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Description

FIELD OF THE INVENTION

[0001] The invention relates to a transducer device for detecting an environmental state, in particular for detecting an
environmental state within a biological material.
[0002] Further, the present invention relates to a medical system comprising the described transducer device.
[0003] Furthermore, the present invention relates to a method for detecting an environmental state, in particular for
detecting an environmental state within a biological material, by means of a transducer device.

BACKGROUND OF THE INVENTION

[0004] Highly sensitive, selective, and robust sensors capable of monitoring small volumes of body fluids are one of
the key components for developing responsive drug delivery systems. Protein engineering and molecular biology have
facilitated the molecular design of bio-reagents, which are used as the sensing elements in various systems that offer
high selectivity, good response times, and low detection limits. In addition, biosensors have been developed for physi-
ologically relevant molecules, such as neurotransmitters and hormones.
[0005] Stimuli-sensitive hydrogels have found applications in actuators, sensors, drug delivery and bio separations.
These materials are able to respond reversibly to an external stimulus that causes a distinct measurable effect on the
physical properties of the material. Hydrogels are known to be sensitive to pH, ion concentration, temperature, solvent
composition and electric potential. The hydrogels can be also designed to swell upon presence of a target molecule.
They can be constructed in a way that the magnitude of swelling can be proportional to the concentration of ligands
being present.
[0006] Application of a stimuli-sensitive hydrogel in an implantable microscale system for drug delivery is known from
US 2004/024382 in which a fluid flow through a channel is regulated by the hydrogel in response to a predetermined
stimulus in a medium contacting the hydrogel. The reversible volume change leads to a reversible gating of the channel
allowing the microscale component to act as an active microvalve. In this way the  hydrogel-actuated microvalve me-
chanically couples the volume change of the hydrogel in response to a predetermined chemical compound to the opening
and closing of the channel by a membrane.
[0007] US 2002/0155425 discloses an implantable biosensor for detecting an analyte in vivo in body fluids. The
biosensor comprises an analyte-sensitve hydrogel filament chemically configured to vary its displacement volume ac-
cording to changes in concentration of an analyte in a patient’s body fluid. A photometric displacement transducer placed
inside the biosensor is configured to quantifiably detect changes in the displacement volume of the hydrogel filament,
such as by detecting the light intensity on a photoreceptor arranged to receive light of varying intensity depending upon
the displacement of the hydrogel filament.
[0008] WO 01/16575 discloses a biosensor having a hydrogel in a rigid and prefarably biocompatible enclosure. By
measuring the change in hydrogel pressure with a pressure transducer, the biosensor is able to accurately measure the
concentration of free glucose.
[0009] US 2002/0197456 discloses a biochip that includes a plurality of sensors for the analysis of biological samples
located on the biochip. Each sensor contains one or more light sources and one or more optical detectors.
[0010] A disadvantage of the known system is that is only capable of drug delivery and that is not capable of accurate
monitoring of physiological parameters outside of and/or within a bodily lumen.

SUMMARY OF THE INVENTION

[0011] It is an object of the invention to provide a transducer device for detecting an environmental state or a change
in the environmental state, in particular for detecting an environmental state within a biological material, which is capable
of accurate monitoring of physiological parameters outside of and/or within a bodily lumen. The invention is defined by
the independent claims. Advantageous embodiments are defined by the dependent claims.
[0012] This object is achieved by the transducer device according to the invention, wherein the transducer device
comprises a channel comprising a colored liquid, a hydrogel material, which is adapted to change its volume when
getting into contact with an environmental material and/or when detecting an environmental change, and which is me-
chanically coupled to the channel such that the volume of the channel changes when the volume of the hydrogel material
changes, and a sensor, which is adapted to generate a signal upon detection of the change in an optical property of the
colored liquid that is induced by the volume change of the channel.
[0013] The hydrogel material is adapted to be sensitive to the environmental state and/or a change of the environmental
state, which may be a physical, chemical or biological property, condition or object. A change in the environment of the
hydrogel material, such as for example the temperature or pH, and/or a contact with an environmental material, such
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as for example a specific molecule, induces a change of the volume of the hydrogel material. In response to this volume
change of the hydrogel material, the volume of the channel changes as well, because of the specific mechanical contact
between the hydrogel material and the channel. The volume change of the channel will affect an optical property of the
colored liquid in the channel, such as for example transparency. The sensor detects the change of the optical property
of the colored liquid and, as a result, generates a signal. In this way the transducer device generates a signal in the case
that the hydrogel material reacts to an environmental change and/or gets into contact with an environmental material,
for both of which the hydrogel material is sensitive. The signal generated by the sensor of the transducer device according
to the invention in fact is a monitor for the environmental change and/or environmental material of the transducer device.
The signal may be used for different purposes, such as for example for triggering an event, for example a drug release
or storage of data in a memory device for later access by a medical specialist. By applying the transducer device according
to the invention within a bodily lumen, an accurate monitoring of physiological parameters, for which the hydrogel material
is sensitive, within the bodily lumen is possible. It is also possible to apply the transducer device outside of the bodily
lumen, for example to monitor the blood of a patient outside the bodily lumen. The colored liquid, may be the material
that is to be monitored.
[0014] The object of the invention is also achieved by a method for detecting an environmental state, in particular for
detecting an environmental state within a biological material, by means of a transducer device comprising a hydrogel
material and a channel comprising a colored liquid, the method comprising the steps of:

