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(57) Abstract: Disclosed is a monitoring system for de-
termining the efficacy of at least one compression device
for use in compression therapy. The monitoring system
comprises at least one pressure sensor for measuring a
pressure exerted onto a body part of a user by the com-
pression device, at least one attitude sensor for acquiring
a least one attitude information on at least one of a posi -
tion, an orientation and a movement of the user, at least
one measuring device having a least one evaluation unit.
The measuring device is adapted to communicate with the
pressure sensor and the attitude sensor. The evauation
unit is adapted to receive at least one pressure value ac-
quired by the pressure sensor. The evaluation unit is adap-
ted to receive at least one attitude information acquired by
the attitude sensor. The evaluation unit is adapted to auto -
matically combine the pressure value and the attitude in-
formation in order to determine a least one key figure K
indicating the efficacy of the compression device taking
into account the attitude information.
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MONITORING SYSTEM FOR USE IN COMPRESSION THERAPY

Field

The present invention refers to amonitoring system for determining the efficacy of a compression device,
to acompression system and to amethod for determining the efficacy of a compression device. Systems,
devices and methods according to the present invention mainly are used in compression therapy, such as

for treating chronic venous insufficiency. However, other fields of application are possible.

Background

In medical technology and medicine, a plurality of treatments of a human or anima body are known
which imply the use of one or more compression devices for exerting pressure onto abody or abody part
such as alimb of the human or animal user. Without restricting the present invention to a specific use, the
treatment of venous diseases may be named, such as chronic venous insufficiency (CVI). In CVI, general-
ly, veins are incapable of pumping a sufficient amount of oxygen-depleted blood to the heart. This dis-
ease, mostly, isclosely related to thrombosis and, in many cases, implies an insufficient function of ve-
nous valves. Venous insufficiency generally may occur in a plurality of body parts such as limbs. Most

frequently, legs or parts of the leg may be affected by venous insufficiency, such as calves.

Asknown in the art, venous insufficiencies and/or other types of diseases may be treated by compression
therapy. Therein, apressure is exerted onto the body part affected by the respective disease. As an exam-
ple, compression bandages may be used, such as single layer or multi-layer compression bandages. A

pluraity of bandages iscommercially available, mostly flexible bandages having a specific stiffness.

When using compression therapy, anumber of precautions have to be taken in order to avoid injuries by
overexerting pressure to the body part on the one hand side and exerting insufficient pressure on the other
hand. Therefore, apluraity of devices isknown in the art for monitoring pressure exerted onto the body

part during compression therapy.

In WO 2008/003920 Al, apatient compliance monitor for monitoring compliance of a patient to atreat-
ment regime for treatment of amedical condition is disclosed. The compliance monitor comprises meas-
urement means for measuring an external physical parameter acting on alimb of said patient, the external
physical parameter having influence on the medical condition experienced by said limb. Inter aia, the use
of atilt sensor for measuring the tilt of alimb of said body, the use of amovement sensor for monitoring
motion of said limb, the use of a pressure sensor for measuring the pressure applied to aregion of said
body, and the use of athermometer for monitoring the ambient pressure around said body are disclosed.

Further, recording means for recording data as well as comparative means for comparing the recorded
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data with data indicative of the treatment regime are disclosed, in order to determine patient compliance

to the treatment regime.

US 2010/0010405 Al discloses an apparatus and method for cyclically compressing the limb of a patient
to improve blood flow in the limb. Inter aia, the use of a sensing device is disclosed which is capable of

sensing a characteristic of acompression therapy performed by using the compression device.

In US 201 1/0015498 Al, a system and a garment are disclosed which incorporate sensors that can be
used for measuring or monitoring pressure or forces in feet, the stumps of limbs of an amputee that are
fitted with prosthetic devices or any other parts of the body that are subject to forces when external pres-
sure inducing devices are employed. Therein, one or more pressure sensors are integrally incorporated

into aflexible substrate, fixed to the substrate or removably connected to the substrate.

Further, various monitoring systems are known which make use of a measurement of one or more key
figures indicating patient compliance with compression therapy. As an example, US 2012/0083712 Al
discloses a monitoring system which is capable of monitoring venous refill time (VRT) via a pressure
sensor in abladder of acompression system. A controller of the compression system correlates the moni-
tored VRT to a predetermined threshold to determine whether the patient is using the compression sys-

tem.

In US 6,231,532 Bl, amethod for augmenting blood circulation in the limb of a patient is provided.
Again, the venous refill time of the patient is measured. The limb iswrapped with a compression sleeve
having at least one pressurizable chamber. The chamber ispressurized for apredetermined period of time
to compress the limb and cause blood to flow out of the limb. The chamber is depressurized until the
pressure in the chamber reaches alower value, and the chamber is closed. The pressure in the chamber is
sensed and the venous refill time is determined by sensing when the pressure reaches or will reach aplat-

eau.

In US 7,127,370 B2, an attitude indicator device for detecting, indicating and/or logging the positional
attitude of an individual in response to deviation from a set of one or more reference angles is disclosed.
The device is mounted to the thigh of a patient and measurements are taken from an acceleration sensor
within the device. The acceleration measurements are communicated to a receiver when the measure-

ments deviate from acceptable thresholds, whereby the receiver indicates an aert condition.

Further, methods and devices are known which generally monitor the efficacy of compression therapy.
Thus, in H. Partsch et al.: Measurement of lower leg compression in vivo: Recommendations for the per-
formance of measurements of interface pressure and stiffness: A consensus statement, Dermatol Surg.
2006; 32: 224-233, general recommendations are provided for measuring the efficacy of compression

systems by using one or more pressure sensors. Similarly, in G. Mosti et a: Comparison between a new,
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two-component compression system with zinc paste bandages for leg ulcer healing: a prospective, multi-
center, randomized, controlled trial monitoring sub-bandage pressures, Wounds 201 1; 23(5): 126-134,
systems and methods for monitoring pressure exerted by compression systems are disclosed. Both docu-
ments provide an overview of different measurement techniques which may be used for determining ex-
act pressures in compression therapy. Further, measurement routines implying resting and working pres-

sure measurement on both legs are disclosed.

Summary of the invention

Despite the progress which has been made in compression therapy over the recent years, such as by the
methods and devices disclosed in the above-mentioned documents, an ongoing need exists for devices
and methods capable of effectively ensuring or assessing the efficacy of a compression device for use in

compression therapy.

Specifically, this holds true with regard to precision and reproducibility of measurements, required for
reliably providing current information on efficacy of compression therapy over time. Thus, specificaly,
due to changes and modifications in the materials of the compression systems over time and/or due to a
curative effect of the compression therapy, the efficacy of the compression therapy may decrease over
time, requiring attention by medical staff or the patient. Similarly, when initially applying a compression
device, a precise and reliable online control is highly desirable allowing for preventing over-exerting

pressure on the one hand side and providing an effective compression therapy on the other hand.

This need is fulfilled by a monitoring system, a compression system and a method for determining the
efficacy of a compression device, having the features of the independent claims. Preferred embodiments
of the invention, which may beredized in an isolated way or in an arbitrary combination, as the skilled

person will recognize, are disclosed in the dependent claims.

Asused in the following, the expressions "comprise”, "include', "contain" or "have" aswell as grammati-
cal variations thereof are used in anon-exclusive way. Thus, the term "A comprises B" may refer both to
the case in which A solely consists of B and to the case in which, besides B, A contains one or more fur-

ther components or constituents.

In afirst aspect of the present invention, a monitoring system for determining the efficacy of a compres
sion device for use in compression therapy is disclosed. Asused herein, the term efficacy may generaly
refer to an arbitrary parameter or combination of parameters indicative of the physical effect exerted by
the compression device onto abody or body part of auser. As an example, the pressure exerted by the

compression device may be aparameter or may bepart of aset of parameters indicative of the efficacy.
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As further used herein, the term compression therapy generally refers to an arbitrary type of therapy in-
cluding exerting pressure onto a body or body part of a user such asto alimb of auser. As outlined
above, compression therapy specifically may be used for curing chronic venous insufficiency (CVI)
and/or any other type of disease related to CVI, such as chronic swelling of legs and ankles, ulcers and/or
other diseases. However, other types of illnesses or injuries may be treated by using compression therapy,
such asinjuries induced by sports or accidents. Further, compression therapy may be used for preventive
purposes, such as for preventing thrombosis. Thus, generally, compression therapy may be used for cura-

tive purposes aswell as for preventive purposes.

As further used herein, the term compression device refers to an arbitrary device adapted for exerting
pressure onto abody or body part of the user. The user, which may be ahuman or an animal, may aso be
referred to as a patient. However, the user not necessarily has to suffer from injuries and/or illnesses,
since the invention may aso be used for preventive purposes, such as for preventing thrombosis. The
compression device, aswill be outlined in further detail below, may preferably comprise one or more of a
bandage, such as a flexible bandage, a sleeve, such as a flexible sleeve which may be put over a body
part, specificaly alimb, agarment capable of exerting pressure onto the body or abody part, or any other
type of device capable of exerting pressure onto the body and/or the body part. Preferably, the compres
sion device is capable of exerting pressure over an area of the body or body part which is at least 5 cm?,
more preferably a least 50 cm?2, more preferably at least 100 cm? and, most preferably, at least 200 cm?2.

As further used herein, the term monitoring system generaly refers to a one-component or multi-
component device capable of determining the efficacy once or severa times, preferably repeatedly over a

period of time.

The monitoring system comprises a least one pressure sensor for measuring a pressure exerted onto a
body part of auser by the compression device. The monitoring system further comprises a least one atti-
tude sensor for acquiring at least one attitude information on at least one of a position, an orientation and
amovement of the user. The monitoring system further comprises a least one measuring device having at
least one evaluation unit. The attitude information preferably may be an actual or current attitude infor-
mation. The measuring device is adapted to communicate with the at least one pressure sensor and the at
least one attitude sensor. The communication may fully or partialy take place on awire-basis and/or may
fully or partially be awireless communication. Asoutlined in further detail below, the at least one meas-
uring device preferably is adapted to communicate with the at least one pressure sensor and/or the at least
one attitude sensor wirelessly, such asby using RFID standard.

The evaluation unit is further adapted to receive at least one pressure value acquired by the pressure sen-
sor. Further, the evaluation unit is adapted to receive at least one attitude information acquired by the
attitude sensor. The at least one evaluation unit is adapted to automatically combine the a least one pres-



WO 2014/066077 PCT/US2013/064768

sure value and the & least one attitude information in order to determine at least one key figure K indicat-

ing the efficacy of the compression device taking into account the attitude information.

The monitoring system is adapted for determining the efficacy of at least one compression device for use

in compression therapy, wherein the efficacy of one or more compression devices may be determined.

As outlined above, the monitoring system comprises at least one pressure sensor for measuring a pressure
exerted onto abody part of auser by the at least one compression device. As used herein, the term pres-
sure sensor generally may refer to an arbitrary device capable of providing a signa and/or information
indicative of the pressure exerted onto the body part by the compression device. Examples of pressure
sensors capable of performing this type of measurement will be given in further detail below. For measur-
ing the pressure exerted onto the body part, the pressure sensor may be located in between the compres-
sion device and the body part, such as in between the bandage and/or sleeve and the surface of the body
part. Additionally or aternatively, the a least one pressure sensor may fully or partialy be implemented
into the compression device itself, such as by locating the pressure sensor in between severa layers of the
compression device, such asin between layers of a compression bandage. Again, additionally or alterna-
tively, one or more additional layers may beinterposed in between the pressure sensor and the skin of the
patient, such as one or more layers of garment and/or one or more layers of tissue, which not necessarily
have to be part of the compression device itself. Thus, by interposing one or more layers of tissue in be-
tween the compression device and the skin of the user, biocompatibility and/or comfort to the patient may
be increased and/or the risk of inducing pain or even injuries may be reduced. Again, additionally or al-
ternatively, the at least one pressure sensor may be located fully or partially outside the compression de-
vice. As an example, abladder of the pressure sensor may be located underneath and/or within the com-
pression device, and atube or tube like device may fluidically transmit the pressure to ameasuring part of

the pressure sensor located outside the compression device.

The pressure sensor may be located in one or more positions or areas in which pressure information might
be of interest to the user and/or to medical staff applying the therapy to the user. Thus, one or more posi-
tions of the pressure sensor may be chosen and/or pressure sensors extending over an extended area of the
compression device may be used, such as pressure sensors extending over the whole length of the com-

pression bandage. Various options are possible.

As further outlined above, the monitoring system comprises & least one attitude sensor for acquiring at
least one attitude information on a least one of a position, an orientation and a movement of the user.
Thus, as used herein, the term attitude may generally refer to a state of the user's body which may have
an impact on compression therapy, such as by increasing or decreasing an internal pressure in the user's
body or inside abody part of the user. Thus, the attitude may generally refer to one or more of a state of a
position, an orientation and a movement of the full body or abody part of the user. Correspondingly, the

term attitude information refers to an arbitrary information which isrelated to a attitude of the user, pref-
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erably acurrent attitude. The term attitude sensor refers to an arbitrary sensing device which, by itself or
in combination with one or more other devices, is capable of providing the a least one attitude infor-

mation and/or at least one measurement signal indicative of the attitude information.

Asindicated above, the monitoring system further comprises & least one measuring device having at least
one evaluation unit. As outlined in further detail below, the measuring device preferably may fully or
partially be attached to the compression device or to the body of the user via the compression device, or
aternatively it may be partially or fully be integrated into the compression device, or aternatively the
measuring device may be simply, appropriately carried by the user. Favorably, the measuring device may
have aweight of lessthan 1kg, preferably of less than 500 g or even less than 200 g. In terms of volume,
in order to be carried by the user, the measuring device preferably may have a volume of less than 500
cm3, preferably of less than 200 cm3 or even less than 100 cm3. It will be appreciated that a low weight

and/or small volume is desirable in terms of the user either carrying or wearing the measuring device.

The a least one measuring device is adapted to communicate, preferably wirelessly communicate, with
the a least one pressure sensor and to receive at least one pressure value acquired by the at least one pres-
sure sensor. Further, the at least one measuring device is adapted to communicate, preferably wirelessly,
with the at least one attitude sensor and to receive e least one attitude information acquired by the at least
one attitude sensor. The communication generally may be or may comprise a unidirectional communica-
tion and/or a bidirectional communication. The term wireless communication generally refers to aunidi-
rectional or bidirectional communication via one or more of: an exchange of electromagnetic radiation,
induction and electrostatic influence. The exchange of electromagnetic radiation preferably is an ex-
change of radio signals. Thus, as will be outlined in further detail below, a preferred way of wireless
communication between the measuring device and the evaluation unit is a wireless communication ac-
cording to the RFID standard. However, additionally or alternatively, other types of wireless communica-

tion are feasible.

Thus, the measuring device preferably may comprise a compact housing, such as a compact housing
made of one or more of aplastic material, a metal and a ceramic material. If desired, for the comfort of
the user, the housing may be covered with a foam or another type of soft material. Inside the compact
housing, the evaluation unit aswell as, optionally, further elements of the measuring device may be locat-
ed. Further, the measuring device may favorably comprise a least one interface. The measuring device
may provide one or more unidirectional and/or bidirectional user interfaces, such as for alowing for the
user to operate the measuring device in order to provide commands and/or provide information to the
measuring device and/or for allowing for the measuring device to provide information to the user, such as
one or more of visual information, acoustic information and tactile information. Additionally or alterna-
tively, the measuring device may have one or more electronic interfaces for unidirectional or bidirectional
exchange of commands and/or information with one or more other devices. Aswill be outlined in further

detail below, the measuring device preferably may have one or more radio frequency (RF) and/or infrared

6
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interfaces, specifically for communicating with one or more display and control devices, such as one or

more mobile communication devices like hand-held phones and/or smartphones and/or tablet PCs.

With regard to the setup of the at least one measuring device, the a least one pressure sensor and the at
least one attitude sensor, various embodiments are feasible. Thus, the at least one pressure sensor may be
located outside the at least one measuring device, such as spatially separated from the at least one measur-
ing device. In case aplurality of pressure sensors is used, one of these pressure sensors, a plurality of
these pressure sensors or even al of these pressure sensors may be located outside the at least one meas-
uring device, such as spatially separated from the at least one measuring device. Additionally or alterna-
tively, the at least one pressure sensor may fully or partially be integrated into the at least one measuring
device. Thus, the a least one pressure sensor may fully or in part be integrated into a housing of the
measuring device. Asan example, a sensing portion, such as a fluid-filled (e.g. agas and/or liquid-filled )
bladder of the pressure sensor may be located outside the measuring device, whereas a measurement por-
tion of the pressure sensor may be located inside the measuring device, wherein the bladder and the
measurement portion may be connected via at least one tube. Other embodiments are feasible. In case a
plurality of pressure sensors is provided, one of these pressure sensors, aplurality of the pressure sensors
or even al of these pressure sensors may be integrated into the measuring device. Further, at least one
pressure sensor may be fully or partialy integrated into the measuring device, whereas at least one pres-

sure sensor may be located spatially separated from the measurement device.

Similarly, with regard to the a least one attitude sensor, the at least one attitude sensor may be located
outside the at least one measuring device, such as spatially separated from the at least one measuring de-
vice. In case aplurdlity of attitude sensors isused, one of these attitude sensors, aplurality of the attitude
sensors or even al of these attitude sensors may be located outside the at least one measuring device, such
as spatially separated from the at least one measuring device. As an example, the at least one attitude sen-
sor and/or at least one of apluraity of attitude sensors may be located a a different body part of the user,
separate from the body part onto which the pressure is exerted by the compression device. Thus, as an
example, the compression device may act onto a calf of the user, wherein a least one attitude sensor is
located on athigh of the user. Additionally, a least one attitude sensor may be located on the calf of the
user. Various embodiments are feasible and will be disclosed in further detail below. Again, additionally
or dternatively, the at least one attitude sensor may fully or partially be integrated into the at least one
measuring device. Thus, the at least one attitude sensor may fully or in part be integrated into ahousing of
the measuring device. In case aplurality of attitude sensors is provided, one of these attitude sensors, a
pluraity of the attitude sensors or even al of these attitude sensors may be integrated into the measuring
device. Further, at least one attitude sensor may be fully or partialy integrated into the measuring device,

whereas at least one attitude sensor may be located spatially separated from the measurement device.

Aswill be outlined in further detail below, the measuring device preferably may be attached to the com-

presson device and/or integrated into the compression device. Thus, the measuring device may be

7
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adapted to be integrated into the compression device and/or attached to the compression device, prefera-
bly on an outer side of the compression device. As an example, the measuring device may comprise one
or more attachment elements for attaching the measuring device to the compression device, such as one or
more hooks and/or one or more Velcro fasteners. Preferably, this attachment and/or integration is such
that the measuring device may till be actuated by the user and/or may still provide one or more signals to
the user, such asvisual and/or acoustic and/or tactile signals. Thus, preferably, the measuring device may
be attached to the compression device and/or may be integrated into the compression device such that at

least one surface of the measuring device is accessible to the user from the outside.

The term evaluation unit, asused herein, generally refers to an arbitrary device or combination of devices
capable of evaluating one or more signals provided by the pressure sensor. The signals provided by the
pressure sensor may be or may comprise one or more electronic signals. The evaluation unit may com-
prise one or more data processing devices, such as one or more processors, specifically one or more mi-
croprocessors, and/or one or more integrated circuits, such as one or more application-specific integrated
circuits (ASICs). Additionally, the evaluation unit may comprise one or more data storage devices, such

as one or more volatile and/or non-volatile data storage devices.

The & least one evaluation unit may beintegrated into a compact housing of the measuring device.

The evaluation unit is adapted to receive a least one pressure value acquired by the at least one pressure
sensor and at least one attitude information acquired by the attitude sensor. Thus, the evaluation unit may
receive one or more electronic measurement signals indicative of the pressure value and/or indicative of
the attitude information. Therein, the at least one pressure value acquired by the at least one pressure sen-
sor and/or the a least one attitude information acquired by the at least one attitude sensor may be used by
the evaluation unit as "raw" data, i.e. without any modifications. However, additionally or aternatively,
the evaluation unit may aso be adapted to perform one or more preprocessing operations on the at least
one pressure value and/or on the a least one attitude information, such as at least one filtering and/or
averaging operation. Thereby, preprocessed data comprising the at least one pressure value and/or prepro-
cessed data comprising the a least one attitude information may be generated. Thus, aswill be outlined in
further detail below, an averaging over a predetermined number of neighboring values, such as over 10
neighboring values, may be performed, in order to obtain smoothened measurement curves. In the follow-
ing, no difference will be made between the use of raw data and the use of preprocessed data for deter-

mining the at least one key figure, since both options are possible.

The evaluation unit may directly or indirectly receive the pressure value and/or the attitude information.
Thus, adirect unidirectional or bidirectional exchange of information may take place between the evalua
tion unit and the pressure sensor and/or the attitude sensor. Additionally or aternatively, one or more
communication components may be inserted in between the evaluation unit and the pressure sensor

and/or the attitude sensor. Thus, the measuring device may comprise one or more communication compo-

8
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nents for unidirectionally and/or bidirectionally exchanging information and/or commands with the at
least one pressure sensor and/or the attitude sensor, preferably via RFID. The evauation unit may process
the a least one pressure value and/or the at least one attitude information and/or may store the at least one

pressure value and/or the at least one attitude information in one or more data storage devices.

The evaluation unit is adapted to automatically combine the pressure value and the attitude information in
order to determine a least one key figure K indicating the efficacy of the compression device taking into
account the attitude information. For this purpose, the evaluation unit may comprise at least one hardware
and/or software, such as a least one computer program, in order to perform at least one agorithm for
determining the at least one key figure K indicative of the efficacy of the compression device, by pro-
cessing the attitude information and the pressure value. As will be outlined in further detail below, the
term key figure generally refers to an arbitrary measure of the efficacy of the compression device. Exam-

ples of key figures will be given in further detail below.

The monitoring system may further comprise at least one display and control device, wherein the display
and control device is adapted to communicate with the measuring device. The communication may fully
or partially be awireless communication. Additionally or alternatively, awire-based communication may
beused. Preferably, the display and control device is adapted to wirelessly communicate with the measur-
ing device. Asused herein, the term display and control device may generdly refer to an arbitrary device
which is capable of providing commands to the measuring device, such as for starting a measurement
and/or for requesting measurement values, such as pressure values and/or attitude information. A ddition-
aly or aternatively, the display and control device may refer to an arbitrary device which is capable of
receiving information from the measuring device and directly or indirectly displaying the information to a
user. Thus, the display and control device may be adapted to receive information from the measuring
device, such as information relating to the at least one pressure value and/or the at least one attitude in-
formation. The display and control device may directly display this information to the user and/or may
display the information to the user after one or more steps of processing the information. Thus, the dis-
play and control device may comprise one or more processors which are adapted by appropriate computer

programs to further evaluate the information provided by the measuring device.

