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Description

TECHNICAL FIELD

[0001] This disclosure relates to charging systems for
devices related to dialysis treatments.

BACKGROUND

[0002] Dialysis is a treatment used to support a patient
with insufficient renal function. The two principal dialysis
methods are hemodialysis and peritoneal dialysis.
[0003] During hemodialysis ("HD"), the patient’s blood
is passed through a dialyzer of a dialysis machine while
also passing a dialysis solution or dialysate through the
dialyzer. A permeable membrane in the dialyzer sepa-
rates the blood from the dialysate within the dialyzer and
allows diffusion and osmosis exchanges to take place
between the dialysate and the blood stream. These ex-
changes across the membrane result in the removal of
waste products, including solutes like urea and creati-
nine, from the blood. These exchanges also regulate the
levels of other substances, such as sodium and water,
in the blood. In this way, the dialysis machine acts as an
artificial kidney for cleansing the blood.
[0004] During peritoneal dialysis ("PD"), a patient’s
peritoneal cavity is periodically infused with sterile aque-
ous solution, referred to as PD solution or dialysate. The
membranous lining of the patient’s peritoneum acts as a
natural permeable membrane that allows diffusion and
osmosis exchanges to take place between the solution
and the blood stream. These exchanges across the pa-
tient’s peritoneum result in the removal of waste prod-
ucts, including solutes like urea and creatinine, from the
blood, and regulate the levels of other substances, such
as sodium and water, in the blood.
[0005] Many PD machines are designed to automati-
cally infuse, dwell, and drain dialysate to and from the
patient’s peritoneal cavity. The treatment typically lasts
for several hours, often beginning with an initial drain
cycle to empty the peritoneal cavity of used or spent di-
alysate. The sequence then proceeds through the suc-
cession of fill, dwell, and drain phases that follow one
after the other. Each phase is called a cycle.
[0006] Various auxiliary medical devices may be used
contemporaneously with dialysis treatments to check the
status and progress of the blood or fluid filtration proc-
esses. The auxiliary medical devices may include wear-
able or implantable devices powered by a battery such
as a coin cell lithium battery. A coin cell lithium battery
has a limited amount of available energy. When such a
battery is contained within a human implantable device,
the battery is general sealed within the device in order
to allow for water ingress protection. Therefore, after a
period of time, the battery is drained and the entire device
must be replaced. For patients that intend to use the de-
vice for many years, the device must be replaced many
times. This increases the overall cost of using the device

per patient. Furthermore, the size and weight of the de-
vice is adversely impacted by the size of the battery.
Large size batteries are required for longer periods of
operational lifetime. However, increasing the battery size
disadvantageously limits patient mobility and the ability
to implant the device.
[0007] WO 2015/024647 describes a disposable arti-
cle for use in dialysis treatment, comprising a sensor for
determining a measured value relating to the dialysis.
[0008] WO 2013/122580 describes an artificial liver
system for treating liver failure that includes a battery and
transceiver and a charging and communication system
configured to periodically charge the battery and com-
municate with the implantable device to retrieve data re-
flective of the patient’s health.
[0009] WO 2011/038353 describes a system for pre-
venting thrombosis in an implantable medical device that
includes an implantable medical device sized for implan-
tation at least partially within a patient’s body.
[0010] US 2013/0131575 describes systems, devices,
methods, and compositions are described for providing
an actively controllable shunt configured to, for example,
monitor, treat, or prevent an infection.
[0011] US 2008/0300660 describes an implantable,
rechargeable medical system comprised of an implanted
device, a power storage device connected to the implant-
able device, and a charging device operatively connected
to the electrical storage device.
[0012] WO2016/132187 A1 belongs to the state of the
art pursuant to Art. 54(3) EPC and relates to a portable
hemodialysis system.

SUMMARY

[0013] The invention is defined in the claims.
In one example, a method of charging a medical device
includes receiving radiofrequency signals from a remote
machine remote from the medical device via a receiver
of the medical device. The method includes converting
the radiofrequency signals into electrical energy via a
generator of the medical device. The method includes
storing the electrical energy in an energy cell of the med-
ical device. The method also includes powering a power
consumption component of the medical device by trans-
mitting the energy from the energy cell to the power con-
sumption component.
[0014] In some implementations, the remote machine
is a dialysis machine. Powering the power consumption
component of the medical device may include applying
power to an electrode of the medical device to detect an
electrical property related to a wetness state. Powering
the power consumption component of the medical device
includes testing a property of blood with the medical de-
vice, in particular implementations. The method includes
receiving distinct energy types from distinct energy
sources positioned remote from the medical device via
the receiver, in some implementations. The method may
include converting the distinct types of energy into elec-
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trical energy via the generator. In some implementations,
receiving distinct energy types includes receiving energy
selected from the group consisting of: radiofrequency sig-
nals, thermal energy, light energy, and kinetic energy.
Receiving distinct energy types may include receiving
energy via a thermocouple. Receiving distinct energy
types may include receiving energy via a photosensor.
Receiving distinct energy types may include receiving
energy via a micro electromechanical system (MEMS)
device.
[0015] In another example, a medical system includes
a receiver configured to wirelessly receive energy from
at least one distinct energy source emitting a distinct type
of energy. The medical system includes a generator cou-
pled to the receiver. The generator is configured to con-
vert the distinct type of energy into electrical energy. The
medical system also includes an energy cell coupled to
the generator. The energy cell is configured to store the
electrical energy. The medical system includes a power
consumption component communicably coupled to the
energy cell to consume the stored electrical energy.
[0016] In some implementations, the power consump-
tion component includes a wetness detector having at
least two spaced apart electrodes. The medical system
also includes a housing configured to be implanted in a
patient, in some implementations. The housing contains
the receiver, the generator, the energy cell, and the power
consumption component. In some implementations, the
receiver is configured to wirelessly receive energy from
at least two distinct energy sources emitting distinct types
of energy. In some implementations, at least one of the
energy sources is a dialysis machine remote from the
receiver. The medical system also includes a sensor cou-
pled to the receiver and a controller coupled to the sensor,
in particular implementations. The sensor is configured
to sense a parameter related to the distinct types of en-
ergy. The controller is configured to tune one or more of
the receiver and the generator to absorb or transform a
selected type of energy. The controller may be configured
to receive a plurality of receivers. In some implementa-
tions, the distinct types of energy are selected from the
group consisting of: radiofrequency signals, thermal en-
ergy, light energy, and kinetic energy. The distinct type
of energy may include radiofrequency signals, and
wherein the receiver includes an antenna. In some im-
plementations, the generator is configured to convert the
radiofrequency signals to direct current. In some imple-
mentations, the distinct type of energy includes thermal
energy, and the receiver includes a thermocouple. The
generator may include a thermoelectric generator. In
some implementations, the receiver is a non-inductive
receiver. The medical system may house the energy cell
in a liquid impervious housing. The energy cell includes
a capacitor, in particular implementations. The distinct
types of energy may include kinetic energy and the re-
ceiver may include a microelectromechanical system
(MEMS) device. The generator may include a MEMS
generator. In some implementations, the distinct type of

