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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] Theinventionis directed generally to apparatus
for sensing a characteristic of a patient, such as blood
pressure and/or temperature, and more particularly to
devices particularly adapted for telemetric measurement
of blood pressure via a device implanted within the car-
diovascular system during surgery and particularly within
the heart.

Related Art

[0002] The National Institute of Health (NIH) has con-
cluded that heart failure constitutes "a new epidemic" in
the USA. Heart failure, a chronic, progressive and incur-
able disease, affects over 20 million people worldwide.
In the US alone, some 5 million people have been diag-
nosed with heart failure. Heart failure is estimated to cost
the US economy today more than $40 billion annually.
[0003] Intracardiac pressure managementis animpor-
tant aspect of heart failure treatment. For example, arise
of the intracardiac pressure, such as in the left atrium Is
an important early indication of disease progression and
the first opportunity for therapeutic intervention. Current
blood pressure-measuring methods only can be applied
in the coronary care unit (CCU) or the intensive care unit
(ICU) and provide no more than an occasional snapshot
of intracardiac pressure when the patient is already in a
very critical situation. The limitations on current intracar-
diac pressure measurement methods are a serious im-
pediment to early and optimal treatment. Current treat-
ment methods require hospitalization and may be ex-
tremely costly (on average, over $16,000 per patient ad-
mittance). The ability to monitor patients and interverte
outside of the hospital setting would greatly reduce the
number of hospitalizations and extend the lives of those
affected by the diagnosis.

[0004] Various sensors and devices have been used
or proposed for the measurement and analysis of the
blood pressure and/or temperature of a patient with
mixed success. The currently contemplated sensors
have certain disadvantages. US Patent Application Pub-
lication No. 2002/017782 discloses systems and meth-
ods for using an implants to measure pressure in ana-
tomical environments. The implant is configured to com-
municate with an external controller, which is configured
to communicate with a remote microprocessor.

[0005] International Application Publication No. WO
00/16686 discloses an implantable pressure monitor
adapted to be located in chambers of the heart or else-
where in the body. The implate is adapted to communi-
cate wirelessly with a remote communication device. A
number of anchoring mechanisms for the implant are dis-
cussed.
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[0006] For example, the telemetric sensor described
in U.S. Patent No. 6,855,115 can be implanted in the
heart by a catheter and is not designed for surgical im-
plantation. Moreover, the sensor, which is rolled up dur-
ing the implantation procedure, mustbe made of aflexible
material of a specific configuration so that any change of
the blood pressure inside the heart effectuates a change
in the distance of the sensor height, i.e., the distance
between the two capacitor plates used in the sensor. This
flexible sensor is folded for delivery via a catheter and
then unfolded at the place of implantation. However, a
disadvantage of such a configuration is its required flex-
ibility as constant and precise acquisition of measure-
ment data may not be possible when the sensor is placed
on or close to the cardiac muscle, and therefore is ex-
posed to the cardiac motions, which may influence cor-
rect pressure readings. In addition, the flexible material
of a sensor made in accordance with U.S. Patent No.
6,855,115 may deform due to exposure to constantly
streaming liquids, especially a turbulent blood stream
likely encountered inside the heart. As a consequence,
the capacitance of the capacitor may be changed and
measurement values may deteriorate and/or deviate
from the true value. Another disadvantage of this type of
sensor is due to its use of a pressure-dependent LC-
oscillator. The resonant frequency of this oscillator can
be analyzed telemetrically. In principle, this kind of device
can be applied to measure the pressure that affects the
measurement capacitor. Thus, any damage to the ma-
terial can affect the pressure measurements obtained.
Further, as the sensor is influenced by the surrounding
media of the sensor, a corruption of measurement values
may occur. In addition, there is no circuitry in this type of
sensor to digitize the pressure measurement values ac-
quired. Using analog signals may result in external inter-
ference during the acquisition and transmission of data,
which causes inaccuracies in readings.

[0007] Another exemplary implantable device, de-
scribed in US PatentNo. 6,409,674, uses a catheterfilled
with a pressure transmitting fluid or gel-like material. The
catheter transmits pressure to a pressure transducer
within a housing. The sensed pressure is then telemet-
rically transmitted to an external reader. However, such
a device requires a housing for the electronic signal
processing circuitry, which results in a larger and heavier
sensor structure that can cause strain on the heart when
implanted into a heart wall. Moreover, the catheter and
housing configuration creates a more complicated, me-
chanical structure that may be at increased risk for me-
chanicalfailure, and therefore is not suitable for long term
implantation.

[0008] Another device, described in US Patent No.
6,970,742, has a pressure sensor placed within the heart.
A signal from the pressure sensor is transmitted to a
housing outside the heart which contains the electronic
processing circuits. The signal is processed by the elec-
tronic processing circuits, such as converting the signals
from analog to digital, and then telemetrically transmitted



3 EP 1 968 449 B1 4

to an external reader. However, housing the electronic
processing circuitry requires additional components and
a relatively larger implanted device. Moreover, because
digitization of the signal does not occur until outside of
the heart, there is a risk of interference in the wire con-
necting the sensor and the electronic processing circuit-
ry, as analog interference may result from external sourc-
es.

[0009] Small pressure sensor chips including the elec-
tronic processing circuits have been used in other appli-
cations. For example, integrated chips having pressure
sensors have been used for pressure measurement in
optical and cranial applications. These sensors are com-
pact and have fewer mechanical components. Examples
of such pressure sensor chips are described in EP 1 312
302 A2 and German patent application DE 10 2004 005
220.7, of which the inventors of the present invention
were involved. However, these integrated chips are used
in a relatively stable environment, with little movement in
the fluids of the eye or brain. Nor are these pressure
sensors subject to the cyclical, dynamic movements
found in the heart. Such movement may harm connec-
tions, such as connections between wires and the pres-
sure sensing chip. Thus, the use of such pressure sensor
chipsis not suited for the environment of the heart, where
thereis cyclical and dynamic movement, and where there
is continuous and turbulent fluid movement around the
pressure sensor.

[0010] Conventional techniques to provide stability
and support to such known pressure sensing chips to
enable their use as a cardiovascular pressure sensors
would not likely succeed. Directly attaching a wire to a
pressure sensing chip may have a negative impact on
the functionality of the chip. For example, when soldering
is used for the connection, the heat may damage the
chip. One known method of avoiding that problem is to
adhere a substrate to the back of the pressure sensing
chip, solder the wire to a bond tack on that substrate, and
then connect the wire to the chip. However, such sub-
strates have different coefficients of thermal expansion
than the chip. Thus, as the temperature changes, the
substrate expands and contracts at a different rate then
the pressure sensor chip, thereby causing stress and
strain on the pressure sensing chip and increasing the
risk of damage and/or inoperability.

[0011] Other known pressure sensors require a cable
connection between the pressure sensor inside the heart
and the external body monitoring device However, such
a cable clearly requires an entry into the body. An entry
may be inconvenient and require the implantation of both
the device and the entry, as well as increase the risk of
infection for the patient.

[0012] Thus, there Is a need for intra-cardiac pressure
sensors that are more reliable and accurate, and which
cause less Irritation when implanted in the heart and are
more compatible with the dynamic conditions encoun-
tered in a moving heart. Also, a need exists for such a
sensor to be used at other locations within the cardio-
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vascular system with little or no modifications.
SUMMARY OF THE INVENTION

[0013] The invention meets the above needs and
avoids the disadvantages and drawbacks of the prior art
by providing a substantially rigid, chip-based telemetric
sensor and system in which an extremely small and light-
weight chip, Including at least one pressure sensor and
all necessary electrical circuitry, may be implanted into
the heart or other portion of the cardiovascular system
during surgery, to monitor blood pressure.

[0014] In this manner, pressure signals may be digi-
tized at or near the sensing location in the heart or other
location in the cardiovascular system and data may be
telemetrically directed to the place of data acquisition to
reduce or eliminate data transmission interference from
external sources.

[0015] In particular, the chip may be a substantially rig-
id structure that provides improved durability, long term
stability, and long term accuracy, and resistance to dam-
age or a change in membrane characteristics from the
blood flow due to turbulences and the like within the
bloodstream. For example, the chip may be an applica-
tion specific integrated chip (ASIC) containing all the nec-
essary sensing elements and digital signal processing
electronics. The ASIC preferably is very small and light-
weight to avoid undue stress on the heart and is orien-
tated within the body in a position to minimize turbulent
flow and reactionary forces. The ASIC may be used with
an antenna In the form of a coil created with very small
dimensions. This minimal configuration of ASIC and coil
may reduce and/or eliminate mechanical tensions effect-
ing the connection between ASIC and a caoil.

[0016] The ASIC and the coil may be electrically and
physically connected by a flexible coil. The ASIC, cable
and coil may be encapsulated within a seamless biocom-
patible and flexible sheathing, such as silicone or similar
material, to form an integrated sensor unit The seamless
sheathing may maintain the integrity of the sensor by
reducing or eliminating the exposure of the sensor to
body fluids, such as blood. It may also be shaped and/or
orientated to reduce turbulent flow.

[0017] Aliquid or gel may be placed between the pres-
sure sensing elements, such as capacitive membrane
sensors of the sensor and the sheathing, to reduce or
eliminate the effects of endothelialization on the surface
of the sensor. The liquid or gel allows for integrating the
pressure across the entire area of pressure sensing por-
tion of the sensor to minimize the effects of localized
plaque or endothelialization. The sheathing material itself
may act as a pressure transmitting material instead of
the liquid or gel. Of course, heparin and other preventa-
tive coatings known in the art also may be used to prevent
or reduce endothelialization.

[0018] To protect the ASIC and particularly the mem-
brane sensor elements from damage due to handling,
e.g., as a consequence of contact with a surgical instru-
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ment during implantation and/or during use, the sensor
design may have a unique geometry. For example, the
ASIC may be connected to a substantially rigid substrate
in a spaced apart relationship from the ASIC such that
the substrate is opposite the pressure sensing elements
of the sensor chip, with an aperture in the substrate pro-
viding access to the pressure elements to expose them
to fluid pressure to be sensed. A silicone or other similar
flexible material may be disposed between the ASIC and
the substrate. Moreover, a pressure transmitting material
may be placed within the gap between the ASIC and the
rigid substrate so that pressure from the blood can be
transmitted to the pressure elements via the material.
[0019] The ASIC may incorporate a robust system to
compensate for drift due to the age and use of the sensor.
For example, the ASIC may include inactive pressure
sensing elements that determine the change in the meas-
urement in the sensor due to age and usage, and may
account for this change when active pressure sensing
elements determine the pressure.

[0020] The ASIC may be supported in a holder partic-
ularly adapted for anchoring the ASIC in a wall of the
heart or other location in the cardiovasculature. The hold-
er may include a stop to position the ASIC and limit its
movement.

[0021] The ASIC is powered by induction from a wire-
less signal from an external reader, thereby avoiding the
need for an internal power source. Use of a transponder
power supply at the external reader allows for a substan-
tially rigid sensor device with a longer life. The external
reader provides power to the substantially rigid sensor
and receives pressure and temperature information from
the substantially rigid sensor. The external reader stores
and displays measurement and parameter data, calcu-
lates certain values. The external reader stores and dis-
plays measurement and parameter data, and may trans-
mit the data to a computer or other device for further
processing. The external reader may have a separate
antenna coil to facilitate prolonged periods on a patient’s
body. The external reader may store one or more cali-
bration curves for different sensors.

[0022] The telemetric pressure and/or temperature
sensor of the invention may be used for continuous or
ondemand sensing. A specific identification number may
be transmitted with each single measurement or meas-
urement cycle. In this way, a continuous measurement
value and sensor identification, and therefore the meas-
urement value and the identity of the patient, is provided.
The identification number may allow a single external
reader to receive data from multiple sensors and systems
and to assign them to the correct calibration curve for
that sensor system and the patient.

[0023] Theinvention may be implemented in a number
of ways. According to one aspect of the invention an in-
tegrated chip for intra-cardiac blood pressure measure-
ment inside the heart of a patient comprises: a first sub-
stantially rigid substrate; at least one pressure sensor
disposed within said first substantially rigid substrate to
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generate signals indicative of a sensed pressure; and
electronic signal processing components to process the
signals generated by said at least one pressure sensor,
said electronic signal processing components being op-
eratively connected to an antenna said integrated chip
being powered by a signal received at the antenna;
wherein said integrated chip is operative to send digital
signals indicative of the pressure sensed in the heart tel-
emetrically via an antenna to a remote receiver charac-
terised in that the first substantially rigid substrate has a
proximal end and a distal end with the at least one pres-
sure sensor disposed within the distal end thereof; and
the integrated chip further comprises a second substan-
tially rigid substrate located opposite said at least one
pressure sensor in said first substrate and in a spaced
apart configuration, the second substantially rigid sub-
strate defining an aperture positioned over said at least
one pressure sensor permitting blood pressure within the
heart to act on said at least one pressure sensor; and a
flexible filler material located throughout space between
said first and second substantially rigid substrates except
beneath the aperture, thereby leaving the pressure sen-
sors exposed, such that (a) the flexible filler material con-
nects the second substantially rigid substrate to the first
substantially rigid substrate, and (b) the distal end of the
first substantially rigid substrate is connected to the sec-
ond substantially rigid substrate by the flexible filler ma-
terial.

[0024] The second substantially rigid substrate pro-
tects the chip from damage.

