the manifold 29, and thus the pressure sensor
27, even slight movement causes the bladder to move
or change shape and produce a pressure spike in the
pressure signal generated by pressure sensor 27. Con-
versely, for a compression garment 10 that has been
removed from a limb of the wearer, the pressure signal
generated by pressure sensor 27 is static and devoid of
random noise or pressure impulses.
[0028] Referring now to Fig. 4, a representative com-
pression cycle pressure profile is shown for the compres-
sion garment 10 in a wrapped configuration around a leg
form, which simulates a leg of a wearer. The leg form
has a size, shape, and rigidity similar to those of a human
leg. Accordingly, for the purpose of analyzing the per-
formance of the algorithms described in this disclosure,
the leg form is a suitable analog for a leg of a human
wearer. Unless otherwise specified, all data shown here-
in were acquired in an experimental set-up using a leg
form.
[0029] This graph shows signals from an experimental
set-up in which pressure sensors are used to measure
pressure in the individual bladders 13a, 13b, 13c and the
pressure sensor 27 is used to measure pressure in the
manifold 29. As described in further detail below, using
this experimental set-up, the pressures measured in the
individual bladders 13a, 13b, 13c are compared to the
pressure measured by the pressure sensor 27 in the
manifold 29. It should be appreciated that, in normal use,
the controller 5 receives the signals from pressure sensor
27 to control operation of the compression system 1. Fig-
ure 4 shows the correspondence between the manifold
pressure measured by pressure sensor 27 and the pres-
sure measured by pressure sensors disposed in each
bladder 13a, 13b, 13c.
[0030] A single compression cycle for at least one of
the bladders 13a, 13b, 13c includes an inflation phase,
a decay phase, and a vent phase for the bladders 13a,
13b, and an inflation phase and a vent phase for the
bladder 13c. Pressure plot 402 shows a pressure signal
throughout a single therapeutic compression cycle for
the distal bladder 13a, pressure plot 404 shows a pres-
sure throughout a single therapeutic compression cycle
for the intermediate bladder 13b, pressure plot 406
shows a pressure throughout a single therapeutic com-
pression cycle for the proximal bladder 13c, and pressure
plot 408 shows the manifold pressure measured by pres-
sure sensor 27 during each of the aforementioned ther-
apeutic compression cycles. Each plot 402, 404, 406 in-
cludes an initial bladder fill period which defines the in-
flation phase of the therapeutic compression cycle for

the respective bladder 13a, 13b, 13c. Once a respective
target pressure is achieved in the bladders 13a, 13b, in-
flation is stopped and the pressure in the bladder can be
held at or near the target pressure defining the decay
phase of the therapeutic compression cycle for bladders
13a, 13b. After the decay phase, in the case of bladders
13a, 13b, or immediately after the inflation phase, in the
case of bladder 13c, fluid in each bladder 13a, 13b, 13c
is evacuated from the respective bladder during the vent
phase of the therapeutic compression cycle for each
bladder 13a, 13b, 13c.
[0031] At the beginning of the therapeutic compression
cycle, the valves 25b, 25c, and 25d are energized to a
closed position. To inflate the distal bladder 13a, pres-
surized fluid from the pressurized fluid source 21 is de-
livered to the distal bladder 13a via the valve 25a and
the tubing 23. Once a target pressure for the distal blad-
der 13a is achieved, or after a period of time measured
by timer 31 after which the target pressure is expected
to be achieved, the valve 25a is energized to close, hold-
ing the pressurized fluid in the distal bladder 13a. Next
the intermediate bladder 13b is inflated by de-energizing
valve 25b to an open position such that pressurized fluid
from the pressurized fluid source 21 flows into the inter-
mediate bladder 13b. Once a target pressure for the in-
termediate bladder 13b is achieved, or after a period of
time measured by the timer 31 after which the target pres-
sure is expected to be achieved, the valve 25b is ener-
gized to close, holding the pressurized fluid in the inter-
mediate bladder 13b. Next, the proximal bladder 13c is
inflated by de-energizing valve 25c to an open position
such that pressurized fluid from the pressurized fluid
source 21 flows into the proximal bladder 13c. Once a
target pressure for the proximal bladder 13c is achieved,
or after a period of time measured by the timer 31, after
which the target pressure is expected to be achieved,
valves 25a, 25b, and 25d are also deenergized to re-
spective open positions. The open vent valve 25d allows
for the fluid in each of the bladders 13a, 13b, 13c to vent
to atmosphere.
[0032] The compression system 1 has been described
as individually inflating each bladder 13a, 13b, 13c such
that only one bladder is being filled with pressurized fluid
at a time. It should be appreciated, however, that the
bladders 13a, 13b, 13c can additionally or alternatively
be inflated simultaneously or in any combination with one
another. In certain embodiments, the opening and clos-
ing of valves 25a, 25b, 25c, and 25d are timed such that
only one bladder 13a, 13b, 13c is in fluid communication
with the pressure sensor 27 and the manifold 29 at a
time. This facilitates, for example, the use of the pressure
sensor 27 to measure a signal indicative of each of the
pressure of each of the bladders 13a, 13b, 13c.
[0033] The computer executable instructions embod-
ied on the computer readable storage medium 33 include
instructions to cause the one or more processors 7 to
receive a measured pressure signal from the pressure
sensor 27 throughout the therapeutic compression cycle.
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As the distal bladder 13a is inflated, the one or more
processors 7 receive from the pressure sensor 27 a sig-
nal indicative of pressure in the manifold 29, which is
representative of the pressure in the distal bladder 13a.
In this manner, pressure throughout the inflation phase
of the distal bladder 13a is measured, including an end
of inflation pressure just before valve 25a is closed. As
the intermediate bladder 13b is inflated, the one or more
processors 7 receive from the pressure sensor 27 a sig-
nal indicative of the pressure in the manifold 29, which
is representative of the pressure in the intermediate blad-
der 13b. Pressure throughout the inflation phase of the
intermediate bladder 13b is measured, including an end
of inflation pressure just before valve 25b is closed. As
the proximal bladder 13c is inflated, the one or more proc-
essors 7 receive from the pressure sensor 27 a signal
indicative of the pressure in the manifold 29, which is
representative of the pressure in the proximal bladder
13c. Pressure throughout the inflation phase of the prox-
imal bladder 13c is measured, including an end of infla-
tion pressure.
[0034] The computer executable instructions include
instructions to cause the one or more processors 7 to
determine an end-of-cycle pressure in each bladder 13a,
13b, 13c. As used herein, the end-of-cycle pressure is
the pressure in each respective bladder 13a, 13b, 13c
prior to the vent phase. Thus, for the bladders 13a, 13b,
the end-of-cycle pressure for each bladder 13a, 13b is
the pressure in each bladder 13a, 13b at the end of the
respective decay phase of the therapeutic compression
cycle of each bladder 13a, 13b. For bladder 13c, the end-
of-cycle pressure is the pressure in the bladder 13c at
the end of the inflation phase of the bladder 13c.
[0035] To measure the end-of-cycle pressure, the
valves 25a, 25b, 25c are sequentially toggled open and
closed after the proximal bladder 13c is inflated to its
target pressure to measure an end-of-cycle pressure in
each of the bladders 13a, 13b, 13c (Fig. 4). Because the
valve 25c is open from having just inflated the proximal
bladder 13c, the end of cycle pressure for the proximal
bladder 13c is measured first. As will be understood from
viewing the pressure profile in Fig. 6, the end of inflation
pressure and the end of cycle pressure for the proximal
bladder 13c are the same because the proximal bladder
does not undergo a decay phase. Valve 25c can be tog-
gled off and then toggled back on at the end of the com-
pression cycle of the proximal bladder 13c. The one or
more processors 7 toggle open valve 25a and close valve
25c to measure an end of cycle pressure for the distal
bladder 13a. The one or more processors 7 toggle open
valve 25b and close valve 25a to measure an end of cycle
pressure for the intermediate bladder 13b. While a spe-
cific toggling sequence of the valves 25a, 25b, 25c is
described, it should be appreciated that other toggling
sequences of the valves 25a, 25b, 25c are within the
scope of the present disclosure. In one embodiment,
each valve 25a, 25b, 25c is toggled open for about 150
milliseconds (ms) to measure the end of cycle pressure

in the respective bladder 13a, 13b, 13c. The valves 25a,
25b, 25c could be toggled open for a shorter or longer
period of time. For instance, the valves 25a, 25b, 25c
could be toggled open for at least about 75 ms. Still other
periods of time are envisioned. The pressure readings
measured by the pressure sensor 27 are stored in the
memory 33. During operation, the compression cycle is
repeated multiple times in succession to complete a com-
pression treatment.
[0036] The computer executable instructions can in-
clude instructions to cause the one or more processors
7 to determine a representative line fit using the end of
inflation pressure and the end of cycle pressure for at
least one of the bladders 13a, 13b. Using the two pres-
sure points, a line representing the decay phase is pro-
duced. The values of this representative line are com-
pared to the end of inflation pressure for a bladder 13b,
13c to determine whether the pressure of the subse-
quently inflated bladder 13b, 13c potentially rose above
the pressure of the previously inflated bladder 13a, 13b
at any point during the compression cycle.
[0037] Referring to Fig. 5, a representative compres-
sion cycle pressure profile for an unwrapped configura-
tion of the compression system 1 is illustrated. Operation
of the compression system 1 to produce the pressure
profile of Fig. 5 is identical to the operation described
above for the compression cycle pressure profile of Fig.
4. The only difference is the pressure signals in Fig. 5
were taken when the compression garment 10 was in
the unwrapped configuration. Pressure plots 502, 504,
506 show an actual pressure of the distal bladder 13a,
intermediate bladder 13b, and proximal bladder 13c
throughout a single compression cycle when the garment
10 is in the unwrapped configuration. The pressure signal
from the pressure sensor 27, which is representative of
the pressure in the manifold 29 during the therapeutic
compression cycle, is also shown in Fig. 5 as pressure
plot 508.
[0038] Referring to Fig. 6, the pressure signals of the
representative compression cycle pressure profiles de-
tected by the pressure sensor 27 for the wrapped and
unwrapped configurations are plotted together. As will
be explained in greater detail below, there are charac-
teristics in the representative compression cycle pres-
sure profiles which distinguish the wrapped and wrapped
configurations. For instance, referring to Fig. 5, there is
a period (e.g., around 6436 ms) when the intermediate
bladder 13b (504) pressure exceeds the pressure of the
distal bladder 13a (502). Additionally, the pressure in the
bladders 13a, 13b, 13c before the bladders are inflated
(i.e., initial pressure offset when time=0) is slightly higher
in the unwrapped configuration. The offset is a result of
more residual air being in the bladders 13a, 13b, 13c
when the garment 10 is removed from the limb. Applicant
believes this to be because the unwrapped sleeve is less
constrained, thereby less evacuative force is applied to
expel the residual air (i.e. the sleeve is able to remain
"puffed out" thus appearing as though it is smaller in vol-
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ume). Without wishing to be bound by theory, it is be-
lieved that this offset results from the unwrapped com-
pression garment 10 being less constrained, resulting in
less evacuative force being applied to expel residual air.
Additionally, the end of inflation pressures for bladders
13a and 13b in the unwrapped configuration are slightly
higher than the end of inflation pressures for bladders
13a and 13b in the wrapped configuration. The reverse
condition is true for the proximal bladder 13c where the
end of inflation pressure for the wrapped configuration is
slightly higher than the end of inflation pressure for the
unwrapped configuration. Another differentiating charac-
teristic is that there is less differential between the end
of inflation pressures in the distal and intermediate blad-
ders 13a, 13b for the unwrapped configuration than for
the wrapped configuration.
[0039] The computer executable instructions embod-
ied on the computer readable storage medium 33 include
instructions to cause the one or more processors 7 to
model the pressure signals from the pressure sensor 27
in both the wrapped and unwrapped configurations. In
an embodiment, the pressure signal from the inflation
phase of the distal bladder 13a in the wrapped configu-
ration is modeled by a best fit line. For example, the mod-
els are best fit lines generated by simple linear regres-
sion.
[0040] Analysis of the pressure signal data using the
best fit line can provide an indication of whether the blad-
der 13a is in a compliant wrapped configuration, or a non-
compliant unwrapped configuration when compression
therapy is being applied. The difference between the best
fit line and the observed pressure signals is mathemati-
cally quantifiable as a means squared error (MSE) value.
In this instance, the MSE value is an indicator of the de-
gree of curvature of the observed pressure trend over a
given interval such as inflation of a bladder of the com-
pression garment 10. Thus, a larger MSE value indicates
that the curve fit data has a larger curvature, and a low
MSE value indicates that the curve fit data has a smaller
curvature. In an embodiment, the plot for the wrapped
configuration is generally straighter (i.e., more nearly
conforming to the corresponding best fit line) than the
plot for the unwrapped configuration. Mathematically this
translates to a smaller MSE value for the curve fit line of
the plot for the wrapped configuration. In an embodiment,
an MSE value under a predetermined number indicates
that the bladder is in the wrapped configuration, while an
MSE value greater than or equal to the predetermined
number indicates that the bladder is in the unwrapped
configuration. It is envisioned that other factors may pro-
vide an indication of the configuration of the bladder.
[0041] Referring to Figs. 7-9, the computer executable
instructions embodied on the computer readable storage
medium 33 cause the one or more processors 7 to exe-
cute a method 740 of determining whether the compres-
sion garment 10 is in the wrapped or unwrapped config-
uration when compression therapy is being applied. The
steps set forth in Fig. 7 describe the method of determin-

