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IN-SITU SENSOR

BACKGROUND

[0001] Within the medical field numerous therapies are
available. However, some of these therapies are not easy to
track with respect to their long-term effect and/or their
efficacy. In the following we will describe such conditions
with respect to benign or malign tissue. However, the
invention is not limited thereto.

[0002] Treatment of malign tissue more often referred to
as cancer treatment often involves some sort of radiation
therapy and/or chemo therapy. Some of these therapies may
be focused towards the target area while others are less
selective.

[0003] These therapies in addition to their intended effect
do also encompass side-effects, e.g. they also impair sur-
rounding tissue as well as distant cells.

[0004] However, efficacy thereof is to some extent unpre-
dictable. When trying to define a dosage regime, it is often
a trade-off between minimizing side-effects while still pro-
viding a desired effect.

[0005] Even when a cancerous tissue has been success-
fully treated, there is still an increased probability that one
or more cancerous cell survived which may lead to a relapse.
[0006] In addition some cancerous tissue growth, such as
prostate cancer, is kept under active surveillance as the
impact of surgery and/or therapy is sometimes held inap-
propriate in comparison to an expected life time of a patient.
[0007] In order to minimize the risks of a relapse and or to
detect a sudden (re-)growth, a close surveillance of the
therapy as well as after completion of therapy is necessary.
However, such surveillance is often expensive and time-
consuming. In addition detecting of some of this tissue (and
its growth/shrinkage to due therapy) is rather complicated as
some of the tissue growth may not be visualized by today’s
imaging technologies. I.e. the efficacy of a therapy may only
be determined after valuable time has been lapsed before
imaging technologies allow for a reliable diagnosis with
respect to therapy efficacy.

[0008] Knowing this background, it would be helpful to
find a measure allowing for detecting efficacy of a treatment
on a short term basis as well as on a long term basis.

SHORT DESCRIPTION OF THE INVENTION

[0009] To overcome one or more problems in the art, the
invention proposes an in-situ sensor which is able to monitor
various effects occurring during treatment.

[0010] The in-situ Sensor for being implanted within
tissue of a mammal an energy harvesting portion, a com-
munication portion, a pressure sensor for measuring inter-
stitial pressure of surrounding tissue when located within
tissue, a further sensor, whereby the further sensor is
selected from a group comprising sensor such as pH sensor,
lactate sensor, impedance sensor, radiation sensor, tempera-
ture sensor, sensor for bioelectrical potentials, whereby said
further sensor, said pressure sensor as well as the commu-
nication portion are powered by the energy harvesting
portion, whereby information indicative of the measurement
provided by the pressure sensor and data indicative of the
measurement provided by said further sensor is communi-
cated via said communication portion towards an extracor-
poreal receiving entity, whereby said communication por-
tion and/or said pressure sensor and/or said further sensor
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are adaptable such that they consume less energy in case
storage of energy by the energy harvesting portion drops
below a certain threshold.

[0011] Further details are subject to the dependent claims
and the description.

SHORT SUMMARY OF THE FIGURES

[0012] In the following detailed description reference will
be made towards the figures, in which

[0013] FIG. 1 shows a schematic overview of an in-situ
sensor and an extracorporeal receiving entity according to
the invention,

[0014] FIG. 2 shows a schematic overview of the an
in-situ sensor according to FIG. 1, and

[0015] FIG. 3 shows a schematic electronic arrangement
of components of the in-situ sensor according to FIG. 1.

DETAILED DESCRIPTION

[0016] The present disclosure describes preferred embodi-
ments with reference to the Figures, in which like reference
signs represent the same or similar elements. Reference
throughout this specification to “one embodiment,” “an
embodiment,” or similar language means that a particular
feature, structure, or characteristic described in connection
with the embodiment is included in at least one embodiment
of the present invention. Thus, appearances of the phrases
“in one embodiment,” “in an embodiment,” and similar
language throughout this specification may, but do not
necessarily, all refer to the same embodiment.

[0017] The described features, structures, method steps or
characteristics of the invention may be combined in any
suitable manner in one or more embodiments. In the descrip-
tion, numerous specific details are recited to provide a
thorough understanding of embodiments of the invention.

[0018] I.e.,unless indicated as alternative only any feature
of an embodiment may also be utilized in another embodi-
ment.

