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(57) ABSTRACT

The application refers to a medical treatment device a
medical treatment system and a method for operating the
medical treatment device and medical treatment system for
treatment of a patient, comprising a sensor interface for
receiving sensor data from a plurality of different external
and internal peripheral sensors, a controller for processing
the received sensor data in order to calculate control data and
for providing the calculated control data for controlling
medical treatment-related devices or for controlling a con-
figuration of medical treatment-related apparatuses and an
output interface for providing the control data.
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THERAPY CONTROL BY COMPREHENSIVE
FEEDBACK

TECHNICAL FIELD

[0001] The present disclosure relates to an automatic
control of a medical treatment device, a medical treatment
device and a medical treatment system and in particular
relates to an automatic control of home dialysis machines.

BACKGROUND

[0002] A medical treatment device, such as a dialysis
machine, is a complex apparatus and the respective proce-
dure for operating the apparatus necessitates know how and
sophisticated medical treatment equipment. Usually, the
patient is immobilized during operation, i.e., during periods
of blood dialysis for separation of toxic accumulations.
[0003] The dialysis device may be used as a monolithic
separate system or as part of a larger medical facility. The
devices and systems can perform hemodialysis, hemofiltra-
tion, hemodiafiltration or peritoneal dialysis. The devices
and systems include an electrodialyzer, chemical sorbents,
electronic sensors, an electronic controller and a flow control
apparatus.

[0004] During operation of typical dialysis machines per-
forming hemodialysis, blood is passed through a dialysis
chamber on one side of a dialysis membrane and a dialysate
is passed on the other side of the dialysis membrane. In
addition to diffusion of solutes across the dialysis mem-
brane, a difference in pressure between the blood-side and
the dialysate-side of the dialysis membrane drives the bulk
movement of water from higher pressure to lower pressure.
The pressure generated on a particular side of the dialysis
membrane depends on several factors including flow rate,
viscosity of the fluid, geometry of the dialyzer and physi-
ological condition of the patient. The diffusion of impurities
from the blood, across the dialysis membrane and into the
dialysate is thermodynamically driven by the concentration
gradient difference between the concentration of impurities
in the blood and the concentration of those species in the
dialysate.

[0005] As mentioned above, during dialysis treatment, the
patient is usually immovably positioned at the dialysis
machine and only has few options for distraction and
therefore may perceive the treatment period as being incon-
venient.

[0006] Home medical treatment may be particularly chal-
lenging because the patient is left on his or her own without
support of clinic staff. Further, he or she needs to be
motivated to use the medical treatment device reliably and
regularly and in the dedicated, defined manner intended.

SUMMARY

[0007] The present application relates to a method for
automatic control of a medical treatment device, a medical
treatment device, a medical treatment system, a computer
program and a data carrier.

[0008] Certain aspects relate to using an extensive but
specific selection of sensor data for controlling the medical
treatment device and for related devices and machines.
“Related” in this respect refers to machines, products and
electronic devices (medical and non-medical) which may be
used during medical treatment, such as media devices, a
lighting system, a phone system etc.
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[0009] A first aspect relates a method for automatic control
of a medical treatment device, such as a dialysis machine, in
particular a home dialysis machine, a peritoneal dialyses
machine. The control is based on sensor data from a plurality
of sensors. The method comprises the steps:

[0010] Receiving sensor data from a plurality of (dif-
ferent) external or internal peripheral sensors. The
sensors may be healthcare sensors (for example for
receiving physiological data of the patient, like blood
pressure, respiratory rate, electrical conductivity of the
patient’s skin) and non-healthcare sensors (e.g. position
sensors). The sensors may be of different kind, like
temperature sensor, a location sensor (e.g. GPS sensor).

[0011] Processing the received sensor data in order to
aggregate the same and to calculate control data. The
control data is adapted and may be used for control of
the medical treatment process, including the medical
treatment as such (e.g. dialysis) and related treatments
(heat application, provision of music etc.).

[0012] Providing control data for controlling medical
treatment-related devices (dialysis machine itself or
connected devices) or for controlling a configuration of
medical treatment-related apparatuses(disposables,
such as a tube system).

[0013] This method has the advantage that peripheral
devices which might be activated during medical treatment
(radio, music player, telephone etc.) may be controlled in
accordance with the operation of the medical treatment. For
example, the control data may deactivate a wired telephone
device, positioned apart from the medical device, because
the patient may not reach the telephone during medical
treatment. Only the patient’s mobile device may be activated
if the patient carries it with him or her. Another advantage
is that the medical device and its assembly units (for
example loudspeakers) are controlled such as to be adapted
to the ambient conditions. If, for example, peripheral sensor
data detects that the environment is very noisy, the loud-
speakers of the medical treatment device may be controlled
to output acoustical signals louder. Otherwise, if sensor data
suggests a very silent environment, the volume of the
acoustical output signals of the treatment device may be
reduced, respectively. Another example may refer to the
brightness of the displays of the treatment device which may
be controlled in accordance with sensor signals extracted
from an external lighting system and vice versa.

[0014] In a preferred embodiment, the sensor data com-
prises medical data and health related data of the patient, for
instance, anamnestic data. The medical data and health
related data may refer to actual and/or historical data of the
patient. This aspect may help to improve the medical effi-
ciency and may adapt the medical treatment more specifi-
cally to the patient.

[0015] In another preferred embodiment, the sensor data
comprises non-healthcare data, like position data, tempera-
ture data, media data, acoustical data and/or insurance data
of the patient. The ability to dynamically adapt to different
situations may be an advantage of the method.

[0016] In another preferred embodiment, the sensor data
comprises data selected of the group of consisting of:
location data, physiological data, temperature data, sched-
uling data detectable in an electronic calendar, actual data,
which are detected from wearables. The sensor data may
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relate to actual data and/or to historical data. The ability to
dynamically adapt to different situations may be an advan-
tage of the method.

[0017] In another preferred embodiment, the sensor data
comprises:

[0018] Prior treatment data, which are detected prior to
medical treatment,

[0019] Treatment data, which are detected during medi-
cal treatment and

[0020] Post treatment data, which are detected after
medical treatment.