ing whether the compression garment 10 is in the
wrapped or unwrapped configuration at a generally high
level, and Figs. 8 and 9 describe the method in greater
detail. Reference will be made to all three of the figures
in describing the compliance method executed by the
one or more processors 7.
[0042] Referring to Figs. 7 and 8, at the start of the
compliance determination method 740, the compression
system 1 operates to sequentially inflate and deflate the
bladders 13a, 13b, 13c to apply compression treatment
to a wearer’s limb. The treatment is preferably made ac-
cording to a predetermined compression regimen, which
includes among other things, a prescribed period of time
in which the patient should receive the treatment. Com-
pliance of the patient with the prescribed treatment time
is monitored. The compression system 1 is operated for
several or more cycles as needed to allow the system to
settle into a steady state and to collect steady state data
before compliance determination begins. However, a
compliance timer or counter can be started prior to onset
of compliance determination. Thus, at the start of the
compliance determination method 740 the compression
garment 10 is in the wrapped configuration and operating
under a normal (steady state) operating condition. The
system 1 operates at step 750 under default conditions
where the one or more processors 7 instruct the pressure
sensor 27 to measure the pressure in the manifold 29
throughout the compression cycle. Pressure data is dis-
carded over time and replaced with new more recent
pressure data as it becomes available. The one or more
processors 7 check at 760 for the occurrence of a trigger
suggesting that the compression garment 10 may have
been unwrapped.
[0043] In general, a trigger may occur when a meas-
ured result differs from an expected result, with the ex-
pected result based on the most recent adjustment his-
tory and steady state control error(s). A trigger may in-
clude, for example and without limitation one or more of
the following: an end of cycle pressure change from the
previous compression cycle(s) for at least one of the blad-
ders 13a, 13b, 13c; an end of inflation pressure change
from the previous compression cycle(s) for at least one
of the bladders 13a, 13b, 13c; an adjustment of pump 21
caused by said pressure (e.g., an error in the target meas-
urement); a curvature coefficients change from the pre-
vious inflation phase(s) of at least one of the bladders
13a, 13b, 13c; an inflation phase slope change from the
previous compression cycle(s) for at least one of the blad-
ders 13a, 13b, 13c; a change in the measured pressure
of one or more of the bladders at the end of a cycle of
operation, a change in the slope of measured pressure
during the vent phase, a change in the initial offset of
measured pressure from zero from the previous com-
pression cycle(s); a pressure in one of the inflatable blad-
ders 13b, 13c having a lower target pressure exceeding
the pressure in another of the inflatable bladders 13a,
13b having a higher target pressure, a smaller difference
in peak pressure between bladders 13a and 13b, a
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change in the magnitude of adjustment made to opera-
tion of the pump 21, a statistically significant change the
pressure waveform and any unplanned disturbances in
the measured pressures or unplanned adjustments
made by the compression system 1.
[0044] Referring to Fig. 8, until a trigger occurrence is
detected, the compression system 1 continues normal
operation (step 762). If a trigger occurrence is detected,
a determination is made at 764 whether the occurrence
exceeds a predetermined condition such as, for example,
an expected error for steady state operation. Additionally
or alternatively, a pressure change/ disturbance produc-
ing a control system response greater than three times
that of an expected change/disturbance could serve as
a predetermined condition. An "expected change/distur-
bance" could be pre-set or could be criteria established
by the controller 5 through operation of the controller in
a steady state for a period of time. Additionally or alter-
natively, an adjustment to pump 21 that is greater than
a predetermined threshold as compared to a most recent
adjustment could serve as a predetermined condition.
For example, a trigger may occur when a new adjustment
of pump 21 is greater than 100% of the previous adjust-
ment. The compression system 1 continues 762 normal
operation if it is determined that the trigger occurrence
does not exceed the predetermined threshold or satisfy
the criteria.
[0045] Referring to Figs. 7 and 8, data gathering is be-
gun at 770 if it is determined that the trigger occurrence
is valid for use in confirming that a change in condition
of the compression garment 10 from wrapped to un-
wrapped has occurred. The one or more processors 7
activate a "sleeve removed" compression cycle counter
at 772 for counting a number of "sleeve removed" com-
pression cycles for which data is gathered to confirm the
trigger occurrence as an indication that the garment 10
has become unwrapped. The number of "sleeve re-
moved" compression cycles are counted at 774 until a
sufficient amount of data (i.e., pressure signals) is ob-
tained. The number of "sleeve removed" compression
cycles needed to obtain a sufficient amount of data to
determine whether the garment 10 is in the unwrapped
configuration can be different under different circum-
stances. In one embodiment, the number of "sleeve re-
moved" compression cycles is between about ten to
about twenty compression cycles. Generally, a sufficient
amount of data is determined to be obtained when the
pressure signals again reach a steady state after the in-
itial trigger occurrence. The memory 33 stores the data
associated with the "sleeve removed" cycle separately
from the reference data obtained during normal operation
of the system 1. Once enough data is obtained at 776,
the one or more processors 7 retrieve the data obtained
during the normal operation of the system 1 at step 778.
The one or more processors 7 analyze the "sleeve re-
moved" data after the pressure signals reach the steady
state at 780 to determine bladder pressure values for
comparing to the data obtained while the compression

system 1 was operating in the normal condition.
[0046] The one or more processors 7 determine at step
790 whether the garment 10 is in the wrapped or un-
wrapped condition by comparing the "sleeve removed"
data to the normal operating condition reference data.
The compression system 1 continues normal operation
if the one or more processors 7 determine at 792 that the
garment 10 has not been removed and is still in the
wrapped configuration. The one or more processors 7
alter recordation of a monitored parameter if it is deter-
mined at 794 that the garment 10 has been removed,
placing the garment in an unwrapped configuration.
Comparing the "sleeve removed" data to the normal op-
erating condition data at step 790 can include without
limitation one or more of: comparing the end of cycle
pressure from the "sleeve removed" data to the end of
cycle pressure from the normal operating condition data
for at least one of the bladders 13a, 13b, 13c; comparing
an end of inflation pressure from the "sleeve removed"
data to the end of inflation pressure from the normal op-
erating condition data for at least one of the bladders
13a, 13b, 13c; comparing curvature coefficients from a
curve fit on "sleeve removed" data to curvature coeffi-
cients from a curve fit on normal operating condition data;
comparing an inflation phase slope from the "sleeve re-
moved" data to the inflation phase slope from the normal
operating condition data for at least one of the bladders
13a, 13b, 13c; comparing the initial offset of measured
pressure from zero on the "sleeve removed" data to the
initial offset of measured pressure from zero from the
normal operating condition data; comparing a vent phase
slope from the "sleeve removed" data to a vent phase
slope from the normal operating condition data for at least
one of the bladders 13a, 13b, 13c; comparing measured
pressures to determine if an inflatable bladder having a
lower target pressure has a higher measured pressure
than the measured pressure of an inflatable bladder hav-
ing a higher target pressure; comparing the differences
in peak pressures of inflatable bladders 13a, 13b from
the "sleeve removed" data to the difference in peak pres-
sures of the bladders 13a, 13b in the normal operating
condition data for a decrease in the difference; comparing
the magnitude of adjustments to operation of the pump
21 in the "sleeve removed" data to the magnitude of ad-
justments made in the normal operation data; looking for
statistically significant differences in the pressure wave-
form between the "sleeve removed" data and the normal
operation data. For instance, a pressure spike during the
vent phase of one of the bladders 13a, 13b, 13c is an
indication that the garment 10 is in the wrapped config-
uration. The comparing step 790 is a confirmatory anal-
ysis for confirming the trigger occurrence as an indication
that the garment is in the unwrapped configuration.
[0047] If the data comparisons 790 indicate that a sta-
tistically significant change in pressure occurred for any
one of the data comparisons, and for any one of the blad-
ders 13a, 13b, 13c, the one or more processors 7 indicate
that the garment 10 is in the unwrapped configuration
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and is no longer being used in a compliant manner. Ad-
ditionally or alternatively, the one or more processors 7
require confirmation from at least two of the bladders
13a, 13b, 13c that a statistically significant change in
pressure occurred for any one of the data comparisons.
Additionally or alternatively, the one or more processors
7 require confirmation from all of the bladders 13a, 13b,
13c that a statistically significant change in pressure oc-
curred for any one of the data comparisons. Additionally
or alternatively, the one or more processors 7 require
confirmation that a statistically significant change in pres-
sure occurred for at least two of the data comparisons.
[0048] In response to a confirmation of a pressure
change, the one or more processors 7 alter recordation
of the monitored parameter at step 794 by at least one
of halting a compliance meter so that no further compres-
sion cycles are indicated as being compliant with a com-
pression therapy regimen (e.g., a compliance timer stops
incrementing), providing an alarm indication alerting the
wearer or clinician of the noncompliance, halting opera-
tion of the compression system 1, and storing the results
of the comparison in the memory 33 (e.g., a flag).
[0049] Optionally, referring to Fig. 9, the method 740
of determining whether the compression garment 10 is
in the wrapped or unwrapped configuration continues by
collecting at step 902 additional "sleeve removed" data
after the determination is made by the one or more proc-
essors 7 that the garment 10 is in the non-compliant,
unwrapped configuration. The one or more processors
7 analyze and compare at 904 the additional "sleeve re-
moved" data to the normal operating condition data. The
one or more processors 7 determine at 906 that the gar-
ment 10 has returned to the wrapped configuration and
is again being used in a compliant manner if the data
comparisons at 904 indicate that the additional "sleeve
removed" data matches or closely matches the normal
operating condition data for any one of the bladders 13a,
13b, 13c. In response, the one or more processors 7 alter
recordation of the monitored parameter by at least one
of resuming operation of the compression system 1, re-
suming a compliance meter so that subsequent compres-
sion cycles are indicated as being compliant, providing
a message alerting the wearer or clinician of the compli-
ance, and storing the results of the comparison in the
memory 33. The one or more processors 7 continue to
collect at 902 additional "sleeve removed" data until the
one or more processors 7 determine that the pressure
signals, such as the measures described above, match
or closely match the normal operating condition pressure
signal if the data comparisons at 904 indicate that a sta-
tistically significant change in pressure remains for any
one of the data comparisons.
[0050] As can be seen from Figs. 4 and 5, the pressure
measurement produced by the pressure sensor 27 is
slightly higher than the actual pressure within the bladder
13a, 13b, 13c. For the purposes of using the pressure
sensor signal to determine compliance, the difference in
pressures is negligible. Alternatively, by briefly deactivat-

ing the fluid source 21 the pressure measured by the
pressure sensor 27 normalizes to the actual pressure in
the bladder in fluid communication with the manifold 29.
[0051] Additionally or alternatively, the linear regres-
sion for the inflation phases of the bladders 13a, 13b,
13c can be further analyzed for comparing between the
wrapped and unwrapped conditions. For instance, stand-
ard deviation, P-values, max and min values, and an av-
erage value can be calculated and compared between
the wrapped and unwrapped conditions to further distin-
guish between the two conditions. Advanced statistics
associated with regression analyses (e.g. the curve fitting
analysis described herein), such as analysis of residuals,
for distinguishing sleeve-on and sleeve-off conditions is
also within the scope of the present disclosure.
[0052] While the curve fits for the inflation phase of the
bladders 13a, 13b, 13c have been described as best fit
lines, the models could be polynomial curve fits. Refer-
ring to Fig. 10, pressure signals from the inflation phase
of bladder 13a are modeled with a fifth order polynomial
curve fit in the wrapped configuration (1002) and the un-
wrapped configuration (1004). The fifth order polynomial
curve fit accurately represents more dynamic curvature
of the inflation phases without being overly responsive
to the changes in the pressure signals. Other order pol-
ynomial curve fits are also envisioned. As an example,
lower orders can be used such as when the curvature is
less dynamic and higher orders are not required.
[0053] The polynomial curve fits during the inflation
phases of the bladders 13a, 13b, 13c in the wrapped
configurations are generally straighter (i.e., more linear)
than the polynomial curve fits for the inflation phases of
the bladders 13a, 13b, 13c in the wrapped configuration.
Additionally, for the distal and intermediate bladders 13a,
13b, the pressures throughout the inflation phase in the
unwrapped configuration are higher than the pressures
throughout the inflation phase in the wrapped configura-
tion. The reverse condition is true for the proximal bladder
13c where the pressures throughout most of the inflation
phase in the wrapped configuration are higher than the
pressures throughout most of the inflation phase in the
unwrapped configuration. Additionally, the starting pres-
sures, or offset, for the bladders 13a and 13b, in the un-
wrapped configuration are higher than the starting pres-
sures for the bladders 13a and 13b in the wrapped con-
figuration. By recognizing the occurrence of these differ-
ing characteristics the compression system 1 can deter-
mine when the garment 10 is in a compliant, wrapped
configuration and when the garment 10 is in a non-com-
pliant, unwrapped configuration.
[0054] Additionally or alternatively, the polynomial
curve fits for the inflation phases of the bladders 13a,
13b, 13c can be further analyzed for comparing between
the wrapped and unwrapped conditions. For instance,
standard deviation, P-values, max and min values, and
an average value can be calculated and compared be-
tween the wrapped and unwrapped conditions to further
distinguish between the two conditions. Advanced sta-
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tistics associated with regression analyses (e.g. the
curve fitting analysis described herein), such as analysis
of residuals, for distinguishing sleeve-on and sleeve-off
conditions is also within the scope of the present disclo-
sure.
[0055] Referring to Fig. 11, a representative compres-
sion cycle pressure profile for a wrapped configuration
of the compression garment 10 is illustrated. This graph
illustrates signals from the pressure sensor 27. A single
compression cycle for all three of the bladders 13a, 13b,
13c in a wrapped configuration of the compression gar-
ment 10 includes a compression period 1102 and a de-
compression period 1104. Referring to Fig. 12, a repre-
sentative compression cycle pressure profile for an un-
wrapped configuration of the compression garment 10 is
illustrated. A compression period 1202 and a decompres-
sion period 1204 illustrate a single compression cycle for
all three of the bladders 13a, 13b, 13c for the unwrapped
configuration of the compression garment 10. The com-
puter executable instructions embodied on the computer
readable storage medium 33 include instructions to
cause the one or more processors 7 to monitor the signals
from the pressure sensor 27 that are indicative of the
bladder pressures during the decompression periods
1104, 1204. The computer executable instructions cause
the one or more processors 7 to detect a difference be-
tween the pressure signal of decompression period 1104
and the pressure signal of decompression period 1204.
For example, the pressure signal during the decompres-
sion period 1104 includes pressure impulses, indicated
generally at 1106 in Fig. 11, which the controller 5 inter-
prets as indicative of wearer movement when the com-
pression garment 10 is in a wrapped configuration. The
pressure signal during the decompression period 1204
is relatively static (i.e., no impulses are present) which
the controller 5 interprets as indicative of the compres-
sion garment 10 being in an unwrapped configuration.
By analyzing the pressure signals of the decompression
periods 1104, 1204, the computer executable instruc-
tions cause the one or more processors 7 to determine
whether or not the compression garment 10 is in a
wrapped configuration or unwrapped configuration
based on the presence (i.e., occurrence) or absence (i.e.,
non-occurrence) of one or more pressure impulses 1106
during the decompression periods 1104, 1204.
[0056] Referring again to Fig. 11, in another embodi-
ment of the compression system 1, bladder pressures of
the bladders 13a, 13b, 13c are locked and the computer
executable instructions cause the one or more proces-
sors 7 to detect a rise (e.g., increase) in the pressure
signal during the decompression period 1104 when the
compression garment 10 is in a wrapped configuration
substantially around a limb of a wearer. The pressure
signal during the decompression period 1204 (FIG. 12)
is relatively static (i.e., no pressure rise is present) which
the controller 5 interprets as indicative of the compres-
sion garment 10 being in an unwrapped configuration.
The computer executable instructions cause the one or