[0025] The atleastone pressure sensor may generate
analog signals and the electronic signal processing com-
ponents may incude at least one analog to digital (A/D)
converter to digitize within the heart the analog signals
from the at least one pressure sensor. The integrated
chip may weigh less than about one gram, have a surface
area on one side of less than or equal to about 10 mm?2
and have a thickness of less than about 1 mm. The inte-
grated chip may also include a pressure transferring me-
dium interposed between the at least one pressure sen-
sor and the second substantially rigid substrate to trans-
fer blood pressure to the at least one pressure sensor.
[0026] The flexiblefillerinthe integrated chip may com-
prise silicone. The flexible filler material of the integrated
chip may reduce or eliminate movement in an offset di-
rection between the first substantially rigid substrate and
the second substantially rigid substrate. The first sub-
stantially rigid substrate may be sufficiently rigid such
that it cannot be folded or rolled up. The first substantially
rigid substrate may be sufficiently rigid to protect the pres-
sure sensors from damage as a consequence of contact
with a surgical instrument during implantation and from
mechanical damage during use. The first substantially
rigid substrate may be sufficiently rigid to avoid twisting
of the chip due to turbulent blood flow. The first substan-
tially rigid substrate may be mechanically inflexible.
[0027] According to another aspect of the invention an
intra-cardiac pressure measuring system for measuring
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blood pressure inside the heart of a patient includes an
antenna and an integrated chip. The integrated chip may
include a first substantially rigid substrate, at least one
pressure sensor disposed within the substrate to gener-
ate signals indicative of a sensed pressure, and electron-
ic signal processing components to process the signals
generated by the at least one pressure sensor. The elec-
tronic signal processing components may be operatively
connected to the antenna and the integrated chip may
be powered by a signal received at the antenna. An im-
plantable holder may support the integrated chip and in-
clude an anchor structure to mount the integrated chip
within a wall of the heart during surgery such that the at
least one pressure sensor is exposed to blood flow in the
heart. The system may also include a remote receiver,
wherein the integrated chip is operative to send digital
signals indicative of the pressure sensed in the heart tel-
emetrically via the antenna to the remote receiver.
[0028] The at least one pressure sensor may be ca-
pacitive-based pressure sensitive membranes housed
within the substrate. The system may further include a
flexible wire connecting the antenna and the integrated
circuit, with the antenna being configured to be implanted
within the patient underneath the skin to facilitate tele-
metric data transmission to the receiver.

[0029] The antenna, the chip, wire and holder may be
encapsulated in a seamless, one-piece biocompatible
sheathing. A pressure transferring medium may be inter-
posed between the biocompatible sheathing and the at
least one pressure sensor. The biocompatible sheathing
may act as the pressure transferring medium, and may
be shaped to minimize turbulence in blood flow within
the heart. The integrated chip may further include a
unique digital identification, which is sent telemetrically
to the receiver. The receiver may obtain calibration infor-
mation associated with the integrated chip based on the
unique digital identification. The receiver may include a
stored parameter and produce an alert based on the sig-
nals indicative of the pressure sensed in the heart and
of the stored parameter.

[0030] At least one bond pad may be disposed be-
tween the first and second substantially rigid substrates
and electrically connected to the integrated chip. At least
one bond tack may be provided on the second substan-
tially rigid substrate and be connected to the at least one
bond pad such that the antenna is operatively connected
to the integrated chip via the at least one bond pad and
the at least one bond tack to provide a strain relief con-
nection. An antenna connector may connect the antenna
to the second substantially rigid substrate, wherein the
antenna connector includes a signal portion electrically
connecting the antenna to the integrated chip and a sup-
port portion connected to the second substantially rigid
substrate. The antenna connector may be attached to
the second substantially rigid substrate such that there
is slack in the signal portion when the support portion is
taut. The signal portion may be connected to the inte-
grated chip via the at least one bond tack and the support
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portion may be connected to the second substantially
rigid substrate via an opening in the second substantially
rigid substrate. The at least one bond tack may include
at least two bond tacks disposed on opposite sides of
the aperture. The second substantially rigid substrate
may include a protective barrier connected thereto, and
a biocompatible sheathing may encapsulate at least the
integrated chip and the second substantially rigid sub-
strate. The protective barrier prevents the first substan-
tially rigid substrate from puncturing the biocompatible
sheathing.

[0031] The holder and the first substantially rigid sub-
strate may be integrally formed into a single piece. The
antenna may be supported by said holder. The holder
may include a stop that limits the movement of the inte-
grated chip into the heart chamber. The integrated chip
and the holder may be removable from the heart after
implantation. The at least one pressure sensor may in-
clude a plurality of pressure sensors including at least
one active sensor responsive to changes in pressure
within the heart and at least one passive sensor that is
isolated from the changes in pressure within the heart,
and the electronic signal processing components may
provide a signal based at least in part on a signal from
the at least one active pressure sensor and a signal from
the at least one passive pressure sensor. The structure
of the active pressure sensor may be substantival the
same as a structure of the passive pressure sensor. The
plurality of pressure sensors may Include capacitive
pressure sensors each having a flexible movable mem-
brane. The passive pressure sensor signal may be re-
sponsive to a change in position of the membrane of the
passive pressure sensor, which is due to a drift effect
comprising a sag of said membrane. The change of po-
sition of the membrane of the active pressure sensor may
be due to a change in pressure within the heart and a
drift effect comprising a sag of the membrane. The pres-
sure signals may be the result of offsetting the signal from
the at least one active pressure sensor with the signal
from the at least one passive pressure sensor.

[0032] The invention may be used in a method of sens-
ing blood pressure within the cardiovascular system of a
subject which includes the steps of (a) implanting within
the subject an integrated chip Including a substantially
rigid substrate and at least one capacitive-based pres-
sure sensor disposed within said substrate in a position
to sense blood pressure within the cardiovascular sys-
tem; (b) powering on the Integrated chip telemetrically
by activating a power source located outside the subject;
(c) obtaining one or more analog signals from the at least
one pressure sensor indicative of the pressure at the po-
sition in the cardiovascular system; and (d) converting
the analog signals to digital signals at or directly adjacent
to the position in the cardiovascular system where the
sensing occurs.

[0033] The implanting step may include implanting an
ASIC having a capadtive-based pressure sensor In the
heart. The method may further include the step of limiting
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the ASIC from entering the heart chamber with a stop
device. The integrated chip may include a unique digital
Identification, and the method may include the step of
telemetrically communicating the unique digital identifi-
cation to an external reader. The method may further
include the step of obtaining calibration information as-
sociated with the integrated chip at the external reader
based on the unique digital identification. The integrated
chip may be supported in a holder and the implanting
step may include the steps of delivering the holder to the
position in the cardiovascular system, and mounting the
holder at the position such that the at least one pressure
sensor is exposed to the pressure in the cardiovascular
system to be sensed.

[0034] The at least one capacitive-based pressure
sensor may include a plurality of capacitive-based pres-
sure sensors including an active pressure sensor and a
passive pressure sensor located within the subject in a
position to directly sense blood-pressure within a position
in the cardiovascular system, and the stop of obtaining
one or more analog signals may further include obtaining
one or more analog signals from the active pressure sen-
sor indicative of the pressure at the positon in the cardi-
ovascular system, obtaining one or more analog signals
from the passive pressure sensor indicative of the pres-
sure at the position in the cardiovascular system, and
generating one or more combined analog signals based
on the one or more analog signals from the active pres-
sure sensor and the one or more analog signals from the
passive pressure sensor indicative of the pressure at the
position in the cardiovascular system. The step of con-
verting the analog signals may further include converting
the combined analog signals to digital signals. The step
of generating the one or more combined analog signals
may include offsetting the signal from said active pres-
sure sensor with the signal from said passive pressure
sensor.

[0035] Additional features, advantages, and embodi-
ments of the invention may be set forth or apparent from
consideration of the following detailed description, draw-
ings, and claims. Moreover, it is to be understood that
both the foregoing summary of the invention and the fol-
lowing detailed description are exemplary and intended
to provide further explanation without limiting the scope
of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] The accompanying drawings, which are includ-
ed to provide a further understanding of the invention,
are incorporated in and constitute a part of this specifi-
cation, illustrate embodiments of the invention and to-
gether with the detailed description serve to explain the
principles of the invention. No attempt is made to show
structural details of the invention in more detail than may
be necessary for a fundamental understanding of the in-
vention and the various ways in which it may be practiced.
In the drawings:
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Figure 1 schematically illustrates an embodiment of
an implantable telemetric measuring device and
reader constructed according to principles of the in-
vention providing for continuous or regular intra-car-
diac pressure monitoring;

Figure 2 schematically illustrates another embodi-
ment of an implantable telemetric measuring device
and reader constructed according to principles of the
invention providing for on-demand intra-cardiac
pressure monitor monitoring;

Figure 3 illustrates a cross-sectional view of the heart
area of a patient where the implanted device of the
invention may be employed, including the left and
right atrium and the crossing of veins at the posterior
septum;

Figure 4 illustrates a greatly enlarged, plan view of
a substantially rigid ASIC constructed according to
principles of the invention for sensing intra-cardiac
pressure and temperature including active and pas-
sive, capacitive membrane sensing elements and
on-chip electronics for digital signal processing and
telemetrical power supply.

Figure 5 is an enlarged, cross-sectional view of the
ASIC of the invention showing some of the active
pressure sensors and passive pressure sensors;
Figure 6 is an enlarged, cross-sectional view of the
ASIC of the invention showing a pressure transmit-
ting gel or fluid between a sheathing and the active
pressure sensors;

Figures 7 and 8 schematically illustrate a cross-sec-
tional and top plan view, respectively, of one embod-
iment of an implantable sensor device of the inven-
tion including a substantially rigid ASIC connected
at two ends to a substantially rigid substrate having
a cut out;

Figures 9 and 10 schematically illustrate a cross-
sectional and top plan view, respectively, of another
embodiment of an implantable sensor device of the
invention including a substantially rigid ASIC con-
nected at one end to a substrate having a cut out;
Figure 11 is a perspective illustration of the implant-
able device of Figures 7 and 8 or 9 and 10, showing
an electrical wire and filament core connection be-
tween the ASIC and the antenna;

Figure 12 illustrates a perspective view of the im-
plantable sensor device of the invention with a cut
out located at an edge of the substrate,

Figure 13 is a perspective view showing the electrical
wire and filament core connection of the Figure 12
embodiment;

Figure 14 is a cross-sectional view that schematically
illustrates the electrical wire and filament core con-
nection to a substrate of the invention;

Figures 15 and 16 schematically illustrate yet anoth-
er embodiment of an implantable sensor device of
the invention having a cut out located at an edge of
the substantially rigid substrate and a protective bar-
rier wall located at one end;
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Figure 17 schematically illustrates a cross section
view of a further embodiment of the protective barrier
wall of the invention;

Figure 18 schematically illustrates an integrally
formed ASIC and holder of the invention implanted
in a wall of the heart during surgery;

Figure 19 schematically illustrates another integral
ASIC and holder of the invention having a "T"-
shaped anchor implanted in a wall of the heart during
surgery;

Figure 20 schematically illustrates an ASIC and sep-
arately formed holder of the invention in the form of
an elbow connector holding the ASIC and guiding a
slack portion of the connecting wire;

Figure 21 is a three-dimensional representation of a
holder of the invention that mounts the ASIC in the
wall of the heart and incudes suture wings that limit
movement of the ASIC and serve as suture mounts;
Figure 22 is a three-dimensional representation of
another embodiment of a holder of the invention
where the holder includes an end cap;

Figure 23 is a three-dimensional representation of a
holder of the invention illustrating how it connects
the ASIC via a flexible cable to an antenna;

Figure 24 schematically illustrates an implantable
sensor device of the invention encased in a biocom-
patible sheathing;

Figure 25 is a side view of the device illustrated in
Figure 24 illustrating how the shape of the sensor
may be configured as a football shape to minimize
turbulence and reactionary fluid forces in the heart;
Figure 26 is a side view of a dual substrate sensor
device of the invention showing how the shape of
the sheathing may be configured to minimize turbu-
lence and reactionary fluid forces in the heart;
Figure 27 is a side view of another embodiment of
theinvention illustrating how the shape of the sheath-
ing may be configured to minimize turbulence and
reactionary fluid forces in the heart; and

Figure 28 is a block diagram of the major electronic
components of an external reader constructed ac-
cording to the principles of the invention for telemet-
rically receiving data from an implanted sensor de-
vice.

DETAILED DESCRIPTION OF THE INVENTION

[0037] The embodiments of the invention and the var-
ious features and advantageous details thereof are ex-
plained more fully with reference to the non-limiting em-
bodiments and examples that are described and/or illus-
trated in the accompanying drawings and detailed in the
following description. It should be noted that the features
illustrated in the drawings are not necessarily drawn to
scale, and features of one embodiment may be employed
with other embodiments as the skilled artisan would rec-
ognize, even if not explicitly stated herein. Descriptions
of well-known components and processing techniques
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may be omitted so as to not unnecessarily obscure the
embodiments of the invention. The examples used herein
are intended merely to facilitate an understanding of
ways in which the invention may be practiced and to fur-
ther enable those of skill in the art to practice the embod-
iments of the invention. Accordingly, the examples and
embodiments herein should not be construed as limiting
the scope of the invention, which is defined solely by the
appended claims and applicable law. Moreover, it is not-
ed that like reference numerals reference similar parts
throughout the several views of the drawings.

