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(54) APPARATUS FOR REGULATING THE CONCENTRATION OF GLUCOSE IN THE BLOOD OF A 
PERSON

(57) The invention relates to an apparatus for regu-
lating the concentration of glucose in the blood of a per-
son, said apparatus comprising:
- at least one glucose sensor that is arranged to measure
the glucose concentration of the person, for example in
the interstitial fluid or blood;
- a pump means for selectively introducing at least one
substance influencing the blood glucose levels into the
body of the person, for instance by means of at least one
cannula or catheter to be inserted into the body of said
person, and

- a control means for controlling said at least one sub-
stance influencing the blood glucose levels to be intro-
duced to the person based on data received from said
glucose sensor,
wherein said apparatus comprises at least one further
sensor that is arranged to monitor a further characteristic
of the person.

The at least one further sensor may comprise an
accelerometer, a heart rate sensor, a temperature sen-
sor, a pH sensor, a ketone sensor, a GPS receiver and/or
a skin resistance sensor.
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Description

[0001] The invention relates to an apparatus for regu-
lating the concentration of glucose in the blood of a per-
son. In particular the invention relates to such an appa-
ratus, comprising:

- at least one glucose sensor that is arranged to meas-
ure the glucose concentration of the person, for ex-
ample in the interstitial fluid or blood;

- a pump means for selectively introducing at least
one substance influencing the blood glucose levels
into the body of the person, for instance by means
of at least one cannula or catheter to be inserted into
the body of said person, and

- a control means for controlling said at least one sub-
stance influencing the blood glucose levels to be in-
troduced to the person based on data received from
said glucose sensor.

[0002] Such an apparatus is known per se. For exam-
ple, such an apparatus is known from the international
patent application WO2007/049961.
[0003] It is an object of the invention to improve appa-
ratus disclosed in WO2007/049961.
[0004] This object is achieved by providing an appa-
ratus of the type described in the preamble that is char-
acterized by at least one further sensor that is arranged
to monitor a further characteristic of the person.
[0005] Monitoring said further characteristic of the per-
son can be used for more accurately determining a type
and/or an amount of the substance that influences blood
glucose levels to be provided to the person. Additionally
or alternatively, the further characteristic can be used to
adapt the behaviour and/or settings of the apparatus.
[0006] Said substance that may influence the blood
glucose level may be any suitable substance. Said sub-
stance may influence the blood glucose level either di-
rectly or indirectly. Said substance may for example be
insulin, glucagon or another hormone, or glucose.
[0007] Said further sensor may be any type of sensor.
In particular said further sensor may be any sensor pro-
viding data that is indicative for the responsiveness of
the person to said at least one substance influencing the
blood glucose levels and may therefore require an adap-
tion of the amount of substance influencing blood glucose
levels to be provided to that person. The amount of sub-
stance influencing blood glucose levels to be provided
to that person may be calculated using an algorithm tak-
ing into account both the glucose concentration of the
person as measured by the glucose sensor and the data
that is indicative for the responsiveness of the person to
said at least one substance influencing blood glucose
levels as measured by said at least one further sensor.
[0008] For example, the physical or mental activity of
the person may influence the responsiveness of the per-
son to said at least one substance influencing blood glu-
cose levels and may therefore require an adaption of the

