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(57) Abréegée/Abstract:

A portable monitoring devicecomprising a hearing aid having a housing, at least one microphone (24) for recelving ambient sound,
acoustic signal processing means (43) for processing a signal from the microphone, and an acoustic output transducer (33), s d
portable monitoring device further comprising an EEG monitoring system for monitoring EEG signals of a person using the
portable monitoring device, saild EEG monitoring system beling arranged at least partly in said housing, saild EEG monitoring
systemcomprisinga measuring unit (3) having electrodes (12) for measuring one or more EEG signals from the person carrying the
EEG monitor, sald electrodes (12) being arranged external to the housing or at the outer surface of the housing. Saild EEG
monitoring system further comprises a processing unit (42) having EEG signal processing means for analyzing the EEG signal,
sald processing unit being arranged In said housing, sald signal processing means being adapted for, based on the EEG signal,
identifying or predicting specific biological incidences, such as a seizure, In said person, said processing unit comprising decision
means for deciding, based on said analyzed EEG S|gnal when an alarm or Information must be provided to said person, and
means for providing said alarm or information through said output transducer (33).
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(57) Abstract: A portable monitoring devicecomprising a hearing aid having a housing, at least one microphone (24) for receiving
ambient sound, acoustic signal processing means (43) for processing a signal from the microphone, and an acoustic output trans-
ducer (33), said portable monitoring device further comprising an EEG monitoring system for monitoring EEG signals of a person
using the portable monitoring device, said EEG monitoring system being arranged at least partly in said housing, said EEG moni-
toring systemcomprisinga measuring unit (3) having electrodes (12) for measuring one or more EEG signals from the person car-
rying the EEG monitor, said electrodes (12) being arranged external to the housing or at the outer surface of the housing. Said
EEG monitoring system further comprises a processing unit (42) having EEG signal processing means for analyzing the EEG sig-
nal, said processing unit being arranged in said housing, said signal processing means being adapted for, based on the EEG signal,
identitying or predicting specitic biological incidences, such as a seizure, 1n said person, said processing unit comprising decision
means for deciding, based on said analyzed EEG signal, when an alarm or mmformation must be provided to said person, and
means for providing said alarm or information through said output transducer (33).
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Portable monitoring device with hearing aid and EEG monitor

The present invention relates to portable monitoring devices. The invention further
relates to portable monitoring devices comprising a hearing aid and comprising an EEG
monitoring system for monitoring biological incidences. The invention more
specifically relates to portable monitoring devices comprising a housing, at least one
microphone for recerving ambient sound, acoustic signal processing means for

processing a signal from the microphone, and an output transducer.

In general the prevalence of hearing aid use 1s more profound in the population of

clderly persons than in the general population.

Also the prevalence of diabetes 1s more profound in the elderly population and 1t has

been realized that there 1s a significant group of hearing aid users with diabetes.

For persons with diabetes detailed control of blood sugar concentration 1s important.
The level should not be too high 1n order to limit the risk of long term effects of
diabetes. The blood sugar level should also not be too low, since this might lead to
hypoglycemia, where the person becomes absent and may become unconscious.
Hypoglycemia may be fatal. Therefore, persons with diabetes often need to measure
thewr blood sugar level on a daily basis, or several times a day, by testing a small blood
sample. Some persons with diabetes have the problem that they will not feel any
warning before the blood sugar concentration has fallen to a level where hypoglycemia
occurs. However, characteristic changes 1n the electroencephalographic (EEG) signals

of a person with diabetes will be seen before the onset of hypoglycemia.

Also for persons with epilepsy characteristic changes in the EEG signals may be seen

betore the onset of an attack.

It 158 known from WO 2006/066577 to apply a system measuring EEG signals

continuously on a person, for detecting if a person with diabetes 1s getting close to a
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hypoglycemic event. In WO 2007/144307 an algorithm for detecting hypoglycemia
from an EEG signal 1s also presented. In US 6,572,542 Blboth the EEG signal and the
Electrocardiography (ECGQG) signal are applied for detection of hypoglycemia.

Such systems have been developed to a level where they can be carried continuously by
a person without limiting the person in daily activities. If the onset of hypoglycemia 1s
detected, ¢.g. according to a method described in WO2007/144307, the person 1s
alerted by the system and has been instructed to either measure the blood sugar
concentration or to drink or eat something increasing the blood sugar concentration.
Often a surgical operation 1s needed 1n order to arrange electrodes subcutancously on
the head. These electrodes will, in some way, be connected with an electronic device

arranged on the body.

For many hearing impaired persons using a hearing aid it may be difficult to handle this
small high tech product. This may especially be a problem to elderly persons. If these
persons are also equipped with an EEG monitoring system, which also needs correct
handling 1in order to function properly, the risk of incorrect handling of at least one of
these two devices will most likely increase significantly. This imposes a risk of missing
an alarm of an upcoming biological incidence, such as hypoglycemia, or of not having

the possible optimal hearing.