The display and control device preferably may be a device separate from the measuring device. Thus, the
measuring device may be attached to the compression device and/or may be integrated into the compres-
sion device and/or may be worn by the user, whereas, the display and control device may be favorably
handled independently, such asmanually by the user. Preferably, the display and control device may be a
hand-held device. Thus, the display and control device preferably may be a compact device having a
weight of preferably lessthan 1kg, more preferably of less than 500 g or even less than 300 g. Preferably,
the display and control device may have avolume of less than 1000 cm3, more preferably of less than 500
cm3 or even less than 300 cm3. The display and control device preferably may have a display, such asa

matrix display, for displaying information to the user. The information may displayed numerically or
9
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through by other indicia, such as colors (e.g. the color green for indicating the system is good, yellow for

indicating awarning or red for indicating an potential problem) .

As apreferred option, the display and control device may be a standard device which may serve one or
more additional purposes than the purpose of monitoring the efficacy of the compression device. Thus,
preferably, the display and control device may be amobile communication device, preferably ahand-held

phone and/or a smartphone.

As outlined above, the display and control device is adapted to communicate with the measuring device,
preferably wirelessly. The wireless communication preferably may take place via electromagnetic radia-
tion, such asvia infrared radiation and/or radiofrequency radiation. Thus, preferably, the display and con-
trol device may be adapted to communicate with the measuring device via one or more of Bluetooth, in-
frared and radio data transmission. However, as outlined above, aternatively or additionally, awire-based
communication between the display and control device and the measuring device may be used, such as a

communication by using USB standard.

Further preferred embodiments refer to the communication between the measuring device and the pres-
sure sensor, which, preferably, isawireless communication. As outlined above, this communication may
be a unidirectional communication, in an arbitrary direction, and/or a bidirectional communication. Most
preferably, as outlined above, the communication takes place via RFID. Thus, preferably, the measuring
device may be adapted to communicate with the pressure sensor via RFID, preferably according to
ISO/IEC standard 15693-3. Therein, the RFID communication may also be used for providing energy to
the pressure sensor. Thus, as an example, energy may be supplied to the pressure sensor by the measuring
device, preferably in awireless fashion. Consequently, the pressure sensor preferably may be a passive
pressure sensor without any battery of its own and without any accumulator of its own. The measuring
device, on the other hand, preferably may comprise a least one electric energy storage, such as a least

one battery and/or a least one accumulator.

In case the measuring device is adapted to communicate via RFID, the wireless RFID communication
may also be used for communicating with one or more additional sensors, such as with the at least one
attitude sensor and/or with one or more optional temperature sensors. Similarly to the communication
with the pressure sensor, the measuring device may also provide energy to the one or more additional

sensors, such astothe at least one attitude sensor and/or to the one or more optional temperature sensors.

Asindicated above, the monitoring system, besides the a least one pressure sensor and the at least one
attitude sensor, may further comprise one or more further sensors. These sensors may be placed in various
positions, such as underneath al within the compression device and/or in other positions, such as on a
body surface of the user. Further, the one or more sensors may fully or partially be integrated into the

measuring device. Thus, as an example, the monitoring system may comprise one or more temperature
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sensors. In this case, preferably, the evaluation unit may be adapted to correct the at least one pressure
value for temperature-dependent influence. Additionally or alternatively, the evaluation unit may be
adapted to take into account the temperature provided by the at least one temperature sensor when deter-
mining the a least one key figure K indicating the efficacy of the compression device. Thus, and in-
creased blood pressure due to high temperature may be corrected for. Additionally or aternatively, a
known temperature-induced change in elastic properties or tiffness of the compression device may be
corrected for. Further, additionally or aternatively, aknown temperature dependency of the pressure sen-

sor may be corrected for.

The monitoring system may further be adapted to perform one or more operations by using the at least
one pressure value and/or the at least one attitude information. Generaly, the attitude information may be
stored to provide an activity profile or apart of an activity profile of the user over atime span. Thereby,
by tracking the attitude information over a specific time span, specific developments in the attitude in-

formation may be determined and evaluated.

As an example, the evaluation unit generally may be adapted to automatically determine if the user is
deeping. Thus, in case no change in the attitude information over a predetermined time span is detected
or in case the attitude information only changes by an insignificant amount over a specific time span, the
evauation unit generally may determine that the user is either sleeping or resting. Additionaly or alterna-
tively, the evaluation unit may be adapted to determine if the user is deeping in case a horizontal orienta-
tion of the user and a standstill of the user are detected. Additional parameters may be used for determin-

ing if the person is sleeping, such as abody temperature and/or ablood pressure.

In case the evaluation unit determines that the user is sleeping, the evaluation unit may automatically
switch into a sleep mode. Thus, the sleep mode may imply areduced consumption of energy for the eval-
uation unit and/or other parts of the monitoring system, such asby areduced rate of measurement. Thus,
the sleep mode may imply areduced frequency of acquisition of pressure values and attitude information.
The evaluation unit may be adapted to switch back into anormal mode in case arising of the user is de-
tected. Thus, the evaluation unit may be adapted to detect the rising of the user via a signal change in at

least one signal provided by a least one of an acceleration sensor and an orientation sensor.

The evaluation unit may further be adapted to detect other types of attitudes and/or activities, in addition
or aternatively to asleeping. Thus, the evaluation unit may be adapted to determine if the user iswalking.
The evaluation unit may be adapted to determine if the user iswalking by identifying regular changes in
a least one measurement curve. As an example, the measurement curve may be a measurement curve of
pressure values, since a waking motion typically implies regular changes in pressure. Additionaly or
aternatively, the measurement curve may be or may imply a measurement curve of motion values, such
as ameasurement curve of acceleration values acquired by at least one motion sensor and/or acceleration

sensor, since awalking motion typically implies regular changes in acceleration.
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As discussed above, the attitude may comprise one or more states of the user. Thus, the attitude may refer
to the whole body of the user and/or to a specific body part or combination of body parts of the user. For
determining the attitude and/or for acquiring the a least one attitude information, one or more attitude
sensors may be used. As an example, the attitude sensor may comprise a least one orientation sensor.
Various types of orientation sensors are known in the art. As an example, the orientation sensor may
comprise a least one of agyroscope, an inclinometer, an angulation sensor and atilt sensor. Additionally
or adternatively, the attitude sensor may comprise at least one acceleration sensor. Again, additionally or
aternatively, the at least one attitude sensor may comprise one or more altitude sensors and/or one or
more magnetic field sensors. Generally and most preferably, the attitude sensor may comprises at least
one micromechanical attitude sensor.

Further preferred embodiments refer to the measuring device. As discussed above, the monitoring device
may comprise one or more user interfaces, which may be unidirectional and/or bidirectional. Asan exam-
ple, the measuring device may at least one display device. The display device may comprise at least one
segmented display device and/or alphanumeric a display device, such as a passive matrix display and/or
active-matrix display, in order to provide specific information or general indicia to the user. Additionally
or aternatively, the display device may comprise one or more other types of display devices, such as one
or more of an optical, acoustic and tactile indicator device.

Specifically in case the measuring device comprises one or more display devices, the evaluation unit may
be adapted to generate awarning output via the indicator device in case one or more critical situations are
recognized. Specifically, the evaluation unit may be adapted to generate the warning output in case one or
more of the following situations are recognized:

- the compression device isfound to beineffective;

- the compression device isfound to exert an overpressure;

- an external overpressure isfound to act onto the compression device.

Herein, the term "ineffective" may refer to the fact that one or more key parameters as determined by the
monitoring system are found to be out of range, such as below or above one or more predetermined eff -
cacy thresholds.

Further, additionally or aternatively, the evaluation unit may be adapted to generate an instruction output
via the indicator device in case a specific user action is found to be required. As an example, in case an
inefficacy of the compression device should be recognized, the evaluation unit may be adapted to gener-
ate instructions to the user to change the compression device and/or to modify the compression device in
order torestore efficacy. Additionally or alternatively, in case an overpressure should be detected, instruc-
tions may be given to loosen the compression device and to reduce the pressure exerted onto the body or
body part of the user.
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The evaluation unit preferably may be adapted to perform areal-time determination of the key figure. As
used herein, the term real-time may refer to the fact that the determination of the key figure takes place
immediately after acquiring the a least one pressure value and/or the at least one attitude information.
Preferably, the determination of the key figure takes place within atime span of no more than 60 seconds
after the acquisition of the pressure value and the attitude information, more preferably within atime span
of no more than 30 seconds. In case a plurality of pressure values and/or a plurality of units of attitude
information is acquired, the above-mentioned time spans may start when the last pressure value and/or the

last attitude information is acquired.

As outlined above, the monitoring system may comprise one or more additional sensors besides the
above-mentioned at least one pressure sensor and the a least one attitude sensor. Thus, as an example, the
monitoring system additionally may comprise at least one ambient pressure sensor, wherein the a least
one ambient pressure sensor is adapted to determine at least one ambient pressure acting onto at least one
of the compression device and the body part from an outer side of the compression device. Thus, the at
least one ambient pressure sensor may be adapted to determine an additional force and/or pressure exerted
onto the compression device and/or the body part from the outside, such as by the users own weight rest-
ing on a support. Consequently, the ambient pressure may be a pressure exerted onto a least one of the
compression device and the body part due to the user resting on a support, thereby exerting pressure onto

the compression device due to abody weight of the user.

The monitoring system may comprise one or more attitude sensors. Preferably, the monitoring system
may comprise aplurality of attitude sensors to be located in different regions of the body of the user. The
evaluation unit may be adapted to automatically determine a attitude of the user by combining attitude
information from the plurality of attitude sensors. Examples of various types of combinations of attitude
information from different body parts for determining a attitude of the user will be given in further detail
below.

As an example, the plurality of attitude sensors may comprise at least one thigh orientation sensor and at
least one calf orientation sensor. This is due to the fact that many attitudes of the user, such as a resting
position and a standing position, may be distinguished by using a combination of athigh orientation sen-
sor and a calf orientation sensor. Thus, the evaluation unit may be adapted to automatically determine if
the user isin an upright position when both the thigh orientation sensor and the calf orientation sensor

indicate asubstantially vertical orientation.
Asused herein and aswill be used in the following, when referring to orientations, the term substantially

refers to the fact that, preferably, precisely the named orientation is present. However, the term substan-

tially may include tolerances with regard to the orientation, such astolerances of no more than 30°, pref-
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erably of no more than 20°. Consequently, a substantially vertical orientation refers to avertica orienta-

tion, wherein deviations of no more than 30° from the vertical orientation may be tolerated.

The monitoring system generally may further comprise a least one motion sensor. In combination with
the above-mentioned at least one optional thigh orientation sensor and the at least one optiona calf orien-
tation sensor, the evaluation unit may be adapted to automatically determine if the user isin a standing

position when an upright position is determined and the motion sensor indicates a standstill.

Asoutlined above, the monitoring system may further comprise one or more additional sensors. In apre-
ferred embodiment, the monitoring system may further comprises at least one foot pressure sensor which
is adapted to be positioned underneath afoot of the user and to acquire aforce exerted by aweight of the
user. The foot pressure sensor may also count as an attitude sensor as defined above, since the foot pres-
sure sensor by itself or in combination with one or more other attitude sensors may alow for determining

auser's attitude.

Precisely one foot pressure sensor may be provided, to beplaced underneath one foot. Preferably, howev-
er, at least two foot pressure sensors are provided, wherein at least one of these foot pressure sensors isto
be placed underneath each foot. An information provided by the at least one foot pressure sensor may be
evaluated by the evaluation unit in order to determine the attitude of the user. Thus, a standing position
and/or awalking position may be detected in case a high pressure signal or a high force signal is generat-
ed by the foot pressure sensor. Further, in case a least one foot pressure sensor is provided underneath
each foot, the evaluation unit may be adapted to compare the signals provided by the foot pressure sen-
sors. Thus, by detecting periodic aterations in the signals and, optionally, phase shifts in the periodic
aterations of the signals of the at least two foot pressure sensors, awaking motion may be detected. Fur-
ther, additionally or alternatively, the at least one foot pressure signal provided by the at least one foot
pressure sensor may aso be combined by the evaluation unit with at least one further information and/or
signal provided by a least one further sensor. Thus, the user's attitude may be determined more precisely
by combining the foot pressure signal with at least one orientation signal provided by at least one orienta-
tion sensor and/or with at least one further sensor signal provided by at least one further attitude sensor.

Examples will be given in further detail below.

The monitoring system may further comprise a least one motion sensor. Again, the motion sensor may
count as the attitude sensor and/or may be one of a plurality of attitude sensors. The motion sensor may
be adapted to acquire at least one information regarding amotion of the user or of abody part of the user.
Thus, the motion sensor may comprise one or more acceleration sensors. As outlined above, the evalua
tion unit may be adapted to determine an end of a sleeping phase of the user in case the motion sensor
detects a high acceleration. Additionally or aternatively, the evaluation unit may be adapted to recognize
certain movements of the user, such as awalking movement in case aperiodic ateration in asigna of the

motion sensor is detected. Again, the evaluation unit may be adapted to evaluate the signal of the motion
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sensor by itself and/or in combination with any other sensor signal, in order to determine the users atti-
tude. Thus, aplurality of motion sensors may be provided, such as one motion sensor for each leg. In the
latter case, awalking motion may be detected in case the motion sensors provide periodic signals having

aphase shift. Further examples will be given below.

The evaluation unit may further be adapted to acquire a least one resting pressure p,.., with the user be-
ing in aresting position. As used herein, the term resting position generaly refers to an arbitrary, non-
upright position, in which the user may fully or partialy relax, specificaly in a state in which muscles of
the body part to which the compression therapy is applied are relaxed. Asoutlined in further detail below,
the resting position preferably may be a supine position, in which the user sits on acouch or lounger, with
his legs in arelaxed, flexed position. For the purpose of acquiring the at least one resting pressure, the
evaluation unit may provide an appropriate processor and, preferably, an appropriate software for per-
forming a measurement routine for acquiring at least one information indicating the at least one resting

pressure pPr..t.

The evaluation unit may further be adapted to determine &t least one extended standing pressure p.nm,,
exiended- AQaiN, the evaluation unit may provide an appropriate measurement routine, such as by providing
an appropriate software capable of running on the processor, adapted for determining the at least one ex-

tended standing pressure.

Asused herein, the term extended standing pressure refers to apressure acquired with the user being in a
standing position, which is acquired to the following procedure deviating from conventional measure-
ments of the standing pressure p.ndn,- ASused herein, the term standing position refers to an upright po-

sition of the user, wherein the user preferably equally weights down on both legs.

As opposed to the standing pressure Pandn,,, Which usually ismeasured by simply measuring the pressure
a a predetermined point in time after bringing the user into the standing position, the extended standing

pressure isacquired by using the following procedure:

- the evaluation unit acquires ameasurement curve of pressure values after aposition change of the
user into the standing position; and

- a slope of the measurement curve is automatically compared to at least one endpoint threshold
value and, depending on aresult of the comparison, an endpoint of a change in the measurement
curve induced by the position change is automatically detected and a pressure value acquired at or

after the endpoint is assigned to the extended standing pressure pP.andm 4, extended-

Asused herein, the term pressure value refers to an arbitrary item or amount of information indicating a
specific pressure a a specific measurement time. The term measurement curve refers to a plurdlity of

pressure values acquired a different points in time, wherein the measurement curve additionally may
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comprise the measurement times of the pressure values, such as by comprising value pairs of measure-
ments times and corresponding pressure values acquired at the specific measurement times. Asoutlined in
further detail below, the system and the method may make use of a plurality of measurement curves,
which may beidentical or non-identical. Thereof, at least one measurement curve may be used for deter-
mining the extended standing pressure. Further, as discussed above, the measurement curve may be sub-
ject to one or more filtering and/or averaging algorithms before making further use of the measurement
curve, such as by averaging over apluraity of values of the measurement curve, such as 10 neighboring
values of the measurement curve. In the following, no difference will be made between the use of the
"raw" measurement curve, i.e. the use of the measurement curve without applying an averaging and/or
filtering algorithm, and a measurement curve after applying an averaging and/or filtering algorithm, since

both options are possible.

The acquisition of the measurement curve used for determining the extended standing pressure may start
before, during or after the position change of the user into the standing position. The position change may
take place from a generally arbitrary position being different from the standing position into the standing

position, such as from aresting position into the standing position.

As further used herein, the term slope of the measurement curve generally refers to acurve indicating the
increase or decrease over time of the measurement curve. Again, this curve may be subject to an averag-
ing and/or filtering algorithm, such as by averaging over aplurality of values of the curve, such asover 10
neighboring values. In the following, no difference will be made between the use of the "raw" slope and

the slope after applying an averaging and/or filtering algorithm, since both options are possible.

The slope of the measurement curve may be calculated in any way known to the skilled person. Thus, the
slope may be calculated and/or derived by forming the first derivative of the measurement curve and/or
by dividing a decrease and/or increase in the pressure values by the time period required for achieving
this decrease or increase, respectively. Generally, for the measurement curve and/or the slope of the
measurement curve, the full curves may be used or any curves derived therefrom. Thus, the measurement
curve may comprise the raw values of the pressure values and/or may comprise an arbitrary curve gener-
ated by filtering and/or averaging the measurement curve, as will be outlined in further detail below.
Thus, the pressure values may be acquired at a specific measurement frequency, wherein average values

may be formed over anumber of pressure values, such as over ten measurement values.

Asused herein, the term automatically desirably refers to the fact that the evaluation unit itself is adapted
to perform a specific action or function by itself, without the need of a user interaction. Thus, again, a
software routine may be implemented in aprocessor of the evaluation unit which automatically compares
the slope of the measurement curve to at least one endpoint threshold value. The endpoint threshold value
may be stored in a data storage of the evaluation unit. Additionally or aternatively, the at least one end-
point threshold value may be modified by the user, such as by inserting the endpoint threshold vaue
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manually or via at least one electronic interface and/or via a least one human-machine-interface. Alterna
tively, the evaluation unit may determine the endpoint threshold value by itself. For instance, the endpoint
threshold value may be derived on the basis of determined the noise level during the current or earlier
measurements or it could be aparticular fraction of the variation of the filtered or non-filtered measured
pressure values during aparticular period of measuring time. The term "compare" refers to the fact that an
evaluation of one or more of the following conditions takes place: |sthe slope of the measurement curve
above the endpoint threshold value?; Isthe slope of the measurement curve above or equa the endpoint
threshold value?; |s the dope of the measurement curve equal to the endpoint threshold value?; Is the
dope of the measurement curve below or equal the endpoint threshold value?; |sthe slope of the meas-
urement curve below the endpoint threshold value?. A specific type of condition may be predetermined.
Therein, the slope of the measurement curve may fully be evaluated and compared to the at least one end-
point threshold value, and/or a specific part of the slope of the measurement curve may be compared to
the a least one endpoint threshold value. Thus, typically, afirst section of the slope of the measurement
curve is disregarded when comparing the slope of the measurement curve to the endpoint threshold value,
in order to disregard initial steep changes of the slope of the measurement curve. Thus, atime window of
several milliseconds or even several seconds may be disregarded before starting the comparison of the
slope of the measurement curve and the endpoint threshold value. Examples will be given in further detall
below. Instead of comparing the slope of the measurement curve to the at least one endpoint threshold
value, an absolute value of the slope of the measurement curve may be compared to the endpoint thresh-
old value, in order to disregard anegative sign of the slope of the measurement curve when comparing the

dope of the measurement curve to at least one endpoint threshold value.

As opposed to the standing pressure p.anding, Which, in the art, is typically acquired at a predetermined
point in time or a apredetermined time span after the position change of the user into the standing posi-
tion and/or at a point in time arbitrarily determined by atherapist, the extended standing pressure alows
for a precise and reproducible measurement. Thus, the comparison may be performed such that the ex-
tended standing Pressure p.tandm,, exiended 1S acquired a or after the endpoint, a which the slope of the meas-
urement curve falls below apredetermined endpoint threshold value, which may indicate a significance of
changes. Thus, the extended standing pressure may be measured at a point in time a which the measure-
ment curve after the position change levels out or asymptotically approaches an endpoint value, which is
more or less constant. Thus, the monitoring system, by determining the extended standing pressure
psandmg, extended, MaY be capable of providing a significant increase in reliability and reproducibility of
measurement, as opposed to conventional measurements. A user interaction and/or an interaction of med-
ical staff, introducing a non-reproducible component of arbitrariness, may be avoided by automatically
detecting the endpoint of changes in the measurement curve and, thus, using the pressure value acquired
a or after the endpoint, indicating an endpoint of changes in the measurement curve, as the extended

standing pressure.
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The evaluation unit may further be adapted to automatically acquire the measurement curve of pressure
values after the position change of the user. Thus, as an example, by monitoring pressure vaues over
time, a start of the position change may automatically be detected, indicating that the above-mentioned
measurement routine for determining the extended standing pressure will have to start.

Further, the evaluation unit may be adapted to acquire the resting pressure at least once before the posi-
tion change. Thus, the resting pressure p, may be acquired once or several times before the start of the
above-mentioned measurement routine for determining the extended standing pressure. The resting pres-

sure may beused as abaseline for subsequent measurements.

As outlined above, the position change preferably may be a position change of the user from a resting
position into the standing position. The resting position may be a sitting position and/or a supine position.

However, other types of position changes are possible.

As further outlined above, the endpoint preferably may be detected automatically, by subjecting the slope
of the measurement curve to one or more conditions implying the a least one endpoint threshold value.
Preferably, the a least one endpoint threshold value indicates an upper limit of tolerable changes of the
measurement curve, below which the measurement curve is considered to be stable and/or is considered
to have reached its asymptotic end value. Thus, preferably, the endpoint is automatically detected when
the slope of the measurement curve is equal or below the endpoint threshold value.

The endpoint threshold value, specifically in the case this endpoint threshold value indicates a maximum
tolerable change in the measurement curve, preferably may be a change in the measurement curve over
time equal to or less than 1 mmHg per second, preferably equal to or less than 0.2 mmHg per second,
more preferably equal to or lessthan 0.05 mmHg per second. However, other types of endpoint threshold
values may beused alternatively and/or in addition.

The measurement curve and/or the slope of the measurement curve may be subject to & least one averag-
ing and/or at least one filtering algorithm. The evaluation unit may be adapted to perform this averaging
and/or filtering algorithm. Thus, preferably, the evaluation unit may be adapted to perform at least one of
an averaging operation and at least one filtering operation on the measurement curve before comparing
the slope of the measurement curve to the endpoint threshold value. As an example, an averaging opera-
tion may be used which generates a median over a predetermined number of pressure values, preferably
over 3 to 20 pressure values, more preferably over 5to 15 pressure values and most preferably over 10
pressure values. However, additionally or alternatively to generating a median, other types of averaging
operations may be used, such as an averaging operation which generates a geometric mean and/or an

arithmetic mean value.
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As discussed above, the evaluation unit generally is adapted to determine at least one key figure K indi-
cating the efficacy of the compression device. The key figure specifically may be determined by using
pressure values provided by the pressure sensor. Asused herein, the term key figure generally may refer
to an arbitrary measure of efficacy of the compression system. Thus, the at least one key figure may di-
rectly or indirectly imply one or more types of information derived directly or indirectly from the pressure
values, such as one or more pieces of information indicating the pressure exerted by the compression
device onto the body part of the user. Additionally, the at least one key figure may directly or indirectly
be indicative of one or more physiological parameters and/or body functions which are directly or indi-
rectly linked to the compression therapy and/or the pressure exerted onto the body of the user by the
compression device. Examples of key figures which may directly or indirectly be determined by using

pressure values provided by the pressure sensor will be given in more details below.

