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Attorney Docket No,; 22719-92 (COD-5160USNP)

WIRELESS PRESSURE SENSING SHUNTS
FIELD OF THE INVENTION

[0001] The present invention generally relates to pressure sensors, and more particularly to

pressure-sensing shunts.
BACKGROUND

[0002] Sensing pressure is useful for a variety of medical purposes. For example, treatment of
hydrocephalus can involve monitoring the pressure of cerebrospinal fluid (CSF). Hydrocephalus
is a neurological condition that is caused by the abnormal accumulation of CSF within the
ventricles, or cavities, of the brain. CSF is a clear, colorless fluid that is primarily produced by
the choroid plexus and surrounds the brain and spinal cord. CSF constantly circulates through
the ventricular system of the brain and is ultimately absorbed into the bloodstream. CSF aids in
the protection of the brain and spinal cord. Because CSF keeps the brain and spinal cord
buoyant, it acts as a protective cushion or “shock absorber” to prevent injuries to the central

nervous system.

[0003] Hydrocephalus, which affects children and adults, arises when the normal drainage of
CSF in the brain is blocked in some way. Such blockage can be caused by a number of factors,
including, for example, genetic predisposition, intra-ventricular or intra-cranial hemorrhage,
infections such as meningitis, head trauma, or the like. Blockage of the flow of CSF
conscquently creates an imbalance between the amount of CSF produced by the choroid plexus
and the rate at which CSF is absorbed into the bloodstream, thereby increasing pressure on the

brain, which causes the ventricles to ¢nlarge.

[0004] Hydrocephalus is most often treated by surgically inserting a shunt system that diverts the
flow of CSF from the ventricle to another area of the body where the CSF can be absorbed as
part of the circulatory system. Shunt systems come in a variety of models and typically share
similar functional components. These components include a ventricular catheter which is
introduced through a burr hole in the skull and implanted in the patient’s ventricle, a drainage
catheter that carries the CSF to its ultimatc drainage site, and optionally a flow-control

mechanism, e.g., shunt valve, that regulates the one-way flow of CSF from the ventricle to the

-1-
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drainage site to maintain normal pressure within the ventricles. The pressure within the shunt
valve, which can resemble the intra-ventricular pressure, may need to be measured and the

results non-invasively communicated to a remote device.

[0005] Current pressure sensors are often large, particularly relative to the size of a shunt valve,
involve complex circuitry for measurement or communication, and consume an inordinate
amount of power. Accordingly, there remains a need for a pressure sensor effective to measure
pressure within a body or within an implanted medical device, such as a implanted

hydrocephalus shunt valve.
SUMMARY

0006] In one embodiment, an implantable valve is provided. The implantable valve can include
a housing having a reservoir adapted to receive fluid flow therethrough between an inlet port and
an outlet port. The implantable valve can also include a substrate disposed within the reservoir.
A radio frequency (RF) tag can be disposed on the substrate within the reservoir and can include
circuitry adapted to change one or more electromagnetic characteristics in response to pressure
applied thereto by fluid in the reservoir and can be adapted to produce a response to a wireless
signal characterized by the one or more electromagnetic characteristics that correlates to a
pressure of fluid in the reservoir, as well as a memory for storing data, which can reside on the
same substrate as the circuitry adapted to change one or more electromagnetic characteristics in
response to pressure applied thereto. For example, the one or more electromagnetic
characteristics can be resonant frequency, harmonic spectra, or Q factor. In some embodiments,
the pressure of fluid in the reservoir can detectably change any of the shape and the capacitance
of the radio frequency tag so as to change the one or more electromagnetic characteristics
thereof. Moreover, the circuitry in the radio frequency tag can include an inductor and a
capacitor connected to form an electrical circuit having a resonant frequency, the capacitor
comprising a pair of conductors separated by a dielectric. The pressure of fluid in the reservoir
can detectably change a distance between the pair of conductors. The distance between the pair
of conductors can correlate to any of the resonant frequency, harmonic spectra, and Q factor of

the electric circuit.

[0007] A wide array of variations are possible. The radio frequency tag can have an antenna that

-9
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is adapted to communicate with an external reading device and to provide a response that
correlates to the pressure of fluid flowing through the reservoir. The radio frequency tag can
also include digital logic circuitry which can reside on the same substrate as the memory. In
some embodiments, the stored data can include any of sensor identification data, sensed pressure

data, and patient data.

[0008] In other embodiments, the implantable valve can include a valve assembly disposed
within the housing and adapted to control a rate of fluid flowing through the housing. The radio

frequency tag can be adapted to measure a pressure of fluid flowing through the valve assembly.

[0009] In another embodiment, an implantable valve is provided which has a housing defining a
reservoir for receiving fluid flow therethrough. A valve assembly can be disposed in the housing
and adapted to control a rate of fluid flow through the reservoir. In addition, a substrate can be
disposed in said reservoir. A radio frequency tag can be disposed on the substrate in the
reservoir and can include circuitry adapted to measure a pressure of fluid in the reservoir and to
indicate the measured pressure via at least one electromagnetic characteristic of the radio
frequency tag, and can further include a memory for storing data, the memory residing on the
same substrate as the circuitry adapted to measure the pressure of fluid. For example, the
electromagnetic characteristic can be resonant frequency, harmonic spectra, and Q factor. In
some embodiments, the radio frequency tag can be adapted to store data and to communicate
stored data to an external reading device. In other embodiments, the radio frequency tag can
include an antenna adapted to communicate to an external reading device. The radio frequency
tag can be adapted to communicate a radio frequency having the at least one electromagnetic
characteristic to the external reading device upon receipt of a wireless signal from the external

reading device.