[0019] In addition, even though at some occurrences cer-
tain features will be described with reference to a single
entity, such a description is for illustrative purpose only and
actual implantations of the invention may also comprise one
or more of these entities. I.e. usage of singular also encom-
passes plural entities unless indicated.

[0020] The invention proposes an in-situ Sensor 1 for
being implanted within tissue of a mammal P, see FIG. 1.

[0021] The in-situ sensor 1 comprises an energy harvest-
ing portion RX, a communication portion TX.

[0022] The in-situ sensor 1 comprises also a pressure
sensor S, for measuring interstitial pressure of surrounding
tissue when located within tissue, and at least a further
sensor Sg.

[0023] The further sensor S, is selected from a group
comprising sensors such as pH sensor, lactate sensor, imped-
ance sensor, radiation sensor, temperature sensor, sensor for
bioelectrical potentials.

[0024] The sensors, i.e. the further sensor Sy and said
pressure sensor S, as well as the communication portion TX
are powered by the energy harvesting portion RX.

[0025] Information indicative of the measurement pro-
vided by the pressure sensor S, and data indicative of the
measurement provided by said further sensor Sz is commu-
nicated via said communication portion TX towards an
extracorporeal receiving entity ECE.
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[0026] The invention thereby takes benefit that within
cancerous tissue the local pressure within the tissue is
increased in comparison to normal tissue. One effect con-
tributing thereto is decreased lymph drainage.

[0027] To allow the sensor to operate autonomous for an
extended period, the communication portion TX and/or the
pressure sensor S, and/or the further sensor S, are adaptable
such that they consume less energy in case storage of energy
by the energy harvesting portion RX drops below a certain
threshold.

[0028] In the following we will describe the concept. The
in-situ sensor 1 comprises the energy harvesting portion RX,
which may comprise a reservoir for locally storing energy
such as a capacitor. To allow for providing energy for an
extended period, an energy management system may be
employed allowing for adjusting the energy consumption of
components of the in-situ sensor 1 in accordance with a
stored energy by the energy harvesting portion RX.

[0029] In embodiments of the invention said pressure
sensor S, and/or said further sensor S, comprise an amplifier
PA and an Analog-to-Digital Converter ADC.

[0030] The power consumption of a sensor, the pressure
sensor S, and/or the further sensor S, is mainly determined
by the amplifier and the analog-to-digital converter.

[0031] The power consumption of the amplifier can be
controlled by a bias current. But, less power consumption
results in greater noise of the amplifier, i.e. the signal-to-
noise ratio is worsened.

[0032] Less resolution of the analog-to-digital converter
reduces the required power in an exponential manner, and
reduces the signal-to-noise ratio as well.

[0033] I.e., by an appropriate choice of the resolution of
the analog-to-digital converter (ADC) and the noise floor of
the amplifier, a trade-off between signal quality and current
consumption allows for increased operation times compared
to a fixed resolution respectively a fixed noise floor.
[0034] A high signal-to-noise ratio may be achieved by
either making the signal amplitude high, or the noise low, or
both. Strong signal is achieved e.g. by operating the sensor
with a high bias voltage or current, or by making the
amplification factor of the first stage of the sensor interface
large, which requires a high output swing, which in turn is
achieved by a high bias current of the output stage. The
overall noise of the system is dominated by the noise of the
first stage; low noise is therefore achieved if the noise of the
input transistors is made small. The input-referred thermal
noise of the input transistors is inversely proportional to the
bias current of the transistors. Hence, low thermal noise of
transistors must be paid for by a high bias current and thus
high energy consumption.

[0035] Sensor readings with high precision are digitally
represented by a large number of bits (high resolution).
Transmitting the readings wirelessly to an external reader
device therefore requires the transmission of many bits in a
given timeframe. As the communication module is charac-
terized by a certain amount of energy consumption per
transmitted bit, this requirement results in large energy
consumption of the communication module.