more processors 7 to determine whether the compres-
sion garment 10 is in a wrapped or unwrapped configu-
ration based on the presence (i.e., occurrence) or ab-
sence (i.e., non-occurrence) of a pressure rise during the
decompression periods 1104, 1204.
[0057] Referring to Fig. 13, the computer executable
instructions embodied on the computer readable storage
medium 33 cause the one or more processors 7 to exe-
cute a method 1300 of determining whether the compres-
sion garment is in the wrapped or unwrapped configura-
tion by detecting one or more pressure impulses in the
pressure signal received from the pressure sensor 27.
The compression system 1 operates at step 1302 to in-
flate and deflate bladders 13a, 13b, 13c to apply com-
pression treatment to a wearer’s limb, and to vent the
bladders 13a, 13b, 13c down to a target value, such as
1-2 mmHg. The computer executable instructions cause
the one or more processors 7 to determine at step 1304
whether the pressure in the bladders 13a, 13b, 13c has
reached the target value. If the target value has not been
reached, the computer executable instructions cause the
one or more processors 7 to continue venting the blad-
ders 13a, 13b, 13c and the process returns back to step
1304. If the target value has been reached, the computer
executable instructions cause the one or more proces-
sors 7 to stop venting the bladders 13a, 13b, 13c and
monitor the pressure signal from pressure sensor 27 for
impulses during the decompression period at step 1306.
It is appreciated that a filtered signal may be assumed
such that any impulse observed would be above baseline
signal noise without departing from the scope of the
present disclosure. The signal may be filtered, for exam-
ple, by filtering circuitry in controller 5 and/or by digital
filtering techniques implemented by the one or more
processors 7 via the computer executable instructions.
It is appreciated that the computer executable instruc-
tions may cause the one or more processors 7 to perform
waveform peak detection to determine the amplitude of
anomalous peaks versus peaks within the expected
noise without departing from the scope of the present
disclosure. It is also appreciated that the computer exe-
cutable instructions may cause the one or more proces-
sors 7 to utilize signal threshold limit detection without
departing from the scope of the present disclosure. For
example, if an impulse greater than 1 mmHg above noise
is detected, then that impulse is considered a pressure
impulse. The computer executable instructions cause the
one or more processors 7 to implement a counter, with
which a count is kept for the number of consecutive cycles
in which no impulses are observed.
[0058] At step 1308, the computer executable instruc-
tions cause the one or more processors 7 to determine
whether an impulse was detected by the processor 7 at
step 1306. If an impulse was detected during step 1306,
the computer executable instructions cause the one or
more processors 7 to reset 1310 the counter to zero be-
cause the impulse is indicative of the compression gar-
ment 10 being in a wrapped configuration substantially
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around a limb of a wearer. If an impulse was not detected
during step 1306, then such a nonoccurrence (i.e., ab-
sence) of an impulse is indicative of the compression
garment 10 being in an unwrapped configuration away
from a limb of a wearer. In such a case, the computer
executable instructions cause the one or more proces-
sors 7 to determine whether the count of the counter has
met or exceeded a counter threshold at step 1312. For
example, the threshold may be ten consecutive cycles,
but one skilled in the art will appreciate that the threshold
may be any integer value. Meeting or exceeding the
threshold indicates that the compression garment 10 is
in the unwrapped configuration away from the limb of the
wearer because a pressure anomaly (e.g., pressure im-
pulse) would have been detected by the one or more
processors 7 if the compression garment 10 were in the
wrapped configuration.
[0059] If the one or more processors 7 determine at
step 1312 that the count of the counter has met or ex-
ceeded a counter threshold, then the computer execut-
able instructions cause the one or more processors to
take a required action at step 1314. For example, the one
or more processors 7 may halt operation, stop a compli-
ance timer, alert a user (e.g., the wearer or caregiver),
and the like. If the one or more processors 7 determine
at step 1312 that the count of the counter has not reached
the counter threshold, then the computer executable in-
structions cause the one or more processors 7 to incre-
ment the count of the counter and fully vent the bladders
13a, 13b, 13c at step 1316 and the process returns to
step 1302.
[0060] In an alternative embodiment, the method 1300
of Fig. 6 is implemented during Venous Refill Measure-
ments. In such an embodiment, bladder 13b is vented to
a higher pressure (e.g., 5-7mmHg) and therefore is more
firmly in contact with the limb of the wearer. In this em-
bodiment, pressure impulses due to patient movement
are even more evident in the pressure signal of pressure
sensor 27.
[0061] Referring to Fig. 14, the computer executable
instructions embodied on the computer readable storage
medium 33 cause the one or more processors 7 to exe-
cute a method 1400 of determining whether the compres-
sion garment is in the wrapped or unwrapped configura-
tion by detecting a rise (e.g., increase) in the pressure
signal received from the pressure sensor 27. The com-
pression system 1 operates at step 1402 to inflate and
deflate bladders 13a, 13b, 13c to apply compression
treatment to a wearer’s limb, and to vent the bladders
13a, 13b, 13c down to a target value, such as 1-2 mmHg.
The computer executable instructions cause the one or
more processors 7 to determine at step 1404 whether
the pressure in the bladders 13a, 13b, 13c has reached
the target value. If the target value has not been reached,
the computer executable instructions cause the one or
more processors 7 to continue venting the bladders 13a,
13b, 13c and the process returns to step 1404. If the
target value has been reached, the computer executable

instructions cause the one or more processors 7 to stop
venting the bladders 13a, 13b, 13c and monitor the pres-
sure signal from pressure sensor 27 for a rise during the
decompression period at step 1406. In an embodiment,
a filtered signal is assumed such that any rise observed
would be above baseline signal noise. The signal may
be filtered for example, by filtering circuitry in controller
5 and/or by digital filtering techniques implemented by
the one or more processors 7 via the computer execut-
able instructions. The one or more processors 7 monitor
the pressure signal for a pressure rise greater than a
threshold value (e.g., 1-2 mmHg), which indicates that
the compression garment 10 is in a wrapped configura-
tion substantially around a limb of a wearer. A lack of a
rise in the pressure signal, or a rise less than the threshold
value, indicates that the compression garment 10 is in
an unwrapped configuration away from a limb of a wear-
er. The computer executable instructions cause the one
or more processors 7 to implement a counter, with which
a count is kept for each cycle failing to achieve the thresh-
old pressure rise.
[0062] At step 1408, the computer executable instruc-
tions cause the one or more processors 7 to determine
whether a pressure rise greater than the threshold value
was detected by the processor 7 at step 1406. If a pres-
sure rise greater than the threshold was detected during
step 1406, the computer executable instructions cause
the one or more processors 7 to reset 1410 the counter
to zero because the pressure rise is indicative of the com-
pression garment 10 being in a wrapped configuration
substantially around a limb of a wearer. If a rise above
the threshold was not detected during step 1406, then
such a nonoccurrence of a pressure rise is indicative of
the compression garment 10 being in an unwrapped con-
figuration away from a limb of a wearer. In such a case,
the computer executable instructions cause the one or
more processors 7 to determine whether the count of the
counter has met or exceeded a counter threshold at step
1412. For example, the threshold may be ten consecutive
cycles, but one skilled in the art will appreciate that the
threshold may be any integer value. Meeting or exceed-
ing the threshold indicates that the compression garment
10 is in the unwrapped configuration away from the limb
of the wearer because a pressure anomaly (e.g., pres-
sure rise) would have been detected by the one or more
processors 7 if the compression garment 10 were in the
wrapped configuration.
[0063] If the one or more processors 7 determine at
step 1412 that the count of the counter has met or ex-
ceeded a counter threshold, then the computer execut-
able instructions cause the one or more processors to
take a required action at step 1414. For example, the one
or more processors 7 may halt operation, stop a compli-
ance timer, alert a user (e.g., the wearer or caregiver),
and the like. If the one or more processors 7 determine
at step 1412 that the count of the counter has not reached
the counter threshold, then the computer executable in-
structions cause the one or more processors 7 to incre-
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ment the count of the counter and fully vent the bladders
13a, 13b, 13c at step 1416 and the process returns to
step 1402.
[0064] In alternative embodiment, the actual shape of
the pressure profile of the signal generated by pressure
sensor 27 is in itself a potential indicator. For example,
the shape of the profile could be calculated such that
when the resulting function (i.e., the shape) matches a
predetermined function (i.e., shape), the computer exe-
cutable instructions cause the one or more processors 7
to determine that the compression garment 10 is in the
wrapped configuration. Conversely, failure of the result-
ing function to match the pre-determined function would
result in the computer executable instructions causing
the one or more processors 7 to determine that the com-
pression garment 10 is in the unwrapped configuration.
Such an embodiment may be used with the counters de-
scribed in conjunction with methods 1300, 1400 de-
scribed above.
[0065] Referring to Fig. 15A, a pressure signal from
the pressure sensor 27 is shown for one of the bladders
13a, 13b, 13c in a wrapped configuration of the compres-
sion garment 10 on a limb of the wearer during a repre-
sentative bladder inflation period 1502 and a pressure
hold period 1504. In the example in Fig. 15A, the pressure
hold period 1504 is about twenty-seven seconds in du-
ration and represents the bladder 13a, 13b, 13c inflated
to about 45 mmHg, which is a typical inflation threshold
of a therapeutic cycle of the bladders 13a, 13b, 13c. In
accordance with another embodiment of the disclosure,
the pressure hold period 1504 may be about twenty sec-
onds in duration and represent one of the bladders 13a,
13b, or 13c inflated to about 200 mmHg. Accordingly, the
oscillation amplitude in the pressure signal for a bladder
inflated to about 200 mmHg will be higher than the oscil-
lation amplitudes illustrated herein associated for a blad-
der inflated to about 45 mmHg.
[0066] Referring to Fig. 15B, a waveform 1504’ shows
the result of a band-pass filtering technique applied to a
subset signal of interest of the pressure hold period 1504
such that a frequency range (e.g., 0.5 Hz to 25 Hz, 0.5
Hz to 5 Hz, etc.) has been extracted. The representative
subset portion of the pressure hold period 1 504 is shown
on a smaller scale, as compared to Fig. 15A, such that
pulses are visible in the pressure signal during the pres-
sure hold period 1504’. The pulses in the pressure pulse
in Fig. 15B are associated with a pressure effect pro-
duced on the bladder 13a, 13b, or 13c by the pulse of
the wearer. Waveform pulsations associated with the
pulse of the wearer of the compression garment 10 re-
main evident in waveform 1504’. The computer execut-
able instructions embodied on the non-transitory, com-
puter readable storage medium 33 include instructions
to cause the one or more processors 7 to receive a signal
from the pressure sensor 27, the received signal being
indicative of the fluid pressure in one or more of the blad-
ders 13a, 13b, 13c during the bladder inflation period
1502 and the pressure hold period 1504.