Therefore, 1t will often be a problem to equip elderly persons with both a hearing aid
and an EEG monitoring system, both being equipment to which they must pay attention
and handle m specific different ways 1n order to obtain the benefits of these devices.
Also, more devices arranged on the body of a person increase the risk of overlooking

on¢. Further, a hearing aid user often needs two hearing aids.

The above problem has been solved by a portable monitoring device comprising a
hearing aid having a housing, at least one microphone for receiving ambient sound,
acoustic signal processing means for processing a signal from the microphone, and an
acoustic output transducer, said portable monitoring device further comprising an EEG

monitoring system for monitoring EEG signals of a person using the portable
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monitoring device, said EEG monitoring system being arranged at least partly 1n said
housing, said EEG monitoring system comprising a measuring unit having electrodes
for measuring one or more EEG signals from the person carrying the EEG monitor,
said electrodes being arranged external to the housing or at the outer surface of the
housing. Said EEG monitoring system further comprises a processing unit having EEG
signal processing means for analyzing the EEG signal, said processing unit being
arranged 1n said housing, said signal processing means being adapted for, based on the
EEG signal, 1identifying or predicting specific biological incidences, such as a seizure,
in said person, said processing unit comprising decision means for deciding, based on
said analyzed EEG signal, when an alarm or information must be provided to said
person, and means for providing said alarm or information through said output

transducer.

A portable monitoring device comprising a hearing aid and an EEG monitoring system
according to the invention will have the advantage of being only one device to
remember and to handle. It can be manufactured to a smaller size and a lower price,
compared to two independent devices since the housing and acoustic output transducer
1s applied for both purposes. Also other components, such as battery and part of the
clectronics, may be applied for both purposes. It will be possible for the manufacturer
to design the portable monitoring device comprising a hearing aid and an EEG
monitoring system such that the user interface of the two can be either integrated or
setup for optimal handling and control of both the hearing aid and the EEG monitoring
system, thereby facilitating an overall easier handling compared to two different
devices. For example the same remote control would preferably be applied for both

functions.

In an embodiment the portable monitoring device comprises adjustment means for
adjusting the sound level of a sound message or an alarm according to the actual

acoustic background noise level 1 order to make the sound message clearly discernible
over the background noise. This will increase the probability that the user will notice an
alarm or message from the EEG monitoring system, and take action on such an alarm,

thereby reducing the risk of a biological incidence. This biological incidence may be
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hypoglycemia. In that case the action to be taken by the user 1s relatively simple, 1.¢.
increase the blood sugar level by eating or drinking something with high glucose

content.

In an embodiment of a portable monitoring device comprising a hearing aid and an
EEG monitoring system, the EEG monitoring system 1s adapted for a wireless
connection between the measuring unit and the processing unit. This facilitates a more
flexible arrangement of the portable monitoring device. It will be possible to implant

the measuring unit or to arrange the two units on different positions on the user’s body.

In an embodiment of a portable monitoring device comprising a hearing aid and an
EEG monitoring system, the measuring unit comprises an electronic module which 1s
connected with the electrodes. This electronic module may comprise an analogue to
digital converter 1n order to digitize the signal and make 1t less sensitive to noise as
close to the electrodes as possible. The electronic module 1s further being connected
with communication means for transmitting the EEG signal to the processing unit. Such

communication means may be wired, ¢.g. through a data bus, or wireless.

In a further embodiment of a portable monitoring device, the measuring unit of the
EEG monitoring system 1s implanted subcutancously on the head of the person to be
monitored. This will ensure a better and more stable electrical contact between the
clectrodes and the tissue. Preferably the measuring unit 1s arranged between the scalp

and the scull, thereby making the implantation relatively simple.

In a further embodiment the portable monitoring device 1s prepared for comprising a
battery for providing power to the hearing aid and the EEG monitoring system, where
the power to the measuring unit 1s transferred wirelessly. This makes 1t possible to have
an 1mplant powered from an external unit, whereby a surgical operation to change

battery 1n an implanted measuring unit can be avoided.

In a further embodiment the measuring unit 1s adapted to be arranged in the ear canal

with at least two ¢lectrodes adapted to be in contact with the wall of the ear canal 1n at
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least two different positions. It has been found that the ear canal 1s a god place for
measuring EEG signals. By having the electrodes 1n the ear canal, implantation of the
measuring unit can be avoided. Furthermore, in order for the hearing aid to function,
some car plug with means for supplying an acoustic signal to the user’s eardrum will be

necessary. Therefore, electrodes may be arranged with or attached to such an ear plug.