[0038] Figure 1 schematically illustrates an embodi-
ment of an implantable telemetric measuring device and
reader constructed according to principles of the inven-
tion providing for continuous or regular Intra-cardiac
pressure monitoring. A coil or antenna 14 connected with
an external reader 12 generates a radio frequency (RF)
fieldinamannerknown inthe art. The coil 14 and external
reader 12 may be fixed to individual belts that wrap
around the patient and connect to each other via a stand-
ard cable. The RF field induces a current in a coil 18
connected to a substantially rigid sensor device 20, such
as described herein, implanted within the heart 16 of the
patient 10, such as the septum or the wall of the left atri-
um, to sense pressure in the left atrium. The sensor de-
vice 20 may consist of an application specific integrated
circuit (ASIC) such as described herein, having power
conditioning circuitry that detects when adequate power
is being delivered and switches on sensing, analog-to-
digital, and data processing circuits. The data processing
circuitry sends the sensor data to the ASIC transmitter,
which uses the coil 18 as an antenna. The coil 18 tele-
metrically transmits, via signal 22, the data to the antenna
14 of the external reader 12. The external reader 12 may
provide secure reception and storage of pressure and
temperature values, compare the pressure reading of the
implanted device 20 to ambient pressure via an internal
sensor in the reader, and deliver the intracardiac data to
other devices, such as computers, personal digital as-
sistants (PDAs), cell phones, etc., via standard protocols.
[0039] Inthis embodiment, the external reader 12 may
obtain data from the sensor device 20 at continuous or
regular intervals. By way of example, the external reader
12 may continuously generate an RF signal to activate
the sensor device 20 to obtain pressure and/or temper-
ature readings (in order to describe even the waveform
of the blood pressure, if desired by the doctor, the sensor
device should take up to 100 or more measurements per
second). Alternatively, the external reader 12 may gen-
erate an RF signal at regular intervals (e.g., every half
hour, once ever four hours, once a day) to activate the
implanted rigid sensor device 20 to obtain pressure
and/or temperature readings.

[0040] Figure 2 schematically illustrates another em-
bodiment of an implantable telemetric measuring device
and reader, which may operate similarly to the Figure 1
embodiment but provides for on demand intra-cardiac
pressure monitoring according to principles of the inven-
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tion. In this embodiment, a coil 28 in a hand-held reader
26 generates an RF field that induces a current in the
coil 18 of the substantially rigid sensor device 20 implant-
ed within the heart 16 of the patient 10, as in the Figure
1 embodiment. As described above, sensor device 20
may include an ASIC that operates similarly to the Figure
1 embodiment. Thus, power conditioning circuitry in the
sensor device 20 detects when adequate power is being
delivered, and turns on the sensing, analog-to-digital,
and data processing circuits. The data processing cir-
cuitry sends the sensor data to the ASIC transmitter,
which uses the coil 18 as an antenna. The coil 18 trans-
mits, via signal 24, the data to the antenna 28 of the hand-
held reader 26. The hand-held reader 26 may be extend-
able to expose the antenna 28 and provides reception
and storage of pressure and temperature values, and
compares the implant’'s pressure reading to ambient
pressure via an internal sensor in the readout device.
The hand-held device 26 may deliver the intracardiac
data to other devices, such as computers, PDAs, cell
phones, etc., via standard protocols.

[0041] In this embodiment, the reader unit 26 may ob-
tain data from the implanted sensor device 20 on de-
mand. By way of example, a user may activate and cause
the reader unit 20 to generate an RF signal by extending
the top portion containing the antenna from the bottom
portion of the reader unit housing to activate the implant-
ed rigid sensor device 20 to obtain pressure and/or tem-
perature readings.

[0042] Figure 3 illustrates a cross-sectional view of the
heart area of a patient where the implanted device may
be employed, including the left and right atrium and the
crossing of veins at the posterior septum. The heart 30
has a right atrium 32 and a left atrium 34, which are di-
vided by the septum 36. As described in more detail here-
in, it may be advantageous to locate and/or anchor the
implantable sensor device 20 at the septum 36 separat-
ing the right atrium 32 and the left atrium 34, such that a
portion of the sensor 20 extends into the chamber to be
sensed, e.g., the left atrium 34. The implantable device
may work as a short-term implant as well as a long-term
implant, and may be implanted at the "Waterston’s
groove" near the access of the pulmonary vein or other
locations chosen by a doctor. The implantable sensor
device 20 also may be designed to facilitate ready re-
moval of the device if medically necessary. An embodi-
ment of such a removable device is illustrated in Figure
23.

[0043] Figure 4 illustrates a substantially rigid sensor
ASIC constructed according to principles of the invention
for sensingintra-cardiac pressure and temperature inany
of the embodiments of the invention. The ASIC 400 con-
tains pressure sensing elements 402, such as eight pas-
sive sensors 404 and eight active sensors 406, temper-
ature sensor 408, an analog-to-digital (A/D) converter
410, data transmission circuitry 412, power conditioning
circuitry including components such as smoothing and
resonance capacitors (not shown), a digital state control
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414 including a code redundancy check for secure data
transmission and memory 416, such as Electrically Eras-
able Read-Only Memory (EEPROM) cells, for unit iden-
tification, which are components known in the cart. An
example of the suitable ASIC structure is described in
U.S. Patent Nos. 5,321,989 and 5,431,057.

[0044] According to the principles of the invention, the
ASIC 400 should be an extremely small and lightweight
chip to avoid placing undue stress on the heart and/or
producing turbulent flow in the heart chamber(s). For ex-
ample, an ASIC particularly adapted for use in the em-
bodiments described herein as being implanted during
open chest surgery should weigh less than fractions of
agram, have a surface area of less than or equal to about
10 mm? per side, and a thickness of about ¥4 mm to about
1 mm. In one advantageous embodiment, the ASIC may
be about 2mm wide by 5mm long by about 250 to 800
microns thick. Other dimensions may also be used de-
pending upon the particular application or location in the
cardiovasculature where the sensing will occur and de-
pending upon the delivery method. In general, the dimen-
sions of the ASIC 400 may range from about 3 mm to
about 8 mm long, about 0.6 mm to about 2.5 mm wide,
and about 0.2 mm to about 1.3 mm high. Other dimen-
sions, such as an ASIC that is substantially square, may
also be used.

[0045] In the embodiment of the invention shown in
Figure 4, the ASIC 400 includes sixteen capacitive pres-
sure sensors cells 402, eight of which are active pressure
sensors 406 and provide pressure data, and eight of
which are passive pressure sensors 404 and act as an
internal reference. The pressure sensor cells 402 may
include minute, flexible membranes that are housed with-
in the substantially rigid ASIC structure as shown sche-
matically in Figure 5. Specifically, the active pressure
sensors 406 have flexible membranes 424 and passive
pressure sensors 404 have flexible membranes 426. The
membranes 424 of the active pressure sensors 406 are
distortable based on the level of cardiac blood pressure.
The distortion may be mainly In a direction generally per-
pendicular to the planar top surface of the ASIC 400. The
distortion may be determined based on capacitive meas-
urements or by use of distension measuring tapes. By
way of one specific exemplary embodiment, the sixteen
capacitive pressure sensing elements 402 of the ASIC
400 may each be about 96 microns in diameter.

[0046] As the pressure changes in the heart, the ca-
pacitance measured in the pressure sensors 402 chang-
es. The pressure sensors 402 generate signals based
on the change in capacitance, and thus indicative of the
pressure in the heart. As will be described below, the
signals preferably are processed by components located
in or on the ASIC 400 and transmitted to an external
reader.

[0047] Thus, the blood pressure measuring process
may be a capacitive pressure measurement process via
measuring membranes 424, 426 that are integrated into
the ASIC 400, such as the planar top surface of the chip
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as shown in Figure 5. The ASIC 400 may have a sub-
stantially inflexible, substrate made of silicon that cannot
be folded or rolled up. The thin, but mechanically inflex-
ible substrate creates a mechanically stable device pro-
viding a substantially rigid structure to house the meas-
uring membranes 424, 426 as shown in Figure 5. Chang-
es in the geometry of the ASIC 400, such as twisting due
to blood turbulences, may be avoided due to this sub-
stantially rigid, chip-based configuration, even when the
ASIC 400 is exposed to turbulent, blood flow. Thus, the
Implanted ASIC 400 provides a durable device capable
of withstanding the internal environment of the heart and
other locations in the cardiovasculature without produc-
ing dangerous stresses within the heart.

[0048] Numerous small membranes 424,426 having
relatively small dimensions (e.g., a diameter of less than
0.2 mm) may be used as capacitive pressure sensors.
Such small dimensions may result in membranes 424
that are less vulnerable to mechanical forces, such as
the force of blood flow within the heart, and therefore
more reliable.

[0049] The ASIC 400 contains mechanical and electri-
cal elements that are subject to wear and need drift com-
pensation to obtain measurements of suitable quality and
reliability for their intended cardiovascular uses. Drift in
a sensor may occur as time passes and physical prop-
erties of the structure change. Over time and usage,
changes in electronics in a chip may effect the measure-
ments. Further, when a pressure sensor uses a mem-
brane, the membrane may sag in the middle as it ages.
The capacitance at the pressure sensor membrane var-
ies based on the change in position of the pressure sen-
sor membrane. These changes, unrelated to the change
in blood pressure, may alter the true value of the meas-
urements being sensed. Drift compensation is particu-
larlyimportantin anintra-cardiac long-term pressure sen-
sor.

[0050] The drift compensation scheme employed in
ASIC 400 should reduce or eliminate the effects of the
change in the physical properties of the ASIC 400. Ac-
cording to the principles of the invention, the drift of the
pressure values obtained from the sensor structure 400
may be minimized to a value of about 5.0 mmHg/year to
about 2.5 mmHg/year or even smaller than. 1 mm-
Hglyear.

[0051] In accordance with drift compensation princi-
ples of the invention, a plurality of active sensors 406 and
a plurality of passive sensors 404 are provided, such as
eight of each. According to an embodiment of the inven-
tion, the structure of the active sensors 406 and the struc-
ture of the passive sensors 404 are identical. However,
asillustrated in Figure 5, the membranes 424 of the active
sensors 406 are open to the sensing environment (e.g.,
a heart chamber) for sensing pressure, while the mem-
branes 426 of the passive sensors 404 are isolated from
the environment, e.g., by placing a glass layer 428 or
other suitable material over the surface of the membrane
426 so that pressure in heart will not affect the passive
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sensors 404. Both the active sensors 406 and passive
sensors 404 are affected substantially the same by age,
usage and sagging and any other effects of the environ-
ment. Using the passive sensors 404, the ASIC 400 may
determine how much of the change in position of the pres-
sure sensor membrane 426 is effected by the age and
sagging. The change in capacitance based on the
change in position of the passive pressure sensor mem-
brane 426 is determined. This amount is then used to
offset the change capacitance measured in the active
pressure sensor membrane 424. This system allows the
change in capacitance due the pressure within the heart
to be more accurately determined. Compensating for drift
may allow a doctor or patient to better determine short
term (e.g., days, weeks) trends in pressure within the
patient, such as the heart.

[0052] The implantable sensor device, which may in-
clude the ASIC 400, a connector and an antenna, may
be completely encapsulated within a seamless biocom-
patible sheathing (not shown in Figs. 5-6). The material
areas around the measuring membranes 424 maintain
their flexibility after encapsulation to allow transmission
of the pressure to the measuring membranes 424. The
biocompatible sheathing will be described in greater de-
tail below.

[0053] Figure 6 is a cross-sectional view of the ASIC
402 of the invention with a gel or fluid between a sheath-
ing and the active pressure sensors 406. As described
above, a glass substrate 428 or other suitable material
isolates the passive pressure sensors 404. A liquid or
gelatinous pressure transmitting medium 432 is used be-
tween sheathing 430 and the active pressure sensors
406. As will be described below, this liquid or gelatinous
medium 432 may improve the measurement or reception
of blood pressure values within the chamber to be
sensed, e.g., within the left atrium. Even though fibrous
tissue or plaque may grow in the area of the implant over
time (e.g., months or years after the implantation), en-
capsulating the pressure sensors within a separate gel-
filled membrane may allow reliable measurement values
to still be obtained.

[0054] For example, endothelialization may result in
endothelia being deposited on the surface of the sensor
structure. If endothelia and/or plaque are deposited on
the surface of one of the active pressure sensors, or on
the biocompatible sheathing at the surface of one of the
active pressure sensors, pressure measurement read-
ings may be adversely affected. One way to reduce such
an effect is to coat the sheathing and/or sensors with a
drug, e.g., heparin, to reduce or eliminate endothelia.
However, such treatments may not always be effective.
[0055] Thus, as illustrated in Figure 6, the surface of
the active pressure sensors 406 are coated with a gel or
fluid 432 and encapsulated in the membrane 430. In this
manner, endothelial growth or plaque on the membrane
430 directly over the surface of one of the active pressure
sensors 406 will have a reduced or negligible effect on
the pressure sensor measurement, as the pressure is
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transmitted via the endothelial growth and the membrane
430 through the gel/fluid 432 to the active pressure sen-
sors 406. Further, plaque growth and/or endothelializa-
tion on the entire surface would still allow pressure sens-
ing measurements to be obtained, as the pressure ex-
erted on the endothelia is transmitted via the gel/fluid 432
to the active pressure sensors 406. In particular, the
gel/fluid filled membrane 430 may function to integrate
the change in pressure over a larger area than the indi-
vidual active pressure sensors 406 themselves. This min-
imizes the effects of endothelialization and/or plaque ad-
herence to the sheathing 430. Although sheathing 430
is shown as only covering the gel/fluid 432, it is under-
stood that the sheathing 430 or other sheathings could
cover partor all of sensor device 400, as described below.
[0056] As described above, the ASIC 400 includes an
A/D converter 410. As is known in the art, the pressure
sensors 402 provide analog signals indicative of the pres-
sure in the heart. The A/D converter 410 converts the
signals from the pressure sensors 402 to digital signals.
[0057] Thus, the transmission and digitizing of meas-
urement values into appropriate signals in the invention
is preferably carried out within or very closely adjacent
to the heart chamber or chambers to be sensed, such as
the left and/or right atrium and/or the left or right ventricle,
and most preferably are processed inside the ASIC 400.
Using a fully digital system may resultin greater accuracy
of the readout. In an analog system, where the amplitude
of the signal is proportional to the pressure reading pro-
vided by the sensors, the value of pressure recorded by
an external reader depends upon the distance between
body and reader. As aresult, either the distance from the
body to reader must be very tightly controlled, or the ac-
curacy of the system will suffer. According to the inven-
tion, the distance from body to reader has little or no effect
on the pressure value measurement received due to the
use of a digital signal and to processing the signals at or
very near the sensor. This may make the system more
robust and accurate than analog systems.