energy includes light energy, and wherein the receiver
includes a photosensor. In some implementations, the
generator includes a photovoltaic cell. The medical sys-
tem may include a programmable clock configured to
tune one or more of the receiver and the generator based
on a time of day. In some implementations, the medical
system includes a controller coupled to the generator.
The controller is configured to evaluate an efficiency of
energy generation from each of the at least two distinct
energy sources and to tune the receiver to receive a se-
lected type of energy and the generator to generate the
selected type of energy source. In some implementa-
tions, tuning includes shutting down one or more com-
ponents of the receiver.
[0017] In another example, a dialysis system for wire-
lessly charging a portable medical device includes a sen-
sor configured to detect a presence of the portable med-
ical device and a transmitter configured to transmit radi-
ofrequency signals from the dialysis system to the port-
able medical device to power a component of the portable
medical device.
[0018] In another example a method of wirelessly
charging a portable medical device includes detecting a
presence of the portable medical device and transmitting
radiofrequency signals from a dialysis machine to the
portable medical device to power a component of the
portable medical device.
[0019] In another example a method of wirelessly
charging a portable dialysis device includes receiving ra-
diofrequency signals from distinct energy sources re-
mote from the portable dialysis device via a receiver of
the portable dialysis device, converting the radiofrequen-
cy signals into electrical energy via a generator of the
portable dialysis device, storing the electrical energy in
an energy cell of the portable dialysis device, and pow-
ering a power consumption component of the portable
dialysis device by transmitting the energy from the energy
cell to the power consumption component.
[0020] Implementations can include one or more of the
following advantages. In some implementations devices
related to dialysis treatments can advantageously be
charged wirelessly in a non-inductive manner. Wirelessly
charging such devices utilizing multiple energy sources
reduces battery size requirements and device size and/or
precludes battery replacement to extend the operational
lifetime time of such devices. The wireless charging
methods provided by implementations disclosed herein
may advantageously be facilitated by and during dialysis
treatments. Implementations of the devices disclosed
herein may be configured for wireless charging by mul-
tiple sources having distinct types of energy sources.
[0021] Wirelessly charging a medical device with dis-
tinct types of energy sources has multiple advantages.
For example, wirelessly charging the device with thermal
energy permits efficient recharging of wearable/implant-
able devices passively while the device is being worn by
the user. Additionally, the ability to recharge the same
device with multiple different types of energy decreases
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the likelihood of the power source becoming depleted
due to a lack of rechargeable energy. For example, if the
temperature differential between a patient’s body and the
ambient room temperature were insufficient to recharge
the medical device thermally, charging via ambient or
dedicated radiofrequency energy can be employed. Sim-
ilarly, if ambient or dedicated radiofrequency energy
sources for charging were out of range of the medical
device but the patient was active or the device were po-
sitioned in the line of sight of the sun either or both kinetic
energy and solar energy can be used to recharge the
battery.
[0022] Other aspects, features, and advantages will be
apparent from the description and drawings, and from
the claims.

DESCRIPTION OF DRAWINGS

[0023]

FIG. 1A shows a schematic diagram of a medical
device wirelessly charging via radiofrequency trans-
missions from a hemodialysis machine.
FIG. 1B shows an example of the medical device
schematically illustrated in FIG. 1A wirelessly charg-
ing via radiofrequency transmissions from the hemo-
dialysis machine.
FIG. 2 illustrates a wetness detector configured for
wireless charging.
FIG. 3 shows a hematocrit detector configured for
wireless charging.
FIG. 4 shows a schematic diagram of wirelessly
charging a medical device via ambient radiofrequen-
cy signals from various sources.
FIG. 5 shows a schematic diagram of wirelessly
charging a medical device via thermal heat trans-
mission.
FIG. 6 illustrates a medical device configured for
wireless charging via one or more distinct power
sources.
FIG. 7 is a flow diagram of a method of wirelessly
charging a medical device.

DETAILED DESCRIPTION

[0024] FIG. 1A shows a schematic diagram of a med-
ical device 112 wirelessly charging via radiofrequency
transmissions from a dialysis machine, such as a hemo-
dialysis machine 100. Although the system described
herein is largely discussed in connection with hemodial-
ysis systems by way of example, it is explicitly noted that
the system described herein may be implemented in con-
nection with other types of medical systems and treat-
ments, including peritoneal dialysis (PD) systems. The
hemodialysis machine 100 includes a transmitter system
102 for transmitting electromagnetic energy via radiofre-
quency signals 110. The transmitter system 102 trans-
mits the radiofrequency signals 110 for receipt, conver-

