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Description

[0001] The need for biomedical sensors and in partic-
ular glucose sensors for preventing hypoglycemic and
hyperglycemic events in diabetics and for closed-loop
controlling the insulin infusion via a portable or implant-
able pump is well known.
[0002] There are currently commercially available nee-
dle-like continuous measurement sensors, such as the
Guardian & CGMS system of Medtronic company and
another of Dexcom, and prior art US 2008/161666 to
Feldman, US 7,354,420 to Stell, US 7,136,689 to Shults,
but with a large error margin and a need for frequent
calibration, 3-4 times daily with strips using a drop of
blood (such as One Touch Ultra of LifeScan Inc) by pierc-
ing of the finger.
[0003] Patents and patent applications such as Burton
US 2003/0143746, Arvind US 2008/0234562, Korf U S,
601, 3029, Lu Wang US 2007/0163894, disclose meth-
ods of self calibration, which are excellent for a large
supply of glucose such as intravenously, but unsuitable
for accurate interstitial measurements, where their use
could result in a deficiency of the measured glucose due
to the small available amount and to the small but sub-
stantial microdilution via dialysis. Additionally, the micro-
dilution measurements are delayed, and their accuracy
depends on the accuracy of the flow rate of the circulating
liquid and the stability of the temperature.
[0004] In the patent application «Nanostructured com-
posite material and biosensor containing same» EP
2135843 (Chaniotakis), an enhanced form sensor which
has a long life- span against in vivo erosion is presented,
although it lacks self calibration, which is essential for
the reliability of closed- loop injections- an autonomous
robotic system.
[0005] The need for a fully implantable artificial pan-
creas with simultaneous glucose measurement and ro-
botic insulin infusion is known, but the presently available
technologies do not meet the need for a reliable, and
longlasting accurate measurement.
[0006] In the continuous measurement with a needle-
like sensor in the subcutaneous tissue, the measurement
of glucose differs from that of blood with time-delay and
a different standard. Algorithms that are known through
the relevant literature have been developed using neural
networks and other methods (Mougiakakou, A. Prount-
zou, D. lliopoulou, et al. Nikita, A. Vazeou, C.S. Bartso-
cas, "Neural Network based Glucose - Insulin Metabo-
lism Models for Children with Type 1 Diabetes," Engi-
neering in Medicine and Biology Conference 2006 (EM-
BC ’06), IEEE, New York City, USA. September 2006, &
Mougiakakou, K. Prountzou, et al. Nikita, "A Real Time
Simulation Model of Glucose-Insulin Metabolism for
Type 1 Diabetes Patients,"Engineering in Medicine and
Biology Conference 2005 (EMBC ’05), IEEE, Shanghai,
China, September 2005) with which we can predict the
blood glucose at the instant of the subcutaneous meas-
urement and 30 minutes later.

[0007] Yellambalase et al presented at the IMTC 2006
(Instrumentation and Measurement Technology Confer-
ence, Sorrento, Italy 24-27 April 2006) a needle-type bi-
osensor system with fully automated operations, in which
an oxidase-coupled amperometric sensor with an oxy-
gen depleting/generating actuator is interfaced with an
electrochemical instrument and a perfusion system.
[0008] Microfluidic capillary blood absorption lumens
are known in the art, in strip type glucose sensors, see
Cul US 2006/0175205, Karinka US 6,863,800, Say US
2008/167543.
[0009] It is also known that glucose penetrates micro-
porous nanostructures, such as a nanofiber matrix with
embedded glucose oxidase receptor (GOX) and an over-
coat of a biomimetically-composed matrix film of silicon
oxide, see the patent application EP 2135843 (Chanio-
takis).
[0010] It is an intention of the present invention to pro-
vide a method for a reliable, accurate measurement of
biomedical parameters with self-calibration and the pre-
diction of blood
[0011] It is an intention of the present invention to pro-
vide a method for a reliable, accurate measurement of
biomedical parameters with self-calibration and the pre-
diction of blood glucose for the timely information of the
user and the medical assessment and for the automatic
closed-loop insulin infusion.

BRIEF DESCRIPTION OF THE INVENTION

[0012] The present invention is defined in the inde-
pendent claim 1. Preferred embodiments are defined in
the dependent claims. It refers to a hybrid implementation
of a dialysis circuit arranged in the interior of a needle
sensor, the dialysis circuit being used only for calibration,
with sensor calibrating fluids (liquids and/or gases) cir-
culating in a closed microfluidic circuit, and of two or three
conducting regions in the exterior of the sensor, as is
known for enzymatic sensors, in contact with the body,
wherein the layers of the working electrode are in fluid
communication with the interior microfluidic circuit
through an opening, in a novel backward microdialysis
device. The enzyme measures what there is in excess,
if there is a posterior supply it measures the posterior
concentration, if the posterior flow is stopped, it measures
the anterior body concentration. The measurement, after
the calibration procedure, may preferably be effected ex-
actly as disclosed in the patent application EP 2135843
(Chaniotakis), as in a standard subcutaneously implant-
able sensor.
[0013] By means of the present invention, hyperglyc-
emia and hypoglycemia are predictable, thus enabling
the patient to have time to react before it is too late, since
presently in some cases, the patient is conscious, but
immobilized without being able to react.
[0014] The biosensor provides the technical and oper-
ational ability for complete implantation, solving the prob-
lem of the consumption of the enzyme, and with telemet-
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ric transfer of data from and to the body. It also solves
the problems of constructing an artificial pancreas, both
at the level of closed-loop algorithms and at the level of
securely transporting fluids from and to the body.

