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A METHOD AND APPARATUS FOR SUPPLYING ENERGY TO A MEDICAL

DEVICE

TECHNICAL FIELD

The present invention relates generally to a method and apparatus for supplying

wireless energy to a medical device implanted in a patient. In particular, the invention

is concerned with controlling the amount of energy transferred from an energy source

outside the patient to an energy receiver inside the patient.

BACKGROUND

Medical devices, designed to be implanted in a patient's body, are typically

operated by means of electrical power. Such medical devices include electrical and

mechanical stimulators, motors, pumps, etc, which are designed to support or

stimulate various body functions. Electrical power can be supplied to such an

implanted medical device from a likewise implanted battery or from an external

energy source that can supply any needed amount of electrical power intermittently

or continuously without requiring repeated surgical operations.

An external energy source can transfer wireless energy to an implanted internal

energy receiver located inside the patient and connected to the medical device for

supplying received energy thereto. So-called TET (Transcutaneous Energy Transfer)

devices are known that can transfer wireless energy in this manner. Thereby, no

leads or the like penetrating the skin need to be used for connecting the medical

device to an external energy source, such as a battery.

A TET device typically comprises an external energy source including a primary

coil adapted to inductively transfer any amount of wireless energy, by inducing

voltage in a secondary coil of an internal energy receiver which is implanted

preferably just beneath the skin of a patient. The highest transfer efficiency is

obtained when the primary coil is positioned close to the skin adjacent to and in

alignment with the secondary coil, i.e. when a symmetry axis of the primary coil is

parallel to that of the secondary coil.

Typically, the amount of energy required to operate an implanted medical

device may vary over time depending on the operational characteristics of the device.



For example, the device may be designed to switch on and off at certain intervals, or

otherwise change its behavior, in order to provide a suitable electrical or mechanical

stimulation, or the like. Such operational variations will naturally result in

corresponding variations with respect to the amount of required energy.

Furthermore, the position of the external energy source relative to the implanted

internal energy receiver is a factor that affects the efficiency of the energy transfer,

which highly depends on the distance and relative angle between the source and the

receiver. For example, when primary and secondary coils are used, changes in coil

spacing result in a corresponding variation of the induced voltage. During operation

of the medical device, the patient's movements will typically change the relative

spacing of the external source and the internal receiver arbitrarily such that the

transfer efficiency greatly varies.

If the transfer efficiency becomes low, the amount of energy supplied to the

medical device may be insufficient for operating the device properly, so that its action

must be momentarily stopped, naturally disturbing the intended medical effect of the

device.

On the other hand, the energy supplied to the medical device may also increase

drastically, if the relative positions of the external source and the internal receiver

change in a way that unintentionally increases the transfer efficiency. This situation

can cause severe problems since the implant cannot "consume" the suddenly very

high amount of supplied energy. Unused excessive energy must be absorbed in

some way, resulting in the generation of heat, which is highly undesirable. Hence, if

excessive energy is transferred from the external energy source to the internal

energy receiver, the temperature of the implant will increase, which may damage the

surrounding tissue or otherwise have a negative effect on the body functions. It is

generally considered that the temperature in the body should not increase more than

three degrees to avoid such problems.

It is thus highly desirable to always supply the right amount of energy to an

implanted medical device, in order to ensure proper operation and/or to avoid

increased temperature. Various methods are known for controlling the amount of

transferred energy in response to different conditions in the receiving implant.

However, the presently available solutions for controlling the wireless transfer of

energy to implanted medical devices are lacking in precision in this respect.



For example, US 5,995,874 discloses a TET system in which the amount of

transmitted energy from a primary coil is controlled in response to an indication of

measured characteristics of a secondary coil, such as load current and voltage. The

transmitted energy can be controlled by varying the current and voltage in the

primary coil, transmission frequency or coil dimensions. In particular, a change is

effected in the saturation point of the magnetic field between the coils, in order to

adjust the power transfer efficiency. However, it is not likely that this solution will work

well in practice, since a saturation point in the human tissue would not occur, given

the magnetic field levels that are possible to use. Moreover, if the energy

transmission must be increased considerably, e.g. to compensate for losses due to

variations in alignment and/or spacing between the coils, the relatively high radiation

generated may be damaging or unhealthy or unpleasant to the patient, as is well

known.

An effective solution is thus needed for accurately controlling the amount of

transferred energy to an implanted medical device to ensure proper operation

thereof. Moreover, excessive energy transfer resulting in raised temperature at the

medical device, and/or power surges should be avoided, in order to avoid tissue

damages and other unhealthy or unpleasant consequences for the patient.

SUMMARY OF THE INVENTION

A method is thus provided for controlling transmission of wireless energy

supplied to an electrically operable medical device implanted in a patient. The

wireless energy is transmitted from an external energy source located outside the

patient and is received by an internal energy receiver located inside the patient, the

internal energy receiver being connected to the medical device for directly or

indirectly supplying received energy thereto. An energy balance is determined

between the energy sent by the external energy source and the energy received by

the internal energy receiver. The transmission of wireless energy from the external

energy source is then controlled based on the determined energy balance.

An apparatus is also provided for controlling transmission of wireless energy

supplied to an electrically operable medical device implanted in a patient. The

apparatus is adapted to transmit the wireless energy from an external energy source

located outside the patient which is received by an internal energy receiver located



inside the patient, the internal energy receiver being connected to the medical device

for directly or indirectly supplying received energy thereto. The apparatus is further

adapted to determine an energy balance between the energy sent by the external

energy source and the energy received by the internal energy receiver, and to control

the transmission of wireless energy from the external energy source, based on the

determined energy balance.

The method and apparatus may be implemented according to different

embodiments and features as follows:

The wireless energy may be transmitted inductively from a primary coil in the

external energy source to a secondary coil in the internal energy receiver. A change

in the energy balance may be detected to control the transmission of wireless energy

based on the detected energy balance change. A difference may also be detected

between energy received by the internal energy receiver and energy used for the

medical device, to control the transmission of wireless energy based on the detected

energy difference.

When controlling the energy transmission, the amount of transmitted wireless

energy may be decreased if the detected energy balance change implies that the

energy balance is increasing, or vice versa. The decrease/increase of energy

transmission may further correspond to a detected change rate.

The amount of transmitted wireless energy may further be decreased if the

detected energy difference implies that the received energy is greater than the used

energy, or vice versa. The decrease/increase of energy transmission may then

correspond to the magnitude of the detected energy difference.

As mentioned above, the energy used for the medical device may be

consumed to operate the medical device, and/or stored in at least one energy

storage device of the medical device.

In one alternative, substantially all energy used for the medical device is

consumed (e.g. by the consuming part 200a of FIGURE 2) to operate the medical

device. In that case, the energy may be consumed after being stabilized in at least

one energy stabilizing unit of the medical device.

In another alternative, substantially all energy used for the medical device is

stored in the at least one energy storage device. In yet another alternative, the



energy used for the medical device is partly consumed to operate the medical device

and partly stored in the at least one energy storage device.

The energy received by the internal energy receiver may be stabilized by a

capacitor, before the energy is supplied directly or indirectly to the medical device.

The difference between the total amount of energy received by the internal

energy receiver and the total amount of consumed and/or stored energy may be

directly or indirectly measured over time, and the energy balance can then be

determined based on a detected change in the total amount difference.

The energy received by the internal energy receiver may further be

accumulated and stabilized in an energy stabilizing unit, before the energy is

supplied to the medical device. In that case, the energy balance may be determined

based on a detected change followed over time in the amount of consumed and/or

stored energy. Further, the change in the amount of consumed and/or stored energy

may be detected by determining over time the derivative of a measured electrical

parameter related to the amount of consumed and/or stored energy, where the

derivative at a first given moment is corresponding to the rate of the change at the

first given moment, wherein the rate of change includes the direction and speed of

the change. The derivative may further be determined based on a detected rate of

change of the electrical parameter.

The energy received by the internal energy receiver may be supplied to the

medical device with at least one constant voltage, wherein the constant voltage is

created by a constant voltage circuitry. In that case, the energy may be supplied with

at least two different voltages, including the at least one constant voltage.

The energy received by the internal energy receiver may also be supplied to

the medical device with at least one constant current, wherein the constant current is

created by a constant current circuitry. In that case, the energy may be supplied with

at least two different currents including the at least one constant current.