[0021] In another preferred embodiment, the sensor data
comprises:

[0022] Location data, defining the actual position of the
patient;

[0023] Movement pattern data, defining typical move-
ments of the patient in connection with the medical
treatment;

[0024] Environmental data, defining physical values for
the medical treatment device;

[0025] Medical status data and/or health status data of
the patient (comprising e.g.: blood pressure data, pulse,
respiratory rate, electrical conductivity of the skin).

[0026] According to another preferred embodiment, the
sensor data comprises physiological parameters (for
instance pulse, blood pressure and/or respiratory rate . . . )
and wherein the control data comprises a blood pump
control signal for controlling the blood pump.

[0027] According to another preferred embodiment, the
sensor data comprises physiological parameters (pulse,
blood pressure, respiratory rate etc.) and wherein the control
data comprises a wake/sleep signal for supporting a wake
state or a sleep state of the patient in accordance with the
detected physiological parameters. This has the technical
effect that the machine may help in initiating a sleep state of
the patient, in case the sensor data suggests that the patient
is usually falling asleep during medical treatment. Other
contraindicated measures (playing music) are then automati-
cally prevented.

[0028] According to another preferred embodiment, the
threshold values are configured for all sensor data and
wherein in case of non-compliance with at least one thresh-
old, an alert signal is provided. This feature supports an early
alarm in case of breach with health-related limitation param-
eters. According to a further aspect, these limitation param-
eters may be adapted dynamically, based on calculated
control data.

[0029] According to another preferred embodiment, all
sensor data and all control data are tracked and stored. Also,
the aggregated data (sensor and control data) may be fed
back to the system. A back propagation algorithm may be
used for implementation. With this back propagation method
the system may be implemented as a self-learning system.
The system may be provided as neural network. The neural
network may be trained with training data. The sensor data
and control data may serve as training data. Reference data
may also serve as training data.

[0030] The control data is a dataset with a set of control
values for different control parameters for controlling dif-
ferent electronic devices. For example, the control dataset
comprises first control data for controlling the DVD player,
second control data for controlling the volume of the radio,
third control data for controlling the external lighting sys-
tem, forth control data for controlling internal brightness of
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the display(s), fifth control data for controlling heating
temperatures and so forth. Thus, according to this preferred
embodiment, the control data is multimodal and serves to
control a set of different electronic systems and devices,
which may be internal or external to the medical treatment
device.

[0031] The control data is adapted and used to control the
medical treatment device. The control data is provided to the
medical treatment device via an appropriate interface. They
may be provided from an external computer-based, elec-
tronic controller. The controller may also be integrated into
the medical treatment device. In another preferred embodi-
ment, the control data may be adapted and used to control
not the medical treatment machine itself but related
machines and means. The term “related machines” refers to
apparatuses and electronic devices and machines which may
be activated or used during the course of treatment, like inter
alia radio, media device, headphones, heating devices, blind
or shutter which are controllable electronically and/or other
peripheral devices.

[0032] The control data may be forwarded directly to the
related machine. The control data may be transferred accord-
ing to a control protocol. The control protocol may be
adapted to transfer a pre-processed control information data
packet. The control information data packet may comprise
meta data for more specifically controlling the respective
related machine. The meta data may relate to authorization
data, so that only in case an authorization for control of the
related machine is given, the control information data packet
will be sent to the related machine and otherwise the control
access will be denied. This aspect enhances the security of
the control method and helps to prevent unauthorized access
to peripheral devices for which the user or other authorities
want to delimit automatic control.

[0033] According to another preferred embodiment, the
control data may only be transferred to the respective
reception node (medical treatment apparatus itself or related
machines etc.) if a confirmation signal is received. Typically,
the user will get the option to confirm the control suggestion
which has been generated automatically by the computing
entity/program. For example, if the control signal refers to
an increase in temperature, a respective information mes-
sage (“temperature will be increased”) may be provided on
a user interface as well as a confirmation button or another
means (for instance means for acoustic input of the confir-
mation signal), so that the user may confirm or reject the
control suggestion. Thus, control by the generated control
data is only triggered in case the control suggestion has been
confirmed by the user. This improves security of the system.

[0034] According to another preferred embodiment, a
control status is detected automatically. In case control data
was sent to the medical treatment device or to the related
machines or was output for the configuration of medical
treatment related apparatuses, the status will be changed
from “normal use” to “automatic control”. This control
status may be represented in a flag of a control status
message. The control status message may be output on a user
interface and/or may be forwarded via a network connection
to a central server, for instance a server of a clinical
institution which takes care for all medical treatments and
stores respective data in a central database. This has the
technical effect that the control status may be supervised and
stored centrally.
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[0035] In a preferred embodiment, the control data is
processed to provide adapted limitation values for monitor-
ing of the medical treatment process. For example, if it is
detected that the patient is only using the medical treatment
device in a certain time phase, for instance during night, the
scheduling time limits for activating the medical treatment
device may be adapted accordingly in order to prevent
misuse of the device in unusual time intervals (in the
example above, during the day). A breach of limitation
values may be reported. In case a confirmation signal is
received, activation may be triggered. However, in case the
sensor data detects that the usage behavior of the patient
changes over time and that the usage period changes (from
night to daytime), the limitation values may be adapted
accordingly (to prevent unusual usage during night time).

[0036] In apreferred embodiment, the term “related appa-
ratuses” refers to apparatuses which are used during medical
treatment, such as disposables. The disposables may for
example and preferably comprise a tube system for a dialy-
sis machine. In terms of costs and due to medical reasons it
is, for example, important to adapt the tube length to the
respective actual dialysis situation, which sometimes affords
long tubes and sometimes the tubes may be shorter. Gener-
ally, the length of the tubes should be as short as possible in
order to keep the amount of blood in the extracorporeal
blood circulation as small as possible, which in turn reduces
health risks. Further short tubes help to reduce (material)
costs. Therefore, in a preferred embodiment, the distance
between the puncture location (needle) and the dialysis
machine is measured automatically by means of a sensor
device (for example optical sensors, like laser rangefinder
sensors, PMD sensors (photonic mixing device). The sensor
may use triangulation for distance measurement.

[0037] In other embodiments, disposables comprise the
fluids, concentrates, filters (for example dialysers and their
characteristics like the ultrafiltration coefficient, clearance
values and the effective membrane surface) or absorbent
materials (for example their composition and/or package
size).