amount of this substance to be provided to that person.
The amount of blood glucose level influencing substance
to be provided to that person may be calculated using an
algorithm taking into account both the glucose concen-
tration of the person as measured by the glucose sensor
and the physical and/or mental activity as measured di-
rectly or indirectly by said further sensor.
[0009] Said further sensor may therefore in particular
be a sensor for measuring data indicative for the physical
and/or mental activity of the person.
[0010] In an embodiment of the apparatus according
to the invention said control means for controlling said at
least one substance influencing the blood glucose levels
to be introduced to the person may also be based on
data received from said at least one further sensor.
[0011] In another embodiment of the apparatus ac-
cording to the invention said at least one further sensor
is an accelerometer.
[0012] With use of such an accelerometer various data
about the person may be provided. The accelerometer
may for example provide data on the type of physical
activity of the person and/or the intensity thereof and/or
the position and/or orientation of the body.
[0013] In another embodiment of the apparatus ac-
cording to the invention said at least one further sensor
is a heart rate sensor arranged to measure the heart rate
of the person.
[0014] If a person is physically or mentally active the
heart rate of the person may be relatively high, and vice
versa. As such, the heart rate of the person may be in-
dicative for the mental and/or physical activity of the per-
son, such that the behaviour of the apparatus for regu-
lating the glucose concentration in the body of a person
may be adapted thereto.
[0015] In another embodiment of the apparatus ac-
cording to the invention said at least one further sensor
is a temperature sensor arranged to measure the body
temperature of the person.
[0016] If a person is physically or mentally active and
starts sweating, the body temperature of the person may
decrease, or vice versa. As such, the body temperature
may be indicative for the mental and/or physical activity
of the person, such that the behaviour of the apparatus
for regulating the glucose concentration in the body of a
person may be adapted thereto.
[0017] In yet another embodiment, the at least one fur-
ther sensor may comprise a pH sensor arranged to meas-
ure the acidity of the blood of the person. A lack of insulin
may lead to acidification of the body, which may be de-
tected by measuring the pH of the blood.
[0018] In another embodiment of the apparatus the at
least one further sensor may comprises a ketone sensor
which is arranged to detect ketone bodies in the body of
the person. Such ketone bodies are formed when there
is a lack of insulin, so that the amount of ketone bodies
may serve as an indication e.g. that the person is not
responding to an insulin injection.
[0019] It is also conceivable that the at least one further
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sensor comprises a GPS receiver arranged to detect the
location of the person. Although such a GPS receiver
can obviously not monitor any bodily characteristic, it
does provide information about movement of the person.
GPS data allow a determination to be made if the person
is exercising, e.g. walking, running or cycling, or if the
person is driving around in a car. This information may
be useful e.g. in determining a dosage regimen for insulin,
glucagon or glucose.
[0020] If the at least one further sensor comprises a
skin resistance sensor arranged to measure galvanic re-
sistance of the skin of the person, an indication is pro-
vided of the amount of perspiration, since perspiration
leads to a change in the galvanic resistance. Perspiration
may either be an indication of physical exercise, or an
indication of a decrease in the blood glucose level. When
the skin resistance sensor is combined with an acceler-
ometer or a GPS receiver, the system can distinguish
between perspiration due to physical exercise, which will
involve continuous movement or acceleration, and per-
spiration due to falling blood glucose levels, which may
occur even when the person is at rest.
[0021] As indicated above, the output of said at least
one further sensor may be used to adapt the behaviour
and/or settings of the apparatus for regulating the glu-
cose concentration in the blood of a person. For instance,
if the output of the further sensor indicates that the person
is asleep, then the volume of an alarm function of the
apparatus may be temporarily reduced and/or an alarm
may temporarily not be provided and/or a display of the
apparatus may be dimmed and/or messages of low pri-
ority may not be shown and/or said apparatus may check
and if necessary adapt its settings. It is noted that said
apparatus may in particular be arranged such that it does
not provide the alarm or reduces the volume of the alarm
function only when the situation is not critical. Said ap-
paratus may return to its normal settings when said per-
son wakes up.
[0022] For example said accelerometer may be used
to determine if said person is asleep, because the orien-
tation of said person may be determined thereby, by
means of which lying down may be distinguished from
standing still.
[0023] In another embodiment of the apparatus ac-
cording to the invention said apparatus comprises a sec-
ond glucose sensor that is arranged to measure the con-
centration of glucose in the body of the person.
[0024] An advantage of providing two glucose sensors
is that the measurements may continue if one fails, i.e.
for redundancy. Additionally or alternatively, the meas-
urements of the two glucose sensors may be compared
to verify the quality of the measurements, or they may
be combined to generate an average value. In any event
the second glucose sensor is important for the quality
and continuity of the monitoring.
[0025] In another embodiment of the apparatus ac-
cording to the invention said apparatus comprises at least
two further sensors.