sion, and use by the medical device 112. The transmitter
system 102 includes a transmitter integrated circuit 106
and a microcontroller 104 configured to control operation
of the transmitter integrated circuit 106. The transmitter
system 102 may be implemented via a circuit board in-
stalled in the hemodialysis machine. The transmitter sys-
tem 102 includes a power circuit that supplies the micro-
controller 104, an internal RF amplifier (not shown) and
the antenna 108 of the transmitter integrated circuit 106
with power. The power circuit may be activated in concert
with activation of the hemodialysis machine 100. The
transmitter integrated circuit 106 includes an antenna
108 for sending the radiofrequency signals 110 to the
medical device 112.
[0025] As discussed further herein, in certain imple-
mentations, the antenna 108 is configured to send and
receive signals for sensing the presence of a medical
device configured for wireless charging, for example, by
detecting if the medical device 112 is within range of the
hemodialysis machine 100 by sending and receiving a
signal echoed by the medical device 112. The microcon-
troller 104 includes a timer, a clock, and/or other pro-
grammable components in certain implementations. The
microcontroller 104 may be programmed for example to
activate the transmitter integrated circuit 106 during a
particular time of day or on a particular schedule. The
microcontroller 104 is configured to detect certain oper-
ating conditions of the hemodialysis machine 100 in cer-
tain implementations. For example, in some implemen-
tations, the microcontroller 104 detects a pumping oper-
ation of the hemodialysis machine 100 to determine that
a user and medical device 112 worn by a user are likely
to be within range. In response to the microcontroller 104
detecting the pumping operation of the hemodialysis ma-
chine 100, the microcontroller 104 activates the trans-
mitter integrated circuit 106 for transmission of radiofre-
quency signals 110 for receipt by the medical device 112.
In certain implementations, the antenna 108 of the trans-
mitter integrated circuit 106 is a 50 ohm antenna. The
antenna 108 of the transmitter integrated circuit 106 may
include a 4 watt transmitter. In certain implementations,
the antenna 108 of the transmitter integrated circuit 106
is configured to transmit radiofrequency signals up to
15,24 meters (50 feet). The transmitter system 102 may
be configured to operate at frequencies including, but not
limited to, 900, 1800, and 1900 MHz. The antenna 108
of the transmitter integrated circuit 106 may be config-
ured to output high power radiofrequency signals at spe-
cific frequencies for the medical device 112.
[0026] FIG. 1B illustrates a hemodialysis system in-
cluding the hemodialysis machine 100 housing the RF
transmitter board 102 configured to provide radiofre-
quency signals 110 to the medical device 112 for wire-
lessly charging the medical device 112. As shown in FIG.
1A, the hemodialysis system includes a blood component
set 150 secured to a front face of the hemodialysis ma-
chine 100. The blood component set 150 includes arterial
and venous patient lines 151, 152 that are connected to
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a patient during treatment. The arterial patient line 151
is connected to an inlet port of a dialyzer 153 via a series
of blood lines, and the venous patient line 152 is con-
nected to an outlet port of the dialyzer 153 via a series
of blood lines. A blood pump line 154 positioned between
the arterial patient line 151 and the dialyzer 153 is oper-
ably connected to a peristaltic blood pump 155 extending
from the front face of the hemodialysis machine 100. The
peristaltic blood pump 155 can be operated to pump
blood through the various blood lines and components
of the blood component set 150. In particular, operation
of the blood pump 155 draws blood from the patient
through the arterial patient line 151. The blood continues
through a series of blood lines and blood components
(e.g., sensors) to the dialyzer 153. The blood exits the
dialyzer 153 and passes through another series of blood
lines and components (e.g., sensors) and then is re-
turned to the patient via the venous patient line 152. Dur-
ing use of the hemodialysis machine 100, dialysate is
pumped to the hemodialysis machine 100. The dialysate
is then passed through a dialyzer 153 connected to the
hemodialysis machine 100 at the same time that a dial-
ysis patient’s blood is passed through the dialyzer 153.
As a result, toxins, such as urea, migrate across a per-
meable membrane (e.g., hollow fibers) of the dialyzer
from the patient’s blood to the dialysate, producing spent
dialysate (i.e., dialysate that contains toxins removed
from the patient’s blood). The spent dialysate is pumped
to a module 156 where it passes through a sorbent device
157, which removes toxins from the spent dialysate. As
a result of chemical reactions that occur within the sorb-
ent device 157, the recycled dialysate exiting the sorbent
device 157 typically contains gas, such as carbon diox-
ide. The recycled dialysate is then forced from the module
156 and is cycled back through the dialysate circuit and
reused to cleanse the dialysis patient’s blood.
[0027] A dilution water container may be connected to
the hemodialysis machine 100 via a fluid line. In some
cases, certain substances, such as sodium, may be add-
ed to, rather than stripped from, the dialysate as the di-
alysate passes through the sorbent device 157.
[0028] As the blood is pumped through the various
blood lines and components of the blood component set
150, it may be desirable to inject certain substances, such
as drugs and/or saline into the blood lines. A drug vial
158 (e.g., a heparin vial) may be connected to one of the
blood lines via a drug delivery line. The drug delivery line
159 may be threaded through a peristaltic drug pump
160, which can be used to deliver the drug to the blood
circuit during treatment. A saline bag may also be con-
nected to a blood line of the blood component set 150
via a priming line. This arrangement allows saline to be
delivered through the blood circuit formed by the blood
lines and components of the blood component set when
desired.
[0029] While the hemodialysis machine 100 has been
described as being used with a sorbent module 156, it
should be understood that the dialysis machine 100 may

also be of a type that does not use a sorbent module, as
shown in FIG. 2.
[0030] As illustrated in FIG. 2, the medical device 112
may include a wetness detector 212, in accordance with
certain implementations. The wetness detector 212 op-
erates based on detecting conductivity of an electric cir-
cuit including spaced apart electrodes positioned in
prongs 204 and 205 of the sensing pad 201 and electri-
cally coupled to the control unit 202 via a wire 206. The
sensing pad 201 may be applied directly to the skin in
the area of a venous puncture site adjacent to the venous
needle 203. The venous needle 203 is coupled to the
hemodialysis machine 100. The sensing pad 201 can
absorb blood leaking during dialysis treatment to provide
an alert of a dislocation or leakage of the venous needle
203. The leaking blood changes the conductivity of the
electric circuit positioned in the sensing pad 201. A cur-
rent is provided to at least one of the spaced apart elec-
trodes via an energy storage component of the wetness
detector 212 and the conductivity between the electrodes
is monitored via control unit 202. The control unit 202
houses the energy storage component, a generator sys-
tem and a receiver system. The energy storage compo-
nent includes a rechargeable battery in certain imple-
mentations. The rechargeable battery may be a thin-
celled battery. The energy storage component includes
a capacitor in certain implementations. The energy stor-
age component is energized or charged and recharged
via the generator system of the wetness detector 212.
The generator system is coupled to the receiver system
of the wetness detector 212. The receiver system housed
in the control unit 202 receives energy via wirelessly
transmitted radiofrequency signal 210 transmitted from
the hemodialysis machine 100. In response to detecting
a conductivity change between the spaced apart elec-
trodes that exceeds a particular threshold, the control
unit 202 wireless transmits an alarm signal to the hemo-
dialysis machine 100. The alarm signal causes the ex-
tracorporeal circuit of blood flow to be stopped in certain
implementations.
[0031] In another implementation illustrated in FIG. 3,
the medical device 112 includes a hematocrit detector
312. The hematocrit detector 312 includes a sensor clip
301 housing an electronic light emitter/detector unit in a
head 302 of the sensor clip 301. The hematocrit detector
is configured to test the percentage of red blood cells and
provide a signal, wirelessly for example, indicating the
results of the test. The hematocrit detector 312 detects
the absorption and scattering properties of light transmit-
ted through the whole blood as it flows through a dispos-
able blood chamber 303. The disposable blood chamber
303 can be attached to the arterial side of a dialyzer dur-
ing dialysis treatment. The sensor clip 301 locks into
place around the blood chamber 303. In certain imple-
mentations, the hematocrit detector 312 includes a trans-
mitter configured to provide wireless data signals to the
hemodialysis machine 100.
[0032] The medical device 112 may include other
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blood filtration devices, blood monitoring components, or
other devices related to dialysis treatments, in accord-
ance with inventive implementations disclosed herein.
[0033] FIG. 4 shows a schematic diagram of wirelessly
charging a medical device 412 via ambient radiofrequen-
cy signals 408 from various sources. FIG. 4 illustrates a
conversion process implemented by a medical device,
such as device 112 of FIGS. 1A and 1B. As illustrated in
FIG. 4, an antenna 414 of the medical device 412 re-
ceives radiofrequency signals 408 from a radiofrequency
source. As demonstrated in FIG. 4, the radiofrequency
signals 408 may be received from one or more ambient
sources generating radio waves generally for other pur-
poses. The ambient sources include, but are not limited
to, a mobile display device, a mobile phone, a wireless
router, a mobile electronic device, a medical instrument,
and other electronic devices transmitting radio waves.
These ambient radio waves, while generally of less pow-
er than those received by a dedicated radiofrequency
charging source as shown in FIGS. 1A and 1B, are re-
ceived and processed in a similar manner. In particular,
the radiofrequency signals 408 are received by the an-
tenna 414, which transmits the signals 408 to an onboard
power harvesting circuit 416 or RF generator that con-
verts or transforms the radiofrequency signals to electri-
cal energy such as direct current. The direct current cre-
ated by the power harvesting circuit 416 may be condi-
tioned to a specific voltage by a power conditioning com-
ponents 418. The electrical energy from the power con-
ditioning component 418 is then used to charge, ener-
gize, or recharge, the energy storage device 420, which
includes an energy storage cell such as a thin cell battery
or super-capacitor in certain implementations. The power
consumption components, such as the electrodes, a con-
troller, a processor, an actuator, a sensor or other com-
ponents of the medical device 412 are configured to op-
erate by consuming power, generally at a low rate, from
the energy storage device 420.
[0034] In accordance with certain implementations,
various implementations may harvest energy or receive
energy in other forms in addition to or as an alternative
to harvesting energy from dedicated or ambient radiof-
requency energy sources. FIG. 5 shows a schematic di-
agram of wirelessly charging a medical device via ther-
mal heat transmission. As discussed further herein, a
medical device may be able to move between radiofre-
quency and thermal transmission or may be able to re-
ceive energy from distinct sources and/or distinct types
of sources simultaneously. In thermal harvesting, the
medical device 512 includes a receiver 514 configured
to absorb thermal energy 508. The receiver 514 may in-
clude a thermocouple component. The thermocouple,
which may be incorporated into a housing or enclosure
of the medical device 512, absorbs heat from a source,
such as the body of the patient and generates electrical
energy by the thermoelectric effect. The receiver 514 that
contacts the patient’s skin on one side may be coupled
to a thermoelectric generator 516, in the case of the mo-