Generally, the evaluation unit may be adapted to compare the key figure K to at least one efficacy thresh-
old, such as a predetermined efficacy threshold and/or at least one efficacy threshold which may be pro-
vided by a user of the monitoring system, for automatically determining the efficacy of the compression

device.

When using one or more key figures for determining the efficacy of the compression system, preferably, a
plurality of different key figures may be used. Thus, specifically, the evaluation unit may be adapted to
determine at least two different key figures Ki and K,. The evaluation unit may be adapted to automati-
cally determine the efficacy of the compression device by acombination of the at least two key figures Ki
and K ,. Thus, the combination of the key figures Ki and K, may generally comprise an arbitrary combina-
tion of these key figures and/or of one or more figures derived from these key figures Ki, K. Specifically,
the evaluation unit may be adapted to perform & least one multivariate evaluation operation f(Ki,K,) us-
ing the key figures Ki and K,, wherein the evaluation operation is adapted to generate a statement on the
efficacy of the compression device. As an example, alinear combination of Ki and K, and, optionally,

other key figures may be used.

The a least one key figure preferably may be selected from the group consisting of:

- theresting pressure p,.;

- astanding pressure p,.,am, With the user being in a standing position;

- abaseline resting pressure p..., nassine directly after application of the compression system;

- the extended standing pressure P.anam ;. extended;

- adatic stiffness index SSl, the static stiffness index being determined by subtracting the resting
pressure ;. from astanding pressure p.tandin

- an extended satic stiffness index ESSI, the extended static stiffness index being determined by
subtracting the resting pressure p,., from the extended standing pressure ptanin ., extended;

- adifference ESST - ESSI, between a least two extended static stiffness indices ESST and ESSI ,,
the extended static stiffness index ESST being determined by subtracting a first resting pressure
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prexi from a first extended standing pressure P tandmg, extended 1, the extended static stiffness index
ess2 being determined by subtracting a second resting pressure p, .t from a second extended
standing Pressure pganding, extended 2;

- adifference ssi - ssiz between at least two static stiffness indices sgii and ssiz, the static stiff-
ness index ssi  being determined by subtracting afirst resting pressure p, .+ from afirst standing
pressure p_andinyi, the static stiffness index ssi2 being determined by subtracting a second resting
pressure p, 2 from asecond standing pressure pgandin,2;

- aratioessi :Essz Of a least two extended static stiffness indices essi and essi2,  the extend-
ed static stiffness index essi  being determined by subtracting afirst resting pressure p,_ti from a
first extended standing pressure panding, extended 1, the extended static stiffness index ess2  being
determined by subtracting a second resting pressure p t> from a second extended standing pres-
SUr€ pstanding, extended 2,

- araio ssi : ss2 of @ least two static stiffness indices sgi and sgi2, the static stiffness index
ssi being determined by subtracting a first resting pressure p, i from a first standing pressure
Paadingi, the static stiffness index ssi2 being determined by subtracting a second resting pressure
prest2 from a second standing pressure Pgtanding2;

- adifference between at least two resting pressures p i and p,t> acquired at at least two different
points in time;

- aratio between at least two resting pressures p,. i and p,t2 acquired a a least two different
points in time;

- adifference between a least two extended standing pressures P tandm,, extended 1 and P tandmy,, extended 2
acquired at a least two different points in time;

- adifference between at least two standing pressures pandingi and Pganding2 acquired at a least two
different points in time;

- aratio of a least two extended standing pressures pganding, extended 1 AN Panding, extended 2 aCqUIred at at
least two different points in time;

- aratio of a least two standing pressures pandin,i and panding2 acquired a a least two different
points in time;

- an median or mean amplitude of a measurement curve of pressure values acquired during a de-
fined movement of the user, preferably during walking;

- aratio of & least one first median or mean amplitude (Amplitude  diani Or Amplitude _niy of a
first measurement curve of pressure values acquired during a first defined movement of the user
(e.g. during a first period of walking) and a least one second median or mean amplitude
(Amplitude , .gian2 Or Amplitude  an2)of a second measurement curve of pressure values acquired
during a second defined movement of the user (e.g. a second period of walking);

- arefilling time t_ g, for vein refilling after a change of position from a resting position into a
standing position;

- adifference t.f - t. 12 between at least one first refilling time t,,, y; for vein refilling after a first
change of position from aresting position into a standing position and at least one second refill-
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ing time t, iz for vein refilling after afirst change of position from aresting position into a stand-
ing position;

- aratio t g :iesrp Of at least one first refilling time t, i for vein refilling after afirst change of
position from aresting position into a standing position and at least one second refilling time t, 4,2
for vein refilling after afirst change of position from aresting position into a standing position;

- aparameter derived from a refilling curve, the refilling curve being a measurement curve ac-
quired after achange of position from aresting position into a standing position, specifically apa-

rameter indicating at least one of a slope of the refilling curve and a shape of the refilling curve.

The resting pressure, the standing pressure and the extended standing pressure have been discussed in
detail above. The baseline resting pressure pPi.., baseine generally is aresting pressure p,. measured directly
after application of the compression system, such aswithin atime span of less than about 30 minutes after
application of the compression system and alowing the compression system and/or the pressure sensor to
settle, for example after the patient has freely moved around or has stood up at least once. While typically
the resting pressure will be determined prior to standing pressure, it will be appreciated that it is possible

to aternate the sequence where standing pressure is determined prior to resting pressure.

The extended static stiffness index ESSI is anew key figure which makes use of the extended standing
Pressure  Pganding, extended- 1HUS, as compared to the conventional static stiffness index SSI, the extended
static stiffness index is amore reliable key figure. Similarly, the difference between two different extend-
ed static stiffness indices ESST and ESSI2 is more reliable than the conventional difference SSli - SSI2.
Again, similarly, the ratio ESST :ESSI2 isamore reliable and more reproducible key figure as compared
to SSli : sSI2. However, the conventional key figures SSI, SST and SSI2 may be used additionally or
alternatively.

Further details regarding conventional measurements of the static stiffness index SSI are explained in the

above-mentioned publication by H. Partsch et a.

As outlined above, each of the key figures and/or an arbitrary combination of the key figures may be
compared to at least one efficacy threshold, such as for automatically determining the efficacy of the
compression system. Exemplary embodiments of efficacy thresholds, which may be used within the pre-

sent invention, will be given in further detail below.

The evaluation unit generally may be adapted to invite the user to perform at least one measurement rou-
tine for measuring the at least one key figure. Thus, the monitoring system may provide one or more opti-
ca and/or acoustical signals to the user to indicate that performing a specific measurement routine is ad-
visable and/or indicating specific steps to be taken by the user in order to perform the measurement rou-

tine. Thus, aswill be outlined in detail below, the evaluation unit may provide one or more display devic-
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es and/or acoustic output devices such as loudspeakers, alowing for an interaction with the user and al-

lowing for indicating to the user the steps to betaken for performing the measurement routine.

The evaluation unit further may be adapted to generate at least one warning in case the key figure is de-
tected to be outside an admissible range. Thus, one or more of the key figures or an arbitrary combination
of the key figures may be compared to one or more thresholds indicating an admissible range for the re-
spective key figures and/or combination of key figures. Thus, awarning may be generated in case a spe-
cific key figure is detected to betoo high or too low. The at least one admissibility threshold may be pre-
determined and/or may be adaptable or determinable by the at least one user and/or by a medica staff.
The at least one warning may be an acoustic and/or avisual and/or a haptic warning which may be output
to the user, such asby visua indicia provided on adisplay device and/or awarning sound. Additionaly or
aternatively, an electronic warning may be generated, such as by providing an appropriate warning signa
to another device, such as a patient monitoring system which is connected to the monitoring system.
Thus, the monitoring system may beimplemented into and/or may be part of ageneral medical system for

patient care.

The monitoring system, as outlined above, preferably may comprise one or more user interfaces, allowing
for providing information to the user and/or alowing for the user to input commands and/or information.
Thus, the monitoring system may comprise a least one display element, and the evauation unit prefera-
bly is adapted to provide instructions to the user via the display element. Thus, the evaluation unit may be
adapted to provide instructions to the user which position to take. Additionaly or aternatively, the dis-
play element may be adapted to output specific measurement information, such as one or more pressure

values and/or one or more of the above mentioned key figures.

The monitoring system may further be adapted to lead the user through at least one measurement routine.
Additionally or dternatively, the monitoring system may automatically detect that the user has taken a
specific attitude and, correspondingly, may determine a specific key figure related to that attitude. Thus,
by combining the attitude information with the pressure value, the evaluation unit may automatically de-
termine that the user has taken a standing position and may determine the standing pressure and/or the
extended standing pressure automatically, preferably without any further user interaction. Further, by
combining the attitude information with the pressure value, the evaluation unit may detect changes in an
attitude of the user, such as aposition change from aresting position (preferably a supine position) into a
standing position and may determine the standing pressure and/or the extended standing pressure auto-
matically, preferably without any further user interaction. Further, the evaluation unit may detect awalk-
ing motion by evauating the attitude information and may automatically determine at least one key figure

related to awaking motion. Various further options are feasible.

Asoutlined above, the monitoring system, preferably the measuring device and/or the display and control

device, may be adapted to provide acoustic and/or visual and/or haptic instructions to the user in order to
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indicate to the user which steps to take for performing the measurement routine. Thus, specific instruc-
tions regarding aposition to be taken by the user may be provided. As an example, the user, in the meas-
urement routine, may at least once take the resting position, wherein the resting pressure p,.. is acquired
a least once by the monitoring system. Further, in the measurement routine, the user at least once may
take the standing position, wherein, in the standing position, the standing pressure pundn, and/or the ex-

tended standing pressure P.andm ,, extended € determined at least once.

As outlined above, the resting position preferably is a supine position. As used herein, the term supine
refers to adorsal position in which the user rests on acouch or lounger with his back, preferably with his
knees flexed and his feet supported by the couch or lounger, respectively. Preferably, the legs are in a

relaxed position.

As outlined above, the monitoring system, preferably the evauation unit, may further be adapted to rec-
ognize at least one predetermined type of movement of the user by evaluating a measurement curve of
pressure values. The measurement curve of pressure values may bethe same as the measurement curve of
pressure values used for the extended standing pressure P, ecendes- Alternatively, a different measure-
ment curve may beused. Thus, preferably, the evaluation unit may be adapted for determining awalking
movement of the user by recognizing period changes of the pressure values in the measurement curve of
pressure values. Further, the evaluation unit may be adapted to store an activity profile of the user. Thus,
as used herein, the term activity profile of the user refers to an arbitrary amount of data indicating activi-
ty-induced pressure values or changes of pressure values, such as activity profiles determined or generat-
ed by waking movement and/or sports. The evaluation unit may further be adapted to use a pattern
recognition algorithm for comparing a measurement curve of pressure values to a predetermined set of
reference patterns. Again, the measurement curve of pressure values may bethe same measurement curve
of pressure values as used above for the purpose of determining the extended standing pressure p.tanin ,,
extended @NA/Or the measurement curve of pressure values as used above for recognizing a least one prede-
termined type of movement of the user. Additionally or aternatively, a least one separate measurement
curve of pressure values may beused. As further used herein, the term reference pattern refers to a specif-
ic section of ameasurement curve which may be stored in a data storage of the evaluation unit and which
may indicate a specific type of activity of the user and/or which may indicate a specific physiological
state of the user. Thus, by comparing the measurement curve to apredetermined set of reference patterns,
a specific activity may be detected, such as awalking movement and/or any other type of predetermined
activity. Additionally or aternatively, by comparing the measurement curve of pressure values to aprede-

termined set of reference patterns, one or more illnesses may be detected.

Further preferred embodiments may refer to the type of the at least one pressure sensor. As indicated
above, the pressure sensor itself may comprise at least one sensing element and/or at least one sensing
portion. The pressure sensor preferably may be selected from the group consisting of: a semiconductor

pressure sensor; apressure sensor having a deformation-sensitive resistor; apressure sensor having aflu-
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id-filled bladder. As an example, the at least one pressure sensor may comprise at least one fluid-filled
bladder acting as a sensing portion, wherein the bladder may be located within the compression device or
underneath the compression device, and at least one measurement portion located outside the compres-
sion device, such asin apouch attached to the compression device, wherein the measurement portion and
the sensing portion are fluidically connected via at least one tube. Thereby, apressure may be transmitted
from the sensing portion to the measurement portion. However, additionally or aternatively, other princi-

ples of measurement and/or other types of pressure sensors are applicable in addition or alternatively.

In a further preferred embodiment, the evaluation unit may be adapted to detect arteria pulsations in a
measurement curve of pressure values provided by the pressure sensor. Again, the measurement curve of
pressure values may be identical to one or more of the measurement curves disclosed above used for dif-
ferent purposes. Again, additionally or aternatively, a separate measurement curve may be used for de-
tecting the arteria pulsations. For detecting the arterial pulsations, a frequency-based anaysis of the
measurement curve may be performed, such as a Fourier transformation. Additionally or aternatively, a
filtering agorithm may be used, such as by filtering periodic pulsations in the measurement curve in a
typical range of frequencies for arterial pulsations, such asin arange of 30 beats per minute to 200 beats
per minute. The evaluation unit may further be adapted to generate awarning in case an amplitude of the
arterial pulsations is below a predetermined safety threshold. Thus, again, an acoustic warning and/or a
visual warning and/or a haptic warning and/or an electronic warning may be generated in case the ampli-
tude of the arterial pulsations is below the predetermined safety threshold. The warning may indicate to
the user or to the medical staff that the person isin acritical condition and/or that the compression device

exerts an overpressure onto the body part of the user.

As outlined above, the evaluation unit preferably may comprise a least one processor. The at least one
processor generally may include an arbitrary type of data evaluation device, including a microprocessor
and/or a volatile or non-volatile data storage. Further, one or more electronic interfaces and/or one or

more user interfaces may be comprised.

In a further aspect of the present invention, acompression system for use in compression therapy is dis-
closed. The compression system comprises at least one monitoring system according to one or more of
the embodiments disclosed above or according to one or more of the embodiments disclosed in further
detail below. The compression system further comprises a least one compression device for exerting

pressure onto abody part of auser.

Asoutlined above, the compression device preferably comprises a least one of: acompression bandage, a
compression sleeve, a compression garment. Additionally or aternatively, other types of compression
devices may be used. Most preferably, the compression device comprises a least one textile material such
as at least one cloth and/or fabric and/or fiber material. Most preferably, the compression device compris-

es a least one flexible or elastic material, preferably having a specific stiffness.
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Further, the compression device preferably is a passive compression device. As used herein, the term
passive compression device refers to a device which is capable of exerting the pressure onto the body part
of the user due to its elastic or flexible properties, in conjunction with a predetermined elongation and/or
expansion of the compression device prior to application or during application. Thus, the passive com-
pression device preferably isacompression device which does not include any type of actuator, such asa

hydraulic or electric actuator.

As outlined above, the a least one body part generally may be or may comprise an arbitrary part of the
body of the user. Thus, the body part preferably may be selected from the group consisting of: aleg of the
user or apart of aleg of the user; acalf of the user; athigh of the user; an arm of the user or apart of an
arm of the user such as aforearm or an upper arm of the user; afinger or afinger digit of the user; atoe of
the user; afoot of the user or a part of a foot of the user. Additionally or aternatively, other anatomical
areas may beused for the compression therapy, in which compression and pressure measurements may be
appropriate. The compression device may act on a single body part of the user or onto a plurality of body

parts, such ason athigh and on acaf and/or on both thighs and/or on both calves of the user.

In afurther aspect of the present invention, amethod for determining the efficacy of at least one compres-
sion device for use in compression therapy is disclosed. The method preferably may make use of the
monitoring system and/or the compression system as disclosed in one or more of the embodiments listed
above or listed in further detail below. Thus, for specific embodiments of the method, reference may be
made to the monitoring system and/or the compression system. However, other types of devices may be
used.

In the method, at least one pressure sensor isused for measuring apressure exerted onto abody part of a
user by the compression device. Further, at least one attitude sensor isused for acquiring & least one atti-
tude information of the user. The attitude information comprises an information on a least one of aposi-
tion, an orientation and amovement of the user. At least one measuring device having at least one evalua-
tion unit isused. The measuring device communicates with the pressure sensor and receives at least one
pressure value acquired by the pressure sensor and at least one attitude information acquired by the atti-
tude sensor. The evaluation unit automatically combines the pressure value and the attitude information in
order to determine a least one key figure K indicating the efficacy of the compression device taking into

account the attitude information.

The method preferably may be performed such that at least one resting pressure p,, with the user being in
aresting position isacquired. Additionally or aternatively, a least one extended standing pressure pgtandm ,,
extended With the user being in a standing position may be determined, by using the following procedure:
- ameasurement curve of pressure values after aposition change of the user into the standing
position is acquired;
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- asdlope of the measurement curve is automatically compared to at least one endpoint threshold
value and, depending on aresult of the comparison, an endpoint of a change in the measure-
ment curve induced by the position change is automatically detected, and a pressure value ac-

quired at or after the endpoint is assigned to the extended standing pressure p,tandm ;. extended-

The method preferably may imply at least one action on the basis of the resulting key figure K. As an
example, the method may be performed such that the compression device is exchanged in case the com-
pression device's efficacy isfound to be below apredetermined threshold. Asused herein, the term "ex-
change' generally may refer to a partial or complete removal of the compression device and a replace-
ment of the compression device by anew compression device. Additionally or aternatively, the compres-
sion device may simply be fully or partially bere-adjusted, such asby unwinding a compression bandage,

followed by anew application of the compression bandage.

For further details and optional embodiments of the method, reference may be made to the disclosure of
the monitoring system and/or the compression system above or below. Thus, again, the method implies
the determination of one or more key figures, as outlined above. Again, one or more of the key figures
may be compared to one or more threshold values, such asto one or more safety threshold values. Again,
awarning may be created in case one or more of the key figures may be too high or too low or out of
range, such asin case the pressure exerted onto the body part istoo high. Thus, appropriate warnings for
excessive pressures such as baseline pressures, resting pressures, standing pressures, extended standing

pressures and so on may be generated.

As an example, anormal range for the resting pressure p,. may be 10 to 70 mmHg, preferably 20 to 50
mmHg and, most preferably 25 to 35 mmHg. . In case the resting pressure is outside the named range, a

warning may be created.

Additionally or aternatively, the standing pressure p,,dm, and/or the extended standing pressure p.anam ,,
extended, May be compared to one or more limit values. Thus, an admissible range for these standing pres-
sures or extended standing pressures may be 30 to 120 mmHg, more preferably 40 to 100 mmHg and,
most preferably, 45 mmHg to 65 mmHg.

Typically the time period needed to make an ESSI measurement depends on the particular patient's con-
dition. For example for a patient having a severe venous insufficiency a measurement of ESSI may be
completed in a short period eg. as low as 30 seconds or even less, whereas a ESSI measurement for a

healthy patient requires alonger period, e.g. up to 3 minutes

Asoutlined above, the method preferably may use the monitoring system according to one or more of the
embodiments disclosed above and/or according to one or more of the embodiments disclosed in further

detail below. Thus, in case the evaluation unit is disclosed to be adapted to perform a specific action, the
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method may imply an appropriate method step. Similarly, the monitoring system and/or the compression

system may be adapted to perform amethod according to the present invention.

As outlined above, the method preferably may be performed such that at least one key figure K is deter-
mined by using pressure values provided by the pressure sensor. The at least one key figure preferably
may be a measure of efficacy of the compression device. As outlined above, the key figure preferably
may be compared to one or more threshold values, such asto one or more predetermined threshold val-
ues. Most preferably, the compression device may be exchanged in case the compression device's efficacy
isfound to be below apredetermined threshold, such asin case apredetermined key figure is found to be

out of range.

Summarizing the above-mentioned findings, the following embodiments are preferred:

Embodiment 1: A monitoring system for determining the efficacy of at least one compression device for
use in compression therapy, the monitoring system comprising:

- a least one pressure sensor for measuring a pressure exerted onto a body part of auser by the compres-
sion device;

- a least one attitude sensor for acquiring at least one attitude information on at least one of a position, an
orientation and amovement of the user;

- a least one measuring device having at least one evaluation unit, wherein the a least one measuring
device is adapted to communicate with the at least one pressure sensor and the at least one attitude sensor,
wherein the a least one evaluation unit is adapted to receive a least one pressure value acquired by the at
least one pressure sensor and wherein the at least one evaluation unit is adapted to receive a least one
attitude information acquired by the a least one attitude sensor;

wherein the a least one evaluation unit is adapted to automatically combine the a least one pressure val-
ue and the attitude information in order to determine at least one key figure K indicating the efficacy of

the compression device taking into account the a least one attitude information.
Embodiment 2: The monitoring system according to the preceding embodiment, wherein the monitoring
system further comprises at least one display and control device, wherein the at least one display and con-

trol device is adapted to communicate with the a least one measuring device, preferably wirelessly.

Embodiment 3: The monitoring system according to the preceding embodiment, wherein the at least one

display and control device is ahandheld device.

Embodiment 4: The monitoring system according to one of the two preceding embodiments, wherein the

a least one display and control device is amobile communication device, preferably asmartphone.
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Embodiment 5: The monitoring system according to one of the three preceding embodiments, wherein the
a least one display and control device is adapted to communicate with the a least one measuring device
via one or more of RFID, WLAN, Bluetooth, Bluetooth Smart, infrared and radio data transmission.

Embodiment 6: The monitoring system according to one of the preceding embodiments, wherein the at
least one measuring device is adapted to be integrated into the compression device and/or attached to the

compression device, preferably on an outer side of the compression device.

Embodiment 7: The monitoring system according to one of the preceding embodiments, wherein the at
least one measuring device is adapted to communicate with the at least one pressure sensor via RFID,
preferably according to ISO/IEC standard 15693-3.

Embodiment 8: The monitoring system according to the preceding embodiment, wherein energy is sup-

plied tothe & least one pressure sensor by the at least one measuring device, preferably wirelessly.

Embodiment 9: The monitoring system according to the preceding embodiment, wherein the at least one
pressure sensor comprises at least one passive pressure sensor without abattery and without an accumula-

tor.

Embodiment 10: The monitoring system according to one of the preceding embodiments, wherein the

measuring device comprises &t least one electric energy storage.

Embodiment 11: The monitoring system according to one of the preceding embodiments, wherein the

monitoring system further comprises at least one temperature sensor.

Embodiment 12: The monitoring system according to the preceding embodiment, wherein the & least one

evaluation unit is adapted to correct the a least one pressure value for temperature-dependent  influence.

Embodiment 13: The monitoring system according to one of the preceding embodiments, wherein the at
least one evaluation unit is adapted to automatically determine if the user is slegping and to switch into a
sleep mode.

Embodiment 14: The monitoring system according to the preceding embodiment, wherein the a least one
evaluation unit is adapted to determine if the user is sleeping in case a horizontal orientation of the user

and a standstill of the user are detected.

Embodiment 15: The monitoring system according to one of the two preceding embodiments, wherein the
sleep mode implies a reduced frequency of acquisition or no acquisition of pressure values and attitude

information.
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Embodiment 16: The monitoring system according to one of the three preceding embodiments, wherein
the at least one evaluation unit is adapted to switch back into anormal mode in case arising of the user is
detected.