[0036] The sensors S, and/or S may therefore be con-
structed in such a way that the signal-to-noise ratio can be
selected, e.g. by a control unit. Similarly, the analog-digital
converter ADC may be constructed in such a way that its
resolution can be selected, e.g. by a control unit.
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[0037] Because the signal-to-noise ratio of the sensors S,
and/or Sp is dependent on the bias currents or voltages
(operation point) of a respective transducer and a respective
first stage of the sensor interface, the signal-to-noise ratio
can be externally controlled via these parameters. Therefore,
if the operation point may be set by current or voltage source
circuits whose values can be digitally selected, it is possible
to control the signal-to-noise ratio of the sensors S, and/or
Sy, e.g. by a digital control unit.
[0038] In a successive-approximation analog/digital con-
verter (SA-ADC), the output bits are generated successively
by 1) providing a comparison threshold using a digital-to-
analog converter (DAC) and ii) by comparing this threshold
with the input value in each step using a comparator. If the
digital control circuit of the SA-ADC is constructed in such
a way that it can be stopped after a selectable number of
steps, the resolution of the SA-ADC and therefore the
number of bits per sample can be externally selected.
[0039] An improved flexibility is achieved if the resolu-
tion can be set to any integer number between 1 and the
maximum resolution. In the extreme case of a resolution of
1, the operation of the ADC reduces to a simple threshold
comparison.
[0040] Ifthe resolution of the ADC is reduced, some parts
of the DAC are not used and can be switched off, thereby
saving energy consumption. Because the parts of a DAC that
are related to the most-significant-bits (MSBs) consume
most of the energy, it is preferred to switch off the MSB parts
of the DAC hardware in a reduced resolution situation rather
than the LSB parts, although from the point of view of
digital representation of sensor values, it is the LSBs that are
excluded in this situation.
[0041] The in-situ sensor 1 may automatically monitor the
available amount of power or energy stored within the
energy harvesting portion RX. If the energy resources fall
below some pre-defined threshold, the in-situ sensor 1 may
automatically reduce energy consumption in such a way that
the said pressure sensor Sp and/or said further sensor Sy
operate with a lower signal-to-noise ratio, and/er the analog-
digital converter operate with a lower resolution, which
results in a lower number of bits to be transmitted and thus
a smaller data rate of the communication portion TX.
[0042] Logical blocks of the energy harvesting portion
(RX) may comprise:
[0043] an inductor or a coil (energy harvester) for
collecting inductively coupled energy
[0044] a CMOS rectifier, e.g. in high-voltage technol-
ogy, for rectifying with high efficiency. The rectifier
provides the input voltage Vin for the charge pump
[0045] a first charge pump with the output voltage Vout
and a variable pumping ratio Vout/Vin. Vout is regu-
lated in a way that it is greater than the voltage at the
energy reservoir Vres.

[0046] an energy reservoir that can be charged up very
fast. This energy reservoir can be realized, e.g., by a
capacitor. As the energy stored in a capacitor is pro-
portional to the square of its voltage, the first charge
pump will provide an output voltage Vout as high as
possible for storing as nuch energy as possible.

[0047] voltage Vres may be adapted (reduced or
increased) by a second charge pump in order to provide
the supply regulator with a voltage (just) above the
supply voltage Vdd of the electronic circuits.
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[0048] a capacitor at the input of the supply regulator
provides the additional energy for short current peaks
of the electronic circuits.

[0049] a supply regulator provides a constant voltage
Vdd at its output to power the electronic circuits.
[0050] In the proposed energy harvesting architecture, a
second charge pump may transfer energy from a storage
capacitor to the input capacitor of the supply regulator. For
this purpose, the charge pump circuitry may evaluate the
voltages on both capacitors in order to transfer energy just
as needed; and avoid energy to be transferred unnecessarily

during the transfer.

[0051] A digital representation of the energy available
stored within such a storage capacitor of the energy harvest-
ing portion RX may be generated by a tiny evaluation
circuit. The digital representation may be used by (e.g. a
control unit) to adapt the signal-to-noise ratio of the inter-
faces of the pressure sensor S, and/or the further sensor S,
and the resolution of the ADC to the available amount of
energy indicated by the digital representation.

[0052] The invention benefits also from the finding that
pressure and temperature values to be measured by the
In-situ Sensor 1 are changing rather slowly over time.