bile electronic device 512 embodied as a wearable de-
vice. The opposite side of the device 512 (i.e. the side
opposite the side in contact with the patient’s skin) is
exposed to ambient temperatures. Accordingly, the side
of the device in contact with the patient’s skin may be at
a temperature of 32-35 degrees Celsius while the ambi-
ent temperature in the room may be on the order of 20
degrees Celsius. The thermoelectric generator 516 uses
this temperature difference to generate electricity. The
thermoelectric generator 516 uses the same effect used
by bimetallic thermocouples and can also be produced
with thin-film semiconductors. When a thermal gradient
is applied across oppositely doped semiconductors, it
causes hot carriers to migrate through the material in the
direction of the heat flux. If the p-type and n-type materials
are electrically connected in series, then the carrier mi-
gration causes a voltage across the p-n couple, which
can source power into an external load. The p-n couple’s
open circuit voltage increases linearly with the tempera-
ture differential and is small, in the range of 30 to 50 mV.
The power generated is proportional to the square of the
temperature differential. This is because the efficiency
of the material, which is in the 1% to 2% range in certain
implementations, increases with temperature.
[0035] In certain implementations, for example when
encompassed in a wireless wetness detector, the enclo-
sure of the medical device 512 may be used as thermal
heat sink for the thermoelectric generator 516 in order to
allow a higher conversion efficiency to charge the energy
storage device 520. For example, the top and bottom
sides of the enclosure may be made out of a thermally
conductive plastic material. The bottom side of the en-
closure increases the surface area in contact with the
patient’s skin, while the top side increases the surface
area exposed to ambient air. The energy received by the
receiver 514 is converted to direct current electrical en-
ergy by the thermoelectric generator 516. Once the ther-
mal energy is converted to electrical energy, the electrical
energy is conditioned, for example to a particular voltage
or current, by power conditioning component 518. The
power conditioning component 518 then transmits the
conditioned electrical energy to the energy storage de-
vice 520 for storage and use later by a component of a
medical device 512.
[0036] FIG. 6 illustrates a medical device 600 config-
ured for wireless charging via one or more distinct power
sources, in accordance with inventive implementations.
The medical device 600, which may include an implant-
able or wearable medical device, may include one or
more systems, such as those demonstrated in FIGS. 1A-
5 for harvesting energy from radiofrequency signals or
thermal energy. The medical device 600 includes sys-
tems for harvesting or receiving other forms of energy,
in accordance with certain implementations. The other
energies include light energy, e.g. solar energy, and ki-
netic energy. The medical device 600 includes a control-
ler 602, which may include one or more microprocessors
configured to communicate with and collectively control
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components of the medical device 600. The controller
602 and the related electronic components may be elec-
trically connected via a printed circuit board permitting
bidirectional communications between the components.
The controller 602 is communicably coupled to a sensor
601. The sensor 601 is configured to sense one or more
conditions related to the type or types of energy harvest-
ed or received by the medical device 600. For example,
the sensor 601 senses temperatures in certain imple-
mentations. In other implementations, the sensor 601
senses the signal strength and/or frequency of radiofre-
quency signals detected thereby. The sensor system 601
may also be able to sense accelerations, via an acceler-
ometer, or light intensity or radiant energy via a lux meter,
light detector, or an optical sensor. The measured pa-
rameter as detected by the sensor 601 is communicated
to the controller 602, which uses the detected parameter
to control other components, including but not limited to
a clock 604, a receiver system 606, a generator system
616, an energy storage system 626, and a power con-
sumption component 628.
[0037] The clock 604 is used to determine when vari-
ous parameters are detected and is used to time the du-
ration of such events or to time the operation of other
components of the medical device 600. The timing infor-
mation may be stored in a memory device communicably
coupled to the controller 602. The clock 604 is also used
to control the receiver system 606, the generator system
616, the energy storage system 626, and the power con-
sumption component 628, in certain implementations. In
particular implementations, the clock 604 may be pro-
gramed to generate energy during certain times of day
and is configured to cause certain energy generation
modes during certain times of day. For example, the clock
604 can allow thermal energy to be harvested while the
wearer of the device is sleeping. In other example imple-
mentations, the clock 604 can allow solar energy to be
harvested during peak daylight hours. Other information,
such as dialysis times, may be preprogrammed into the
controller 602 and/or clock 604 so that energy generation
via a dedicated transmission source of a transmitter in-
tegrated circuit of a hemodialysis machine is controlled
during treatment periods. Alternatively or additionally, the
sensor 601 can sense transmissions from a dedicated
transmission source and initiates power generation
based on the sensed condition.
[0038] Still referring to FIG. 6, the receiver system 606
includes various receiver components including, but not
limited to, a radiofrequency receiver antenna 608, a ther-
mocouple 610, a photosensor 612, and a microelectro-
mechanical system (MEMS) receiver 614. The radiofre-
quency receiver antenna 608 is for receiving radiofre-
quency signals. The thermocouple 610 is for receiving
thermal energy. The photosensor 612 is for receiving light
energy, e.g. solar energy. The MEMS receiver 614 is for
receiving mechanical vibrations or kinetic energy.
[0039] The receiver system 606 is communicably cou-
pled to the generator system 616, which includes one or