[0038] The method is executed on a processing entity. In
a preferred embodiment, the processing entity is part of the
dialysis machine and may be provided as add-on module. All
steps of the method are executed on the medical treatment
device. In other embodiments, the processing entity may be
a separate unit, for example a server, which is accessed over
a network and provides the processing result as control data.
The processing entity may be virtualized and also may be
distributed over several processing entities.

[0039] In a preferred embodiment, the control data is
provided to the medical treatment device for controlling its
operation (for example time, length, and general time sched-
uling of medical treatment, scheduling of other resources for
the treatment, kind of treatment etc.). However, a major
advantage is to be seen in that the control data may be (also)
provided to external machines and devices, being activatable
during the course of treatment. The external machines are
usually not directly mounted on the medical treatment
device but do need to be equipped with an interface for data
connection, in particular for receiving the control data. The
external machines or devices may be peripheral devices,
which may inter alia be located in the operating/treatment
room, such as blinds or shutters for regulating daylight,
media devices or home entertainment network, like televi-
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sion, and video player or radios, a heating device, which
may be provided as room heating device or as treatment
chair heating device.
[0040] For example, a heating device may be connected to
the medical treatment system, which is adapted to emit
infrared light in a certain wavelength and may be provided
as infrared heater, lamp or radiator during medical treatment
and which may be controlled electronically via an interface
to the medical treatment system. Heat lamps can be used
selectively if necessary during medical treatment to provide
dry heat when other treatments are ineffective or impractical.
The activation of the heat lamp during medical treatment is
controlled by control data. According to a general idea, the
control data is calculated automatically on the basis on
several sensor signals. Thus, if a room temperature sensor
measures a temperature under a preconfigured limit and/or if
a body temperature sensor measures a body temperature
under a preconfigure limit, a rule may be applied in order to
calculate the corresponding respective control signal, for
example, indicating to activate the heat lamp.
[0041] In another example, the configuration of dispos-
ables is controlled with the method. The disposables may
relate to a needle system. Thus, the thickness of the needle
may be controlled automatically according to the plurality of
sensor data. For example, a rule data set is stored in a
memory, defining rules like “if time schedule data suggests
a dialysis treatment during night, then dialysis time may be
increased and thus, a smaller needle diameter may be used”.
The control data may be provided in a text format, like text
message as “use of a smaller needle diameter is possible”.
Of course, this is a simplified example. But it should indicate
the general application. Thus, in this example, the control
data comprises a needle parameter for defining the diameter
of a needle, which may be for example 1.5 mm, 1.6 mm, 1.8
mm or 2 mm
[0042] Some embodiments further relate to a medical
treatment device for treatment of a patient, comprising:
[0043] A sensor interface for receiving sensor data from
a plurality of different external peripheral sensors,
[0044] A controller for processing the received sensor
data in order to calculate control data and for providing
the calculated control data for controlling medical
treatment-related devices or for controlling the con-
figuration of medical treatment-related apparatuses,

[0045] An output interface for providing the control
data.
[0046] The medical treatment device may comprise inter-

nal sensors for providing internal sensor data and wherein
the internal sensor data is provided to the controller for
calculating control data. The internal sensor data is pro-
cessed in common and together with the external sensor
data.
[0047] Some embodiments further relate to a system for
medical treatment of a patient, comprising:
[0048] A medical treatment device
[0049] A sensor interface for receiving sensor data from
a plurality of different external peripheral sensors,
[0050] A controller for processing the received sensor
data in order to calculate control data and for providing
the calculated control data for controlling medical
treatment-related devices or for controlling the con-
figuration of medical treatment-related apparatuses,
[0051] An output interface for providing the control
data.
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[0052] Certain dialysis systems described herein allow for
more convenient dialysis treatments. These medical systems
can, in many cases, be operated and used in a cost-effective
mannet.

[0053] In certain embodiments, the medical treatment
devices can be used for purposes beyond simply carrying out
a medical treatment, such as for controlling other electronic
devices. In some embodiments, an improved control of the
medical treatment device can be provided based on specific
selection of sensor signals.

BRIEF DESCRIPTION OF THE FIGURES

[0054] FIG. 1 shows a schematic overview of a medical
apparatus in the preferred embodiment of a dialysis
machine.

[0055] FIG. 2isa flow chart of a control method according
to a preferred embodiment.

[0056] FIG. 3 is a flow chart of a processing step of the
control method, depicted in FIG. 2 according to a preferred
embodiment.

[0057] FIG. 4 is a schematic representation of possible
electronic units for implementing the control method,
according to a preferred embodiment.

DETAILED DESCRIPTION

[0058] The medical treatment device is a machine for
providing healthcare services. According to a preferred
embodiment, it refers to a dialysis machine, particularly a
home dialysis apparatus for home use, which may be
embodied as a hemodialysis machine or a peritoneal dialysis
machine. In other embodiments, the medical treatment
device may relate to a hemofiltration, or to a hemodiafiltra-
tion machine.

[0059] The medical treatment related device may be any
kind of electronic device or machine, which may be used
during medical treatment and comprises an interface for
receiving control signals, in particular during the course of
treatment. In a preferred embodiment, it may refer to a video
plaver, to a music player, to a media presentation device, to
a lighting system and/or to a heating device. In another
preferred embodiment, the medical treatment related device
relates to a control device of a home network, which through
the network controls further devices which are connected to
the home network. Hence every device, which is controlled
using the home network, can also be controlled. The medical
treatment related device may be an internal assembly ele-
ment of the medical treatment device (i.e. a display, loud-
speaker) or may be an external device as mentioned above.
The sensor data is received on a plurality of (different types
of) sensors, which may be located at different positions. Tt is
also possible to use sensors on wearables, like a smart watch,
a smart wristband or a smartphone for detecting patient-
related sensor data. The sensor data comprises digital and
analog signals, like location data, body and/or room tem-
perature etc. The sensors may be adapted to receive medical
and healthcare-related data, like physiological data (pulse,
blood pressure etc.). The sensors may also be designed to
receive non-healthcare data, like position data (as position
sensors), light data, temperature data, humidity data, blind or
shutter control data, volume data for acoustic emissions etc.
[0060] Embodiments are described in the following with
particular reference to the controlling of a dialysis machine
100. It is emphasized that the implementation is not
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restricted to the illustrated embodiments but is rather pos-
sible in connection with other medical treatment devices.
[0061] Home dialysis is becoming an increasingly popular
alternative to in-center dialysis. In order to dialyze in the
comfort of one’s own home, the patients must keep to a
schedule, set up their own machine, keep track of supplies,
monitor their own treatment, and disinfect their own
machine afterwards. With other words, the patient has a
burden to execute a plurality of steps in a reliable manner so
that his treatment safety is maintained. This in turn requires
that the patient is highly motivated.