In a further embodiment the processing unit of the EEG monitoring system 1s adapted
to be arranged behind the ear. In this embodiment the housing of the portable
monitoring device 1s arranged behind the ear as a behind-the-ear hearing aid. This has
the advantage that the housing 1s not directly visible, and when the measuring unit 18
implanted subcutancously in an area of the head behind the ear, a good wireless contact

can be obtained.

In a further embodiment the signal from the electrodes 1s digitized 1n the measuring
unit before being transmitted to the EEG signal processing means in the processing
unit. This can facilitate transmission through a data bus and the data can be packed for

transmission. Also, the signal will be less sensitive to noise.

In a further embodiment the measuring unit and the processing unit is arranged in an
car plug casing adapted to be arranged in the ear canal, said ear plug casing being
provided with an outer shape being individually matched to the shape of the ear canal.
In this embodiment the electrodes will typically be arranged on the outer surface of the
car plug casing 1n order to be 1n close contact with the skin of the ear canal when
mounted in an ear canal. An m-the-ear hearing aid 1s preferred by a number of hearing
aid users, and with this embodiment 1t will be possible to have an in-the-car portable

monitoring device comprising an EEG monitoring system.

In a further embodiment acoustic signal processing means for the hearing aid function
1s placed 1 the housing also comprising the processing unit for the EEG monitoring
system. The acoustic signal processing means 18 programmable 1n order to facilitate the

adjustment of the hearing aid transfer function to the needs of the individual user. The
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advantage of having the two processing units 1n the same housing 1s that the wiring
between them and other components arranged 1n the housing can be simpler. Such

other components could be receiver, power supply, memory and microphone.

In a further embodiment the acoustic signal processing means and the EEG signal
processing means are arranged on the same chip. This will make the wiring even

simpler and may save some space facilitating a smaller housing.

In a further embodiment the acoustic signal processing means and the EEG signal
processing means are programmable from an external device, such that said system can
be set up to function according to needs of the individual user. Such programming
could be performed by wire or wirelessly, ¢.g. through a relay device. A relay device
can be used for wireless communication with the portable monitoring device, where a
short range and low power consumption transmission 18 applied between the hearing
aid and the relay device, whereas a longer ranging transmission 1s applied between the
relay device and surrounding units. The programming of the portable monitoring
device could be performed from one software tool programming both the hearing aid

parameters as well as the EEG monitoring parameters.

In a further embodiment the portable monitoring device further comprises a data logger
adapted to log events 1in the EEG signal relevant for the 1dentification or prediction of
specific biological incidences. Such logged data may provide the user with important
information which may help 1 avoiding future biological incidences. If an incidence 1s
often close, but not actually occurring, on a specific time during the day, changes 1n the
daily routines might be suggested. In the case of diabetes such changes could be to eat
more, or decrease the insulin dosis, before the time during the day where an mcidence
(here hypoglycemia) 1s often close. Data logging can be performed both for hearing aid

related parameters and for EEG signal parameters.

In a further embodiment the portable monitoring device further comprises a radio
transmitter adapted for sending information obtained from the EEG monitoring

concerning a biological incidence to an external device. This will facilitate that an
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alarm or information could be passed directly to family members or to medical care
staff. A radio receiver may also be applied for setting up the different parameters

cither the hearing aid or 1n the EEG monitor.

In a second aspect the mvention covers a method of monitoring an EEG signal of a
hearing impaired person comprising the steps of

- providing a portable monitoring device comprising a hearing aid having a
housing, at least one microphone for receirving ambient sound, acoustic signal
processing means for processing a signal from the microphone, and an
acoustic output transducer, said portable monitoring device further comprising
an EEG monitoring system for monitoring EEG signals of a person using the
portable monitoring device, said EEG monitoring system being arranged at
least partly 1n said housing,

- providing a measuring unit having electrodes for measuring one or more EEG
signals from the person carrying the EEG monitor, said electrodes being
arranged external to the housing or at the outer surface of the housing,

- providing a processing unit having EEG signal processing means for analyzing
the EEG signal, said processing unit being arranged 1n said housing, said
signal processing means being adapted for, based on the EEG signal,
1dentifying or predicting specific biological incidences, such as a seizure, 1n
said person, said processing unit comprising decision means for deciding,
based on said analyzed EEG signal, when an alarm or information must be
provided to said person, said alarm or information 1s provided through said

output transducer.

In a third aspect the invention covers a system comprising a portable monitoring device
according to any on¢ of the above mentioned embodiments, and adapted to be arranged
at one car of a person. The system 1s further comprising a hearing aid adapted to be

arranged at the other ear of the person. The hearing aid could also be substituted with a
second portable monitoring device. Preferably, the first portable monitoring device and

the hearing aid or second portable monitoring device can communicate wirelessly in
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order to provide any alarm or information to the person to both ears. This will increase

the intelligibility of any messages, as binaural messages will be easier to understand.

In an embodiment of this system, 1t also comprises a remote control for adjusting said

portable monitoring device and said hearing aid.