The energy balance may also be determined based on a detected difference

between the total amount of energy received by the internal energy receiver and the

total amount of consumed and/or stored energy, the detected difference being

related to the integral over time of at least one measured electrical parameter related

to the energy balance. In that case, values of the electrical parameter may be plotted

over time as a graph in a parameter-time diagram, and the integral can be

determined from the size of the area beneath the plotted graph. The integral of the



electrical parameter may relate to the energy balance as an accumulated difference

between the total amount of energy received by the internal energy receiver and the

total amount of consumed and/or stored energy.

The energy storage device in the medical device may include at least one of: a

rechargeable battery, an accumulator or a capacitor. The energy stabilizing unit may

include at least one of: an accumulator, a capacitor or a semiconductor adapted to

stabilize the received energy.

When the energy received by the internal energy receiver is accumulated and

stabilized in an energy stabilizing unit before energy is supplied to the medical device

and/or energy storage device, the energy may be supplied to the medical device

and/or energy storage device with at least one constant voltage, as maintained by a

constant voltage circuitry. In that case, the medical device and energy storage device

may be supplied with two different voltages, wherein at least one voltage is constant,

maintained by the constant voltage circuitry.

Alternatively, when the energy received by the internal energy receiver is

accumulated and stabilized in an energy stabilizing unit before energy is supplied to

the medical device and/or energy storage device, the energy may be supplied to the

medical device and/or energy storage device with at least one constant current, as

maintained by a constant current circuitry. In that case, the medical device and

energy storage device may be supplied with two different currents wherein at least

one current is constant, maintained by the constant current circuitry.

The wireless energy may be initially transmitted according to a predetermined

energy consumption plus storage rate. In that case, the transmission of wireless

energy may be turned off when a predetermined total amount of energy has been

transmitted. The energy received by the internal energy receiver may then also be

accumulated and stabilized in an energy stabilizing unit before being consumed to

operate the medical device and/or stored in the energy storage device until a

predetermined total amount of energy has been consumed and/or stored.

Further, the wireless energy may be first transmitted with the predetermined

energy rate, and then transmitted based on the energy balance which can be

determined by detecting the total amount of accumulated energy in the energy

stabilizing unit. Alternatively, the energy balance can be determined by detecting a

change in the current amount of accumulated energy in the energy stabilizing unit. In

yet another alternative, the energy balance, can be determined by detecting the



direction and rate of change in the current amount of accumulated energy in the

energy stabilizing unit.

The transmission of wireless energy may be controlled such that an energy

reception rate in the internal energy receiver corresponds to the energy consumption

and/or storage rate. In that case, the transmission of wireless energy may be turned

off when a predetermined total amount of energy has been consumed.

The energy received by the internal energy receiver may be first accumulated

and stabilized in an energy stabilizing unit, and then consumed or stored by the

medical device until a predetermined total amount of energy has been consumed. In

that case, the energy balance may be determined based on a detected total amount

of accumulated energy in the energy stabilizing unit. Alternatively, the energy

balance may be determined by detecting a change in the current amount of

accumulated energy in the energy stabilizing unit. In yet another alternative, the

energy balance may be determined by detecting the direction and rate of change in

the current amount of accumulated energy in the energy stabilizing unit.

Suitable sensors may be used for measuring certain characteristics of the medical

device and/or detecting the current condition of the patient, somehow reflecting the

required amount of energy needed for proper operation of the medical device. Thus,

electrical and/or physical parameters of the medical device and/or physical

parameters of the patient may be determined, and the energy can then be

transmitted with a transmission rate which is determined based on the parameters.

Further, the transmission of wireless energy may be controlled such that the total

amount of transmitted energy is based on said parameters.

The energy received by the internal energy receiver may be first accumulated

and stabilized in an energy stabilizing unit, and then consumed until a predetermined

total amount of energy has been consumed. The transmission of wireless energy

may further be controlled such that an energy reception rate at the internal energy

receiver corresponds to a predetermined energy consumption rate.

Further, electrical and/or physical parameters of the medical device and/or

physical parameters of the patient may be determined, in order to determine the total

amount of transmitted energy based on the parameters. In that case, the energy

received by the internal energy receiver may be first accumulated and stabilized in an

energy stabilizing unit, and then consumed until a predetermined total amount of

energy has been consumed.



The energy is stored in the energy storage device according to a

predetermined storing rate. The transmission of wireless energy may then be turned

off when a predetermined total amount of energy has been stored. The transmission

of wireless energy can be further controlled such that an energy reception rate at the

internal energy receiver corresponds to the predetermined storing rate.

The energy storage device of the medical device may comprise a first storage

device and a second storage device, wherein the energy received by the internal

energy receiver is first stored in the first storage device, and the energy is then

supplied from the first storage device to the second storage device at a later stage.

When using the first and second storage devices in the energy storage device,

the energy balance may be determined in different ways. Firstly, the energy balance

may be determined by detecting the current amount of energy stored in the first

storage device, and the transmission of wireless energy may then be controlled such

that a storing rate in the second storage device corresponds to an energy reception

rate in the internal energy receiver. Secondly, the energy balance may be determined

based on a detected total amount of stored energy in the first storage device. Thirdly,

the energy balance may be determined by detecting a change in the current amount

of stored energy in the first storage device. Fourthly, the energy balance may be

determined by detecting the direction and rate of change in the current amount of

stored energy in the first storage device.

Stabilized energy may be first supplied from the first storage device to the

second storage device with a constant current, as maintained by a constant current

circuitry, until a measured voltage over the second storage device reaches a

predetermined maximum voltage, and thereafter supplied from the first storage

device to the second storage energy storage device with a constant voltage, as

maintained by a constant voltage circuitry. In that case, the transmission of wireless

energy may be turned off when a predetermined minimum rate of transmitted energy

has been reached.

The transmission of energy may further be controlled such that the amount of

energy received by the internal energy receiver corresponds to the amount of energy

stored in the second storage device. In that case, the transmission of energy may be

controlled such that an energy reception rate at the internal energy receiver

corresponds to an energy storing rate in the second storage device. The

transmission of energy may also be controlled such that a total amount of received



energy at the internal energy receiver corresponds to a total amount of stored energy

in the second storage device.

In the case when the transmission of wireless energy is turned off when a

predetermined total amount of energy has been stored, electrical and/or physical

parameters of the medical device and/or physical parameters of the patient may be

determined during a first energy storing procedure, and the predetermined otal

amount of energy may be stored in a subsequent energy storing procedure based on

the parameters.

When electrical and/or physical parameters of the medical device and/or

physical parameters of the patient are determined, the energy may be stored in the

energy storage device with a storing rate which is determined based on the

parameters. In that case, a total amount of energy may be stored in the energy

storage device, the total amount of energy being determined based on the

parameters. The transmission of wireless energy may then be automatically turned

off when the total amount of energy has been stored. The transmission of wireless

energy may further be controlled such that an energy reception rate at the internal

energy receiver corresponds to the storing rate.

When electrical and/or physical parameters of the medical device and/or

physical parameters of the patient are determined, a total amount of energy may be

stored in the energy storage device, the total amount of energy being determined

based on said parameters. The transmission of energy may then be controlled such

that the total amount of received energy at the internal energy receiver corresponds

to the total amount of stored energy. Further, the transmission of wireless energy

may be automatically turned off when the total amount of energy has been stored.

When the energy used for the medical device is partly consumed and partly

stored, the transmission of wireless energy may be controlled based on a

predetermined energy consumption rate and a predetermined energy storing rate. In

that case, the transmission of energy may be turned off when a predetermined total

amount of energy has been received for consumption and storage. The transmission

of energy may also be turned off when a predetermined total amount of energy has

been received for consumption and storage.

When electrical and/or physical parameters of the medical device and/or

physical parameters of the patient are determined, the energy may be transmitted for

consumption and storage according to a transmission rate per time unit which is



determined based on said parameters. The total amount of transmitted energy may

also be determined based on said parameters.

When electrical and/or physical parameters of the medical device and/or

physical parameters of the patient are determined, the energy may be supplied from

the energy storage device to the medical device for consumption with a supply rate

which is determined based on said parameters. In that case, the total amount of

energy supplied from the energy storage device to the medical device for

consumption, may be based on said parameters.

When electrical and/or physical parameters of the medical device and/or

physical parameters of the patient are determined, a total amount of energy may be

supplied to the medical device for consumption from the energy storage device,

where the total amount of supplied energy is determined based on the parameters.

When the energy received by the internal energy receiver is accumulated and

stabilized in an energy stabilizing unit, the energy balance may be determined based

on an accumulation rate in the energy stabilizing unit, such that a storing rate in the

energy storage device corresponds to an energy reception rate in the internal energy

receiver.