[0053] Therefore, it is possible (e.g. by a control unit) to
estimate the values to be measured at the next sampling
instant with relatively low computational effort. (In the most
simple embodiment, it simply uses the value measured at the
previous sampling instant as the prediction for the next
instant, in which case no computational effort is needed at
all)

[0054] The analog-digital converter ADC may also be
constructed in such a way that it uses the estimated value for
narrowing down the amplitude region in which the measured
value is to be searched. Thereby, it can determine the digital
code for the measured value with less number of operations,
1.e. less generation of threshold values by a digital-analog
converter or less comparisons with the threshold by a
comparator circuit. The reduction of the number of opera-
tions results in a lower energy consumption of such analog-
digital converter.

[0055] The output of the analog-digital converter ADC
may then contain fewer number of bits compared to the
binary search as in conventional analog-digital converters.
In other words, the analog-digital converter automatically
may generate a compressed version of the digital sensor
value representation. If a smaller number of bits are to be
stored and/or transmitted, energy consumption may be
reduced accordingly.

[0056] The ADC may be constructed in such a way that it
automatically generates a compressed encoding (such as
Huffman encoding) of the input value. The code may be
defined by a corresponding code tree, which 1s predefined on
both the encoder and decoder side. The code tree may be
constructed in such a way that the length of the code for a
particular sample value is small for frequently occurring
values and may be large for rarely occurring values, thereby
ensuring that on average the information is transferred with
the minimum number of bits. The lengths of the codes may
be inherent in the code itself, such that extra bits for
transmitting the code length of a sample are not necessary.
[0057] For self-testing of the electronic circuits a test
pattern generator provides test signals with different ampli-
tudes, e.g. a small, middle-sized or large amplitude. These
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amplitudes may be fed into the system that is operated using
(e. g. three) different energy modes, e.g.

[0058] i) high energy in the storage capacitor,
[0059] ii) medium energy and
[0060] 1iii) low energy.
[0061] The digital output signals may be compared with

stored signals. If the signals are consistent, a “pass” is
stored, if not, a message is sent to the reader device.
[0062] The electronic circuitry may be twofold placed on
a supporting Layer LAY. The same procedure may be
performed with the second circuitry. When both the circuits
achieve “pass”, the functionality of the chip is assured.
[0063] The grading of the amplitudes of the test pattern
generator can be made smaller or larger depending on the
specifications of the test procedure.

[0064] The implant may monitor the available amount of
power or energy. If the energy resources fall below some
prescribed threshold, the In-situ Sensor 1 may adapt, i.e.
reduce, the energy consumption by decreasing the sampling
rate.

[0065] The digital circuits on the In-situ Sensor 1 or parts
thereof (e.g. a control circuit of the ADC) may be imple-
mented in adiabatic logic or quasi-adiabatic logic, thereby
reducing the energy consumption of the In-situ Sensor 1 in
comparison to using conventional logic. Adiabatic logic is
more efficient when operating at slower speeds; therefore,
because the sampling rate of the system is rather low, high
speed is not necessary, and adiabatic logic may be a viable
option.

[0066] In adiabatic or quasi-adiabatic logic, the power
supply of the stages of a logical function, consisting of logic
gates, is slowly ramped up or down, thereby reducing the
energy dissipation in the logic gates. In order to function
properly, the stages must be ramped up or down succes-
sively, i.e. a stage must be ramped up or down not before the
previous stage has completed its logic operation.

[0067] If the digital circuits are implemented in adiabatic
logic, lower sampling rate results in lower operating speed,
which in turn results in lower energy consumption by nature
of adiabatic logic.

[0068] The inductors present on the In-situ Sensor 1 may
be synergistically used to generate the clock-like power
supply for adiabatic logic. Thereby, putting extra inductors
for this purpose on the implant is not necessary.

[0069] In quasi-adiabatic logic, the charging of some
capacitor to a given voltage may be carried out by plural
paces of lower voltage steps, thereby reducing the energy
consumption of the process. In the presence of a step-up
DC/DC converter (charge pump) in the energy harvesting
unit RX of the In-situ Sensor 1, these intermediate voltage
levels may be existing anyway inside the DC/DC converter
and may be used for the quasi-adiabatic charging. Thereby,
extra generation of the intermediate voltage levels is not
necessary.

[0070] It is known, that the local pressure fluctuates over
a day. It is also known that local pressure impedes a transfer
of pharmaceutical agents such as a cytostatic drug into
cancerous tissue CA.