- getting the transducer device into contact with the biological material, such that a hydrogel material changes its
volume such that the volume of the channel changes,

- generating a signal upon detection of a change of an optical property of the colored liquid that is induced by the
change of the volume of the channel.

[0015] The object is also achieved by a medical system comprising the transducer device according to the invention,
and a drug release device, which is coupled to the transducer device and which is adapted to release a certain amount
of drug when being triggered by the signal of the transducer device. In this way the monitoring function of the  transducer
device according to the invention is advantageously used to trigger the drug release.
[0016] In another embodiment of the transducer device according to the invention, the transducer device further
comprises a light source, which is adapted to radiate light into the channel, and in which the sensor is adapted to measure
a change in the optical properties of the colored liquid in the channel. The volume change of the channel influences the
optical properties of the liquid, such as for example the absorption of light because the path length of the light in the
liquid changes upon the change in volume of the hydrogel material.
[0017] In an embodiment of the transducer device according to the invention, the transducer device comprises a
substrate in which the sensor is integrated, and on which substrate the channel and the hydrogel material are formed.
In this way a compact and small-sized transducer device is obtained, which, for example, can be advantageously applied
within a bodily lumen. In an advantageous embodiment the light source is integrated in the substrate.
[0018] In an embodiment of the transducer device according to the invention, the transducer device further comprises
an electronic circuit in electrical contact with the sensor. In this way the functionality of the transducer device is enhanced.
For example, the electronic circuit comprises a storage device for storing the signals generated by the sensor.
[0019] In an embodiment of the transducer device according to the invention, the transducer device further comprises
a transmitter unit, which is adapted to communicate with an external receiving unit. In this way the transducer device
can, for example, by applied within a bodily lumen without requiring wiring for control of the transducer device or for
receiving the signal of the sensor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] These and other aspects of the invention will be further elucidated and described with reference to the drawings,
in which:

Fig. 1a is a cross-sectional view of a transducer device;
Fig. 1b is a perspective view of a part of the transducer device shown in Fig. 1b;
Figs. 2a and 2b are cross-sectional views of a first embodiment of the transducer device according to the invention;
Figs. 3a and 3b are cross-sectional views of a second embodiment of the transducer device according to the
invention; and
Fig. 4 is a cross-sectional view of a third embodiment of the transducer device according to the invention.

[0021] The Figures are not drawn to scale. In general, identical components are denoted by the same reference
numerals in the Figures.
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DETAILED DESCRIPTION OF EMBODIMENTS