When a difference is detected between the total amount of energy received by

the internal energy receiver and the total amount of consumed and/or stored energy,

and the detected difference is related to the integral over time of at least one

measured electrical parameter related to said energy balance, the integral may be

determined for a monitored voltage and/or current related to the energy balance.

When the derivative is determined over time of a measured electrical

parameter related to the amount of consumed and/or stored energy, the derivative

may be determined for a monitored voltage and/or current related to the energy

balance.

When using the first and second storage devices in the energy storage device,

the second storage device may directly or indirectly supply energy to the medical

device, wherein the change of the difference corresponds to a change of the amount

of energy accumulated in the first storage unit. The energy balance may then be

determined by detecting a change over time in the energy storing rate in the first

storage device, the energy balance corresponding to the change. The change in the

amount of stored energy may also be detected by determining over time the

derivative of a measured electrical parameter indicating the amount of stored energy,



the derivative corresponding to the change in the amount of stored energy. A rate of

change of the electrical parameter may also be detected, the derivative being related

to the change rate. The electrical parameter may be a measured voltage and/or

current related to the energy balance.

The first storage device may include at least one of: a capacitor and a

semiconductor, and the second storage device includes at least one of: a

rechargeable battery, an accumulator and a capacitor.

As mentioned above, the wireless energy may be transmitted inductively from

a primary coil in the external energy source to a secondary coil in the internal energy

receiver. However, the wireless energy may also be transmitted non-inductively. For

example, the wireless energy may be transmitted by means of sound or pressure

variations, radio or light. The wireless energy may also be transmitted in pulses or

waves and/or by means of an electric field.

When the wireless energy is transmitted from the external energy source to

the internal energy receiver in pulses, the transmission of wireless energy may be

controlled by adjusting the width of the pulses.

When the difference between the total amount of energy received by the

internal energy receiver and the total amount of consumed energy is measured over

time, directly or indirectly, the energy balance may be determined by detecting a

change in the difference. In that case, the change in the amount of consumed energy

may be detected by determining over time the derivative of a measured electrical

parameter related to the amount of consumed energy, the derivative corresponding

to the rate of the change in the amount of consumed energy, wherein the rate of

change includes the direction and speed of the change. A rate of change of the

electrical parameter may then be detected, the derivative being related to the

detected change rate.

When using the first and second storage devices in the energy storage device,

the first storage device may be adapted to be charged at a relatively higher energy

charging rate as compared to the second storage device, thereby enabling a

relatively faster charging. The first storage device may also be adapted to be charged

at multiple individual charging occasions more frequently as compared to the second

storage device, thereby providing relatively greater life-time in terms of charging

occasions. The first storage device may comprise at least one capacitor. Normally,



only the first storage may be charged and more often than needed for the second

storage device.

When the second storage device needs to be charged, to reduce the time

needed for charging, the first storage device is charged at multiple individual

charging occasions, thereby leaving time in between the charging occasions for the

first storage device to charge the second storage device at a relatively lower energy

charging rate. When electrical parameters of the medical device are determined, the

charging of the second storage device may be controlled based on the parameters. A

constant current or stabilizing voltage circuitry may be used for storing energy in the

second storage device.

A method is thus provided for controlling transmission of wireless energy

supplied to an electrically operable medical device implanted in a mammal patient.

The wireless energy is transmitted by means of a primary coil in an external energy

source located outside the patient and received inductively by means of a secondary

coil in an internal energy receiver located inside the patient. The internal energy

receiver is connected to the medical device for directly or indirectly supplying

received energy thereto. Feedback control information is transferred from the

secondary coil to the primary coil by switching the secondary coil on and off to induce

a detectable impedance load variation in the primary coil encoding the feedback

control information. The feedback control information relates to the energy received

in the medical device and is used for controlling the transmission of wireless energy

from the external energy source.

An apparatus is also provided for controlling transmission of wireless energy

supplied to an electrically operable medical device implanted in a mammal patient.

The apparatus comprises an external energy source adapted to transmit the wireless

energy by means of a primary coil when located outside the patient, and an internal

energy receiver adapted to receive the transmitted wireless energy inductively by

means of a secondary coil when located inside the patient, and to directly or

indirectly supply received energy to the medical device. The internal energy receiver

is further adapted to transfer feedback control information from the secondary coil to

the primary coil in accordance with the above method.

The method and apparatus may be implemented according to different

embodiments and features as follows:



In one embodiment, an internal control unit controls the on and off switching of

the secondary coil, wherein the feedback control information may include at least one

predetermined parameter relating to the received energy. The predetermined

parameter may also be variable. The feedback control information may also relate to

the received energy and require artificial intelligence to be generated. An implantable

switch may be used to execute the on and off switching of the secondary coil as

controlled by the internal control unit. The switch may be an electronic switch such as

a transistor. Further, the internal control unit may comprise a memory for storing the

transferred feedback control information.

In another embodiment, an internal control unit determines an energy balance

between the energy received by the internal energy receiver and the energy used for

the medical device, where the feedback control information relates to the determined

energy balance. An external control unit then controls the transmission of wireless

energy from the external energy source based on the determined energy balance

and using the feedback control information.

Further embodiments comprises

An apparatus, wherein the feedback information is related to the amount of energy

being received in the internal energy receiver.

An apparatus, wherein the external energy source further comprises an electronic

circuit for comparing the feedback information with the amount of energy transmitted

by the external energy source.

A apparatus, wherein the electronic circuit comprises an analyzer adapted to analyze

the amount of energy being transmitted and adapted to receive the feedback

information related to the amount of energy received in the receiver, and further

adapted to determine the special energy balance by comparing the amount of

transmitted energy and the feedback information related to the amount of received

information.



An apparatus, wherein the external energy source is adapted to use said feedback

information to adjust the level of said transmitted energy.

A apparatus, wherein the external energy source is adapted to transfer data related

to the amount of transmitted energy to the receiver, and wherein the feedback

information is related to the amount of energy received in the receiver the receiver

compared to the amount of said transmitted energy.

An apparatus, wherein external energy source is adapted to use said feedback

information to adjust the level of said transmitted energy.

An apparatus, wherein the feedback information is related to a coupling factor

between the primary coil and the secondary coil.

An apparatus, wherein the external energy source is adapted to increase the amount

of transferred energy to the internal energy receiver until a predetermined response

of said coupling factor is detected.

An apparatus, wherein the external energy source further comprises an indicator

adapted to indicate a level of the coupling factor.

An apparatus, wherein the external energy source further comprises an indicator

adapted to indicate an optimal placement of said secondary coil in relation to said

primary coil to optimize said coupling factor.

An apparatus for controlling transmission of wireless energy supplied to an

electrically operable medical device (100) when implanted in a mammal patient, the

apparatus comprising:

- An external energy source (104) adapted to transmit said wireless energy by

means of a primary coil when located outside the patient,

- an internal energy receiver (102) adapted to receive the transmitted wireless energy

inductively by means of a secondary coil when located inside the patient, and to

directly or indirectly supply received energy to the medical device,



wherein the internal energy source is adapted to transfer feedback control

information (S) from the secondary coil to the primary coil by switching the secondary

coil on and off to induce a detectable impedance load variation in the primary coil

encoding the feedback control information, where said feedback control information

reflects a required amount of energy for operating the medical device and is used for

controlling the transmission of wireless energy from the external energy source.

An apparatus, further comprising

- an internal control unit (108) adapted to control said on and off switching of the

secondary coil, wherein the feedback control information includes at least one

predetermined parameter relating to the received energy.

An apparatus, wherein said predetermined parameter is variable.

An apparatus, further comprising

- an internal control unit (108) adapted to control said on and off switching of the

secondary coil, wherein the feedback control information is intelligent and variable

relating relates to the received energy and requires artificial intelligence to be

generated.

An apparatus, further comprising an implantable switch adapted to execute said on

and off switching of the secondary coil as controlled by the internal control unit.

An apparatus, wherein the switch is an electronic switch such as a transistor.

An apparatus, wherein the internal control unit comprises a memory for storing the

transferred feedback control information.

An apparatus, further comprising

- an internal control unit (108) adapted to determine an energy balance between the

energy received by the internal energy receiver and the energy used for the medical

device, said feedback control information relating to the determined energy balance,

and



- an external control unit (106) adapted to control the transmission of wireless energy

from the external energy source based on the determined energy balance and using

said feedback control information.