[0062] Improving patient outcomes may be an advantage
of creating a more intelligent dialysis machine that uses a
plurality of sensor data. The dialysis machine 100 is
equipped with an intelligent control module, which may be
software or hardware based (and may for example be
provided as FPGA, field programmable gate array). With the
new control the dialysis machine 100 may, for example, fill
the role of a personal trainer.

[0063] Motivating a home dialysis patient is especially
challenging because the patient is outside of the clinical
environment where the clinic staff may intervene. Most of
the work must be done by the patient and/or the patient’s
caregiver. When a patient skips a critical treatment due to
lack of motivation, accumulating toxins are not removed
from the patient’s bloodstream and, over time, this usually
leads to serious health consequences.

[0064] FIG. 1 schematically illustrates a preferred
embodiment of an inventive medical treatment device in the
form of a dialysis machine 100 for home use.

[0065] The dialysis machine 100 is configured with an
electronic module. The electronic module may comprise a
sensor input interface 101 for receiving data, in particular,
sensor data from a plurality of sensors 102, 200. The sensors
may be mounted on different peripheral devices, comprising
external electronic devices (external sensors 200) and inter-
nal devices (internal sensors 102). Internal devices are
related to the dialysis machine 100. They may be mounted
in the machine (e.g. door opening sensors) or may be
attached to peripheral devices (e.g. on supply tools). The
electronic module further comprises a controller 103 for
processing received sensor data and for providing control
data. An output interface 105 is provided on the electronic
module as well. It serves for providing a result of the
processing, inter alia for providing control data. The control
data serves to control the medical treatment process, more
specifically the dialyses and related steps.

[0066] The electronic module for executing the method
may be implemented in software and may be downloaded
form a server 10 as depicted in FIG. 1 as an option with the
dotted line in order to represent that the computer program
may be downloaded into a memory of a processing unit. The
software may also directly be provided on an (embedded)
microcontroller. The computer program may also be embod-
ied as electronic circuit and/or as software an electronic
processing unit of the medical treatment device 100.
[0067] As can be seen in FIG. 1, sensor data is aggregated
from a plurality of different sensors 102, 200 in pre-con-
figurable time intervals on the input interface 101. The
received sensor data (digital data and analog signals) is then
transferred to the controller 103 for automatic processing.
The controller 103 provides control data and may forward
the same to a central server 300, which may be located in a
hospital’s H information technical system. The server 300
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may access a database DB. The database DB may serve as
storage for storing sensor and/or control data. It may further
serve as a rule database for providing a set of processing
rules. Alternatively, the rules database may be swapped out
on a separate database. This has the advantage that the rules
may be amended independent of the operation of the system.
The rules may also be adapted dynamically, based on the
received and processed sensor data.

[0068] The sensor data may be captured on different
medical devices as pulse of the patient, blood pressure,
respiratory rate, skin conductivity, body temperature etc.
The measured data may be cached and may be averaged over
a certain time interval. The sensors may also be adapted to
receive non-medical or non-physiological data. For
example, the sensors may be provided as room temperature
sensors, location sensors, step counters, sensors in wearable
devices etc.

[0069] Some embodiments make intelligent use of the
“smart” technology found in wearable devices such as
smart-watches and smart-phones (smart wristbands, smart
shoes, smart rings etc.) in a dialysis machine 100 to learn
about the patient’s behavior, to monitor a patient, and keep
track of a patient’s schedule to more seamlessly integrate
dialysis treatments and machine maintenance into the
patient’s existing routines. Dialysis machine’s 100 hardware
may include GPS, Bluetooth, Wifi, NFC, microphones,
infrared sensors and/or other communication equipment to
facilitate interaction with a patient’s own “wearable tech-
nology”. The term “wearable technology” refers to smart
electronic devices (electronic device e.g. equipped with
microcontrollers or microprocessors) that can be worn on
the body, as implant or accessories. It is possible to incor-
porate practical functions and features in the devices (like
step counter, scheduling devices, weight measurement etc.).
For example, the electronic wearable devices with their
sensors may be provided as optical head-mounted displays
as smartwatches, smart wirstbands and/or as activity track-
ers. The sensors of the electronic wearable devices may
comprise for example photoplethysmography sensors,
which may illuminate the patient’s skin and measure
changes in light absorption in order to determine Blood
Volume Pulse (BVP), from which heart rate, heart rate
variability (HRV), and other cardiovascular features may be
derived. Other sensors may comprise for instance (3-axis-)
accelerometer for capturing motion-based activity, electro-
dermal activity sensors for measuring electric parameters of
the patient’s skin (like resistance, potential, impedance,
admittance), which may be used to detect sympathetic
nervous system arousal and to derive features related to
stress, engagenient, and excitement, or sensors for measur-
ing the peripheral skin temperature, like infrared thermo-
piles. The external sensors 200 can also collect biometric
data such as heart rate (ECG and HRV), brainwave (EEG),
and muscle bio-signals (EMG) from human body to provide
valuable information in the field of health care and wellness.
This data will be aggregated and processed in order to
provide control data.

[0070] The control data serves for controlling electronic
means and devices which may be activated during the course
of treatment and may even control the medical treatment and
elements of the medical treatment device itself (components
thereof). The means and devices to be controlled may thus
be positioned inside or attached to the medical treatment
device or may be positioned as external elements (like
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heating system, lighting system, multimedia devices). The
external means and devices may be connected via radio
connection or via WLAN or LAN or Bluetooth to the output
interface 105 of the machine 100.