Embodiment 17: The monitoring system according to the preceding embodiment, wherein the at |east one
evaluation unit is adapted to detect the rising of the user via asignal change in a least one signal provided

by at least one of an acceleration sensor and an orientation sensor.

Embodiment 18: The monitoring system according to one of the preceding embodiments, wherein the at
least one evaluation unit is adapted to determine if the user is walking.

Embodiment 19: The monitoring system according to the preceding embodiment, wherein the at |east one
evaluation unit is adapted to determine if the user iswalking by identifying regular changes in at least one
measurement curve.

Embodiment 20: The monitoring system according to one of the preceding embodiments, wherein the at

least one attitude sensor comprises e |east one orientation sensor.

Embodiment 21: The monitoring system according to the preceding embodiment, wherein the orientation
sensor comprises at least one of a gyroscope, an inclinometer, an altimeter, a magnetic field sensor, an

angulation sensor and atilt sensor.

Embodiment 22: The monitoring system according to one of the preceding embodiments, wherein the at

least one attitude sensor comprises at least one acceleration sensor.

Embodiment 23: The monitoring system according to one of the preceding embodiments, wherein the at

least one attitude sensor comprises at least one micromechanical attitude sensor.

Embodiment 24: The monitoring system according to one of the preceding embodiments, wherein the at

least one measuring device comprises a least one display device.

Embodiment 25: The monitoring system according to one of the preceding embodiments, wherein the at
least one measuring device comprises at least one indicator device to generate at least one signal to the

user.

Embodiment 26: The monitoring system according to the preceding embodiment, wherein the at |east one
indicator device comprises a least one of an acoustic indicator device, atactile indicator device and an

optical indicator device.
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Embodiment 27: The monitoring system according to one of the two preceding embodiments, wherein the
a least one evaluation unit is adapted to generate awarning output viathe e least one indicator devicein
case one or more of the following situations are recognized:

- the compression device is found to be ineffective;

- the compression device is found to exert an overpressure;

- an external overpressure is found to act onto the compression device.

Embodiment 28: The monitoring system according to one of the three preceding embodiments, wherein
the at least one evaluation unit is adapted to generate an instruction output via the at least one indicator

device in case aspecific user action isfound to be required.

Embodiment 29: The monitoring system according to one of the preceding embodiments, wherein the at

least one evaluation unit is adapted to perform areal-time determination of the key figure.

Embodiment 30: The monitoring system according to one of the preceding embodiments, wherein the
monitoring system additionally comprises at least one ambient pressure sensor, wherein the a least one
ambient pressure sensor is adapted to determine at least one ambient pressure acting onto at least one of
the compression device and the body part from an outer side of the compression device.

Embodiment 31: The monitoring system according to the preceding embodiment, wherein the ambient
pressure is a pressure exerted onto at least one of the compression device and the body part due to the
user resting on a support, thereby exerting pressure onto the compression device due to abody weight of

the user.

Embodiment 32: The monitoring system according to one of the preceding embodiments, wherein the
monitoring system comprises aplurality of attitude sensors to be located in different regions of the body

of the user.

Embodiment 33: The monitoring system according to the preceding embodiment, wherein the evaluation
unit is adapted to automatically determine an attitude of the user, such as a current attitude, by combining

attitude information from the plurality of attitude sensors.

Embodiment 34: The monitoring system according to one of the two preceding embodiments, wherein the
plurality of attitude sensors comprises a least one thigh orientation sensor and at |east one calf orientation

Sensor.

Embodiment 35: The monitoring system according to the preceding embodiment, wherein the at |east one

evaluation unit is adapted to automatically determine if the user isin an upright position when both the at
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least one thigh orientation sensor and the at least one calf orientation sensor indicate a substantialy verti-

ca orientation.

Embodiment 36: The monitoring system according to the preceding embodiment, wherein the monitoring
system further comprises at least one motion sensor, wherein the at least one evaluation unit is adapted to
automatically determine if the user isin a standing position when an up-right position is determined and

the at least one motion sensor indicates a standstill.

Embodiment 37: The monitoring system according to one of the preceding embodiments, wherein the
monitoring system further comprises at least one foot pressure sensor, wherein the at least one foot pres-
sure sensor is adapted to be positioned underneath at least one foot of the user and to acquire at least one

force exerted by aweight of the user.

Embodiment 38: The monitoring system according to one of the preceding embodiments, wherein the
monitoring system further comprises a least one motion sensor, wherein the at least one motion sensor is

adapted to acquire at least one information regarding amotion of the user or apart of the user.

Embodiment 39: The monitoring system according to one of the preceding embodiments, wherein the at
least one evaluation unit is adapted to acquire at least one resting pressure p,. With the user being in a

resting position.

Embodiment 40: The monitoring system according to the preceding embodiment, wherein the a least one
evaluation unit is adapted to recognize if the user isin the resting position by using the & least one atti-

tude sensor and to automatically acquire the resting pressure p,.

Embodiment 41: The monitoring system according to one of the preceding embodiments, wherein the at

least one evaluation unit is adapted to acquire &t least one standing pressure pandm ,-

Embodiment 42: The monitoring system according to the preceding embodiment, wherein the a least one
evaluation unit is adapted to recognize if the user isin the standing position by using the at least one atti-

tude sensor and to automatically acquire the standing pressure pandm -

Embodiment 43: The monitoring system according to one of the preceding embodiments, wherein the at
least one evaluation unit is adapted to determine & least one extended standing pressure Pitandm . extended
with the user being in a standing position, by using the following procedure:

- the at least one evaluation unit acquires a measurement curve of pressure values after a position change
of the user into the standing position;

- a slope of the measurement curve is automatically compared to at least one end-point threshold value

and, depending on aresult of the comparison, an endpoint of a change in the measurement curve induced
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by the position change is automatically detected, and a pressure value acquired at or after the endpoint is

assigned to the extended standing Pressure Pgianam, extended-

Embodiment 44: The monitoring system according to the preceding embodiment, wherein the a least one
evaluation unit is adapted to automatically acquire the measurement curve of pressure values after the

position change of the user.

Embodiment 45: The monitoring system according to one of the two preceding embodiments, wherein the
a least one evaluation unit is adapted to acquire the resting pressure p, a least once before the position
change or at least once after the position change.

Embodiment 46: The monitoring system according to one of the three preceding embodiments, wherein

the position change is aposition change of the user from aresting position into the standing position.

Embodiment 47: The monitoring system according to one of the four preceding embodiments, wherein
the endpoint is automatically detected when the slope of the measurement curve is equal or below the
endpoint threshold value.

Embodiment 48: The monitoring system according to one of the five preceding embodiments, wherein the
endpoint threshold value is a change in the measurement curve of equal to or less than 1 mmHg per se-
cond, preferably equal to or less than 0.2 mmHg per second, more preferably equal to or less than 0.05

mmHg per second

Embodiment 49: The monitoring system according to one of the six preceding embodiments, wherein the
a least one evaluation unit is adapted to perform at least one of an averaging operation and a filtering
operation on the measurement curve before comparing the slope of the measurement curve to the end-
point threshold value.

Embodiment 50: The monitoring system according to the preceding embodiment, wherein an averaging
operation is used which generates a median over a predetermined number of pressure values, preferably
over 3-20 pressure values, more preferably over 5-15 pressure values and most preferably over 10 pres-

sure values.

Embodiment 51: The monitoring system according to one of the preceding embodiments, wherein the a
least one evaluation unit is adapted to compare the key figure K to a least one efficacy threshold for au-
tomatically determining the efficacy of the compression device.

Embodiment 52: The monitoring system according to one of the preceding embodiments, wherein the a
least one evaluation unit is adapted to determine at least two different key figures K; and K,, wherein the
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evaluation unit is adapted to automatically determine the efficacy of the compression device by a combi-
nation of the at least two key figures k.; and K.

Embodiment 53: The monitoring system according to the preceding embodiment, wherein the a least one

evaluation unit is adapted to perform at least one multivariate evaluation operation f(Ki, k ,) using the key

figures k., and K,, the evaluation operation being adapted to generate a statement on the efficacy of the

compression device.

Embodiment 54: The monitoring system according to one of the preceding embodiments, wherein the a

least one key figure is selected from the group consisting of:

aresting pressure p;;

astanding pressure p_nam, With the user being in a standing position;

abaseline resting pressure p;,_, vasaiine directly after application of the compression device (112);
an extended standing pressure Ptandm,, extended;

a static stiffness index SSI, the static stiffness index being determined by subtracting the resting
pressure p, 4 from a standing pressure pganding;

an extended static stiffness index ESSI, the extended static stiffness index being determined by
subtracting the resting pressure p,4 from the extended standing pressure p_tandin,, extended;
adifference ESSIi - ESSI, between at least two extended static stiffness indices ESST and essiz,
the extended static stiffness index ESST being determined by subtracting a first resting pressure
rresi from a first extended standing pressure pandm,, extended 1, the extended static stiffness index
Essz being determined by subtracting a second resting pressure p, 2 from a second extended
standing pressure ptanding, extended 2;

adifference SST - sg2 between at least two static stiffness indices SST and sgi2, the static stiff-
ness index SST being determined by subtracting afirst resting pressure p,.«i from afirst standing
pressure p_gandm,i, the static stiffness index ssi2 being determined by subtracting a second resting
pressure p; 2 from asecond standing pressure pgandin,2;
aratio ESST :esg2  of at least two extended static stiffness indices ESST and essi2,  the extend-
ed static stiffness index ESST being determined by subtracting afirst resting pressure p, i from a
first extended standing pressure pganding, extended 1, the extended static stiffness index ess2  being
determined by subtracting a second resting pressure p, . from a second extended standing pres-
SUr€ Pstanding, extended 2,

aratio SST : sg2 of a least two static stiffness indices SST and sgi2, the static stiffness index
SST being determined by subtracting a first resting pressure p, i from a first standing pressure
Paandingi, the static stiffness index ss2 being determined by subtracting a second resting pressure
rrest2 from a second standing pressure p anding2;

adifference between a least two resting pressures p i and p .t acquired a at least two different

points in time;
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- aratio between at least two resting pressures p,i and p. acquired at at least two different
points in time;

- adifference between at least two extended standing Pressures pPtandm, extended 1 @8N0 Potandmy, extended 2
acquired at at least two different points in time;

- adifference between at least two standing pressures Pandingi and Panding2 acquired at at least two
different points in time;

- aratio of at least two extended standing Pressures Pqianding, extended 18N0 Pgranding, extended 2 aCquired at at
least two different points in time;

- ardio of at least two standing pressures p.tandingi and Pgandingz acquired at at least two different
points in time;

- an median or mean amplitude of a measurement curve of pressure values acquired during a de-
fined movement of the user, preferably during walking;

- araio of a least one first median or mean amplitude (Amplitude |, .dgiani Or Amplitude of a

mea i)
first measurement curve of pressure values acquired during a first defined movement of the user
(e.g. during a first period of waking) and a least one second median or mean amplitude
(Amplitude , .gaz Or Amplitude ., n2)of a second measurement curve of pressure values acquired
during a second defined movement of the user (e.g. during a second period of walking);

- arefilling time t_ g for vein refilling after a change of position from a resting position into a
standing position;

- adifference t,fui - ty 12 between at least one first refilling time t.y; for vein refilling after a first
change of position from aresting position into a standing position and at least one second ref Il-
ing time t.glp for vein refilling after afirst change of position from aresting position into a stand-
ing position;

- aratio t g :iesrp Of a least one first refilling time t, i for vein refilling after afirst change of
position from aresting position into a standing position and at least one second refilling time t, 4,2
for vein refilling after afirst change of position from aresting position into a standing position;

- aparameter derived from a refilling curve, the refilling curve being a measurement curve ac-
quired after achange of position from aresting position into a standing position, specifically apa-

rameter indicating at least one of a slope of the refilling curve and a shape of the refilling curve.

Embodiment 55: The monitoring system according to one of the preceding embodiments, wherein the at
least one evaluation unit is adapted to invite the user to perform at least one measurement routine for

measuring the at least one key figure.
Embodiment 56: The monitoring system according to one of the preceding embodiments, wherein the at

least one evaluation unit is adapted to generate awarning in case the at least one key figure is detected to

be outside an admissible range.
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Embodiment 57: The monitoring system according to one of the preceding embodiments, wherein the

monitoring system comprises at least one display element.

Embodiment 58: The monitoring system according to the preceding embodiment, wherein the evaluation
unit is adapted to provide instructions to the user which position to take, via the at least one display ele-

ment.

Embodiment 59: The monitoring system according to one of the preceding embodiments, wherein the

monitoring system is adapted to lead the user through at least one measurement routine.

Embodiment 60: The monitoring system according to one of the preceding embodiments, wherein the at
least one evaluation unit is adapted to recognize at least one predetermined type of movement of the user

by evaluating ameasurement curve of pressure values.

Embodiment 61: The monitoring system according to one of the preceding embodiments, wherein the at
least one evaluation unit is adapted for determining awalking movement of the user by recognizing per -

odic changes of the pressure values.

Embodiment 62: The monitoring system according to one of the preceding embodiments, wherein the at

least one evaluation unit is adapted to store an activity profile of the user.

Embodiment 63: The monitoring system according to one of the preceding embodiments, wherein the at
least one evaluation unit is adapted to use a pattern recognition agorithm for comparing a measurement

curve of pressure values to apredetermined set of reference patterns.

Embodiment 64: The monitoring system according to one of the preceding embodiments, wherein the at
least one pressure sensor is selected from the group consisting of: a semiconductor pressure sensor; a
pressure sensor having a deformation-sensitive resistor; apressure sensor having a deformation-sensitive

capacitor; apressure sensor having a deformation-sensitive light guide; and a pressure sensor having a
fluid-filled bladder.

Embodiment 65: The monitoring system according to one of the preceding embodiments, wherein the at
least one evaluation unit is adapted to detect arterial pulsations in ameasurement curve of pressure values

provided by the at least one pressure sensor.
Embodiment 66: The monitoring system according to the preceding embodiment, wherein the at least one
evaluation unit is further adapted to generate awarning in case an amplitude of the arterial pulsations is

below apredetermined safety threshold.
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Embodiment 67: The monitoring system according to one of the preceding embodiments, wherein the at

least one evaluation unit comprises at least one processor.

Embodiment 68: A compression system for use in compression therapy, the compression system compi s-
ing at least one monitoring system according to one of the preceding embodiments, the compression sys-

tem further comprising a least one compression device for exerting pressure onto abody part of auser.

Embodiment 69: The compression system according to the preceding embodiment, wherein the at least
one compression device comprises at least one of: a compression bandage; a compression sleeve; a com-

pression garment.

Embodiment 70: The compression system according to one of the two preceding embodiments, wherein

the at least one compression device isapassive compression device.

Embodiment 71: The compression system according to one of the three preceding embodiments, wherein
the body part is selected from the group consisting of: aleg of the user or apart of aleg of the user; acalf
of the user; athigh of the user; an arm of the user or apart of an arm of the user; afinger or afinger digit

of the user; atoe of the user; afoot of the user or apart of afoot of the user.

Embodiment 72: A method for determining the efficacy of a least one compression device for use in
compression therapy, wherein a least one pressure sensor isused for measuring apressure exerted onto a
body part of auser by the compression device, where-in further at least one attitude sensor is used for
acquiring at least one attitude information of the user, wherein the attitude information comprises an in-
formation on at least one of a position, an orientation and a movement of the user, wherein & least one
measuring device having at least one evaluation unit is used, wherein the a least one measuring device
communicates with the at least one pressure sensor and the a least one attitude sensor, wherein the a
least one evaluation unit receives at least one pressure value acquired by the at least one pressure sensor
and wherein the at least one evaluation unit further receives at least one attitude information acquired by
the at least one attitude sensor, wherein the at least one evaluation unit automatically combines the at least
one pressure value and the a least one attitude information in order to determine at least one key figure
K indicating the efficacy of the compression device taking into account the at least one attitude infor-

mation.

Embodiment 73: The method according to the preceding embodiment, wherein at least one resting pres-

sure press With the user being in aresting position is acquired.

Embodiment 74: The method according to one of the two preceding embodiments, wherein further at
least one extended standing Pressure p.andm,, exended With the user being in a standing position is deter-
mined, by using the following procedure:
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- ameasurement curve of pressure values after a position change of the user into the standing position is
acquired;

- a dope of the measurement curve is automatically compared to a least one endpoint threshold value
and, depending on aresult of the comparison, an endpoint of a change in the measurement curve induced
by the position change is automatically detected, and a pressure value acquired at or after the endpoint is

assigned to the extended standing pressure P.iandi,, extended-

Embodiment 75: The method according to one of the three preceding embodiments, wherein the method
uses the monitoring system according to one of the preceding embodiments referring to a monitoring
system.

Embodiment 76: The method according to one of the four preceding embodiments, wherein the compres-
sion device is exchanged in case the compression device's efficacy is found to be below a predetermined
threshold.

Short description of the figures

Further details of the invention may be derived from the following disclosure of preferred embodiments.
The features of the embodiments may be realized in an isolated way or in any combination. The invention
isnot restricted to the embodiments. The embodiments are schematically depicted in the figures. Identical
reference numbers in the figures refer to identical elements or functionally identical elements or elements
corresponding to each other with regard to their functions.

In the figures:

Figure 1A shows an exemplary embodiment of amonitoring system and/or a compression system;

Figure IB  shows a schematic cross-sectional view of a certain portions of the monitoring system and
the compression system depicted in Figure 1A;

Figure 1C shows ablock diagram of exemplary set up on an exemplary measuring device

Figure 2 shows auser in aresting position;

Figure 3 shows ameasurement curve of pressure values acquired after aposition change into a stand-
ing position;

Figure 4 shows a slope of the measurement curve of Figure 3;
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Figure 5 shows ameasurement curve of pressure values acquired during an activity of auser;

Figure 6 shows ameasurement curve including arterial pulsations of pressure values;

Figure 7 shows measurement curves including refilling curves of norma limbs and limbs with in-

competent venous valves,

Figure 8 shows different positions where a pressure sensor may be positioned on the lower leg of a

human;

Figure 9 shows aflow chart of an embodiment of amethod for determining the efficacy of acompres-

sion device as an optional part of amethod according to the present invention;

Figure 10 shows aflow chart of an embodiment of amethod according to the present invention; and

Figure 11 shows afurther exemplary embodiment of amonitoring system and/or a compression system.

Detailed description

In Figure 1A, an exemplary embodiment of a monitoring system 116 for determining the efficacy of a
compression device used for exerting pressure onto abody part of auser in the framework of compression
therapy aswell as an exemplary compression system 110 for use in compression therapy is depicted. The
compression system 110 comprises at least one monitoring system 116 and at least one compression de-
vice 112 for exerting pressure onto abody part 114 of auser, such as acaf. The compression device 112,
as depicted in Figure 1A, may preferably comprise a compression bandage. However, other types of
compression devices may be used additionally or aternatively.

Figure 1B shows a schematic cross-sectional view of certain parts of the exemplary monitoring system

116 and compression system 112 shown in Figure 1A.

As shown in Figures 1A andIlB, the monitoring system 116 typically comprises at least one pressure sen-
sor 118 for measuring pressure exerted by the compression device onto the body part of the compression
device user, which may be placed in between the compression device 112 and the body part 114 of the
compression device user (as shown in Figures 1A and I1B) and/or may be placed fully or partially inside
the compression device 112, such as between two or more layers of the compression bandage. Such as
pressure sensor may be part of aunit 117 that is configured and arranged to be placed between the com-
pression device and the relevant body part of the device user or fully or partially within the compression
device (e.g. between two or more layers of a compression bandage). For ease in description such a unit

will betermed in the following a"sub-bandage unit”.
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As shown in Figures 1A andIB, the monitoring system 116 further comprises at least one attitude sensor
122 for acquiring at least attitude information on at least one of aposition, an orientation and a movement

of the user.

Attitude sensors may orientation and/or acceleration sensors. Orientation sensors may be for example

inclinometer or tilt sensors. Acceleration sensors may be gyroscopes.

As shown in Figure 1A desirably there is at least one attitude sensor associated with the body part on
which the compression bandage isplaced. In the illustrated exemplary embodiment, this sensor is located
at/on the calf of the user and labeled 122" in Figures 1A and IB. Asdepicted in Figures 1A and IB, such
an attitude sensor may be included together with a pressure sensor in a sub-bandage unit, so that a com-
mon sensing unit is provided. Alternatively, such an attitude sensor may be provided externaly, e.g. on
the outside the compression device, as a separate sensor or as part of a separate unit/device. In regard to
the latter such a sensor may be incorporated into an external measuring device. In the exemplary shown
in Figures 1A and IB, there isprovided asingle attitude sensor, e.g. an orientation sensor, in association
with the body part on which the compression bandage is placed. In order to obtain ahigher level of atti-
tude information, it may be favorable to provide two attitude sensors (e.g. an orientation sensor aswell as
an acceleration sensor) or even more attitude sensors in association with the body part on which the com-

pression bandage is placed.

In order to obtain ayet higher level of attitude information in order to better determine a particular posi-
tion, orientation and/or movement of the user at agiven point time, the monitoring system, if desired may
comprise one or more attitude sensors associated with a body part or body parts on which there is no
compression bandage. For example, as shown in Figure 1A, the monitoring system may comprise beside
an attitude senor at the calf (122", an additional attitude sensor (e.g. an orientation sensor) to be located
on the upper leg, e.g. on the thigh (122") of the user. Although not denoted in the embodiment shown in

Figure 1A, the monitoring system may also comprise an attitude sensor on the foot of the user.

In addition to the at least one pressure sensor 118 and in addition to the at least one attitude sensor (122,
122"), the monitoring system 116 may, if desired, further comprise one or more additional sensor ele-
ments, such as a least one of atemperature sensor, aforce sensor and an additional pressure sensor. Re-
garding the latter, a monitoring system may comprise one or more pressures for measuring a pressure
exerted onto the body part which isnot caused by the at least one compression device. Unlike the &t least
one pressure sensor that is used for measuring a pressure exerted onto a body part of auser by the com-
pression device, such pressure sensors would be used for measuring apressure exerted onto abody part of
user due to other factors. For ease in distinction between these types of pressure sensors, such pressure
sensors will bereferred to in the following as second type pressure sensors. For example, in the exempla-
ry embodiment in Figures 1A and IB, such apressure sensor 123 may be provided for measuring a pres-

sure exerted onto the body part 114 from the outer side of the compression bandage, but which is not
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caused by the at least one compression device 112. Thus, an external or ambient pressure may be exhibit-
ed by the user's own weight when resting on a support. Such as a second type pressure sensor may be
favorably used to determine "ambient" pressure in regard to pressure data collected by the pressure sensor
118 used to measure pressure exerted by the compression device. Accordingly, such a second type pres-
sure sensor for measuring ambient pressure would be favorably located near or essentially at the same
position asthe pressure sensor underneath or within the compression bandage, with the exception that it is
located "outside” of the compression bandage, such that the sensor does not measure pressure exerted by
the compression bandage onto the body part. Such a pressure sensor may be appropriately attached to
and/or integrated into the compression device, e.g. attached to or integrated onto an outer surface of the
compression bandage. Such as pressure sensor may be incorporated into the measuring device described
in more detail below. In order to obtain a different type of higher level information in order to better de-
termine a particular position, orientation and/or movement of the user at a given point time, the monitor-
ing system, if desired, may comprise one or more force sensors or one or more pressure Sensors in associ-
ation with abody part or body parts on which there isno compression bandage. For example, as shown in
Figure 1A, the monitoring system may comprise either a force sensor or a second type pressure sensor
121 on the sole of the foot of the user. Such a sensor would alow for the measurement of force or pres-

sure onto the sole of the foot, thus facilitating movement and/or position determination.