more of a radiofrequency to DC converter component
618, a thermoelectric generator 620, a photovoltaic gen-
erator 622, and a MEMS generator 624 such as a piezo-
electric generator or an electrostatic generator. The ra-
diofrequency converter 618 converts radiofrequency en-
ergy received by the receiver 608 into electrical energy,
such as direct current electrical energy. The thermoelec-
tric generator 620 converts thermal energy, for example
by the Peltier effect, received via the thermocouple 610
and converts it into electrical energy, such as direct cur-
rent electrical energy. The photovoltaic generator 622
converts solar energy received via the photosensor 612
into electrical energy, such as direct current electrical
energy. The MEMS generator 624 converts the kinetic
energy received via the MEMS receiver 614 into electrical
energy, such as direct current electrical energy. The elec-
trical energy generated by the generator system 616 is
transferred to an energy storage device 626. The energy
storage device 626 may be implemented via a recharge-
able battery, such as a thin cell battery, and/or may be
implemented via a capacitor configured to store the en-
ergy charge.
[0040] The medical device 600 includes a power con-
sumption device 628 that consumes the energy stored
in the energy storage device 626. The power consump-
tion device 628 may include one or more sensor compo-
nents such as a hematocrit sensor, one or more elec-
trodes of a wetness detector, a temperature sensor of an
inline blood temperature sensor, or other components of
a dialysis related component, in accordance with certain
implementations.
[0041] The medical device 600 may be an implantable
device configured for implantation in a human and the
aforementioned components may be housed in an im-
plantable housing in accordance with particular imple-
mentations. The medical device 600 may be a wearable
device in certain implementations. The medical device
600 may include other electrical components such as a
low power Bluetooth system for remote communications
or an active or passive radiofrequency identification tag
for communicating with one or more components such
as the hemodialysis machine 100 or a mobile electronic
device, such as a tablet, PC, mobile phone, or remote
monitoring station. In addition to non-inductively and
wirelessly receiving wireless power via radiofrequency
from the remote device(s), the medical device 600 may
also be configured to communicate performance infor-
mation to the remote powering device(s) including, but
not limited to, identification of power generation source
or type, power capacity of the energy storage cell, energy
storage quantity, energy storage usage, detection char-
acteristics, and sensed parameters.
[0042] FIG. 7 is a flow diagram of wirelessly charging
a medical device in accordance with inventive implemen-
tations. The flow process 700 illustrated in FIG. 7 may
be accomplished via a controller such as controller sys-
tem 602 illustrated in FIG. 6. At 702, the controller checks
for a dialysis machine (such as the hemodialysis machine
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100 illustrated in FIGS. 1A and 1B) transmitting a dedi-
cated radiofrequency signal for energy generation in the
mobile electronic device. The check may include receiv-
ing transmission of a beacon signal and receiving or ech-
oing of a return signal indicating reception of the trans-
mitted signal. In analysis 704, the controller system de-
termines if the dialysis machine is accessible or within
range of the mobile electronic device. If the machine is
available or within range, the controller initiates at 706 a
process for receipt of radiofrequency transmission by the
mobile electronic device. If the mobile electronic device
detects the dialysis machine, an antenna is activated
and/or configured to receive radiofrequency signals at a
particular power that may be a higher power than the
beacon signal (e.g., for example a beacon signal from
the dialysis machine for identifying devices within range
of the machine). The controller will proceed to convert
the radiofrequency signals into electrical energy at 708.
The controller will cause that electrical energy to be
stored at 710 and used as necessary from the energy
storage device by the medical device at 712. If the ded-
icated wireless charging power source (e.g. dialysis ma-
chine 100) is not available at analysis 704, the controller
proceeds to check for available ambient radiofrequency
signals at 714. If ambient energy sources are available
as determined in analysis 716, the controller causes a
receiver of the device to receive the ambient radiofre-
quency signals from one or more source via an antenna
at 718 and proceeds to convert those ambient radiofre-
quency signals into electrical energy at 708. If no ambient
energy source is available as determined at 716, the con-
troller checks for one or more other energy sources at
720, such as thermal energy, light energy, or kinetic en-
ergy. Any or all available energy sources may be har-
vested or received by receiver (e.g. receiver 606) or the
requisite receiver component at 722 and the energy re-
ceived is converted at 708 for storage and usage in proc-
esses 710 and 712.
[0043] While the dialysis system has been principally
described herein as being a hemodialysis system, other
medical treatment systems can employ the techniques
described herein. Examples of other medical treatment
systems include peritoneal (PD) dialysis systems, hemo-
filtration systems, hemodiafiltration systems, apheresis
systems, and cardiopulmonary bypass systems.
[0044] Implementations of the subject matter and the
operations described in this specification can be imple-
mented by digital electronic circuitry, or via computer soft-
ware, firmware, or hardware, including the structures dis-
closed in this specification and their structural equiva-
lents, or in combinations of one or more of them. Imple-
mentations of the subject matter described in this spec-
ification can be implemented as one or more computer
programs, i.e., one or more modules of computer pro-
gram instructions, encoded on computer storage medi-
um for execution by, or to control the operation of, data
processing apparatus.
[0045] A computer storage medium can be, or be in-