BRIEF REFERENCE TO THE DRAWINGS

[0015]

Fig. 1 shows a front view of the preferred em-
bodiments A-D of the disposable (nee-
dle).

Fig. 2A-E show a section of the sensor at the level
of the working electrode, especially the
junction of two (A) or three (B-C) films
or tubes (D) for constructing two micro-
fluidic lumens 8, 9 and (E) a section of
a completed dual lumen tube.

Fig.3 shows the layers of the working elec-
trode above the diffusion hole.

Fig. 4A and B show the complete continuous meas-
urement sensor, the extracorporeal
part of the sensor and the electronic
control in contact therewith, with the im-
planted needle folded 4A or extended
4B.

Fig. 5 shows a working electrode in a water-
proof microbox with openable lid.

DETAILED DESCRIPTION OF THE INVENTION

[0016] A disposable needle-sensor (Fig. 1) is used
which is implantable subcutaneously through its small
width part, while the larger width part contains bags, a
pump and electric contacts. The sensor in its disposable,
needle-like part is of microscopic width and thickness,
consisting of an external surface in contact with the body,
and of descending and ascending lumens internally to
the needle, forming a hydraulic microfluidic circuit,
through which pass the fluids for calibrating the sensor.
The microfluidic circuit transports fluid down to the level
of the working electrode from the input lumen 8 and from
there it short-circuits with the output lumen 9 and passes
to the drain vessel 7, as is known for microdialysis de-
vices.
[0017] The so-called microfluidic circuit, in a preferred
embodiment (Fig. 2A), can consist of two insulating lay-
ers 26, 27, impermeable to liquids or gases, of a material
such as a plastic sheet, which constitute, with the proper
use such as by mechanical junction or laser bonding or
with a third layer of material 28 (Fig. 2B) as in the above
patents, a microfluidic circuit 8, 9.
[0018] In another embodiment (Fig. 2C), the microflu-
idic circuit can consist of three films 26, 27, 28 which,