[0010] In some embodiments, the pressure of fluid in the reservoir can detectably change the
shape of the radio frequency tag so as to change the at least one electromagnetic characteristic of
the radio frequency tag. For example, the circuitry in the radio frequency tag can include an
inductor and a capacitor connected to form an electrical circuit having a resonant frequency, the
capacitor comprising a pair of conductors separated by a dielectric. The pressure of fluid in the

reservoir can detectably change a distance between the pair of conductors. The distance between
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the pair of conductors can correlate to any of the resonant frequency, harmonic spectra, and Q

factor of the electric circuit.

[0011] In other aspects, an exemplary method for measuring ventricular pressure is provided.
The method can include positioning a distal end of a ventricular catheter within a patient’s
ventricle. The method can further include coupling a proximal end of the ventricular catheter to
a valve inlet formed on an implantable valve, and coupling a valve outlet formed on the valve to
a drainage catheter such that fluid flows from the ventricle through a reservoir in the valve to the
drainage catheter. A rate of fluid flowing through the valve can be controlied by a valve
assembly disposed within the implantable valve. The method can also include obtaining a
pressure measurement of a pressure of fluid in the valve by detecting a electromagnetic
characteristic of a response of a radio frequency tag associated with the valve. The method can
also include storing data in a memory in the radio frequency tag. In some embodiments,
obtaining the pressure measurement comprises wirelessly receiving a response from the radio
frequency tag to a signal and detecting at least one electromagnetic characteristic. For example,
the electromagnetic characteristic can be resonant frequency, harmonic spectra, or Q factor.
Obtaining the pressure measurement can include detecting a change in one or more
electromagnetic characteristics. In some embodiments, obtaining the pressure measurement can
include wirelessly transmitting a signal to the radio frequency tag and measuring power received
from the radio frequency tag. The signal can be distributed over a plurality of frequencies. In
other embodiments, obtaining the pressure measurement includes wirelessly transmitting a signal
to the radio frequency tag and measuring the resulting harmonic spectrum. In many
embodiments, the radio frequency tag can include circuitry having a resonance frequency for

sending pressure and, on the same substrate, a memory for storing data.
BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The invention will be more fully understood from the following detailed description

taken in conjunction with the accompanying drawings, in which:
[0013] FIG. 1 is a schematic view of an exemplary embodiment of an implantable valve;

[0014] FIG. 2 is a schematic view of another embodiment of an implantable valve;
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[0015] FIG. 3 is a schematic diagram of a resonator circuit;

[0016] FIG. 4 is a graph of an output current signal as a function of frequency for the circuit of
FIG. 3;

[0017] FIG. 5 is a graph of an output voltage signal as a function of frequency for the circuit of
FIG. 3,

[0018] FIG. 6 is a cross-sectional view of the implantable valve of FIG. 1 implanted in a body
and an exemplary embodiment of an external radio frequency telemetry system disposed

adjacent thereto outside the body for reading a signal from the implantable valve;

[0019] FIG. 7 is a perspective view of an exemplary embodiment of an external radio frequency

telemetry system,;

[0020] FIG. 8 is a perspective view of the external radio frequency telemetry system of FIG. 7 in

a disassembled configuration;

[0021] FIG. 9 is a top view of another embodiment of an implantable valve;

[0022] FIG. 10 is an exploded view of a portion of the implantable valve shown in FIG. 9;
[0023] FIG. 11 is a perspective view of another exemplary embodiment of an implantable valve;

[0024] FIG. 12 is a side cutaway view of the valve shown in FIG. 11 showing a radio frequency

tag disposed therein for sensing pressure; and
[0025] FIG. 13 is a top cutaway view of the valve shown in FIG. 12.
DETAILED DESCRIPTION

[0026] Certain exemplary embodiments will now be described to provide an overall
understanding of the principles of the structure, function, manufacture, and use of the devices
and methods disclosed herein. One or more examples of these embodiments are illustrated in the
accompanying drawings. Those skilled in the art will understand that the devices and methods

specifically described herein and illustrated in the accompanying drawings are non-limiting
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exemplary embodiments and that the scope is defined solely by the claims. The features
illustrated or described in connection with one exemplary embodiment may be combined with
the features of other embodiments. Such modifications and variations are intended to be

included within the scope of the present application.

[0027] Generally, methods and devices for sensing pressure, and in particular for sensing
pressure within an implantable medical device such as a hydrocephalus shunt, are provided. In
certain exemplary embodiments, the methods and devices can be particularly useful in that they
can allow for non-invasive, instantaneous, and/or continuous monitoring of intra-ventricular
pressure, thereby reducing risk of infections from invasive monitoring and improving the ability
and speed of diagnosing problems within a shunt, such as valve blockage. The methods and
devices disclosed herein can provide a compact and low-power sensor that can easily be
incorporated into a wide range of medical devices. A person skilled in the art will appreciate
that, while the devices and methods are described in connection with an implantable shunt valve,
this is by way of illustration only. The device and methods can be used for a variety of medical
procedures to measure the pressure in a variety of areas of the body and/or in a variety of
devices. Furthermore, a person having ordinary skill in the art will appreciate that the

implantable valve can have a variety of other configurations.