[0058] In addition, the fully digitized data can be han-
dled for more easily by data transmission systems, mak-
ing the external readers compatible with computer, Inter-
net and telemedicine interfaces. For example, highly ac-
curate pressure sensors and a 9-bit analog-to-digital con-
verter may impart high resolution to the sensing systems,
where an accuracy of about +/- 2 mm Hg or less may be
achieved.

[0059] Further, digitization at the ASIC 400, as op-
posed to analog signal transmission via an antenna be-
fore digitization, may avoid interference issues from oth-
er, unrelated RF sources. In prior devices, analog signals
are sent from the sensor to the antenna structure via a
wire. By processing and converting the analog signals to
digital signals prior to transmission over the wire to the
antenna, the system may avoid analog interference that
may be induced in the wire by external RF signals and
noise, such as radio broadcasts, electronics, and the like.
[0060] The ASIC 400 measures pressure at the pres-
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sure sensing elements 402 and transfers the absolute
pressure signals to an external reader. A pressure value
is calculated from the difference of absolute pressure val-
ue, measured with the ASIC 400, and the atmospheric
pressure surrounding the patient as is well-known in the
art. This atmospheric pressure may be measured within
the external reader, which is normally in the surrounding
environment of the patient.

[0061] The operation of the ASIC 400 is based on the
interaction between a connected antenna, such as
shown in Figure 23, and an external reader according to
well-known principles of transponder technology. There-
fore, no internal power source is required. The ASIC 400
and the external reader may be tuned so that continuous
measurements, e.g. up to 120 single measurements per
second, may be processed and transmitted. As de-
scribed above in Figure 1, the total system may be pro-
grammed so that measurements are taken and stored in
given intervals or at defined time periods. Retrieval, mon-
itoring, and recording of data may be possible at any time.
[0062] According to an embodiment of the invention,
the ASIC 400 preferably consists of a single integrated
chip. Allrelevant functions and components for the meas-
uring process, digitizing, identification number transmis-
sion, power supply, and telemetric data transmission are
integrated into the single integrated chip. As described
above, the ASIC 400 may contain a specific identification
number, as well as a chip specific calibration file and
further circuit and storage components. Alternatively, the
circuit components may also be placed on two or more
chips, e.g. if sensing in separate locations is desired.
[0063] The ASIC 400 may be formed from a single
complementary metal oxide semiconductor ("CMOS")
chip to produce a smaller implantable device then with
other methods, and help minimize power use and max-
imize measurement accuracy reliability. Since the con-
sumption of power produces heat, minimization of power
may be desirable in implantation applications. In a one-
chip solution, the ASIC 400 may be highly resistant to
mechanical or electrical interference from the outside, as
there is no interaction between multiple chips.

[0064] The power consumption of the chip may be low,
so thatif an increase of temperature occurs in the course
of inductive/transponder related power insertion, difficul-
ty in measuring or data transmission may be reduced or
avoided. The optimized circuitdesign may resultin a very
low power consumption, such as only about 210 micro-
watts at about 3 volts DC. The sampling rate may be
about 20 to about 120 Hz. The high integration factor of
the logic circuit combined with the high speed of data
transmission may allow the use of a very secure data
transmission protocol, thereby addressing concerns of
the regulatory authorities.

[0065] An integrated temperature sensor 408 may be
provided inthe ASIC 400 to allow for temperature sensing
as shown in Figure 4. The temperature sensor 408 may
use the circuitin the ASIC 400 and base the temperature
measurement on current characteristics within the circuit,
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thereby determining the temperature in the heart based
on the temperature based current characteristics within
the ASIC 400. Each ASIC 400 may be individually cali-
brated to determine its current characteristics (magni-
tude, frequency, etc.) at a given temperature (e.g., body
temperature). As the temperature changes, the current
characteristics within the ASIC 400 change. Using the
information on the current characteristics and the specific
calibration determination for the ASIC 400, the temper-
ature at a particular time can be determined based on
current characteristics at that time. The raw pressure da-
ta must be corrected for temperature and other external
and/or internal influences, and calibration information,
such as a calibration curve of the embedded chip, may
be established for each ASIC 400 or system that Imple-
ments an ASIC 400. Each ASIC may have a unique iden-
tification number to facilitate calibration and use of data
as discussed below.

[0066] The ASIC 400 includes a data memory 418,
such as the EEPROM cells, In which the unique identifi-
cation number may be stored. This identification number
is transmitted telemetrically together with the measure-
ment values. The identification number may be used to
determine the appropriate calibration information for an
ASIC 400. Also, a single external reader may then be
used to Interrogate multiple implanted ASIC’s, as de-
scribed below.

[0067] The unique Identification number may be trans-
mitted along with the sensor data to the external reader
to allow the external reader to use the correct calibration
information to calculate pressure and/or temperature. An
external reader (as described in greater detail below),
may have a memory to store calibration information for
anumber of ASICs 400 or systems thatimplement ASICs
400. The appropriate calibration information is associat-
ed the appropriate ASIC 400 or system via the identifi-
cation number. With the identification number, or other
identification indicia, the external reader accesses the
calibration information associated with the particular
ASIC 400 or system that includes the particular ASIC
400. The data received by the external reader is proc-
essed using the appropriate calibration information to
achieve more accurate results.

[0068] Each ASIC 400 and/or system also may be ze-
roed prior to implantation. When inside the patient, the
system compares the measured pressure to the pressure
in a vacuum. Outside the patient, the external reader
compares the ambient pressure to the pressure in a vac-
uum. Pressure inside the heart is calculated by compar-
ing the difference between the pressure measured inside
the heart and the pressure measured outside the patient.
Zeroing the ASIC 400 or the system may involve using
the ASIC 400 system to measure the pressure outside
the patient and comparing this measurement to the pres-
sure obtained by another external device. The difference
between these two readings may be stored with the cal-
ibration information associated with the ASIC 400 or sys-
tem and used to adjust future pressure measurements
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by the ASIC 400 or system once it has been implanted
to account for the difference.

[0069] Using one or more transponder coils, an exter-
nal reader may be used for the power supply of the ASIC.
This unit also may be used for telemetric data acquisition.
The range for telemetric power supply and data trans-
mission may be from about 3 cm to about 35 cm or other
ranges as can be readily determined by a skilled artisan.
This range also may depend on the distance between
the external reader and the implanted antenna and the
size of the antennas

[0070] Measurement data are processed and prefera-
bly are digitized on the ASIC 400 for transmission from
the sensor structure to the interior transponder coil. The
transmission of the measurement data from the ASIC
400 to the interior transponder coil may be realized via
one or more electric conductors, preferably designed as
flexible thin wires, embedded In silicone on other non-
conducting material. Measurement data are transmitted
telemetrically from the interior transponder coil to the ex-
ternal reader. The external reader capacities may be de-
signed for an exterior supply of all power resources which
are required for the continuous operation of ASIC 400,
Including measurements and data transmission.

[0071] The ASIC 400 also includes a bi-directional
power circuitry 424 for working with the reader to evaluate
the strength of the signals sent between the reader and
the ASIC 400. The components in the bi-directional pow-
er circuitry 424 interact with a reader to ensure that ap-
propriate signal strength and data transmission is
achieved. The interaction between the bi-directional
power evaluation module 424 and the reader is described
in greater detail below with respect to Figure 28.

[0072] Figures 7 and 8 schematically illustrate an em-
bodiment of an implantable sensor device 700 of the in-
vention including a substantially rigid sensor chip con-
nected at two ends to a substantially rigid substrate 708
having a cut out. A sensor chip 702, such as ASIC 400,
includes pressure sensing membranes 704 and four
spaced chip bond pads 706. A substantially rigid sub-
strate 708 having an aperture 710 and bond tracks 712
connected to bond pads 706 are also provided. The sub-
strate 708 is configured in a spaced apart relationship to
the sensor chip 702. More particularly, the aperture 710
of the substrate 708 is located substantially opposite of
the capacitive pressure membranes 704 of the sensor
chip 702 so pressure from the blood surrounding the de-
vice may be transmitted readily to the pressure mem-
branes 704. A pressure transferring material (not shown)
may be located at the aperture 710 to ensure that pres-
sure from the blood is transferred to the pressure mem-
branes 704.

[0073] The sensorchip 702 and the substrate 708 may
be configured in a fixed relationship, so that the distance,
or offset, between the sensor chip 702 and the substrate
708 does not change. The chip bond pads 706 may be
connected to the substrate bond pads 712 to fix the dis-
tance between the sensor chip 702 and the substrate
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708. As shown in the embodiment of Figures 7 and 8,
the sensor chip 702 and the substrate 708 both have four
bond pads. However, it is understood that other amounts
of bond pads may also be used.

[0074] Atleastone ofthe substrate bond pads 712 may
be elongated in the form of a track to facilitate connection
to an electrical wire 714 that connects to an antenna (not
shown). Electrical wire 714 is connected to the substrate
bond pad 712 by any conventional method, such as by
using heat and pressure. Connecting the electrical wire
714 to a substrate bond pad 712, as opposed to being
directly connected to chip 702, may reduce or eliminate
damage to or malfunction by the sensor chip due to the
connection process. The electrical wire 714 is electrically
connected to the sensor chip 702 via the electrical con-
nection between the substrate bond pad 712 and the chip
bond pad 706.

[0075] Figures 9 and 10 schematically illustrate anoth-
er embodiment of an implantable sensor device including
a substantially rigid sensor chip connected at one end to
asubstantially rigid substrate having a cut out. The device
900 of Figures 9 and 10 has similar components and
operation to the device 700 illustrated in Figures 7 and
8. However, device 900 has chip bond pads 906 located
in generally close proximity to each other at one end of
the sensor chip 902. In addition, the substrate bond pads
912 are generally located in close proximity to each other
on the substrate 908. When the chip bond pads 906 and
the substrate bond pads 912 are connected, the sensor
chip 902 and the substrate 908 are fixed at one end, with
the other free end being supported in a cantilevered man-
ner. This arrangement of chip bond pads 906 and sub-
strate bond pads 912 may reduce stress on the sensor
chip 902, as changes in the size of the substantially rigid
substrate 908, such as due to thermal expansion, may
have less of an effect on the sensor chip 902 due to the
location of the chip bond pads 906 on the sensor chip 902.
[0076] The device 900 may further include a flexible
filler material 916 located between the sensor chip 902
and the substrate 908. As shown, the filler 916 may be
located throughout the area between the sensor chip 902
and the substrate 908 except at the aperture 910 that is
opposite the capacitive pressure membranes 904. Filler
916 may be any flexible material that can provide support
to reduce or eliminate movement in the offset direction
between the sensor chip 902 and the substrate 908. The
filler 916 may be the same material used to surround the
implanted device 900, such as a biocompatible material
like silicone or other similar material.

[0077] Figure 11 is a perspective illustration of an im-
plantable sensor device such as the Fig. 7 and 8 or Fig.
9 and 10 embodiments showing the electrical wire and
core filament connection to the ASIC and antenna. The
device 1100 includes a substantially rigid sensor chip
1102 having pressure membranes 1104, and a substan-
tially rigid substrate 1108 with an aperture 1110 exposing
the pressure membranes 1104. A pressure transmitting
material 1112, such as a liquid or gelatinous material, is
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located within the aperture 1110 to transmit pressure
from the blood to the pressure membranes 1104. The
entire device 1100 is enclosed by a biocompatible
sheathing 1106, such as silicone. In addition, the sheath-
ing 1106 can also be used as the pressure transmitting
material 1112 within the aperture 1110.

[0078] Substrate 1108 may further include connector
holes 1120 for facilitating attachment of an antenna con-
nector 1114 to the substrate 1108 and the sensor chip
1102. The connector 1114 includes electrical wires 1116
and a filament core 1118, such as nylon. Electrical wires
1116, which may be formed of gold cable, or other ap-
propriate material, provide an electrical connection be-
tween the sensor chip 1102 and an antenna (not shown).
Electrical power from the antenna may be conducted via
the electrical wires 1116 to the sensor chip 1102 for pow-
ering the sensor chip 1102 to obtain measurements. Sig-
nals, such as pressure measurements and identification
indicia, may be transmitted over the electrical wires 1116
from the sensor chip 1102 to the antenna for transmission
to a reader. The filament core 1118 provides strength to
the connector 1114 to reduce or eliminate strain on the
connection between the substrate bond pad (not shown)
and the electrical wires 1116. The filament core may be
made of nylon or other similar, synthetic flexible material
that does not conduct electricity and has a low coefficient
of thermal expansion. This connection will now be de-
scribed in greater detail below with reference to the ex-
amples of Figures 12-14.

[0079] Figures 12 and 13 illustrate animplantable sen-
sor device 1200 with a cut out located at an edge of the
substantially rigid substrate, including a cable and core
filament connection, while Figure 14 schematically illus-
trates the cable and core filament connection to the sub-
strate. The implantable device 1200 includes a substan-
tially rigid sensor chip 1202 having pressure membranes
1204. In this embodiment, the capacitive pressure mem-
branes 1204 are located near the edge of one side of the
sensor chip 1202. The device 1200 further includes a
substantially rigid substrate 1208 having connector holes
1220 and a cutout 1210 opposite of the pressure mem-
branes 1204. A pressure transmitting material 1212 is
located within the cut out 1210 to transmit pressure from
the blood to the pressure membranes 1204. The device
1200 is surrounded by a biocompatible sheathing 1206,
such as silicone. According to a preferred embodiment
of the invention, the pressure transmitting material 1212
may be the same as the sheathing material 1206.
[0080] The device 1200 further includes a connector
1214 which includes electrical wires 1216 and a filament
core 1218. The electrical wires 1216, which may be
formed of gold, or any other suitable similar material, con-
nectto substrate bond pads 1222, and the substrate bond
pads 1222 are connected to chip bond pads 1224. This
results in an electrical connection between the electrical
wires 1216 and the sensor chip 1202. The filament core
1218 may be attached directly to the substrate 1208, such
as by an adhesive. As shown in Figure 14, the filament
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core 1218 is threaded through the connector hole 1220
for attachment to the substrate 1208 such that the elec-
trical wires 1216 have extra slack when the filament core
1218 is pulled straight This configuration may reduce or
eliminate the strain on the connection between the elec-
trical wires 1216 and the substrate bond pad 1222 when
there is movement of either the connector 1214 or the
substrate 1208. Any other method providing for strain
relief known in the art of electrical wires 1216 may also
be used.