[0022] Stimuli-sensitive hydrogel materials have applications in actuators, sensors, drug delivery, bioseparations and
biomedicine. These materials are able to respond reversibly to an external stimulus that causes a distinct measurable
effect on the properties of the material. Hydrogel materials are known to be sensitive to pH, ion concentration, temperature,
solvent composition and electric potential. These parameters cause a change in phase, shape, mechanics, refractive
index, recognition or permeation rates that subsequently can be reversed to return the material to its original state.
Stimuli-sensitive hydrogel materials have also been integrated with enzymes, protein mimics, and antibodies to design
controllable actuators. These hydrogel materials have been shown to swell on addition of a target molecule. The amount
of swelling of these hydrogel materials was attributed to changes in non-covalent interactions within the polymer network.
The hydrogel materials can be also designed to swell upon presence of a target molecule. They can even be constructed
in a way that the magnitude of swelling can be proportional to the concentration of target molecule present. Huge swelling
ratios can be obtained, the materials are, for example, very sensitive to even small changes in pH. A typical pH sensitive
hydrogel material is polyacrylic acid (PAA) and a typical temperature sensitive hydrogel material is N-isopropylacrylamide
(NPA). Some stimuli-responsive hydrogel materials additionally undergo very abrupt changes in optical properties in
response to external stimuli such as temperature. An example of this effect is known as lower critical solution temperature.
In fact some hydrogel materials undergo a very sharp phase transition when increasing the temperature and change
from an optically transparent material into a scattering material. The fact that the lower critical solution temperature of
these hydrogel materials can be adjusted to near human body temperature (37°C) by copolymerization and using
additives further makes them viable for in vivo applications. Furthermore, the use of water-based materials slows down
the encapsulation process of a foreign body by the human immune system, which makes hydrogel materials extremely
attractive as a base for implantable long lasting chemo-physical sensors. Hydrogel-based transducers therefore will lead
to long lasting implantable sensing systems enabling accurate monitoring of physiological parameters outside of and/or
within  the human/animal body. The proposed transducer device makes use of the response of the hydrogel material to
an environmental change (for example pH, temperature) or a specific molecule. In order to become sensitive to the
presence of a specific molecule (analyte) the hydrogel should be "tailored" with specific "analyte - analyte binding
molecules" complexes, for example antigen as analyte and an antibody as analyte binding molecule or carbohydrates
as analyte and Lectins as analyte binding molecule.
[0023] Fig. 1a shows a schematic cross-section of a transducer device and Fig. 1b shows a perspective view of a part
of the transducer device, which is not part of the invention. The transducer device 100 is integrated in and on a substrate
10, which is, for example, made of silicon material. A pressure sensor 11 and a flow sensor 12 are formed in the substrate
10 and are isolated from a channel 2 by an isolation layer 4, for example silicon dioxide. The sensors 11 and 12 are
electrically connected to an electronic circuit 13 that is also integrated in the substrate 10. The electronic circuit 13 is,
for example, adapted to receive signals from the sensors 11 and 12 and to calculate from these signals combined with
other required data the amount of environmental change or the amount of environmental material. The channel 2 com-
prises a fluid, such as for example blood. Alternatively, the fluid may be a carrier fluid which properties are changed by
the environmental state or the environmental material. A hydrogel material layer 1 is extending over the channel 2 and
is covered by a protective layer 3, which is, for example, made of glass, silicon oxide, silicon, silicon nitride.
[0024] The swelling of the hydrogel material layer 1, under the assumption it occurs only in a direction perpendicular
to the surface of the pressure sensor 11 and the flow sensor 12, can be expressed with: 

where:

V1 and V2 is the volume of the hydrogel material 1 in "dry" and "swollen" form respectively [m3];
hg and hg* is the height of the hydrogel material 1 in "dry" and "swollen" form respectively [m]; and
Δhg is the height difference between the "dry" and "swollen" form of the hydrogel material 1 [m].

[0025] The hydrogel height hg in Equation 1 can be calculated using the Hagen-Poiseuille formula for calculating the
pressure drop (P) of a fluid, in laminar flow, through a, in this case, rectangular shaped channel 2:
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where:

Φ is the volumetric flow velocity in the channel 2 [m3.s-1];
ν is the linear flow velocity in the channel 2 [m.s-1];
η is the liquid viscosity of the fluid [Pa.s];
L is the length of the channel 2 [m];
P is the pressure drop in the channel 2 [Pa];
A is the cross-section area of the channel 2 [m2]: A = dhf ;
d is the width of the channel 2 [m];
hf is the height of the fluid in the channel 2 [m]; and
cPA is a dimensionless parameter dependent on the shape of the channel 2.

[0026] In the case of a rectangular shaped channel 2, cPA is defined by: 

[0027] The specific case of an initially square shaped channel 2 (d = hf) leads to: 

[0028] From which it follows that: 

where:

h is the total height in the channel 2 [m].

[0029] Upon swelling, the hydrogel material 1 changes the shape of the channel 2, thereby reducing the dimensions
of the channel 2, and consequently introducing either a change in the pressure of the fluid in the channel 2 (constant
flow) or a change in the flow of the fluid in the channel 2 (constant pressure). By measuring the flow velocity and the
pressure after swelling of the hydrogel material 1 in the channel 2 one can calculate the height difference between the
"dry" and "swollen" form of the hydrogel material 1 Δhg using the Hagen-Poiseuille formula for calculating the pressure
drop (P) of a fluid, in laminar flow, through a rectangular channel 2:
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where:

νS is the linear flow velocity in the channel after gel swelling [m.s-1];
PS is the pressure drop in the channel after gel swelling [Pa]; and

 is the fluid height in the channel after gel swelling [m].