[0071] Hence, knowledge of local pressure (sometimes
referred to as interstitial [fluid] pressure) and/or its typical
variation over time allows for a precise timing such that
pharmaceutical agents may be administered within a favor-
able period of lower local pressure.
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[0072] Such a favorable period may also be detected when
taking into account the results of a further (different) sensor.
This is particular valuable as the local pressure may not
always be (alone) indicative for a cancerous growth. lLe.
while a certain cancer type may allow for determination due
to an increase in pressure another one might not.

[0073] That is, an increased temperature as well as other
parameters such as acidity (pH), electrical impedance, etc.
may be used to determine metabolic reactions and/or reac-
tions caused by interaction with a therapeutic agent and/or
radiation within the respective tissue. I.e. a change of one or
more parameters may be used as indication of an increase of
cancerous tissue indicating that a therapy needs to be
altered/resumed or a decrease of cancerous tissue indicating
that a therapy is effective.

[0074] Hence, the invention allows not only for tracking a
therapy on-line, it also allows for long-term surveillance
without the need for expensive technology. Hence, in case a
therapy does not provide for the desired effect a change in
therapy may be advised earlier than in prior art. Also, due to
the direct determination a more precise dosage regime may
be enacted.

[0075] Incase the in-situ sensor is to be used in connection
with radiation therapy, the in situ sensor 1 allows for such
uses as well. Due to an electronic design allowing for strong
differential signals the in-situ design is robust versus radia-
tion impact. Such a design may be based on mixed mode
circuits comprising e.g. thick oxide MOS transistors to be
operated at greater voltages. Hence, the effect of parasitic
charges due to radiation may be kept low.

[0076] Even the effect of degradation due to radiation may
be compensated and/or measured for compensation.
Although not expressly mentioned yet, a further sensor S,
may also allow for detecting radiation and/or degradation,
whereby radiation may be locally administered radiation
such as when using brachy-therapy as well as extracorporeal
and/or inter-operative radiation therapy. Such a further sen-
sor S may be monitored e.g. via bandgap reference voltage
sources allowing to generate a precise current. Since the
generated current is insensitive versus radiation it may be
used as a reference. E.g. when the generated current is
applied towards a (MOS-) transistor acting as impedance,
the voltage drop at the impedance may be measured. In case
of parasitic charges due to radiation impact the voltage drop
is varying. Hence a variation of the voltage drop allows for
determining radiation impact.

[0077] According to an embodiment of the invention the
energy harvesting portion RX is arranged to harvest energy
provided by external electromagnetic fields.

[0078] E.g. by usage of a certain alternating electro-
magnetic field, energy as well as data may be transferred
from an extracorporeal “receiving” entity ECE as well as the
extracorporeal “receiving” entity ECE may actually receive
(as well as retrieve) data from one or more in-situ sensor 1
within range. Also communication parameters may be nego-
tiated to ensure reliable communication while consuming
low energy.

[0079] It is to be noted that although the communication
portion TX as well as the energy harvesting portion RX may
be embodied in a single entity.

[0080] Hence, data exchange is not limited to a unidirec-
tional transport but the in-situ sensor 1 may be inquired with
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respect to data but may as well be controlled/programmed to
perform measurements/calculations/drug dispensing accord-
ing to a prescribed scheme.

[0081] Ifanumber ofin situ-sensors are placed at different
positions within a cancerous tissue CA, local effects may be
observed when retrieving data. Hence, retrieving local data
(as well as a time stamp) of a respective in-situ sensor 1 and
correlating the data to its location and other data of the
therapy such as a radiation profile may allow for a precise
management of a therapy. In order to distinguish in-situ
sensors one another it may be foreseen that each in-sitn
sensor 1 respectively each sensor thereof may be identifiable
by a unique identification ID which is sent along when
delivering data towards an extracorporeal receiving entity
ECE.

[0082] In an embodiment of the invention the communi-
cation portion TX (or an additional evaluation entity uC) is
arranged to evaluate sensor data received from the pressure
sensor S, and/or said further sensor S, before communicat-
ing information indicative of the respective measurement.
Such a pre-processing may allow reducing the energy con-
sumption as pre-processing may consume less energy than
transmission of raw data sets. In addition, some data may
already be present at an extracorporeal receiving entity ECE
and as such there is no need to transport this data twice.
Evaluation may comprise comparison of measured data
versus one or more (pre-) set threshold(s) and/or combina-
tions of data originating from the pressure sensor S, as well
the further sensor S. Evaluation may be customized
towards a specific cancer type as well as customized with
respect to a certain therapy or even an individual patient.
Evaluation may be performed hard-coded, i.e. by a certain
circuitry, and/or soft-coded, i.e. within software.