[0026] Said at least two further sensors may be any
type of sensor, for example any type of sensor as de-
scribed above and/or in the claims. In particular any of
said further sensors may be chosen from the group com-
prising an accelerometer, a heart rate sensor, a temper-
ature sensor, a pH sensor, a ketone sensor, a skin re-
sistance sensor and a GPS receiver
[0027] Said at least two further sensors may be the
same or different sensors.
[0028] Said at least two further sensors may be pro-
vided for redundancy or for improving the quality of the
measurements of the physical and/or mental activity.
[0029] For example, when two accelerometers are pro-
vided, the type of physical activity performed by the per-
son may be more accurately determined. The two further
sensors may for example be applied to different parts of
the body of the person.
[0030] It is noted that for example cycling is a difficult
activity to distinguish from other activities. With use of
two accelerometers which measure an acceleration of
the body of the person at two different positions thereof,
it is possible to determine whether the person is cycling
or performing another activity.
[0031] Any of said glucose sensor(s) and/or said fur-
ther sensor(s) may be arranged such that it may be at-
tached to the body of the person.
[0032] Such a glucose sensor and/or further sensor
that is attached to the body of the person may provide
more accurate information compared to a sensor that is
not attached to said person.
[0033] For example, any of said glucose sensor(s)
and/or further sensor(s) may be attached to the skin of
the person by using an adhesive such that the glucose
and/or further sensor sticks to the skin of the person, for
example as a plaster.
[0034] Alternatively, any of said glucose sensor(s)
and/or further sensor(s) may be an invasive sensor. In
such an embodiment that glucose and/or further sensor
may be in contact with the bodily fluid or the blood of a
patient.
[0035] Said measurement may be performed either
through the skin, subcutaneously, or directly in the blood
of the patient.
[0036] Said apparatus may be any type of apparatus
for regulating the concentration of glucose in the blood
of a person such as, but not limited thereto, an artificial
pancreas, a bionic pancreas, a closed loop glucose con-
trol system, a low glucose suspend system or a hybrid
closed loop control system,
[0037] An advantage of such apparatuses is that they
may automatically calculate the required amount of blood
glucose influencing substances to be injected to achieve
stable blood glucose levels. These substances may be
introduced in the body with or without intervention of the
user.
[0038] Such apparatuses may make use of an algo-
rithm which incorporates an adjustable curve corre-
sponding to the amount of blood glucose influencing sub-
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stances introduced into the body of the person and the
nominal concentration of the glucose in the body of the
person as a reaction thereto. The data provided by said
(second) further sensor may be used in this algorithm or
adjustable curve.
[0039] In particular the apparatus may be the appara-
tus described WO2007/049961 which is incorporated
herein in its entirety by reference.
[0040] In another embodiment of the apparatus ac-
cording to the invention the pump means comprise two
pumps, one for introducing substances to increase the
blood glucose levels of the person and one for introducing
substances to decrease the blood glucose levels of the
person , and an individual cannula or catheter is added
to each pump.
[0041] In another embodiment of the apparatus ac-
cording to the invention the pump means comprise two
pumps, one for introducing substances to increase the
blood glucose levels of the person and one for introducing
substances to decrease the blood glucose levels of the
person, and one shared cannula or catheter with two pas-
sages is added to the two pumps, wherein one serves
for transport of substances to increase the blood glucose
levels of the person and one for transport of substances
to decrease the blood glucose levels of the person.
[0042] In an embodiment of the apparatus according
to the invention any of the (shared) cannula(s) or cathe-
ter(s) comprise(s) said glucose sensor(s) and/or said at
least one further sensor(s). For example, said glucose
sensor(s) and/or said further sensor(s) may be carried
by, or may be part of any of said (shared) cannula(s) or
catheter(s).
[0043] The invention will be further elucidated with ref-
erence to a figure shown in a drawing in which:

Figure 1 schematically shows a person carrying an
apparatus according to the invention;
Figure 2 is a cross section through a sensor device
of the system of figure 1;
Fig. 3 is a schematic representation of the glucose
concentration regulating apparatus of the invention;
and
Fig. 4 is a flow chart showing how sensor outputs
are used to control a supply of a blood glucose in-
fluencing substance to a person.

[0044] Figure 1 schematically shows a person 1 car-
rying an apparatus 2 for regulating the concentration of
glucose in the blood of the person. In the illustrated em-
bodiment the apparatus 2 comprises a system 9 of mul-
tiple sensor devices 3A, 3B, although the apparatus 2
could also comprise only a single sensor device 3. Each
sensor device 3A, 3B is connected to a controller 10,
which in turn is connected to a pump means 4, which
serves to introduce substances influencing the blood glu-
cose levels into the body of the person under control of
the controller 10. The pump means 4 includes at least
one pump 11 and at least one cannula or catheter 5 con-