[0030] From Equation 6 one can calculate the fluid height in the channel after swelling of the hydrogel material 1 and
from there the hydrogel heights difference between the "dry" and "swollen" form Δhg: 

[0031] Although there are several different methods of measuring the flow of the fluid in the channel 2, for example
mechanically, electrically, magnetically or optically, the most widely spread method is based on thermal sensors, because
of their structural and electronic simplicity. Furthermore, they are compatible with the standard integration technologies
such as CMOS (Complementary Metal Oxide Semiconductor) and/or bipolar technologies. One example of the differential
temperature measurements principle is based on the use of p-type polysilicon - n-type polysilicon thermopiles with a
heater in-between.
[0032] The fluidic flow is proportional to the square of the temperature difference on the two sides of the heater and
as a result the fluidic flow can be calculated from the measured temperature difference.
[0033] The most widely spread integrated pressure sensors are based on piezoresistive type transducers, realized
using Micro-Electro Mechanical Systems (MEMS) technologies. They are compatible with the standard integration tech-
nologies (such as CMOS (Complementary Metal Oxide Semiconductor) and/or bipolar technologies. The piezoresistive
type pressure sensor consists of a semiconductor (silicon) substrate with a membrane formed by backside etching of
the substrate. The front side of the chip comprises, for example, four p-type diffused piezo-resistors in a Wheatstone
bridge configuration. The resistors are located on the membrane and metal tracks provide electrical connections. When
a pressure is applied, the membrane will deflect and the piezo-resistors change thereby misbalancing the Wheatstone
bridge and generating a voltage across the Wheatstone bridge that is proportional to the applied pressure. Thus, using
the Wheatstone bridge configuration  one can calculate the applied pressure by measuring the voltage across the
Wheatstone bridge.
[0034] Figs. 2a and 2b show a transducer device 200 according to the invention that is most suitable for in-vitro and
ex-vivo applications, such as for example a catheter. The transducer device 200 is manufactured from discrete compo-
nents and based on the reduced absorbance of light by a, for example, colored liquid, upon swelling of a hydrogel
material 51, which in this case is a transparent hydrogel material 51. Fig. 2a shows the situation in which the hydrogel
material 51 in a dry or non-swollen state, and Fig. 2b shows the situation in which the hydrogel material 51 is in a swollen
state. The transducer device 200 comprises a channel 52 with the colored liquid, which comprises light absorbing
particles. The transparent hydrogel material 51 is located in the channel 52 in a path of light originating from a light
source 29. The channel 52 is protected by protective layers 23 and 24. The channel 52 may also comprise the environ-
mental material that has to be detected, such as for example a molecule. In response to an environmental change, such
as for example the temperature, or the presence of a specific molecule, the volume of the hydrogel material 51 increases,
thereby reducing the height of the channel 52 at the location of the hydrogel material 51 and displacing the colored liquid.
This results in a reduced absorbance of light in the colored liquid, because the path length of light in the colored liquid
is reduced. The light that passes through the colored liquid in the channel 52 and the hydrogel material 51 is detected
by an optical sensor 25, such as for example a photodetector, that is located in the path of light. In case of a volume
increase of the hydrogel material 51, less light will be absorbed by the colored liquid and more light will be detected by
the optical sensor 25. The optical sensor 25 generates a signal that is dependent on the amount of light detected. This
signal is, for example, received by an electronic circuit 26, which is adapted to calculate from this signal the amount of
environmental change or environmental material that is detected by the transducer device 200. This result can then be
transmitted via a transmitter 27 to an external receiving unit (not shown) which can, for example store or present the
results. The transducer device 200 further comprises a power source 28, for example a battery, to supply the required
power the transducer device 200.
[0035] The hydrogel material 51 is in this case transparent for light, because it comprises, for example, mostly water.
In order to achieve a sufficient transparency of the hydrogel material 51 after swelling no light absorbing molecules
should be present in the hydrogel material 51. This can be obtained by tailoring the hydrogel material 51 in a way that
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its network does not allow particles with certain sizes or properties to enter.
[0036] Examples of a light absorbing molecule that can be used in the colored liquid are ATTO 580Q and ATTO 612Q
(http://www.atto-tec.com).
In order to calculate the change in the signal upon swelling of the hydrogel material 51 and the height difference between
the "dry" and "swollen" form of the hydrogel material 51 Δhg, first the molar extinction coefficient εκ of the colored liquid
is converted into an absorption coefficient α by: 

where:

εκ is the molar extinction coefficient of the colored liquid [mol-1.liter.cm-1];
ck is the absorbing particle concentration in the colored liquid [g.liter-1]; and
mW is the molecular weight of the absorbing particle in the colored liquid [g.mol-1].

[0037] The height difference between the "dry" and "swollen" form of the hydrogel material 51 Δhg is extracted from
the ratio between the corresponding signals: 

where:

SD is the signal obtained when the hydrogel material 51 is in its "dry" form;
SS is the signal obtained when the hydrogel material 51 is in its "swollen" form; and
S0 is the signal obtained when there is no fluid in the channel 52.