An apparatus, further comprising

- an external control unit (106) adapted to determine an energy balance between the

energy received by the internal energy receiver and the energy used for the medical

device based on said feedback control information comprising measurements

relating to characteristics of the medical device, and to control the transmission of

wireless energy from the external energy source based on the determined energy

balance and using said feedback control information.

A method, wherein the feedback information is related to the amount of energy being

received in the internal energy receiver.

A method, wherein an electronic circuit in the external energy source compares the

feedback information with the amount of energy transmitted by the external energy

source.

A method, wherein an analyzer in the electronic circuit analyzes the amount of

energy being transmitted and receives the feedback information related to the

amount of energy received in the receiver, and further determines the special energy

balance by comparing the amount of transmitted energy and the feedback

information related to the amount of received information.

A method, wherein the external energy source uses said feedback information to

adjust the level of said transmitted energy.

A method, wherein the external energy source transfers data related to the amount of

transmitted energy to the receiver, and wherein the feedback information is related to

the amount of energy received in the receiver the receiver compared to the amount

of said transmitted energy.



A method, wherein external energy source uses said feedback information to adjust

the level of said transmitted energy.

A method, wherein the feedback information is related to a coupling factor between

the primary coil and the secondary coil.

A method, wherein the external energy source increases the amount of transferred

energy to the internal energy receiver until a predetermined response of said

coupling factor is detected.

A method, wherein an indicator in the external energy source indicates a level of the

coupling factor.

A method, wherein an indicator in the external energy source indicates an optimal

placement of said secondary coil in relation to said primary coil to optimize said

coupling factor.

A method of controlling transmission of wireless energy supplied to an electrically

operable medical device (100) implanted in a mammal patient, said wireless energy

being transmitted by means of a primary coil in an external energy source (104)

located outside the patient and received inductively by means of a secondary coil in

an internal energy receiver (102) located inside the patient, the internal energy

receiver being connected to the medical device for directly or indirectly supplying

received energy thereto, wherein feedback control information (S) is transferred from

the secondary coil to the primary coil by switching the secondary coil on and off to

induce a detectable impedance load variation in the primary coil encoding the

feedback control information, where the feedback control information reflects the

amount of energy received in the medical device and is used for controlling the

transmission of wireless energy from the external energy source.

A method, wherein said on and off switching of the secondary coil is controlled by an

internal control unit (108), and the feedback control information includes at least one

predetermined parameter relating to the received energy.



A method, wherein said predetermined parameter is variable.

A method, wherein said on and off switching of the secondary coil is controlled by an

internal control unit (108), and the feedback control information relates to the

received energy and requires artificial intelligence to be generated.

A method, wherein said on and off switching of the secondary coil is executed by

means of an implantable switch as controlled by the internal control unit.

A method, wherein the switch is an electronic switch such as a transistor.

A method, wherein the transferred feedback control information is stored in a

memory of the internal control unit.

A method, wherein an energy balance between the energy received by the internal

energy receiver and the energy used for the medical device is determined, said

feedback control information relating to the determined energy balance, and the

transmission of wireless energy from the external energy source is controlled based

on the determined energy balance and using said feedback control information.

A SYSTEM TO CONTROL THE WIRELESS ENERGY SUPPLY

BASED ON THE FEED BACK SYSTEM

The transmission of wireless energy from the external energy source may be

controlled by applying to the external energy source electrical pulses from a first

electric circuit to transmit the wireless energy, the electrical pulses having leading

and trailing edges, varying the lengths of first time intervals between successive

leading and trailing edges of the electrical pulses and/or the lengths of second time

intervals between successive trailing and leading edges of the electrical pulses, and

transmitting wireless energy, the transmitted energy generated from the electrical

pulses having a varied power, the varying of the power depending on the lengths of

the first and/or second time intervals.



Thus is provided a method of transmitting wireless energy from an external

energy transmitting device placed externally to a human body to an internal energy

receiver placed internally in the human body, the method comprising:

applying to the external transmitting device electrical pulses from a first electric

circuit to transmit the wireless energy, the electrical pulses having leading and trailing

edges,

varying the lengths of first time intervals between successive leading and

trailing edges of the electrical pulses and/or the lengths of second time intervals

between successive trailing and leading edges of the electrical pulses, and

transmitting wireless energy, the transmitted energy generated from the

electrical pulses having a varied power, the varying of the power depending on the

lengths of the first and/or second time intervals.

Also is provided an apparatus adapted to transmit wireless energy from an

external energy transmitting device placed externally to a human body to an internal

energy receiver placed internally in the human body, the apparatus comprising,

a first electric circuit to supply electrical pulses to the external transmitting

device, said electrical pulses having leading and trailing edges, said transmitting

device adapted to supply wireless energy, wherein

the electrical circuit being adapted to vary the lengths of first time intervals

between successive leading and trailing edges of the electrical pulses and/or the

lengths of second time intervals between successive trailing and leading edges of the

electrical pulses, and wherein

the transmitted wireless energy, generated from the electrical pulses having a

varied power, the power depending on the lengths of the first and/or second time

intervals.

The method and apparatus may be implemented according to different

embodiments and features as follows:

In that case, the frequency of the electrical pulses may be substantially

constant when varying the first and/or second time intervals. When applying electrical

pulses, the electrical pulses may remain unchanged, except for varying the first

and/or second time intervals. The amplitude of the electrical pulses may be

substantially constant when varying the first and/or second time intervals. Further,



the electrical pulses may be varied by only varying the lengths of first time intervals

between successive leading and trailing edges of the electrical pulses.

A train of two or more electrical pulses may be supplied in a row, wherein

when applying the train of pulses, the train having a first electrical pulse at the start of

the pulse train and having a second electrical pulse at the end of the pulse train, two

or more pulse trains may be supplied in a row, wherein the lengths of the second

time intervals between successive trailing edge of the second electrical pulse in a

first pulse train and leading edge of the first electrical pulse of a second pulse train

are varied.

When applying the electrical pulses, the electrical pulses may have a

substantially constant current and a substantially constant voltage. The electrical

pulses may also have a substantially constant current and a substantially constant

voltage. Further, the electrical pulses may also have a substantially constant

frequency. The electrical pulses within a pulse train may likewise have a substantially

constant frequency.

When applying electrical pulses to the external energy source, the electrical

pulses may generate an electromagnetic field over the external energy source, the

electromagnetic field being varied by varying the first and second time intervals,

and the electromagnetic field may induce electrical pulses in the internal energy

receiver, the induced pulses carrying energy transmitted to the internal energy

receiver. The wireless energy is then transmitted in a substantially purely inductive

way from the external energy source to the internal energy receiver.

The electrical pulses may be released from the first electrical circuit with such

a frequency and/or time period between leading edges of the consecutive pulses, so

that when the lengths of the first and/or second time intervals are varied, the resulting

transmitted energy are varied. When applying the electrical pulses, the electrical

pulses may have a substantially constant frequency.

The circuit formed by the first electric circuit and the external energy source

may have a first characteristic time period or first time constant, and when effectively

varying the transmitted energy, such frequency time period may be in the range of

the first characteristic time period or time constant or shorter.



BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be described in more detail and with reference to

the accompanying drawings, in which:

- FIGURE 1 is a schematic block diagram illustrating an arrangement for supplying

an accurate amount of energy to an electrically operable medical device.

- FIGURE 2 is a more detailed block diagram of an apparatus for controlling

transmission of wireless energy supplied to an electrically operable medical

device implanted in a patient.

- FIGURE 3 is a schematic circuit diagram illustrating a proposed design of an

apparatus for controlling transmission of wireless energy, according to a possible

implementation example.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Briefly described, wireless energy is transmitted from an external energy source

located outside a patient and is received by an internal energy receiver located inside

the patient. The internal energy receiver is connected to an electrically operable

medical device implanted in the patient, for directly or indirectly supplying received

energy to the medical device. An energy balance is determined between the energy

sent by the external energy source and the energy received by the internal energy

receiver, and the transmission of wireless energy is then controlled based on the

determined energy balance. The energy balance thus provides an accurate indication

of the correct amount of energy needed, which is sufficient to operate the medical

device properly, but without causing undue temperature rise.

In FIGURE 1, an arrangement is schematically illustrated for supplying an

accurate amount of energy to an electrically operable medical device 100 implanted

in a patient, whose skin is indicated by a vertical line S separating the interior "Int" of

the patient from the exterior "Ext". The medical device 100 is connected to an internal

energy receiver 102, likewise located inside the patient, preferably just beneath the

skin S. Generally speaking, the energy receiver 102 may be placed in the abdomen,

thorax, muscle fascia (e.g. in the abdominal wall), subcutaneously, or at any other

suitable location. The energy receiver 102 is adapted to receive wireless energy E

transmitted from an external energy source 104 located outside the skin S in the

vicinity of the energy receiver 102.