nected to the pump 11. In the illustrated embodiment the
apparatus 2 comprises two pumps 11A, 11B, each con-
nected to a respective cannula or catheter 5A, 5B.
[0045] Each of said sensor devices 3 comprises a glu-
cose sensor 6 that is arranged to measure the concen-
tration of glucose in the body of the person 1 and at least
one further sensor 7 that is arranged to monitor a further
characteristic of the person.
[0046] The further characteristic may be a bodily char-
acteristic, for example the person’s heart rate or the per-
son’s body temperature. Further bodily characteristics
include the acidity of the person’s blood, the presence of
ketone bodies or the galvanic resistance of the person’s
skin. Accordingly, the further sensor 7 may be a heart
rate sensor, a temperature sensor, a pH sensor, a ketone
sensor or a skin resistance sensor, respectively.
[0047] Other characteristics, which are not related to
the person’s body, include the person’s position, the
speed with which the person moves or the person’s ac-
celeration. For monitoring or measuring these character-
istics the further sensor 7 may be a GPS receiver or an
accelerometer, respectively. The acceleration that is
measured may be the acceleration of the person 1, which
may be derived from the person’s speed, which in turn
may be derived from the person’s position. However, the
acceleration may also be an acceleration of a body part,
which may be indicative of a particular type of physical
activity, e.g. running or cycling. In that case typically an
accelerometer is attached to the relevant body part.
[0048] In case of a sensor system 9 including multiple
sensor devices 3A, 3B, the further sensors 7A, 7B may
be different sensors, so that a greater number of char-
acteristics can be monitored simultaneously.
[0049] As is shown in figure 2, part of the apparatus 2
may be invasive and extend through the skin of the per-
son 1. The invasive part of the apparatus may be the
cannula or catheter 5 which serves for introducing blood
glucose influencing substances into the body of the per-
son 1. The cannula or catheter 5 may also serve for meas-
uring the glucose concentration and/or for monitoring
said further characteristic, if the further characteristic is
a bodily characteristic. The two pumps 11A, 11B of the
pump means 4 may serve for introducing different glu-
cose influencing substances. Each cannula or catheter
5 may be one shared cannula or catheter with two pas-
sages, wherein both passages serve for different glucose
influencing substance transport.
[0050] Instead of being integrated with the cannula or
catheter 5 for introducing blood glucose influencing sub-
stances into the body of the person 1, the glucose sen-
sors 6 and/or the further sensors 7 may also be separate
therefrom. In particular when the further sensor 7 is ar-
ranged for monitoring a non-bodily characteristic, its lo-
cation on the person’s body may be spaced apart from
the glucose sensor 6 and from the cannula or catheter
5. The glucose sensors 6 and the further sensors 7 are
arranged to send output signals to the controller 10 by
means of connections 8. These connections 8 may be
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wired or wireless communications channels.
[0051] One way in which the apparatus 2 may be used
to regulate the blood glucose level of the person is illus-
trated in Fig. 4. A sample is taken from a measurement
by the first glucose sensor 6A (step 100). Then a deter-
mination is made if the sample is valid (step 101). This
determination involves checking the measurement for
noise and plausibility. If the sample cannot be validated,
then the program returns to step 100 and a new sample
taken by sensor 6A is selected.
[0052] If the measurement is validated, then a sample
is taken from a measurement of a second sensor (step
102). In this embodiment the sample is a glucose meas-
urement by the second glucose sensor 6B. Again, a de-
termination is made whether or not the sample is valid.
[0053] If the sample is not validated, then the amount
of blood glucose level influencing substance to be ad-
ministered is calculated only on the basis of the meas-
urement performed by the first glucose sensor (step 108).
The calculated amount is then administered (step 115).
[0054] If the sample taken from the second glucose
sensor 6B is found to be valid, then a sample is taken
from a measurement by a third sensor 7A (step 104). In
this embodiment the third sample is taken from a meas-
urement of skin resistance by means of a galvanic resist-
ance sensor 7A.
[0055] Again, a determination is made whether or not
the third sample is valid (step 105).
[0056] If the sample is found not to be valid, then the
samples from the first and second sensors 6A, 6B are
compared (step 109). In case the values of these samples
are found to be incompatible, the program returns to step
100 and a new sample from the glucose measurement
sensor 6A is taken.
[0057] If, on the other hand, the samples are found to
be compatible, then the amount of blood glucose level
influencing substance to be administered is calculated
on the basis of the measurements performed by the first
and second glucose sensors 6A, 6B (step 110). In this
embodiment an average value of the two glucose meas-
urements is determined. Subsequently, the calculated
amount of blood glucose level influencing substance is
administered (step 115).
[0058] If the sample taken from the third sensor 7A is
validated, then a sample is taken from a measurement
by a fourth sensor 7B (step 106). In this embodiment, the
fourth sample is taken from an acceleration measure-
ment by means of an accelerometer 7B.
[0059] Once again, a determination is made whether
or not the sample from the fourth sensor 7B is valid (step
107).
[0060] If the fourth sample is found not to be valid, then
the samples from the first, second and third sensors 6A,
6B, 7A are compared (step 111). In case the values of
these samples are found to be incompatible, the program
returns to step 100 and a new sample from the glucose
measurement sensor 6A is taken.
[0061] If the samples are found to be compatible, then