[0038] As a practical example the colored liquid comprises an absorption molecules concentration of 500 mg.liter-1

and the absorption coefficient α = 148 cm-1, the optical source 29 has a luminous intensity of about 2500 mcd (≈ 3.5

mW), the optical sensor 25 has a responsivity  at a wavelength of 620 nm (absorption maximum of

ATTO 612Q), and the height of the channel when the hydrogel material is in the "dry" state hf= 0.1 cm, from which the

size of the minimal electrical current can be calculated, which results from the largest size of the channel 52 at the
location of the hydrogel material 51, for example when the hydrogel material 51 is in its "dry" form, by using: 

where:

E0 is the luminous intensity of the optical source 29 [W];
α is the absorption coefficient of the colored liquid [cm-1];
hf is the height of the channel when the hydrogel material is in the "dry" state [cm];

 is the responsivity of the optical sensor 25 [A.W-1]; and
ID electrical current generated by the optical sensor.

[0039] This results and electrical current of approximately ∼0.6x10-9 A.
[0040] Figs. 3a and 3b show an embodiment of a transducer device 300 according to the invention that is most suitable
for in-vivo applications. The transducer device 300 is an integrated and miniaturized version of the transducer device
200 and is also based on the reduced absorbance of light by the, for example, colored liquid, upon swelling of a hydrogel
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material 21, which in this case is also transparent. Fig. 3a shows the situation in which the hydrogel material 21 is in a
dry or non-swollen state, and Fig. 3b shows the situation in which the hydrogel material 21 is in a swollen state. The
transducer device 200 comprises a channel 22 with the colored liquid, which comprises light absorbing particles. The
transparent hydrogel material 21 is located in the channel 22 in a path of light originating from the light source 29. The
channel 22 is protected by protective layers 33 and 34. The channel 22 may also comprise the environmental material
that has to be detected, such as for example a molecule. In response to an environmental change, such as for example
the temperature, or the presence of a specific molecule, the volume of the hydrogel material 21 increases, thereby
reducing the height of the channel 22 at the location of the hydrogel material 21 and displacing the colored liquid. This
results in a reduced absorbance of light in the colored liquid, because the path length of light in the colored liquid is
reduced. The light that passes through the colored liquid in the channel 22 and the hydrogel material 21 is detected by
an optical sensor 35 that is located in the path of light and is integrated in a substrate 30, which is for example of silicon
material. In case of a volume increase of the hydrogel material 21, less light will be absorbed by the colored liquid and
more light will be detected by the optical sensor 35. The optical sensor 35 generates a signal that is dependent on the
amount of light detected. This signal is, for example, received by an electronic circuit 36, which is also integrated in the
substrate 30 and which is adapted to calculate from this signal the amount of environmental change or environmental
material that is detected by the transducer device 300. This result can then be transmitted via a transmitter (not shown)
to an external receiving unit (not shown) which can, for example, store or present the results.
[0041] Fig. 4 shows an embodiment of a transducer device 400 according to the invention in which an optical source
39 is integrated in the same substrate 30 as the optical sensor 35 and the electronic circuit 36, thereby further miniaturizing
the transducer device 400. In order to optimally detect the difference in the absorption pattern, the top surface of  the
channel 22 is covered with a reflective layer 37, comprising for example a metal, that reflects the irradiated light towards
the optical sensor 35. The integration of all components in one substrate 30 makes the system more compact and
therefore can be used in applications where miniature structures are required. Since the light travels twice trough the
channel 22 the absorption will be twice as high compared to the transducer device 300. Therefore this configuration is
suitable for systems with a small sized channel 22, for example with a diameter smaller than 0.5 mm.
[0042] The formation of the channel 2, 22 on the substrate 10,30 can be performed in the same process for manufac-
turing the integrated substrate by applying additional post-processing steps. For example, the channel 2, 22 can be
formed in a layer of photoresists material, such as for example SU8 material, that is spun over the substrate 10,30, and
subsequently patterned and developed. The channel 2, 22 can be also formed in silicon or silicon dioxide. The channel
2, 22 can alternatively be formed in a second substrate, for example silicon or glass, by known etching techniques,
followed by bonding of the second substrate on the substrate 10,30 comprising the sensors. The hydrogel material 1,
21 can be brought into the channel 2, 22 and polymerized last or in the case of a second substrate prior to the bonding step.
[0043] To prepare the hydrogel material 1, 21 monomers are usually mixed with a solvent, for example water, buffer
solution ormethanol, typically in a 50/50 to 10/90 ratio. To form a chemically crosslinked hydrogelmaterial a crosslinker
is added, for example N,N-methylene bisacrylamide, n-(ethyleneglycol)diacrylate (n = 4-10000), typically in a 1:10 to 1:
1000 ratio with the monomer. Further a photo- or thermal initiator, possibly in combination with an accelerator, is added
to initiate the polymerization. In case of a patterned hydrogel material, photo-polymerization is preferred. By tuning the
content of the mixture in the appropriate way during polymerization, phase separation can be obtained to form a micro-
porous hydrogel material 1,21. Important parameters for this are for example the solvent fraction and the crosslink
density. The porosity of the hydrogel material 1, 21 might be tuned also by adding polyoxyethylene (100) stearyl ethers
(e.g. Brij 700, an emulsion stabilizer).
[0044] In an example of manufacturing a pH sensitive hydrogel material a hydrogel mixture a 75% pH 7 buffer solution
(Fluka) and 25% acrylic acid/PEGDA (n=10) 90:10 wt% is mixed in a 50:1 ratio with Irgacure 2959. The surface of the
substrate 10,30, which is for example silicon, silicon dioxide andor silicon nitride, can be coated with an adhesion
promotor, such as for example trimethoxy-silane methacrylate (A174). The substrate 10,30 is  the first treated with UV
ozone for approximately 10 minutes and subsequently the silane is applied by evaporation. This step can also be done
locally by, for example, microcontact printing. Moreover surfaces for which no contact with the hydrogel is required can
be coated with a fluorinated silane or by a plasma treatment, thereby realizing a non-wetting surface. The channel 2,
22 on the substrate 10,30 can be then filled with the hydrogel mixture. In order to polymerize the hydrogel material the
cell is to be exposed for about 1 hour to UV light with an optical power of about 1 mW.cm2 in a nitrogen atmosphere. A
higher light intensity will allow a shorter exposure time. In a preferred embodiment exposure of a special mask is applied.
After rinsing with water, the response of the hydrogel material to pH changes.
[0045] The hydrogel material based transducer device 100,200,300,400 are useful in general for monitoring and/or
detection of molecules, substances, labels, drugs, or environmental changes for in-vivo and in-vitro application. When
the diagnostic device is suitable for in vitro analysis of a fluid, the diagnostic device may further comprise an entry port
and an outlet for the fluid. The transducer device 100,200,300,400 can be used in evaluation of drug impact, new drug
discovery and drug testing. Applications areas include also the fields of diagnostics, where the presence and amount
of a specific bio-molecule has to be measured an/or continuously monitored. The transducer device 100,200,300,400
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can be applied to humans as well as to animals.
[0046] In summary, the invention relates to transducer device for detecting an environmental state or a change in the
environmental state, in particular for detecting an environmental state within a biological material. The transducer device
comprises a channel comprising a colored liquid a hydrogel material, which is adapted to change its volume when getting
into contact with an environmental material and/or when detecting an environmental change, and which is mechanically
coupled to the channel such that the volume of the channel changes when the volume of the hydrogel material changes.
The transducer devices further comprises a sensor, which is adapted to generate a signal upon detection of the change
of a optical property of the colored liquid that is induced by the volume change of the channel. By applying the transducer
device according to the invention within a bodily lumen, an accurate monitoring of physiological parameters, for which
the hydrogel material is sensitive, within the bodily lumen is possible. It is also possible to apply the transducer device
outside of the bodily lumen, for example to monitor the blood of a patient outside the bodily lumen.
[0047] It should be noted that the above-mentioned embodiments illustrate rather than limit the invention, and that
those skilled in the art will be able to design many alternative  embodiments without departing from the scope of the
appended claims. In the claims, any reference signs placed between parentheses shall not be construed as limiting the
claim. The word "comprising" does not exclude the presence of other elements or steps than those listed in a claim. The
word "a" or "an" preceding an element does not exclude the presence of a plurality of such elements.