[0083] In an embodiment of the invention, the in-situ
sensor 1 also comprises a storage portion MEM for storing
information indicative of the respective measurements.
Hence, there is no need for having a sensor transmitting data
on-line. Such a memory MEM may allow accumulating data
such that transmission thereof is most effective. l.e. when
using a packetized protocol it is preferable to accumulate
enough data such that a complete data package may be filled
so that no empty bits are transferred.

[0084] In an embodiment of the invention the communi-
cation portion TX is conforming to a Near Field Commu-
nication Standard. Near field communication standard may
be NFC, ZigBee, Bluetooth, Bluetooth Low Energy, RFID,
and the like.

[0085] Although no specific type of pressure sensor S, has
been described so far, in a preferred embodiment the pres-
sure sensor S, is based on, e. g., piezo-effect or capacitance
variation. Such an approach allows for high signal ampli-
tudes thereby providing reliable signals even when being
used while radiation may be applied.

[0086] According to an embodiment some components as
well as the in-situ Sensor 1 as a whole —see FIG. 2—(but
the sensing areas) may comprise a body B comprising a
biocompatible covering COV whereby said energy harvest-
ing portion RX and said communication portion TX are
arranged within the body B. Such an approach allows for
easy delivery, e.g. via biopsy needle, as well as reducing
(unwanted) interaction of the surface with tissue of a mam-
mal P.

[0087] In a preferred arrangement the biocompatible cov-
ering COV comprises PTFE.
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[0088] According to an embodiment of the in-situ sensor
1 is formed for delivery into tissue CA of a mammal P by
means of a biopsy needle having a size of Gauge G10 or
smaller size.

[0089] In doing so, a sensor may be applied when taking
a punch biopsy. Le. the impact is minimized and a further
(traumatic) intervention is avoided. Such a placement of an
in-situ sensor 1 may even be performed as outpatient treat-
ment. In order to allow delivery via a biopsy needle the
in-situ sensor 1 allows for using technologies such as
Application Specific Integrated Circuits (ASICs) see e.g.
FIG. 3—as well as System-on-Chip (S-0-C) arrangements.
These approaches of high integration allow consolidating
numerous functions within a reduced number of compo-
nents. In particular an energy harvesting portion RX, a
communication portion TX may be integrated as well as
amplification elements L. and A/D-converters and Multi-
plexers MUX and Sample&Hold circuitry S&H for sensor
signals. In addition an evaluation unit uC may be integrated
allowing for data processing and compression. Furthermore,
energy storage is displayed in a generalized manner as BAT.
Energy storage may be composed of a (high capacity)
capacitor.

[0090] In embodiments of the invention said pressure
sensor S, and/or said further sensor S, comprise an amplifier
PA and an Analog-to-Digital Converter ADC. The amplifier
PA may—at the expense of lower Signal-to-Noise Ratio—be
driven at a lower current when storage of energy by the
energy harvesting portion RX drops below a certain thresh-
old.

[0091] That is, by adapting the power consumption the
in-situ sensor may be used for a prolonged time.

[0092] In embodiments of the invention said pressure
sensor S, and/or said further sensor S, comprise an amplifier
PA and an Analog-to-Digital Converter ADC, whereby said
Analog-to-Digital Converter ADC—at the expense of Reso-
lution—is adjusted to a lower resolution when storage of
energy by the energy harvesting portion RX drops below a
certain threshold.

[0093] That is, by adapting the power consumption the
in-situ sensor may be used for a prolonged time.

[0094] In embodiments of the invention said pressure
sensor S, and/or said further sensor S, comprise an amplifier
PA and an Analog-to-Digital Converter ADC, whereby said
Analog-to-Digital Converter ADC is arranged to adapt the
measurement based on a previous measurement.

[0095] That is, by adapting the measurement less energy is
consumed allowing for the in-situ sensor to be used for a
prolonged time.

[0096] In embodiments said Analog-to-Digital Converter
ADC adapts the measurement such that a compressed
encoding of the information (e.g. a Huffman encoding)
indicative of the measurement is generated.