[0067] In certain embodiments, the computer execut-
able instructions further include instructions to cause the
one or more processors 7 to refine further the signal from
the pressure sensor 27 to extract, during the pressure
hold period 1504, only frequencies associated with the
typical cardiac cycle range of a human. For example, the
computer executable instructions can include computer
executable instructions to cause the one or more proc-
essors 7 to extract (e.g., through a band-pass filtering
technique) frequencies in the range of 0.5 Hz to 25 Hz.
[0068] Fig. 15B shows that, as the oscillation amplitude
decreases, the impact of noise on the signal is more sig-
nificant (i.e., the signal-to-noise ratio is smaller). Addi-
tional preprocessing and/or post-processing of the data
can be useful to obtain less distorted results. In some
embodiments, the computer executable instructions fur-
ther include instructions to cause the one or more proc-
essors 7 to filter the signal of the pressure hold period
1504 to remove frequencies that are not associated with
a pulse of a human wearer and to cause the one or more
processors 7 to implement one or more peak detection
algorithms and/or compliance monitoring algorithms. In
certain embodiments, the one or more computer execut-
able instructions further include instructions to cause the
one or more processors 7 to perform the additional pre-
processing and/or post-processing to decrease the im-
pact of noise on the signal received from the pressure
sensor 27. It should be appreciated that the signal re-
ceived from the pressure sensor 27 and processed by
the one or more processors 7 includes pulsation associ-
ated with the heartbeat of the wearer and not the actual
heart rate of the wearer. For example, the blood flow as
the wearer’s heart beats creates pressure on at least one
of inflatable bladders 13a, 13b, 13c, which the pressure
sensor 27 detects and generates pressure signals rep-
resentative thereof.
[0069] Referring to Fig. 15C, the waveform 1504’ is
overlaid on a waveform 1504", the waveform 1504" being
the result of a smoothing algorithm filtering technique ap-
plied to waveform 1504’ by the one or more processors
7. In this exemplary embodiment in Fig. 15C, the smooth-
ing follows a rectangular window at five times (e.g., 5x)
the moving range. Even at pressures as low as those
associated with typical Venous Refill Detection (VRD)
techniques (e.g., about 5 to about 20 mmHg), the wave-
form still provides evidence of pulsations indicative of
sufficient contact between the wearer and the compres-
sion garment 10.
[0070] Fig. 16 shows a pressure signal received from
the pressure sensor 27 during a representative bladder
pressure hold period 1602 pressure profile of one of the
bladders 13a, 13b, 13c for an unwrapped configuration
of the compression garment 10. The overall amplitude
of the pressure profile 1602 is less than the amplitudes
of the analogous pressure hold period 1504 (shown in
Fig. 15A). The absence of clear, repeating pulses in the
pressure profile 1602 is an indication that the compres-
sion garment 10 is in an unwrapped configuration or is
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not properly worn by the wearer.
[0071] Fig. 17A shows a pressure signal received from
the pressure signal 27 and representative bladder pres-
sure profile for one of bladders 13a, 13b, 13c. The pres-
sure profile includes a therapy cycle period 1702, a blad-
der vent period 1704, a bladder test inflation period 1706,
and a bladder pressure hold period 1708. At the end of
the therapy cycle 1702, the tested bladder (e.g., one of
bladders 13a, 13b, 13c) vents during the bladder vent
period 1704. After the bladder vent period 1704, a short
inflation is applied to the tested bladder during the bladder
inflation period 1706 until the tested bladder achieves a
pressure of about 30 mmHg. The one or more processors
7 execute computer executable instructions such that
pulse detection, as further described below, is performed
by the one or more processors 7 during the bladder pres-
sure hold period 1708, which is about ten seconds in this
exemplary embodiment. The bladder pressure hold pe-
riod 1708 can be for a longer or shorter duration, provided
that the duration is long enough to ensure that multiple
pulses occur within the duration.
[0072] Fig. 17B illustrates a waveform 1708’ indicative
of the result of a filtering technique applied to a signal of
interest during the pressure hold period 1708. In some
embodiments, the computer-executable instructions in-
clude instructions to cause the one or more processors
7 to detect dominant peaks and check that the waveform
falls within an expected range (e.g., 60-100 beats per
minute (bpm) for a human wearer). In some embodi-
ments, the expected range is 60-100 beats per minute
(bpm) for a human wearer. It should be appreciated, how-
ever, that a wider range (e.g., 30-120 bpm) can be used
to account for wearers who may be of ill-health and/or to
account for measurements that may occur at locations
on the body far away from the heart (e.g., the lower leg).
In this exemplary embodiment, the one or more proces-
sors 7 detect pulsation associated with the heartbeat of
the wearer and not the actual heart rate of the wearer.
[0073] Fig. 18 is a schematic representation of an ex-
emplary method 1800 of analyzing waveform data re-
ceived from the pressure sensor 27 to determine whether
the compression garment 10 is in the wrapped or un-
wrapped configuration around a limb of a wearer of the
garment by detecting pulsations associated with the
heartbeat of the wearer. This exemplary method can be
carried out by the one or more processors 7 through ex-
ecution of computer executable instructions embodied
on the non-transitory, computer readable storage medi-
um 33.
[0074] The one or more processors 7 execute compu-
ter executable instructions to sample 1802 initial pres-
sure. In some embodiments, the initial pressure sampling
is done at a rate of 100 Hz or higher and typical signal
conditioning is used to remove baseline noise. Addition-
ally or alternatively, the sampling 1802 may be expanded
to include attenuation of frequencies just under a low
cutoff (e.g., 0.25 Hz).
[0075] A post-process waveform analysis 1804 further

includes a bandpass filter 1806, an additional filtering
1808, and a peak detection 1810. During the bandpass
filter 1806, the signal of interest is filtered using a band-
pass filtering technique in atypical range of frequencies
associated with a typical heartrate range of a human
wearer (e.g., 0.5-4 Hz for a human wearer).
[0076] During the additional filtering 1808, the peaks
of the bandpass filtered signal are further refined. The
additional filtering can include a lowpass filter with a cutoff
of 5 Hz to produce a filtered value. Additionally or alter-
natively, the additional filtering can include a smoothing
algorithm using the five most recent samples of the mov-
ing range to produce a filtered value. It should be appre-
ciated that more than one filtering technique may be ap-
plied to the bandpass filtered signal during the additional
filtering step 1808.
[0077] During a peak detection 1810, a peak detection
is performed to check that the peaks of the filtered signal
correspond to a heartbeat range of a typical human wear-
er. The peak detection 1810 can be based on a prede-
termined threshold (e.g., look only at peaks with a mag-
nitude greater than 0.05 mmHg). Additionally or alterna-
tively, the peak detection 1810 can be based on exam-
ining for repeating signals with frequencies within a heart-
beat range of a typical human wearer, independent of
magnitude (e.g., expanded to 30-240 bpm for margin).
For example, a frequency analysis computation may be
performed to check that a repeating signal with frequency
within the heartbeat range of a typical human wearer is
detected. Additionally or alternatively, the peak detection
1810 can be based on the highest magnitude peaks and
checking that the frequency of those peaks falls within
the expected heartbeat range of a typical human wearer.
It should be appreciated that more than one peak detec-
tion technique may be used during the peak detection
1810. In some embodiments, peak detection 1810 in-
cludes a combination of peak detection based on a pre-
determined threshold and based on the highest magni-
tude peaks and checking that the frequency of those
peaks falls within the expected heartbeat range of a typ-
ical human wearer because the signal-to-noise ratio is
high enough that the pulses are plainly evident.
[0078] The computer executable instructions cause
the one or more processors 7 to determine 1812 whether
a features of a pulse of the wearer were detected during
the peak detection 1810. If features of a pulse are deter-
mined 1812 to be present, the results of a positive deter-
mination can be indicated 1816. For example, the indi-
cation 1816 can include sending a visual representation
to a display device associated with the compression sys-
tem 1. Additionally or alternatively, the indication 1816
can include incrementing and/or pausing a timer. Upon
the indication 1816, the process ends at step 1818 and
returns back to step 1802. If an impulse is not detected
at step 1812, the computer executable instructions cause
the one or more processors 7 to return a null value at
step 1814. After step 1814, the process ends at step 1818
and returns to sampling 1802.
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[0079] Referring to Fig. 19, is a schematic representa-
tion of an exemplary method 1900 of analyzing waveform
data received from a pressure sensor (e.g., the pressure
sensor 27) to determine whether a compression garment
(e.g., compression garment 10) is in the wrapped or un-
wrapped configuration during a garment verification
process. For ease of explanation and for the sake of clar-
ity, the method 1900 is described for a single bladder
(e.g., one of the bladders 13a, 13b, or 13c). It should be
appreciated, however, that the method 1900 can be re-
peated to check for additional bladders corresponding to
different valves.
[0080] The method 1900 begins at step 1902 and the
desired bladder valve (e.g., bladder valve 25a, 25b, 25c)
is opened 1904. A pressurized fluid source (e.g., pres-
surized fluid source 21) is turned on 1906 until pressure
in the corresponding bladder exceeds about 120 mmHg.
[0081] A pressure signal is received 1908 from the
pressure sensor 27 for a period of time. A determination
1910 is made regarding whether all data are available.
If all data are not available, pressure signals continue to
be acquired 1912 and the pressure signal is received
1908. If the determination 1910 is made that all data are
available at step 1910, close the corresponding valve is
closed 1914 and a pulse detection algorithm is per-
formed.
[0082] In some embodiments, the pulse detection al-
gorithm includes one or more steps of the post-process
waveform analysis 1804 described above.
[0083] A determination 1916 is made regarding wheth-
er a pulse is detected after the valve is closed 1914 and
fluid is isolated in the bladder. The lack of detection of a
pulse is indicative of the compression garment 10 being
in an unwrapped configuration away from a limb of the
wearer at step 1918 and the method proceeds to step
1932, where a compliance time is not incremented, be-
fore ending the method at step 1936. The detection of a
pulse at step 1916 is indicative of the compression gar-
ment 10 being in a wrapped configuration around a limb
of the wearer at step 1920 and the method continues to
step 1930.
[0084] At step 1922, the computer executable instruc-
tions cause the one or more processors 7 to read the
pressure after one second has elapsed after the pump
is turned on in step 1906. At step 1924, the computer
executable instructions cause the one or more proces-
sors 7 to determine whether the pressure is greater than
2.0 mmHg. The pressure exceeding 2.0 mmHg at step
1924 is indicative of the compression garment 10 being
present (e.g., in fluid communication with valve 25a, 25b,
25c) at step 1926 and the method proceeds to step 1930.
The pressure not exceeding 2.0 mmHg at step 1924 is
indicative of the compression garment 10 not being
present (e.g., not in fluid communication with valve 25a,
25b, 25c) at step 1928 and the method proceeds to step
1932, where a compliance time is not incremented, be-
fore ending the method at step 1936.
[0085] At step 1930, the computer executable instruc-

tions cause the one or more processors 7 to determine
whether the compression garment 10 is present and in
a wrapped configuration around a limb of the wearer. If
either the compression garment 10 is determined to not
be present or not be in a wrapped configuration around
a limb of the wearer, then the method proceeds to step
1932 where a compliance time is not incremented before
ending the method at step 1936. If the compression gar-
ment 10 is determined by the one or more processors 7
to be present and be in a wrapped configuration, then
the method proceeds to step 1934 where a compliance
time is incremented before ending the method at step
1936.
[0086] Referring to Fig. 20, the computer executable
instructions embodied on the computer readable storage
medium 33 cause the one or more processors 7 to exe-
cute a method 2000 of analyzing waveform data received
from the pressure sensor 27 to determine whether the
compression garment is in the wrapped or unwrapped
configuration following the end of a cycle pressure. The
method 2000 begins at step 2002 and proceeds to step
2004, where the computer executable instructions cause
the one or more processors 7 to complete a prophylactic
compression cycle. At step 2006, the computer execut-
able instructions cause the one or more processors 7 to
vent the bladders corresponding to the ankle and thigh
of the wearer (e.g., bladders 13a and 13c). At step 2008,
the computer executable instructions cause the one or
more processors 7 to hold the pressure in the bladder
corresponding to the calf of the wearer (e.g., bladder 13b)
for a predetermined period of time (e.g., 10 seconds) and
acquire pressure signals via the pressure sensor 27.
[0087] At step 2010, the computer executable instruc-
tions cause the one or more processors 7 to determine
whether all of the data is available. If all of the data is not
available at step 2010, then the method proceeds to step
2012 to continue acquiring pressure signals from the
pressure sensor 27 before continuing back to step 2008.
If all of the data is available at step 2010, then the method
proceeds to step 2014 where the computer executable
instructions cause the one or more processors 7 to per-
form the pulse detection algorithm. In some embodi-
ments, the pulse detection algorithm includes one or
more steps of the post-process waveform analysis 1804
described above. At step 2016, the computer executable
instructions cause the one or more processors 7 to de-
termine whether a pulse is detected at step 2014. The
lack of detection of a pulse is indicative of the compres-
sion garment 10 being in an unwrapped configuration
away from a limb of the wearer at step 2022. The method
then proceeds to step 2024, where the computer execut-
able instructions cause the one or more processors 7 to
not increment a compliance time and cause the one or
more processors 7 to take one or more actions (e.g., alert
the user) before ending the method at step 2026. The
detection of a pulse at step 2016 is indicative of the com-
pression garment 10 being in a wrapped configuration
around a limb of the wearer at step 2018. The method
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then proceeds to step 2020, where the computer execut-
able instructions cause the one or more processors 7 to
increment a compliance time before ending the method
at step 2026.
[0088] Referring to Fig. 21, the computer executable
instructions embodied on the computer readable storage
medium 33 cause the one or more processors 7 to exe-
cute a method 2100 of analyzing waveform data received
from the pressure sensor 27 to determine whether the
compression garment is in the wrapped or unwrapped
configuration during a Venous Refill Determination
(VRD). The method 2100 begins at step 2102 and pro-
ceeds to step 2104, where the computer executable in-
structions cause the one or more processors 7 to com-
plete a prophylactic compression cycle. At step 2106, the
computer executable instructions cause the one or more
processors 7 to vent the bladders corresponding to the
ankle and thigh and of the wearer (e.g., bladders 13a and
13c). At step 2108, the computer executable instructions
cause the one or more processors 7 to vent the pressure
in the bladder corresponding to the calf of the wearer
(e.g., bladder 13b) to a VRD target. At step 2110, the
computer executable instructions cause the one or more
processors 7 to perform VRD as scheduled. Once the
VRD measurement is initiated, the computer executable
instructions cause the one or more processors 7 to start
a secondary process to acquire pressure data from the
pressure sensor 27 for parallel pulse detection. At step
2114, the computer executable instructions cause the
one or more processors 7 to acquire pressure signals
from the pressure sensor 27 while VRD is in progress.
[0089] At step 2116, the computer executable instruc-
tions cause the one or more processors 7 to determine
whether all of the data is available. If all of the data is not
available at step 2116, then the method proceeds to step
2118 to continue acquiring pressure signals from the
pressure sensor 27 before continuing back to step 2114.
If all of the data is available at step 2116, then the method
proceeds to step 2120 where the computer executable
instructions cause the one or more processors 7 to per-
form the pulse detection algorithm. In some embodi-
ments, the pulse detection algorithm includes one or
more steps of the post-process waveform analysis 1804
described above. At step 2122, the computer executable
instructions cause the one or more processors 7 to de-
termine whether a pulse is detected at step 2120. The
lack of detection of a pulse is indicative of the compres-
sion garment 10 being in an unwrapped configuration
away from a limb of the wearer at step 2128. The method
then proceeds to step 2130, where the computer execut-
able instructions cause the one or more processors 7 to
not increment a compliance time and cause the one or
more processors 7 to take one or more actions (e.g., alert
the user) before ending the method at step 2132. The
detection of a pulse at step 2122 is indicative of the com-
pression garment 10 being in a wrapped configuration
around a limb of the wearer at step 2124. The method
then proceeds to step 2126, where the computer execut-