Claims

1. A transducer device (200,300,400) for detecting an environmental state, in particular for detecting an environmental
state, or a change in the environmental state, within a biological material, the transducer device (200,300,400)
comprising:

- a channel (22,52);
- a hydrogel material (21,51), which is adapted to change its volume when getting into contact with the biological
material and/or when detecting a change in the environmental state of the biological material, and which is
mechanically coupled to the channel (22,51) such that the volume of the channel (22,51) changes when the
volume of the hydrogel material (21,51) changes;
- a light source (29,39), which is adapted to radiate light into the channel (22,51); and
- a sensor (12,25,35)

characterized in that

- said channel comprises a colored liquid and
- said sensor is adapted to generate a signal upon detection of the change in an optical property of the colored
liquid that is induced by the volume change of the channel (22,51)

2. A transducer device (200,300,400) as claimed in claim 1, in which the transducer device comprises a substrate
(10,30) in which the sensor (11,12, 35) is integrated, and on which substrate (10,30) the channel (2,22,51) and the
hydrogel material are formed.

3. A transducer device (200,300,400) as claimed in claim 2, in which the light source (29,39) is integrated in the
substrate (10,30).

4. A transducer device (200,300,400) as claimed in claim 1, further comprising an electronic circuit (13,26,36) in
electrical contact with the sensor (11,12,25,35).