[0081] Figures 15 and 16 schematically illustrate an
implantable sensor device with a cut out located at an
edge of the substrate and a protective barrier wall located
at one end of the substrate. The device 1500 has a sub-
stantially rigid sensor chip 1502 having capacitive pres-
sure membranes 1504 (shown in Fig. 16). The device
1500 further includes a substantially rigid substrate 1508
having a cut out 1510 located substantially opposite the
pressure membranes 1504. A chip bond pad 1518 on
the sensor chip 1502 is connected to a substrate bond
pad 1520 of the substrate 1508 in a conventional manner.
The device 1500 is encapsulated in a biocompatible
sheathing 1506.

[0082] The substrate 1508 includes a barrier wall 1514
that may be substantially perpendicular to the plane of
the substrate 1508. The height of the barrier wall 1514
may be such that the top of the barrier wall 1514 is at or
above the top of the sensor chip 1502 wheniitis attached
to the substrate 1508. The barrier wall 1514 may provide
additional protection to the chip sensor 1502, such as
preventing the sharp ends of the chip 1502 from wearing
or puncturing the sheathing 1506. In addition, a front por-
tion 1512 of the substrate 1508 shaped like an arrow is
located beyond the barrier wall 1514 and is tapered to
reduce or eliminate the effects of blood turbulence on the
chip sensor 1502, as well as aid in the implantation of
the device 1500 within the heart. This may occur when
the tapered portion 1512, and thus the device 1500, is
inserted into the heart. The edges of the barrier wall may
be slightly rounded (not shown in the drawings) to avoid
any wearing or puncturing of the sheathing. Although not
shown, it is understood that a pressure transmitting ma-
terial and/or a filler material may be used with the device
1500.

[0083] Figure 17 schematically illustrates a cross sec-
tional view of a further embodiment of a barrier wall
formed as an end cap at one end of the sensor device.
The device 1700 has a sensor chip 1702 having capac-
itive pressure membranes 1704. The device 1700 further
includes a substrate 1708 having a cut out 1710 located
substantially opposite the pressure membranes 1704. A
chip bond pad 1718 on the sensor chip 1702 is connected
to a substrate bond pad 1720 of the substrate 1708 in a
conventional manner. The device 1700 may also be en-
capsulated in a biocompatible sheathing (not shown in
Figure 17).

[0084] The substrate 1708 may include a barrier wall
1714 that is substantially perpendicular to the plane of
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the substrate 1708, as in the prior embodiment. The
height of the barrier wall 1514 may be such that the top
of the barrier wall 1714 is at or above the top of the sensor
chip 1702 when it is attached to the substrate 1708. In
addition, the barrier wall includes a top cover 1716 ex-
tending inwardly from the top of the barrier wall 1714
substantially parallel to the substrate 1708 over the sen-
sor chip 1702 to provide protection to the top of the sensor
chip 1702. Although shown in Figure 17 as extending
over only a small area of the sensor chip 1702, it is un-
derstood that the barrier top cover 1716 could extend
further, including along the entire length of the sensor
chip or beyond. The barrier wall 1714 and the barrier top
cover 1716 may provide additional protection to the chip
sensor 1702 and the sheathing as discussed above.
More specifically, the barrier top cover 1716 may inhibit
damage to the sheathing 1706 that could occur by rub-
bing of sharp edges of the chip sensor 1702 against the
sheathing material 1706. In addition, a front portion 1712
of the substrate 1708 is located beyond the barrier wall
1714 and may be tapered to reduce turbulence, as well
as aid in the implantation of the device 1700 within the
heart, also as discussed above.

[0085] Figure 18 schematically illustrates an integrally
formed ASIC and holder of the invention in a greatly en-
larged scale implanted in a wall of the heart after surgery.
The implantable sensor device of this embodiment may
include a substantially rigid substrate 1802 including an
ASIC 1804, which is located at one end of the substrate
1802. The substrate may be elongated such that a holder
portion 1810 is integrally formed therewith and anchored
within a wall of the heart such that the ASIC is at least
partially exposed within the chamber of the heart to be
sensed. At a minimum, the active pressure sensors must
be exposed. The other end of the substrate 1802 is the
holder portion that is affixed within a heart wall 36, such
that part of the holder portion 1810 of the substrate 1802
is located on the other side of the heart wall 36. A wire
1808 may also be affixed to the substrate 1802 and con-
nectthe ASIC 1804 to an antenna (not shown). The hold-
er portion 1810 of the substrate 1802 may be configured
toform partof an anchor structure. For example, the outer
portion may Include a bend, elbow, or other configuration
to facilitate anchoring with or without separate affixing
means known In the art, such as sutures or the tobacco
pouch suture 1806 schematically shown In Figure 18 sur-
rounding the exposed end of the holder portion 1810.
[0086] Figure 19 schematically illustrates on a greatly
enlarged scale another integral ASIC and holder of the
invention having a "T" shape anchor implanted in a wall
of the heart. In this embodiment, the substantially rigid
substrate 1902 includes an ASIC 1904 and an Integral
holder 1910 having an anchor 1906 such that the sub-
strate 1902 and the anchor portion 1906 are configured
in a generally "T" shape, with the free end extending
through the heartwall. An antenna 1912 may be attached
directly to the anchor 1906 and/or substrate 1902. The
antenna 1912 may bein the form of a coilwrapped around



25 EP 1 968 449 B1 26

the T-shaped end of the holder 1910 and connected to
the ASIC 1904 by a wire 1908 located on the substrate
1902. This may reduce the distance of the wire 1908
required or essentially eliminate it.

[0087] Figure 20 schematically illustrates an ASIC and
a holder of the invention in the form of an elbow connector
for holding the ASIC and guiding a slack portion of the
connecting wire. As illustrated in Figure 20, an elbow or
bend, separately connected to or integrally formed with
the substrate 2002, may be used to connect and/or guide
the wire 2006 to an ASIC 2004 held at the other end of
the elbow connector. The wire 2006 may be connected
In such a way as to minimize the movement of the wire
2006 at the connection point 2008. As shown, the ASIC
2004 is attached to the elbow 2002. The wire 2006 is
attached to both the ASIC 2004 (at 2008) and the elbow
2002 (at 2010). The connection of the wire to the elbow
2002 at 2010 may absorb the stress of wire movement,
thereby ensuring the fail-safe connection between the
wire 2006 and the substantially rigid sensor chip 2004
through the numerous cycles anticipated during the life
of a patient While various embodiments of the invention
show a holder with an anchor, separate anchor structure
may not be necessary, as the heart wall naturally closes
around the sensor device.

[0088] The wire 2006 connects the ASIC 2004 to the
antenna (not shown) and may be made of flexible mate-
rial that allows a signal to be transmitted between the
sensor structure and the antenna structure. The wire may
be made of gold, platinum, iridium, stainless steel, spring
steel, or similar material. The wire is totally embedded
(surrounded) by a flexible mantle.

[0089] As illustrated in Figure 20, it may be desirable
for wire connection to have some predetermined amount
of slack in the wire to account for the movement of the
heart without placing undue stress on the components.
Thus, the slack may take the form of a bend or loop in
the wire 2006 at or near the connection 2010 of the wire
2006 to the bend 2002, as shown. This slack will avoid
excessive bending and/or stress on the wire 2006. Slack
may also reduce or eliminate additional strain on the
heart, as there is little or no increased effort necessary
for normal heart pumping due to the sensor implant. Oth-
er configurations to provide slack, reduce bending or
stress in the wire 1006 and reduce strain on the heart
may also be used.

[0090] Figure 21 is a three-dimensional representation
of a holder of the invention that mounts the ASIC in the
wall of the heart and includes suture wings that limit
movement of the ASIC, e.g., during implantation by a
doctor, and serve as suture mounts. The implantable
sensor device 2100 includes a ASIC 2102 having capac-
itive pressure membranes (not shown) formed on a sub-
stantially rigid substrate 2108 having a cut out 2110 sub-
stantially opposite the pressure membranes as shown
and described above. A connector 2114 having electrical
wires 2116 and a filament core 2118 is also provided.
The device 2100 also includes a holder 2112 (shown in
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dashed lines) for supporting the ASIC 2102 and the sub-
strate 2108 and mounting it to the wall of a heart. A re-
ceiving portion 2120 of the holder surrounds and fixedly
receives a portion of the substrate 2108 such that cut out
2110 is exposed. When the device 2100 is inserted into
the heart wall, transversely extending flange 2122 forms
a pair of suture wings that act as stops to ensure that the
device 2100 is not inserted too far. In addition, the suture
wings 2122 may be used in conjunction with sutures for
anchoring the device 2100 to the heart. While two wings
are shown in Figure 21, the flange 2122 could be formed
with three or more wings if desired. The holder 2112 may
also include a connector attachment portion 2124 to pro-
vide a conduit for connecting the wires 2116 and core
2118 to the sensor chip 2102 via the substrate 2108.
[0091] Figure22isathree-dimensional representation
of another embodiment of a holder of the invention which
is similar to the Figure 21 embodiment but includes an
end cap 2224 to provide further protection to the sensor
chip 2202 and substrate 2208, such as when the device
2200 is inserted through a heart wall.

[0092] Figure23isathree-dimensional representation
of a holder of the invention illustrating how it connects
the ASIC via a flexible cable to an antenna. The implant-
able device 2300 generally includes a holder 2306 re-
ceiving an ASIC 2302 formed on a substantially rigid sub-
strate 2304. A flexible connector 2308 electrically con-
nects the ASIC 2302 and an antenna 2310. The entire
device 2300, including the holder 2306, connector 2308,
and antenna 2310, is encapsulated in a biocompatible
sheathing, such as a seamless sheathing of silicone.
[0093] The antenna 2310 serves both as power trans-
ducer and antenna, and may be fabricated of any type
of conductive metal. The antenna 2310 may be made of
pure gold, or any other suitable material, to provide both
biocompatibility and the necessary degree of electrical
conductivity. According to a preferred embodiment of the
invention, the antenna 2310 and the connector 2308 may
be made of the same material, and the connector 2308
may be part of the antenna 2310, e.g., the connector
2308 and the antenna 2310 are integrally formed. The
antenna 2310 may be extremely thin (for example, about
25 microns) and light weight. All components of the im-
plantable device 2300, including the antenna 2310, the
connector 2308, and the holder 2306, may be very small
and light weight to avoid strain and irritation of the heart
when implanted. Thus, by of example, the holder 2306
may be made of a light weight plastic, and coils in antenna
2304 and wires in connector may be made of a relatively
thin and lightweight wire material, such as thin gold or
other suitable materials.

[0094] The number and size of the coils of the antenna
2310 may be dimensioned in such a way that an appro-
priate telemetric range between the internal and external
coils is achieved. For the embodiment shown in Figure
23 in which the antenna is fixed subcutaneously, the min-
imum range for the transmission of measurement data
from the internal coil to the extra corporal emitter/receiver
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unit is about 2 cm to about 25 cm. If the antenna is fixed
at or near the heart, the range may be closer to the high
end, i.e. about 25 cm. However, this required range may
change based on the position of the antenna.

[0095] As described above, all energy which is re-
quired for the acquisition of measurement data may be
provided telemetrically by the antenna 2310, where the
coil may be designed as a passive coil. Examples of suit-
able coils are illustrated in German patents DE 19945
879 A1 or DE 101 56 469 A1. By way of example, the
antenna 2310 may be formed from a cable that is wound
into a plurality of coils. The cable may also connect the
antenna 2310 to the sensor chip.

[0096] Figure 24 schematically illustrates an implant-
able sensor device of the invention encased in a biocom-
patible sheathing. A sensor device 2400 includes an
ASIC 2404 positioned on a substantially rigid substrate
2402 and encapsulated in a biocompatible sheathing
2406. The sensor system, i.e., the ASIC 2404, substrate
2402, cable (not shown) and antenna (not shown) may
be encapsulated in a biocompatible sheathing such as,
silicone, polyurethane or other suitable material. The en-
capsulation of the system preferably is seamless, i.e.,
has no break or seam. This reduces or eliminates the
risk of contamination or damage to the sensor system
structure by fluids within the body. By way of example,
the thickness of the encapsulation may be in the range
ofabout0.01 mmtoabout0.8 mm. A seamless sheathing
may be obtained by seamless molding or by dipping the
entire sensor device 2400 (sensor ASIC, cable and an-
tenna) into the biocompatible material.

[0097] The implanted device may be positioned in
heart to minimize turbulence of the blood flow within the
heart chamber and reactionary forces. As illustrated in
Figure 25, the sensor device 2400 may be orientated
such that its shortest side, such as side 2412, may be
positioned to be in the most upstream position in the
blood flow path 2416. This presents the minimum area
in the blood flow and reduces and/or minimizes currents
and reactionary forces caused by the implanted device
2400. This positioning may be done regardless of loca-
tion of the pressure sensors 2408 on the chip. As illus-
trated, the longer sides 2410 of the sensor device 2400
containing the top surfaces of the capacitive pressure
membranes 2408 may be parallel to the blood flow 2416.
[0098] As illustrated in Figure 25, the shape of the
sheathing surface 2414 also may be curved or shaped,
e.g., similar to the football shape shown in Figure 25, to
further reduce the turbulence caused by blood flow 2416
around the sensor device. The biocompatible sheathing
2408 may be applied to the implanted device 2400 to
form the curved surface 2414. Such curves or other
shapes may be designed to minimize hydrodynamic forc-
es.