As is well-known in the art, the wireless energy E may generally be transferred

by means of any suitable TET-device, such as a device including a primary coil

arranged in the energy source 104 and an adjacent secondary coil arranged in the

energy receiver 102. When an electric current is fed through the primary coil, energy

in the form of a voltage is induced in the secondary coil which can be used to operate

a medical device, e.g. after storing the incoming energy in an energy storing device

or accumulator, such as a battery or a capacitor. However, the present invention is

generally not limited to any particular energy transfer technique, TET-devices or

energy storing devices, and any kind of wireless energy may be used.

The amount of transferred energy can be regulated by means of an external

control unit 106 controlling the energy source 104 based on the determined energy

balance, as described above. Information representing the amount of energy

received by the energy receiver 102 is sent from the energy receiver 102 to the

external control unit 106 by means of the internal signal transmitter 110. Likewise,

the energy source 104 sends information representing the amount of energy sent to

the external control unit 106. In order to transfer the correct amount of energy, the

energy balance and the required amount of energy can be determined by the

external control unit by means of subtracting the amount of energy received from the

amount of energy sent. Furthermore, an energy storing device or accumulator, not

shown here, may also be connected to the energy receiver 102 for accumulating

received energy for later use by the medical device 100. Alternatively or additionally,

characteristics of such an energy storing device, also reflecting the required amount

of energy, may be measured as well. The energy storing device may be a battery,

and the measured characteristics may be related to the current state of the battery,

such as voltage, temperature, etc. In order to provide sufficient voltage and current to

the medical device 100, and also to avoid excessive heating, it is clearly understood

that the battery should be charged optimally by receiving a correct amount of energy

from the energy receiver 102, i.e. not too little or too much. The energy storing device

may also be a capacitor with corresponding characteristics.

For example, battery characteristics may be measured on a regular basis to

determine the current state of the battery, which then may be stored as state

information in a suitable storage means in the internal control unit 108. Thus,

whenever new measurements are made, the stored battery state information can be

updated accordingly. In this way, the state of the battery can be "calibrated" by



transferring a correct amount of energy, so as to maintain the battery in an optimal

condition.

Thus, the internal control unit 106 is adapted to determine the energy balance

and/or the currently required amount of energy, (either energy per time unit or

accumulated energy) based on measurements made by the above-mentioned

sensors. The internal control unit 108 is further connected to an internal signal

transmitter 110, arranged to transmit a control signal S reflecting the received

amount of energy, to an external signal receiver 112 connected to the external

control unit 106. The external control unit 106 then calculates the energy balance by

subtracting the amount of energy received from the amount of energy transmitted.

The amount of energy transmitted from the energy source 104 may then be regulated

in response to the received control signal.

Hence, the present solution employs the feed back of information indicating the

required energy, which is more efficient than previous solutions because it is based

on the actual use of energy that is compared to the received energy, e.g. with respect

to the amount of energy, the energy difference, or the energy receiving rate as

compared to the energy rate used by the medical device. The medical device may

use the received energy either for consuming or for storing the energy in an energy

storage device or the like. The different parameters discussed above would thus be

used if relevant and needed and then as a tool for determining the actual energy

balance. However, such parameters may also be needed per se for any actions

taken internally to specifically operate the medical device.

The internal signal transmitter 110 and the external signal receiver 112 may be

implemented as separate units using suitable signal transfer means, such as radio,

IR (Infrared) or ultrasonic signals. Alternatively, the signal transmitter 110 and the

signal receiver 112 may be integrated in the internal energy receiver 102 and the

energy source 104, respectively, so as to convey control signals in a reverse

direction relative to the energy transfer, basically using the same transmission

technique. The control signals may be modulated with respect to frequency, phase

or amplitude.

To conclude, the energy supply arrangement illustrated in FIGURE 1 may

operate basically in the following manner. The energy balance is first determined by

the external control unit 106. The external control unit 106 then uses this information

to control the energy source 104. Alternatively, the energy balance can be



determined by the internal control unit 108 instead depending on the implementation.

This process may be repeated intermittently at certain intervals during ongoing

energy transfer, o r may be executed on a more or less continuous basis during the

energy transfer.

The amount of transferred energy can generally be regulated by adjusting

various transmission parameters in the energy source 104, such as voltage, current,

amplitude, wave frequency and pulse characteristics.

Fig. 2 Schematically illustrates an arrangement of the system that is capable of sending

information from inside the patient's body to the outside thereof to give feedback information

related to at least one functional parameter of the apparatus or system, or related to a

physical parameter of the patient, in order to supply an accurate amount of energy to an

implanted internal energy receiver 1002 connected to implanted energy consuming

components of the apparatus 10. Such an energy receiver 1002 may include an energy

source and/or an energy-transforming device. Briefly described, wireless energy is

transmitted from an external energy source 1004a located outside the patient and is received

by the internal energy receiver 1002 located inside the patient. The internal energy receiver

is adapted to directly or indirectly supply received energy to the energy consuming

components of the apparatus 10 via a switch 1026. An energy balance is determined

between the energy received by the internal energy receiver 1002 and the energy used for

the apparatus 10 , and the transmission of wireless energy is then controlled based on the

determined energy balance. The energy balance thus provides an accurate indication of the

correct amount of energy needed, which is sufficient to operate the apparatus 10 properly,

but without causing undue temperature rise.

In Fig. 17 the patient's skin is indicated by a vertical line 1005. Here, the energy receiver

comprises an energy-transforming device 1002 located inside the patient, preferably just

beneath the patient's skin 1005. Generally speaking, the implanted energy-transforming

device 1002 may be placed in the abdomen, thorax, muscle fascia (e.g. in the abdominal

wall), subcutaneously, or at any other suitable location. The implanted energy-transforming

device 1002 is adapted to receive wireless energy E transmitted from the external energy-

source 1004a provided in an external energy-transmission device 1004 located outside the

patient's skin 1005 in the vicinity of the implanted energy-transforming device 1002.

As is well known in the art, the wireless energy E may generally be transferred by means of

any suitable Transcutaneous Energy Transfer (TET) device, such as a device including a

primary coil arranged in the external energy source 1004a and an adjacent secondary coil

arranged in the implanted energy-transforming device 1002. When an electric current is fed



through the primary coil, energy in the form of a voltage is induced in the secondary coil

which can be used to power the implanted energy consuming components of the apparatus,

e.g. after storing the incoming energy in an implanted energy source, such as a rechargeable

battery or a capacitor. However, the present invention is generally not limited to any

particular energy transfer technique, TET devices or energy sources, and any kind of

wireless energy may be used.

The amount of energy received by the implanted energy receiver may be compared with the

energy used by the implanted components of the apparatus. The term "energy used" is then

understood to include also energy stored by implanted components of the apparatus. A

control device includes an external control unit 1004b that controls the external energy

source 1004a based on the determined energy balance to regulate the amount of transferred

energy. In order to transfer the correct amount of energy, the energy balance and the

required amount of energy is determined by means of a determination device including an

implanted internal control unit 1015 connected between the switch 1026 and the apparatus

10. The internal control unit 1015 may thus be arranged to receive various measurements

obtained by suitable sensors or the like, not shown, measuring certain characteristics of the

apparatus 10, somehow reflecting the required amount of energy needed for proper

operation of the apparatus 10. Moreover, the current condition of the patient may also be

detected by means of suitable measuring devices or sensors, in order to provide parameters

reflecting the patient's condition. Hence, such characteristics and/or parameters may be

related to the current state of the apparatus 10, such as power consumption, operational

mode and temperature, as well as the patient's condition reflected by parameters such as;

body temperature, blood pressure, heartbeats and breathing. Other kinds of physical

parameters of the patient and functional parameters of the device are described elsewhere.

Furthermore, an energy source in the form of an accumulator 1016 may optionally be

connected to the implanted energy-transforming device 1002 via the control unit 1015 for

accumulating received energy for later use by the apparatus 10. Alternatively or additionally,

characteristics of such an accumulator, also reflecting the required amount of energy, may

be measured as well. The accumulator may be replaced by a rechargeable battery, and the

measured characteristics may be related to the current state of the battery, any electrical

parameter such as energy consumption voltage, temperature, etc. In order to provide

sufficient voltage and current to the apparatus 10, and also to avoid excessive heating, it is

clearly understood that the battery should be charged optimally by receiving a correct

amount of energy from the implanted energy-transforming device 1002, i.e. not too little or

too much. The accumulator may also be a capacitor with corresponding characteristics.