joined at the edges, create an anterior lumen 8 and a
posterior lumen 9 between first-second and second-third
film. The intermediate film is cut or pierced at the level
of the working electrode for the necessary short-circuit
between cathode and anode. The first film 26 comports
externally the measuring electrodes 1, 2, 3.
[0019] In another embodiment (Fig. 2D), the microflu-
idic circuit can consist of two lumens 8, 9 inside of each
other and joined externally along an edge, and the exte-
rior can be closed at the distal end. Also, the exterior
lumen comprises the measuring electrodes.
[0020] In another embodiment (Fig. 2E) the microflu-
idic circuit consists of a double-lumen plastic biocompat-
ible needle of 0,33 mm in external diameter (an approx-
imately 30G needle) such as those manufactured by Mi-
crospec 4 Corporation Petersborough, NH, USA, which
is hydraulically and mechanically connected with an ex-
tracorporeal part manufactured by micromolding, which
contains the pumping system, microfluidic lumens and
the calibrating/draining fluid bags.
[0021] At the external surface of the sensor in the
above preferred embodiments, there are conductive ma-
terial lanes made using the thin film technology (Method
of fabricating thin film sensors US 5, 391, 250), or thick
film coating such as the "micropenning technology" of
very small dimensions, of Micropen Technologies New
York USA. The so- called lanes are: The surfaces of the
three electrodes 1, 2, 3 on the measuring needle from
precious metals or carbon and/or silver as detailed below,
the signal transport conductors in the extracorporeal part
up to the contacts 15, 16, 17 for the electronic part, and
the pump valve contacts 18- 23 with the conductor lanes
up to the valves 10- 14. The conductive coating is over-
coated, wherever needed, with an insulating film. In par-
ticular, there are micro- surfaces on the exterior of the
needle as above for the two or three measuring elec-
trodes 1 (working electrode, carbon or platinum), 2 (coun-
ter electrode, gold), 3 (reference electrode, Ag/ AgCl) as
is known from the conventional glucose oxidase meas-
urement and the corresponding contacts 17, 15, 16 for
the constant part containing the electronics. Alternatively
a ferrocyanide/ carbon working electrode may be used,
preferably in combination with a carbon counter electrode
and a silver reference electrode. Alternatively other low
curing temperature conductive electrodes can be used.
[0022] In particular (Fig. 3), in the microfluidic system
the carbon or ferrocyanate/carbon or platinum 29 of the
working electrode 1, but also the plastic wall 26, have a
microsurface allowing for diffusion, which may comprise
a central microhole 4. The central microhole 4 may be
made by laser, microdrilling or another method, after the
deposition of the metal electrodes but before the layering
of the working electrode with the nanomaterials 30-32
for glucose measuring. Alternatively the microsurface al-
lowing for diffusion may comprise a layer 26 which is
eroded in the area behind the working electrode layers
29-32 in order to become porous, or a conventional
microdialysis membrane is applied in the area of layer
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26 behind the working electrode layers 29-32. A hole that
pierces or extends through the layers 29-32 (although
the extension of the hole 4 through the layers 29-32 is
not depicted in figures 2 A-E and 3) and other diffusive
topologies will be referred, for the purposes of the present
invention, as a "hole".
[0023] The inventive operation of the above hole 4 is
such that the calibration fluids circulating in the microflu-
idic circuit 8, 9 wet the rear side of the laminate nanoma-
terial (Fig. 3) made of nanofibers 30, nanofibers compris-
ing immobilized Glucose oxidase (Gox) 31, biomimeti-
working  electrode 1 and covers the communication hole
4 which is in communication with the rear closed micro-
fluidic circuit 8. Other simpler electrode chemistries may
also be used to minimize costs. With the same ease that
glucose in the interstitial space penetrates this layering
from the anterior part and is measured by the two or three
electrodes 1, 2, 3 using a potentiostat instrumentation as
is known in the art, the calibration fluids penetrate in-
versely, from rear to front through said hole 4 by osmotic
pressure proportionally to the concentration differential.
The system is a hybrid of a backward microdialysis device
in the interior side with replacement of the conventional
diffusion membrane by the layering of nanomaterlals
(Fig. 3) of the working electrode, and of a conventional
needle-like sensor in the exterior side (Fig. 1). The tech-
nique is referred as backward microdialysis because dif-
fusion proceeds to the exterior, where the measuring sys-
tem is located, in contrast with the conventional microdi-
alysis wherein biological fluids diffuse towards the circu-
lating fluid and the measurement takes place inside the
closed hydraulic circuit. The calibrating fluids may be one
or more glucose concentrations (bag 6), preferably in in-
jectable form since it is known that glucose is not stable
with time, alternating with wash fluid (bag 5) without any
glucose, preferably consisting of deionized water, buffer,
surfactants, and preservatives. Those fluids are stored
in micro-bags 5, 6 on the exterior extracorporeal part of
the disposable enlarged section of the sensor. For the
circulation of those fluids are preferably employed the
noiseless, low cost and good linearity and low consump-
tion electroactive polymers (EAP), such as in www.arti-
ficialmuscle.com, in three-finger configuration 10 or 11
fluid selecting valves working as input valves, a fluid
transport finger 12, and an output valve 14 as a conven-
tional peristaltic finger valve 3, wherein the optional finger
13 prevents the downflow of the fluid to the drain 7, al-
ternatlvefy a piston pump may be used, with two passive
or active valves by micromolding. Alternatively, piezoe-
lectric pumping devices and valves may be employed,
such as those of Bartels www.bartels-mikrotechnik.de,
or electrostatic pumps such as MEMS chips.
[0024] Alternatively for pumping may be used the
pumping methods disclosed in US 6,013,029. The
amounts needed are of the order of a few microliters and
the whole system is particularly miniaturized.
[0025] The calibration procedure is similar to the prior
art (Arvind US2008/0234562) sequence of three calibra-