cluded in, a computer-readable storage device, a com-
puter-readable storage substrate, a random or serial ac-
cess memory array or device, or a combination of one or
more of them. Moreover, while a computer storage me-
dium is not a propagated signal, a computer storage me-
dium can be a source or destination of computer program
instructions encoded in an artificially generated propa-
gated signal. The computer storage medium can also be,
or be included in, one or more separate physical compo-
nents or media (e.g., multiple CDs, disks, or other storage
devices).
[0046] The operations described in this specification
can be implemented as operations performed by a data
processing apparatus on data stored on one or more
computer-readable storage devices or received from oth-
er sources.
[0047] The term "data processing apparatus" encom-
passes all kinds of apparatus, devices, and machines for
processing data, including by way of example a program-
mable processor, a computer, a system on a chip, or
multiple ones, or combinations, of the foregoing. The ap-
paratus can include special purpose logic circuitry, e.g.,
an FPGA (field programmable gate array) or an ASIC
(application specific integrated circuit). The apparatus
can also include, in addition to hardware, code that cre-
ates an execution environment for the computer program
in question, e.g., code that constitutes processor
firmware, a protocol stack, a database management sys-
tem, an operating system, a cross-platform runtime en-
vironment, a virtual machine, or a combination of one or
more of them. The apparatus and execution environment
can realize various different computing model infrastruc-
tures, such as web services, distributed computing and
grid computing infrastructures.
[0048] A computer program (also known as a program,
software, software application, script, or code) can be
written in any form of programming language, including
compiled or interpreted languages, declarative or proce-
dural languages, and it can be deployed in any form,
including as a stand alone program or as a module, com-
ponent, subroutine, object, or other unit suitable for use
in a computing environment. A computer program may,
but need not, correspond to a file in a file system. A pro-
gram can be stored in a portion of a file that holds other
programs or data (e.g., one or more scripts stored in a
markup language document), in a single file dedicated
to the program in question, or in multiple coordinated files
(e.g., files that store one or more modules, sub programs,
or portions of code). A computer program can be de-
ployed to be executed on one computer or on multiple
computers that are located at one site or distributed
across multiple sites and interconnected by a communi-
cation network.
[0049] The processes and logic flows described in this
specification can be performed by one or more program-
mable processors executing one or more computer pro-
grams to perform actions by operating on input data and
generating output. The processes and logic flows can
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also be performed by, and apparatus can also be imple-
mented as, special purpose logic circuitry, e.g., a FPGA
(field programmable gate array) or an ASIC (application
specific integrated circuit).
[0050] Processors suitable for the execution of a com-
puter program include, by way of example, both general
and special purpose microprocessors, and any one or
more processors of any kind of digital computer. Gener-
ally, a processor will receive instructions and data from
a read only memory or a random access memory or both.
The essential elements of a computer are a processor
for performing actions in accordance with instructions
and one or more memory devices for storing instructions
and data. Generally, a computer will also include, or be
operatively coupled to receive data from or transfer data
to, or both, one or more mass storage devices for storing
data, e.g., magnetic, magneto optical disks, or optical
disks. However, a computer need not have such devices.
Moreover, a computer can be embedded in another de-
vice, e.g., a mobile telephone, a personal digital assistant
(PDA), a mobile audio or video player, a game console,
a Global Positioning System (GPS) receiver, or a porta-
ble storage device (e.g., a universal serial bus (USB)
flash drive), to name just a few. Devices suitable for stor-
ing computer program instructions and data include all
forms of non-volatile memory, media and memory devic-
es, including by way of example semiconductor memory
devices, e.g., EPROM, EEPROM, and flash memory de-
vices; magnetic disks, e.g., internal hard disks or remov-
able disks; magneto optical disks; and CD ROM and
DVD-ROM disks. The processor and the memory can be
supplemented by, or incorporated in, special purpose
logic circuitry.
[0051] To provide for interaction with a user, implemen-
tations of the subject matter described in this specifica-
tion can be implemented on a computer having a display
device, e.g., a CRT (cathode ray tube) or LCD (liquid
crystal display) monitor, for displaying information to the
user and a keyboard and a pointing device, e.g., a mouse
or a trackball, by which the user can provide input to the
computer. Other kinds of devices can be used to provide
for interaction with a user as well; for example, feedback
provided to the user can be any form of sensory feedback,
e.g., visual feedback, auditory feedback, or tactile feed-
back; and input from the user can be received in any
form, including acoustic, speech, or tactile input. In ad-
dition, a computer can interact with a user by sending
documents to and receiving documents from a device
that is used by the user; for example, by sending web
pages to a web browser on a user’s user device in re-
sponse to requests received from the web browser.
[0052] Implementations of the subject matter de-
scribed in this specification can be implemented in a com-
puting system that includes a back end component, e.g.,
as a data server, or that includes a middleware compo-
nent, e.g., an application server, or that includes a front
end component, e.g., a user computer having a graphical
display or a Web browser through which a user can in-

teract with an implementation of the subject matter de-
scribed in this specification, or any combination of one
or more such back end, middleware, or front end com-
ponents. The components of the system can be intercon-
nected by any form or medium of digital data communi-
cation, e.g., a communication network. Examples of com-
munication networks include a local area network ("LAN")
and a wide area network ("WAN"), an inter-network (e.g.,
the Internet), and peer-to-peer networks (e.g., ad hoc
peer-to-peer networks).
[0053] The computing system can include users and
servers. A user and server are generally remote from
each other and typically interact through a communica-
tion network. The relationship of user and server arises
by virtue of computer programs running on the respective
computers and having a user-server relationship to each
other. In some implementations, a server transmits data
(e.g., an HTML page) to a user device (e.g., for purposes
of displaying data to and receiving user input from a user
interacting with the user device). Data generated at the
user device (e.g., a result of the user interaction) can be
received from the user device at the server.
[0054] The invention is defined by the following claims.

Claims

1. A dialysis system for wirelessly charging a portable
medical device related to dialysis treatment via ra-
diofrequency transmissions from a dialysis machine,
the dialysis system comprising:

a dialysis machine (100) comprising

a sensor (108) configured to detect a pres-
ence of a portable medical device, and
a transmitter (102, 108) configured to trans-
mit radiofrequency signals from the dialysis
machine to the portable medical device to
power a component of the portable medical
device; and

the portable medical device (112, 212, 312, 412)
related to dialysis treatment, the device compris-
ing

a receiver (414, 606) that includes an an-
tenna (608, 414) configured to wirelessly re-
ceive energy from radiofrequency signals
from the dialysis machine,
a generator coupled to the receiver, the gen-
erator configured to convert the radiofre-
quency signals into electrical energy,
an energy cell coupled to the generator, the
energy cell configured to store the electrical
energy, and
a power consumption component commu-
nicably coupled to the energy cell to con-
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sume the stored electrical energy.

2. The medical system according to claim 1, wherein:
the power consumption component includes at least
two spaced apart electrodes configured, upon appli-
cation of power, to detect an electrical property re-
lated to a wetness state.

3. The medical system according to claim 1 or claim 2,
wherein the portable medical device further compris-
es:
a housing configured to be implanted in a patient,
the housing containing the receiver, the generator,
the energy cell, and the power consumption compo-
nent.