[0071] Also, other sensors may be connected. The sensors
may be external sensor 200, as mentioned above and also
internal sensors 102, which may be part of the dialysis
system or even may be directly mounted on the dialysis
machine 100. The dialysis machine software would be
written to harvest and intelligently compile data from these
peripheral sensors 200, 102 in order to learn about the
patient over time. With this newly gathered data it may be
possible to automatically generate healthcare related sug-
gestions or machine related suggestions (for example for
maintenance services of the machine or for replenishment of
disposables or other resources). The technical effect may
also be achieved to keep track of machine execution and
parts thereof. Moreover, it is possible to make technical
operation of the dialysis machine much easier, for example,
by automating functions through voice command. The dialy-
sis machine 100 becomes more than a static piece of
equipment and instead both actively and subtly encourage
the patient to undergo efficient and less effort intensive
life-sustaining treatments to gently improve health out-
comes.

[0072] FIG. 2 shows a workflow of a control method
according to a preferred embodiment. After start of the
method, in step a, an activation signal is received. The
activation signal may be inputted on a user interface by a
user for initiating the automatic treatment control. Step a,
however, is not mandatory. It is also configurable to initiate
the automatic control independent of a user activation sig-
nal.

[0073] Instep b, sensor data is received from the plurality
of different sensors 102, 200.

[0074] In step c, the received sensor data is processed in
order to provide control data in step d.

[0075] The automatically calculated control data may be
provided on a user interface for information of the patient in
step e. This step e, however, is optional. In step f, a
confirmation signal is received. The confirmation signal
serves to validate the automatic control of the treatment
process by the control data. If the patient does not agree to
such a control, he/she may refrain from inputting the con-
firmation signal in order to prevent automatic control with
said control data. Then, control data may be changed or may
be adapted manually.

[0076] In step g, a status report may be forwarded to the
central server 300 or to other computer based instances for
example for central storage. After this, the method may end
or may be repeated iteratively, beginning again for example
at step b. As shown in FIG. 2, after step d the method may
also end or may branch out to step b.

[0077] In general, steps e, f and g are optional.

[0078] In a preferred embodiment, the step of receiving
sensor data may be executed over a time period and even
during the time when the data is processed in step c. Thus,
steps b and ¢ may be executed in parallel. This has the
advantage, that the control data may be based on the most
actual and latest sensor data. The controller 103 may be
adapted to actively request sensor data from an internal
storage in order to process the same.

[0079] The processing step ¢ will be described in more
detail with respect to FIG. 3. The processing of the received
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sensor data is executed fully automatically and in a preferred
embodiment without any further user interaction. The pro-
cessing may be executed on the controller 103, directly on
the dialysis machine 100. In other embodiments, this pro-
cessing step may also be swapped completely or partially to
external electronic modules, to a processor, to another
computing instance or may even be virtualized. The pro-
cessing may also be centralized and executed on the central
server 300. In step cl the received sensor data is prepared and
transferred to the respective computing instance for an
application of pre-configurable rules. In step ¢2 a set of rules
are selected which are appropriate for the specific received
sensor data. For example, if only temperature data is
received from a body temperature sensor and from a room
temperature sensor, these temperatures signals may be pre-
processed (e.g. averaged) and the set of rules has to be
selected, which deals with temperature data like e.g. “IF
‘temperature value’ is below a pre-configured threshold,
THEN define a heating initiating signal as control data”,
which when being executed will activate the heating device
accordingly. This example, is of course simplified. In reality,
conflicts may arise. For example, if physiological patient
data (and the application of a respective rule) suggest to
increase temperature, whereas other sensor data, for
example energy or cost related data suggest not to increase
the temperature, a conflict arises, which will be resolved. In
case of such a conflict, a rule conflict mechanism is applied
in step c3. The rule conflict mechanism relsoves the con-
flicts. In a very simple embodiment, this is done by priori-
tizing rules. The prioritizing may be represented in a table in
a certain memory. In step ¢4 a rule application result is
calculated. In step c5 the control data based on the rule
application result will be processed. After step ¢5 the method
may end.

[0080] FIG. 4 shows the electronic module of a dialysis
machine 100 in a schematic exemplary representation. The
dialysis machine 100 comprises a protocol interface 41,
which serves to receive input data via a particular protocol.
According to a preferred embodiment, the protocol is based
on and may be connected to a CAN bus system 42. In other
embodiments also other bus systems may be used, like
Ethernet or a RS232 bus system. The input data may relate
to a computer program for implementing the method,
described above. The input data may also relate to non-
functional data. The computer program may be loaded in a
memory, for example in the main memory. The controller
103 is adapted to access the main memory for execution of
the computer program. The memory may preferably be a
Flash EEPROM. The controller 103 may also be realized by
a microcontroller or by a microprocessor 104 or may in part
be realized in an operating system of the dialysis machine
100. As represented in FIG. 4 with the three dots, it is of
cause possible to provide additional modules for providing
additional functions, like a memory for additional storage
capacity, a cache memory for caching received sensor data
and the like.

[0081] In the following description three preferred
embodiments are described.

[0082] In a first embodiment, the home dialysis patient is
wearing a smart-watch at home, having fallen asleep in a
recliner. The Smart Home Dialysis machine 100 has learned
the patient’s prescription and schedule and notes that the
patient is at home and asleep based on the heartrate detected
by the smart-watch. The machine 100 automatically checks
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the patient’s social calendar and notes that patient’s evening
is free and the patient’s favorite TV show is beginning. The
machine 100 sends a YES/NO confirmation check to get
ready for treatment to the patient’s smart-watch, waking up
the patient. The patient confirms that she/he is ready for an
earlier treatment time. The machine 100 automatically fully
powers on and begins running self-tests followed by auto-
mated treatment setup. The machine 100 sends a control
command (within the control data) to home entertainment
network to begin recording patient’s TV show and sends an
activation control signal in order to turn on the TV in front
of the machine 100 so the TV show can be played when
patient is seated for treatment. Patient enters the room,
makes simple connections by himself or herself and sits for
treatment as the machine 100 runs and the TV show is
played. After treatment, the machine 100 notes usage of
dialysis supplies and sends a message to dialysis clinic to
send new supplies in next shipment.