tion fluids, with the exception constituting the inventive
step that for the main glucose measurement, the calibra-
tion fluid is the last aqueous buffer that remains immobile
during the intervals between calibrations.
[0026] During calibration, the glucose excess arrives
rapidly from the rear and the measurement of the upper
calibration point is fast, despite the low diffusion of glu-
cose to the interstitial fluid. That is, due to the subsequent
next calibration step depletion of intersticial fluid glucose
backwards in the water of the microfluidic circuit, the body
glucose penetrates the layers of the sensor to the rear,
and the delay to deplete glucose in the interstitial fluid
and to lower the concentration is small. The sensor "sees"
this as an asymptotic curve tending to zero, and from the
corresponding mathematical analysis calculates the the-
oretical zero. The glucose concentration of the patient is
not affected by this calibration procedure because of two
reasons. On one hand a very low amount is transported
towards and from the body, this low amount being con-
trolled by the size of the hole 4 and the density of the
layers 29-32 of the sensor working electrode; and the
increased level of glucose in the body due to the first
glucose solution is cancelled by the subsequent lowering
due to the second aqueous fluid. On the other hand the
glucose concentration of the patient is not affected be-
cause the entire calibration procedure only lasts for a few
seconds. The back fluid does not affect the main meas-
urement, since it is situated behind the enzyme. The only
negative effect achieved is that glucose continues to pen-
etrate through the nanofibers to the back lumen until the
concentrations are equilibrated, which is realized very
rapidly, in one second, according to theory (diffusion time
= x2D wherein x = diffusion distance and D = diffusion
constant 6,7X10-6 cm2/sec for glucose in a low viscosity
fluid such as water). Moreover, in most of the proposed
embodiments of the invention, the plastic sheets or the
elastic tubes are reconnected by the pressure of the body
tissues, if there is no circulating fluid (pump stopped with-
out circulation during the most part of the main measure-
ment) and thus there is no back fluid during the main
measurement or the concentration of the fluid is equili-
brated.
[0027] In a preferred embodiment behind the hole 4 of
the sensor wall 26 to the microfluidic channel 8, a mini-
ature sub milllimeter valve is arranged capable of closing
the hole 4 from inside the microfluidic channel. The valve
remains closed during normal measurement and opens
during calibration, to prevent circulation of body glucose
backwards into the microfluidic channel. This type of an-
gled valve is produced e.g. by company www.micromus-
cle.com.
[0028] The disposable part of the invention is similar
to that of the Feldman patent application US
2008/01161666, but the extracorporeal part also con-
tains the pumping systems 12, 14 with the valves 10, 11,
the calibration fluid 5, 6 and drain 7 vessels, the ends of
the input 8 and output 9 lumens, in the vessels 5 or 6 and
7 respectively, and the two or three contacts of the elec-
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trodes 15, 16, 17, together with the contacts of the linear
actuators EAP 18-23 (five digital inputs, equal to the fin-
gers plus ground - GND).
[0029] Fig. 4 shows the extracorporeal part of the sen-
sor, and electronic control in touch with it, and the im-
plantable plastic needle 40. The needle 40 may be either
angled (Fig. 4A) or straight (Fig. 4B), i.e. the needle can
be straight within the embodiment as shown or bended
- horizontal then angled. In Figures 4A and 4B, numeral
24 denotes the body under the skin, where the glucose
concentration of the interstitial fluid is measured. Numer-
al 25 refers to the disposable sensor including electronics
or plus electronics on top. Numeral 40 refers to the needle
(as shown in the bottom of fig 1A/B) having microfluidic
channel 8/9 in its interior (see sectional view of figs. 2A-
E) and externally the electrodes (fig 2E or fig 1C/D).
[0030] The permanent, non-disposable electronic part
of the sensor contains an analog or combined analog
and digital potentiometer as is known, Wang US
2007/0163894, and the processing section, together with
telemetry, according to patent US 7,161,484 to Tsouka-
lis, preferably Blue Tooth Low Energy (BLE) Continua
protocol for an open system or Nordic Semiconductor
ANT ultra low power embedded protocol for a closed sys-
tem to others. The measurements are preferably collect-
ed in a mobile collecting and data broadcasting system
with a permanent TCP/IP connection (through GPRS or
WiFi or WiMax) such as the commercially available IP-
Connect and server www.micrelcare.net of Micrel.
[0031] The system may be powered by a battery, re-
chargeable battery, rechargeable battery through mag-
netic waves (low frequency RF), or by pumping energy
(energy harvesting) from the body glucose and other
methods known in the art.
[0032] The processing section comprises neural net-
works capable of processing the glucose measurement
in the subcutaneous tissue taking into account the insulin
injection; and a prediction of blood glucose concentration
is output, current and 30 minutes, for triggering alerts.
The processing section preferably contains means ca-
pable of running the predictive algorithms of blood glu-
cose according to the numerous above publications as
known in the art, in such a way that we can use the current
value in closed-loop injection algorithms, and the 30 min-
utes prediction for alerting the user of an imminent hy-
perglycemia or hypoglycemia and, through the long
range system (GPRS) to notify the attending doctor and
the ambulance. The glucose measurement, the insulin
injection and the uptake or consumption through exercise
of carbohydrates and lipids are employed for the predic-
tion.
[0033] Preferably the processing section comprises
means for current glucose prediction wherein those
means allow for algebraic addition of the concentration
prediction by means of  the kinetics of meal digestion and
of the prediction of the consumption kinetics during and
after exercise, to obtain a global blood glucose concen-
tration prediction for triggering alarms and calculating the

closed-loop injection. Further preferably the processing
section comprises means for feeding differences be-
tween the predicted blood glucose value and the desired
glucose value to a PID (proportional/Integral/Differential)
algorithm to obtain the corresponding insulin injection
correction and the robotic (closed loop) insulin injection
correction.
[0034] In case of closed-loop injection/measurement,
the interconnection between sensor and pump may be
effected by cable or the cable may be used in a bad in-
terconnection alert. The closed-loop system, part of
which is the sensor of the present invention, is composed
of the present glucose sensor with means for the predic-
tion of current blood glucose concentration, the insulin
pump containing both means for closed-loop algorithms
and conventional software as an alternate safety meas-
ure (plan B) in the event of an interconnection error, and
a real time program through said local or long range te-
lemetry system. The injection algorithm comprises:

data entry:

- previous value of insulin injection rate of the
pump (output Rn-1),

- prediction of blood glucose of the sensor of the
present invention,
algorithmic prediction of additional glucose to
the blood per minute (digestion and work me-
tabolism kinetics) after informing the system of
meals or exercise by means of the above hand-
held mobile application system, that corrects the
above prediction of the present sensor due to
external parameters that cannot be correctly
predicted exclusively by the rate of change of
glucose,

- other known information about the patient from
data bases deriving from the server through the
internet,

- PID algorithm known in the art (US 7,354,420)
for processing the above processed
data and calculating corrections and

data output:

the current insulin injection rate of the system’s
pump Rn.