5. A transducer device (200,300,400) as claimed in claim 1, further comprising a transmitter unit (27), which is adapted
to communicate with an external receiving unit.

6. A method for detecting an environmental state, in particular for detecting an environmental state within a biological
material, by means of a transducer device (200,300,400) comprising a hydrogel material (21,51) and a channel
(22,51), the method comprising the steps of:

- radiating light from a light source (29,39) into the channel (22,51);
- getting the transducer device (200,300,400) into contact with the biological material, such that a hydrogel
material (21,51) changes its volume such that the volume of the channel (22,51) changes,
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characterized by

- said channel comprising a colored liquid and
- generating a signal upon detection of the change of the optical properties of the colored liquid that is induced
by the change of the volume of the channel (22,51).

7. A medical system comprising the transducer device (200,300,400) according to claim 1, and a drug release device,
which is coupled to the transducer device (100,200,300,400) and which is adapted to release a certain amount of
drug when being triggered by the signal of the transducer device (200,300,400).

8. A diagnostic device comprising a transducer device according to any of claims 1 to 5.

9. A diagnostic device according to claim 8, wherein the diagnostic device is suitable for in vitro analysis of the colored
liquid and further comprises an entry port and an outlet for the colored liquid.

Patentansprüche

1. Messwandler-Vorrichtung (200, 300, 400) zum Erkennen eines Umweltzustands, insbesondere zum Erkennen eines
Umweltzustands oder einer Änderung des Umweltzustands innerhalb eines biologischen Materials, wobei die Mess-
wandler-Vorrichtung (200, 300, 400) Folgendes umfasst:

- einen Kanal (22, 52);
- ein Hydrogel-Material (21, 51), das dafür ausgelegt ist, sein Volumen zu verändern, wenn es in Kontakt mit
dem biologischen Material kommt und/oder wenn eine Änderung des Umweltzustands des biologischen Mate-
rials erkannt wird, und das mechanisch mit dem Kanal (22, 51) gekoppelt ist, so dass sich das Volumen des
Kanals (22, 51) verändert, wenn sich das Volumen des Hydrogel-Materials (21, 51) verändert;
- eine Lichtquelle (29, 39), die dafür ausgelegt ist, das Licht in den Kanal (22, 51) zu strahlen; und
- einen Sensor (12, 25, 35)

dadurch gekennzeichnet, dass

- der genannte Kanal eine farbige Flüssigkeit enthält und
- der genannte Sensor dafür ausgelegt ist, auf das Erkennen der Änderung einer optischen Eigenschaft der
farbigen Flüssigkeit hin, die durch die Volumenänderung des Kanals (22, 51) induziert wurde, ein Signal zu
erzeugen.

2. Messwandler-Vorrichtung (200, 300, 400) nach Anspruch 1, wobei die Messwandler-Vorrichtung ein Substrat (10,
30) umfasst, in das der Sensor (11, 12, 35) integriert ist, und auf dem der Kanal (2, 22, 51) und das Hydrogel-
Material gebildet sind.

3. Messwandler-Vorrichtung (200, 300, 400) nach Anspruch 2, wobei die Lichtquelle (29, 39) in das Substrat (10, 30)
integriert ist.

4. Messwandler-Vorrichtung (200, 300, 400) nach Anspruch 1, weiterhin mit einer elektronischen Schaltung (13, 26,
36) in elektrischem Kontakt mit dem Sensor (11, 12, 25, 35).

5. Messwandler-Vorrichtung (200, 300, 400) nach Anspruch 1, weiterhin mit einer Messwandler-Einheit (27), die dafür
ausgelegt ist, mit einer externen Empfangseinheit zu kommunizieren.

6. Verfahren zum Erkennen eines Umweltzustands, insbesondere zum Erkennen eines Umweltzustands innerhalb
eines biologischen Materials, mithilfe einer Messwandler-Vorrichtung (200, 300, 400), die ein Hydrogel-Material (21,
51) und einen Kanal (22, 52) umfasst, wobei das Verfahren die folgenden Schritte umfasst:

- von einer Lichtquelle (29, 39) wird Licht in den Kanal (22, 51) gestrahlt;
- die Messwandler-Vorrichtung (200, 300, 400) wird in Kontakt mit dem biologischen Material gebracht, so dass
ein Hydrogel-Material (21, 51) sein Volumen derartig verändert, dass sich das Volumen des Kanals (22, 51)
verändert;
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dadurch gekennzeichnet, dass

- der genannte Kanal eine farbige Flüssigkeit enthält und
- auf das Erkennen der Änderung der optischen Eigenschaften der farbigen Flüssigkeit hin, die durch die
Volumenänderung des Kanals (22, 51) induziert wurde, ein Signal erzeugt wird.