[0097] It is to be noted that the radiation sensor (as a
sample further sensor) as described may be a radiation
damage sensor.

[0098] In embodiments of the invention at least some of
the portions of the In-Situ Sensor 1 are implemented in
adiabatic or quasi-adiabatic logic.

[0099] As described the In-situ Sensor 1 according to the
invention may particularly be used within a malign or
benign tissue.

[0100] Even though not described in detail, the in-situ
sensor may as well allow for acting as an in-situ actor. E.g.,
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the in-situ sensor 1 may be active in that electrodes on the
surface of the body B are activated such to generate (alter-
nating or steady) electrical fields. It has been described that
electrical fields may inhibit growth of cancerous cells. In
particular, electrical field may influence concentration of
ions as well as velocity and direction of ions within cells.

[0101] Hence, applying electrical fields influences ions
within cells and thereby impacts cell division and vitality of
cells in general. By applying alternating electrical fields
cells within cancerous tissue CA are disabled. The effect of
disablement may be determined by the in-situ sensor 1 via
its sensors. Hence, the measurements may be feed back to
control parameters of the alternating electrical field such as
frequency, amplitude, waveform.

[0102] It may also alternatively or in addition be foreseen
that the in-situ sensor 1 dispenses certain therapeutic agents.
In that case a reservoir and dispensing system may be
foreseen.

[0103] The application of electrical fields and/or dispens-
ing of drugs may be controlled remotely, e.g. via the
extracorporeal “receiving” entity ECE as well as locally, e.g.
the in-situ sensor 1 dispenses according to a prescribed time
scheme and/or in response to certain data measured by the
in-situ sensor 1 a certain amount of one or more drug(s).
Hence, a therapy may be more precisely controlled leading
to superior results in therapy.

[0104] In addition, due to the direct response, it is possible
to test a number of drugs by one or more in-situ sensors 1
located within a cancerous tissue CA in that a direct response
thereto is determined allowing to detect a most efficient drug
with respect to a certain cancer. Hence, the knowledge of a
most effective drug within a small region may be used as a
decisive criterion when selecting a global therapy.

What is claimed is:

1. An in-situ sensor for being implanted within tissue of
a mammal comprising

an energy harvesting portion,

a communication portion,

a pressure sensor for measuring interstitial pressure of
surrounding tissue when located within tissue,

a further sensor, whereby the further sensor is selected
from a group comprising pH sensor, lactate sensor,
impedance, sensor, radiation sensor, temperature sen-
sor, sensor for bioelectrical potentials,

whereby said further sensor, said pressure sensor as well
as the communication portion are powered by the
energy harvesting portion,

whereby information indicative of the measurement pro-
vided by the pressure sensor and data indicative of the
measurement provided by said further sensor is com-
municated via said communication portion towards an
extracorporeal receiving erntity,

whereby said communication portion and/or said pressure
sensor and/or said further sensor are adaptable such that
they consume less energy in case storage of energy by
the energy harvesting portion drops below a certain
threshold.

2. The in-situ sensor according to claim 1, whereby the
energy harvesting portion is arranged to harvest energy
provided by external electromagnetic fields.

3. The in-situ sensor according to claim 1, whereby the
communication portion is further arranged to evaluate sen-
sor data received from the pressure sensor and/or said
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further sensor before communicating information indicative
of the respective measurement.

4. The in-situ sensor according to claim 1, whereby the
communication portion is arranged for sending a unique
identification.

5. The in-situ sensor according to claim 1, further com-
prising a storage portion for storing information indicative
of the respective measurements.

6. The in-situ sensor according to claim 1, whereby the
communication portion is conforming to a Near Field Com-
munication Standard.

7. The in-situ sensor according to claim 1, whereby the
pressure sensor is based on piezo-effect or capacitance
variation.

8. The in-situ sensor according to claim 1, whereby the
in-situ sensor comprises a body comprising a biocompatible
covering whereby said energy harvesting portion and said
communication portion are arranged within the body.

9. The in-situ sensor according to one of claim 8, whereby
the biocompatible covering comprises PTFE.

10. The in-situ sensor according to claim 1, whereby the
body is formed for delivery into tissue of a mammal by
means of a biopsy needle having a size of Gauge G10 or
smaller size.