[0028] While the implantable valve 100 can have virtually any configuration, and a variety of
implantable valves known in the art can be used, as shown in FIG. 1 the implantable valve 100
has a valve housing 102 with proximal and distal ends 104a, 104b. The housing 102 can have
virtually any configuration, shape, and size, preferably one making the housing 102 suitable for
subcutaneous implantation. Fluid (e.g., CSF) can flow through the housing 102 from an inlet
(fluid entry) port 106 at the proximal end 104a, through a reservoir 108 and out an outlet (fluid
exit) port 110 at the distal end 104b. The location and size of the ports 106, 110 can vary, but in
many embodiments they can be adapted to allow fluid to flow therethrough and into and out of
the housing 102. The proximal and distal ends 104a, 104b of the valve 100 can each be open and
adapted to couple to another medical device, such as a catheter. The valve housing 102 can
contain a valve assembly 112 for controlling the flow of fluid from the inlet port 106 to the outlet
port 110, and a pressure sensor assembly 118 for measuring a pressure of the fluid ﬂowing

through the valve 100, as will be described in more detail below with respect to FIG. 2. While
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the valve assembly 112 and the pressure sensor assembly 118 of the valve 100 are shown in-line
with one another and with the inlet port 106 and outlet port 110, the valve 100 can have a variety
of other configurations, and the valve assembly 112, the pressure sensor assembly 118, the inlet
port 106, and the outlet port 110 can be positioned at various locations relative to one another.
For example, the inlet port 106 can extend at a right angle with respect to the pressure sensor
assembly 118 such that the inlet port 106 extends in a direction substantially transverse to a
longitudinal axis of the valve 100. The valve assembly 112 itself can also have a variety of
configurations. By way of non-limiting example, exemplary valves are described in U.S. Patent
Nos. 3,886,948, 4,332,255, 4,387,715, 4,551,128, 4,595,390, 4,615,691, 4,772,257, and

5,928,182, all of which are hereby incorporated by reference in their entireties.

[0029] As shown, the valve 100 can include a chipless RF tag 114 disposed in the reservoir 108
for measuring a pressure of the fluid flowing through the valve 100 and for communicating with
an external reading device, as will be described in more detail below. In some embodiments, the
RF tag 114 can include a chip to store data and can communicate stored data to an external
reading device. The pressure of fluid in the reservoir 108, can directly or indirectly (e.g.,
through a flexible membrane) push against the RF tag 114 and change electrical properties (e.g.,
capacitance) of circuitry in the RF tag 114. One or more of these changed properties can result
in a change in the response (or a characteristics of the response) of the RF tag 114 to a signal
from a reading device, thereby indicating and measuring pressure, ¢.g., intra-cranial pressure
(“ICP”). For example, the characteristic can include one or more electromagnetic characteristics,
such as resonance frequency, Q factor, or harmonic spectra of the RF tag 114. As will be
explained in more detail below, the electromagnetic properties can be determined and/or altered

by changes in the physical/electrical characteristics of circuitry in the RF tag 114.

[0030] The relative positions of the elements shown in the valve 100 of FIG. 1 can vary in
different embodiments. For example, while the valve assembly 112 and the RF tag 114 are
shown in-line with one another and with the inlet and outlet ports 106, 110, and the RF tag 114 is
positioned upstream of the valve 100, the valve 100 can have a variety of other configurations
and the valve assembly 112, the RF tag 114, the inlet port 106, and the outlet port 110 can be
positioned at various locations relative to one another. For example, as shown in FIG. 2, the RF

tag 114 is disposed in an offset tag housing area 200 of the reservoir 108 but is in fluid
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communication with the reservoir 108.

[0031] The housing 102 can be formed from a variety of materials. In an exemplary
embodiment, however, the housing 102 is formed from a flexible, biocompatible material.
Suitable materials include, for example, polymers such as silicones, polyethylene, and
polyurethanes, all of which are known in the art. The housing 102 can also optionally be formed
from a radio-opaque material. A person skilled in the art will appreciate that the materials are

not limited to those listed herein and that a variety of other biocompatible materials can be used.

[0032] The valve 100 and/or the RF tag 114 can also optionally include a coating 116 that is
adapted to hermetically seal all or at least a portion of the valve 100, the RF tag 114, and/or other
components such as a sensor, an antenna, a connector, etc. The coating 116 can be applied to
only a portion of the RF tag 114, to the entire RF tag 114, and/or to the valve 100. The RF tag
114 and the valve 100 can be coated separately with different coatings, or alternatively, together
in a single coating, which can seal the RF tag 114 in place with the valve 100. In the
embodiment shown in FIG. 4 in which the RF tag 114 is disposed in the valve 100, the RF tag
114 is pre-coated prior to coupling the sensor assembly to the housing 102. Once coated, the RF
tag 114 can be appropriately positioned. An adhesive or other mating technique can be used to
affix the RF tag 114 within the housing 102, as shown in FIG. 5, however, in some embodiments

it can be useful to allow the RF tag 114 to be removed from the valve 100 if necessary.