[0099] The encapsulation In a fully biocompatible ma-
terial, such as silicone may result in very little change in
the sensitivity of the pressure sensor. Further, a small
offset due to the influence of the encapsulation material
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may be compensated for during calibration. This may
allow, for example, measurements of about +/- 2 mm Hg
or less.

[0100] Figure 26 is a side view of a dual substrate sen-
sor embodiment of the invention illustrating how the
shape of the sheathing may be configured to minimize
turbulence and reactionary fluid forces in the heart. The
implantable device 2600 includes a substantially rigid
ASIC 2602 having capacitive pressure membranes 2604
and a substrate 2608 with an aperture 2610 substantially
opposite the pressure membranes 2604. As illustrated,
the device 2600 is encapsulated in a sheathing 2606.
The sheathing 2606 may be made of a biocompatible
material, such as silicone, that is flexible so that the pres-
sure from the blood may be transmitted to the pressure
membranes 2604. A pressure transmitting material (not
shown) may be placed in the aperture 2610 to aid in trans-
mitting the pressure. The sheathing 2606 may be
shaped, such as an oval or football configuration, to re-
duce or eliminate hydrodynamic forces from the blood
flow 2612. Again, the smallest sides of the device are
orientated into the upstream portion of 2112 of the blood
flow.

[0101] Figure 27 is a side view of another embodiment
of the invention illustrating how the shape of the sheath-
ing may be configured to minimize turbulence and reac-
tionary fluid forces in the heart. The device 2700 has the
same components as the Figure 26 embodiment and is
like-numbered. However, in this embodiment, the
sheathing 2706 may be shaped, such as in a rounded
triangle configuration, to reduce or eliminate hydrody-
namic forces from the blood flow 2712.

[0102] Figure 28 is a block diagram of the major elec-
tronic components of an external reader 2800 of the in-
vention for telemetrically receiving data from an implant-
ed sensor device. An antenna 2802 may be integrated
with the external reader 2800, as shown schematically
in Figures 1-2. Also, as illustrated in Figure 1, the external
reader 12 may be attached to the patient, or alternatively,
as illustrated In Figure 2, the external reader 26 may be
Incorporated inside a handheld device. In other cases,
the antenna 2802 may be attached to the patient’s body
or connected to the external reader 2800 by cable con-
nections. Another method attaches the external reader
to the patient’s bed or seat. Numerous such arrange-
ments may be employed to adapt to the particular appli-
cation, as the skilled artisan will recognize.

[0103] The antenna 2802 is used for receiving data, in
the form of digital signals, from the Implanted sensor de-
vice. The digital signals are received at the RF receiver
2806 via an RF generator 2804. The RF generator 2804
generates an RF signal to be transmitted via the antenna
2802 to power the implanted device.

[0104] The digital data signals received by RF receiver
2806 are processed by filter 2808 and demodulator 2810
before beingreceived and then processed as appropriate
by controller 2812. A bidirectional power module 2828,
described in detail below, is connected between the filter
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2806 and demodulator 2810. Separate memory devices,
such as calibration memory 2822, data memory 2824,
and parameter memory 2826, may be provided and com-
municate with controller 2812. The calibration memory
2822 stores calibration information associated with a par-
ticular ASIC sensor system, and the calibration memory
2822 may store calibration information for a number of
different ASIC sensor systems. Calibration information
may be obtained from an external source, such as a com-
puter, through communications port 2816. The appropri-
ate calibration information, based on a unique identifica-
tion number of the ASIC sensor system being interrogat-
ed, is obtained from the calibration memory 2822. Thus,
a medical professional, such as a doctor or nurse, can
use one reader to obtain pressure readings from multiple
patients.

[0105] The data memory 2824 stores data related to
the pressure and/or temperature received from the ASIC
of the implanted sensor device. The data may be stored
in the data memory 2824, and then transferred, via a data
memory module 2814, to another device through data
communications port 2816, such as a computer. Using
information obtained from an atmospheric pressure mod-
ule 2820, the controller 2812 uses the data received from
antenna 2802 and stored in data memory 2824 to deter-
mine the pressure within the heart, as is known in the art.
Using the information from the ambient temperature
module 2818, the controller 2812 also uses the data to
determine the temperature within the heart, as is known
in the art.

[0106] The pressure and temperature calculations,
which are performed in controller 2812, as well as the
data from the implanted sensor device, may be stored in
the data memory module 2814. These calculations and
data may then be communicated to another device, such
as a computer through communications port 2816.
[0107] The pressure sensor readings, and the param-
eter alerts described below, may be displayed by the
reader on a display (not shown), such as an LCD display
orthe like. The measured pressure values and parameter
alerts also may be displayed on a monitor of the external
reader (not shown) and recorded in an appropriate stor-
age device. The system may be equipped for purposes
of telemedicine, so that data is transmitted from the ex-
ternal reader to a medical department or healthcare pro-
vider via wire connection, telephone, internet or any other
suitable telecommunication source is possible, via
known wired or wireless protocols.

[0108] The parameter memory 2826 stores parameter
thresholds. The data received from the implanted sensor
device is compared by the controller 2812 to the param-
eter thresholds. If the data fails to meet a particular
threshold, or exceeds a particular threshold, an alarm
may occur to alert a user. The threshold parameters may
be set by a doctor or other health care professional. By
way of example, the threshold range for pressure may
set to 25 to 30 mm Hg, depending on the patient If the
reader receives a measurement of 25 mm Hg, which is
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above the threshold range, it alerts the user that the
measurement exceeds the threshold. Further, an alert
may occur based on the raising of pressure per time.
Other parameters may also be used.

[0109] The parameter thresholds may be provided to
the external reader 2800, such as by a user manually
entering a parameter threshold. Alternatively, the param-
eter thresholds may be provided to the external reader
2800 from another device, such as computer through
communications port 2816. The parameter thresholds
may be provided via a direct connection, such as by a
wire, or by a wireless connection, such as by a LAN, a
WAN or the like.

[0110] The calibration memory 2822, the data memory
2824 and the parameter memory 2826 may be separate
memory storage devices within the external reader, or
each may be a portion of a single memory storage device.
The reader may use a signal at 13.56 MHz, or other
known frequencies. One example of a suitable reader is
disclosed in published patent application No. WO-A-
2005/048835.

[0111] Bi-directional power evaluation module 2828
assists in evaluating the strength of signals received from
the implanted device to ensure that a minimum signal
strength is received. The signal received from the im-
planted devices via antenna 2802 is evaluated by the bi-
directional power evaluation module 2828. The evalua-
tion may be implemented via various methodologies. Ac-
cording to an embodiment of the invention, the reader
may increase the power of the signal sentvia the antenna
2802 to the implanted device over small increasing in-
crements. At each increment, the bi-directional power
evaluation module 2828 evaluates the signal received
back from the implanted device to determine the quality
and strength of the signal. This process is repeated until
asuccessful signalis received from the implanted device.
The reader than uses the minimum power necessary to
achieve an acceptable signal and begins performing the
reading ofdata, such as pressure and temperature meas-
urements, from the device. This may be performed by
taking a predetermined number of readings (e.g., five
readings) in a row. All the readings may be taken after
the minimum power level has been determined. Alterna-
tively, the bi-directional power evaluation module 2828
may determine the minimum power level after each of
the predetermined readings.

[0112] By way of another embodiment of the invention,
the reader can increase the power level supplied by the
antenna 2802 by larger increments, such as by quarter
Fourier steps (FS steps), until a valid signal is received
from the implanted device. Once a valid signal is ob-
tained, the power is decreased by one step, such as %
FS, then increased in smaller steps, such as 1/8 FS
steps) until a valid signal is received. This process is re-
peated using progressively smaller steps (1/16 FS, 1/32
FS) untila minimum power level is determined. The read-
er then uses the resulting minimum power level to com-
pute the required power setting and obtains a predeter-
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mined number of readings.

[0113] Another methodology involves assessing the
demodulation quality level (DQL) of the signal in addition
to the signal state analysis described above. The DQL
of a signal changes as the coil geometry and/or distance
from the reader changes. It does not use an incremental
algorithm to assess the required starting power, but the
last power setting of the last measurement. The reader
sets the power to a previously used level. If a reading is
possible, the reader increases or decreases the power
for the next reading according to DQL. If no reading is
possible, the reader increases the power in increments
until valid signal is received from the implanted device.
After a predetermined number (e.g., five) of successful
readings, the reader obtains the measurement readings.
During these measurement readings, the reader contin-
ues to increase, decrease, or hold the power level ac-
cording to DQL and obtaining valid signals.

[0114] Use of power conditioning may result is various
beneficial characteristics and features for the voltage
controller/stabilizer supply voltage (Vppa) used in the
ASIC. When using power conditioning, there is generally
a high common mode rejection ratio (CMRR) for Vppa,
as well as good radio frequency (RF) suppression for
Vppa- In addition, a fast power on reset (POR) signal is
used if Vppp falls below tolerance, which would happen
if supply power is not sufficient. Because there is no
measurement or signal transmission if POR not "1," de-
termining a proper power supply using the power condi-
tioning may prevent this drawback.

[0115] The implantable sensor device of the invention
also may be incorporated or attached to other devices
implanted within the body. Examples of such devices
may include a pacemaker, defibrillator or a drug dispens-
er.

[0116] Whiletheinvention hasbeen describedinterms
of exemplary embodiments, those skilled in the art will
recognize that the invention can be practiced with mod-
ifications in the scope of the appended claims. For ex-
ample, while the embodiments described above have
been directed to implantation of the telemetric sensing
device of the invention within the heart, one or more such
devices may be implanted within other positions in the
cardiovascular system of a patient, such as the aorta,
pulmonary artery, or any of the other great vessels. These
examples given above are merely illustrative and are not
meant to be an exhaustive list of all possible designs,
embodiments, applications or modifications of the inven-
tion.

Claims

1. Anintegrated chip (900) for intra-cardiac blood pres-
sure measurement inside the heart of a patient, said
integrated chip (900) comprising:

a first substantially rigid substrate (902);
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at least one pressure sensor (904) disposed
within said first substantially rigid substrate
(902) to generate signals indicative of a sensed
pressure; and

electronic signal processing components to
process the signals generated by said at least
one pressure sensor (904), said electronic sig-
nal processing components being operatively
connected to an antenna (14, 28), said integrat-
ed chip (900) being powered by a signal re-
ceived at the antenna (14, 28);

wherein said integrated chip (900) is operative
to send digital signals indicative of the pressure
sensed in the heart telemetrically via an antenna
to a remote receiver

characterised in that

the first substantially rigid substrate (902) has a
proximal end and a distal end with the at least
one pressure sensor (904) disposed within the
distal end thereof;

and the integrated chip (900) further comprises
a second substantially rigid substrate (908) lo-
cated opposite said at least one pressure sensor
(904) in saidfirst substrate (902) and in a spaced
apart configuration, the second substantially rig-
id substrate (908) defining an aperture (910) po-
sitioned over said at least one pressure sensor
(904) permitting blood pressure within the heart
toacton said atleast one pressure sensor (904);
and

a flexible filler material (916) located throughout
space between said first and second substan-
tially rigid substrates except beneath the aper-
ture (910), thereby leaving the pressure sensors
exposed, such that (a) the flexible filler material
(916) connects the second substantially rigid
substrate (908) to the first substantially rigid sub-
strate (902), and (b) the distal end of the first
substantially rigid substrate (902) is connected
to the second substantially rigid substrate (908)
by the flexible filler material (916).

The integrated chip (900) according to claim 1,
wherein said at least one pressure sensor (904) gen-
erates analog signals and said electronic signal
processing components include at least one analog
to digital (A/D) converter (410) to digitize within the
heart the analog signals from said at least one pres-
sure sensor (904); and/or

wherein said integrated chip (900) weighs less than
about one gram, has a surface area on one side of
less than or equal to about 10 mm2 and has a thick-
ness of less than about 1 mm; and/or

further comprising a pressure transferring medium
interposed between said at least one pressure sen-
sor (904) and said second substantially rigid sub-
strate (908) to transfer blood pressure to said at least
one pressure sensor (904).
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The integrated chip (900) according to claim 1 or
claim 2, wherein the flexible filler material (916) com-
prises silicone.

The integrated chip (900) according to claim 1, 2, or
3, wherein the flexible filler material (916) reduces
or eliminates movement in an offset direction be-
tween the first substantially rigid substrate (902) and
the second substantially rigid substrate (908).

The integrated chip (900) according to any preceding
claim, wherein the first substantially rigid substrate
(902) is sufficiently rigid such that it cannot be folded
or rolled up; and/or

wherein the first substantially rigid substrate (902) is
sufficiently rigid to protect the pressure sensors from
damage as a consequence of contact with a surgical
instrument during implantation and from mechanical
damage during use; and/or

wherein the first substantially rigid substrate (902) is
sufficiently rigid to avoid twisting of the chip due to
turbulent blood flow; and/or

wherein the first substantially rigid substrate (902) is
mechanically inflexible.

An intra-cardiac pressure measuring system for
measuring blood pressure inside the heart of a pa-
tient, said system comprising:

an antenna (14, 28);

the integrated chip (900) of any preceding claim;
an implantable holder (1910, 2112) supporting
said integrated chip (900), said holder (1910,
2112) including an anchor structure (1906) to
mount said integrated chip (900) within a wall of
the heart during surgery such that said at least
one pressure sensor (904) is exposed to blood
flow in the heart; and

a remote receiver.

The system according to claim 6, wherein said at
least one pressure sensor (904) comprises capaci-
tive-based pressure sensitive membranes housed
within said substrate; and/or

further comprising a flexible wire (914) connecting
said antenna (14, 28) and said integrated circuit
(900), said antenna (14, 28) being configured to be
implanted within the patient underneath the skin to
facilitate telemetric data transmission to said receiv-
er.