In a further embodiment the system comprises a relay device. A remote control and a
relay device may be combined into one unit. Such a combined unit may comprise extra

memory, ¢.g. for data logging.

Embodiments of the invention will now be explained in further detail with reference to

the figures.

Figure 1 1llustrates an embodiment where the processing unit of the EEG monitoring
system 1s prepared to be arranged 1n a behind the ear hearing aid type housing and the
measuring unit 1s prepared to be an implant arranged subcutancously 1n the area behind
the ear.

Figure 2 1illustrates the embodiment of figure 1 1n a more schematic form.

Figure 3 1llustrates an embodiment with the measuring unit prepared to be arranged 1n

the ear canal.

Figure 4 1llustrates an embodiment with both the processing unit and the measuring unit

being prepared to be arranged 1n the ear canal.

Figure 5 1llustrates an example of functional elements in an embodiment of figure 1.

Figure 6 1llustrates an embodiment with an implantable measuring unit and a housing.

Figure 7 1illustrates an implantable measuring unit in a top view.
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Figure 8 1llustrates the implantable measuring unit of figure 7 1n a side view.

Figure 1 shows the head 1 of a person wearing a portable monitoring device. The EEG
monitoring system 1n figure 1 comprises an external unit 2, here the processing unit,
and an implant unit 3, here the measuring unit. The two units 2, 3 are adapted to be 1n
wireless communication through the skin of the person. The implanted unit 3 comprises
a measuring unit having electrodes 12. The measuring unit will have at least two
clectrodes 12. The clectrodes may be arranged as separate wires or as separate
clectrodes 12 m the same wire 11 as illustrated i figure 1. One wire comprising all
clectrodes may facilitate a simple implantation process. The different electrodes 12 in
the wire 11 are connected independently to an electronic module10 comprising means
for converting a signal obtained by the electrodes into digital form, and further

comprising means for communicating with the external unit 2.

Figure 2 shows in schematic form the implant unit 3 arranged under the skin 4, 1.¢.
subcutancously, of a person, and the external unit 2 arranged right outside the skin
barrier 4 of the person. In this embodiment the external unit 2 comprises a base part 20,
¢.g. prepared to be arranged behind the ear, and an ear canal part 21 prepared to be
arranged 1n the ear canal of the person using the monitoring system. In a different
embodiment (see figure 1 or 6) the external unit 2 1s made up of the base part alone

without an car canal part.

The base part 20 will comprise the communication means for communicating with the
implant part 3. The communication means will comprise an antenna ¢.g. 1n the form of
a coil corresponding with a coil mn the tmplant unit 3 through an inductive coupling.
The base part 20 may also comprise the processing unit which 1s adapted for analyzing
the EEG signal 1n order to 1dentify or predict any biological incidence which may be
found from an analysis of the EEG signal. The base part 20 will typically also comprise
the power supply in the form of a battery. Also, the base part will often comprise one or
two microphones for the hearing aid function, which may also be applied for measuring
the background noise level. This noise level can be applied as mput for processing

means set up for adjusting the sound level of a sound message according to the actual
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acoustic background noise level. In general, sound messages may also be related to the
hearing aid function and to mnformation related to the EEG monitoring system other

than alarms directed to the onset of hypoglycemaa.

The car canal part 21 may be formed as an ear plug comprising means for supplying an
acoustic signal to the person carrying the monitoring system. Such means for supplying
an acoustic signal may be a receiver or loudspeaker 22 arranged 1n the ear canal part 21
and provided with an electrical signal through a wire from signal processing means 1n
the base part 20. The means for supplying an acoustic signal may also be a sound tube
arranged 1n the ear canal part 21 1n one end, and 1n the base part 20 1n the other end. A
recerver or loudspeaker 22 1s then arranged 1n the base part 20 supplying the acoustic
signal to the sound tube, where the sound tube 1s guiding the acoustic signal to the ear
canal part 21. The means for supplying an acoustic signal 1s applied for both the
amplified hearing aid signal as well as for any alarm or information from the EEG
monitoring system. An ear canal part formed as an ear plug 1s preferably shaped to the

form of the user’s ear canal.

The tmplant unit 3 also shown 1n figure 2 comprises electrodes 12 and an electronic
module 10. The electronic module comprises an antenna for communication with the
base part 20 of the external unit 2. This antenna may be 1n the form of a coil for
inductive coupling. But also other types of antennas may be applied. The electronic
module 10 also comprises analogue to digital conversion means and ¢.g. means for

controlling the signal transfer to the base part 20.