For example, battery characteristics may be measured on a regular basis to determine the

current state of the battery, which then may be stored as state information in a suitable

storage means in the internal control unit 1015. Thus, whenever new measurements are

made, the stored battery state information can be updated accordingly. In this way, the state

of the battery can be "calibrated" by transferring a correct amount of energy, ,so as to

maintain the battery in an optimal condition.
Thus, the internal control unit 1015 of the determination device is adapted to determine the

energy balance and/or the currently required amount of energy, (either energy per time unit

or accumulated energy) based on measurements made by the above-mentioned sensors or

measuring devices of the apparatus 10, or the patient, or an implanted energy source if used,

or any combination thereof. The internal control unit 1015 is further connected to an internal

signal transmitter 1027, arranged to transmit a control signal reflecting the determined

required amount of energy, to an external signal receiver 1004c connected to the external

control unit 1004b. The amount of energy transmitted from the external energy source 1004a

may then be regulated in response to the received control signal.

Alternatively, the determination device may include the external control unit 1004b. In this

alternative, sensor measurements can be transmitted directly to the external control unit

1004b wherein the energy balance and/or the currently required amount of energy can be

determined by the external control unit 1004b, thus integrating the above-described function

of the internal control unit 1015 in the external control unit 1004b. In that case, the internal

control unit 1015 can be omitted and the sensor measurements are supplied directly to the

internal signal transmitter 1027 which sends the measurements over to the external signal

receiver 1004c and the external control unit 1004b. The energy balance and the currently

required amount of energy can then be determined by the external control unit 1004b based

on those sensor measurements.

Hence, the present solution according to the arrangement of Fig. 17 employs the feed back

of information indicating the required energy, which is more efficient than previous solutions

because it is based on the actual use of energy that is compared to the received energy, e.g.

with respect to the amount of energy, the energy difference, or the energy receiving rate as

compared to the energy rate used by implanted energy consuming components of the

apparatus. The apparatus may use the received energy either for consuming or for storing

the energy in an implanted energy source or the like. The different parameters discussed

above would thus be used if relevant and needed and then as a tool for determining the

actual energy balance. However, such parameters may also be needed per se for any

actions taken internally to specifically operate the apparatus.



The internal signal transmitter 1027 and the external signal receiver 1004c may be

implemented as separate units using suitable signal transfer means, such as radio, IR

(Infrared) or ultrasonic signals. Alternatively, the internal signal transmitter 1027 and the

external signal receiver 1004c may be integrated in the implanted energy-transforming

device 1002 and the external energy source 1004a, respectively, so as to convey control

signals in a reverse direction relative to the energy transfer, basically using the same

transmission technique. The control signals may be modulated with respect to frequency,

phase or amplitude.
Thus, the feedback information may be transferred either by a separate communication

system including receivers and transmitters or may be integrated in the energy system. In

accordance with the present invention, such an integrated information feedback and energy

system comprises an implantable internal energy receiver for receiving wireless energy, the

energy receiver having an internal first coil and a first electronic circuit connected to the first

coil, and an external energy transmitter for transmitting wireless energy, the energy

transmitter having an external second coil and a second electronic circuit connected to the

second coil. The external second coil of the energy transmitter transmits wireless energy

which is received by the first coil of the energy receiver. This system further comprises a

power switch for switching the connection of the internal first coil to the first electronic circuit

on and off, such that feedback information related to the charging of the first coil is received

by the external energy transmitter in the form of an impedance variation in the load of the

external second coil, when the power switch switches the connection of the internal first coil

to the first electronic circuit on and off. In implementing this system in the arrangement of Fig.

17, the switch 1026 is either separate and controlled by the internal control unit 1015, or

integrated in the internal control unit 1015. It should be understood that the switch 1026

should be interpreted in its broadest embodiment. This means a transistor, MCU, MCPU,

ASIC FPGA or a DA converter or any other electronic component or circuit that may switch

the power on and off.

To conclude, the energy supply arrangement illustrated in Fig. 17 may operate basically in

the following manner. The energy balance is first determined by the internal control unit 1015

of the determination device. A control signal reflecting the required amount of energy is also

created by the internal control unit 1015, and the control signal is transmitted from the

internal signal transmitter 1027 to the external signal receiver 1004c. Alternatively, the

energy balance can be determined by the external control unit 1004b instead depending on

the implementation, as mentioned above. In that case, the control signal may carry

measurement results from various sensors. The amount of energy emitted from the external



energy source 1004a can then be regulated by the external control unit 1004b, based on the

determined energy balance, e.g. in response to the received control signal. This process may

be repeated intermittently at certain intervals during ongoing energy transfer, or may be

executed on a more or less continuous basis during the energy transfer.

The amount of transferred energy can generally be regulated by adjusting various

transmission parameters in the external energy source 1004a, such as voltage, current,

amplitude, wave frequency and pulse characteristics.

This system may also be used to obtain information about the coupling factors

between the coils in a TET system even to calibrate the system both to find an

optimal place for the external coil in relation to the internal coil and to optimize energy

transfer. Simply comparing in this case the amount of energy transferred with the

amount of energy received. For example if the external coil is moved the coupling

factor may vary and correctly displayed movements could cause the external coil to

find the optimal place for energy transfer. Preferably, the external coil is adapted to

calibrate the amount of transferred energy to achieve the feedback information in the

determination device, before the coupling factor is maximized.

This coupling factor information may also be used as a feedback during energy

transfer. In such a case, the energy system of the present invention comprises an

implantable internal energy receiver for receiving wireless energy, the energy

receiver having an internal first coil and a first electronic circuit connected to the first

coil, and an external energy transmitter for transmitting wireless energy, the energy

transmitter having an external second coil and a second electronic circuit connected

to the second coil. The external second coil of the energy transmitter transmits

wireless energy which is received by the first coil of the energy receiver. This system

further comprises a feedback device for communicating out the amount of energy

received in the first coil as a feedback information, and wherein the second electronic

circuit includes a determination device for receiving the feedback information and for

comparing the amount of transferred energy by the second coil with the feedback

information related to the amount of energy received in the first coil to obtain the

coupling factor between the first and second coils. The energy transmitter may

regulate the transmitted energy in response to the obtained coupling factor.

In FIGURE 3, an arrangement is schematically illustrated for supplying an

accurate amount of energy to an electrically operable medical device 100 implanted

in a patient, whose skin is indicated by a vertical line S separating the interior "Int" of



the patient from the exterior "Ext". The medical device 100 is connected to an internal

energy receiver 102, likewise located inside the patient, preferably just beneath the

skin S. Generally speaking, the energy receiver 102 may be placed in the abdomen,

thorax, muscle fascia (e.g. in the abdominal wall), subcutaneously, or at any other

suitable location. The energy receiver 102 is adapted to receive wireless energy E

transmitted from an external energy source 104 located outside the skin S in the

vicinity of the energy receiver 102.

The wireless energy E is transferred by means of a primary coil arranged in the

energy source 104 and an adjacent secondary coil arranged in the energy receiver

102. When an electric current is fed through the primary coil, energy in the form of a

voltage is induced in the secondary coil which can be used to operate the medical

device 100, e.g. after storing the incoming energy in an energy storing device or

accumulator, such as a battery or a capacitor, not shown in this figure.

The internal energy receiver 102 is adapted to transfer suitable feedback control

information FB from the secondary coil to the primary coil by switching the secondary

coil on and off to induce a detectable impedance load variation in the primary coil.

This load variation is created and controlled to encode the feedback control

information in a useful manner. The feedback control information thus communicated

from the energy receiver 102 over to the energy source 104, generally relates to the

energy for operating the medical device 100. The feedback control information is

then used for controlling the transmission of wireless energy from the external energy

source 104. The amount of transferred energy is regulated by means of an external

control unit 106 controlling the energy source 104.

An internal control unit 108 may be implanted in the patient connected to the

medical device 100. The internal control unit 108 is used to control the on and off

switching of the secondary coil. The feedback control information FB may include at

least one predetermined parameter relating to the received energy. The

predetermined parameter may further be variable. When using the internal control

unit 108, the feedback control information may relate to the received energy and may

also require artificial intelligence to be generated.

