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(57) ABSTRACT

The present invention includes a method and device for warn-
ing of hypoglycaemic attacks, which is a big problem for
especially diabetics, who are in insulin treatment. It is esti-
mated that about 1 million people have a decreased quality of
life as a result of hypoglycaemic attacks. The invention col-
lects EEG signals from people, who must be supervised and
analyses these in order to detect characteristic changes in the
EEG signals, which occurs in advance of a hypoglycaemic
attack. In a preferred embodiment the EEG signals are col-
lected with subcutaneously placed electrodes and the signals
are lead via wires drawn under the person’s skin to a similar
subcutaneously placed signal processing unit. The signal pro-
cessing analyses the EEG signals and when the pre-seizure
characteristics signal changes are detected, a warning signal
is given to the person from an alarm giver build into the signal
processing unit, e.g. in form of a vibrator. When a person
detects a warning signal, the person can prevent the hypogly-
caemic attack by e.g. consuming a sugary food.

10 Claims, 5 Drawing Sheets
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1
METHOD AND APPARATUS FOR
PREDICTION AND WARNING OF
HYPOGLYCAEMIC ATTACK

The invention relates to a method of predicting and warn-
ing of hypoglycaemic attacks for people such as diabetics.

Moreover the invention relates a device for prediction and
warning of hypoglycaemic attacks for people such as diabet-
ics.

Hypoglycaemic attacks occur as a result of a too low blood
sugar concentration, which is mostly a problem for diabetics,
who are treated with insulin or other blood sugar regulating
medical drugs.

The attacks can be highly severe and often entail uncon-
sciousness.

The risk of an attack therefore often limits the possible
activities of the people, which furthermore decreases the
quality of life for these people.

Attacks can in a simple way be prevented if the people e.g.
consume appropriate food when the glucose values become
critical.

The problem is however that many in the risk group cannot
by themselves feel when the blood sugar concentration
reaches a critically low level with risk of an attack.

The number of people in the risk group is approximately 1
million.

There are known methods and devices for prediction of
hypoglycaemic attacks.

In U.S. Pat. No. 6,572,542 a method and a device are
described, which among others have the purpose of warning
hypoglycaemic attacks.

The known technique primarily uses registration of
changes in a person’s ECG (electrocardiographic) signals as
aresult of a critically low level of blood sugar, to emit a signal
ofwarning. The changes in the ECG signals are in an example
described in the patent specification linked with EEG (elec-
troencephalographic) signals from the person in order to
clarify the blood sugar dependent changes in the ECG signal.

Ithas been found, however, that this prior art involves some
drawbacks.

Since the technique requires signal analysis of both the
ECG and EEG signals from the person, who is being mea-
sured on, the algorithms for calculating become relatively
complex, which specifies high demands for hardware pro-
cessing power and at the same time demands a high power
draw.

If this is linked together with the fact that a relatively high
number of electrodes for both ECG and EEG signal collection
are necessary, it results in a relatively big and complex prod-
uct, which is difficult to apply in the daily life of a person.

It is furthermore generally known that the greater complex-
ity a product contains, the greater is the risk that the product
will become unstable.

The mentioned drawbacks have overall meant that the hith-
erto known technique has not resulted in the manufacturing of
products, which can enhance the quality of life for wide parts
of the risk group.

It is therefore a purpose of the invention to improve the
known method and the known device.

The object of the invention is achieved by a method of the
type stated in the introductory portion of claim 1, which is
characterized in that the warning is based on analysis of one
or more EEG signals from the person.

Hereby, it is thus possible to reduce the number of elec-
trodes, since the ECG signal is not going to be used, simul-
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2

taneously the complexity is reduced, and the demands for
processing power and the need for power draw is also
reduced.

In this way it is possible to manufacture a simple, robust
and highly portable alarm system, which basically everyone
in the seizure risk group can have advantage of.

As stated in claim 2 it is furthermore a special feature of the
invention that the warning is given after signal analytic iden-
tification of pre-seizure characteristic EEG changes such as
decrease in frequency and increase in amplitude.

Tests have shown that the EEG signal changes in a simple
and characteristic way in the time leading to a hypoglycaemic
attack. A signal analytic identification of the characteristic
changes in the frequency and amplitude has shown to be a
good, safe and robust basis for release of an alarm signal.

The alarm signal can be released in sufficient time before a
seizure is triggered, so that the person can easily have time to
prevent an attack.

In claim 3 is stated that it is furthermore a special charac-
teristic of the invention that the EEG signals are registered
from two or more electrodes placed intracranially or extrac-
ranially on the skin surface or subcutaneously.