[0035] Preferably the biosensor comprises a mechan-
ical introducer for the implantation. The sensor is implant-
ed using an introducer similar to the prior art (Funderburk
US2004/0133164), and the non-disposable part which
has electric contacts with the mobile part, is fixed to the
skin with self-adhesive, for this reason the whole non-
disposable part is particularly miniaturized.
[0036] This biosensor of the present invention is ap-
propriate for being used as an implantable sensor or in
a combination of insulin pump- sensor (artificial pancre-
as) with the addition of removable lids 33 (Fig. 5) of elec-
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troactive polymers (EAP), such as those in www.micro-
muscle.com to a plurality of sensors, wherein each sen-
sor opens its lid for a measurement and closes it imme-
diately after that for minimizing the enzyme erosion. Thus
there is provided an implantable device comprising a plu-
rality of biosensors comprising at least one biosensor of
the type described above wherein each sensor compris-
es a lid, preferably of electroactive polymers. The lids are
capable of exposing only the currently active sensor for
a short interval, necessary for a measurement or a cali-
bration and closing just after the measurement or cali-
bration to protect the enzyme from erosion, while the oth-
ers remaining hermetically closed and wherein said lids
can have a protective filter to avoid the introduction of
larger than desired particles or molecules. In this way the
lifetime of the sensor increases from one month, as re-
ported in the patent application EP 2135843 (Chanio-
takis), to one year by being used only for a few minutes
daily in total. This constitutes an inventive step compared
to the patent applications of the Microchips company,
Scott US 2009/030404, Santini US 2008/11536, where
the exposure of the various sensors is effected by electro-
erosion and thus the sensor cannot be covered again for
protection when exposed. In the device of the present
invention, when a sensor shows a low sensitivity during
the calibration, it is disconnected and replaced by another
neighboring one which is closed up to that moment. Thus,
a small number of sensors can maintain an active meas-
urement for many years, which is essential for an im-
plantable instrument.
[0037] In the implantable device the self-calibration is
maintained. To achieve that, a transdermal needle is
needed to fill the subcutaneously implanted artificial pan-
creas with holes at various heights, for the respective
vessels disposed at different heights, filling with insulin,
aqueous buffer, calibration and corrective injection glu-
cose solution, and removing the drained fluid. The fluid
transport is made by a special transport pump comprising
position sensors in order to assess the correct position
of the multiple fluid transport needle and to avoid a del-
eterious injection in the body. The transport of fluids is
made automatically possible only after validating the cor-
rect position, and stops if a sensor signals a problem.
[0038] Preferably the implantable artificial pancreas
comprises

- a sensor as described above
- means for closed-loop injection algorithms,
- vessels for insulin, aqueous buffer, calibration and

corrective injection glucose solution, those vessels
being arranged at different heights, the vessels being
elastic or collapsible bags,

- insulin-injection dual pumps effecting the transport
of insulin injection and calibration fluids and the
drainage of calibration wastes.

[0039] In a preferred embodiment the implantable ar-
tificial pancreas comprises a filling pumping system com-

prising a multilumen catheter which has at its end a nee-
dle (more specifically, a multiple fluid transport needle)
with position sensors for assessing the correct position
of the needle, the multilumen having holes at various
heights provided with valves allowing for communication
with the vessels of the artificial pancreas and interruption
of the fluid transport from and toward the artificial pan-
creas in the event of the identification of an error by said
sensors.
[0040] The above-described filling pumping system
can also be used for purposes independent of the im-
plantable artificial pancreas of the present invention.

Claims

1. Self-calibrating disposable biosensor comprising an
electronic part and an electrochemical part
characterized in that the electrochemical part com-
prises

- a needle having in its interior a microfluidic cir-
cuit (8, 9) for the circulation of at least one cali-
bration fluid,
- two or three electrodes (1,2,3) arranged on the
on the external surface of the needle which is in
contact with the body, one of the electrodes be-
ing a working electrode (1) comprising porous
bio-chemical sensing materials (30-32), config-
ured to be in contact with living tissues after the
implantation,
and
- means (4) for fluid communication of the mi-
crofluidic circuit (8,9) with the layers of the work-
ing electrode.

2. Biosensor as in claim 1, wherein in the disposable
nonimplantable extracorporeal part comprises bags
(5,6) with or without a protective metal cover, the
bags containing calibration and draining fluids, a
drain vessel (7) and pumps and flow control valves
and contacts with the permanent electronic part both
for the measurement and for the control of the cali-
bration microflow, or alternatively the whole circuit
of bag pumping and measuring electronics consists
of an electromechanical MEMS circuit and/or of an
electromechanical autonomous circuit.

3. Biosensor as in any preceding claim for measuring
glucose, wherein the working electrode (1) compris-
es a conductive base made preferably of carbon or
ferrocyanide/carbon  or platinum or gold (29), na-
nofibers (30) with embedded immobilized glucose
oxidase (31) and a coating of biomimetically synthe-
sized silicon dioxide matrix (32)

4. Biosensor as in any preceding claim wherein In the
interior microfluidic circuit (8, 9) intermittently one or
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more glucose solutions and fluids without glucose
can be circulated for the self-calibration with a curve
of two or more points of the sensor.