For sensors located separated from the at least one compression device, desirably there isprovided at least
one mounting element for mounting such sensors to abody or body part of the user. As shown in Figure
1A, the mounting element may be a short winding of cohesive wrap or adhesive tape (129, 131). Alterna
tively, sensors or more appropriately units comprising such sensors may be provided with an adhesive,

e.g. skin-adherent adhesive, on one surface.

Asshown in Figures 1A and B, the monitoring system 116 typicaly further comprises a least one meas-
uring device 120 having at least one evaluation unit 126. The measuring device 120 is adapted to com-
municate with the at least one pressure sensor (118) and the a least one attitude sensor (122', 122")
wherein the at least one evaluation unit is adapted to receive at least one pressure vaue acquired by the at
least one pressure sensor and to receive a least one attitude information acquired by the at least one atti-
tude sensor. In the event, a monitor systems comprises one or more other sensors, e.g. aforce sensor or
second type pressure sensor, desirably the measuring device is adapted to communicate with such sen-
sors) wherein the at least one evaluation unit is adapted to receive at least one sensed value acquired by
such sensor(s). The measuring device 120, in particular the evaluation unit 126, may comprise at least
one processor 128, such as one or more microprocessors. Additionally, the measuring device, in particular
the evaluation unit 126, may comprise one or more data storage devices 133, such as one or more volatile

and/or non-volatile data storage devices.

Depending on the particular configuration of the system, communication between sensors and the meas-

uring device, in particular the evaluation unit thereof may be achieved by hard (e.g. wire) connection or
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wireless. In the exemplary embodiment shown in the Figures 1A and 1B, communication between the
sensors and the measuring device, in particular the evaluation unit, for the most part is wireless. For ex-
ample, communication between the measuring device 120 and pressure and attitude sensors (118,122)
located at the calf under the compression device isfavorably wireless, preferably via RFID, more prefera-
bly according to ISO/IEC standard 15693-3. For this reason, as shown in the exemplary embodiment de-
picted in Figures 1A and B, the measuring device istypically located near or essentially at the same posi-
tion asthe sensor(s) underneath or within the compression bandage, with the exception that the measuring
device is located "outside" of the compression bandage. Accordingly the measuring device may be ap-
propriately attached to and/or integrated into the compression device, e.g. attached to or integrated onto
an outer surface of the compression bandage. Besides RFID type communication it will be understood
other ways of wireless communication are possible, such as Bluetooth and/or radio transmission. In re-
gard to the exemplary, additional sensors positioned at the upper leg and at the foot, again communication
between the measuring device and said sensors is favorably wireless, preferably via Bluetooth Smart. It
will be appreciated that such sensors will betypically provided inthe form of sensor units, each including
besides the sensor(s) a power supply (e.g. battery) aswell asthe appropriate elements (e.g. antenna, etc.)
for the selected form of wireless communication. In regard to the exemplary second type pressure sensor
123 located at the caf outside the compression device and incorporated into the measuring device 120,
communication istypically achieved via hard connection(s). Similarly for aforesaid mentioned aternative
embodiments where the least one attitude sensor associated with the body part on which the compression
bandage is placed (e.g. the attitude sensor 122' positioned at the calf) is positioned outside the compres-
sion device (rather than underneath or within the compression device) and incorporated into the measur-

ing device, communication may then be achieved via hard connection(s).

The monitoring system may comprise at least one display element (such as one or more segmented dis-
plays and/or one or more matrix displays) and/or a least one interface (e.g. user interfaces (such as at
least one keypad or push button and/or other types of user interfaces e.g. dlowing for a user to input
commands into the evaluation unit), electronic interfaces (such as interfaces for other devices, e.g. charg-

ing outlet, USB) and/or data interfaces (interfaces for transferring data in and out of the system).

For example, the measuring device, in particular the evaluation unit thereof, may further comprise a
least one display element and/or at least one interface, e.g. auser interface, aelectronic interface and/or a
data interface. In this regard, as shown in the exemplary embodiment illustrated in Figures 1A and B, the

measuring device 120 desirably includes adisplay element 130" and an user interface 132'.

Alternatively or in addition, the monitoring system 116 may further comprise at least one display and
control device, eg. as a separate unit from the measuring device. Such a device would desirably comprise
a least one display element and/or at least one interface, e.g. auser interface. aelectronic interface and/or
a data interface. For example, the exemplary embodiment illustrated in Figures 1A and B comprises a

display and control device 124 which includes a display element 130" and at least one user interface
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132". Such a display and control device 124 is preferably adapted to wirelessly communicate with the
measuring device 120. In Figure 1B, the wireless communication symbolically is denoted by reference
number 125. Preferably, the wireless communication may comprise at least one Bluetooth communica-
tion. Additionaly or aternatively, other types of communication are feasible, both wire-bound and wire-
less. The display and control device 124 preferably may be a hand- held device. As an example, the dis-
play and control device 124 preferably may be or may comprise amobile communication device such as a
smart phone. Thus, the display and control device 124 preferably may comprise a least one display
and/or at least one user interface. Further, the display and control device 124 preferably may comprise

processing capabilities, such as at least one processor.

As dready indicated above, the compression system 110 and/or the monitoring system 116, in particular
the individual components thereof, may be embodied in various ways. Figures 1A and B show a single
exemplary embodiment of such a system. A number of alternative configurations may be envisioned. For
example, as aready mentioned above the attitude sensor associated with the body part on which the com-
pression device isplaced (e.g. the attitude sensor positioned at the calf (122)) may be provided external-
ly, eg. on the outside the compression device, asa separate sensor or aspart of a separate unit/device, eg.
an external measuring device. Alternatively, the measuring device could be placed underneath or within
the compression device (e.g. between the compression device and the body part of the compression de-
vice user may be placed fully or partiadly inside the compression device, such as between two or more
layers of the compression bandage). For example, such an embodiment is shown in Figure 11. Moreo-
ver, in the exemplary embodiment shown in Figure 11, the measuring device 120 with its evaluation unit
126 is provided together with the pressure sensor 118 and the attitude sensor 122' in a single sub-bandage
unit 117. While the measuring device of such an embodiment could comprise a least one display ele-
ment and/or a least one user interface, generally it ispreferred that such an embodiment would include an
external display and control device 124 including a least one display element 130 and/or at least one
interface, e.g auser interface 132, said display and control device being in communication 125 (e.g. wire-
less communication) with the measuring device 120, in particular the evaluation unit 126. Such adisplay
and control device can be like that described above and below. Although not depicted in Figure 11, such
an exemplary embodiment could include one or more additional sensors, for example attitude, force, se-
cond type pressure sensors positioned appropriately at the thigh and/or foot similar to that shown in the
embodiment of Figures 1A and B as well as an second type pressure sensor positioned outside the com-
pression device a the calf for measuring ambient pressure as discussed above, where such sensors would
be in communication (e.g. by hard connection or wireless) with the measuring device, in particular with

the evaluation unit.

As outlined above, monitoring systems and compression systems and methods described herein may be
adapted to gain metrics for determining the efficacy of the compression device, such as compression
bandage efficacy. Metrics of efficacy may be a static stiffness index SSI and/or an extended or modified
dtatic dtiffness index and/or any other key figure as disclosed above or as disclosed in further detail be-
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low. The evaluation unit 126 of the monitoring system 116 is adapted to automatically combine at least
one pressure value measured by the pressure sensor 118 and at least one attitude information acquired by
the attitude sensor 122 in order to determine at least one key figure K indicating the efficacy of the com-
pression device 112, by taking into account the attitude information. Thereby, as an example, the key
figure may be determined out of every day movements of the patient without the need of measurement

procedure.

The monitoring system 116 may form an intelligent system to determine the conditions for measurements
to extend battery life time. The at least measuring device 120 may communicate with the at least one
pressure sensor 118 and, optionally, with one or more further sensors such asthe at least one attitude sen-
sor 122. The communication preferably takes place wirelessly, preferably by using RFID-technology,

such as according to the ISO 15693 standard. In case apluraity of sensors isused, such as aplurality of
pressure sensors 118, the communication of the measuring device 120 with the plurality of sensors may
use several ways of communication, such as a wireless communication with at least one first pressure
sensor 118 and awire-based communication with at least one second pressure sensor 118. In this embod-
iment or in any other embodiments, the at least one pressure sensor 118 and one or more further sensors,
such asthe a least one attitude sensor 122, may be comprised in one or more sensor tags. The monitoring
system 116 may furthermore power one or more of the sensors, such as the a least one pressure sensor
118 and/or the at least one attitude sensor 122, preferably wirelessly, such asby using the RFID field. The
measuring device 120 may convert the measured values into pressure values, may compute the efficacy of
the compression device 112 and may optionally determine safety features and may optionaly aarm the
patient. The sensor tag may be controlled by the measuring device 120 and may measure the pressure

below the compression device 112, such asbelow the compression bandage.

The display and control device 124 might be a standard device like apersona computer, a laptop, a smart
phone, atable PC or a similar device. It may further be a custom device optimized to the needs of the
user. The display and control device 124 may form a user interface, by which the user may check the
status of the compression device 112, may check the status of the compression system 110 and may check
the measurement results. For example, the user may configure the monitoring system 116 and may start
and stop measurement procedures. The display and control device 124 may be connected to the measur-
ing device 120 preferably by using wireless standards like Bluetooth or Bluetooth low energy. Further,
optionaly, the display and control device 124 may be connected using awire-based connection, such as a
USB connection. Using the display and control device 124, a connection to a database to store measure-
ment results or compression device data may be possible, too. The measuring device 120 may be used

without the display and control device 124 aswell.

In Figure 1C, a detailed, potential, exemplary setup of a measuring device 120 is depicted. A s disclosed
therein, the measuring device 120, besides the evaluation unit 126 (which preferably comprises one or

more processors and/or one or more data storage devices) or as a part of the evaluation unit 126, the
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measuring device 120 may comprise a memory 150. Further, one or more human-machine interfaces
and/or machine-machine-interfaces may be provided, wherein, for the latter, both wireless and wire-based
options are feasible. In Figure 1C, an input 154 and an output 156 are provided. The measuring device
120 may further comprise one or more power supplies 156, such as one or more electric energy storage
device like batteries, accumulators or the like. Additionally or aternatively, a wire-based power supply
may beprovided, such asat least one an electric plug.

The measuring device 120 may further comprise one or more sensors 158 of its own, such as one or more
temperature sensors or the like.

Further, the measuring device 120 may comprise one or more communication modules for communi-
cating with the a least one pressure sensor 118 and, optionally, with further sensors such as the a least
one attitude sensor 122, and, optionally, for communicating with the display and control device 124. In
the exemplary embodiment of figure 1C, an RFID-IC 160 and anh RFID antenna 162 are provided. For
communicating with the display and control device 124, at least one communication module 164 may be
provided, which may comprise one or more of aUSB module 166 with aUSB connector 168 and aBlue-
tooth module 170 with a Bluetooth antenna 172. Other embodiments are feasible.

The measuring device 120 preferably may further comprise a least one real time clock, preferably as a
part of the evaluation unit 126. The real time clock may be used to determine the time of the day, the time
period since the last measured value has been taken etc., for power saving purposes and to determine the
status of the patient.

As outlined above, the monitoring system 116 comprises at least one pressure sensor 118 and & least one
attitude sensor 122. These sensors as well as further, optional sensors may be integrated fully or partialy
into the measuring device 120, as schematically depicted in Figure 1C or may fully or partially be located
outside the monitoring device. Thus, amotion sensor and/or a gyro-sensor (gyroscope) may be provided.
The sensors may generally beused for detecting the status and/or condition of the patient, the status of the
sensor and to enable efficient power saving techniques.

As outlined above, one or more power supplies 156 may be provided. The measuring device 120 may be
powered by an integrated accumulator or, when connected to a USB host or a USB charging device,
measuring device 120 may be powered by the USB connection. This USB connection can be used to

charge the accumulator, too.
The measuring device 120 may comprise one or more memories 150, such as one or more volatile or non-

volatile data storage devices. Preferably, anon-volatile memory, such as a flash memory, may be used to

store measurement results.
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Regarding the input 152, one or more inputs like pushbuttons may be provided. Additionally, input op-
tions may be given via the display and control device 124. The input facilities may be used for one or
more of the following purposes:

toeg.

- turn the measuring device 120 on and off,

- initiate a connection to the display and control device 124, preferably awireless connection,

- indicate certain patient's attitudes, such aspatient's positions,

- indicate the necessity for replacement of the compression device 112.

Regarding the output 154, in addition to the optional output options provided by the display and control
device 124, the measuring device 120 may provide one or more outputs like e.g. LEDs, one or more small
display (e.g. LCD), and/or one or more acoustic outputs. The output 154 may be used to show one or
more of:
- adevice status of the measuring device 120 such as

o on/off,

o battery status,

0 sensor tag connected?

0 measurement in progress,
- a status of the compression device 112,

- warnings.

These outputs may be used to guide a patient through a measurement process.

The communication module 164 or communication block may comprise the USB module 166 or USB
block, which may be used to establish awire-based connection to the optional display and control device
124, to power the measuring device 120 and to charge the accumulator. Further, one or more wireless
communication modules or wireless communication blocks may be provided, such asthe Bluetooth mod-
ule 170, preferably aBluetooth LE block.

The measuring device 120 may have the following functions:
1) Permanent pressure measurement:
The measuring module 120 may read the pressure from the sensor tag via RFID.
2)  Algorithms to determine the at least one key figure for determining the efficacy of the compression

device 112, such asout of every day movements

Examples for determining key figures will be given in further detail below. Thus, an algorithm may be

used which detects a least one standing pressure and at least one resting pressure. The detection of the

resting pressure may be kept quite simple, such as by using a minimum pressure value detected as the

resting pressure. To detect the standing pressure, the maximum pressure achieved with an asymptotic
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behavior may be assumed to be the standing pressure. This value may be smaller or equal to the standing
pressure acquired from measurement process as you cannot be sure that the patient has been in a position
to measure the standing pressure. Asthe standing pressure is the highest achievable pressure with an as-
ymptotic behavior, the value derived from the everyday pressure measurements must be smaller. These
two methods may be applied to the pressure values of a defined time interval (e.g. last 6h, 12h, 24h) at
defined points of time. With the status/condition, which is detected with other sensors, this measurement

can be further improved.

Thereby, as will be outlined in further detail below, a modified or extended static stiffness index ESSI
may be determined as one example of akey figure indicating the efficacy of the compression device 112.
If the ESSI has an insufficient quality, the patient might perform atest procedure. This procedure might
be optimized and/or modified, such as by skipping some parts depending on the figures derived from the

everyday measurements.

In Figure 10, aflow chart of an exemplary embodiment of operation of the monitoring system 116 is de-

picted. Therein, the following steps may be used:

1010 start

1012 reference measurement

1014 get sensor values

1016 preprocessing (e.g. compute pressure)

1018 determine patient attitude, e.g. patient position
1020 save sensor values and intermediate results
1022 calculate key figure K of compression device efficiency (e.g. ESSI)
1024 store key figure K

1026 display key figure or other results and/or alarm
1028 calculate sleep interval

1030 sleep mode

1032 guided measurement

In the following, some of the steps of Figure 10 are outlined in further detail:

Get sensor values;

Sensor values may beread from existing sensors.
- Pressure sensor below compression bandage
- Pressure sensor between reading device and compression bandage
- Acceleration sensors located at
o Pressure sensor
o Thigh
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0
- Tilt Sensor located a
0 Pressure sensor
o Thigh
0

- Temperature sensor

Preprocessing of sensor data:

- Improve quality of sensor data e.g. using median, average, kalman filter, ...
- Calculate Pressure below compression bandage
0 Use sensor value of pressure measurement below bandage
o Error compensation using pressure measured between compression bandage and reading
device
- Calculate features like
o movement of the leg in polar coordinates,
o gradient of movement (accelerating or slowing down)

Determine patient's attitude such aspatient's position:

As outlined above, the key figure is determined by taking into account an attitude of the patient, such as a
current attitude. As an example, one or more activities and/or body positions may be detected automati-
cally by the monitoring system 116, such as:

- a supine position

- a standing position

- awalking movement

- a specific movement other than awalking movement.

Aswill be outlined in further detail below, the supine position, as depicted in Figure 2, may be used to
measure a sub-bandage pressure without relevant venous filling and low muscle tone. Under controlled
situations the patient might be instructed to bein aposition as described in Figure 2, resting on abed 134
or mattress. The knee isin dight flexion and the lower leg has no direct contact to the mattress. An auto-
matic system might detect this position by agyro-, motion- and, optionally, the pressure sensor:

- the gyro-sensor indicates a horizontal position

- the motion sensor indicates alow acceleration or no acceleration

- the pressure sensor indicates a low pressure, wherein a patient-specific evaluation regarding pres-

sure levels may be performed
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Therein, the sensor area should not have contact to the bed 134, mattress or armchair since, in this case,
an increased pressure might occur. Further, an ankle joint position might be relevant for sub-bandage

pressure, since, typically, 90% flexion increases pressure compared torelaxed plantar flexion.

In a standing position, the gyro-sensor typically detects a vertical position. The motion sensor typically
detects no or minimal acceleration. The pressure sensor typically records high pressure. Therein, the fol-
lowing issues might be considered for evaluation:

- The weight bearing leg often shows higher pressure

- The time to complete venous filling without any movement often is crucial

- The sensor typically will not differentiate between asitting and standing position

- 90° or more knee flexion in sitting position can show higher pressure than standing

- A supine position with 90° flexion of hip joint and 120° in knee joint might give higher pressure

levels, than in the standing position

A further attitude the patient may take isawalking motion or any other type of defined movement. Due to
muscle pumping action of the foot, the calf, the thigh and the hip muscles as well as the related joint
pumps, the venous blood column will typically be proximally shifted, and the ambulatory venous pressure
will typically bereduced. Also, joint movement, especially of the ankle joint, will typically transmit forc-
es due to the typically low elasticity of the compression device 112 such asthe compression bandage. The
gyro sensor typicaly detects dightly changing but roughly vertical positions. The acceleration sensor
typically detects regular accelerations, wherein the monitoring system 116 might undergo alearning pro-
cess. The pressure sensor generally detects regular changes in chronological agreement to motion sensor.
When determining amovement, it should be considered that awalking acceleration might typically show
variations due to some factors, such as age of the patient, obesity, oedema, reduced joint mobility, foot

wear and other factors, which might be taken into account when evaluating the patient's attitude.

Summarizing some of the findings above, Table 1 shows some examples of combining results from sev-
eral sensors for determining the patient's attitude, such as the patient's current attitude. Therein, when
referring to angular positions, such asvertical or horizontal positions, the term "substantially" may refer
to the fact that dlight deviations from the exact angular position might betolerable, such as deviations by

no more than 20°, preferably by no more than 10°.

Table 1: Examples d sensor combinationsfor determiningpatient's current attitude.

Attitude | Position Position Acceleration Pressure under force sensor
sensor (calf) sensor (thigh) |sensor (calf) bandage (calf) under foot
Sitting | Substantially Substantially Little Medium Low
vertical horizontal
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Lying Substantially Substantially Little Low Low
horizontal horizontal
Standing | Substantially Substantially Little High High to Low
vertical vertical
Knedling | Substantially Substantially Little Medium to Low
horizontal horizontal OR very high
substantially
vertical
Walking | Substantially Substantially Dynamic Alternating Alternating
vertical vertical

Further referring to the optional method steps depicted in Figure 10, the following options may be added:

Save sensor values and intermediate results:

The computed values and the measurement results may be stored with the current time stamp to the

memory 150, such asto anon-volatile memory.

Calculate key figure K of compression device efficiency (e.g. ESSF):

Using the intermediate results and sensor data, at least one key figure K is determined, indicating the eff -
cacy of the compression device 112. Some examples of key figures which may be determined, taking into

account the patient's attitude, preferably the current attitude, will be outlined in detail below.

Store key figure K:

The key figure K may be stored in the memory 150, such as the non-volatile memory. When optionally
connected to a database by using the display and control unit 124, the results may be stored in the data-
base. This database might be accessible by medical staff, such as persons which might control the status

of the patient and the compression device 112 online.

Display key figure K or other results and/or alarm:

The measured values and calculated results, such asthe a least one key figure K, as well as further re-
sults, such as

- isthe compression device 112 efficient or not,

- the current pressure,

- the patient's attitude such asthe patient's position

or other results may be displayed via the display element 130 of the measuring device 120 and/or, option-
aly, when connected to the display and control device 124, via the display and control device 124. If one
or more of the results are found to be out of a predetermined range, such asin case one or more key f g-
ures K are found to be above or below predefined thresholds (e.g. ESSI to low, pressure to high), the pa-

tient may be alarmed using avibration alarm, acoustic feedback or using the display and control device
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124. If necessary, other persons like doctors, nurses etc. can be aarmed aswell, when the measuring de-

vice 120 is connected to the display and control device 124.

Calculate Slegp interval:

To save energy and to extend the battery life, the measuring device 120 may not measure continuously
but may switch into a sleep mode based on environmental conditions and measured values. The sleep
interval might be extensive, such as lasting severa hours, specifically if the last measurement of compres-
sion device efficacy (such as ESSI calculation) has been successful and has proven that the compression
device 112 is dill effective. If not, the sleep interval generally may dependent upon the current patient
activity. If the patient is standing up, i.e. changing from aresting position to a standing position, a contin-
uous measurement may be performed, until the pressure has settled. Then, the standing pressure may be

detected, or the patient may perform other movements.

Sleep:

During the sleep phase the compression system 110 including the monitoring system 116 may sleep for a
predefined sleep interval. This interval may be interrupted, if the patient is moving, such as due to an
interrupt generated by an acceleration sensor and/or atilt sensor. Then, anew measurement may be per-
formed. The sleep interval may further be interrupted by the user, too, such asvia an input a the measur-

ing device 120 and/or a the display and control device 124.

Guided Measurement:

In the optional guided measurement, the patient may be guided, such as by one or more of:

- visual and/or optica commands from the measuring device 120

- visual and/or optica commands from the display and control device 124,

in order to perform a measuring sequence. When measuring one or more of the key figures, such as for
measuring the ESSI as explained in detail below, the patient may have to take aresting position, and the
resting pressure may be determined. When this is done, the patient may have to stand up, to measure the
standing pressure. A guidance regarding the attitude to be taken by the patient may be provided by the

measurement device 120 and/or by the display and control device 124.