[0033] Alternatively, the valve 100 can be coated after the RF tag 114 is disposed in the
reservoir 108 to form a protective sheath over the RF tag 114 and the housing 102. The ports
106, 110 can be protected from any coating applied thereto, formed after the coating is applied,
or be cleared of any coating applied thereto to allow fluid to flow therethrough. In other
embodiments, only certain components of the valve 100 can be coated. A person skilled in the
art will appreciate that a variety of other techniques can be used to seal the RF tag 114 and/or

other components of the valve 100.

[0034] The material used to form the coating 116 can vary, and a variety of techniques can be
used to apply the coating. By way of non-limiting example, suitable materials include
polyurethane, silicone, solvent-based polymer solutions, and any other polymer that will adhere

to the components to which it is applied to, and suitable techniques for applying the coating
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include spray-coating or dip-coating.

[0035] As previously mentioned, the RF tag 114 can be adapted to measure a pressure of an
external environment, e.g., of fluid in the reservoir 108 and/or fluid flowing through the valve
100 through the reservoir 108. In use, the pressure of fluid in the valve 100 can impinge on the
RF tag 114 through a coating, a deflectable membrane as described above, or in some
embodiments directly contact the RF tag 114. The pressure from the fluid (or other external
conditions) can alter the physical and electrical properties of the RF tag 114 which in turn can
alter the electromagnetic behavior of the RF tag 114 in a measurable and predictable manner. In
other words, the behavior of the RF tag 114 can change in response to a stimulus. The behavior
manifests as a change in a measurable characteristic (for example, an electromagnetic
characteristic such as resonant frequency, harmonic spectra, and/or quality (Q) factor) in the
response of the RF tag 114 to an interrogating wireless signal (e.g., a time-varying
electromagnetic field) directed at it from an external reader. Any characteristic, or a combination

thereof, can be measured or analyzed to indicate CSF pressure.

[0036] In some embodiments, the RF tag 114 can be a planar electromagnetic resonator having
capacitive and inductive elements therein, and in some embodiments it can have an
electromagnetically active material located between its capacitive and inductive elements. For
many embodiments, the RF tag 114 can be generally represented by a resonator circuit 300 as
shown in FIG. 3. As shown, the circuit 300 includes a capacitor 302, an inductor 304, and an
intrinsic resistance 306 (c.g., a dielectric between two conductors forming the capacitor 302).
When the RF tag 114 is embedded in the valve 100, shifts in the resonant frequency of the circuit
300 can be monitored on a continuous or intermittent basis to measure pressure of fluid flowing
through the valve 100. The fluid pressure can detectably change a distance between the
conductors of the capacitor 302, where the distance can affect an electrical property of the circuit
300 that is manifested as a change in a resonant frequency or other electromagnetic
characteristic. The resonant frequency of the circuit 300 or other characteristic can be detected
in a variety of ways, such as by measuring power reflected from the circuit 300 or measuring
decaying circulating power of the circuit 300 following a outside signal (e.g., from a telemetry
device). FIG. 4 illustrates an example of a graph showing an output signal of the circuit 300

when introduced to an outside signal. The reflected power of the circuit 300 is at a minimum at
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the resonant frequency, where ® can be expressed as:

1
w=2n =—
JLC
[0037] with f representing the resonant frequency, L representing inductance of the inductor 304,
and C representing capacitance of the capacitor 302. FIG. 5 illustrates another example of a

graph showing an output signal of the circuit 300 when introduced to an outside signal. The

reflected power of the circuit 300 in this example is at a maximum at the resonant frequency.

[0038] Further information on RF tags, including techniques for interrogating them and
examples of them, can be obtained from U.S. Patents No. 6,025,725, and 6,278,379, and U.S.
Patent Application Publication No. 2004/0134991, all of which are hereby by incorporated by

reference in their entireties.

[0039] The shape, technical specifications, and size of the RF tag 114 can vary widely. In many
embodiments, a relatively small RF tag can be used so as to minimize the footprint of the tag in
the device, for example with dimensions in a range of about 5Smm to 10mm, but in other
embodiments, tags with dimensions of about 3mm to 50 mm can be used and any size is
possible. The RF tag 114 can be adapted to be in communication with an external device (e.g.,

by having an antenna) and to store data.