7. Medizinisches System mit der Messwandler-Vorrichtung (200, 300, 400) nach Anspruch 1 und einer Arzneimittel-
freisetzungsvorrichtung, die mit der Messwandler-Vorrichtung (200, 300, 400) gekoppelt ist und die dafür ausgelegt
ist, eine bestimmte Arzneimittelmenge freizusetzen, wenn sie durch das Signal der Messwandler-Vorrichtung (200,
300, 400) ausgelöst wird.

8. Diagnostische Vorrichtung mit einer Messwandler-Vorrichtung nach einem der Ansprüche 1 bis 5.

9. Diagnostische Vorrichtung nach Anspruch 8, wobei die diagnostische Vorrichtung für die in-vitro-Analyse der farbigen
Flüssigkeit geeignet ist und weiterhin einen Eingangsanschluss und einen Auslass für die farbige Flüssigkeit umfasst.

Revendications

1. Dispositif transducteur (200, 300, 400) pour détecter un état environnemental, en particulier pour détecter un état
environnemental, ou un changement de l’état environnemental, à l’intérieur d’un matériau biologique, le dispositif
transducteur (200, 300, 400) comprenant :

- un canal (22, 52) ;
- un matériau hydrogel (21, 51), qui est adapté pour changer son volume lors du contact avec le matériau
biologique et/ou lors de la détection d’un changement de l’état environnemental du matériau biologique, et qui
est accouplé mécaniquement avec le canal (22, 51) de sorte que le volume du canal (22, 51) change lorsque
le volume du matériau hydrogel (21, 51) change ;
- une source lumineuse (29, 39), qui est adaptée pour faire rayonner de la lumière dans le canal (22, 51) ; et
- un capteur (12, 25, 35) ;

caractérisé en ce que :

- ledit canal comprend un liquide coloré, et
- ledit capteur est adapté pour produire un signal lors de la détection du changement d’une propriété optique
du liquide coloré qui est provoqué par le changement de volume du canal (22, 51).

2. Dispositif transducteur (200, 300, 400) selon la revendication 1, dans lequel le dispositif transducteur comprend un
substrat (10, 30) dans lequel le capteur (11,12, 35) est intégré, et sur lequel substrat (10, 30) le canal (2, 22, 51) et
le matériau hydrogel sont formés.

3. Dispositif transducteur (200, 300, 400) selon la revendication 2, dans lequel la source lumineuse (29, 39) est intégrée
dans le substrat (10, 30).

4. Dispositif transducteur (200, 300, 400) selon la revendication 1, comprenant en outre un circuit électronique (13,
26, 36) en contact électrique avec le capteur (11,12, 25, 35).

5. Dispositif transducteur (200, 300, 400) selon la revendication 1, comprenant en outre une unité émettrice (27), qui
est adaptée pour communiquer avec une unité réceptrice externe.

6. Procédé pour détecter un état environnemental, en particulier pour détecter un état environnemental à l’intérieur
d’un matériau biologique, au moyen d’un dispositif transducteur (200, 300, 400) comprenant un matériau hydrogel
(21, 51) et un canal (22, 51), le procédé comprenant les étapes de :

- le rayonnement de lumière à partir d’une source lumineuse (29, 39) dans le canal (22, 51) ;
- la mise du dispositif transducteur (200, 300, 400) en contact avec le matériau biologique, de sorte qu’un
matériau hydrogel (21, 51) change son volume de sorte que le volume du canal (22, 51) change,
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caractérisé par :

- ledit canal comprenant un liquide coloré, et
- la production d’un signal lors de la détection du changement des propriétés optiques du liquide coloré qui est
provoqué par le changement du volume du canal (22, 51).

7. Système médical comprenant le dispositif transducteur (200, 300, 400) selon la revendication 1, et un dispositif de
libération de médicament, qui est accouplé avec le dispositif transducteur (100, 200, 300, 400) et qui est adapté
pour libérer une certaine quantité de médicament lorsqu’il est déclenché par le signal du dispositif transducteur
(200, 300, 400).

8. Dispositif de diagnostic comprenant un dispositif transducteur selon une quelconque des revendications 1 à 5.

9. Dispositif de diagnostic selon la revendication 8, dans lequel le dispositif de diagnostic est approprié pour l’analyse
in vitro du liquide coloré et comprend en outre un orifice d’entrée et une sortie pour le liquide coloré.
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置（100,200,300,400）还包括传感器（11,12,25,35），其适于在检测到
由通道的体积变化引起的流体的物理性质的变化时产生信号（ 
2,22,51）。通过在体腔内应用根据本发明的换能器装置
（100,200,300,400），可以在体腔内精确监测水凝胶材料（1,21,51）
对其敏感的生理参数。还可以将换能器装置（100,200,300,400）应用在
体腔外部，例如以监测体腔外的患者的血液。
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