The evaluation unit 126 preferably is adapted to perform a method for determining the efficacy of the
compression device 112. As outlined above, the evaluation unit 126 is adapted to acquire a least one
resting pressure p;..: With the user being in aresting position. The evaluation unit 126 is further adapted to
determine at least one extended standing pressure p,tandm 4, exiended With the user being in a standing position,
by using the following procedure:

- the evaluation unit 112 acquires a measurement curve of pressure values after a position

change of the user into the standing position;
- asdlope of the measurement curve is automatically compared to at least one endpoint threshold

value and, depending on aresult of the comparison, an endpoint of a change in the measure-
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ment curve induced by the position change is automatically detected, and a pressure value ac-

quired at or after the endpoint is assigned to the extended standing pressure pandmg, extended-

In the following, several embodiments of the method are disclosed which are suited to assess if the com-
pression system 110 and, specifically, the compression device 112, are effective. Initial efficacy may be

measured directly after application of the compression system 110 (baseline measurement).

In the following, pressures, key figures or time-related data determined during initial measurement will be
indexed with a"1". The system may store baseline measurements of a patient together with user-specific
information, such as a specific RFID ID-code assigned to the compression device 112 and/or the pressure

sensor 118.

After hours or days it may be expected that compression properties of the compression device 112
change, potentially resulting in therapeutically inefficacy. Time, pressure data and key figures determined
after some time of wearing will be indexed with a"2". Via RFID ID-code one or more consecutive values

may be compared with baseline data.

According to current medical standard, typicaly, sub-bandage pressures and key figures are used as a
surrogate marker for bandage efficacy, also called bandage efficacy. However, these pressure values are
measured manually. That means the therapist decides at which exact time the resting or standing pressure
is measured. However, values like the standing pressure show significant changes over time of assess-
ment. Also, uneven pressure curves will not be smoothened, nor are there any automatic calculations of
mean or average values to increase reproducibility. In contrary, algorithms allow appropriate detection

e.g. for resting pressures or dynamic changes like pressure amplitudes.

Several methods to measure compression efficacy will be proposed in the following. Beside the meas-
urement of efficacy of the compression device 112, such as the compression bandage, also other parame-
ters like venous refilling time (section B) or safety of the bandage (section A and E) can be measured by
the compression system 110 and, specifically, by the monitoring system 116.

Besides assessing of the compression system 110 and, specifically, the compression device 112, within
predetermined time intervals, e.g. clinica visits or daily nursing service, efficacy can also be assessed

continuously.
Severa assessments can be done to judge efficacy or safety over the time of compression application.
This continuous measurement can be done in the domestic environment or during normal activity of the

user, aso referred to asthe patient. Further description is outlined under G-K.

A.) Measurement of the resting_pressure p,.«
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A first version of measuring the efficacy of the compression system 110, specifically of the compression
device 112, is a measurement of the resting pressure p, . The resting pressure p,., describes the forces
which are built up only by the compression system 110. The resting pressure specifically may be a supine
pressure, i.e. apressure taken with the patient in a supine position as depicted in Figure 2. The resting
pressure specifically may be reduced over time due to material fatigue, dippage of bandage or limb vol-
ume reduction.

For measurement of the resting pressure p, . the patient has to bein arelaxed position, such asin asitting
or a lying position, also referred to as a supine position, as shown in Figure 2. Preferably, during the
measurement of the resting pressure, the foot rests relaxed on abed 134 or couch, wherein the knee of the

patient preferably isslightly flexed and the calf preferably iscompletely free of the bed surface.

The measurement preferably may be activated by activating a pushbutton, keypad or touch screen, such as
by using one or more of the user interfaces of the evaluation unit 126. In the following, pressure values
are acquired by using the pressure sensor 118. The pressure values may be acquired over time intervals,
such as time intervals of 1 second, with time interval, such as 10 measurements every 100 ms per time
interval. The pressure values may be stored by the evaluation unit 126. As an example, averaged pressure
values over the time intervals may be calculated and stored. Thus, an averaged value of the pressure val-
ues over the time interval may be calculated and stored, such as a geometric mean value, an arithmetic
mean value or amedian over the ten pressure values within each time interval of 1s.

Optionally, the averaged pressure value, such asthe median value, may be compared from one interval to
the next time interval. If a pressure variation within 5 consecutive time intervals is below a specific
threshold, such asbelow 1to 10 %, preferably below 2 %, the resting pressure may be stored by the eval-
uation unit 126.

Thus, generally, in this embodiment or other embodiments of the present invention, the resting pressure
P, May be measured after a period of stabilization of a measurement curve of pressure values acquired
using the pressure sensor 118, such as in case the variation of pressure values isbelow a predetermined
threshold, such as athreshold of 1to 10 %, preferably below 2 %. Therein, in this embodiment or other
embodiments, the full measurement curve may be evaluated or an averaged measurement curve, such as a
measurement curve containing pressure values averaged over atime interval and/or averaged over anum-
ber of measurement points.

To shorten the time required for the measurement and/or to avoid having to wait until athreshold value is
reached, the median of the previous 5 time intervals can be calculated upon command (for example via
push button) or automatically (for example if a certain, select measurement time (e.g. 2 minutes) has

elapsed. The median isthen stored asthe sub-bandage resting pressure.
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Generally, as outlined above, other time intervals may be used. Thus, in this embodiment or in other em-
bodiments, instead of atime interval of 1 second, a shorter time interval, such as atime interval of 0.1 s,

or alonger time interval, such asatime interval up to 60 s, may be defined.

Instead of 10 measurements within each time interval, also a different number of measurements within
each time interval may be taken. Thus, anumber of less than 10 measurements, such as 3 measurements,

or anumber of more than 10 measurements, such asup to 1000 single measurements, may be taken.

In Figure 6, atypical measurement curve of pressure values taken over anormal period of time, without
any major position changes, is shown. Therein, on the vertica axis, the pressure values are given, provid-

ed in mmHg, wherein the horizontal axis isthe time axist.

Ass can be seen, the measurement curve of pressure values typically shows physiological periodic altera-
tions due to the arterial pulsation (reference number 136) and due to the respiratory activity (reference
number 138). As outlined above, it is possible to detect these arterial pulsations and to detect the ampli-
tude of these pulsations. It is even possible to evaluate the amplitude of these pulsations and to compare
this amplitude to athreshold, in order to be able to generate awarning in case the amplitude of the arterial
pulsations istoo low. Further, in view of the above-mentioned averaging over aplurality of pressure val-
ues, the arterial pulsations generally show that for analysis of arterial pulsation a minimum number of
single measurements for averaging is desirable at least six per second. It will be appreciated that the high-

er the number, the more accurate the arterial pulsation analysis.

The above-mentioned measurements mainly refer to a measurement of the resting pressure p.. Specif -
cally an initial measurement of the resting pressure as abaseline measurement. Further, as outlined above,

a least one standing pressure p.u.nam, 1S Measured, specifically a least one so-called extended standing

preS3Jre psanding, extended:

For measuring the standing pressure, after the measurement in the supine position, the system generally
may invite the user to perform the measurement of the standing pressure, such as by inviting the user to
change position into the standing position. For this purpose, the evaluation unit 126 may give an acousti-

cal or numerical signal. This signal may be aso used to remind changing the position to standing.

Directly after application of the compression device 112, the resting pressure p..«i may betoo low or too
high because of afase application technique. In order to detect this false application technique, the rest-
ing pressure p..«i May be compared to one or more threshold values. As an example, if the resting pres-
Sure presii, preferably the supine resting pressure, isbelow 50 mmHg, the monitoring system 116, specif -
cally the evaluation unit 126, may indicate that the compression isineffective and has to be changed. This
threshold can aso be lower as detailed below:
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P.esi < 50 mmHg (preferably < 20 mmHg, more preferably < 15 mmHg, most preferably < 10 mmHg) -

change compression, pressure too low

Also, asindicated above, p,ti may betoo high. Typicaly, values higher than 60 mmHg are considered to

beintolerable or may cause circulatory disorder:

P,esi > 60 mmHg (more preferably >80mm Hg, most preferably >100 mmHg) - change compression,

pressure too high

Generdlly, the resting pressure, such asthe resting pressure measured in a supine position, decreases over
time due to material fatigue, dlippage of bandage or limb volume reduction. This process may aso be
monitored by comparing one or more key figures to one or more threshold values. Thus, in case some
time after application of the compression device 112 the resting pressure p,.t2 drops below a threshold
such as below 40 mmHg, the evaluation unit 126 may indicate that the compression device 112, such as

the compression bandage, isnot effective any longer. This threshold can aso be lower asindicated below:

pret2 < 40 mmHg (preferably <15 mmHg, , more preferably <25 mmHg, most preferably < 5 mmHg) -

change compression

The resting pressure could also increase over time e.g. due to changes (e.g. slippage) in the compression

system such that p,. 2could betoo high (e.g. values higher than 60 mmHg):

P.es2 > 60 mmHg (preferably 80mmHg, most preferably IO0OmmHg) - change compression, pressure too
high

As the resting pressure such as the supine pressure may show relevant inter-individual variations, a fur-
ther option may beto calculate the absolute change or the relative change of the actua p, 2 in comparison
to the initial p,ti- Thus, again, the absolute change of the relative change may be compared to one or

more threshold values.
As an example, if p.g2, in comparison with p ti, isreduced by more than 20% (more particularly more
than 40 %), such that the remaining resting pressure p.t2 is lower than 80% (more particularly lower than

60 %) as compared to the baseline resting pressure p, i, the evaluation unit 126 may indicate that com-

pression isnot effective any longer:

(Preso/p resi) X 100% < 80%, preferably < 60 % - change compression
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As further indicated above, in this or other embodiments of the present invention, two or more key figures
may be combined. As an example, absolute values of the resting pressure may be compared to one or
more thresholds and, a the same time, a combination of two key figures may be compared to one or more
thresholds. As an example, the evaluation unit 126 may be adapted to monitor that the actual resting pres-
sure pesz does not fall below 60 % compared to initial p., i and, further, does not fall below an absolute

pressure threshold of 15 mmHg. All threshold values described above may be combined this way.

B.) Measurement of the extended standing_pressure p.,.ndme. extended

As outlined above, the monitoring system 116 and the method according to the present invention use the
so-called extended standing pressure Piandn ,, exenced 8 akey figure for assessment of efficacy of the com-
pression device 112. The extended standing pressure is measured by using amodified process of measur-
ing the pressure in the upright standing position. Standing position can mean that the patient is standing
on both feet without any movements. In the best case, the patient would have both hands holding on
something to avoid muscle contractions for balancing. A more redlistic, alternative approach would be
that the patient is standing in elevated position (e.g. a step) on the non-investigational leg. The leg with

the pressure sensor should not be moved and should hang without contact to the floor.

In Figure 3, a measurement curve of pressure values of a healthy volunteer is depicted. Initially, before
the position change, aresting pressure p, i of approximately 35 mmHg is detected. After the standing
position, which takes place approximately ét t,, an overal increase in pressure compared to the resting
pressure is observed. It will be appreciated that the move into the standing position typically causes a
short, spike-like pressure peak(s) just after ty and any such pressure peak should be disregarded in deter-
mination of standing pressure. In Figure 3, just after t,the pressure pesks and subsequently thus fallsto a
value of approximately 48 mmHg, and thereafter, the pressure then increases as aresult of venous filling
to apressure level of approximately 56 mmHg as an asymptotic value. Venous filling takes some time
(approximately 40-90 s). In case of chronic venous disease including venous valve insufficiency, short
refilling times will occur. The period of refilling time may also be used as a general criterion as will be
described later.

As outlined above, if a compression device 112 becomes too loose because of materia fatigue, volume
reduction of the included leg, dlippage of the system, or a combination, the system loses some of its ca-
pacity to keep the venous filling forces inside the compressed area. In other words, the system is less ef-
fective.

As can be seen in Figure 3, the pressure asymptotically approaches an asymptotic endpoint value due to
venous filling. In conventional measurements of the standing pressure pandin,, the medical staff will simp-
ly measure the standing pressure a apredetermined point in time after the position change or & apoint in

time a which the measurement curve appears to have reached its endpoint value. This procedure, howev-
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er, implies a specific irreproducible and subjective component. Therefore, according to the present inven-
tion, the extended standing pressure pP,tanin ,, extended 1S determined. The extended standing pressure is typi-
cally measured in a stable upright position of the patient. After activation of the monitoring system 116,
e.g. by pushbutton activation, the monitoring system may start to continuously acquire pressure values.
Therein, optionally, as outlined above, averaging may take place, such as an averaging within time inter-
vals of 1 second including 10 single measurements each. The average or preferably median of these 10

pressure values for each 1 second interval may be calculated continuously.

The evaluation unit 126 automatically evaluates the slope of the measurement curve and compares the
slope to apredetermined threshold. In Figure 4, the slope of the measurement curve of Figure 3 is depict-
ed. This slope simply may be the first derivative of the measurement curve of Figure 3. Therein, the verti-
cal axis may denote the slope in arbitrary units, such asin mmHg per time. As soon as the slope in Figure
4 reaches a predetermined endpoint threshold value, denoted by T in Figure 4, the evaluation unit 126
may automatically recognize that an endpoint of change in the measurement curve has been reached. In
Figure 4, this endpoint on the horizontal axis is denoted by t". The pressure value in Figure 3, which is

acquired at t* or after t', is assigned to the extended standing Pressure P.smdm ;. exended-

Asan example, in this embodiment or other embodiments, the endpoint threshold value T may be equal to
or less than 0.5 mmHg per second, preferably equal or less than 0.05 mmHg per second, most preferably
equal or less than 0.01 mmHg per second.

In the exemplary embodiment depicted in Figure 3, the median pressure differences of each 1 second time
interval diminish when the measurement curve asymptotically levels out. If 5 consecutive time intervals
show apressure increase of less than 0.05 mmHg per second (which amounts to less than 0.25 mmHg per
5 time intervals) the system will store the standing pressure as the extended standing pressure p.andin,,
extended- A'S OUtlined under A, the median of the previous 5 time interval pressures may be stored as the
extended standing pressure. All variations of criteria (e.g. length of time interval, number of single meas-

urements) described under A are applicable for the measurement of the standing pressure also.

Also, the user could manually activate the monitoring system 116 by e.g. pushbutton to directly start
measurement and documentation of the standing pressure. After completing measurement in the standing
position, the system may provide an acoustical or optical signal. This signa may be also used to remind

changing the position to walking as outlined later.

In this embodiment or any other embodiments, the extended standing pressure may be used instead of the
standing pressure as determined in a conventional way, such as for any subsequent evaluation of the eff -
cacy of the compression system 110 of the compression device 112. The standing pressure as determined
in aconventional way may, however, be used in addition, such as as an additional key figure.
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Directly after application of the compression system 110, the standing pressure p.undgn,i OF the extended
standing Pressure Puanding, ecendi  are usually higher than in every subsequent measurement (p.iandin g2,
Psiandmg, extended?) PEFfOrmed at a later point in time. Initially pynamg  @NA/OF Pyandmg, e SOUld be higher
than apredetermined threshold, such as 40 mmHg. Generally when using p.tandingi aNd/Or Peandin g, extendi  8S
akey figure, athreshold of 40 mmHg or lower may be used:

psandmgi ANA/ON  pgandmg, extendesi < 40 mmHg (preferably < 30 mmHg, more preferably < 20 mmHg) -
change compression.

The measurement of the extended standing pressure and, optionally and additionally, the conventional
standing pressure, may be repeated a a later point in time, such as after several minutes, several hours or
even several days. Asindicated above, the values derived thereby may be used as additional key figures
and will be denoted as p.tanding2 AN Patandin g, o tended2 1IN the following. Again, these key figures may be com-
pared to one or more threshold values.

Thus, as an example, the standing pressure p.tanin,2 and/or the extended standing pressure P.iandin g, o tended2
should not fall below athreshold of 35 mmHg or lower:

pstandin 42 ANA/ON Pyanding, exendedz < 35 MMHg (preferably < 25 mmHg, more preferably < 15 mmHg) -
change compression

Both the extended standing pressure and the conventional standing pressure may be used for deriving
further key figures for evaluating the efficacy of the compression device 112. Thus, as both the standing
pressure and the extended standing pressure typically show inter-individual differences, afurther optionis
to document the relative change of the actual ptandin ;2 aNA/Or Pitandin g, o tendedz IN COMparison to the initial
(extended) standing pressure Piandm,i OF Petanding, eciendedi, F€SPECtively, performed directly after application
of the compression device 112. If Panding2 @NCA/Or Pytanding, o tendedz, FESPECtively, is reduced by more than
20% (in particular more than 40 %), so that it islower than 80% (in particular lower than 60 %) compared
to baseline Ptandm i OF Patanding, extendedi, E€SPECtively, the evaluation unit 126 may indicate that the compres-
sion isnot effective any longer.

Generally, in the present example or in other embodiments of the present invention, the threshold value

fOr b standing2 ANA/ON psanding, extendedz INMicating inefficacy can be 80 % or preferably 60%:

(Pstanding? | Pstanding) X 100% and/eT (psanding, extended2 / Pstanding, extendesiy X 100% < 80 %, preferably < 60 % -

change compression device
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Also both, absolute and relative thresholds can be combined, e.g. the actual pandmg(, exendedyy Must not fall

below 35 mmHg and the percent ratio of actual Pandmg(, extended)2 tO the Previous p.tandmg(extendedi MUSt not
fall below 60%.

All threshold values described above can be combined this way.

The time period needed between changing from the resting position, such as the supine position, to the
standing position of the patient until the time when the pressure does not further increase may also be
used as a diagnostic criterion of chronic venous disease. Thus, in the example depicted in Figures 3 and 4
aswell asin other examples, the time span from the position change (ty) to the endpoint (t") may be used
as afurther key figure, indicating arefilling time t,;, = t - to- Especialy functional changes due to valve
insufficiency and venous ectasia (dilatation) may bejudged by this time interval. Venous refilling aso
may change from baseline to follow up measurements. Also different compression systems might have

varying refilling times.

The more compression a system delivers to the extremity, the more these forces counteract venous dilata-
tion and consecutively valve insufficiency. This positive effect to the venous system can lead to longer
refilling time. The refilling time could hence also be used to assess how effective the compression system

influences venous reflux.

In this example or in other examples of the present invention, when using the refilling time as akey f g-
ure, the refilling time (t, su) may be measured more than once, a different points in time. Thus, as an ex-
ample, the refilling time may be measured a baseline and at follow-up. Differences between baseline and
follow-up, again, may be compared to one or more threshold vaues. Thus, as an example, the difference
of less than 5 seconds between refilling times measured at different points in time may be considered
optimal, while differences in refilling times of greater than five seconds, more particularly greater than 10

seconds may be considered as an indication to change the compression system
W, i- wiiz > 5 s (preferably > 10s) - change compression

Furthermore, a refilling time which may be overal too short may indicate avenous vave insufficiency
and could be an indication for awarning for the user to consult with the medical practitioner. Thus, as an

example, as an upper threshold value for the absolute refilling time may be 30 seconds:
W < 30s - warning signal (short refilling time/consult medical practitioner)

In Figure 7, measurement curves 140 and 142 are depicted, wherein measurement curve 140 shows a
measurement curve of anormal limb, whereas measurement curve 142 shows a measurement curve of a

limb with incompetent venous vaves. Therein, time spans 144 denote periods in which the person is
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standing, whereas time span 146 denotes a period in which the person iswalking. As can be seen, the
refilling time for the limb with incompetent venous valves, the refilling time is significantly shorter than

for the limb with normal venous valves.

Beside the venous refilling time, also the shape of the measurement curves, such as the measurement
curves 140 and 142 in Figure 7 or the measurement curve in Figure 3, can act as akey figure and may
provide information about the anatomical fit of the compression device 112 and its stiffness. With good
anatomic fit, the increase of pressure typically is moderate directly after position change to standing. In
this phase, the initial increase of volume does not find very strong counter bearing due to the compression
system. With further volume gain, the tensile elastic limit is advanced and hence the pressure curve be-
comes steeper until the increase alleviates and the curve approximates to the asymptote. A dlightly sig-
moidal shape of the curve istypica for a good anatomic fit and sufficient stiffness of the compression
device 112.

C.) Measurement of static stiffness

Further, a significant key figure for evaluating the efficacy of the compression device 112 may be the so-
called static stiffness index SSI. Again, the static stiffness index, which is generally known in the art, may
be calculated by using the conventional standing pressure and/or by using the extended standing pressure,
as discussed above. In case the conventional standing pressure is used, the expression "SSI" will be used
in the following, whereas, in case the extended standing pressure is used, the expression "ESSI" (extend-
ed static stiffness index) will beused in the following.

The static stiffness index generally denotes the difference between the pressure in the resting position,
such as in the supine position, and the pressure in the upright position. For effective compression of
chronic venous insufficiency and leg ulcer, high stiffness is considered to be most effective. After some
days of application of the compression device 112, such as after some days after application of a com-
pression bandage, the SSI (or ESSI, respectively) may have changed in comparison to the baseline status
directly after application of the compression device 112. This effect may be caused by material fatigue,
dippage of the bandage or the therapeutic effect of limb volume reduction.

For assessing the SSI or ESSI, respectively, the sub-bandage pressure may be measured in the resting
position first, by measuring as explained above in section A. For assessing the standing pressure p,am, Or

the extended standing pressure p,tandm ,, extended, r€f€rence may be made to section B above.

After the monitoring system 116 has finished measuring the resting pressure, an acoustical signal may be
given. Additionally or aternatively, other invitations for changing position may be provided to the user.
After this signal, the patient should change to the standing position. Asindicated above, after some time,
the pressure signal becomes stable and the evaluation unit 126 may automatically detect the extended
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standing pressure as described in section B above. Additionally or aternatively, as explained above, a
conventional method may be used for measuring the standing pressure.

Instead of using actua measurements for determining the static stiffness index and/or the extended static
stiffness index, additionally or aternatively, values provided by data input may be used. Thus, another
procedure may be to enter the information of the patient's position via a pushbutton, keypad or touch
screen. After the system gets this information of position change, the system continues to measure pres-

sure in time intervals for evaluation of the standing pressure as described in section B above .

Generally, the evaluation unit 126 may document two pressures, one in resting position, one in standing

position.

The static stiffness index (SSI) may be defined by the following formula:

SS| = p standing [MMHQ] - Preg [MMHQ]

Similarly, the extended static stiffness index (ESSI) may be defined by:

ESSI = pstanding, extended [MMHQ] - pr.t [MMHQ]

Several parameters may have an influence on the SSI or ESSI, respectively. Thus, SSI and/or ESSI may
berelated to a bandage material, the degree of bandage stretch when applied by the therapist, a size and
an activity of the muscles such as the calf musculature or the mobility of certain joints, such as the mo-
bility in anklejoints, especialy in elderly patients and it may berelated to the location on the limb, where
the pressure is measured. (see figure 8). Over time of bandage application, the SSI or ESSI, respectively,
may change indicating that the compression device 112, such asthe compression bandage, isnot effective

any more.

In the above-mentioned publication by Mosti et al., some experimental results are disclosed, which com-
pare measurements taken immediately after the application of the compression device 112 and measure-
ments taken one week after application, for aplurality of 100 patients. The data reveal that effective ulcer
healing correlates with a SSI that does not drop significantly over time. By using the extended static stiff-
ness index ESSI instead of the conventional SSI, as proposed herein, the reproducibility and precision of
the key figure SSI / ESSI may further be increased.