the amount of blood glucose level influencing substance
to be administered is calculated on the basis of the meas-
urements performed by the first and second glucose sen-
sors 6A, 6B and the skin resistance sensor 7A (step 112).
In this embodiment the values of the two glucose meas-
urements are compared to the galvanic skin resistance.
If an increased level of perspiration is measured by the
skin resistance sensor 7A while the blood glucose levels
measured by the first and second glucose sensors 6A,
6B are low, this may be an indication of a hypoglycemia.
This may lead to a higher or lower dose of the blood
glucose level influencing substance being administered
than would be done at normal level levels of perspiration.
Then the calculated amount of blood glucose level influ-
encing substance is administered (step 115).
[0062] In case the fourth sample is validated, then the
samples from the first, second, third and fourth sensors
6A, 6B, 7A, 7B are compared (step 113). In case the
values of these samples are found to be incompatible,
the program returns to step 100 and a new sample from
the glucose measurement sensor 6A is taken.
[0063] If the samples are found to be compatible, then
the amount of blood glucose level influencing substance
to be administered is calculated on the basis of the meas-
urements performed by the first and second glucose sen-
sors 6A, 6B, the skin resistance sensor 7A and the ac-
celerometer 7B (step 114). In this embodiment the values
of the two glucose measurements are compared to the
galvanic skin resistance and the acceleration. If an in-
creased level of perspiration is measured at low blood
glucose levels while the person is physically active, as
indicated by the accelerometer 7B, this may lead to a
higher or lower dose of the blood glucose level influencing
substance being administered than would be done if the
person were sweating at low glucose levels and no phys-
ical activity. Then the calculated amount of blood glucose
level influencing substance is administered (step 115).
[0064] It is noted that the invention is not limited to the
shown embodiments but also extends to variants within
the scope of the appended claims

Claims

1. Apparatus for regulating the concentration of glu-
cose in the blood of a person, said apparatus com-
prising:

- at least one glucose sensor that is arranged to
measure the glucose concentration of the per-
son, for example in the interstitial fluid or blood;
- a pump means for selectively introducing at
least one substance influencing the blood glu-
cose levels into the body of the person, for in-
stance by means of at least one cannula or cath-
eter to be inserted into the body of said person,
and
- a control means for controlling said at least one
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substance influencing the blood glucose levels
to be introduced to the person based on data
received from said glucose sensor,

characterized in that said apparatus comprises at
least one further sensor that is arranged to monitor
a further characteristic of the person.

2. Apparatus according to claim 1, wherein said at least
one further sensor comprises an accelerometer.

3. Apparatus according to claim 1 or 2, wherein said at
least one further sensor comprises a heart rate sen-
sor arranged to measure the heart rate of the person.

4. Apparatus according to any of the preceding claims,
wherein said at least one further sensor comprises
a temperature sensor arranged to measure the body
temperature of the person.

5. Apparatus according to any of the preceding claims,
wherein said at least one further sensor comprises
a pH sensor arranged to measure the acidity of the
blood of the person.

6. Apparatus according to any of the preceding claims,
wherein said at least one further sensor comprises
a ketone sensor arranged to detect ketone bodies in
the body of the person.

7. Apparatus according to any of the preceding claims,
wherein said at least one further sensor comprises
a GPS receiver arranged to detect the location of the
person.

8. Apparatus according to any of the preceding claims,
wherein said at least one further sensor comprises
a skin resistance sensor arranged to measure gal-
vanic resistance of the skin of the person.

9. Apparatus according to any of the preceding claims,
wherein any of said at least one glucose sensor(s)
and/or said at least one further sensor(s) is/are ar-
ranged such that it may be attached to the body of
the person, for example as an invasive sensor.

10. Apparatus according to claim 9, wherein the or a
cannula or catheter comprises any of said at least
one glucose sensor(s) and/or said at least one fur-
ther sensor(s).

11. Apparatus according to any of the preceding claims,
wherein said apparatus is arranged to determine if
said person is asleep or awake.

12. Apparatus according to claim 11, wherein, if said ap-
paratus determines that said person is asleep, said
apparatus is arranged to:

- temporarily reduce a volume of an alarm func-
tion of the apparatus; and/or
- temporarily not provide an alarm;
- temporarily dim a display of the apparatus;
and/or
- temporarily not show messages of low priority;
and/or
- check and if necessary adapts its settings.
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