The implant unit 3 also comprises power supply means for the electronic module. This
may be 1n the form of a battery which can be recharged by external means, ¢.g. through
induction, or which 1s recharged from a system generating power from ¢.g. heat
differentials in the body or from kinetic energy generated from body movement. The
implant unit 3 may also be continuously powered through an inductive coupling from

the base part of the external unit 2.
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Figure 3 shows an embodiment where the measuring unit 1s arranged in the ear canal
part 21. In this embodiment the electrodes 23 for detecting the EEG signal are arranged
on the outside surface of the ear canal part, where they will be 1n contact with the skin
in the car canal when the ear canal part 1s 1n use. Preferably, the car canal part 21 1s
formed 1nto an ear plug fitting the specific ear canal of the portable monitoring device
user. Thereby, the electrodes can be easily arranged 1n the same position whenever the
car canal part 1s arranged 1n the car canal. This may be important in order to avoid that

changes 1n the EEG signal could be caused by a change 1n the position of the electrodes

23.

Figure 4 shows an embodiment where all parts of the portable monitoring device are
prepared to be arranged in the ear canal. This embodiment will be formed as a so-called
in-the-ear hearing aid comprising a hearing aid and an EEG monitoring system. The
portable monitoring device according to this embodiment will preferably be formed

into an ear plug, fitting the ear of the hearing aid user.

Figure 5 shows the main components of a portable monitoring device according to an
embodiment of figure 1 or 2, which 1s set up for communication with an external unit 6
such as a remote control or a relay device for assisting the portable monitoring device
in wireless communication between the portable monitoring device and the
surroundings. The portable monitoring device 1s arranged 1n a housing 2 comprising the
acoustic signal processing means 43 and the EEG signal processing means 42. The
measuring unit 3 for the EEG monitoring system 1s arranged external to the housing 2
and 1s prepared for wireless communication with the EEG signal processor 42. The
wireless communication between the measuring unit 3 and the EEG signal processor 42
may be performed through inductive coils 19, 30, which also allow for wireless transfer
of power to the measuring unit 3. This 1s particularly advantageous when the measuring

unit 3 1s implanted.

The EEG signals are to be measured by electrodes 12 arranged subcutancously with the
measuring unit 3. The analogue EEG signals are digitized and packed for sending by

the electronic module 10. When the EEG signals have been transferred to the EEG
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signal processor the signals are analyzed in order to detect any changes 1n the signals
over time which may indicate onset of hypoglycemia. If the signal analysis indicate that
onsect of hypoglycemia may be approaching, a message 1s sent to the acoustic signal
processor from where an acoustic alarm or information 1s provided through an acoustic
output transducer 33, 1.¢. a recerver or loudspeaker. A microphone 24 1s applied for
measuring the surrounding sound pressure level, and the output of the receiver 33 1s
thus adjusted to this background noise. Individual settings for the EEG monitoring
system may be stored in the memory EEPROM 46 1n the portable monitoring device,
and such settings can be accessed through the internal bus 41 connecting the different
components 1n the portable monitoring device housing 2. Individual settings for the
EEG monitoring system may comprise parameters setting up the EEG signal processor
for 1dentifying or predicting the specific biological incidence relevant for the user. This
could be hypoglycemia or epileptic attacks. In the case of hypoglycemia parameters
could also be specitying how early an alarm of hypoglycemia should be given. This 1s
relevant since the onset of hypoglycemia may have different causes for different

individuals.

The mternal memory of the portable monitoring device 46, which 1n this example 18 an
EEPROM, will also be applied for storage of the hearing aid parameters such as data
representing the audiogram of the hearing aid user as well as other parameters set up
for the individual user. These parameters are stored in the portable monitoring device
memory 46 during the fitting of the hearing aid part. This 1s done by transferring the
parameters from the hearing aid fitter’s computer through a wired connection, or

wirelessly as 1llustrated in figure 5, to the portable monitoring device memory:.

The wireless connection between the portable monitoring device and an external unit 1s
preferably based on a low power consumption radio 45 receiver and transmitter
communicating with a radio 35 1n ¢.g. a relay device 6. The relay device 1s also referred
to as a DEX unit within hearing aid technology. The external unit with a radio 35 could
also be the computer of the fitter. A relay device 6 or DEX may be applied for a
number of other purposes than transferring set-up parameters for the portable

monitoring device. The relay device 6 1s often arranged to be carried on the breast in a
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line around the neck of a hearing aid user. It may be 1n wireless communication with
other units, where a communication standard with higher power demands, such as
Bluetooth, can be applied because the relay device 1s usually larger and equipped with
substantially larger, and therefore more powerful, batteries than possible 1n ¢.g. hearing

a1ds.

A relay device 6 may be applied for streaming sound to the portable monitoring device.
This could be sound from a television or from a microphone external to the portable
monitoring device. The relay device 6 may further be supplied with further memory
capacity, such as a flash memory, which could be applied for storage of data logged by
the portable monitoring device or for storage of sound files to be streamed to the
portable monitoring device. Such logged data could be statistical data comprising
information on sound environment and on the EEG signal. Such data could be stored
continuously in the EEPROM 46, and transferred to a flash memory, ¢.g. 1n a relay

device, when necessary.