[0083] Inasecond embodiment, a home dialysis patient is
riding in car towards home with smart-phone docked in the
car’s console. The machine 100 notes that patient was just
dialyzed yesterday but also checks the patient’s social
calendar and notes that the patient was attending a baseball
game in which the patient’s favorite team has won and
assumes that the patient drank an extra amount of fluid
during the baseball game. The machine 100 sends a YES/NO
confirmation check to get ready for an extra treatment to the
patient’s smart-phone. The patient confirms he/she is ready
for an extra treatment. The patient may send back using the
smart phone the information of the volume of the extra
amount of fluid. The machine 100 adjusts prescription to
nephrologist-approved treatment profile to ultrafilter the
extra fluid from patient and the machine 100 begins auto-
mated setup to be ready when patient arrives home for
treatment. The machine 100 connects to the patient home’s
smart-thermostat and increases the room temperature to
match the patient’s comfort level. The machine 100 connects
to the patient home’s lighting system and illuminates the
hallway leading to the treatment room. The machine 100
connects to the patient’s home assistant, e.g. Amazon Echo,
and plays patient’s favorite music. During treatment, the
machine 100 sends treatment data in real time to nephrolo-
gist to demonstrate efficacy of new prescription settings.

[0084] Generally, it is possible that the machine 100
requests a separate confirmation signal for each of the
different control suggestions (in the example above for the
thermostat, lighting system, home assistant, treatment data
sender). In another embodiment, only one confirmation
signal is requested for the set of intended controls (trans-
ferred by means of control instructions to the particular
electronic nodes). The electronic nodes (means and/or
devices to be controlled by means of the control data,
prepared by the medical treatment device 100 (which is
synonym for the machine)) are connected to the machine
100 via cable or wirelessly in order to receive the control
data from the output interface 105. In particular, this may be
an [P-based protocol connection.

[0085] In a third embodiment, the home dialysis patient
uses an iPad with an application/app installed to book a
three-day trip away from home. The machine 100 notes
change to patient’s schedule and proposes an extended
treatment prior to the trip with a suggested dialysis start time
in order to be finished with the dialysis treatment in time to
arrive at airport by scheduled departure based on traffic



US 2019/0001039 A1

conditions. The machine 100 then emails to the patient a list
of kidney-friendly restaurants and menu selections in the
destination city. On the second day the patient is away, the
machine 100 automatically powers on and performs a heat
disinfection and then powers down. On the fourth day since
the trip began, the machine 100 notes that patient has not yet
returned home and connects with patient’s smart-wristband,
confirming patient is still in destination city. The machine
100 contacts patient’s caregiver with a list of dialysis clinics
nearby the patient with recommendations for treatment.
Patient’s caregiver selects a dialysis clinic and takes patient
for treatment while the machine 100 uploads the patient’s
prescription and medical information to clinic’s dialysis
network for seamless treatment transfer.

[0086] Certain aspects may provide several advantages.
For the unmotivated patient, the home dialysis machine can
be as unappealing as home gym equipment. By creating a
Smart Home Dialysis machine 100 equipped with the extra
smart control functionality, the machine can become the
patient’s “personal trainer” and remove many common
obstacles to home dialysis treatments. Never before has a
dialysis machine been so integrated into a patient’s life,
being able to deliver smart reminders, make diet sugges-
tions, automate treatment setup and machine maintenance,
keep track of supply inventory, and mesh with existing
smart-technology to yield the best possible health outcomes
in the most comfortable ways.

[0087] In another preferred embodiment, position data
may be used as sensor data, which indicates that the patient
is travelling by car (or otherwise) and which will initiate
further reception of traffic news in order to evaluate whether
the patient might be late due to traffic jams or if he or she will
arrive in time. Additionally, temperature may be detected
and processed as sensor signal, too. The temperature sensor
signal may be processed and used in order to adapt the room
temperature, when the patient will enter the room for dialy-
sis treatment. At least in part, the machine 100 may also
provide control data for controlling the temperature of the
dialysate, when being applied to the patient. This may serve
that the patient fills more comfortable, when for example
sensor signals suggest that he/she feels cold, dialysate tem-
perature may be increased.

[0088] According to another preferred embodiment, the
sensor data may be received via a query which is directed to
the patient and which may be provided on a display for
representing questions, such as “Do you feel cold/warm?”,
“Are you hungry?”, “Do you want to listen to music?”. The
user may use his mobile device or another option for
providing his answers to the questions. These answers may
also be detected as sensor signals and may be processed
according to rules in order to provide control data. The
control data in the examples before may then relate to
control of seat/room temperature, requesting the service of
a meal delivery service and for controlling the music player.
Further questions and respective controls may relate to a
control for providing emails, for providing stock exchange
or sport results, for selecting a TV or radio channel etc. The
questions may be pre-configured and may be selected from
a list for initiating control of the respective assigned devices.
[0089] In another embodiment, the physiological data of
the patient is processed, indicating for example a relative
high fat degree in tissue. Then, based on this intermediate
result, a further control signal could be generated in order to
only suggest appropriate meals (i.e. diet meals, low fat meals
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etc.). Also, further information may be provided on a user
interface for informing about ingredients which may influ-
ence the medical treatment, for example by informing about
the intradialytic fluid absorption.

[0090] If for example the detected physiological data or
data provided in the form of answers (by the patient himself
or herself) indicates, that the patient wants to fall asleep,
then control data may be provided in order to support this
goal, by reducing volume of speakers, by reducing daylight
by automatic control instructions for closing the shutters by
deactivating telephone etc. The respective control signals
are generated autonomously and will be forwarded to the
respective device for the purpose of controlling the same in
the period of treatment. However, special use cases may
suggest that an initiation of a sleep state may not be helpful,
because, for example, other sensor data suggests, that the
patient has a meeting directly after the treatment. In this
case, the calendar entry based sensor signal and the sleep
target state are processed by accessing the rules database in
order to learn that a sleep state will not be actively initiated
in case a subsequent meeting is scheduled.

[0091] In a preferred embodiment, additional sensors are
used in the form of applications which are directed to
automatically detected a person’s sleep phase, like REM,
Non-REM phases, for example based on respiratory sounds
or other signals. Then, the patient may be waked up only in
a light sleep phase or REM phase, which will lead to a very
smooth and gentle waking.