able instructions cause the one or more processors 7 to
increment a compliance time before ending the method
at step 2132.
[0090] Referring to Fig. 22, the computer executable
instructions embodied on the computer readable storage
medium 33 cause the one or more processors 7 to exe-
cute a method 2200 of analyzing waveform data received
from the pressure sensor 27 to determine whether the
compression garment is in the wrapped or unwrapped
configuration as an independent cycle. The method 2200
begins at step 2202 and proceeds to step 2204, where
the computer executable instructions cause the one or
more processors 7 to complete a prophylactic compres-
sion cycle. At step 2206, the computer executable in-
structions cause the one or more processors 7 to vent
all bladders 13a, 13b, 13c. At step 2208, the computer
executable instructions cause the one or more proces-
sors 7 to open a desired valve (e.g., valve 25b) and inflate
a desired bladder (e.g., bladder 13b) to a desired pres-
sure (e.g., 10-120 mmHg). At step 2210, the computer
executable instructions cause the one or more proces-
sors 7 to acquire pressure signals via the pressure sensor
27 for a predetermined period of time (e.g., 10 seconds).
[0091] At step 2212, the computer executable instruc-
tions cause the one or more processors 7 to determine
whether all of the data is available. If all of the data is not
available at step 2212, then the method proceeds to step
2214 to continue acquiring pressure signals from the
pressure sensor 27 before continuing back to step 2210.
If all of the data is available at step 2212, then the method
proceeds to step 2216 where the computer executable
instructions cause the one or more processors 7 to close
the corresponding valve (e.g., 25b) and perform the pulse
detection algorithm. In some embodiments, the pulse de-
tection algorithm includes one or more steps of the post-
process waveform analysis 804 described above. At step
2218, the computer executable instructions cause the
one or more processors 7 to determine whether a pulse
is detected at step 2216. The lack of detection of a pulse
is indicative of the compression garment 10 being in an
unwrapped configuration away from a limb of the wearer
at step 2224. The method then proceeds to step 2226,
where the computer executable instructions cause the
one or more processors 7 to not increment a compliance
time and cause the one or more processors 7 to take one
or more actions (e.g., alert the user) before ending the
method at step 2228. The detection of a pulse at step 22
18 is indicative of the compression garment 10 being in
a wrapped configuration around a limb of the wearer at
step 2220. The method then proceeds to step 2222,
where the computer executable instructions cause the
one or more processors 7 to increment a compliance time
before ending the method at step 2228.
[0092] Figs. 23A-C are a schematic representation of
an exemplary method 2300 of analyzing waveform data
received from the pressure sensor 27 to determine
whether the compression garment 10 is in the wrapped
or unwrapped configuration around a limb of a wearer of
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the garment by detecting pulsations associated with the
heartbeat of the wearer. This exemplary method can be
carried out by the one or more processors 7 through ex-
ecution of computer executable instructions embodied
on the non-transitory, computer readable storage medi-
um 33.
[0093] The method 2300 begins and proceeds to step
2302, where the computer executable instructions cause
the one or more processors 7 to complete a prophylactic
compression cycle. At step 2304, the computer execut-
able instructions cause the one or more processors 7 to
vent the bladders corresponding to, for instance, the an-
kle and thigh of the wearer (e.g., bladders 13a and 13c)
and to vent the bladder corresponding to, for instance,
the calf of the wearer (e.g., bladder 13b) until a target
pressure is achieved. In an embodiment, the target pres-
sure comprises an initial lower target pressure of about
5 to about 7 mmHg. Alternatively, the target pressure
comprises about 26 to about 32 mmHg when the initial
lower target pressure does not produce the expected re-
sult. The initial lower target pressure provides an exem-
plary benefit of exerting less pressure against the limb
of the wearer, which is more comfortable for the patient
relative to higher pressures, before re-trying at the higher
target pressure, which is less comfortable for the patient.
[0094] Upon reaching the target pressure, the compu-
ter executable instructions cause the one or more proc-
essors 7 to retain the pressure in the bladder correspond-
ing to the calf of the wearer (e.g., bladder 13b) while the
signal is acquired at a rate of about 100 Hz for a period
of at least about 15 seconds. In an embodiment, the pe-
riod comprises pressure hold period 1504, as further de-
scribed herein. A hold period of longer than about 15
seconds may also be utilized without departing from the
scope of the invention. At step 2308, the computer exe-
cutable instructions cause the one or more processors 7
to vent the pressure in the bladder corresponding to the
calf of the wearer (e.g., bladder 13b).
[0095] Following the venting of the measurement blad-
der (e.g., bladder 13b), the computer executable instruc-
tions cause the one or more processors 7 to perform
further signal conditioning which prepares the data for
the patient detection algorithm. As shown in FIG. 23A,
the computer executable instructions cause the one or
more processors 7 to band-pass filter 2310 the waveform
data. In an embodiment, the most recent 1024 acquired
samples, which correspond to a time window of about 10
seconds, are passed through band-pass filter 2310 hav-
ing a pass-band of about 0.5-25 Hz to isolate the signals
reflective of a cardiac cycle of the wearer. In an embod-
iment, the first three samples of the 1024 acquired sam-
ples are disregarded as a settle time period. It will be
understood by one of ordinary skill in the art that other
amounts of most recent acquired samples may be utilized
without departing from the scope of the invention. For
example, any number of most recent acquired samples
being a power of two aids in frequency calculation.
[0096] The computer executable instructions cause

the one or more processors 7 to pass the output of the
band-pass filter 2310 through a low-pass filter 2312 hav-
ing a low pass cutoff frequency of about 5 Hz. In an em-
bodiment, low-pass filter 2312 further removes noise in
the waveform data and reveals pulsations associated
with the circulatory system of the lower limb of the wearer.
Referring to Fig. 24, an exemplary signal from the output
of low-pass filter 2312 is shown. In this embodiment, the
signal includes about 1024 samples having crisp pulsa-
tions associated with the circulatory system of the lower
limb of the wearer.
[0097] With the filtered waveform data available, the
computer executable instructions cause the one or more
processor 7 to perform several subsequent calculations
on the filtered waveform data to determine whether the
compression garment 10 is in the wrapped or unwrapped
configuration around a limb of a wearer of the garment.
In an embodiment, the subsequent calculations are re-
ferred to as post-processing of the filtered waveform.
[0098] Referring again to Fig. 23A, the computer exe-
cutable instructions cause the one or more processors 7
to perform post-processing of the filtered waveform at
2314, 2316, and 2318. As shown, one or more proces-
sors 7 calculate the standard deviation of the filtered
waveform data and/or portions thereof. It is empirically
known that a compression garment in an unwrapped con-
figuration (i.e., idle) has a stable, flat pressure signal in-
cluding only normal white noise. In contrast, a pressure
signal representative of a pressure in a compression gar-
ment in a wrapped configuration around a limb of a wear-
er of the garment includes pulsations and/or other meas-
ureable signal characteristics. Therefore, it is possible to
distinguish a compression garment in a wrapped config-
uration around a limb of a wearer from a compression
garment in an unwrapped configuration based, in whole
or in part, on this calculation.
[0099] In an embodiment, the computer executable in-
structions cause the one or more processors 7 to divide
the low-pass filtered signal (e.g., 1024 samples) into five
sample groups and calculate the standard deviation 2314
(σ) for each group. It will be understood by one of ordinary
skill in the art that the low-pass filtered signal may be
divided into a different number of samples groups, such
as when a different number of samples are used for ex-
ample. An exemplary purpose of dividing the low-pass
filtered signal into sample groups is to isolate portions of
time. For example, it is known that large anomalous pres-
sure spikes (e.g., due to wearer sneezing, coughing, and
the like) in a representative pressure signal occur during
normal treatment due to movement of the limb of the
wearer and/or other factors. Time-slicing of the signal
(e.g., dividing the signal into sample groups) allows the
one or more processors 7 to determine if the entire wave-
form is "steady" or if there is an anomaly within a particular
range of the sample. In an embodiment, the computer
executable instructions cause the one or more proces-
sors 7 to calculate the total standard deviation 2314 (σ)
for the entire low-pass filtered signal (e.g., 1024 sam-
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ples).
[0100] After calculating the standard deviation, the
computer executable instructions cause the one or more
processors 7 to perform peak detection 2316. In an em-
bodiment, the one or more processors 7 process the fil-
tered waveform (e.g., 1024 samples) using a windowing
technique comprising 32 samples per window. The one
or more processors 7 index the peak from each 32-sam-
ple window one after the other to produce a down-sam-
pled waveform comprising only the signal peaks (e.g.,
the signal of interest). For example, the one or more proc-
essors 7 may initially index each peak from 1 to 32 and
then increment the index by one (e.g. from 2 to 33) as
additional waveform signal data is generated. The one
or more processors 7 ignore negative peaks. In an em-
bodiment, the 32-sample window leaves a local maxi-
mum for each window. Additionally and/or alternatively,
the 32-sample window reduces the number of samples
by one-quarter, removes negative peaks, and provides
awareness that the down-sampled signal is representa-
tive of about 10 seconds of real time. Referring to Fig.
25, an exemplary signal from the output of peak detection
2316 is shown, including only the true peaks which ulti-
mately reveal the pulsation of interest. In this embodi-
ment, the signal includes about 250 to 300 samples which
still correspond to about 10 seconds of real time. In an
embodiment, the number of samples will vary depending
on the number of peaks identified by the one or more
processors 7. In the embodiment illustrated in Fig. 25,
the sampling frequency is calculated as the result of the
number of samples divided by the amount of time (e.g.,
Sampling f = N samples / 10.24 seconds).
[0101] Referring further to FIG. 23A, with the down-
sampled peak detection waveform available, the one or
more processors 7 utilize the fundamental frequency to
assist in confirming if the compression garment 10 is in
the wrapped configuration around a limb of a wearer of
the garment by performing a time to frequency conver-
sion 2318. In an embodiment, the computer executable
instructions cause the one or more processors 7 to com-
pute a Fourier Transform (e.g., Fast Fourier Transform)
of the signal and output the highest magnitude between
0.5 Hz (e.g., about 30 bpm) and 4 Hz (e.g., about 200
bpm). One having ordinary skill in the art will understand
that transforms other than a Fast Fourier Transform may
be used to discover a cardiac cycle of the wearer without
departing from the scope of the invention.
[0102] After completing the post-processing, the com-
puter executable instructions cause the one or more
processors 7 to determine whether the compression gar-
ment 10 is in an unwrapped configuration or a wrapped
configuration around a limb of a wearer of the garment.
Referring to Fig. 23B, the computer executable instruc-
tions cause the one or more processors 7 to determine,
at step 2320, whether the total standard deviation 2314
(σ) for the entire low-pass filtered signal (e.g., 1024 sam-
ples) is less than or equal to an unwrapped threshold
(e.g., 0.25). When the one or more processors 7 deter-