11. The in-situ sensor according to claim 1, whereby said
pressure sensor and/or said further sensor comprise an
amplifier and an Analog-to-Digital Converter, whereby said
amplifier—at the expense of lower Signal-to-Noise Ratio—
is driven at a lower current when storage of energy by the
energy harvesting portion drops below a certain threshold.

12. The in-situ sensor according to claim 1, whereby said
pressure sensor and/or said further sensor comprise an
amplifier and an Analog-to-Digital Converter, whereby said
Analog-to-Digital Converter—at the expense of Resolu-
tion—is adjusted to a lower resolution when storage of
energy by the energy harvesting portion drops below a
certain threshold.

13. The in-situ sensor according to claim 1, whereby said
pressure sensor and/or said further sensor comprise an
amplifier and an Analog-to-Digital Converter, whereby said
Analog-to-Digital Converter is arranged to adapt the mea-
surement based on a previous measurement.

14. The in-situ sensor according to claim 13, whereby said
Analog-to-Digital Converter adapts the measurement such
that a compressed encoding of the information indicative of
the measurement is generated.

15. The in-situ sensor according to claim 1, whereby said
further sensor is a radiation damage sensor.

16. The in-situ sensor according to claim 1, whereby at
least some of the portions of the In-Situ Sensor are imple-
mented in adiabatic or quasi-adiabatic logic.

17. Use of an In-situ Sensor according to claim 1 within
a malign or benign tissue.

18. An in-situ sensor for being implanted within tissue of
a mammal, comprising

an energy harvesting portion,

a communication portion,

a pressure sensor for measuring interstitial pressure of
surrounding tissue when located within tissue,

a further sensor, whereby the further sensor is selected
from a group comprising pH sensor, lactate sensor,
impedance, sensor, radiation sensor, temperature sen-
sor, sensor for bioelectrical potentials,
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a storage portion for storing information indicative of the
respective measurerments,

whereby said further sensor, said pressure sensor as well
as the communication portion are powered by the
energy harvesting portion, whereby information indica-
tive of the measurement provided by the pressure
sensor and data indicative of the measurement provided
by said further sensor is communicated via said com-
munication portion towards an extracorporeal receiving
entity,

whereby said communication portion and/or said pressure
sensor and/or said further sensor are adaptable such that
they consume less energy in case storage of energy by
the energy harvesting portion drops below a certain
threshold,

whereby the energy harvesting portion is arranged to
harvest energy provided by external electromagnetic
fields,

whereby the communication portion is further arranged to
evaluate sensor data received from the pressure sensor
and/or said further sensor before communicating infor-
mation indicative of the respective measurement,

whereby the communication portion is arranged for send-
ing a unique identification,

whereby the communication portion is conforming to a
Near Field Communication Standard,

whereby the pressure sensor is based on piezo-effect or
capacitance variation,

whereby the in-situ sensor comprises a body comprising
a biocompatible covering whereby said energy harvest-
ing portion and said communication portion are
arranged within the body,

whereby the biocompatible covering comprises PTFE,

whereby the body is formed for delivery into tissue of a
mammal by means of a biopsy needle having a size of
Gauge G10 or smaller size,

whereby said pressure sensor and/or said further sensor
comprise an amplifier and an Analog-to-Digital Con-
verter, whereby said amplifier—at the expense of lower
Signal-to-Noise Ratio—is driven at a lower current
when storage of energy by the energy harvesting pot-
tion drops below a certain threshold,

whereby said pressure sensor and/or said further sensor
comprise an amplifier and an Analog-to-Digital Con-
verter, whereby said Analog-to-Digital Converter—at
the expense of Resolution—is adjusted to a lower
resolution when storage of energy by the energy har-
vesting portion drops below a certain threshold,

whereby said pressure sensor and/or said further sensor
comprise an amplifier and an Analog-to-Digital Con-
verter, whereby said Analog-to-Digital Converter is
arranged to adapt the measurement based on a previous
measurement,

whereby said Analog-to-Digital Converter adapts the
measurement such that a compressed encoding of the
information indicative of the measurement is gener-
ated,

whereby said further sensor is a radiation damage sensor,

whereby at least some of the portions of the In-Situ Sensor
are implemented in adiabatic or quasi-adiabatic logic.
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