[0092] During sleep state, usually pulse and blood pres-
sure will decline. By detecting these sensor signals, control
data may be provided for adapting the flow of blood during
dialysis treatment, namely to reduce the same for not strain-
ing the body circulation. This in turn, will increase the time
period used for dialysis treatment and the therapy goal may
in turn be adapted accordingly. Preferably, a confirmation
signal is requested by the user. The therapy goal may be
defined by a dialysis dose as value indicating a relation of an
urea clearance over time, defined as Kt/V, wherein K refers
to urea clearance, t refers to time and V refers to the urea
distribution volume. During sleep state, the ultrafiltration
rate may be reduced in accordance with the longer dialysis
time (during the night) in order to reach the therapy goal. An
additional volume of substitution solution for a hemodiafil-
tration procedure can be administered and will influence the
whole ultrafiltration result and may be amended respec-
tively. In this respect, generally, a reduced ultrafiltration rate
is preferred, since this involves a gentler treatment for the
patient.

[0093] In another preferred embodiment, the blood pump
may be controlled by the control signal. The control signal
may be based on the patient’s pulse, which is detected as
sensor signal.

[0094] Thus, the blood pump may be controlled in accor-
dance with the pulse for not adding additional pressure to the
vascular system of the patient. Preferably, impeller pumps
and centrifugal pumps are used and controlled, which do not
generate an additional pressure pulse in contrast to hose reel
pumps and which are easy to control. In this embodiment,
the pump may be controlled synchronously to the natural
patient pulse and representing the same respectively. The
patient’s pulse may be detected by means of a pulse sensor
and/or may be detected in the extracorporeal blood circula-
tion system when using impeller pumps (for example by
means of a pressure sensor).
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[0095] 1In another embodiment, it is possible to control the
medium blood flow in dependence (and accordance) of (to)
the detected pulse. For this purpose, the processing device
103, 104 may access a rule database. There, a rule may be
stored, which indicates that medium blood flow should be
increased for a higher pulse and should be decreased for a
lower pulse. This is particularly possible, when using an
impeller pump. In general, a pulse synchronous control of
the blood flow is possible.

[0096] In another embodiment, exemption rules may be
stored in the rule database, indicating and representing
situations in which a non-compliance with the pre-set
therapy goal may be tolerated exceptionally. This situation
may for example relate to specific detected physiological
values and/or to a certain time period. The control of the
dialysis process (or treatment) may be based on certain
decisions, taken autonomously by the system by accessing
the rules in the rule database. These autonomous decisions
(for example to increase dialysis time) may be subject to a
confirmation signal on a user interface. This confirmation
signal may be output to the patient directly or to a central
administration unit at a hospital or a caregiver. Other rules
may relate to actually detected parameter values. For
example, if the system detects a sudden significant increase
in the pulse, an alert message may be generated and pro-
vided as output. Moreover, balancing control signals may be
generated. It is also possible to generate a question to the
patient for asking about the circumstances and reasons for
the detection of the sudden increase. In case the patient
provides a reasonable answer, the alert message may be
deleted again.

[0097] In a preferred embodiment, all data that is detected
and processed are stored and are fed back to the system
again for further control. In particular, all detected sensor
signals or sensor data and all calculated control data are
stored in an interrelated manner. It is detectable which kind
of sensor data is mapped to which kind of control data and
whether the control data has been confirmed by the confir-
mation signal. Thus, it is possible to refer to past treatments
(with historical data) for generating the control data for
present or future treatments. For example, if past sensor data
indicates, that usually the patient activates dialyses during
night time, this information may be processed by means of
at least one rule in the rules database to indicate a smaller
needle diameter to be used due to a longer dialysis time. This
suggestion may be provided automatically to the patient as
suggestion, which may be confirmed or rejected on a user
interface. Again, this feedback user input will be stored and
may be used for future processing. In the example, men-
tioned above, an extended dialyses treatment time will be
applied. This information may also be used by the system
and processed in order to provide a control signal for
scheduling subsequent appointments, for example postpon-
ing a meeting, which is scheduled after the treatment in case
of a longer treatment time.

[0098] Further, it is possible to monitor a sequence or set
of several dialysis treatments and to detect an average value
for a number of treatments. Then, it may be tolerated that the
therapy goal is not achieved in one single treatment, pro-
vided that the other treatments in the same sequence are
adapted accordingly so that the therapy goal may be
achieved for the whole treatment sequence over a configu-
rable set of treatments.
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[0099] The features in the above description, the drawings
and the claims can be of significance individually or in
combination or in sub-combination for the realization of
various embodiments.

LIST OF REFERENCE NUMERALS

[0100] 100 medical treatment device, in particular dialysis
machine for home use

[0101] 101 input interface

[0102] 102 internal sensor(s)

[0103] 103 controller

[0104] 104 microprocessor

[0105] 105 output interface

[0106] 300 server

[0107] DB database

[0108] H medical facility, hospital

[0109] 10 service instance

[0110] 41 protocol interface

[0111] 42 bus system, in particular CAN bus
[0112] a activation of automatic control

[0113] b receive sensor data

[0114] ¢ process received sensor data

[0115] d provide control data

[0116] e provide control data on user interface
[0117] f receive confirmation signal

[0118] g forward status report to central server 300
[0119] 1 apply received sensor data to rule database
[0120] c2 select appropriate rule set

[0121] 3 apply rule conflict mechanism

[0122] c4 calculate rule application result

[0123] 5 process control data based on rule application
result

1. A method for automatic control of a medical treatment
device based on sensor data, comprising:

receiving the sensor data from a plurality of peripheral

Sensors;

processing received sensor data in order to calculate

control data and;

providing the control data for controlling medical treat-

ment-related devices or for controlling a configuration
of medical treatment-related apparatuses.

2. The method according to claim 1, wherein the control
data is provided to the medical treatment device or parts
thereof for control of dialysis treatment.

3. The method according to claim 1, wherein the control
data is provided to one or more external machines, being
activatable during the dialysis treatment.

4. The method according to claim 3, wherein the one or
more external machines comprises a central server.

5. The method according to claim 3, wherein the one or
more external machines comprises a local media device.

6. The method according to claim 3, wherein the one or
more external machines comprises a local temperature con-
trol device.

7. The method according to claim 3 wherein the one or
more external machines comprises a local lighting system.

8. The method according to claim 1, wherein a control
status is detected automatically and a control status message
may be generated.