mine the total standard deviation is not less than or equal
to the unwrapped threshold, the method 2300 continues
to step 2336 as further described herein. When the one
or more processors 7 determine the total standard devi-
ation is less than or equal to the unwrapped threshold,
the method 2300 continues to step 2322.
[0103] At step 2322, the computer executable instruc-
tions cause the one or more processors 7 to determine
whether a predetermined number of segments (e.g. sam-
ple groups) into which the low-pass filtered signal has
been divided are each less than or equal to the un-
wrapped threshold (e.g., 0.25). In an alternative embod-
iment, the one or more processors 7 divide the low-pass
filtered signal into five sample groups and determine at
2322 whether the standard deviation of each of the five
sample groups is less than or equal to the unwrapped
threshold. Alternatively, the one or more processors 7
divide the low-pass filtered signal into five sample groups
and determine at 2322 whether the standard deviation
of at least three of the five sample groups is less than or
equal to the unwrapped threshold. When the one or more
processors 7 determine each of the predetermined
number of segments is not less than or equal to the un-
wrapped threshold, the method 2300 continues back to
step 2302 to re-try the cycle. When the one or more proc-
essors 7 determine each of the predetermined number
of segments is less than or equal to the unwrapped
threshold, the process continues to step 2324.
[0104] At step 2324, the computer executable instruc-
tions cause the one or more processors 7 to determine
whether the largest (e.g., highest amplitude) magnitude
in the 0.5-4.0 Hz range of the time to frequency trans-
formed (e.g., Fast Fourier Transform) signal is less than
or equal to a threshold X (e.g., 0.2). When the one or
more processors 7 determine the largest magnitude in
the 0.5-4.0 Hz range is not less than or equal to the
threshold X, the method 2300 ends. When the proces-
sors 7 determine at 2324 the largest magnitude in the
0.5-4.0 Hz range is less than or equal to the threshold X,
the one or more processors 7 determine at 2326 that the
compression garment 10 is in an unwrapped configura-
tion. In an embodiment, the computer executable instruc-
tions cause the one or more processors 7 to declare the
compression garment 10 is in an unwrapped configura-
tion (e.g., the wearer is not wearing the compression gar-
ment) when the Boolean result of step 2320 is logical
true AND the result of step 2322 is logical true AND the
result of step 2324 is logical true.
[0105] At step 2328, the computer executable instruc-
tions cause the one or more processors 7 to determine
whether the unwrapped configuration detection at 2326
is the second consecutive such determination. When the
one or more processors 7 determine the unwrapped con-
figuration detection 2326 is not the second consecutive
detection, the method 2300 continues back to step 2302
to perform a second measurement on the next cycle for
the corresponding limb of the wearer. When the one or
more processors 7 determine the unwrapped configura-
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tion 2326 is the second consecutive detection, the meth-
od 2300 continues to at least one of three steps. At step
2330, the computer executable instructions cause the
one or more processors 7 to activate an audible alert,
such as via a speaker and/or other electromechanical
devices that produce sound connected to controller 5 of
compression system 1. In an embodiment, the alert is a
multi-toned audible alert. At step 2332, the computer ex-
ecutable instructions cause the one or more processors
7 to display an error message on a display device asso-
ciated with the compression system 1. At step 2334, the
computer executable instructions cause the one or more
processors 7 to not increment a compliance time before
ending the method 2300. In an embodiment, therapy us-
ing compression garment 10 is not stopped by halting
2334 the compliance time and the compliance time re-
mains in its current state until receiving a response via a
display device and/or an input device (e.g. from a human
user).
[0106] Referring to Fig. 23C, the computer executable
instructions cause the one or more processors 7 to de-
termine, at step 2336, whether the total standard devia-
tion 2314 (σ) for the entire low-pass filtered signal (e.g.,
1024 samples) is greater than or equal to a wrapped
threshold (e.g., 0.35). When the one or more processors
7 determine the total standard deviation is not greater
than or equal to the wrapped threshold, the method 2300
continues back to step 2302. When the one or more proc-
essors 7 determine the total standard deviation is greater
than or equal to the wrapped threshold, the method 2300
continues to step 2338 and/or step 2340.
[0107] In an embodiment, the method 2300 continues
to step 2338 in which the computer executable instruc-
tions cause the one or more processors 7 to determine
whether the total standard deviation 2314 (σ) for the en-
tire low-pass filtered signal (e.g., 1024 samples) is less
than or equal to a maximum limit threshold (e.g. 10.0).
When the one or more processors 7 determine the total
standard deviation for the entire low-pass filtered signal
is not less than or equal to the maximum limit threshold,
the method 2300 ends. When the one or more processors
7 determine the total standard deviation of the entire low-
pass filtered signal is less than or equal to the maximum
limit threshold, the method 2300 continues to step 2340.
[0108] At step 2340, the computer executable instruc-
tions cause the one or more processors 7 to determine
whether a predetermined number of segments (e.g.,
sample groups) into which the low-pass filtered signal
has been divided are each greater than or equal to the
wrapped threshold (e.g., 0.35). In an embodiment, the
one or more processors 7 divide the low-pass filtered
signal into five sample groups and determine 2340
whether the standard deviation of each of the five sample
groups is greater than or equal to the wrapped threshold.
Alternatively, the one or more processors 7 divide the
low-pass filtered signal into five sample groups and de-
termine 2340 whether the standard deviation of at least
three of the five sample groups is greater than or equal

to the wrapped threshold. When the one or more proc-
essors 7 determine each of the predetermined number
of segments is not greater than or equal to the wrapped
threshold, the method 2300 continues back to step 2302
to re-try the cycle. When the one or more processors 7
determine each of the predetermined number of seg-
ments is greater than or equal to the wrapped threshold,
the process continues to step 2342 and/or step 2344.
[0109] At step 2342, the computer executable instruc-
tions cause the one or more processors 7 to determine
whether each of a predetermined number of segments
(e.g., sample groups) into which the low-pass filtered sig-
nal has been divided are each less than or equal to the
maximum limit threshold (e.g., 10.0). When the one or
more processors 7 determine the predetermined number
of segments (e.g., all five or at least three out of five) is
each not less than or equal to the maximum limit thresh-
old, the method 2300 ends. When the one or more proc-
essors 7 determine the predetermined number of seg-
ments is each less than or equal to the maximum limit
threshold, the method 2300 continues to step 2344.
[0110] At step 2344, the computer executable instruc-
tions cause the one or more processors 7 to determine
whether the largest (e.g., highest amplitude) magnitude
in the 0.5-4.0 Hz range of the time to frequency trans-
formed (e.g.. Fast Fourier Transform) signal is both great-
er than a threshold Y (e.g., 20) and less than or equal to
a threshold Z (e.g., 50.0). When the one or more proc-
essors 7 determine the largest magnitude in the 0.5-4.0
Hz range is not both greater than the threshold Y and
less than or equal to the threshold Z, the method 2300
ends. The one or more processors 7 determine the com-
pression garment 10 is in a wrapped configuration 2346
around a limb of a wearer of the garment when the one
or more processors 7 determine the largest magnitude
in the 0.5-4.0 Hz range is both greater than the threshold
Y and less than or equal to the threshold Z. In an em-
bodiment, the computer executable instructions cause
the one or more processors 7 to declare the compression
garment 10 is in a wrapped configuration (e.g., the wearer
is wearing the compression garment) when the Boolean
result of step 2336 is logical true AND the result of step
2338 is logical true AND the result of step 2340 is logical
true AND the result of step 2342 is logical true AND the
result of step 2344 is logical true. Alternatively, the com-
puter executable instructions cause the one or more
processors 7 to declare the compression garment 10 is
in a wrapped configuration when the Boolean result of
step 2336 is logical true AND the result of step 2340 is
logical true AND the result of step 2344 is logical true.
[0111] After determining the compression garment 10
is in the wrapped configuration 2346, the method 2300
continues to step 2348 in which the computer executable
instructions cause the one or more processors 7 to in-
crement a compliance time before ending the method
2300.
[0112] While certain embodiments have been de-
scribed, other embodiments are additionally or alterna-
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tively possible.
[0113] While compression systems have been de-
scribed as being used with thigh length compression
sleeves, it should be understood that the compression
systems can additionally or alternatively be used with
other types of compression garments. For example, the
compression systems can be used with knee-length com-
pression sleeves and/or with sleeves having a different
number of bladders configured to be disposed over dif-
ferent areas of the wearer’s body.
[0114] Embodiments can be implemented in digital
electronic circuitry, or in computer hardware, firmware,
software, or in combinations thereof. The controller of
the compression system can be implemented in a com-
puter program product tangibly embodied or stored in a
machine-readable storage device for execution by a pro-
grammable processor; and method actions can be per-
formed by a programmable processor executing a pro-
gram of instructions to perform functions of the controller
of the compression system by operating on input data
and generating output. The controller of the compression
system can be implemented in one or more computer
programs that are executable on a programmable system
including at least one programmable processor coupled
to receive data and instructions from, and to transmit data
and instructions to, a data storage system, at least one
input device, and at least one output device. Each com-
puter program can be implemented in a high-level pro-
cedural or object oriented programming language, or in
assembly or machine language if desired; and in any
case, the language can be a compiled or interpreted lan-
guage.
[0115] Suitable processors include, by way of exam-
ple, both general and special purpose microprocessors.
Generally, a processor will receive instructions and data
from a read-only memory and/or a random access mem-
ory. Generally, a computer will include one or more mass
storage devices for storing data files; such devices in-
clude magnetic disks, such as internal hard disks and
removable disks; magneto-optical disks; and optical
disks. Storage devices suitable for tangibly embodying
computer program instructions and data include all forms
of non-volatile memory, including by way of example
semiconductor memory devices, such as EPROM, EEP-
ROM, and flash memory devices; magnetic disks such
as internal hard disks and removable disks; magneto-
optical disks; and CD_ROM disks. Any of the foregoing
can be supplemented by, or incorporated in, ASICs (ap-
plication-specific integrated circuits) or FPGAs (field pro-
grammable logic arrays).

Claims

1. A compression device controller for monitoring the
compliance of a user with respect to wearing a com-
pression device, the controller comprising:

a memory device configured for storing one or
more monitored parameters;
one or more processors coupled to the memory
device; and
computer-executable instructions embodied on
a computer readable storage medium, the com-
puter-executable instructions including instruc-
tions for causing the one or more processors to
cause the controller to:

direct the flow of fluid from a pressurized
fluid flow source to inflate and deflate at
least one inflatable bladder of a compres-
sion garment configured to be wrapped
around a limb of a wearer of the garment;
receive first pressure signals indicative of
fluid pressure in the at least one inflatable
bladder from a pressure sensor communi-
catively coupled thereto during at least one
of inflation and deflation of the at least one
inflatable bladder in a first compression cy-
cle;
receive second pressure signals indicative
of fluid pressure in the at least one inflatable
bladder from the pressure sensor commu-
nicatively coupled thereto during at least
one of inflation and deflation of the at least
one inflatable bladder in a second compres-
sion cycle;
process the received pressure signals;
detect a variance between the first pressure
signals and the second pressure signals,
the variance indicative of a change in con-
dition of the compression garment; and
change a state of at least one of the moni-
tored parameters in the memory device in
response to detecting the variance, wherein
the changed state of the monitored param-
eter is representative of the change in con-
dition of the compression garment.

2. The compression device controller of claim 1, where-
in the instructions for causing the one or more proc-
essors to cause the controller to change the state of
the monitored parameter includes instructions to one
of increment a compliance timer and pause the com-
pliance timer.

3. The compression device controller of claim 1, the
computer executable instructions including instruc-
tions for causing the one or more processors to
cause the controller to:

in response to the detected variance, verify the
change in condition of the compression garment
using at least one confirmatory analysis over
subsequent cycles of inflation and deflation of
the at least one inflatable bladder; and
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based at least in part on the results of the at least
one confirmatory analysis, change the state of
the monitored parameter,
wherein changing the state of the monitored pa-
rameter comprises one of ceasing to increment
a timer representative of the time the wearer is
in compliance with a compression therapy reg-
imen and starting to increment the timer.

4. The compression device controller of claim 1, the
computer-executable instructions including instruc-
tions for causing the one or more processors to
cause the controller to actuate a vent valve to main-
tain a non-therapeutic pressure in the at least one
bladder.

5. The compression device controller of claim 1, where-
in the variance is an oscillating amplitude as a func-
tion of time representative of a pulse of the wearer
of the compression garment, and the computer-ex-
ecutable instructions including instructions for caus-
ing the one or more processors to cause the control-
ler to, based at least in part on the detected oscillating
amplitude as a function of time representative of a
pulse of the wearer, indicate whether the compres-
sion garment is worn by the wearer.

6. The compression device controller of claim 5, where-
in the instructions to receive pressure signals indic-
ative of fluid pressure in the at least one inflatable
bladder include instructions to receive the signals
indicative of fluid pressure while the at least one in-
flatable bladder is inflated to a non-therapeutic pres-
sure.

7. The compression device controller of claim 5, where-
in the instructions to process the received pressure
signals include instructions to:

band-pass filter the received pressure signals
to extract frequencies of about 0.5 Hz to about
5 Hz;
low-pass filter the band-pass filtered signals at
a frequency of about 5 Hz or under;
time-slice the low-pass filtered signals into a plu-
rality of sample groups; and
detect an anomaly comprising at least a portion
of the low-pass filtered signals within one or
more of the sample groups by calculating a
standard deviation of the plurality of sample
groups as a whole and calculating a standard
deviation of each sample group.

8. The compression device controller of claim 7, where-
in the instructions to process the received pressure
signals include instructions to detect peaks in the
low-pass filtered signals in a frequency range of
about 0.5 Hz to about 3.5 Hz.

9. A computer-implemented method for monitoring the
compliance of a user with respect to wearing a com-
pression device, the method comprising:

controlling, by computer-executable instruc-
tions executing on one or more processors, a
pressurized fluid flow source through a cycle of
operation in which at least one inflatable bladder
of a compression garment configured to be
wrapped around a limb of a patient is inflated
and deflated;
receiving, by the one or more processors, from
a pressure sensor communicatively coupled
with the bladder, first pressure signals indicative
of fluid pressure in the bladder during at least
one of inflation and deflation of the at least one
inflatable bladder of a first compression cycle;
receiving, by the one or more processors, from
a pressure sensor communicatively coupled
with the bladder, second pressure signals indic-
ative of fluid pressure in the bladder during at
least one of inflation and deflation of the at least
one inflatable bladder of a second compression
cycle;
detecting, by computer-executable instructions
executing on the one or more processors, a var-
iance between the first pressure signals and the
second pressure signals, the variance indicative
of a change in condition of the compression gar-
ment; and
changing, by computer-executable instructions
executing on the one or more processors, a state
of at least one monitored parameter stored in a
memory device in response to detecting the var-
iance, wherein the memory device is coupled to
the one or more processors, and wherein the
changed state of the monitored parameter is
representative of the change in condition of the
compression garment.

10. The method of claim 9, wherein changing the state
of the monitored parameter comprises at least one
of incrementing and pausing a compliance timer.