The on and off switching of the secondary coil may be executed by means of an

implantable switch 110 (SW) at the energy receiver 102, and the switch 110 is

connected to and controlled by the internal control unit 108. The switch may be an



electronic switch such as a transistor. Further, the internal control unit 108 may

comprise a memory 108a for storing the transferred feedback control information FB.

The energy balance mentioned above may be determined by means of the

external control unit 106 or the internal control unit 108, and the feedback control

information will then relate to the determined energy balance. In that case, the

external control unit 106 may be used to control the transmission of wireless energy

E from the external energy source 104 based on the determined energy balance and

using the received feedback control information FB.

The internal control unit 108 may be arranged to receive various measurements

obtained by suitable sensors or the like, not shown, measuring certain characteristics

of the medical device 100, somehow reflecting the energy needed for proper

operation of the medical device 100. Moreover, the current condition of the patient

may also be detected by means of suitable measuring devices or sensors, in order to

provide parameters reflecting the patient's condition. Hence, such characteristics

and/or parameters may be related to the current state of the medical device 100,

such as power consumption, operational mode and temperature, as well as the

patient's condition reflected by, e.g., body temperature, blood pressure, heartbeats

and breathing.

Furthermore, an energy storing device or accumulator, not shown here, may

also be connected to the energy receiver 102 for accumulating received energy for

later use by the medical device 100. Alternatively or additionally, characteristics of

such an energy storing device, also relating to the energy, may be measured as well.

The energy storing device may be a battery, and the measured characteristics may

be related to the current state of the battery, such as voltage, temperature, etc. In

order to provide sufficient voltage and current to the medical device 100, and also to

avoid excessive heating, it is clearly understood that the battery should be charged

optimally by receiving a correct amount of energy from the energy receiver 102, i.e.

not too little or too much. The energy storing device may also be a capacitor with

corresponding characteristics.

For example, battery characteristics may be measured on a regular basis to

determine the current state of the battery, which then may be stored as state

information in a suitable storage means in the internal control unit 108. Thus,

whenever new measurements are made, the stored battery state information can be

updated accordingly. In this way, the state of the battery can be "calibrated" by



transferring a correct amount of energy, so as to maintain the battery in an optimal

condition.

Alternatively, sensor measurements can be transmitted to the external control

unit 106 wherein the energy balance and/or the currently required amount of energy

can be determined by the external control unit 106, thus basically integrating the

above-described function of the internal control unit 108 in the external control unit

106. In that case, the internal control unit 108 can be omitted and the sensor

measurements are comprised in the feedback control information FB. The energy

balance and the currently required amount of energy can then be determined by the

external control unit 106 based on those sensor measurements.

Hence, the present solution employs the feed back of information indicating the

required energy, which is more efficient than previous solutions because it is based

on the actual use of energy that is compared to the received energy, e.g. with respect

to the amount of energy, the energy difference, or the energy receiving rate as

compared to the energy rate used by the medical device. The medical device may

use the received energy either for consuming or for storing the energy in an energy

storage device or the like. The different parameters discussed above would thus be

used if relevant and needed and then as a tool for determining the actual energy

balance. However, such parameters may also be needed per se for any actions

taken internally to specifically operate the medical device.

The feedback control information FB may further be modulated with respect to

frequency, phase or amplitude.

To conclude, the energy supply arrangement illustrated in FIGURE 1 may

operate basically in the following manner, in the case when the transmission of

wireless energy is controlled based on the energy balance described above. The

energy balance may first be determined by the internal control unit 108. Feedback

control information FB relating to the energy is also created by the internal control

unit 108, and the feedback control information FB is transmitted from the energy

receiver 102 to the energy source 104. Alternatively, the energy balance can be

determined by the external control unit 106 instead depending on the

implementation, as mentioned above. In that case, the feedback control information

FB may carry measurement results from various sensors. The amount of energy

emitted from the energy source 104 can then be regulated by the external control unit

106, based on the determined energy balance, e.g. in response to the received



feedback control information FB. This process may be repeated intermittently at

certain intervals during ongoing energy transfer, or may be executed on a more or

less continuous basis during the energy transfer.

The amount of transferred energy can generally be regulated by adjusting

various transmission parameters in the energy source 104, such as voltage, current,

amplitude, wave frequency and pulse characteristics.



WHAT IS CLAIMED IS:

1. A method of controlling transmission of wireless energy supplied to an electrically

operable medical device implanted in a patient, wherein said wireless energy is

transmitted from an external energy source located outside the patient and is

received by an internal energy receiver located inside the patient, the internal energy

receiver being connected to the medical device for directly or indirectly supplying

received energy thereto, the method comprising the steps of:

- determining an energy balance between the energy sent by the external energy

source and the energy received by the internal energy receiver , and

- controlling the transmission of wireless energy from the external energy source,

based on the determined energy balance.

2. A method according to claim 1, wherein the wireless energy is transmitted

inductively from a primary coil in the external energy source to a secondary coil in the

internal energy receiver.

3. A method according to claim 1, wherein a change in said energy balance is

detected, and the transmission of wireless energy is controlled based on said

detected energy balance change.

4 . A method according to claim 1, wherein a difference is detected between the

energy sent by the external energy source and the energy received by said internal

energy receiver, and the transmission of wireless energy is controlled based on said

detected energy difference.

5. A method according to claim 3, wherein the amount of transmitted wireless energy

is decreased if the detected energy balance change implies that the energy balance

is increasing, or vice versa.

6 . A method according to claim 5, wherein the decrease/increase of energy

transmission corresponds to a detected change rate.



7. A method according to claim 4, wherein the amount of transmitted wireless energy

is decreased if the detected energy difference implies that the received energy is

greater than the used energy, or vice versa.

8. A method according to claim 7 , wherein the decrease/increase of energy

transmission corresponds to the magnitude of said detected energy difference.

9. A method according to claim 3 or 4 , wherein the energy used for the medical

device is consumed to operate the medical device, and/or stored in at least one

energy storage device of the medical device.

10. A method according to claim 9 , wherein substantially all energy used for the

medical device is consumed to operate the medical device.

11. A method according to claim 10, wherein the energy is consumed after being

stabilized in at least one energy stabilizing unit of the medical device.

12. A method according to claim 9, wherein substantially all energy used for the

medical device is stored in said at least one energy storage device.

13. A method according to claim 9, wherein the energy used for the medical device is

partly consumed to operate the medical device and partly stored in said at least one

energy storage device.

14. A method according to claim 9, wherein the energy received by the internal

energy receiver is stabilized by a capacitor, before the energy is supplied directly or

indirectly to the medical device.

15. A method according to claim 9, wherein the difference between the total amount

of energy sent by the external energy source and the total amount of energy received

by the internal energy receiver is directly or indirectly measured over time, and the

energy balance is determined based on a detected change in said total amount

difference.



16. A method according to claim 9, wherein the energy received by the internal

energy receiver is accumulated and stabilized in an energy stabilizing unit, before the

energy is supplied to the medical device.

17. The method according to claim 1, wherein the feedback information is related to

the amount of energy being received in the internal energy receiver.

18. The method according to claim 17, wherein an electronic circuit in the external

energy source compares the feedback information with the amount of energy

transmitted by the external energy source.

19. The method according to claim 18, wherein an analyzer in the electronic circuit

analyzes the amount of energy being transmitted and receives the feedback

information related to the amount of energy received in the receiver, and further

determines the special energy balance by comparing the amount of transmitted

energy and the feedback information related to the amount of received information.

20. The method according to claim 19, wherein the external energy source uses said

feedback information to adjust the level of said transmitted energy.

2 1. The method according to claim 1, wherein the external energy source transfers

data related to the amount of transmitted energy to the receiver, and wherein the

feedback information is related to the amount of energy received in the receiver the

receiver compared to the amount of said transmitted energy.

22. The method according to claim 2 1 , wherein external energy source uses said

feedback information to adjust the level of said transmitted energy.

23. The method according to claim 1, wherein the feedback information is related to a

coupling factor between the primary coil and the secondary coil.



24. The method according to claim 23, wherein the external energy source increases

the amount of transferred energy to the internal energy receiver until a predetermined

response of said coupling factor is detected.

25. The method according to claim 24, wherein an indicator in the external energy

source indicates a level of the coupling factor.

26. The method according to claim 25, wherein an indicator in the external energy

source indicates an optimal placement of said secondary coil in relation to said

primary coil to optimize said coupling factor.