Figure 6 shows a portable monitoring device comprising a hearing aid and an EEG
monitoring system according to the embodiment of figure 1 1 more details. Focus in
figure 6 1s on the EEG monitoring system. The implant unit 3 1s suitable for being
subcutancously positioned behind the ear of a person to be EEG monitored. The
implant unit 3 comprises a subcutancous electrode wire 11 having a plurality of active
arcas 12 separated by 1solators 9, said electrode wire 11 being connected to an
clectronic circuit 10. The EEG electrode wire 11 shown 1n this embodiment has two
active arcas 12, each individually connected and arranged to be individual electrodes,
but other embodiments may require an EEG electrode having three or more active
arcas. The electronic circuit 10 comprises an A/D converter 14, a data packet controller
15, a communications controller 16, and a voltage regulator 17. Preferably, the A/D
converter 14 1s of a low power consumption type. The electrode wire 11 1s connected to
the mnput terminals of the A/D converter 14 via electrode wires 13, the communications
controller 16 1s connected to a first communication coil 19, and the voltage regulator 17
1s connected to a ceramic capacitor 18. The ceramic capacitor 18 as well as the

communication coil 19 are both arranged as part of the implant unit 3.
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The external part 2 of the EEG monitoring system 1n figure 6 comprises a controller 31
connected to a second communications coil 30, a battery 32 for powering the controller
31, and a recerver (1.¢. loudspeaker) 22 for providing an acoustic signal, ¢.g. a sound
message 1 the event of a biological incidence, such as a seizure, 1S coming up. The

controller 31comprises the EEG signal processor and the acoustic signal processor. The
external part 2 also comprises at least one microphone (not shown). In addition to being
applied for the hearing aid function a microphone can be applied for measuring

background noise in order to adjust the sound pressure level of a sound message

according to the background noise level.

When 1n use, the external unit 2 of the EEG monitoring system may be placed behind
the ear of a user for whom monitoring of an EEG signal is desired, and in the vicinity
of the subcutancously implanted unit 3, which 1s to be implanted right below the skin
and slightly behind the ear of the user and positioned 1n such a way that a reliable,

clectrical EEG signal may be detected by the electrode wire 11,

The electrode wire 11 picks up EEG signals as a varying electrical voltage potential
between two of the active arcas 12 and feeds the varying electrical voltage to the input
terminals of the A/D converter 14 via the electrode wires 13. The A/D converter 14
converts the varying electrical voltage from the electrode wire 11 into a digital signal
and presents said digital signal to the data packet controller 15. The data packet
controller 15 arranges the digital signal representing the electrical signal from the
clectrode wire 11 into a stream of data packets according to a predetermined
communications protocol, and feeds the resulting stream of data packets to the

communications controller 16.

The communications controller 16 is configured to two operational purposes. The first
purpose of the communications controller 16 enables the electronic circuit 10 to be
encrgized electromagnetically by recerving energy from the second communications
coil 30 of the external part 2 by the first communications coil 19. The electromagnetic

energy recerved in the first communications coil 19 1s transferred by the
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communications controller 16 to the voltage regulator 17 and stored briefly as a charge
in the ceramic capacitor 18. The electrical energy stored 1n the ceramic capacitor 18 1s

then used as a power source for the electrical circuit 10.

The second purpose of the communications controller 16 takes data packets,
representing the electrical EEG signals from the electrode wire 11, from the data packet
controller 15 and converts them 1n the first communications coil 19 into bursts of
clectromagnetic energy suitable for being received and detected by the second
communications coil 30 of the external part 2. The second communications coil 30
converts the received electromagnetic energy into an electrical signal suitable for being

continuously decoded and analyzed by the controller 31.

Depending on the results of the analysis of the EEG signals, decisions may be taken by
the controller 31 to activate the receiver 22 sounding an alarm or providing
information, ¢.g. when a predetermined medical condition 1s deemed to be present from
the analysis of the EEG signals. This alarm may then alert a user to the medical
condition, and allow him or her to take adequate steps to alleviate the medical
condition, ¢.g. by taking a prescription drug or consulting medical personnel to ask for

immediate advice or help, depending on the medical condition.