Again, in this example or in other exemplary embodiments of the present invention, the key figure of the

static stiffness index and/or the key figure of the extended static stiffness index again may be compared to

one or more threshold values. Thus, generaly, asfor al other key figures, the evaluation unit 126 may be

adapted to perform this comparison automatically. Again, the key figures may be determined repeatedly
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at different points in time, such asimmediately after application of the compression device 112 aswell as
after a certain time span after application of the compression device 112, such as after several minutes,
several hours or even several days. As an example, alower threshold for the initial static stiffness index
and/or for the initial extended static stiffness index selected. Thus, as an example, directly after applica-
tion of the compression device 112 such as the compression bandage, the initial SSI (SSli) and/or the
initial ESSI (ESSli) may be assessed by the monitoring system 116, such as by the evaluation unit 126.
The evaluation unit 126 may be programmed to indicate inefficacy of the compression device 112, if the
SSli and/or the ESSIi is lower than a select threshold of eg. 10 mmHg or 15 mmHg, respectively (or
preferably an even lower threshold of 5 mmHg or 10 mmHg, respectively):

SSli = Pgandingi [MMHQ] - Preg; [MMH]
551, < 10 mmHg (preferably < 5mmHg) - change compression

And/or:

ESSI, . = Pstanding, extended [MMHQ] - pr dl [MmMHg]

ESSli < 15 mmHg (preferably < 10 mmHg) - change compression

Asindicated above and asvalid for any key figure K used for assessment of the efficacy of the compres-
sion device 112, the key figure of the static stiffness index and/or the key figure of the extended static
stiffness index may be determined repeatedly, such as by determining this key figure at a later point in
time. Thus, for control of effective compression, a subsequent measurement of the SSI and/or ESSI may

be performed at alater in time point.

Again, asvalid for any type of key figure, the key figure determined at alater point in time again may be
compared to one or more threshold values which may be different from the threshold values applied to the
previoudy determined key figures. Additionally or aternatively, the key figure determined at a later point
intime may be compared to the respective key figure previously determined.

Thus, as an example, the monitoring system 116 and, specifically, the evaluation unit 126, may indicate
inefficacy in case the SSI, and/or the ESSI , are below a predetermined threshold value. Generally, in this

embodiment or other embodiments, this threshold value may be lower than those described for SSli and

ESSli. Asan example, the following comparisons may be performed by the evaluation unit 126:

SSI , = Pstandmg2 [MMHQ] - Prog, [MMH(Q]

551, <5 mmHg (preferably < 3 mmHg) - change compression

And/or:
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ESSI ,= pstanding, extended2 [MMHQ] - pr, 12 [MMHg]
Ess2 < 10 mmHg (preferably <4 mmHg) - change compression

Again, asthe SS| and/or EESI typically show inter-individual variations, a further option may be to add
the relative change of the actual sg» and/or ess2  in comparison tothe initial SSli or ESSIi, respectively,
the latter acquired directly after application of the compression device 112, such as directly after bandage
application. If the actual ss2 and/or ess2 isreduced by more than a predetermined threshold, such as
20%, preferably 40 %, as compared to the initial value SSli or ESSIi, respectively, the monitoring system
116 and, specifically, the evaluation unit 126 may indicate that the compression device 112 is not effec-

tive any longer.

Asan example:

SSl,= pgandmgz [MMHQ] - Prog, [MMHQ]
SSli = pstandmgi [mmHg] - Pregi [mmHg]

(SSI,/ SSli ) x 100% < 80 %, preferably < 60 % — change compression

And/or:

ESSL. = pstanding, extended2 [MMHQ] - pr.t2 [MMH(]

ESSL. = pstanding, extendedt [MMHQ] - pr. 1 [MMH(]

Essi2 - ESSli ) x 100% < 80 %, preferably < 60 % — change compression

Again, as for al the key figures, absolute and relative thresholds may be used and/or may be combined.
Thus, as an example, the actual sg2 and/or essiz  may be monitored in order not fall below 60 % com-
pared toinitial SSli or ESSli, respectively, and also may be monitored in order not fall below an absolute
value of 5 mmHg or 10 mmHg, respectively. All threshold values described above may be combined this

way.

D.) Measurement of amplitudes

As outlined above, one or more amplitudes of measurement curves during a defined activity or move-
ment, such aswalking, of the user may be used as one or more additional key figures for determining the

efficacy of the compression device 112.

Thus, as an example, due to calf muscle contraction within arigid sleeve, mainly by the musculus gas-

trocnemius and soleus, the sub-bandage pressure typically shows short termed pressure peaks. These am-
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plitudes, generally defined by the differences between the pressure values in the upper and lower pressure
peaks in the measurement curve, may beused as another key figure and, thus, as another option for evalu-
ating the efficacy of a compression device 112. Again, this key figure may provide an indication of how
well an applied compression system 110 manages to keep forces produced by the muscle activity inside
the compressed area.

In Figure 5, an example of a measurement curve acquired during a controlled movement of the user is
depicted. In this figure, aperiod of resting (such asin the supine position) is denoted by reference number
148, whereas, asin Figure 7, periods of standing and periods of walking are denoted by reference num-
bers 144 and 146, respectively. In this measurement as depicted in Figure 5, the pressure sensor 118 was
placed in aposition denoted by Bl in Figure 8, which shows a lower leg of the user. Instead of walking,

any other type of controlled functional activity and/or exercise may be used.

As an example, for performing the measurement, the patient has to be in the upright position and has to
walk on abelt or has to do other "defined" physical activities. Due to calf muscle contraction, the sub-
bandage pressure shortly increases and immediately decreases again within the diastolic phase of muscle

relaxation.

The monitoring system 116, specifically the evaluation unit 126, may automatically detect specific activi-
ties. Thus, the evaluation unit 106 may automatically detect that the patient is walking on a belt or step-
per. See portion of the curve with its alternating pressure curve marked with the reference number 146 in
Figure 5. Thus, within the phasic curve as shown in Figure 5, the evaluation unit 126 may detect Ampli-
tude askey figure.

When monitoring amplitudes, the amplitudes may be evaluated statistically. A median or mean value may
be formed and compared to one or more threshold values. Thus, as an example, if amedian or mean am-
plitude isbelow apredetermined threshold of e.g. 40 mmHg, more particularly of 15 mmHg, the system

may indicate that compression isnot effective any more:

Amplitude , .gian Or Amplitude .., n <40 mmHg (preferably < 15 mmHg) - change compression

Median or mean amplitudes measured at different points in time may be compared. Thus, again, aratio of
these amplitudes may be formed and may be compared to one or more threshold values. As an example,
the monitoring system 116 may indicate an inefficacy of the compression device 112 in case

Amplitude , .gian2 or mean2 is 1€SS than 80% (preferably less than 60 %), as compared to Amplitude ,,.diani or

mean! -

(Amplitude , .diany Amplitude , dianiy X 100% or (Amplitude . ny Amplitude ... ny X 100% < 80 % (prefer™
ably 60 %) - change compression
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Also both, absolute and relative thresholds may be combined, e.g. the actual median amplitude must not
fall below 60 % compared to the initiadl amplitude and also must not fall below 15 mmHg. All threshold
values described above may be combined this way.

E.) Multiparameter measurement of pressure values

A further method to assess efficacy of a compression system isto combine two or more key figures, such
as two or more of the key figures listed above in sections A-D. Thus, the determination of each key f g-
ure, such as the key figures of sections A-D above, may be used as a single module for measurement.
Additionally or dternatively, an arbitrary combination of key figures may be possible, which may lead to
a multi-parameter assessment. A multi-parameter assessment may allow for a more precise and more

reproducible assessment of a sub-bandage pressure profile.

An example of amethod using a multi-parameter assessment is depicted in Figure 9. Therein, severa (in

this case four) consecutive measurement modules are used:

Module 1: According to section A above, the resting pressure ismeasured.

Module I1: According to section g above, the standing pressure p_andin, and/or the extended standing
Pressure p.tandmg, extended 1S Measured.

Module I1I: According to section C above, the SSI and/or ESS| is measured based on the resting and
the standing pressure or on the resting and the extended standing pressure, respectively.

Module 1V: According to section D above, the working pressure amplitudes are measured.

It shall be noted that any other combination of key figures is possible. Thus, an arbitrary combination of
the modules | to IV above may be used.

In Figure 9, the following method steps may be used:

910 Start by push button

912 Measurement of resting pressure

914 Query: Stable resting pressures? (Y: Yes, N:No)

916 Display result p, and display "change position to standing position”

918 Measurement of standing pressure p.andgin, and/or measurement of extended standing pressure
Pstanding, extended

920 Query: Stable standing pressure? (Y: Yes, N:No)

922 Display result pganding @Nd/Or p.tanding, exendes, Calculate and display SSI and/or ESSI, display
"change to walking"

924 Measurement of amplitude
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926 Query: Stable amplitude? (Y: Yes, N:No)

928 Determine amplitude and optionally display result

930 Calculation of status (Baseline / Basdline versus Follow-up)
Calculation of key figures (e.g. SSI, ESSI, etc.)
Analysis of key figures (modules I-1V)

932 Display of results, eg. status, key results, whether compression device should be changed (the
latter could be done in the form of atraffic light, e.g. red light change compression device, green
status isgood and yellow warning)

934  Storeresults, e.g. key values, status information, figures, etc. values, figure, key values

For details of these steps, reference may be made to the disclosure of the single modules above. Although
not specifically depicted in Figure 9, in case a multiple (e.g. two or more) of NO answers to any one of
the queries under 914, 920, 926 occurs, to avoid a continuous looping at that point, the method can be
arranged such that after a certain select number of NO answers (e.g. two or three) arouting is provided

directly down to 932 so that the issue (e.g. unstable resting pressure measurement) can be displayed.

Interface between agorithm and the evaluation unit 126 and/or pressure sensor 118

In this embodiment or in other embodiments of the present invention, the pressure sensor 118 or, in case a
plurality of pressure sensors 118 is used, each of the pressure sensors 118 may comprise an electronic
identifier, such as a contactless electronic identifier, which alows for a unique identification of the pres-
sure values provided by the respective pressure sensor 118. As an example, a RFID may be used as an
electronic identifier.

The électronic identifier, such asthe RFID, within the pressure 118 sensor may be activated by first read-
out of the reader. Thus, the evaluation unit 126 may comprise areader for reading out the electronic iden-
tifier.

The monitoring system 116 may further be adapted to automatically detect new components, such as
newly implemented pressure sensors 118. If the monitoring system 116 detects a new electronic identif -
er, such as anew RFID, the monitoring system 116 may save all measured values as the baseline status.
Subsequent measurements which may be repeated within a predetermined time span, such as within 3
hours after first activation, may overwrite the first baseline values. This procedure may alow for repeat-
ing false baseline measurements. The predetermined time span, such as the period of 3 h, may as well be
chosen shorter or longer than 3 h, such as 10 minutes up to 24 h.

After awaiting time according to the predetermined time span, such as after a period of 3 h, any follow-

ing measurements may be stored as follow-up assessments for the compression system 110. By using the
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electronic identifier, such as by using the RFID, the monitoring system 116, specificaly the reader, may
automatically assign the follow-up values to the right patient and all subsequent values will be compared

to the appropriate baseline values. Due to this procedure, deletion of data by mistake may be excluded.

Further, a mixing up of patient data may be avoided by using electronic identifiers. Thus, areuse of the
sensor electronics may be avoided in order to avoid false RFID assignment to another patient, which may

lead to incorrect calculation of baseline versus follow-up data.

In the method depicted in Figure 9, various options exist for combining the phases and/or for evaluating

the phases. Several options will begiven in the following:

Option 1:

Each phase can be assessed separately. So the resting pressure, standing pressure, extended standing pres-
sure, the SSI, the ESSI and the amplitude may each be used as a single measurement. A button may be
used to get into the right mode of compression measurement (e.g. resting pressure).

Option 2:

Combinations including a fixed sequence of measurements as shown in the flow-chart may be used to

receive amore comprehensive picture of the actual properties of the compression device 112.

For this purpose, a start button may be activated to start the measurement. The resting pressure may be
assessed and documented automatically as described in section A above. An acoustical and/or numerical
signal may provide information that the monitoring system 116 has completed the first measurement in
resting position. |f the measurement should be repeated immediately (e.g. due to false position of the pa-
tient), a ("start") button may be pushed again.

An acoustic signal may invite the user or patient to change into the standing position. As described in
section B above, the device may automatically detect the accurate standing pressure. An acoustical and/or
numerical signal may provide information that the monitoring system 116 has completed the second
measurement in the standing position. If the measurement should be repeated immediately (e.g. because
the patient has been moving excessively), a"start" button may be pushed again.

On the basis of the resting pressure and the standing pressure or the resting pressure and the extended

standing pressure, the monitoring system 116 may automatically calculate the third parameter SSI and/or
ESSI, respectively, as disclosed above in section C.
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After an appropriate invitation by the monitoring system 116, such as after an acoustic signal, the patient
may start to walk on atreadmill, stepper or another device that alows continuous and periodic exercise,
preferably in a controlled and reproducible way. As described in section D above, the monitoring system
116 may automatically measure the working pressure amplitude. An acoustical and/or numerical signd
may provide information that the monitoring system 116 has completed the measurement in the walking
position. If the measurement should be repeated immediately (e.g. because the patient did not walk regu-
larly), a"start" button may be pushed.

Finally, the monitoring system 116 may either display all values numerically, including the resting pres-
sure, the standing pressure, the extended standing pressure, the SSI, the ESSI, the amplitude, or any arbi-
trary combination thereof, as well as, optionaly, appropriate changes with reference to the respective
baselines, such as the percentage changes compared to baseline. Additionally or alternatively, the moni-
toring system 116 may automatically calculate if the compression device 112 is till effective, such as by
evaluating one or more key figures, e.g. according to one or more of the agorithms and/or threshold val-
ues disclosed in sections A-D above. If these calculations are based on more than one value, the thresh-

olds given under A-D might change within the given ranges.

Generaly, in this embodiment or other embodiments, an information regarding the efficacy of the com-
pression device 112 (such aswhether the compression device 112 is still effective or not) may be provid-
ed to the user in an arbitrary way, such as by visual display. As an example, a "traffic light" type display
may be used, indicating an efficacy by a green light, an intermediate or reduced efficacy by a yellow
light, and an inefficacy by ared light.

F.) Measurement of arterial pulsations

Asoutlined above, specifically with respect to Figure 6, one or more key figures derived from the detec-
tion of arterial pulsations may be used for determining the efficacy of the compression device 112. Thus,
generally, sufficient arterial perfusion is a prerequisite for adequate tissue metabolism and healing pro-
cesses in patients with chronic leg ulcer. Compression with too high resting pressure may cause arterial
under-perfusion and may cause delayed or interrupted wound healing. According to Pascal's law, pres-
sure typically is equally distributed in tissues. This generally means that volume changes synchronous to
arterial pulsation can be measured under a stiff compression device 112. In case the pulsation is recog-
nized by the monitoring system 116, arterial macro-perfusion is likely to be existent under the compres-
sion device 112. This information can be valuable for safety reasons especiadly in patients with arterial

perfusion disorders.

Thus, in addition or alternatively to some of the key figures disclosed in sections A-E above, one or more
key figures derived from arterial pulsations may beused. Thus, periodic oscillations in one or more of the

measurement curves may be detected, preferably over the whole period of measurement time. Periodic
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oscillations due to arterial pulsations (denoted by reference number 136 in Figure 6) typically are to be
expected within a frequency band of 0.7 to 1.8 Hz. The frequency band can also be wider with 0.5 up to
25 Hz. Asoutlined above, electronic filters and/or mathematical evaluation means may be used for de-
tecting the arterial pulsations within the measurement curves, such as Fourier analysis. Thereby, the fre-
guencies of pulse, breathing (respiratory activity 138 in Figure 6) and other periodic loads (e.g. Walking,
see section D above) may be determined and may be distinguished from arterial pulsations.

G.) Assessment  of patient activity profile

During position changes of the leg, walking or training exercise, sub-bandage pressure typically changes
and venous blood is consecutively shifted in proximal direction back to the central circulation. Typicaly,
one important aspect of sufficient and appropriate compression therapy isthe cooperation of the patient.
Physical exercise, walking, biking or in minimum some movement, increases the venous flow under

compression therapy.

Generdly, by using the monitoring system 116 having the a least one pressure sensor 118, an activity
profile of the patient may be recorded and may be evaluated. Thus, two or more intensity levels may be
identified in one or more continuous measurement curves of pressure values provided by the pressure
sensor 118, wherein, for example, for each intensity level of the activity profile, the monitoring system

116 may evaluate how much time the patient has spanned within the respective intensity level.

Generdly, an algorithm may be used which is capable of finding predefined pressure aterations which
are typically observed under movement. The algorithm may be capable of detecting pressure alterations,
here defined as Exercise Events (EE). An EE is defined as an absolute (positive or negative) change of
pressure larger than 1-30 mmHg, preferably 5 mmHg. This pressure alteration should occur within atime
period of 0.1-10 s, preferably 1s. EEs may be recorded over the whole time of application of the com-

pression device.

Over one hour or up to one or more days, the amount of EES per time period (e.g. 1 hour) may be calcu-
lated and rated on an activity index, such as on a 1-10 Activity Index (Al) scale. A low Al means no or
low activity, a higher Index means that the patient sufficiently moved and consecutively supported the
clinical benefit of the compression system. The scale for Als can be larger with up to 1-100 for more pre-

cise differentiation of activity intensities.

Further, EEs with varying intensities may be distinguished, e.g. EEi with > 3-6 mmHg, EE, > 6-10, EE,

with > 10 mmHg absolute pressure difference:

EEi > | 3-6 mmHg |
EE,>1 6-10 mmHg |
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EE3>| 1O0mmHg |

EEs with different intensities may also be weighted, so that one EE; has more impact than one EEi for

example:
Impact EEl <Impact EE2 < Impact EE3

Instead of 3intensity levels, adifferent number of intensity levels may be used. Thus, also 2-100 EEs can

be defined for more precise activity evaluation.

Further, other key figures may beused in addition. Thus, one or more of the key figures SST, SSI,, ESST,
ESSI, and amplitudes, measured according to sections C and D above, may be used to adjust the varying
intensities of the EEs. This procedure can be helpful as the working amplitudes may decrease due to ma-
terial fatigue over time of wearing abeit the patient exercised with equal intensity.

The alocation of the patient activity to avalue of the Al scale (e.g. 4 on a 1-10 scale) can be predefined
by the monitoring system 116. Further, the therapist may adjust this Al allocation according to the physi-
cal condition of the patient. For example, a patient with a significant walking disability may have the
same definition for EES to maintain comparability. However, the Al scale can be less stringent to main-

tain enough resolution even for low activity profiles.

In parallel to the Activity Index generated by pressure gradients, also amotion sensor placed on the leg,
foot or other parts of the body may be added to the monitoring system 116. This motion sensor may be
capable of tracking continuous information about movements. This information can be used to complete
the Al profile. Also, the motion sensor can be used to activate the "deep” modus in case no activity is
detected. In this case, the interval from one single measurement to the next measurement will be in-

creased to prolong the life of abattery.

Patient coaching

The description above summarizes how the activity profile may be recorded to allow the therapist appro-
priate medical judgment and consecutive instructions for the patient. In a further step, the monitoring

system 116 could also coach the patient to achieve good physical activity for optimal compression effects.

For this purpose, the therapist might feed the system with a minimum required Al rate for a predefined
time interval. With e.g. an acoustical signal, the monitoring system 116 may confirm acceptable activity,
or in opposite demand further movement to optimize the action of the compression system. With a green,

yellow, or red light or a smiley, the patient may beinformed about the current activity achievement.
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Further, as outlined above, a motion sensor could add information about the activity profile of the patient.

H.) Continuous safety surveillance system of critical overpressure

Typicaly, ahigh pressure exerted by the compression device 112 israther uncritical, aslong asthe over-
pressure lasts for a short period only. This istypically observed if patients walk or do other physical activ-
ity. However, if the pressure is continuously high, e.g. in the supine position a night, there isarisk for
pressure related skin damage. For safety reasons it istherefore useful to optionally provide awarning in

case the pressure exceeds adefined threshold value, such asfor alonger time period.

As an example of a safety surveillance system which may be implemented into the monitoring system
116, the pressure may berecorded automatically. High pressure may be defined as a pressure exceeding a
predetermined threshold, such as a pressure exceeding athreshold of 60 mmHg, preferably 80 mmHg,
most preferably 100 mmHg. A warning may be created by the monitoring system 116 in case the pressure
exceeds the predetermined threshold, such as for at least a predetermined time period. Thus, as an exam-
ple, in case the pressure is continuously higher than e.g. 80 mmHg over aperiod of more than 1s, prefer-
ably 120 s, most preferably 600 s, the monitoring system 116 may provide awarning, such as by an out-
put of an acoustic signal and/or avisua signal. In such acase, the patient should change the position or
walk, or move toes or the limb. In many cases, this can already change the applied forces exerted by the
compression device 112. In aworst case, if changing the body position of movement does not help, the
patient may have to remove the compression device 112, such asthe compression bandage, or may have

to reduce the tension in case of an adjustable compression system 110.
In case of acoincident disease, e.g. peripheral arterial occlusive disease, pressure may be more critical. In
this case, the therapist may adjust the threshold for pressure and the time of pressure according to the

patient's needs.

I.) Continuous surveillance of insufficient pressure profiles

As outlined above, resting and standing pressure (including extended standing pressure) aswell as pres-
sure amplitudes may be measured, such asby anurse, aphysician, atherapist or any other medical staff.

For this procedure, the patient may beinstructed to change to the needed body position.

In order to allow for an assessment of compression efficacy independently from any therapist or clinica
visit, the monitoring system 116 may also continuously monitor the pressure profiles and, hence, the eff -
cacy of the compression device 112. Therein, various options exist. Several potential options are de-
scribed below:
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Option 1: Once aday (such as 1-20 times aday) the patient may initiate a measurement, such as by press-
ing a button on the monitoring system 116, and will assume a resting position, such as by assuming a
supine position, as described in section A above. The monitoring system 116 may automatically measure
the resting pressure, such as once the measurement curve has stabilized. Subsequently, the evaluation unit
126 may invite the patient to change a position. Thus, an acoustic signal may be provided to the patient.
The patient may then change into the standing position, and the monitoring system 116 will again meas-
ure the pressure, preferably automatically. The results of p,, 2 and p andam,2 and/or P, 2 and P gandm,, e tended2
may be compared to the initiadl data p,, i and panami and/or p, i and P gandm, exendi, Preferably automati-
caly. A difference between the baseline (p,.ti and panam,i and/or p,_ i and p sandm,, ecendy —and follow-up
measurements (P, 2 ad Pandm,z aNA/Or P, 2 AN P tandmy, extendedzy MY b€ processed, such as disclosed

above in sections A and B.

The same procedure may be performed with one or more of the SSI, the ESSI and the pressure amplitude,

as disclosed in sections C above and D.

Aspreviously discussed, the monitoring system 116 may indicate if the compression device 112, such as

the compression bandage, isnot effective any more.

Option 2: Once a day (such as 1-20 times a day) the monitoring system 116 may provide an invitation to
the patient, such as by providing an acoustic signal. After that, the patient may change to aresting posi-
tion, such asto the supine position, and, later on, to the standing and/or walking position as described

above under 1.