4. The medical system according to any one of claims
1-3, wherein the receiver is configured to wirelessly
receive energy from at least a second distinct energy
source emitting a distinct type of energy.

5. The medical system according to claim 4, further
comprising:

a sensor coupled to the receiver, the sensor con-
figured to sense a parameter related to the dis-
tinct type of energy; and
a controller coupled to the sensor, the controller
configured to tune one or more of the receiver
and the generator to absorb or transform a se-
lected of the distinct type of energy and the ra-
diofrequency signals from the dialysis machine.

6. The medical system according to any one of claims
4-5, wherein the distinct type of energy is selected
from the group consisting of: thermal energy, light
energy, and kinetic energy.

7. The medical system according any one of claims 4-6,
further comprising:
a controller coupled to the generator, the controller
configured:

to evaluate an efficiency of energy generation
from each of the distinct energy source and the
radiofrequency signals from the dialysis ma-
chine,
to tune the receiver to receive a selected of the
distinct energy source and the radiofrequency
signals from the dialysis machine, and
to tune the generator to convert the selected of
the distinct type of energy source and the radi-
ofrequency signals from the dialysis machine in-
to electrical energy.

8. The medical system according to claim 7, wherein
tuning comprises shutting down one or more com-
ponents of the receiver.

9. The medical system according to any one of claims
4-8, wherein the distinct type of energy includes ther-
mal energy, and wherein the receiver includes a ther-
mocouple, and optionally wherein the generator in-
cludes a thermoelectric generator.

10. The medical system according to any one of claims
1-9, wherein the energy cell includes a capacitor.

11. The medical system according to any one of claims
4-8, wherein the distinct type of energy includes ki-
netic energy, and wherein the receiver includes a
microelectromechanical system device.

12. The medical system according to claim 11, wherein
the generator includes a microelectromechanical
system generator.

13. The medical system according to any one of claims
4-8, wherein the distinct type of energy includes light
energy, and wherein the receiver includes a photo-
sensor.

14. The medical system according to claim13, wherein
the generator includes a photovoltaic cell.

15. The medical system according to any one of claims
1-14, further comprising:
a programmable clock configured to tune at least
one of the receiver and the generator based on a
time of day.

16. The medical system according to any preceding
claim, wherein the portable medical device includes
a wetness detector (212) or a hematocrit detector
(312).

Patentansprüche

1. Dialysesystem zum drahtlosen Laden einer tragba-
ren medizinischen Vorrichtung, die mit Dialysebe-
handlung in Zusammenhang steht, mit Hochfre-
quenzsendungen von einer Dialysemaschine, wobei
das Dialysesystem umfasst:

eine Dialysemaschine (100), umfassend:

einen Sensor (108), der ausgelegt ist, um
eine Anwesenheit einer tragbaren medizi-
nischen Vorrichtung zu detektieren, und
einen Sender (102, 108), der ausgelegt ist,
um Hochfrequenzsignale von der Dialyse-
maschine an die tragbare medizinische
Vorrichtung zu senden, um eine Kompo-
nente der tragbaren medizinischen Vorrich-
tung mit Energie zu versorgen; und
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die tragbare medizinische Vorrichtung (112,
212, 312, 412), die mit Dialysebehandlung im
Zusammenhang steht, wobei die Vorrichtung
umfasst:

einen Empfänger (414, 606), der eine An-
tenne (608, 414) einschließt, die ausgelegt
ist, um drahtlos Energie aus Hochfrequenz-
signalen von der Dialysemaschine zu emp-
fangen,
einen Generator, der an den Empfänger ge-
koppelt ist, wobei der Generator ausgelegt
ist, um die Hochfrequenzsignale in elektri-
sche Energie umzuwandeln,
eine Energiezelle, die an den Generator ge-
koppelt ist, wobei die Energiezelle ausge-
legt ist, um die elektrische Energie zu spei-
chern, und
eine Leistungsverbrauchskomponente, die
kommunikationsfähig an die Energiezelle
gekoppelt ist, um die gespeicherte elektri-
sche Energie zu verbrauchen.

2. Medizinisches System nach Anspruch 1, wobei:
die Leistungsverbrauchskomponente mindestens
zwei beabstandete Elektroden einschließt, die aus-
gelegt sind, um beim Anlegen von Leistung eine
elektrische Eigenschaft zu detektieren, die mit einem
Feuchtigkeitszustand in Zusammenhang steht.

3. Medizinisches System nach Anspruch 1 oder An-
spruch 2, wobei die tragbare medizinische Vorrich-
tung des Weiteren umfasst:
ein Gehäuse, das ausgelegt ist, um in einen Patien-
ten implantiert zu werden, wobei das Gehäuse den
Empfänger, den Generator, die Energiezelle und die
Leistungsverbrauchskomponente enthält.

4. Medizinisches System nach einem der Ansprüche 1
bis 3, wobei der Empfänger ausgelegt ist, um draht-
los Energie von mindestens einer zweiten eigen-
ständigen Energiequelle zu empfangen, die einen
eigenständigen Typ von Energie emittiert.

5. Medizinisches System nach Anspruch 4, ferner um-
fassend:

einen Sensor, der an den Empfänger gekoppelt
ist, wobei der Sensor ausgelegt ist, um einen
Parameter abzufühlen, der mit dem eigenstän-
digen Typ von Energie in Zusammenhang steht;
und
eine Steuerung, die an den Sensor gekoppelt
ist, wobei die Steuerung ausgelegt ist, um einen
oder mehrere von dem Empfänger und dem Ge-
nerator abzustimmen, um einen ausgewählten
von dem eigenständigen Typ von Energie und
den Hochfrequenzsignalen von der Dialysema-

schine zu absorbieren oder zu transformieren.

6. Medizinisches System nach einem der Ansprüche 4
bis 5, wobei der eigenständige Typ von Energie aus-
gewählt ist aus der Gruppe bestehend aus: thermi-
scher Energie, Lichtenergie und kinetischer Energie.

7. Medizinisches System nach einem der Ansprüche 4
bis 6, ferner umfassend:
eine Steuerung, die an den Generator gekoppelt ist,
wobei die Steuerung ausgelegt ist zum:

Bewerten einer Effizienz der Energieerzeugung
aus jeder von der eigenständigen Energiequelle
und den Hochfrequenzsignalen von der Dialy-
semaschine,
Abstimmen des Empfängers, um eine ausge-
wählte von der eigenständigen Energiequelle
und den Hochfrequenzsignalen von der Dialy-
semaschine zu empfangen, und
Abstimmen des Generators, um eine ausge-
wählte von dem eigenständigen Typ der Ener-
giequelle und den Hochfrequenzsignalen von
der Dialysemaschine in elektrische Energie um-
zuwandeln.