11. The method of claim 9, further comprising:

verifying, by computer executable instructions
executing on the one or more processors, the
change in condition of the compression garment
using at least one confirmatory analysis over
subsequent cycles of inflation and deflation of
the bladder, wherein said verifying is performed
in response to the detected variance; and
changing, by the computer-executable instruc-
tions executing on the one or more processors,
the state of the monitored parameter based at
least in part on the results of the at least one
confirmatory analysis.
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12. The method of claim 9, wherein the variance is one
of a pressure rise and a pressure impulse, the meth-
od further comprising indicating, by computer exe-
cutable instructions executing on the one or more
processors, whether the compression garment is
worn by the patient.

13. The method of claim 12, further comprising actuat-
ing, by the one or more processors executing instruc-
tions therefor, a vent valve to maintain a non-thera-
peutic pressure in the bladder.

14. The method of claim 9, wherein the variance is an
oscillating amplitude as a function of time represent-
ative of a pulse of the patient, the method further
comprising indicating, by computer executable in-
structions executing on the one or more processors,
whether the compression garment is worn by the pa-
tient based at least in part on the detected oscillating
amplitude as a function of time representative of a
pulse of the patient.

15. The method of claim 14, wherein said detecting var-
iance in the received pressure signals comprises:

band-pass filtering, by the computer-executable
instructions executing on the one or more proc-
essors, the received pressure signals to extract
frequencies of about 0.5 Hz to about 5 Hz;
low-pass filtering, by the computer-executable
instructions executing on the one or more proc-
essors, the band-pass filtered signals at a fre-
quency of about 5 Hz or under;
time-slicing, by the computer-executable in-
structions executing on the one or more proces-
sors, the low-pass filtered signals into a plurality
of sample groups;
detecting, by the computer-executable instruc-
tions executing on the one or more processors,
an anomaly comprising at least a portion of the
low-pass filtered signals within one or more of
the sample groups by calculating a standard de-
viation of the plurality of sample groups as a
whole and calculating a standard deviation of
each sample group; and
detecting, by the computer-executable instruc-
tions executing on the one or more processors,
one or more peaks in the low-pass filtered sig-
nals in a frequency range of about 0.5 Hz to
about 3.5 Hz.

Patentansprüche

1. Kompressionsvorrichtungssteuerung zum Überwa-
chen der Therapietreue eines Benutzers in Bezug
auf das Tragen einer Kompressionsvorrichtung, wo-
bei die Steuerung umfasst:

eine Speichervorrichtung, die zum Speichern
von einem oder mehreren überwachten Para-
metern konfiguriert ist;
einen oder mehrere Prozessoren, die mit der
Speichervorrichtung gekoppelt sind; und
computerausführbare Anweisungen, die auf ei-
nem computerlesbaren Speichermedium ver-
körpert sind, wobei die computerausführbaren
Anweisungen Anweisungen zum Veranlassen
des einen oder der mehreren Prozessoren um-
fassen, die Steuerung dazu zu veranlassen:

den Fluidstrom aus einer unter Druck ste-
henden Fluidstromquelle zu lenken, um
mindestens eine aufblasbare Blase eines
Kompressionskleidungsstücks aufzubla-
sen und zu entleeren, das dafür konfiguriert
ist, um ein Glied eines Trägers des Klei-
dungsstücks gewickelt zu werden;
erste Drucksignale, die den Fluiddruck in
der mindestens einen aufblasbaren Blase
angeben, von einem kommunikativ damit
verbundenen Drucksensor zu empfangen,
und zwar während mindestens einem von
Aufblasen und Entleeren der mindestens ei-
nen aufblasbaren Blase in einem ersten
Kompressionszyklus;
zweite Drucksignale, die den Fluiddruck in
der mindestens einen aufblasbaren Blase
angeben, von dem kommunikativ damit ver-
bundenen Drucksensor zu empfangen, und
zwar während mindestens einem von Auf-
blasen und Entleeren der mindestens einen
aufblasbaren Blase in einem zweiten Kom-
pressionszyklus;
die empfangenen Drucksignale zu verar-
beiten;
eine Abweichung zwischen den ersten
Drucksignalen und den zweiten Drucksig-
nalen zu ermitteln, wobei die Abweichung
eine Änderung des Zustands des Kompres-
sionsbekleidungsstücks angibt; und
als Reaktion auf das Ermitteln der Abwei-
chung einen Zustand von mindestens ei-
nem der überwachten Parameter in der
Speichervorrichtung zu ändern, worin der
geänderte Zustand des überwachten Para-
meters die Änderung des Zustands des
Kompressionsbekleidungsstücks darstellt.

2. Kompressionsvorrichtungssteuerung nach An-
spruch 1, worin die Anweisungen zum Veranlassen
des einen oder der mehreren Prozessoren, die Steu-
erung dazu zu veranlassen, den Zustand des über-
wachten Parameters zu ändern, Anweisungen für
eines von Folgendem einschließen: einen Therapie-
treue-Zeitgeber zu inkrementieren oder den Thera-
pietreue-Zeitgeber anzuhalten.
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3. Kompressionsvorrichtungssteuerung nach An-
spruch 1, wobei die computerausführbaren Anwei-
sungen Anweisungen zum Veranlassen des einen
oder der mehreren Prozessoren einschließen, um
die Steuerung dazu zu veranlassen:

als Reaktion auf die ermittelte Abweichung die
Änderung des Zustands des Kompressionsbe-
kleidungsstücks unter Verwendung mindestens
einer Bestätigungsanalyse über nachfolgende
Zyklen des Aufblasens und Entleerens der min-
destens einen aufblasbaren Blase hinweg zu
überprüfen; und
zumindest teilweise auf der Grundlage der Er-
gebnisse der mindestens einen Bestätigungsa-
nalyse den Zustand des überwachten Parame-
ters zu ändern,
worin das Ändern des Zustands des überwach-
ten Parameters eines von Folgendem umfasst:
Aufhören, einen Zeitgeber zu inkrementieren,
der die Zeit darstellt, in welcher der Träger the-
rapietreu zu einem Kompressionstherapiere-
gime ist, und Beginnen, den Zeitgeber zu inkre-
mentieren.

4. Kompressionsvorrichtungssteuerung nach An-
spruch 1, wobei die computerausführbaren Anwei-
sungen Anweisungen zum Veranlassen des einen
oder der mehreren Prozessoren einschließen, die
Steuerung dazu zu veranlassen, ein Entlüftungsven-
til zu betätigen, um einen nicht therapeutischen
Druck in der mindestens einen Blase aufrechtzuer-
halten.

5. Kompressionsvorrichtungssteuerung nach An-
spruch 1, worin die Abweichung eine oszillierende
Amplitude als Funktion der Zeit ist, die einen Puls
des Trägers des Kompressionskleidungsstücks dar-
stellt, und die computerausführbaren Anweisungen
Anweisungen zum Veranlassen des einen oder der
mehreren Prozessoren einschließen, die Steuerung
dazu zu veranlassen, zumindest teilweise auf der
Grundlage der ermittelten oszillierenden Amplitude
als Funktion der Zeit, die einen Puls des Trägers
darstellt, anzugeben, ob das Kompressionsklei-
dungsstück vom Träger getragen wird.

6. Kompressionsvorrichtungssteuerung nach An-
spruch 5, worin die Anweisungen, um Drucksignale
zu empfangen, die den Fluiddruck in der mindestens
einen aufblasbaren Blase angeben, Anweisungen
einschließen, um die Signale zu empfangen, die den
Fluiddruck angeben, während die mindestens eine
aufblasbare Blase auf einen nicht therapeutischen
Druck aufgeblasen wird.

7. Kompressionsvorrichtungssteuerung nach An-
spruch 5, worin die Anweisungen zum Verarbeiten

der empfangenen Drucksignale Anweisungen ein-
schließen, um:

die empfangenen Drucksignale einer Band-
passfilterung zu unterziehen, um Frequenzen
von etwa 0,5 Hz bis etwa 5 Hz zu extrahieren;
die bandpassgefilterten Signale einer Tiefpass-
filterung bei einer Frequenz von etwa 5 Hz oder
darunter zu unterziehen;
die tiefpassgefilterten Signale zeitlich in eine
Vielzahl von Abtastwertgruppen zu zerlegen;
und
eine Anomalie, die mindestens einen Abschnitt
der tiefpassgefilterten Signale innerhalb einer
oder mehrerer der Abtastwertgruppen umfasst,
durch Berechnen einer Standardabweichung
der Vielzahl von Abtastwertgruppen als Ganzes
und Berechnen einer Standardabweichung je-
der Abtastwertgruppe zu ermitteln.

8. Kompressionsvorrichtungssteuerung nach An-
spruch 7, worin die Anweisungen, um die empfan-
genen Drucksignale zu verarbeiten, Anweisungen
einschließen, um Spitzen in den tiefpassgefilterten
Signalen in einem Frequenzbereich von etwa 0,5 Hz
bis etwa 3,5 Hz zu ermitteln.

9. Computerimplementiertes Verfahren zum Überwa-
chen der Therapietreue eines Benutzers in Bezug
auf das Tragen einer Kompressionsvorrichtung, wo-
bei das Verfahren umfasst:

durch computerausführbare Anweisungen, die
auf einem oder mehreren Prozessoren ausge-
führt werden, erfolgendes Steuern einer unter
Druck stehenden Fluidstromquelle durch einen
Betriebszyklus, in dem mindestens eine auf-
blasbare Blase eines Kompressionsbeklei-
dungsstücks, das dafür konfiguriert ist, um ein
Glied eines Patienten gewickelt zu werden, auf-
geblasen und entleert wird;
durch den einen oder die mehreren Prozesso-
ren erfolgendes Empfangen erster Drucksigna-
le von einem mit der Blase kommunikativ ge-
koppelten Drucksensor, die den Fluiddruck in
der Blase während mindestens einem von Auf-
blasen und Entleeren der mindestens einen auf-
blasbaren Blase eines ersten Kompressionszy-
klus angeben;
durch den einen oder die mehreren Prozesso-
ren erfolgendes Empfangen zweiter Drucksig-
nale von einem mit der Blase kommunikativ ge-
koppelten Drucksensor, die den Fluiddruck in
der Blase während mindestens einem von Auf-
blasen und Entleeren der mindestens einen auf-
blasbaren Blase eines zweiten Kompressions-
zyklus angeben;
durch computerausführbare Anweisungen, die
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auf dem einen oder den mehreren Prozessoren
ausgeführt werden, erfolgendes Ermitteln einer
Abweichung zwischen den ersten Drucksigna-
len und den zweiten Drucksignalen, wobei die
Abweichung eine Änderung des Zustands des
Kompressionsbekleidungsstücks angibt; und
durch computerausführbare Anweisungen, die
auf dem einen oder den mehreren Prozessoren
ausgeführt werden, erfolgendes Ändern eines
in einer Speichervorrichtung gespeicherten Zu-
stands mindestens eines überwachten Parame-
ters als Reaktion auf das Ermitteln der Abwei-
chung, worin die Speichervorrichtung mit dem
einen oder den mehreren Prozessoren gekop-
pelt ist und worin der geänderte Zustand des
überwachten Parameters die Änderung des Zu-
stands des Kompressionsbekleidungsstücks
darstellt.

10. Verfahren nach Anspruch 9, worin das Ändern des
Zustands des überwachten Parameters mindestens
eines von Inkrementieren und Anhalten eines The-
rapietreue-Zeitgebers umfasst.

11. Verfahren nach Anspruch 9, ferner umfassend:

durch computerausführbare Anweisungen, die
auf dem einen oder den mehreren Prozessoren
ausgeführt werden, erfolgendes Überprüfen der
Änderung des Zustands des Kompressionsklei-
dungsstücks unter Verwendung mindestens ei-
ner Bestätigungsanalyse über nachfolgende
Zyklen des Aufblasens und Entleerens der Bla-
se, worin das Überprüfen als Reaktion auf die
ermittelte Abweichung durchgeführt wird; und
durch die computerausführbaren Anweisungen,
die auf dem einen oder den mehreren Prozes-
soren ausgeführt werden, erfolgendes Ändern
des Zustands des überwachten Parameters,
und zwar zumindest teilweise auf der Grundlage
der Ergebnisse der mindestens einen Bestäti-
gungsanalyse.

12. Verfahren nach Anspruch 9, worin die Abweichung
eines von einem Druckanstieg und einem Druckim-
puls ist, wobei das Verfahren ferner umfasst: durch
computerausführbare Anweisungen, die auf dem ei-
nen oder den mehreren Prozessoren ausgeführt
werden, erfolgendes Angeben, ob das Kompressi-
onsbekleidungsstück durch den Patienten getragen
wird.

13. Verfahren nach Anspruch 12, ferner umfassend:
durch den einen oder die mehreren Prozessoren,
die Anweisungen dafür ausführen, erfolgendes Be-
tätigen eines Entlüftungsventils, um einen nicht the-
rapeutischen Druck in der Blase aufrechtzuerhalten.

14. Verfahren nach Anspruch 9, worin die Abweichung
eine oszillierende Amplitude als Funktion der Zeit
ist, die einen Puls des Patienten darstellt, wobei das
Verfahren ferner umfasst: durch computerausführ-
bare Anweisungen, die auf dem einen oder den meh-
reren Prozessoren ausgeführt werden, erfolgendes
Angeben, ob das Kompressionskleidungsstück
durch den Patienten getragen wird, und zwar zumin-
dest teilweise auf der Grundlage der ermittelten os-
zillierenden Amplitude als Funktion der Zeit, die ei-
nen Puls des Patienten darstellt.