By placing the EEG electrodes outside the skin the elec-
trode to skin contact impedance and thus the signal detection
will vary with e.g. the moisture of the skin and the head
movement of the patient. If the electrodes are placed subcu-
taneous the location will be permanent and the electro imped-
ance more stable, which makes the whole warning system
more robust.

It is stated in claim 4 that it is furthermore a characteristic
of the invention that the EEG signals from the electrodes are
transmitted via subcutaneously drawn wires to a subcutane-
ous placed signal interface unit or signal processing—and
alarm unit.

With these characteristics it is among other made possible
to manufacture a warning system for hypoglycaemic attacks,
which is not visible, since the whole unit can be placed
subcutaneously.

Further preferred embodiments of the method of the inven-
tion are defined in claims 5 through 8.

As mentioned the invention also relates to a device.

This is characterized in that the device collects EEG signals
from two or more electrodes and by signal analysis identifies
pre-seizure characteristic changes in the EEG signal such as
declining frequency content and increasing amplitude and
after identification of the characteristic EEG changes delivers
a warning signal.

The device thereby becomes simple, robust and highly
portable.

Further preferred embodiments of the device are defined in
claim 10.

The invention will now be explained more fully with ref-
erence to the drawings, in which:

FIG. 1 shows an example of EEG signal sequences with
both normal signals and the pre-seizure characteristic
changes.

FIG. 2 shows a person with a subcutaneously placed
hypoglycaemic seizure warning system.

FIG. 3 shows a block diagram of the warning system from
FIG. 2.

FIG. 4 shows a person with a warning system, which is
partly subcutaneously placed and is partly external.

FIG. 5 shows a block diagram of the warning system shown
in FIG. 4.

In FIG. 1 is shown part of four EEG signals derived from a
person in advance of a hypoglycaemic attack. The four sig-
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nals, which originate from different electrodes placed on the
person’s head skin, have been given the numbers 1 through 4.

The EEG signals are drawn in a co-ordinate system with
indication of time on the horizontal axis and the signal ampli-
tude on the vertical axis.

The time sequence specified with 5 shows a normal process
of the EEG signals, while the time sequence specified with 6
shows the EEG signal in advance of a hypoglycaemic attack.

In the normal time phase 5 the EEG signals as shown with
7 are characterized in that they oscillate with a given mean
frequency and with a given mean amplitude, which is com-
parable for all the four shown EEG signal derivations.

In the pre-seizure time phase 6 it is clearly seen, as indi-
cated with 8, that the EEG signal in this phase is changed both
significantly and characteristically. The wavelength of the
signal becomes notably increased, similar to a comparable
frequency reduction, concurrent with the signal amplitude
being strongly increased.

The listed characteristic changes in the EEG signals in the
pre-seizure phase often occurs several minutes before a
hypoglycaemic attack is triggered. Hereby there is sufficient
time to give an early warning to the person on the basis of the
detected EEG signal changes. The person can then prevent the
seizure, e.g. by consuming a sugary food product.

As it appears from FIG. 1 there are relatively notable
changes in the EEG signal in the phase in advance of a
hypoglycaemic attack. For the same reason it is relatively
simple to detect these changes by the use of appropriate signal
analysis algorithms.

The signal analysis can be performed in both the time- and
frequency domain and can be based on more in other appli-
cations well-proven algorithms such as e.g. Baye’s methods,
logistic regression or neural networks. Tests have shown that
algorithms based on Baye’s methods, including bayesian
classifier has been especially appropriate in order to, with
high precision, detect the pre-seizure characteristic changes
in the EEG signals.

It can be appropriate to build in dynamics in the signal
processing algorithms in such a way that these are continu-
ously adapted to the single person, who is going to be warned.
Such a dynamic adaptation of the warning algorithms is a part
of the present invention.

In order to achieve the best possible result of the signal
processing it is appropriate to pre-filter the EEG signals
including e.g. by band-pass filtering these, in order to elimi-
nate noise from other signal sources in the highest possible
extent.

Regarding signal analysis it is always aimed for to get the
best possible signal/noise ratio. It will therefore be optimal to
place the signal electrodes directly in the brain, from where
the signal activity, which it is desired to measure, originates.

Tests have shown that recording of the blood sugar con-
centration occurs in the brain’s hypothalamus area.

It is thus a part of the present invention to place electrodes
directly in the hypothalamus area in order to achieve the best
possible signal/noise ratio on signals for warning of hypogly-
caemic attacks.

FIG. 2 shows a person 9 provided with a warning system in
accordance to the invention. Subcutaneously placed elec-
trodes 10 record the EEG signals, which via wires 11, drawn
under the skin, are lead to a signal processing unit 12, which
is also placed below the skin.