8. Medizinisches System nach Anspruch 7, wobei Ab-
stimmen umfasst, dass eine oder mehrere Kompo-
nenten des Empfängers heruntergefahren werden.

9. Medizinisches System nach einem der Ansprüche 4
bis 8, wobei der eigenständige Typ von Energie ther-
mische Energie einschließt, und wobei der Empfän-
ger ein Thermoelement einschließt, und wobei der
Generator gegebenenfalls einen thermoelektri-
schen Generator einschließt.

10. Medizinisches System nach einem der Ansprüche 1
bis 9, wobei die Energiezelle einen Kondensator ein-
schließt.

11. Medizinisches System nach einem der Ansprüche 4
bis 8, wobei der eigenständige Typ von Energie ki-
netische Energie einschließt, und wobei der Emp-
fänger eine mikroelektromechanische Systemvor-
richtung einschließt.

12. Medizinisches System nach Anspruch 11, wobei der
Generator einen mikroelektromechanischen Sys-
temgenerator einschließt.

13. Medizinisches System nach einem der Ansprüche 4
bis 8, wobei der eigenständige Typ von Energie Lich-
tenergie einschließt, und wobei der Empfänger ei-
nen Photosensor einschließt.

14. Medizinisches System nach Anspruch 13, wobei der
Generator eine Photovoltaikzelle einschließt.
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15. Medizinisches System nach einem der Ansprüche 1
bis 14, ferner umfassend:
eine programmierbare Uhr, die ausgelegt ist, um
mindestens einen von dem Empfänger und dem Ge-
nerator basierend auf einer Tageszeit abzustimmen.

16. Medizinisches System nach einem der vorherge-
henden Ansprüche, wobei die tragbare medizinische
Vorrichtung einen Feuchtigkeitsdetektor (212) oder
einen Hämatokritdetektor (312) einschließt.

Revendications

1. Système de dialyse pour charger sans fil un dispositif
médical portable lié au traitement de dialyse par des
transmissions radiofréquences à partir d’une machi-
ne de dialyse, le système de dialyse comprenant :

une machine de dialyse (100) comprenant :

un capteur (108) configuré pour détecter la
présence d’un dispositif médical portable, et
un émetteur (102, 108) configuré pour
transmettre des signaux radiofréquences
de l’appareil de dialyse au dispositif médical
portable pour alimenter un composant du
dispositif médical portable ; et

le dispositif médical portable (112, 212, 312,
412) lié au traitement de dialyse, le dispositif
comprenant :

un récepteur (414, 606) qui comprend une
antenne (608, 414) configurée pour rece-
voir sans fil l’énergie des signaux radiofré-
quences provenant de la machine de dialy-
se,
un générateur couplé au récepteur, le gé-
nérateur étant configuré pour convertir les
signaux radiofréquences en énergie électri-
que,
une cellule d’énergie couplée au généra-
teur, la cellule d’énergie étant configurée
pour stocker l’énergie électrique, et
un composant de consommation électrique
couplé de manière communicante à la cel-
lule d’énergie pour consommer l’énergie
électrique stockée.

2. Système médical selon la revendication 1,
le composant de consommation électrique compre-
nant au moins deux électrodes espacées l’une de
l’autre et configurées, lors de l’application de l’ali-
mentation, pour détecter une propriété électrique
liée à un état d’humidité.

3. Système médical selon la revendication 1 ou la re-

vendication 2, le dispositif médical portable compre-
nant en outre :
un boîtier configuré pour être implanté chez un pa-
tient, le boîtier contenant le récepteur, le générateur,
la cellule d’énergie et le composant de consomma-
tion électrique.

4. Système médical selon l’une quelconque des reven-
dications 1 à 3, le récepteur étant configuré pour
recevoir sans fil de l’énergie provenant d’au moins
une deuxième source d’énergie distincte émettant
un type distinct d’énergie.

5. Système médical selon la revendication 4, compre-
nant en outre :

un capteur couplé au récepteur, le capteur étant
configuré pour détecter un paramètre lié au type
distinct d’énergie ; et
un dispositif de commande couplé au capteur,
le dispositif de commande étant configuré pour
régler un ou plusieurs du récepteur et du géné-
rateur afin d’absorber ou de transformer un élé-
ment choisi parmi le type distinct d’énergie et
des signaux radiofréquences provenant de la
machine de dialyse.

6. Système médical selon l’une quelconque des reven-
dications 4 et 5, le type distinct d’énergie étant choisi
dans le groupe constitué par : l’énergie thermique,
l’énergie lumineuse et l’énergie cinétique.

7. Système médical selon l’une quelconque des reven-
dications 4 à 6, comprenant en outre :
un dispositif de commande couplé au générateur, le
dispositif de commande étant configuré :

pour évaluer une efficacité de la génération
d’énergie à partir de chacune des sources
d’énergie distinctes et des signaux radiofré-
quences provenant de la machine de dialyse,
pour régler le récepteur pour recevoir un élé-
ment choisi parmi la source d’énergie distincte
et les signaux radiofréquences de l’appareil de
dialyse, et
pour régler le générateur afin de convertir l’élé-
ment choisi parmi le type distinct de source
d’énergie et les signaux radiofréquences prove-
nant de la machine de dialyse en énergie élec-
trique.

8. Système médical selon la revendication 7, le réglage
comprenant l’arrêt d’un ou de plusieurs composants
du récepteur.

9. Système médical selon l’une quelconque des reven-
dications 4 à 8, le type distinct d’énergie comprenant
de l’énergie thermique, et le récepteur comprenant
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un thermocouple, et éventuellement le générateur
comprenant un générateur thermoélectrique.

10. Système médical selon l’une quelconque des reven-
dications 1 à 9, la cellule d’énergie comprenant un
condensateur.

11. Système médical selon l’une quelconque des reven-
dications 4 à 8, le type distinct d’énergie comprenant
l’énergie cinétique, et le récepteur comprenant un
dispositif de système microélectromécanique.

12. Système médical selon la revendication 11, le gé-
nérateur comprenant un générateur de système mi-
croélectromécanique.

13. Système médical selon l’une quelconque des reven-
dications 4 à 8, le type distinct d’énergie comprenant
l’énergie lumineuse et le récepteur comprenant un
photocapteur.

14. Système médical selon la revendication 13, le gé-
nérateur comprenant une cellule photovoltaïque.

15. Système médical selon l’une quelconque des reven-
dications 1 à 14, comprenant en outre :
une horloge programmable configurée pour régler
au moins l’un du récepteur et du générateur sur la
base d’une heure de la journée.

16. Système médical selon l’une quelconque des reven-
dications précédentes, le dispositif médical portable
comprenant un détecteur d’humidité (212) ou un dé-
tecteur d’hématocrite (312).
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