Figure 7 and 8 show an embodiment of the implantable unit 3 shown 1n figure 6. Figure
7 shows a top view of the implantable unit 3, and figure 8 shows a corresponding side
view of the implantable unit 3. The implantable unit 3 comprises an electrode wire 11
having 1solated areas 9, active arcas 12a, 12¢ for contacting subcutancous tissue 1n
order to detect the presence of an electrical signal, and a substantially circular carrier
clement 37 comprising an electronic circuit 10, a ceramic capacitor 19, and a first
communication coil 19. The implantable unit 3 1s configured for subcutancous
implantation behind the ear of a user, and the electrode wire 11 1s embodied as an
clongated member which as an example have a physical length of about 60 mm and a
physical width of approximately 1 mm, and the substantially circular carrier element 37
has a diameter of ¢.g. approximately 20 mm 1n order to make the implant unit 3 casily

implantable.
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The implant unit 3 with the electrode wire 11 1s arranged to be implanted
subcutancously behind the ear of a user in order to provide a signal suitable for
detection by the electronics of the EEG monitoring system. A typical output signal
from the EEG e¢lectrode has a magnitude in the range of approximately 1 uV to 100mV.
Muscular contractions usually generate voltage levels of a magnitude of 10 mV, but
such signals are filtered out by the system. The mtrinsic noise level of the electrode 1s
about 1 uV RMS measured over a bandwidth from 0.1 to 100 Hz, and the useable
bandwidth of the output signal 1s 0.1 to 40 Hz. The ¢lectrode has a bio-compatible
PTFE polymer base, and the electrode contacts are made from a, likewise bio-

compatible, platinum-iridium-alloy [Pt-Ir] with 90 % platinum and 10 % 1ridium.

Prior to implantation, the implantable unit 3 1s encased completely 1in a bio-compatible
resin (not shown), except the electrode wire 11, 1n order to protect the electronic
circultry from the environment of the surrounding tissue posterior to implantation.
When the external unit 2 18 worn behind the ear where the implant has been positioned,
the second communications coil 30 of the external part will be less than one ¢cm from
the first communications coil 19 of the implantable unit 3, thus facilitating
communication between the implantable unit 3 and the external unit 2 of the EEG
monitoring system. This communication includes the external unit 2 delivering
clectromagnetic energy to the implantable unit 3, and the implantable unit 3
transmitting data representing signals from the electrode wire 11 to the external unit 2

for analysis.

In general, several components may be applied for both hearing aid functions as well as
for EEG monitoring functions. Further to a receiver, this applies to a microphone,
power supply and to signal processing means for the two functions. Signal processing
means necessary for the two different functions may be mtegrated on the same
clectronic chip. In the embodiment of the EEG monitoring system comprising an
external unit 2 and an implant unit adapted to be in wireless communication, the

antenna of the external unit may be adapted for wireless communication with
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peripheral devices, such as devices for streaming audio to the hearing aid or devices for

recerving an alarm from the EEG monitoring system.

In the case where a person needs two hearing aids only one of these may need to be
combined with an EEG monitor mto a portable monitoring device. Anyway, an alarm
or information from the EEG monitoring system may be supplied through both hearing
aids 1n order to improve the audibility. The portable monitoring device and the hearing
aid may be wirelessly connected 1n order to achieve this. The audibility may be further
improved by improving the binaural masking level by phase shifting the signal to one

of the hearing aids by 180 degrees.

It will also be advantageous to reduce the level of amplification of the sound from the
microphone of the hearing aid 1n the portable monitoring device, and ¢.g. 1 the further
hearing aid, during any alarm or information from the EEG monitoring system. The
level of amplification should be reduced to a level where the sound pressure level
front of the eardrum caused by the amplified sound from the surroundings will not
reduce the intelligibility or perception of any alarm or message from the EEG
monitoring system. The reduction 1n amplification could further be decided from the

importance or urgency of the alarm or message from the EEG monitoring system

In most embodiments both the hearing aid part and the EEG monitoring system of the
portable monitoring device will comprise programmable parts or parameters adapting
the hearing aid function as well as the EEG monitor function to the individual user.
Such programming could be performed from the same software platform even though
the two set of parameters may need to be decided on by two different specialists, 1.¢.
on¢ for the hearing aid functions and one for the EEG monitoring. The programming
could be performed through a wired connection or wirelessly, ¢.g. via a relay device.
Programming or adjustment of the initial programming could also be performed over

the 1internet.

If the portable monitoring device comprises a data logger, this can preferably be set up

for logging hearing aid related data as well as EEG related data. The hearing aid related
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data to be logged could be data describing the sound environment in which the hearing
aid has been applied and user selected programs of the hearing aid in corresponding
sound environments. EEG related data could be number of and time of alarms and
events where an alarm was close but prevented before the alarm was given. Also a
logging of the specific time when ¢.g. the blood sugar level seems to be low could be of

relevance

Most portable monitoring device users will have the need of removing and switching
off their hearing aids when going to sleep. However, 1t 1s often preferable also to have
the EEG monitoring during sleep. Therefore, 1t should be possible to switch off the
hearing aid function without switching off the EEG monitoring function. A remote

control could be applied for this purpose.
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Claims
1. A portable monitoring device comprising a hearing aid having a housing, at
[east one microphone for receiving ambient sound, acoustic signal processing
means for processing a signal from the microphone, and an acoustic output
transducer, said portable monitoring device further comprising an EEG
monitoring system for monitoring EEG signals of a person using the hearing
aid, said EEG monitoring system being arranged at least partly 1n said housing,
said EEG monitoring system comprising
— a measuring unit having electrodes for measuring one or more EEG
signals from the person carrying the EEG monitor, said clectrodes being
arranged external to the housing or at the outer surface of the housing,
and
— a processing unit having EEG signal processing means for analyzing the
EEG signal, said processing unit being arranged 1n said housing, said
signal processing means being adapted for, based on the EEG signal,
1dentifying or predicting specific biological incidences, 1n said person,
said processing unit comprising decision means for deciding, based on
said analyzed EEG signal, when an alarm or information must be
provided to said person, and means for providing said alarm or

information through said output transducer.