[0040] The RF tag 114 can have any shape, such as elliptical, circular, or rectangular (including
square), and can have virtually any size. The following table (Table 1) lists, by way of example
only, available RF tags suitable for use with the devices and methods described herein. Passive
as well as semi-passive and active tags can be used, although semi-passive and active tags

sometimes are larger than passive tags because they can incorporate an internal battery, e.g., for

POWET purposes.
Frequency | 125 KHz 5-7 MHz 13.56MHz 303/433 MHz 860-960 MHz 245 GHz
Tag Type .
Passive ISO11784/5, | ISO10536 | (ISOL15693) -- ISO18000-6 1SO18000-4
14223
iPico Electronic - | Intellitag
-10 -
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1SO18000-2 | DF/iPX (ISO15693) Product Code p-chip
(“EPC”)Class 0
MIFARE
(IS014443) EPC Class 1
Tag-IT EPC GEN 11
(ISO15693)
Intellitag tolls
(Title 21)
1SO18000-3
rail (Association
of American
Railroads
(“AAR™) S918)
Semi- - -- -- -- rail (AAR S918) | ISO18000-4
Passive
Title 21
Alien BAP
Active -- -- -- Savi (American -- 1SO18000-4
National
Standards Institute
(“ANSI™) 371.2)
WhereNet
(ANSI 371.1)
ISO18000-7
RFCode

[0041] 1t should be understood that in some embodiments, the RF tag 114 can be chipless, and
its electromagnetic parameters, as altered by the physical force of pressure against it, can be used
to determine pressure. The RF tag 114 néed not have the capability to store data or to
communicate according to a protocol, and need not have processing circuitry or digital logic. A
chipless RF tag can provide a circuit (for example, having measurable electromagnetic
characteristics, such as a tank circuit) and can be powered from the reading device signal. Such

an RF tag can be advantageous due to its relatively low power requirements, and need not have
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the ability to communicate stored data or “identify” itself. However, in many embodiments the
RF tag 114 can provide, in addition to the pressure sensor functionality described above, data
storage for storing additional information related to the application. In other words, the RF tag
114 can include an RF chip, which in some cases can be an off-the-shelf component. An
example of chip-based tags are the commonly used RF identification tags. Some of these RF
identification tags provide minimal information (such as a TRUE or FALSE value), while others
can store several bytes of data. A chip-based RF tag can include memory circuitry, a separate
antenna, and/or simple digital logic, which in many embodiments can reside on the same
substrate or package as the circuitry provided for sensing pressure (for example, the tank circuit
mentioned above). Providing both circuitry for measuring pressure and memory, or other
circuitry, can be advantageous in many applications to save space and to provide increased
functionality, Such RF tags also can be powered by the reading device signal. In alternative
embodiments, RF tags with batteries and/or processing circuitry can also be used if their size,

typically relatively large, can be accommodated by the application.

[0042] Various kinds of data can be stored in the memory of an RF tag. For example, in one
embodiment, the RF tag 114 can include a memory for storing data related to the patient and/or
sensor. By way of non-limiting example, the RF tag 114 can store sensed pressure data, sensor
identification information (e.g., implantation date, sensor type, and sensor identifier code),
sensor calibration data, historical data stored from the sensor, tag identification information (e.g.,
implantation date, tag type, and tag identifier code), and/or patient data (e.g., desired CSF flow
rate, previous sensor measurements, and patient medical history). An external reading device,
described further below, can read and/or store data in such an RF tag 114. In use, for example,
an external reading device can read a sensed pressure from the RF tag 114, and can store data
representing or related to the sensed pressure in the memory of the RF tag 114. In many
embodiments, the external reading device can provide the power the RF tag 114 requires to

operate.

[0043] As illustrated in FIG. 6, the RF tag 114 can be adapted to interact with a wireless signal
600 from an external reading device 602, such as an RF telemetry device (shown in more detail
in FIGS. 7-8). The reading device 602 can emit a signal 600 at one frequency or over a range of

frequencies and can receive a response thereto, ¢.g., from the RF tag 114 or a sensor. The
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response to the RF tag 114 to the wireless signal 600 can communicate information from the RF
tag 114. In the case of a chipless tag, a characteristic of the response from the tag can indicate a
measured pressure, as explained above. In the case of a chip-based RF tag having memory
associated therewith, the response of the tag can also include (e.g., according to a communication

protocol) the information stored in its memory.

[0044] Virtually any type of external reading device can be used as the reading device 602. In
one exemplary embodiment, the reading device 602 can include an RF module (e.g., transmitter
and receiver), a control unit (e.g., microcontroller), a coupling element to the transponder (e.g.,
antenna), and an additional interface (e.g., Recommended Standard (RS) 232, RS-485, Firewire,
USB, Bluetooth, ZigBee, etc.) to enable communication with another external device (e.g., a
personal computer). The reading device 602 can provide the power required by the RF tag 114
to operate, €.g., through the coupling element. The reading device 602, as shown in FIG. 8, can
be positioned adjacent to the RF tag 114 to telemetrically communicate with the RF tag 114, and
thereby obtain and/or transmit data. The embodiment of the reading device 602 in FIG. 6 is
shown in a front perspective in FIG. 7 and in a front perspective, disassembled configuration in

FIG. 8.

[0045] FIGS. 9 and 10 illustrate another exemplary embodiment of an implantable valve 900
having an RF tag therein for sensing pressure. As shown, the implantable valve 900 has a valve
housing 902 with an inlet 904 and an outlet 906. The valve housing 902 can contain a valve
assembly or mechanism 908 for controlling the flow of fluid from the inlet 904 to the outlet 906,
and a pressure sensing assembly 910 for measuring a pressure of the fluid flowing through the
valve 900.