5. Biosensor as in any preceding claim, wherein the
pumping of the microflow and the selection of the
circulating fluid is effected through pumping fingers
and valves (10-14) of electroactive polymers.

6. Biosensor as in any preceding claim, wherein the
electronic part comprises a processing section com-
prising neural networks capable of processing the
glucose measurement in the subcutaneous tissue
taking into account the insulin injection and of putting
out a prediction of venal blood glucose concentra-
tion, current and 30 minutes, for triggering alerts.

7. Biosensor as in claim 6, wherein the processing sec-
tion comprises means for current glucose prediction,
those means are configured to allow for algebraic
addition of the concentration prediction by means of
the kinetics of meal digestion and of the prediction
of the consumption kinetics during and after exer-
cise, to obtain a global blood glucose concentration
prediction for triggering alarms and to calculate the
closed-loop injection.

8. Biosensor as in claim 7, wherein the processing sec-
tion comprises means for feeding differences be-
tween the predicted blood glucose value and the de-
sired glucose value preferably to a PID (proportional/
Integral/Differential) algorithm to obtain the corre-
sponding insulin injection correction and the robotic
(closed loop) insulin injection correction.

9. Biosensor as in any preceding claim further compris-
ing a mechanical introducer for the implantation.

10. Implantable device comprising a plurality of biosen-
sors comprising at least one biosensor according to
any of claims 1-9, wherein each sensor comprises
a lid, preferably of electroactive polymers, the lids
being capable of exposing only the currently active
sensor for a short interval, necessary for a measure-
ment or a calibration  and remaining closed for most
of the day, while the others remaining hermetically
closed till replacing the active one and wherein said
lids can have a protective filter to avoid the introduc-
tion of larger than desired particles or molecules.

11. Implantable artificial pancreas comprising

- a sensor according to any of claims 1-9,
- means for closed-loop injection algorithms,
- vessels for insulin, aqueous buffer, calibration
and corrective injection glucose solution, those
vessels being arranged at different heights, the
vessels being elastic or collapsible bags.

- insulin-injection dual pumps effecting the trans-
port of insulin injection and calibration fluids and
the drainage of calibration wastes.

12. Implantable artificial pancreas according to claim 11,
comprising a filling pumping system comprising a
multilumen catheter which has at its end a needle
with position sensors for assessing the correct posi-
tion of the needle, the multilumen having holes at
various heights provided with valves configured to
allow for communication with the vessels of the ar-
tificial pancreas and interruption of the fluid transport
from and toward the artificial pancreas in the event
of the identification of an error by said sensors.

Patentansprüche

1. Selbstkalibrierender Einweg-Biosensorumfassend
einen elektronischen Teil und einen elektrochemi-
schen Teil,
dadurch gekennzeichnet, dass der elektrochemi-
sche Teil umfasst:

- eine Nadel, die in ihrem Inneren einen Mikro-
fluidkreislauf (8, 9) zur Zirkulation mindestens
einer Kalibrierflüssigkeit aufweist,
- zwei oder drei Elektroden (1, 2, 3) angeordnet
auf der äußeren Oberfläche der Nadel, die mit
dem Körper in Kontakt steht, wobei eine der
Elektroden eine Arbeitselektrode (1) ist umfas-
send poröse biochemische Erfassungsmateria-
lien (30 - 32), die dazu konfiguriert sind, nach
der Implantation mit lebenden Geweben in Kon-
takt zu stehen, und
- Mittel (4) zur Flüssigkeitskommunikation des
Mikrofluidkreislaufs (8, 9) mit den Schichten der
Arbeitselektrode.

2. Biosensor nach Anspruch 1, wobei der nicht implan-
tierbare extrakorporale Einwegteil Beutel (5, 8) mit
oder ohne eine Metallschutzabdeckung, wobei die
Beutel Kalibrier- und Entleerungsflüssigkeiten ent-
halten, einen Entleerungsbehälter (7) und Pumpen
und Strömungssteuerungsventile und Kontakte mit
dem permanenten elektronischen Teil sowohl zur
Messung als auch zur Steuerung der Kalibriermi-
kroströmung umfasst oder alternativ dazu der ge-
samte Kreislauf der Beutelpump- und Messelektro-
nik aus einer elektromechanischen MEMS-Schal-
tung und/oder einer elektromechanischen autarken
Schaltung besteht.

3. Biosensor nach einem vorhergehenden Anspruch
zum Messen von Glukose, wobei die Arbeitselektro-
de (1) eine leitfähige Basis, die vorzugsweise aus
Kohlenstoff oder Ferrocyanid/Kohlenstoff oder Pla-
tin oder Gold hergestellt ist (29), Nanofasern (30) mit
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eingebetteter immobilisierter Glucoseoxidase (31)
und eine Beschichtung aus einer biomimetisch syn-
thetisierten Siliciumdioxidmatrix (32) umfasst.