15. Verfahren nach Anspruch 14, worin das Ermitteln
der Abweichung in den empfangenen Drucksignalen
umfasst:

durch die computerausführbaren Anweisungen,
die auf dem einen oder den mehreren Prozes-
soren ausgeführt werden, erfolgendes Band-
passfiltern der empfangenen Drucksignale, um
Frequenzen von etwa 0,5 Hz bis etwa 5 Hz zu
extrahieren;
durch die computerausführbaren Anweisungen,
die auf dem einen oder den mehreren Prozes-
soren ausgeführt werden, erfolgendes Tief-
passfiltern der bandpassgefilterten Signale bei
einer Frequenz von etwa 5 Hz oder darunter;
durch die auf dem oder den Prozessoren aus-
geführten computerausführbaren Anweisungen
erfolgendes Zeitscheiben-Zerlegen der tief-
passgefilterten Signale in eine Vielzahl von Ab-
tastwertgruppen;
durch die computerausführbaren Anweisungen,
die auf dem einen oder den mehreren Prozes-
soren ausgeführt werden, erfolgendes Ermitteln
einer Anomalie, die mindestens einen Abschnitt
der tiefpassgefilterten Signale innerhalb einer
oder mehrerer der Abtastwertgruppen umfasst,
durch Berechnen einer Standardabweichung
der Vielzahl von Abtastwertgruppen als Ganzes
und Berechnen einer Standardabweichung je-
der Abtastwertgruppe; und
durch die computerausführbaren Anweisungen,
die auf dem einen oder den mehreren Prozes-
soren ausgeführt werden, erfolgendes Ermitteln
einer oder mehrerer Spitzen in den tiefpassge-
filterten Signalen in einem Frequenzbereich von
etwa 0,5 Hz bis etwa 3,5 Hz.

Revendications

1. Contrôleur de dispositif de compression destiné à
surveiller l’observance d’un utilisateur en ce qui con-
cerne le port d’un dispositif de compression, le con-
trôleur comprenant :

un dispositif de mémoire configuré de manière
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à stocker un ou plusieurs paramètres surveillés ;
un ou plusieurs processeurs couplés au dispo-
sitif de mémoire ; et
des instructions exécutables par ordinateur, in-
corporées sur un support de stockage lisible par
ordinateur, les instructions exécutables par or-
dinateur incluant des instructions pour donner
instruction audit un ou auxdits plusieurs proces-
seurs d’amener le contrôleur à :

diriger l’écoulement d’un fluide depuis une
source d’écoulement de fluide sous pres-
sion pour gonfler et dégonfler au moins une
vessie gonflable d’un vêtement de com-
pression configuré de manière à être enrou-
lé autour d’un membre d’un porteur du
vêtement ;
recevoir des premiers signaux de pression
indicatifs d’une pression de fluide dans la-
dite au moins une vessie gonflable, en pro-
venance d’un capteur de pression couplé
en communication à celle-ci, au cours d’au
moins l’un parmi un gonflage et un dégon-
flage de ladite au moins une vessie gonfla-
ble dans un premier cycle de compression ;
recevoir des seconds signaux de pression
indicatifs d’une pression de fluide dans la-
dite au moins une vessie gonflable, en pro-
venance du capteur de pression couplé en
communication à celle-ci, au cours d’au
moins l’un parmi un gonflage et un dégon-
flage de ladite au moins une vessie gonfla-
ble dans un second cycle de compression ;
traiter les signaux de pression reçus ;
détecter une variance entre les premiers si-
gnaux de pression et les seconds signaux
de pression, la variance étant indicative
d’une modification de condition du vête-
ment de compression ; et
modifier un état d’au moins l’un des para-
mètres surveillés dans le dispositif de mé-
moire, en réponse à la détection de la va-
riance, dans lequel l’état modifié du para-
mètre surveillé est représentatif de la mo-
dification de condition du vêtement de com-
pression.

2. Contrôleur de dispositif de compression selon la re-
vendication 1, dans lequel les instructions pour don-
ner instruction audit un ou auxdits plusieurs proces-
seurs d’amener le contrôleur à modifier l’état du pa-
ramètre surveillé incluent des instructions pour soit
incrémenter un temporisateur d’observance, soit
mettre en pause le temporisateur d’observance.

3. Contrôleur de dispositif de compression selon la re-
vendication 1, dans lequel les instructions exécuta-
bles par ordinateur incluent des instructions pour

donner instruction audit un ou auxdits plusieurs pro-
cesseurs d’amener le contrôleur à :

en réponse à la variance détectée, vérifier la mo-
dification de condition du vêtement de compres-
sion en utilisant au moins une analyse de con-
firmation sur des cycles subséquents de gonfla-
ge et de dégonflage de ladite au moins une ves-
sie gonflable ; et
sur la base, au moins en partie, des résultats de
ladite au moins une analyse de confirmation,
modifier l’état du paramètre surveillé ;
dans lequel l’étape de modification de l’état du
paramètre surveillé comprend l’une des étapes
consistant à cesser d’incrémenter un tempori-
sateur représentatif de la durée pendant laquel-
le le porteur observe un régime de compresso-
thérapie, et à commencer à incrémenter le tem-
porisateur.

4. Contrôleur de dispositif de compression selon la re-
vendication 1, dans lequel les instructions exécuta-
bles par ordinateur incluent des instructions pour
donner instruction audit un ou auxdits plusieurs pro-
cesseurs d’amener le contrôleur à actionner une
vanne d’aération en vue de maintenir une pression
non thérapeutique dans ladite au moins une vessie.

5. Contrôleur de dispositif de compression selon la re-
vendication 1, dans lequel la variance est une am-
plitude d’oscillation en fonction du temps représen-
tative d’un pouls du porteur du vêtement de com-
pression, et dans lequel les instructions exécutables
par ordinateur incluent des instructions pour donner
instruction audit un ou auxdits plusieurs processeurs
d’amener le contrôleur à indiquer, sur la base, au
moins en partie, de l’amplitude d’oscillation détectée
en fonction du temps représentative d’un pouls du
porteur, si le vêtement de compression est porté par
le porteur.

6. Contrôleur de dispositif de compression selon la re-
vendication 5, dans lequel les instructions pour re-
cevoir des signaux de pression indicatifs de la pres-
sion de fluide dans ladite au moins une vessie gon-
flable incluent des instructions pour recevoir les si-
gnaux indicatifs de la pression de fluide tandis que
ladite au moins une vessie gonflable est gonflée à
une pression non thérapeutique.

7. Contrôleur de dispositif de compression selon la re-
vendication 5, dans lequel les instructions pour trai-
ter les signaux de pression reçus incluent des ins-
tructions pour :

effectuer un filtrage passe-bande des signaux
de pression reçus en vue d’extraire des fréquen-
ces d’environ 0,5 Hz à environ 5 Hz ;
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filtrer passe-bas les signaux filtrés passe-ban-
de, à une fréquence d’environ 5 Hz ou moins ;
découper temporellement les signaux filtrés
passe-bas en une pluralité de groupes
d’échantillons ; et
détecter une anomalie comprenant au moins
une partie des signaux filtrés passe-bas dans
un ou plusieurs des groupes d’échantillons, en
calculant un écart-type de la pluralité de groupes
d’échantillons dans leur ensemble, et en calcu-
lant un écart-type de chaque groupe d’échan-
tillons.

8. Contrôleur de dispositif de compression selon la re-
vendication 7, dans lequel les instructions pour trai-
ter les signaux de pression reçus incluent des ins-
tructions pour détecter des crêtes dans les signaux
filtrés passe-bas, dans une plage de fréquences
d’environ 0,5 Hz à environ 3,5 Hz.

9. Procédé mis en œuvre par ordinateur pour surveiller
l’observance d’un utilisateur en ce qui concerne le
port d’un dispositif de compression, le procédé com-
prenant les étapes ci-dessous consistant à :

commander, par le biais d’instructions exécuta-
bles par ordinateur s’exécutant sur un ou plu-
sieurs processeurs, une source d’écoulement
de fluide sous pression à travers un cycle de
fonctionnement dans lequel au moins une ves-
sie gonflable d’un vêtement de compression
configuré de manière à être enroulé autour d’un
membre d’un patient est gonflée et dégonflée ;
recevoir, par le biais dudit un ou lesdits plusieurs
processeurs, en provenance d’un capteur de
pression couplé en communication à la vessie,
des premiers signaux de pression indicatifs
d’une pression de fluide dans la vessie, au cours
d’au moins l’un parmi un gonflage et un dégon-
flage de ladite au moins une vessie gonflable
d’un premier cycle de compression ;
recevoir, par le biais dudit un ou plusieurs pro-
cesseurs, en provenance d’un capteur de pres-
sion couplé en communication à la vessie, des
seconds signaux de pression indicatifs d’une
pression de fluide dans la vessie, au cours d’au
moins l’un parmi un gonflage et un dégonflage
de ladite au moins une vessie gonflable d’un se-
cond cycle de compression ;
détecter, par le biais d’instructions exécutables
par ordinateur s’exécutant sur ledit un ou lesdits
plusieurs processeurs, une variance entre les
premiers signaux de pression et les seconds si-
gnaux de pression, la variance étant indicative
d’une modification de condition du vêtement de
compression ; et
modifier, par le biais d’instructions exécutables
par ordinateur s’exécutant sur ledit un ou lesdits

plusieurs processeurs, un état d’au moins un
paramètre surveillé stocké dans un dispositif de
mémoire, en réponse à la détection de la varian-
ce, dans lequel le dispositif de mémoire est cou-
plé audit un ou auxdits plusieurs processeurs,
et dans lequel l’état modifié du paramètre sur-
veillé est représentatif de la modification de con-
dition du vêtement de compression.

10. Procédé selon la revendication 9, dans lequel l’étape
consistant à modifier l’état du paramètre surveillé
comprend au moins l’une des étapes consistant à
incrémenter et à mettre en pause un temporisateur
d’observance.

11. Procédé selon la revendication 9, comprenant en
outre les étapes ci-dessous consistant à :

vérifier, par le biais d’instructions exécutables
par ordinateur s’exécutant sur ledit un ou lesdits
plusieurs processeurs, la modification de con-
dition du vêtement de compression, en utilisant
au moins une analyse de confirmation sur des
cycles subséquents de gonflage et de dégonfla-
ge de la vessie, dans lequel ladite étape de vé-
rification est mise en œuvre en réponse à la va-
riance détectée ; et
modifier, par le biais des instructions exécuta-
bles par ordinateur s’exécutant sur ledit un ou
lesdits plusieurs processeurs, l’état du paramè-
tre surveillé sur la base, au moins en partie, des
résultats de ladite au moins une analyse de con-
firmation.

12. Procédé selon la revendication 9, dans lequel la va-
riance correspond à l’une parmi une augmentation
de pression et une impulsion de pression, le procédé
comprenant en outre l’étape consistant à indiquer,
par le biais d’instructions exécutables par ordinateur
s’exécutant sur ledit un ou lesdits plusieurs proces-
seurs, si le vêtement de compression est porté par
le patient.

13. Procédé selon la revendication 12, comprenant en
outre l’étape consistant à actionner, par le biais dudit
un ou desdits plusieurs processeurs exécutant des
instructions à cet effet, une vanne d’aération pour
maintenir une pression non thérapeutique dans la
vessie.

14. Procédé selon la revendication 9, dans lequel la va-
riance est une amplitude d’oscillation en fonction du
temps représentative d’un pouls du patient, et dans
lequel le procédé comprend en outre l’étape consis-
tant à indiquer, par le biais d’instructions exécutables
par ordinateur s’exécutant sur ledit un ou lesdits plu-
sieurs processeurs, si le vêtement de compression
est porté par le patient, sur la base, au moins en
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partie, de l’amplitude d’oscillation détectée en fonc-
tion du temps détectée représentative d’un pouls du
patient.

15. Procédé selon la revendication 14, dans lequel ladite
étape de détection de la variance dans les signaux
de pression reçus comprend les étapes ci-dessous
consistant à :

effectuer un filtrage passe-bande, par le biais
des instructions exécutables par ordinateur
s’exécutant sur ledit un ou lesdits plusieurs pro-
cesseurs, des signaux de pression reçus en vue
d’extraire des fréquences d’environ 0,5 Hz à en-
viron 5 Hz ;
filtrer passe-bas, par le biais des instructions
exécutables par ordinateur s’exécutant sur ledit
un ou lesdits plusieurs processeurs, les signaux
filtrés passe-bande, à une fréquence d’environ
5 Hz ou moins ;
découper temporellement, par le biais des ins-
tructions exécutables par ordinateur s’exécu-
tant sur ledit un ou lesdits plusieurs processeurs,
les signaux filtrés passe-bas en une pluralité de
groupes d’échantillons ;
détecter, par le biais des instructions exécuta-
bles par ordinateur s’exécutant sur ledit un ou
lesdits plusieurs processeurs, une anomalie
comprenant au moins une partie des signaux
filtrés passe-bas dans un ou plusieurs des grou-
pes d’échantillons, en calculant un écart-type de
la pluralité de groupes d’échantillons dans leur
ensemble, et en calculant un écart-type de cha-
que groupe d’échantillons ; et
détecter, par le biais des instructions exécuta-
bles par ordinateur s’exécutant sur ledit un ou
lesdits plusieurs processeurs, une ou plusieurs
crêtes dans les signaux filtrés passe-bas, dans
une plage de fréquences d’environ 0,5 Hz à en-
viron 3,5 Hz.
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摘要(译)

通过分析表示压缩衣物的可充气和可充气的囊中的流体压力的压力信号
波形，来确定压缩衣物是否由压缩衣物的穿着者穿着。 在分析过程中在
压力信号波形中检测到的方差表示压力衣状态的变化。 一方面，使用确
认分析来验证状况的变化。 在另一方面，该变化是压力上升和压力脉冲
之一。 在又一方面，该方差是作为代表佩戴者的脉搏的时间的函数的振
荡幅度。
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