[0046] The pressure sensor assembly 910 shown in FIG. 9 is provided in more detail in FIG. 10.
As shown, the pressure sensor assembly 910 can include a housing with a septum 1000 defining
a fluid reservoir 1010 therein. An RF tag 1002 can be disposed in the reservoir 1010 for sensing
pressure therein, supported by a washer 1008 and a backing 1004. The sensor assembly 910 can
also include a needle guard 1006 disposed between the reservoir and the RF tag 1002, for
example to protect the RF tag but still allow for the RF tag 1002 to be in fluid communication

with the reservoir and thus obtain an accurate pressure measurement.
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[0047] The septum 1000 can have a variety of shapes and sizes, but in the illustrated exemplary
embodiment the septum 1000 has a generally hemi-spherical or domed portion that defines a
reservoir 1010 therein, The reservoir can be in fluid communication with an inlet tube 1012 that
couples to the inlet 904 of the valve 900, and an outlet tube 1014 that couples to the outlet 906 of
the valve 900. When the septum 1000 is mated to the backing 1004, the reservoir 1010 defined
by the septum 1000 is sealed, thereby allowing fluid to flow from the inlet 904 of the valve 900,
through the tag housing 1000, through the valve 900, and out the outlet 906. A flange 1016 can
be formed at around the base of the septum allow the device to be secured to tissue. For
example, the flange 1016 can include one or more suture holes formed therein for receiving

suture to attach the flange 1016 to tissue.

[0048] As shown, an RF tag 1002 can be disposed in the reservoir 1010 for sensing the pressure
of fluid therein. The RF tag 1002, which can have any or all of the features of the RF tag 114
described previously, is shown as having a substantially circular shape, and can communicate
with an external RF reading device, as previously described. The RF tag 1002 can also include a
fluid-impermeable coating disposed therearound, as previously described, to protect the RF tag
1002 from fluid flowing through the reservoir 1010. A washer 1008 and a backing 1004 can
provide support or a securing means for the RF tag 1002. As shown, the washer and the backing
1004 are disposed underneath the RF tag 1002, however a wide variety of configurations are
possible. The washer 1008 can also be configured such that the RF tag 1002 is sub-flush with
the washer 1008. Such a configuration can protect the RF tag 1002 from potential damage if the
domed portion of the septum 1000 is depressed to pump fluid through the reservoir, to test the

valve 900 or to clear the valve 900 from debris, etc.

[0049] As further shown in FIG. 10, the sensor assembly 910 can also include a needle guard
1006 for protecting the RF tag 1002. In particular, the needle guard 1006 can protect the RF tag
1002 from coming into contact with the domed portion of the septum 1000 when the domed
portion is depressed, as the needle guard 1006 can be positioned between the RF tag 1002 and
the septum 1000. The needle guard 1006 can also be provided to protect the RF tag 1002 from a
needle inserted through the septum 1000 and into the reservoir 1010. A needle may be used to
deliver or withdraw fluid from the reservoir through the septum 1000. While the shape of the
needle guard 1006 can vary depending on the shape of the sensor assembly 910, in an exemplary
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embodiment, as shown, the needle guard 1006 has a substantially planar, circular shape and it is
adapted to be disposed between the domed portion of the septum 1000 and the RF tag 1002. The
needle guard 1006 can, however, include an opening formed therein and positioned adjacent to
the microchip RF tag 1002 to allow fluid in the reservoir 1010 to come into contact with the RF
tag 1002 or membrane or covering over the RF tag 1002. In an exemplary embodiment, a flange
or protective member 1018 is disposed over the opening, without blocking the opening from
fluid flow, to prevent a user from accidentally inserting a needle through the opening. A person
skilled in the art will appreciate that a variety of other techniques can be used to protect the RF
tag 1002,

[0050] In use, the RF tag 1002 can sense the pressure of fluid in through the reservoir 1010. In
particular, the inlet 904 of the valve 900 can be coupled to a ventricular catheter for receiving
fluid flow from the ventricles, and the outlet 906 can be coupled to a drainage catheter. As the
fluid enters the reservoir 1010, the pressure of the fluid will apply a force to the RF tag 1002 and
change one or more of its electromagnetic characteristics, thereby allowing the fluid pressure to
be measured, as was described previously. The sensed pressure can be communicated to an
external reading device, such as the external reading device 602 shown in FIGS. 6-8, as
previously described. As mentioned previously, in many embodiments the RF tag 1002 can
include a memory, and the external reading device 602 can be used to store data representing or

related to the sensed pressure (or other data) back in the memory of the RF tag 1002.

[0051] FIGS. 11-13 illustrate another exemplary embodiment of an implantable valve 1100
having a housing 1102 for receiving fluid flow between a valve inlet 1104 and an valve outlet
1106, and valve assembly 1110 for controlling fluid flow therethrough. As shown in FIGS. 11-
13, the housing 1102 has a substantially linear configuration. A RF tag 1124 can be disposed in
the housing 1102 in an area between the inlet 1104 and the valve assembly 1112, In some
embodiments, the area can be enlarged to form a larger area or larger reservoir (for example, as
shown in FIGS. 9-10) and/or can be located elsewhere in the valve 1100, In use, the pressure of
the fluid on the RF tag 1124 can alter one or more of the electromagnetic characteristics thereof,

which can be detected in its response to a signal from an external reader, as previously described.