The signal processing unit 12 processes via the imple-
mented signal processing algorithms the measured EEG sig-
nals, and when the previously mentioned pre-seizure charac-
teristic changes in the signals are detected, the unit 12 delivers
a warning signal to the person 9.
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The unit 12 is in FIG. 2 shown placed in the person’s upper
chest region, but can obviously also be placed a random place,
e.g. behind the neck or where it seems the most appropriate
for the single individual.

A block diagram for the system shown in FIG. 2 appears in
FIG. 3.

Since the unit 12 is placed below the skin the alarm to the
person can e.g. be delivered via a vibrator 14 integrated in the
unit 12.

InFIG. 3 is shown 3 EEG electrodes from where the signals
are lead to the signal processing unit 12. In practice any
number of electrodes from two and more can be used, and the
shown number is therefore not any limitation of the invention.

Even though the system in terms of signal is designed in
order to achieve as high a signal/noise ratio as possible, there
can probably arise situations where loud noise from the envi-
ronment will reduce the possibility of sufficiently detecting
the characteristic pre-seizure changes in the EEG signals.

In such a situation the system unit 12 can be programmed
to deliver a warning signal to the person 9, which indicates
that the seizure surveillance efficiency is lowered because of
external noise. Such a warning signal, which must be sepa-
rable from the normal pre-attack warning signal, can help the
person, if possible, to remove or reduce the external noise
source.

By differentiating the signal giver, e.g. by giving each
signal a particular vibration frequency, several types of alarm-
or information signals can be delivered, e.g. about the charg-
ing state of the energy supply.

The unit 12 must in order to function optimally be provided
with electronics for adaptation of impedance for the elec-
trodes and signal boosters and means for digitization of the
analogue EEG signals. The digitized signals are subsequently
processed in a calculation circuit such as a digital signal
processor.

The unit 12 can be provided with a battery for energy
supply.

The service life of the battery obviously depends of the
choice of the electronic components, which are a part of the
unit 12.

With present-day technique a service life of several years
will be achievable. The service life and the size of the product
will, however, to a certain extent always be proportional.

In those cases where e.g. the product’s size is of decisive
importance, it can be an advantage to split the system into a
part, which is placed under the patient’s skin and which only
demands a minimum of power and an external part, which
demands more power.

A warning system, which consists of an internally placed
part below the patient’s skin and an external part, is shown in
FIG. 4.

In a system as shown in FIG. 4, the internal unit 12 can
solely consist of an interface unit with a low power draw,
which gathers the EEG signal from the electrodes and trans-
mits them wirelessly through the skin to an external unit 13,
which can e.g. be placed in the breast pocket of a shirt.

A block diagram of the system shown in FIG. 4 is seen in
FIG. 5.

The unit 13 can in this example contain the more power
demanding components, including the signal processing unit
and the alarm signal giver 14, and electronics for wireless
communication with the unit 12, which is placed under the
skin.

When the signal giver is externally placed, the alarm,
which is delivered from 14, can e.g. be an acoustic warning
device as an alternative to a vibrator.
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Itis also possible to have a configuration like the one shown
in FIG. 4, where the unit 12 is the complete unit with inte-
grated signal processor and alarm giver, and where 13 in the
principle is just a battery charging circuit, which wirelessly
through the skin can charge the batteries in the unit 12. Such
a battery charging can be produced on the basis of known
techniques for wireless charging of batteries, e.g. through
magnetic interaction of spools in respectively the charger/
sender 13 and the receiver 12, which is going to be charged.

In case the unit 12 is provided with a signal processor, it
will often be appropriate to provide the unit 12 with a com-
munication circuit so that the signal processing program can
wirelessly be updated from an external computer unit. With
the application of a wireless communication circuit, it will at
the same time be possible to transfer data from the unit 12 to
the external unit 13 or one or more substituting external units
in the form of data collection units or computers.

The present invention covers all combinations of system
compositions, which directly or indirectly can be derived
from the drawings 2 through 5 and the supplemental descrip-
tion to these.

The invention claimed is:

1. Method for warning of imminent hypoglycaemic attacks
for people such as diabetics characterized in that the warning
is based on analysis of one or more electroencephalographic
(EEQG) signals from a person without the use of electrocar-
diographic (ECG) signals, said method comprising:

providing said person with a portable hypoglycaemic

attack warning system comprising an interface unit
implanted below the person’s skin and an externally
worn unit, said implanted interface unit having con-
nected thereto implanted EEG signal gathering elec-
trodes and further comprising a wireless signal transmit-
ter, said externally worn unit comprising a signal
processing unit for wirelessly receiving signals trans-
mitted by the interface unit and for performing analysis
of said signals for identifying characteristics therein
indicative of an imminent hypoglycaemic attack; wire-
lessly receiving transmitted EEG signals in said signal
processing unit and performing analysis of said signals
therein so as to detect an imminent hypoglycaemic
attack and

giving a warning to said person that a said attack is deter-

mined to be imminent.