The system according to claim 7, wherein said an-
tenna (14, 28), said chip(900), said wire (914), and
said holder (1910, 2112) are encapsulated in a
seamless, one-piece biocompatible sheathing
(1106, 1206, 1506, 2406).

The system according to claim 8, further comprising
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a pressure transferring medium interposed between
said biocompatible sheathing (1106, 1206, 15086,
2406) and said at least one pressure sensor (904)
and/or

where said biocompatible sheathing (1106, 1206,
1506, 2406) acts as a pressure transferring medium
to said at least one pressure sensor (904); and/or
wherein said sheathing (1106, 1206, 1506, 2406) is
shaped to minimize turbulence in blood flow within
the heart.

The system according to any one of claims 6-9,
wherein said integrated chip (900) further includes
a unique digital identification, and wherein said
unique digital identification is sent telemetrically to
said receiver; and optionally

wherein said receiver obtains calibration information
associated with said integrated chip (900) based on
said unique digital identification.

The system according to claim 6,

further comprising at least one bond pad (906) dis-
posed between said first and second substantially
rigid substrates and electrically connected to said
integrated chip (900); and optionally

further comprising at least one bond tack (912) on
said second substantially rigid substrate (908),
wherein said at least one bond tack (912) is connect-
ed to said at least one bond pad (906), and wherein
said antenna (14, 18) is operatively connected to
said integrated chip (900) via said at least one bond
pad (906) and said at least one bond tack (912) to
provide a strain relief connection.

The system according to claim 11, further comprising
an antenna connector (1114) to connect said anten-
na (14, 28) to said second substantially rigid sub-
strate (908), wherein said antenna connector (1114)
comprises a signal portion electrically connecting
said antenna to said integrated chip (900) and a sup-
port portion connected to said second substantially
rigid substrate (908); and optionally

wherein said antenna connector (1114) is attached
to said second substantially rigid substrate (908)
such that there is slack in said signal portion when
said support portion is taut; and optionally

wherein said signal portion is connected to said in-
tegrated chip (900) via said at least one bond tack
and said support portion is connected to said second
substantially rigid substrate (908) via an opening in
said second substantially rigid substrate (908); and
optionally

wherein said second substantially rigid substrate
(908) includes a protective barrier connected there-
to, and further comprising a biocompatible sheathing
encapsulating at least said integrated chip (900) and
said second substantially rigid substrate (908),
wherein said protective barrieris disposed to prevent
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said first substantially rigid substrate (902) from
puncturing said biocompatible sheathing.

The system according to claim 6, wherein said holder
(1910,2112) and said first substantially rigid sub-
strate (902) are integrally formed into a single piece;
and/or

wherein said antenna (14, 28) is supported by said
holder (1910,2112); and/or

wherein said holder (1910, 2112) includes a stop that
limits the movement of said integrated chip (900) into
the heart chamber; and/or

wherein said integrated chip (900) and said holder
(1910, 2112) are removable from the heart after im-
plantation.

The system according to claim 13, wherein said at
leastone pressure sensor (904) comprises a plurality
of pressure sensors including atleast one active sen-
sor (406) responsive to changes in pressure within
the heart and at least one passive sensor (404) that
is isolated from the changes in pressure within the
heart; and wherein said electronic signal processing
components provide a signal based at least in part
on a signal from said at least one active pressure
sensor (406) and a signal from said at least one pas-
sive pressure sensor (404); and optionally

wherein the structure of said active pressure sensor
(406) is substantially the same as a structure of said
passive pressure sensor (404); and optionally
wherein said plurality of pressure sensors comprise
capacitive pressure sensors each having a flexible
movable membrane (430).

The system according to claim 14, wherein the pas-
sive pressure sensor signal is responsive to a
change in position of said membrane (430) of said
passive pressure sensor (404) and the change of
position of said membrane of said passive pressure
sensor (404) is due to a drift effect comprising a sag
of said membrane (430) and optionally

wherein a change of position of said membrane (430)
of said active pressure sensor (406) is due to:

a change in pressure within the heart; and
a drift effect comprising a sag of said membrane
(430).

Patentanspriiche

1.

Integrierter Chip (900) zur intrakardialen Blutdruck-
messung im Herzen eines Patienten, wobei der ge-
nannte integrierte Chip (900) Folgendes umfasst:

ein erstes im Wesentlichen starres Substrat
(902);
wenigstens einen Drucksensor (904), der in
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2,

dem genannten ersten im Wesentlichen starren
Substrat (902) angeordnet ist, um Signale zu
erzeugen, die einen erfassten Druck anzeigen;
und

elektronische Signalverarbeitungskomponen-
ten zum Verarbeiten der von dem genannten
wenigstens einen Drucksensor (904) erzeugten
Signale, wobei die genannten elektronischen Si-
gnalverarbeitungskomponenten mit einer An-
tenne (14, 28) wirkverbunden sind, wobei der
genannte integrierte Chip (900) mit einem an
der Antenne (14, 28) empfangenen Signal ge-
speist wird;

wobei der genannte integrierte Chip (900) die
Aufgabe hat, digitale Signale, die denim Herzen
erfassten Druck anzeigen, telemetrisch Uiber ei-
ne Antenne zu einem Fernempfanger zu sen-
den,

dadurch gekennzeichnet, dass

das erste im Wesentlichen starre Substrat (902)
ein proximales Ende und ein distales Ende hat,
wobei der wenigstens eine Drucksensor (904)
im distalen Ende davon angeordnet ist;

und der integrierte Chip (900) ferner Folgendes
umfasst:

ein zweites im Wesentlichen starres Subst-
rat (908), das sich gegentiber dem genann-
ten wenigstens einen Drucksensor (904) in
dem genannten ersten Substrat (902) und
in einer beabstandeten Konfiguration befin-
det, wobei das zweite im Wesentlichen star-
re Substrat (908) eine Offnung (910) defi-
niert, die Uber dem genannten wenigstens
einen Drucksensor (904) positioniertistund
es zulasst, dass Blutdruck im Herzen auf
den genannten wenigstens einen Druck-
sensor (904) wirkt; und

ein flexibles Fillmaterial (916) in dem ge-
samten Raum zwischen dem genannten
ersten und zweiten im Wesentlichen starren
Substrat, ausgenommen unterhalb der Off-
nung (910), um dadurch die Drucksensoren
exponiert zu lassen, so dass (a) das flexible
Fullmaterial (916) das zweite im Wesentli-
chen starre Substrat (908) mit dem ersten
im Wesentlichen starren Substrat (902) ver-
bindet, und (b) das distale Ende des ersten
im Wesentlichen starren Substrats (902)
durch das flexible Fulllmaterial (916) mit
dem zweiten im Wesentlichen starren Sub-
strat (908) verbunden wird.

Integrierter Chip (900) nach Anspruch 1, wobei der
genannte wenigstens eine Drucksensor (904) ana-
loge Signale erzeugt und die genannten elektroni-
schen Signalverarbeitungskomponenten wenigs-
tens einen Analog-Digital-(A/D)-Wandler (410) be-
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inhalten, um die analogen Signale von dem genann-
ten wenigstens einen Drucksensor (904) im Herzen
zu digitalisieren; und/oder

wobei der genannte integrierte Chip (900) weniger
als etwa ein Gramm wiegt, einen Oberflacheninhalt
auf einer Seite von gleich oder weniger als etwa 10
mm?2 und eine Dicke von weniger als etwa 1 mm hat;
und/oder

ferner umfassend ein Druckubertragungsmedium,
das sich zwischen dem genannten wenigstens einen
Drucksensor (904) und dem genannten zweiten im
Wesentlichen starren Substrat (908) befindet, um
Blutdruck zu dem genannten wenigstens einen
Drucksensor (904) zu Ubertragen.

Integrierter Chip (900) nach Anspruch 1 oder An-
spruch 2, wobei das flexible Fillmaterial (916) Sili-
kon umfasst.

Integrierter Chip (900) nach Anspruch 1, 2 oder 3,
wobei das flexible Fullmaterial (916) Bewegungen
in einer versetzten Richtung zwischen dem ersten
im Wesentlichen starren Substrat (902) und dem
zweiten im Wesentlichen starren Substrat (908) re-
duziert oder eliminiert.

Integrierter Chip (900) nach einem vorherigen An-
spruch, wobei das erste im Wesentlichen starre Sub-
strat (902) starr genug ist, so dass es nicht gefaltet
oder aufgerollt werden kann; und/oder

wobei das erste im Wesentlichen starre Substrat
(902) starr genug ist, damit die Drucksensoren vor
Schaden infolge von Kontakt mit einem chirurgi-
schen Instrument bei der Implantation und vor me-
chanischen Schaden beim Gebrauch geschitzt wer-
den; und/oder

wobei das erste im Wesentlichen starre Substrat
(902) starr genug ist, um ein Verdrehen des Chips
aufgrund von turbulentem Blutstrom zu vermeiden;
und/oder

wobei das erste im Wesentlichen starre Substrat
(902) mechanisch unflexibel ist.

Intrakardiales Druckmesssystem zum Messen von
Blutdruckim Herzen eines Patienten, wobeidas Sys-
tem Folgendes umfasst:

eine Antenne (14, 28);

den integrierten Chip (900) nach einem vorhe-
rigen Anspruch;

einen implantierbaren Halter (1910, 2112), der
den genanntenintegrierten Chip (900) tragt, wo-
bei der genannte Halter (1910, 2112) eine An-
kerstruktur (1906) aufweist, um den genannten
integrierten Chip (900) bei dem chirurgischen
Eingriff so in einer Wand des Herzens zu mon-
tieren, dass der genannte wenigstens eine
Drucksensor (904) gegentiber Blutstrom im Her-
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zen exponiert ist; und
einen Fernempfanger.

System nach Anspruch 6, wobei der genannte we-
nigstens eine Drucksensor (904) kapazitatsbasierte
druckempfindliche Membranen umfasst, die in dem
genannten Substrat untergebracht sind; und/oder
ferner umfassend einen flexiblen Draht (914), der
die genannte Antenne (14, 28) und die genannte in-
tegrierte Schaltung (900) verbindet, wobei die ge-
nannte Antenne (14, 28) zum Implantieren unter der
Haut des Patienten konfiguriert ist, um telemetrische
Datenubertragungen zu dem genannten Empfanger
zu erleichtern.

System nach Anspruch 7, wobei die genannte An-
tenne (14, 28), der genannte Chip (900), der genann-
te Draht (914) und der genannte Halter (1910, 2112)
in einer nahtlosen, einstiickigen, biokompatiblen
Hille (1106, 1206, 1506, 2406) verkapselt sind.

System nach Anspruch 8, das ferner ein Druckiber-
tragungsmedium umfasst, das sich zwischen der ge-
nannten biokompatiblen Hulle (1106, 1206, 1506,
2406) und dem genannten wenigstens einen Druck-
sensor (904) befindet, und/oder

wobei die genannte biokompatible Hulle (1106,
1206, 1506, 2406) als Druckibertragungsmedium
zu dem wenigstens einen Drucksensor (904) dient;
und/oder

wobei die genannte Hdlle (1106, 1206, 1506, 2406)
so geformt ist, dass sie Turbulenzen im Blutstrom
im Herzen minimiert.

System nach einem der Anspriiche 6-9, wobei der
genannte integrierte Chip (900) ferner eine eindeu-
tige digitale Identifikation aufweist und wobei die ge-
nannte eindeutige digitale Identifikation telemetrisch
zu dem genannten Empfanger gesendet wird; und
optional

wobei der genannte Empfanger Kalibrationsinfor-
mationen in Verbindung mit dem genannten inte-
grierten Chip (900) auf der Basis der genannten ein-
deutigen digitalen Identifikation einholt.

System nach Anspruch 6,

das ferner wenigstens eine Bondinsel (906) umfasst,
die zwischen dem genannten ersten und zweiten im
Wesentlichen starren Substrat angeordnet und mit
dem genannten integrierten Chip (900) elektrisch
verbunden ist; und optional

ferner umfassend wenigstens eine Klebebindung
(912) auf dem genannten zweiten im Wesentlichen
starren Substrat (908), wobei die genannte wenigs-
tens eine Klebebindung (912) mit der genannten we-
nigstens einen Bondinsel (906) verbunden ist und
wobei die genannte Antenne (14, 18) mit dem ge-
nannten integrierten Chip (900) Gber die genannte
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wenigstens eine Bondinsel (906) und die genannte
wenigstens eine Klebebindung (912) wirkverbunden
ist, um eine Zugentlastungsverbindung zu erzielen.

System nach Anspruch 11, das ferner einen Anten-
nenverbinder (1114) zum Verbinden der genannten
Antenne (14, 28) mitdem genannten zweiten im We-
sentlichen starren Substrat (908) umfasst, wobei der
genannte Antennenverbinder (1114) einen Sig-
nalteil aufweist, der die genannte Antenne elektrisch
mit dem genannten integrierten Chip (900) verbin-
det, und einen Tragerteil, der mit dem genannten
zweiten im Wesentlichen starren Substrat (908) ver-
bunden ist; und optional

wobei der genannte Antennenverbinder (1114) so
an dem genannten zweiten im Wesentlichen starren
Substrat (908) angebracht ist, dass eine Schlaftheit
in dem genannten Signalteil besteht, wenn der ge-
nannte Tragerteil straff ist; und optional

wobei der genannte Signalteil mit dem genannten
integrierten Chip (900) Uber die genannte wenigs-
tens eine Klebebindung verbunden ist und der ge-
nannte Tragerteilmitdem genannten zweitenim We-
sentlichen starren Substrat (908) (iber eine Offnung
in dem genannten zweiten im Wesentlichen starren
Substrat (908) verbunden ist; und optional

wobei das genannte zweite im Wesentlichen starre
Substrat (908) eine damit verbundene Schutzbarri-
ere aufweist, und ferner umfassend eine biokompa-
tible Hulle, die wenigstens den genannten integrier-
ten Chip (900) und das genannte zweite im Wesent-
lichen starre Substrat (908) verkapselt, wobei die ge-
nannte Schutzbarriere so angeordnet ist, dass sie
verhindert, dass das genannte erste im Wesentli-
chen starre Substrat (902) die genannte biokompa-
tible Hulle durchsticht.