4. Biosensor nach einem vorhergehenden Anspruch,
wobei im inneren Mikrofluidkreislauf (8, 9) intermit-
tierend eine oder mehrere Glukoselösungen und
Flüssigkeiten ohne Glukose zur Selbstkalibrierung
mit einer Kurve von zwei oder mehr Punkten des
Sensors zirkuliert werden können.

5. Biosensor nach einem vorhergehenden Anspruch,
wobei das Pumpen der Mikroströmung und die Aus-
wahl der zirkulierenden Flüssigkeit durch Pumpfin-
ger und -ventile (10-14) aus elektroaktiven Polyme-
ren bewirkt wird.

6. Biosensor nach einem vorhergehenden Anspruch,
wobei der elektronische Teil einen Verarbeitungsab-
schnitt umfassend neuronale Netze umfasst, die in
der Lage sind, die Glukosemessung im subkutanen
Gewebe unter Berücksichtigung der Insulininjektion
zu verarbeiten und eine gegenwärtige und 30-Minu-
ten-Vorhersage der Venenblutglukosekonzentrati-
on auszugeben zum Auslösen von Warnungen.

7. Biosensor nach Anspruch 6, wobei der Verarbei-
tungsabschnitt Mittel zur gegenwärtigen Glukose-
vorhersage umfasst, wobei diese Mittel dazu konfi-
guriert sind, eine algebraische Addition der Konzen-
trationsvorhersage mittels der Kinetik der Essens-
verdauung und der Vorhersage der Verbrauchski-
netik während und nach Leibesübungen zu ermög-
lichen, um eine globale Blutglukosekonzentrations-
vorhersage zum Auslösen von Warnmeldungen zu
erhalten und die Regelkreis-Injektion zu berechnen.

8. Biosensor nach Anspruch 7, wobei der Verarbei-
tungsabschnitt Mittel zum Einspeisen von Differen-
zen zwischen dem vorhergesagten Blutglukosewert
und dem gewünschten Glukasewert vorzugsweise
in einen PID (Proportional/ Integral/ Differential- )-
Algorithmus umfasst, um die entsprechende Insu-
lininjektionskorrektur und die robotische (Regel-
kreis) Insulininjektionskorrektur zu erhalten.

9. Biosensor nach einem vorhergehenden Anspruch,
der weiterhin eine mechanische Einführhilfe zur Im-
plantation umfasst.

10. Implantierbare Vorrichtungumfassend mehrere Bio-
sensoren umfassend mindestens einen Biosensor
nach einem der Ansprüche 1 - 9, wobei jeder Sensor
einen Deckel vorzugsweise aus elektroaktiven Po-
lymeren umfasst, wobei die Deckel in der Lage sind,
nur den gegenwärtig aktiven Sensor für ein kurzes
für eine Messung oder eine Kalibrierung erforderli-
ches Zeitintervall freizulegen , und für den Großteil

des Tages geschlossen zu bleiben, während die an-
deren hermetisch verschlossen bleiben, bis der ak-
tive gewechselt wird, und wobei die Deckel einen
Schutzfilter aufweisen können, um das Einbringen
von größeren als den gewünschten Teilchen oder
Molekülen zu vermeiden.

11. Implantierbare künstliche Bauchspeicheldrüse, die
Folgendes umfasst:

- einen Sensor nach einem der Ansprüche 1 - 9,
- Mittel für Regelkreis-Injektionsalgorithmen,
- Behälter für Insulin, wässrigen Puffer, Gluko-
selösung zur Kalibrierung und Korrekturinjekti-
on, wobei diese Behälter in unterschiedlichen
Höhen angeordnet sind, wobei die Behälter ela-
stische oder zusammenlegbare Beutel sind,
- Insulininjektionsdualpumpen, die den Trans-
port von Insulininjektions- und Kalibrierflüssig-
keiten und den Abfluss von Kalibrierreststoffen
bewirken.

12. Implantierbare künstliche Bauchspeicheldrüse nach
Anspruch 11 umfassend ein Füllpumpensystem um-
fassend einen Multilumen-Katheter, der an seinem
Ende eine Nadel mit Positionssensoren zum Beur-
teilen der korrekten Position der Nadel aufweist, wo-
bei das Multilumen Löcher in verschiedenen Höhen
aufweist, die mit Ventilen versehen sind, die dazu
konfiguriert sind, eine Kommunikation mit den Be-
hältern der künstlichen Bauchspeicheldrüse und ein
Unterbrechen des Flüssigkeitstransports von und zu
der künstlichen Bauchspeicheldrüse im Fall der
Feststellung eines Fehlers durch besagte Sensoren
zu ermöglichen.