27. A method of controlling transmission of wireless energy supplied to an electrically

operable medical device (100) implanted in a mammal patient according to claim 1,

said wireless energy being transmitted by means of a primary coil in an external

energy source (104) located outside the patient and received inductively by means of

a secondary coil in an internal energy receiver (102) located inside the patient, the

internal energy receiver being connected to the medical device for directly or

indirectly supplying received energy thereto, wherein feedback control information (S)

is transferred from the secondary coil to the primary coil by switching the secondary

coil on and off to induce a detectable impedance load variation in the primary coil

encoding the feedback control information, where the feedback control information

reflects the amount of energy received in the medical device and is used for

controlling the transmission of wireless energy from the external energy source.

28. A method according to claim 1, wherein said on and off switching of the

secondary coil is controlled by an internal control unit (108), and the feedback control

information includes at least one predetermined parameter relating to the received

energy.

29. A method according to claim 28, wherein said predetermined parameter is

variable.

30. A method according to claim 27, wherein said on and off switching of the

secondary coil is controlled by an internal control unit (108), and the feedback control



information relates to the received energy and requires artificial intelligence to be

generated.

3 1 . A method according to claim 28 or 30, wherein said on and off switching of the

secondary coil is executed by means of an implantable switch as controlled by the

internal control unit.

32. A method according to claim 3 1 , wherein the switch is an electronic switch such

as a transistor.

33. A method according to claim 28 or 30, wherein the transferred feedback control

information is stored in a memory of the internal control unit.

34. A method according to claim 1 or 27, wherein an energy balance between the

energy received by the internal energy receiver and the energy used for the medical

device is determined, said feedback control information relating to the determined

energy balance, and the transmission of wireless energy from the external energy

source is controlled based on the determined energy balance and using said

feedback control information.

35. An apparatus for controlling transmission of wireless energy supplied to an

electrically operable medical device when implanted in a patient, the apparatus being

adapted to transmit said wireless energy from an external energy source located

outside the patient which is received by an internal energy receiver located inside the

patient, the internal energy receiver being connected to the medical device for

directly or indirectly supplying received energy thereto, the apparatus being further

adapted to:

- determine an energy balance between the energy sent by the external energy

source and the energy received by the internal energy receiver, and

- control the transmission of wireless energy from the external energy source,

based on the determined energy balance.



36. An apparatus according to claim 35, further adapted to transmit the wireless

energy inductively from a primary coil in the external energy source to a secondary

coil in the internal energy receiver.

37. An apparatus according to claim35, further adapted to detect a change in said

energy balance , and control the transmission of wireless energy based on said

detected energy balance change.

38. An apparatus according to claim 35, further adapted to detect a difference

between the energy sent by the external energy source and the energy received by

said internal energy receiver and control the transmission of wireless energy based

on said detected energy difference.

39. An apparatus according to claim 37, further adapted to decrease the amount of

transmitted wireless energy if the detected energy balance change implies that the

energy balance is increasing, or vice versa.

40. An apparatus according to claim 39, wherein the decrease/increase of energy

transmission corresponds to a detected change rate.

4 1 . An apparatus according to claim 38, further adapted to decrease the amount of

transmitted wireless energy if the detected energy difference implies that the

received energy is greater than the used energy, or vice versa.

42. An apparatus according to claim 4 1, wherein the decrease/increase of energy

transmission corresponds to the magnitude of said detected energy difference.

43. An apparatus according to claim 37 or 38, further adapted to consume the energy

used for the medical device is to operate the medical device, and/or store the energy

in at least one energy storage device of the medical device.

44. An apparatus according to claim 143, further adapted to consume substantially all

energy used for the medical device to operate the medical device.



45. An apparatus according to claim 43, further adapted to consume the energy after

being stabilized in at least one energy stabilizing unit of the medical device.

46. An apparatus according to claim 43, further adapted to store substantially all

energy used for the medical device in said at least one energy storage device.

47. An apparatus according to claim 43, further adapted to partly consume the

energy used for the medical device to operate the medical device and partly store the

energy in said at least one energy storage device.

48. An apparatus according to claim 43 further comprising a capacitor for stabilizing

the energy received by the internal energy receiver, before the energy is supplied

directly or indirectly to the medical device.

49 An apparatus according to claim 43, further adapted to directly or indirectly

measure over time the difference between the energy sent by the external energy

source and the total amount of energy received by the internal energy receiver and

determine the energy balance based on a detected change in said total amount

difference.

50. An apparatus according to claim 43, further adapted to accumulate and stabilize

the energy received by the internal energy receiver in an energy stabilizing unit,

before the energy is supplied to the medical device.

5 1 . An apparatus according to claim 50, further adapted to determine the energy

balance based on a detected change followed over time in the amount of consumed

and/or stored energy.

52. An apparatus according to claim 35, wherein the feedback information is related

to the amount of energy being received in the internal energy receiver.



53. The apparatus according to claim 52, wherein the external energy source further

comprises an electronic circuit for comparing the feedback information with the

amount of energy transmitted by the external energy source.

54. The apparatus according to claim 53, wherein the electronic circuit comprises an

analyzer adapted to analyze the amount of energy being transmitted and adapted to

receive the feedback information related to the amount of energy received in the

receiver, and further adapted to determine the special energy balance by comparing

the amount of transmitted energy and the feedback information related to the amount

of received information.

55. The apparatus according to claim 54, wherein the external energy source is

adapted to use said feedback information to adjust the level of said transmitted

energy.

56. The apparatus according to claim 35, wherein the external energy source is

adapted to transfer data related to the amount of transmitted energy to the receiver,

and wherein the feedback information is related to the amount of energy received in

the receiver the receiver compared to the amount of said transmitted energy.

57. The apparatus according to claim 35, wherein external energy source is adapted

to use said feedback information to adjust the level of said transmitted energy.

58. The apparatus according to claim 35, wherein the feedback information is related

to a coupling factor between the primary coil and the secondary coil.

59. The apparatus according to claim 37, wherein the external energy source is

adapted to increase the amount of transferred energy to the internal energy receiver

until a predetermined response of said coupling factor is detected.

60. The apparatus according to claim 38, wherein the external energy source further

comprises an indicator adapted to indicate a level of the coupling factor.



6 1. The apparatus according to claim 40, wherein the external energy source further

comprises an indicator adapted to indicate an optimal placement of said secondary

coil in relation to said primary coil to optimize said coupling factor.

62. An apparatus for controlling transmission of wireless energy supplied to an

electrically operable medical device (100) when implanted in a mammal patient, the

apparatus comprising:

- an external energy source (104) adapted to transmit said wireless energy by

means of a primary coil when located outside the patient,

- an internal energy receiver (102) adapted to receive the transmitted wireless energy

inductively by means of a secondary coil when located inside the patient, and to

directly or indirectly supply received energy to the medical device,

wherein the internal energy source is adapted to transfer feedback control

information (S) from the secondary coil to the primary coil by switching the secondary

coil on and off to induce a detectable impedance load variation in the primary coil

encoding the feedback control information, where said feedback control information

reflects a required amount of energy for operating the medical device and is used for

controlling the transmission of wireless energy from the external energy source.

63. An apparatus according to claim 62, further comprising

- an internal control unit (108) adapted to control said on and off switching of the

secondary coil, wherein the feedback control information includes at least one

predetermined parameter relating to the received energy.

64. An apparatus according to claim 63, wherein said predetermined parameter is

variable.

65. An apparatus according to claim 62, further comprising

- an internal control unit (108) adapted to control said on and off switching of the

secondary coil, wherein the feedback control information is intelligent and variable

relating relates to the received energy and requires artificial intelligence to be

generated.



66. An apparatus according to claim 62 or 63, further comprising an implantable

switch adapted to execute said on and off switching of the secondary coil as

controlled by the internal control unit.

67. An apparatus according to claim 66, wherein the switch is an electronic switch

such as a transistor.

68. An apparatus according to claim 65, wherein the internal control unit comprises a

memory for storing the transferred feedback control information.

69. An apparatus according to claim 35 or 62, further comprising

- an internal control unit (108) adapted to determine an energy balance between the

energy received by the internal energy receiver and the energy used for the medical

device, said feedback control information relating to the determined energy balance,

and

- an external control unit (106) adapted to control the transmission of wireless energy

from the external energy source based on the determined energy balance and using

said feedback control information.

70. An apparatus according to claim 35 or 62, further comprising

- an external control unit (106) adapted to determine an energy balance between the

energy received by the internal energy receiver and the energy used for the medical

device based on said feedback control information comprising measurements

relating to characteristics of the medical device, and to control the transmission of

wireless energy from the external energy source based on the determined energy

balance and using said feedback control information.
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