System nach Anspruch 6, wobei der genannte Halter
(1910, 2112) und das genannte erste im Wesentli-
chen starre Substrat (902) zu einem einzigen Stlick
integriert ausgebildet sind; und/oder

wobei die genannte Antenne (14, 28) von dem ge-
nannten Halter (1910, 2112) getragen wird; und/oder
wobei der genannte Halter (1910, 2112) einen An-
schlag aufweist, der die Bewegung des genannten
integrierten Chips (900) in die Herzkammer be-
grenzt; und/oder

wobei der genannte integrierte Chip (900) und der
genannte Halter (1910, 2112) nach der Implantation
vom Herzen entfernt werden kénnen.

System nach Anspruch 13, wobei der genannte we-
nigstens eine Drucksensor (904) mehrere Drucksen-
soren einschliefllich wenigstens eines aktiven Sen-
sors (406) umfasst, der auf Druck&nderungen im
Herzen anspricht, und wenigstens eines passiven
Sensors (404), der von den Druckd&nderungen im
Herzen isoliert ist; und wobei die genannten elektro-
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nischen Signalverarbeitungskomponenten ein Sig-
nal wenigstens teilweise auf der Basis eines Signals
von dem genannten wenigstens einen aktiven
Drucksensor (406) und ein Signal von dem genann-
ten wenigstens einen passiven Drucksensor (404)
bereitstellen, und optional

wobei die Struktur des genannten aktiven Drucksen-
sors (406) im Wesentlichen dieselbe ist wie eine
Struktur des genannten passiven Drucksensors
(404); und optional

wobei die genannten mehreren Drucksensoren ka-
pazitive Drucksensoren umfassen, die jeweils eine
flexible bewegliche Membran (430) aufweisen.

System nach Anspruch 14, wobei das passive
Drucksensorsignal auf eine Positionsanderung der
genannten Membran (430) des genannten passiven
Drucksensors (404) anspricht und die Positionsan-
derung der genannten Membran des genannten
passiven Drucksensors (404) auf einen Drift-Effekt
zurlickzufthren ist, der ein Durchhdngen der ge-
nannten Membran (430) beinhaltet, und optional
wobei eine Positionséanderung der genannten Mem-
bran (430) des genannten aktiven Drucksensors
(406) zuriickzuflihren ist auf:

eine Druckanderung im Herzen; und
einen Drift-Effekt, der ein Durchhdngen der ge-
nannten Membran (430) beinhaltet.

Revendications

Une puce intégrée (900) destinée a la mesure d’une
pression sanguine intracardiaque a lintérieur du
coeur d’'un patient, ladite puce intégrée (900)
comprenant :

un premier substrat sensiblement rigide (902),
au moins un capteur de pression (904) disposé
a l'intérieur dudit premier substrat sensiblement
rigide (902) destiné a générer des signaux indi-
catifs d’'une pression détectée, et

des composants de traitement de signaux élec-
troniques destinés a traiter les signaux générés
par ledit au moins un capteur de pression (904),
lesdits composants de traitement de signaux
électroniques étant raccordés de maniére opé-
rationnelle a une antenne (14, 28), ladite puce
intégrée (900) étant alimentée par un signal regu
au niveau de I'antenne (14, 28),

ou ladite puce intégrée (900) est congue de fa-
con a envoyer des signaux numériques indica-
tifs de la pression détectée dans le coeur par
voie télémétrique par l'intermédiaire d’'une an-
tenne a un récepteur distant,

caractérisé en ce que

le premier substrat sensiblement rigide (902)
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posséde une extrémité proximale et une extré-
mité distale avec le au moins un capteur de pres-
sion (904) disposé al'intérieur de I'extrémité dis-
tale de celui-ci,

et la puce intégrée (900) comprend en outre
un deuxiéme substrat sensiblement rigide (908)
situé a I'opposé dudit au moins un capteur de
pression (904) dans ledit premier substrat (902)
etdans une configuration espacée, le deuxieme
substrat sensiblement rigide (908) définissant
une ouverture (910) positionnée sur ledit au
moins un capteur de pression (904) de fagon a
permettre a une pression sanguine a l'intérieur
du coeur d’agir sur ledit au moins un capteur de
pression (904), et

un matériau de remplissage souple (916) situé
dans la totalité de I'espace entre lesdits premier
etdeuxieme substrats sensiblementrigides sauf
sous l'ouverture (910), laissant ainsi les cap-
teurs de pression exposés, de sorte que (a) le
matériau de remplissage souple (916) raccorde
le deuxiéme substrat sensiblement rigide (908)
au premier substrat sensiblement rigide (902),
et (b) 'extrémité distale du premier substrat sen-
siblement rigide (902) est raccordée au deuxié-
me substrat sensiblementrigide (908) par le ma-
tériau de remplissage souple (916).

La puce intégrée (900) selon la Revendication 1, ou
ledit au moins un capteur de pression (904) génere
des signaux analogiques et lesdits composants de
traitement de signaux électroniques comprennent
au moins un convertisseur analogique a numérique
(A/N) (410) destiné a numériser a l'intérieur du coeur
les signaux analogiques provenant dudit au moins
un capteur de pression (904), et/ou

ou ladite puce intégrée (900) pése moins qu’environ
un gramme, posséde une superficie sur un cété in-
férieure ou égale a environ 10 mmZ2 et posséde une
épaisseur inférieure a environ 1 mm, et/ou
comprenant en outre un support de transfert de pres-
sion interposé entre ledit au moins un capteur de
pression (904) et ledit deuxiéme substrat sensible-
ment rigide (908) destiné a transférer une pression
sanguine audit au moins un capteur de pression
(904).

La puce intégrée (900) selon la Revendication 1 ou
2, ou le matériau de remplissage souple (916) con-
tient du silicone.

La puce intégrée (900) selon la Revendication 1, 2
ou 3, ou le matériau de remplissage souple (916)
réduit ou élimine tout déplacement dans une direc-
tion de décalage entre le premier substrat sensible-
ment rigide (902) et le deuxieme substrat sensible-
ment rigide (908).

10

15

20

25

30

35

40

45

50

55

22

5.

La puce intégrée (900) selon 'une quelconque des
Revendications précédentes, ou le premier substrat
sensiblementrigide (902) est suffisammentrigide de
sorte qu'il ne puisse pas étre plié ou enroulé, et/ou
ou le premier substrat sensiblement rigide (902) est
suffisamment rigide pour protéger les capteurs de
pression de tout endommagement en conséquence
d’un contact avec un instrument chirurgical au cours
d’'une implantation et de tout endommagement mé-
canique au cours d’une utilisation, et/ou

ou le premier substrat sensiblement rigide (902) est
suffisamment rigide pour éviter une torsion de la pu-
ce due a un flux sanguin turbulent, et/ou

ou le premier substrat sensiblement rigide (902) est
mécaniquement raide.

Un systeme de mesure de pression intracardiaque
destiné a la mesure d’une pression sanguine a l'in-
térieur du coeur d'un patient, ledit systeme
comprenant :

une antenne (14, 28),

la puce intégrée (900) selon 'une quelconque
des Revendications précédentes,

un support implantable (1910, 2112) soutenant
ladite puce intégrée (900), ledit support (1910,
2112) comprenant une structure d’ancrage
(1906) destinée a monter ladite puce intégrée
(900) a l'intérieur d’'une paroi du coeur au cours
d’'une opération chirurgicale de sorte que ledit
au moins un capteur de pression (904) soit ex-
posé a un flux sanguin dans le coeur, et

un récepteur distant.

Le systéeme selon la Revendication 6, ou ledit au
moins un capteur de pression (904) comprend des
membranes sensibles a la pression de type capacitif
logées a I'intérieur dudit substrat, et/ou
comprenant en outre un fil souple (914) raccordant
ladite antenne (14, 28) et ledit circuit intégré (900),
ladite antenne (14, 28) étant configurée de fagon a
étre implantée a l'intérieur du patient sous la peau
de fagon a faciliter une transmission de données té-
Iémétriques audit récepteur.

Le systeme selon la Revendication 7, ou ladite an-
tenne (14, 28), ladite puce (900), ledit fil (914) et ledit
support (1910, 2112) sont encapsulés dans une gai-
ne biocompatible d’'une seule piéce sans couture
(1106, 1206, 1506, 2406).

Le systéme selon la Revendication 8, comprenant
en outre un support de transfert de pression inter-
poseé entre ladite gaine biocompatible (1106, 1206,
1506, 2406) et ledit au moins un capteur de pression
(904), et/ou

ou ladite gaine biocompatible (1106, 1206, 15086,
2406) agit en tant que support de transfert de pres-
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sion vis-a-vis dudit au moins un capteur de pression
(904), et/ou

ou ladite gaine (1106, 1206, 1506, 2406) est fagon-
née de fagon a minimiser une turbulence dans le flux
sanguin a l'intérieur du coeur.

Le systeme selon I'une quelconque des Revendica-
tions 6 a 9, ou ladite puce intégrée (900) comprend
en outre une identification numérique unique, et ou
ladite identification numérique unique est envoyée
par voie télémétrique audit récepteur, et éventuelle-
ment

ou ledit récepteur obtient des informations de cali-
brage associées a ladite puce intégrée (900) en fonc-
tion de ladite identification numérique unique.

Le systeme selon la Revendication 6,

comprenant en outre au moins un plot de connexion
(906) disposé entre lesdits premier et deuxieme
substrats sensiblement rigides et électriquement
raccordé a ladite puce intégrée (900), et éventuelle-
ment

comprenant en outre au moins un pointde connexion
(912) sur ledit deuxiéme substrat sensiblement rigi-
de (908), ou ledit au moins un point de connexion
(912) est raccordé audit au moins un plot de con-
nexion (906), et ou ladite antenne (14, 18) est rac-
cordée de maniére opérationnelle a ladite puce in-
tégrée (900) par l'intermédiaire dudit au moins un
plot de connexion (906) et dudit au moins un point
de connexion (912) de fagon a fournir une connexion
a réduction de tension.

Le systéme selon la Revendication 11, comprenant
en outre un connecteur d’antenne (1114) destiné a
raccorder ladite antenne (14, 28) audit deuxieme
substrat sensiblement rigide (908), ou ledit connec-
teur d’antenne (1114) comprend une partie signal
raccordant électriquement ladite antenne a ladite pu-
ce intégrée (900) et une partie support raccordée
audit deuxiéme substrat sensiblement rigide (908),
et éventuellement

ou ledit connecteur d’antenne (1114) est fixé audit
deuxiéme substrat sensiblement rigide (908) de sor-
te qu’il existe du mou dans ladite partie signal lorsque
ladite partie support est tendue, et éventuellement
ou ladite partie signal est raccordée a ladite puce
intégrée (900) par I'intermédiaire dudit au moins un
point de connexion et ladite partie support est rac-
cordée audit deuxiéme substrat sensiblement rigide
(908) par l'intermédiaire d’'une ouverture dans ledit
deuxiéme substrat sensiblement rigide (908), et
éventuellement

ou ledit deuxieéme substrat sensiblement rigide (908)
comprend une barriere protectrice raccordée a celui-
ci, et comprenant en outre une gaine biocompatible
encapsulant au moins ladite puce intégrée (900) et
ledit deuxiéme substrat sensiblement rigide (908),
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ou ladite barriere protectrice est disposée de fagon
a empécher ledit premier substrat sensiblement ri-
gide (902) de percer ladite gaine biocompatible.

Le systeme selon la Revendication 6, ou ledit sup-
port (1910, 2112) et ledit premier substrat sensible-
ment rigide (902) sont formés d’un seul tenant en
une piece unique, et/ou

ou ladite antenne (14, 28) est soutenue par ledit sup-
port (1910, 2112), et/ou

ou ledit support (1910, 2112) comprend une butée
qui limite le déplacement de ladite puce intégrée
(900) dans la cavité cardiaque, et/ou

ou ladite puce intégrée (900) et ledit support (1910,
2112) sont amovibles du coeur aprés implantation.

Le systéeme selon la Revendication 13, ou ledit au
moins un capteur de pression (904) comprend une
pluralité de capteurs de pression comprenant au
moins un capteur actif (406) réactif a des modifica-
tions de pression a l'intérieur du coeur et au moins
un capteur passif (404) qui est isolé des modifica-
tions de pression a I'intérieur du coeur, et ou lesdits
composants de traitement de signaux électroniques
fournissent un signal basé au moins en partie sur un
signal provenant dudit au moins un capteur de pres-
sion actif (406) et un signal provenant dudit au moins
un capteur de pression passif (404), et éventuelle-
ment

ou la structure dudit capteur de pression actif (406)
est sensiblement la méme qu’une structure dudit
capteur de pression passif (404), et éventuellement
ou ladite pluralité de capteurs de pression comprend
des capteurs de pression capacitifs, chacun d’eux
possédant une membrane déplagable flexible (430).

Le systeme selon la Revendication 14, ou le signal
du capteur de pression passif est réactif a un chan-
gement de position de ladite membrane (430) dudit
capteur de pression passif (404) et le changement
de position de ladite membrane dudit capteur de
pression passif (404) est d{ a un effet de dérive com-
prenant un affaissement de ladite membrane (430),
et éventuellement

ou un changement de position de ladite membrane
(430) dudit capteur de pression actif (406) estdl a :

une modification de la pression a I'intérieur du
coeur, et

un effet de dérive comprenant un affaissement
de ladite membrane (430).
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