9. The method according to claim 1, wherein the control
data is pre-processed to provide a control information data
packet, which additionally comprises control meta data.
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10. The method according to claim 1, wherein providing
the control data further comprises receiving a confirmation
signal prior to providing the control data

11. The method according to claim 1, wherein the control
data is processed to provide adapted limitation values for
monitoring the medical treatment process.

12. The method according to claim 1, wherein the sensor
data comprises medical data and health related data of the
patient.

13. The method according to claim 1, wherein the sensor
data comprises non-healthcare data.

14. The method according to claim 1, wherein sensor data
comprises data selected from the group consisting of: loca-
tion data, physiological data, temperature data, scheduling
data detectable in an electronic calendar, and actual data.

15. The method according to claim 14, wherein the sensor
data is detected from one or more wearable devices.

16. The method according to claim 1, wherein the sensor
data comprises:

prior treatment data, which is detected prior to a medical

treatment;

treatment data, which is detected during the medical

treatment and;

post treatment data, which is detected after the medical

treatment.

17. The method according to claim 1, wherein the sensor
data comprises:

location data, defining an actual position of a patient;

movement pattern data, defining typical movements of the

patient in connection with medical treatment;
environmental data, defining physical values for the medi-
cal treatment device and;

medical status data and/or health status data of the patient.

18. The method according to claim 1, wherein the sensor
data comprises physiological parameters and wherein the
control data comprises a blood pump control signal for
controlling a blood pump of the medical treatment device.

19. The method according to claim 1, wherein sensor data
comprises physiological parameters and wherein the control
data comprises a wake/sleep signal for supporting a wake
state or a sleep state of a patient in accordance with the
detected physiological parameters.

20. The method according to claim 1, wherein threshold
values are configured for all the sensor data and wherein, in
case of non-compliance with at least one threshold, an alert
signal is provided.

21. The method according to claim 1, wherein all the
sensor data and all the control data are tracked and stored
and may be fed back as prior sensor data in order to calculate
the control data as a self-learning system.

22. The method according to claim 1, wherein the blood
treatment related apparatuses comprise one or more dispos-
ables.
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23. The method according to claim 22, wherein the one or
more disposables comprises a tube system and the control
data comprises a tube parameter for defining the length of a
tube.

24. The method according to claim 22, wherein the one or
more disposables comprises a needle system and the control
data comprises a needle parameter for defining the diameter
of a needle.

25. The method according to claim 22, wherein the one or
more disposables comprises a membrane system and the
control data comprises an exchange alert for signaling a
necessary exchange of a membrane.

26. The method according to claim 22, wherein the
medical treatment is a hemoperfusion and the one or more
disposables comprises an adsorbent and the control data
comprises a refilling alert for signaling a run out of adsor-
bents.

27. A medical treatment device for treatment of a patient,
comprising:

a sensor interface for receiving sensor data from a plu-

rality of different external peripheral sensors;

a controller for processing the received sensor data in
order to calculate control data and for providing the
calculated control data for controlling medical treat-
ment-related devices or for controlling a configuration
of medical treatment-related apparatuses and,

an output interface for providing the control data.

28. The medical treatment device according to claim 27,
wherein the medical treatment device comprises internal
sensors for providing internal sensor data and wherein the
internal sensor data is provided to the controller for calcu-
lating the control data.

29. A system for medical treatment of a patient, compris-
ing:

a medical treatment device;

a sensor interface for receiving sensor data from a plu-

rality of different external peripheral sensors;

a controller for processing the received sensor data in
order to calculate control data and for providing the
calculated control data for controlling medical treat-
ment-related devices or for controlling a configuration
of medical treatment-related apparatuses and,

an output interface for providing the control data.

30. The system according to claim 29, wherein the sensor
interface is a wireless interface.

31. The system according to claim 29, wherein the output
interface is a wireless interface.

32. The system according to claim 29, wherein the medi-
cal treatment-related devices are mobile devices or station-
ary devices.



RiES

[ i (S RIR) A ()

RE(EFR)AGE)

HERB(E R AGE)

FRI&R BB A

EHA

Jo

IPCH 3k

dJjo

CPCH

ShEREELE

BEG®F)

FRESRETRE , BT RENATREERZEMNEST RGLUETY
BENGE , BERTNSNT RN NI/ E & REF L BER
BIEREEERED | 26 ATOEMRROERBEEEE  UEITE
BHHE  ARATREMTENZFHHRE  BTERHIETEAXRERA

GERBAITIES
US20190001039A1 K (2E)R
US15/636713 iR

HRERAGESPEEEARIELA
BALHET RESH

F#HRAHEZDEUTSCHLAND GMBH
BHRILHEEZZHOLDINGS |, INC.

BARNLHEEZDEUTSCHLAND GMBH
BHRAEEZHOLDINGS |, INC.

HEIDE ALEXANDER
FISCHER KARSTEN
MERCHANT STEPHEN

HEIDE, ALEXANDER
FISCHER, KARSTEN
MERCHANT, STEPHEN

patsnap

2019-01-03

2017-06-29

A61M1/16 A61B5/00 A61M39/08 A61B5/11 A61M1/10 A61M21/02 A61M1/28

A61M1/1601 A61M2230/06 A61B5/4848 A61B5/4836 A61B5/4809 A61M39/08 A61B5/0015 A61B5/11
A61M1/1086 A61M21/02 A61M1/28 A61B2560/0242 A61M2205/18 A61M2205/3368 A61M2205/50
AB61M2205/52 A61M2021/0083 A61M2205/3584 A61M2205/3569 A61M2205/502 A61M2230/50
A61M2230/30 A61B5/6801 A61M1/1005 A61M1/101 A61M2021/0027 A61M2021/0044 A61M2205

/3553 A61M2205/587 G16H40/63 G16H40/67

Espacenet USPTO

TERHAETAXRENEE , ARATRERVBENSH LHECD,

c1: apply received sensor
data to rules database

c2: select appropriate
rule(s)

i

c3: if necessary: apply
rule conflict mechanism

|‘_

c4: calculate rule
application result

c5: process control data
based on rule application
result



https://share-analytics.zhihuiya.com/view/03a6aeb6-d5d2-450b-82b2-0b6f724d026a
https://worldwide.espacenet.com/patent/search/family/062842074/publication/US2019001039A1?q=US2019001039A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220190001039%22.PGNR.&OS=DN/20190001039&RS=DN/20190001039