[0052] As shown, the implantable valve 1100 shown in FIGS. 11-13 can also include a valve
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assembly 1110 for controlling the flow of fluid according to one of a plurality of selectable
pressure settings. As shown, the valve assembly 1110 includes a ball 1112 engaging a valve seat
1114, which sits in a valve opening 1115 in the fluid path between the valve inlet 1104 and the
valve outlet 1106, and which controls fluid flow therethrough. The ball 1112 can be under the
force of a spring 1118 or other biasing element. The spring 1118 can be in the form of an arm
extending from an adjustment mechanism, which as shown in FIGS. 12-13 is a stepper motor
1120, to the upper surface of the ball 112 such that it exerts a downward force thereon. The
stepper motor 1120 includes a stepped surface, each step representing a pressure setting. As can
be seen in FIGS. 12-13, the rotational position of the stepper motor 1120 can determine the force
of the spring 1118 on the ball 1112 and thereby control the pressure at which fluid will flow
through the valve opening 1115. In use, the rotational position of the stepper motor 1120 can be
controlled by an external programmer, for example via a changing electromagnetic field applied
to magnetic field elements disposed about a central axis 1122 of the stepper motor 1120 to rotate
the stepper motor in a controlled fashion. The magnetic field elements can be magnets shaped
and positioned with respect to the axis or rotor of the stepper motor 1120. More information on
the operation of stepper motors and such valves can be obtained from U.S. Patent Nos.
5,928,182; 4,772,257; and 4,615,691, all of which are hereby incorporated by reference in their

entireties,

[0053'] In another aspect, a method for sensing pressure in a medical device, such as any of the
valves previously described, is provided. Referring for illustrative purposes only to FIG. 9, the
inlet 904 of the valve 900 can be coupled to a proximal end of a ventricular catheter that has its
distal end positioned in a patient’s ventricle. The valve 900 can be implanted in a patient, e.g.,
subcutaneously behind the ear, elsewhere on the head, in a shoulder region (see FIG. 6, for
example), torso, or virtually anywhere. The typically flexible catheter can extend through the

patient to the ventricle.

[0054] A drainage catheter can be coupled to the outlet 906 of the valve 900, where the drainage
catheter can extend through the patient to an arca where excess fluid can safely drain. The rate
of fluid flowing through the valve 900 from the inlet 904 to the outlet 906 can be controlled by
the valve assembly 908. The pressure of fluid (e.g., CSF) within the valve 900 or flowing
through the valve 900 can be obtained by measuring a response of the RF tag 1002 (e.g., using a
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reading device 602) disposed in the reservoir under the domed portion 1010. The method can
further include storing data (for example, data related to or representing a sensed pressure) back
into the RF tag 1002 using an external device such as the reading device 602. In many
embodiments, the reading device 602 can provide the power required by the RF tag 1002 to
operate. The method can also include implanting the RF tag concurrently or subsequently (e.g.,

as a replacement or retrofit) with the valve or other medical device.

[0055] Further information on wireless shunts can be obtained from U.S. Patent Application No.
__,entitled “Wireless Pressure Setting Indicator” by Salim Kassem (Attorney Docket No.
22719-90 (COD-5163USNP)), U.S. Patent Application No. _, entitled “Wireless Flow
Sensor” by Salim Kassem (Attorney Docket No. 22719-91 (COD-5161USNP)), and U.S. Patent
Application No. ___, entitled “Wireless Shunts With Storage” by Salim Kassem (Attorney
Docket No. 22719-93 (COD-5176USNP)), all of which are being filed on the same date as the
present application and which are hereby incorporated by reference in their entirety. Also
incorporated by reference in its entirety is co-pending, commonly assigned U.S. Patent
Application No. 10/907,663, entitled “Pressure Sensing Valve” and published as U.S.
Publication No. 2006-0211946 Al.

[0056] A person skilled in the art will appreciate that the various methods and devices disclosed
herein can be formed from a variety of materials. Moreover, particular components can be
implantable and in such embodiments the components can be formed from various
biocompatible materials known in the art. Exemplary biocompatible materials include, by way
of non-limiting example, composite plastic materials, biocompatible metals and alloys such as
stainless steel, titanium, titanium alloys and cobalt-chromium alloys, glass, and any other

material that is biologically compatible and non-toxic to the human body.

[0057] One skilled in the art will appreciate further features and advantages based on the above-
described embodiments. Accordingly, the description is not to be limited by what has been
particularly shown and described, except as indicated by the appended claims. All publications

and references cited herein are expressly incorporated herein by reference in their entirety.

[0058] What is claimed is:

-17 -

WO

Copy provided by USPTO from the IFW Image Database on 10/29/2008

24



REIVINDICACIONES

Lo que se reivindica es:

1.