2. A portable monitoring device according to claim 1, comprising adjustment
means for adjusting the sound level of a sound message according to the
acoustic background noise level 1in order to make the sound message clearly

discernible over the background noise.

3. A portable monitoring device according to claim 1 or 2, wherein said biological

incidence 18 hypoglycemia.

4. A portable monitoring device according to claim 1, 2 or 3, wherein said EEG
monitoring system 18 adapted for a wireless connection between the measuring

unit and the processing unit.
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A portable monitoring device according to claim 4, wherein said measuring unit
comprises an electronic module, said electronic module bemng connected with
the electrodes, and further being connected with communication means for

transmitting the EEG signal to the processing unit.

A portable monitoring device according to claim 5, wherein said measuring unit

1s implanted subcutancously on the head of the person to be monitored.

A portable monitoring device according to any one of the preceding claims,
comprising a battery for providing power to the hearing aid and to the EEG
monitor, where the power to the measuring unit of the EEG monitor 18

transferred wirelessly.

A portable monitoring device according to any one of the claims 1 - 5, wherein
said measuring unit 1S adapted to be arranged 1n the ear canal with at least two
clectrodes adapted to be 1in contact with the wall of the ear canal 1n at least two

different positions.

A portable monitoring device according to claim &, wherein the processing unit

1s adapted to be arranged behind the ear.

10. A portable monitoring device according to claim 9, wherein the signal from the

clectrodes 1s digitized 1n the measuring unit before being transmitted to the EEG

signal processing means 1n the processing unit.

11. A portable monitoring device according to claim &, wherein the measuring unit

and the processing unit are arranged 1n an ear plug casing adapted to be
arranged 1n the ear canal, said ear plug casing being provided with an outer

shape being individually matched to the shape of the ear canal.
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12. A portable monitoring device according to any one of the preceding claims,
wherein said acoustic signal processing means being placed 1n a housing also
comprising said processing unit, said acoustic signal processing means being
programmable 1n order to facilitate the adjustment of the hearing aid transfer

5 function to the needs of the individual user.

13. A portable monitoring device according to any one of the preceding claims,
wherein the acoustic signal processing means and the EEG signal processing
means are arranged on the same chip.

10

14. A portable monitoring device according to claims 13, wherein the acoustic
signal processing means and the EEG signal processing means are
programmable from an external device, such that said portable monitoring

device can be set up to function according to needs of the individual user.

15

15. A portable monitoring device according to any one of the preceding claims,
further comprising a data logger adapted to log events in the EEG signal

relevant for the 1dentification or prediction of specific biological incidences.

20 16. A portable monitoring device according to any one of the preceding claims,
comprising a radio transmitter adapted for sending information obtained from

the EEG monitoring concerning a biological incidence to an external device

17. A method of monitoring an EEG signal of a hearing impaired person
25 comprising the steps of
— providing a portable monitoring device comprising a hearing aid having a
housing, at least one microphone for receiving ambient sound, acoustic
signal processing means for processing a signal from the microphone, and
an acoustic output transducer, said portable monitoring device further

30 comprising an EEG monitoring system for monitoring EEG signals of a
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person using the portable monitoring device, said EEG monitoring system

being arranged at least partly in said housing,

— providing a measuring unit having electrodes for measuring one or more

10

15

EEG signals from the person carrying the EEG monitor, said electrodes
being arranged external to the housing or at the outer surface of the

housing, and

providing a processing unit having EEG signal processing means for
analyzing the EEG signal, said processing unit being arranged 1n said
housing, said signal processing means being adapted for, based on the
EEG signal, 1dentifying or predicting specific biological incidences, such
as a scizure, 1n said person, said processing unit comprising decision
means for deciding, based on said analyzed EEG signal, when an alarm or
information must be provided to said person, and means for providing

said alarm or information through said output transducer.

18. A system comprising a portable monitoring device according to any one of the

claims 1 — 16 adapted to be arranged at one ear of a person, and further

comprising a hearing aid adapted to be arranged at the other ear of the person.

20 19. A system according to claim 18 further comprising a remote control for

adjusting said portable monitoring device and said hearing aid.

20. A system according to claim 18 or 19 further comprising a relay device.
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