Option 3: For permanent assessment of the efficacy of the compression device 112, the monitoring sys-
tem 116 may continuously measure the pressure. The monitoring system 116 may acquire measurement
curves and may detect the standing pressure and/or the extended standing pressure, such asby evaluating
the asymptotic behavior of the measurement curve, as disclosed above in sections A and B. An asymptot-
ic function typically isonly detected if the patient is at rest, e.g. in supine or sitting position, and/or if the
patient is standing without significant movement. In the supine position, the lowest pressure curves are

expected.

By detecting the lowest pressure value in the measurement curve, and, further, by assuming that this low-
est pressure value is measured in aresting position, specificaly in a supine position, the lowest pressure
value may be recorded. Thus, as an example, the lowest pressure value acquired within 1 h up to 1 day,
preferably 12 h, may berecorded asthe actual resting pressure p.,. In paralel, the same procedure op-
tionally may be performed with the maximum asymptotic pressure curve. This value may be recorded as

pmax. The difference of p., and p,  may be defined asAp:

Pmax - Pmin = AP
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Ap typicaly only provides avery rough approximation of the SSI or ESSI, respectively. It may be desira-
ble to compare a Ap of the first day (Apt) with aAp of the second day (Ap,). The monitoring system 116
may indicate inefficacy, if the difference between Apiand Ap, is greater than a predetermined threshold,
such as 3 mmHg, more preferably 10 mmHg:

Apt- Apy,> 3mmHg (preferably > 10 mmHg) - change compression

Further, additionally or alternatively, relative changes may be used to define inefficacy. Thus, pressure
changes Apt and Ap, measured at different points in time may be compared. Thus, again, aratio of these
pressure changes may be formed and may be compared to one or more threshold values. As an example,
the monitoring system 116 may indicate an inefficacy of the compression device 112 in case Ap,is less
than 80% (preferably less than 60 %), as compared to Api:

(Ap,/Dpt ) X 100% < 80 %, preferably < 60 % — change compression
Option 4: A further optional method for assessment if the compression device 112 is still effective may be
the assessment of amplitudes when the patient performed a particular activity, such as walking, as de-

scribed in detail above in Section D.

Position of the pressure sensor 118

A single pressure sensor 118 may be applied at the medial aspect of the lower leg, a the transition of the
gastrocnemius muscle into the Achilles tendon. This position is denoted by B1in Figure 8 and is situated

typically approximately 10-15 cm proximal tothe medial malleolus.

As this point covers only a small anatomical area, it is easy to imagine that a pressure sensor 118 may

easily be misplaced.

Positioning apressure sensor 118 on the muscular part of the calf (position Cin Figure 8) isless sensitive.
Therefore, another option isto position the pressure sensor 118 on the calf muscles. Threshold values as
provided in sections A-D above might be changed in accordance to the actual placement of the pressure
sensor 118 and/or in accordance with the anatomical area in which the pressure sensor 118 is placed. The

above-mentioned thresholds, however, are preferred for the B 1 position.

Also aplurality of pressure sensors 118 may beused in order to assess pressure at several areas. Further,
one or more large area pressure sensors 118 might be used. Thus, as an example, one big wide pressure
sensor 118 may be used which covers the whole leg. This pressure sensor 118 might be capable of meas-

uring the pressure under relevant portions or even under the whole surface of the compression device 112.
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The at least one pressure sensor 118 and/or the pressure sensor positions defined above may be used for

all described methods to measure compression efficacy.
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Claims

A monitoring system (116) for determining the efficacy of a least one compression device (112)

for use in compression therapy, the monitoring system (116) comprising:

- & least one pressure sensor (118) for measuring a pressure exerted onto abody part of a user
by the compression device (112);

- & least one attitude sensor (122) for acquiring a least one attitude information on at least one
of aposition, an orientation and a movement of the user;

- a least one measuring device (120) having a least one evaluation unit (126), wherein the
measuring device (120) is adapted to communicate with the at least one pressure sensor (118)
and the at least one attitude sensor (122), wherein the at least one evaluation unit (126) is
adapted to receive at least one pressure value acquired by the at least one pressure sensor (118)
and wherein the at least one evaluation unit (126) is adapted to receive at least one attitude in-
formation acquired by the at least one attitude sensor (122);

wherein the at least one evaluation unit (126) is adapted to automatically combine the at least one

pressure value and the at least one attitude information in order to determine at least one key f g-

ure K indicating the efficacy of the compression device (112) taking into account the & least one

attitude information.

The monitoring system (116) according to the preceding claim, wherein the monitoring system
(116) further comprises at least one display and control device (124), wherein the & least one dis-
play and control device (124) is adapted to communicate with the at least one measuring device
(120).

The monitoring system (116) according to the preceding claim, wherein the at least one display

and control device (124) isahand-held device.

The monitoring system (116) according to one of the two preceding claims, wherein the at least

one display and control device (124) isamobile communication device, preferably a smartphone.

The monitoring system (116) according to one of the three preceding claims, wherein the at least
one display and control device (124) is adapted to communicate with the a least one measuring
device (120) via one or more of RFID, WLAN, Bluetooth, Bluetooth Smart, infrared and radio

data transmission.

The monitoring system (116) according to one of the preceding claims, wherein the a least one

measuring device (120) is adapted to be integrated into the compression device (112) and/or at-
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tached to the compression device (112), preferably on an outer side of the compression device
(112).

The monitoring system (116) according to one of the preceding claims, wherein the a least one
measuring device (120) is adapted to communicate with the a least one pressure sensor (118) via
RFID, preferably according to ISO/IEC standard 15693-3.

The monitoring system (116) according to the preceding claim, wherein energy is supplied to the

a least one pressure sensor (118) by the at least one measuring device (120), preferably wireless-

iy.

The monitoring system (116) according to the preceding claim, wherein the pressure sensor (118)

comprises a least one passive pressure sensor without abattery and without an accumulator.

The monitoring system (116) according to one of the preceding claims, wherein the a least one

measuring device (120) comprises a least one electric energy storage.

The monitoring system (116) according to one of the preceding claims, wherein the monitoring

system (116) further comprises at least one temperature sensor.

The monitoring system (116) according to the preceding claim, wherein the at least one evalua-
tion unit (126) is adapted to correct the at least one pressure value for temperature-dependent in-

fluence.

The monitoring system (116) according to one of the preceding claims, wherein the a least one
evaluation unit (126) is adapted to automatically determine if the user is slegping and to switch
into a sleep mode.

The monitoring system (116) according to the preceding claim, wherein the at least one evalua-
tion unit (126) is adapted to determine if the user is degping in case ahorizontal orientation of the

user and a standstill of the user are detected.

The monitoring system (116) according to one of the two preceding claims, wherein the seep
mode implies areduced frequency of acquisition or no acquisition of pressure values and attitude
information.

75



16.

17.

18.

19.

20.

21

22.

23.

24,

25,

26.

WO 2014/066077 PCT/US2013/064768

The monitoring system (116) according to one of the three preceding claims, wherein the a least
one evaluation unit (126) is adapted to switch back into anorma mode in case arising of the user

is detected.

The monitoring system (116) according to the preceding claim, wherein the at least one evalua
tion unit (126) is adapted to detect the rising of the user via a signal change in & least one signal

provided by at least one of an acceleration sensor and an orientation sensor.

The monitoring system (116) according to one of the preceding claims, wherein the at least one

evaluation unit (126) is adapted to determine if the user iswalking.

The monitoring system (116) according to the preceding claim, wherein the at least one evalua
tion unit (126) is adapted to determine if the user iswaking by identifying regular changes in at

least one measurement curve.

The monitoring system (116) according to one of the preceding claims, wherein the at least one

attitude sensor (122) comprises & least one orientation sensor.

The monitoring system (116) according to the preceding claim, wherein the at least one orienta
tion sensor comprises a least one of a gyroscope, an inclinometer, an altimeter, a magnetic field

sensor, an angulation sensor and atilt sensor.

The monitoring system (116) according to one of the preceding claims, wherein the at least one

attitude sensor (122) comprises at least one acceleration sensor.

The monitoring system (116) according to one of the preceding claims, wherein the at least one

attitude sensor (122) comprises a least one micromechanica attitude sensor (122).

The monitoring system (116) according to one of the preceding claims, wherein the at least one

measuring device (120) comprises at least one display device.

The monitoring system (116) according to one of the preceding claims, wherein the at least one
measuring device (120) comprises a least one indicator device (130) to generate at least one sig-

nal to the user.

The monitoring system (116) according to the preceding claim, wherein the at least one indicator
device (130) comprises at least one of an acoustic indicator device, atactile indicator device and

an optical indicator device.
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The monitoring system (116) according to one of the two preceding claims, wherein the at least
one evauation unit (126) is adapted to generate awarning output via the at least one indicator de-
vice in case one or more of the following situations are recognized:

- the compression device (112) isfound to be ineffective;

- the compression device (112) isfound to exert an overpressure;

- an externa overpressure isfound to act onto the compression device (112).

The monitoring system (116) according to one of the three preceding claims, wherein the a least
one evaluation unit (126) is adapted to generate an instruction output via the at least one indicator

device (130) in case a specific user action isfound to be required.

The monitoring system (116) according to one of the preceding claims, wherein the at least one

evaluation unit (126) is adapted to perform areal-time determination of the key figure.

The monitoring system (116) according to one of the preceding claims, wherein the monitoring
system (116) additionally comprises at least one ambient pressure sensor (123), wherein the a
least one ambient pressure sensor (123) is adapted to determine at least one ambient pressure act-
ing onto at least one of the compression device (112) and the body part from an outer side of the

compression device (112).

The monitoring system (116) according to the preceding claim, wherein the ambient pressure is a
pressure exerted onto at least one of the compression device (112) and the body part due to the
user resting on a support, thereby exerting pressure onto the compression device (112) due to a

body weight of the user.

The monitoring system (116) according to one of the preceding claims, wherein the monitoring
system (116) comprises a pluraity of attitude sensors (122) to be located in different regions of
the body of the user.

The monitoring system (116) according to the preceding claim, wherein the evaluation unit (126)
is adapted to automatically determine an attitude of the user by combining attitude information
from the plurality of attitude sensors (122).

The monitoring system (116) according to one of the two preceding claims, wherein the plurality
of attitude sensors (122) comprises & least one thigh orientation sensor and at least one calf or en-

tation sensor.
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The monitoring system (116) according to the preceding claim, wherein the at least one evalua-
tion unit (126) is adapted to automatically determine if the user is in an upright position when
both the at least one thigh orientation sensor and the at least one calf orientation sensor indicate a

substantially vertical orientation.

The monitoring system (116) according to the preceding claim, wherein the monitoring system
(116) further comprises a least one motion sensor, wherein the at least one evaluation unit (126)
is adapted to automatically determine if the user isin a standing position when an upright position

is determined and the at least one motion sensor indicates a standstill.

The monitoring system (116) according to one of the preceding claims, wherein the monitoring
system (116) further comprises at least one foot pressure sensor, wherein the a least one foot
pressure sensor is adapted to be positioned underneath at least one foot of the user and to acquire

a least one force exerted by aweight of the user.

The monitoring system (116) according to one of the preceding claims, wherein the monitoring
system (116) further comprises at least one motion sensor, wherein the at least one motion sensor

is adapted to acquire & least one information regarding amotion of the user or apart of the user.

The monitoring system (116) according to one of the preceding claims, wherein the a least one
evaluation unit (126) is adapted to acquire at least one resting pressure p, With the user being in
aresting position.

The monitoring system (116) according to the preceding claim, wherein the at least one evalua-
tion unit (126) is adapted to recognize if the user is in the resting position by using the at least one

attitude sensor (122) and to automatically acquire the resting pressure p,.

The monitoring system (116) according to one of the preceding claims, wherein the a least one

evaluation unit (126) is adapted to acquire & least one standing pressure p,tandm,.

The monitoring system (116) according to the preceding claim, wherein the at least one evalua-
tion unit (126) is adapted to recognize if the user is in the standing position by using the a least

one attitude sensor (122) and to automatically acquire the standing pressure ptandm -

The monitoring system (116) according to one of the preceding claims, wherein the a least one
evaluation unit (126) is adapted to determine a least one extended standing Pressure P.tandm , extended
with the user being in a standing position, by using the following procedure:
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- the a least one evaluation unit (126) acquires a measurement curve of pressure values after a
position change of the user into the standing position;

- asdope of the measurement curve is automatically compared to at least one endpoint threshold
value and, depending on aresult of the comparison, an endpoint of a change in the measure-
ment curve induced by the position change is automatically detected, and a pressure value ac-

quired at or after the endpoint is assigned to the extended standing pressure p.tandm ,, extended-

The monitoring system (116) according to the preceding claim, wherein the at least one evalua-
tion unit (126) is adapted to automatically acquire the measurement curve of pressure values after

the position change of the user.

The monitoring system (116) according to one of the two preceding claims, wherein the at least
one evaluation unit (126) is adapted to acquire the resting pressure p,.. a least once before or af-
ter the position change.

The monitoring system (116) according to one of the three preceding claims, wherein the position

change is aposition change of the user from aresting position into the standing position.

The monitoring system (116) according to one of the four preceding claims, wherein the endpoint
isautomatically detected when the ope of the measurement curve is equal or below the endpoint
threshold value.

The monitoring system (116) according to one of the five preceding claims, wherein the endpoint
threshold value is achange in the measurement curve of equal to or lessthan 1 mmHg per second,
preferably equal to or less than 0.2 mmHg per second, more preferably equal to or less than 0.05

mmHg per second.

The monitoring system (116) according to one of the six preceding claims, wherein the at least
one evaluation unit (126) is adapted to perform at least one of an averaging operation and af Iter-
ing operation on the measurement curve before comparing the slope of the measurement curve to
the endpoint threshold value.

The monitoring system (116) according to the preceding claim, wherein an averaging operation is
used which generates a median over a predetermined number of pressure values, preferably over
3-20 pressure values, more preferably over 5-15 pressure values and most preferably over 10

pressure values.
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The monitoring system (116) according to one of the preceding claims, wherein the at least one
evaluation unit (126) is adapted to compare the key figure K to at least one efficacy threshold for

automatically determining the efficacy of the compression device (112).

The monitoring system (116) according to one of the preceding claims, wherein the at least one
evaluation unit (126) is adapted to determine a least two different key figures « i and k ,, wherein
the evaluation unit (126) is adapted to automatically determine the efficacy of the compression
device (112) by acombination of the at least two key figures x i and « .

The monitoring system (116) according to the preceding claim, wherein the a least one evalua
tion unit (126) is adapted to perform at least one multivariate evaluation operation f(Ki, « ,,) us-
ing the key figures x i and « ,, the evaluation operation being adapted to generate a statement on

the efficacy of the compression device (112).

The monitoring system (116) according to one of the preceding claims, wherein the at least one
key figure is selected from the group consisting of:

aresting pressure p.;

astanding pressure p.andgin, With the user being in a standing position;

abaseline resting pressure p,.., basdine directly after application of the compression device (112);

an extended standing pressure p.tandmg, extended:

a static stiffness index SSl, the static stiffness index being determined by subtracting the resting
pressure p,. from a standing pressure ptandm,:

an extended static stiffness index ESSI, the extended static stiffness index being determined by
subtracting the resting pressure p, . from the extended standing pressure p.tandmg, extended:
adifference ESST - ESSI, between at least two extended static stiffness indices ESST and ESSI ,,
the extended static stiffness index ESST being determined by subtracting a first resting pressure
Presi from a first extended standing pressure p.tandm,, extended 1, the extended static stiffness index
ESSI, being determined by subtracting a second resting pressure p,.t2 from a second extended
Standing preSSUre pstanding, extended 2.

adifference SST - SSI, between at least two static stiffness indices SST and SSl,, the static stiff-
ness index SST being determined by subtracting afirst resting pressure p...i from afirst standing
pressure pandm,i, the static stiffness index SSI, being determined by subtracting a second resting
pressure p,.q2 from asecond standing pressure pianding2;

aratio ESST : ESSI, of a least two extended static stiffness indices ESST and ESSI ,, the extend-
ed static stiffness index ESST being determined by subtracting afirst resting pressure p,...i from a
first extended standing pressure p.andm,. extended 1, the extended static stiffness index ESSI, being

determined by subtracting a second resting pressure p..42 from a second extended standing pres-

SUr€ pstandin 4, extended 2>
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aratio ssii : ssi2 of a least two static stiffness indices ssii and ssi2, the static stiffness index
ssii being determined by subtracting a first resting pressure p, .t from a first standing pressure
Pstandingi, the static stiffness index ssi2 being determined by subtracting a second resting pressure
Pres2 from asecond standing pressure pandmy2;

adifference between at least two resting pressures p i and p, 2 acquired at at least two different
points in time;

aratio between at least two resting pressures p i and p, g acquired at at least two different
points in time;

a difference between at least two extended standing pressures P gandmy, extended 1and P tandmg, extended 2
acquired at at least two different points in time;

a difference between at least two standing pressures pandingi and Pganding2 acquired at at least two
different points in time;

aratio of at least two extended standing pressures panding, extended 1@Nd P ganding, extended 2 aCquired at at
least two different points in time;

aratio of at least two standing pressures pgendgin,i and Pganding2 acquired at at least two different
points in time;

an median or mean amplitude of a measurement curve of pressure values acquired during a de-
fined movement of the user, preferably during walking;

aratio of at least one first median or mean amplitude (Amplitude diani or Amplitude iy of a
first measurement curve of pressure values acquired during a first defined movement of the user
and at least one second median or mean amplitude (Amplitude  dianz Or Amplitude | _n2) of a se-
cond measurement curve of pressure values acquired during a second defined movement of the
user;

arefilling time t, g for vein refilling after a change of position from a resting position into a
standing position;

adifference t,fi; - t., 12 between at least one first refilling time t,1; for vein refilling after afirst
change of position from aresting position into a standing position and at least one second ref Il-
ing time t.glp for vein refilling after afirst change of position from aresting position into a stand-
ing position;

aratio t g :ies12 Of at least one first refilling time t, i for vein refilling after afirst change of
position from aresting position into a standing position and at least one second refilling time t, 4,2
for vein refilling after afirst change of position from aresting position into a standing position;

a parameter derived from a refilling curve, the refilling curve being a measurement curve ac-
quired after achange of position from aresting position into a standing position, specifically apa-

rameter indicating at least one of a slope of the refilling curve and a shape of the refilling curve.

The monitoring system (116) according to one of the preceding claims, wherein the at least one
evaluation unit (126) is adapted to invite the user to perform at least one measurement routine for
measuring the at least one key figure.
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The monitoring system (116) according to one of the preceding claims, wherein the a least one
evauation unit (126) is adapted to generate awarning in case the at least one key figure is detect-

ed to be outside an admissible range.

The monitoring system (116) according to one of the preceding claims, wherein the monitoring

system (116) comprises a least one display element.

The monitoring system (116) according to the preceding claim, wherein the evaluation unit (126)
is adapted to provide instructions to the user which position to take, viathe a least one display el-
ement.

The monitoring system (116) according to one of the preceding claims, wherein the monitoring

system (116) is adapted to lead the user through at least one measurement routine.

The monitoring system (116) according to one of the preceding claims, wherein the at least one
evauation unit (126) is adapted to recognize e least one predetermined type of movement of the

user by evaluating ameasurement curve of pressure values.

The monitoring system (116) according to one of the preceding claims, wherein the at least one
evaluation unit (126) is adapted for determining a waking movement of the user by recognizing

periodic changes of the pressure values.

The monitoring system (116) according to one of the preceding claims, wherein the at least one

evaluation unit (126) is adapted to store an activity profile of the user.

The monitoring system (116) according to one of the preceding claims, wherein the a least one
evauation unit (126) is adapted to use a pattern recognition agorithm for comparing a measure-

ment curve of pressure values to apredetermined set of reference patterns.

The monitoring system (116) according to one of the preceding claims, wherein the at least one
pressure sensor (118) is selected from the group consisting of: a semiconductor pressure sensor; a
pressure sensor having a deformation-sensitive resistor; a pressure sensor having a deformation-
sensitive capacitor; a pressure sensor having a deformation-sensitive light guide; and a pressure
sensor having afluid-filled bladder.
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The monitoring system (116) according to one of the preceding claims, wherein the at least one
evaluation unit (126) is adapted to detect arterial pulsations in a measurement curve of pressure

values provided by the & least one pressure sensor (118).

The monitoring system (116) according to the preceding claim, wherein the at least one evalua
tion unit (126) is further adapted to generate awarning in case an amplitude of the arterial pulsa-
tions isbelow apredetermined safety threshold.

The monitoring system (116) according to one of the preceding claims, wherein the at least one

evaluation unit (126) comprises & least one processor.

A compression system for use in compression therapy, the compression system comprising at
least one monitoring system (116) according to one of the preceding claims, the compression sys-
tem further comprising a least one compression device (112) for exerting pressure onto a body

part of auser.

The compression system according to the preceding claim, wherein the a least one compression
device (112) comprises at least one of: acompression bandage; a compression sleeve; a compres

sion garment.

The compression system according to one of the two preceding claims, wherein the at least one

compression device (112) isapassive compression device (112).

The compression system according to one of the three preceding claims, wherein the body part is
selected from the group consisting of: aleg of the user or apart of aleg of the user; acalf of the
user; athigh of the user; an arm of the user or apart of an arm of the user; afinger or afinger dig-

it of the user; atoe of the user; afoot of the user or apart of afoot of the user.

A method for determining the efficacy of at least one compression device (112) for use in com-
pression therapy, wherein at least one pressure sensor (118) isused for measuring a pressure ex-
erted onto abody part of auser by the compression device (112), wherein further at least one atti-
tude sensor (122) isused for acquiring a least one attitude information of the user, wherein the
atitude information comprises an information on at least one of a position, an orientation and a
movement of the user, wherein at least one measuring device (120) having at least one evaluation
unit (126) isused, wherein the a least one measuring device (120) communicates with the at least
one pressure sensor (118) and the at least one attitude sensor (122), wherein the at least one eval-
uation unit (126) receives at least one pressure value acquired by the at least one pressure sensor
(118) and wherein the a least one evaluation unit (126) further receives at least one attitude in-

formation acquired by the at least one attitude sensor (122), wherein the a least one evaluation
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unit (126) automatically combines the a least one pressure value and the at least one attitude in-
formation in order to determine at least one key figure K indicating the efficacy of the compres-
sion device (112) taking into account the at least one attitude information.

The method according to the preceding claim, wherein at least one resting pressure p,.. with the
user being in aresting position is acquired.

The method according to one of the two preceding claims, wherein further at least one extended

standing Pressure Pandm ., excended With the user being in a standing position is determined, by using

the following procedure:

- ameasurement curve of pressure values after a position change of the user into the standing
position is acquired;

- asdope of the measurement curve is automatically compared to at least one endpoint threshold
value and, depending on aresult of the comparison, an endpoint of a change in the measure-
ment curve induced by the position change is automatically detected, and a pressure value ac-

quired at or after the endpoint is assigned to the extended standing pressure p.tandm , extended-

The method according to one of the three preceding claims, wherein the method uses the monitor-
ing system (116) according to one of the preceding claims referring to amonitoring system (116).

The method according to one of the four preceding claims, wherein the compression device (112)
is exchanged in case the compression device (112)'s efficacy is found to be below a predeter-
mined threshold.
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