2. Method for warning of hypoglycaemic attacks according
to claim 1 characterized in that the warning is given after
signal analytic identification of pre-seizure characteristic
EEG changes which include at least one of decrease in fre-
quency and increase in amplitude.

3. Method for warning of hypoglycaemic attacks according
to claim 1 characterized in that the EEG signals are registered
from two or more said electrodes placed intracranially or
subcutaneously.
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4. Method for warning of hypoglycaemic attacks according
to claim 3 characterized in that that the EEG signals from the
electrodes are transmitted via subcutaneously drawn wires to
a subcutaneous placed said signal interface unit.

5. Method for warning of hypoglycaemic attacks according
to claim 1 characterized in that the EEG signals in advance of
the signal analysis are filtered through band-pass filtering.

6. Method for warning of hypoglycaemic attacks according
to claim 1 characterized in that the signal analysis of the EEG
signal is carried out in the time- or frequency domain.

7. Method for warning of hypoglycaemic attacks according
to claim 1 characterized in that the pre-seizure characteristic
EEG signal changes are detected by application of signal
analysis based on algorithms such as Baye’s methods includ-
ing bayesian classifier, logistic regression or neutral network.

8. A method as claimed in claim 7, wherein the pre-seizure
characteristic EEG signal changes are detected by application
of signal analysis based on an algorithm which is continu-
ously adapted to the person.

9. A hypoglycaemic attack warning device for warning of
imminent hypoglycaemic attacks for people such as diabetics
comprising an interface unit to be implanted below a person’s
skin and an externally worn unit, said interface unit having
connected thereto electroencephalographic (EEG) signals
gathering electrodes suitable for implantation in the body of
the person person and further comprising a wireless signal
transmitter, said externally worn unit comprising a signal
processing unit for wirelessly receiving signals transmitted
by the interface unit and for performing analysis of said
signals without using electrocardiographic (ECG) signals for
identifying characteristics therein indicative of an imminent
hypoglycaemic attack and further comprising means for giv-
ing a warning to said person when a said attack is determined
to be imminent.

10. Method for warning a person of imminent hypoglycae-
mic attacks characterized in that the warning is based on
analysis of one or more electroencephalographic (EEG) sig-
nals from the person without the use of electrocardiographic
(ECQG) signals, said method comprising:

providing said person with a portable hypoglycaemic

attack warning system comprising an interface unit
implanted below the person’s skin and an externally
worn unit, said implanted interface unit having con-
nected thereto implanted electrodes for gathering EEG
signals, said externally worn unit comprising a signal
processing unit for wirelessly receiving said EEG sig-
nals;

wirelessly receiving said EEG signals in said signal pro-

cessing unit and performing analysis of said signals
therein so as to detect an imminent hypoglycaemic
attack; and

providing a warning to said person that said attack is deter-

mined to be imminent.

#* * #* ok %



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

#RI&ZBAA
4PN

IPCH %5
CPCH %5
11 AR

H A2 FF 30k
ShEREESE

BEG®F)

FEACEATESEOERENTENEE XN TAERRS FAE
ITHRERRBERER - MARE, FEH, B TERLDERE , L5100
FANEFRETR. REAMANKEEEGES , i I4AAZFEE
HRERTON , ERNERMEREZIRENEEGESHRBIEE
fto ERREXEAF , MIAR THENBRKEEEGES , FABEH
A RBR T 2N ERESSISRRUNR THRENESLEE T, &
SRAEHHMEEGES , H A HRN BTN RS IEES R , NE
HEEMEERESAEETRHESES , AN, ESLELT. R
FROTER, H—PARNIBESESH , ZATUEIFIARILE
myELE. BEREERN.

patsnap

ATFHNMeEsEmELENTENEE
US8118741 W (A B 2012-02-21
US11/793271 FE B 2005-11-21

BECK NIELSEN HENNING

BECK-NIELSEN HENNING

HYPO-SAFE A/ X

BECK NIELSEN HENNING

BECK-NIELSEN, HENNING

A61B5/00

A61B5/048 A61B5/14532 A61B5/0031 A61B5/7264 A61B5/4094
200401955 2004-12-20 DK

US20090062678A1

Espacenet USPTO



https://share-analytics.zhihuiya.com/view/0d2e1b53-7977-4ceb-b523-15912f3cb550
https://worldwide.espacenet.com/patent/search/family/036601397/publication/US8118741B2?q=US8118741B2
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=8118741.PN.&OS=PN/8118741&RS=PN/8118741