Revendications

1. Biocapteur jetable auto-étalonneur comprenant une
partie électronique et une partie électrochimique,
caractérisé en ce que la partie électrochimique
comprend

- une aiguille comportant à l’intérieur un circuit
microfluidique (8, 9) pour la circulation d’au
moins un fluide d’étalonnage,
- deux ou trois électrodes (1, 2, 3) agencées sur
la surface externe de l’aiguille qui est en contact
avec le corps, une des électrodes étant une
électrode de travail (1) comprenant des maté-
riaux de détection biochimiques poreux (30-32)
configurés pour être en contact avec des tissus
vivants après l’implantation, et
- des moyens (4) pour la communication fluidi-
que du circuit microfluidique (8, 9) avec les cou-
ches de l’électrode de travail.
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2. Biocapteur selon la revendication 1, dans lequel la
partie extracorporelle non implantable jetable com-
prend des sacs (5, 6) avec ou sans couverture mé-
tallique de protection, les sacs contenant  des fluides
d’étalonnage et de drainage, un récipient de draina-
ge (7) et des pompes et des valves de régulation de
débit et des contacts avec la partie électronique per-
manente à la fois pour la mesure et pour la comman-
de du microflux d’étalonnage, ou en variante le circuit
entier d’éléments électroniques de pompage et de
mesure de sac est constitué d’un circuit MEMS élec-
tromécanique et/ou d’un circuit autonome électro-
mécanique.

3. Biocapteur selon une quelconque revendication pré-
cédente pour mesurer du glucose, dans lequel l’élec-
trode de travail (1) comprend une base conductrice
faite de préférence de carbone ou de ferrocyanure/
carbone ou de platine ou d’or (29), des nanofibres
(30) avec une oxydase de glucose immobilisée in-
corporée (31) et un revêtement de matrice de dioxy-
de de silicium synthétisé de façon biomimétique (32).

4. Biocapteur selon une quelconque revendication pré-
cédente, dans lequel, dans le circuit microfluidique
intérieur (8, 9), de façon intermittente, une ou plu-
sieurs solutions de glucose et un ou plusieurs fluides
sans glucose peuvent circuler pour l’auto-étalonna-
ge du capteur avec une courbe de deux, ou plusieurs
points.

5. Biocapteur selon une quelconque revendication pré-
cédente, dans lequel le pompage du microflux et la
sélection du fluide de circulation sont effectués par
l’intermédiaire de doigts de pompage et de valves
(10- 14) en polymères électroactifs.

6. Biocapteur selon une quelconque revendication pré-
cédente, dans lequel la partie électronique com-
prend  une section de traitement comprenant des
réseaux neuronaux capables de traiter la mesure de
glucose dans le tissu sous-cutané en prenant en
compte l’injection d’insuline et de produire une pré-
diction de glycémie veineuse, actuelle et à 30 minu-
tes, pour déclencher des alertes.

7. Biocapteur selon la revendication 6, dans lequel la
section de traitement comprend des moyens pour la
prédiction de glucose actuelle, ces moyens sont con-
figurés pour permettre l’addition algébrique de la pré-
diction de concentration au moyen de la cinétique
de digestion de repas et de la prédiction de la ciné-
tique de consommation durant et après l’exercice,
pour obtenir une prédiction de concentration de gly-
cémie globale pour déclencher des alarmes et pour
calculer l’injection à boucle fermée.

8. Biocapteur selon la revendication 7, dans lequel la

section de traitement comprend des moyens pour
fournir des différences entre la valeur de glycémie
prédite et la valeur de glucose souhaitée, de préfé-
rence à un algorithme PID (proportionnel/intégral/
différentiel), pour obtenir la correction correspon-
dante d’injection d’insuline et la correction d’injection
d’insuline robotique (boucle fermée) .

9. Biocapteur selon une quelconque revendication pré-
cédente, comprenant en outre un introducteur mé-
canique pour l’implantation.

10. Dispositif implantable comprenant une pluralité de
biocapteurs comprenant au moins un biocapteur se-
lon une quelconque des revendications 1  à 9, dans
lequel chaque capteur comprend un couvercle, de
préférence en polymères électroactifs, les couver-
cles étant capables d’exposer seulement le capteur
actuellement actif pendant un court intervalle néces-
saire pour une mesure ou un étalonnage et restant
fermés pendant la plupart de la journée, alors que
les autres restent fermés hermétiquement jusqu’au
remplacement de celui actif et dans lequel lesdits
couvercles peuvent posséder un filtre de protection
pour éviter l’introduction de particules ou de molé-
cules plus grosses que ce qui est souhaité.

11. Pancréas artificiel implantable comprenant

- un capteur selon une quelconque des reven-
dications 1 à 9,
- des moyens pour des algorithmes d’injection
à boucle fermée,
- des récipients pour insuline, tampon aqueux,
étalonnage et solution d’injection de glucose
corrective, ces récipients étant agencés à des
hauteurs différentes, les récipients étant des
sacs élastiques ou aplatissables,
- des pompes doubles d’injection d’insuline ef-
fectuant le transport de fluides d’injection d’in-
suline et d’étalonnage et le drainage de déchets
d’étalonnage.

12. Pancréas artificiel implantable selon la revendication
11, comprenant un système de pompage de rem-
plissage comprenant un cathéter multilumière qui
comporte, à son extrémité, une aiguille avec des
capteurs de position pour détecter la position cor-
recte de l’aiguille, la multilumière comportant des
trous à  diverses hauteurs pourvus de valves confi-
gurées pour permettre la communication avec les
récipients du pancréas artificiel et l’interruption du
transport de fluide à partir du, et vers le, pancréas
artificiel dans le cas de l’identification d’une erreur
par lesdits capteurs.
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