Una valvula implantable, comprende:

Una carcasa que tiene un reservorio adaptade para recibir
flujo de liquide por él entre una puerta de entrada y una

puerta de salida:

Un sustrato dispuesto dentro de dicho reservorio; vy

Un marcador de radiofrecuencia colocado sobre el sustrato
dentro del reservorio y que incluye circuitos adaptados
para cambiar una o mas caracteristicas electromagnéticas
en respuesta a la puncién aplicada a este pcor el liquido
en el reservorio y para producir una respuesta a una
sefial inalédmbrica <caracterizada por la una © mas
caracteristicas electromagnéticas que se correlacionan

con una puncién de liquido en el reservorio,

E1l marcador de radicofrecuencia incluye adicionalmente una
memoria para almacenar datos, la memoria reside en el

mismo sustratc de los circuitos adaptados para cambiar




una © mas caracteristicas electromagnéticas en respuesta

a la presidn aplicada a esta.

La valvula implantable de la reivindicacién 1, que
comprende adicionalmente un detector de aguja dispuesto
dentro de la carcasa y adaptado para proteger el marcador
de radiofrecuencia de una penetracién de aguja dentro de

la carcasa.

La vélvula implantable de la reivindicacidén 1, en donde
la una o mé&s <caracteristicas electromagnéticas se
selecciona de la frecuencia de resonancia, el espectro

arménico y el factor Q.

La wvalvula implantable de la reivindicacidén 1, que

comprende adicionalmente:

Un conjunto de véalvula dispuesto dentro de la carcasa y
adaptado para controlar una velocidad del flujo gue fluye

por la carcasa,

En donde el marcador de radiofrecuencia estd adaptada
para medir una presidén del flujo de liquido dentro de la

carcasa.

(&



La valvula implantable de la reivindicacién 1, en donde
el marcador de radiofrecuencia incluye circuitos de
légica digital, los circuitos de légica digital residen

en el mismo sustrato de la memoria.

La valvula implantable de la reivindicacién 1, en donde
los datos almacenados incluyen cualquier dato de
identificacién del sensor, datos de la presidn medida, vy

datos del paciente.

La wvalvula implantable de la reivindicacidn 1, en donde
la presidén del liquido en el reservorio cambia de manera
detectable cualquiera entre la forma y la capacitancia
del marcader de radiofrecuencia de modo gue cambia la una

0 mads caracteristicas electromagnéticas de la misma.

La valvula implantable de la reivindicacién 1, en donde

Los circuitos incluyen un inductor y un capacitor
conectados para formar un circuito eléctrico que tiene
una frecuencia de resocnancia, el capacitor comprende un

par de conductores separados por un dieléctrico; v

30



Una presién de liquido en el reservorio gque cambia de
manera detectable una distancia entre el par de

conductores,

En donde la distancia entre el par de conductores se
correlaciona con cualquiera de la frecuencia de
resonancia, el espectro arménico y el factor §Q del

circuito eléctrico.
Una valvula implantable, comprende:

Una carcasa que tiene un reservorio adaptado para recibir

flujo de liquido por é1;

Un conjunto de valvula dispuesto en la carcasa y adaptado
para controlar una velocidad del flujo de liquido por el

reservorio;
Un sustrato dispuesto dentro de dicho reservorio; vy

Un marcador de radiofrecuencia colocado sobre el sustrato
en el reservorio y que incluye circuitcs adaptados para
medir una presidén de liquido en el reservorio y para

indicar la presidén medida por via de por lo menos una




10.

11.

12.

caracteristica electromagnética del marcador de
r/

v

radiofrecuencia,

El marcador de radiofrecuencia incluye una memoria para
almacenar datos, la memoria recibe sobre el mismo
sustrato que €l circuito adaptado para medir la presidn

del liguido.

La valvula 1implantable de la reivindicacidon 9, que
comprende adicionalmente un protector de aguja dispuesto
dentro de la carcasa y adaptado para proteger el marcador
de radiofrecuencia de la penetracidén de una aguja por el

septo.

La véalvula implantable de la reivindicacidén 9, en donde
por lo menos una caracteristica electromagnética se
selecciona del grupo gue consiste de: frecuencia de

resonancia, espectro arménico, y factor Q.

La wvalvula implantable de la reivindicacién 9, en donde
el marcador de radiofrecuencia comprende una antena
adaptada para comunicarse con un dispositivo de lectura

externo.
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13.

14.

15.

La valvula implantable de la reivindicacién 12, en donde
el marcador de radiofrecuencia estd adaptada para
comunicar una radiofrecuencia que tiene la por lo menos
una <caracteristica electromagnética al dispositive de
lectura externo luego de recibir una seflal inaldmbrica

desde el dispositivo de lectura externo.

La valvula implantable de la reivindicacién 9, en donde
la presiédn del liquido en el reservorio cambia de manera
detectable la forma del marcador de radiofrecuencia de
medo que cambia la por lo menos una caracteristica

electromagnética del marcador de radiofrecuencia.

La valvula implantable de la reivindicacidén 9, en donde

El circuito incluye un inductor y un capacitor conectados
para formar un circuito eléctrico ‘que tiene una
frecuencia de resonancia, el capacitor comprende un par

de conductores separadces por un dialéctricoe; vy

La presidn del liquido en el reservorio cambia
detectablemente una distancia entre el par de

conductores, en donde
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le.

La distancia entre el par de conductores se correlaciona
con cualquiera entre la frecuencia de resonancia, el

espectro arménico, y el factor Q del circuito eléctrico

Un método para medir la presién ventricular, comprende:

Posicionar un extremo distal de un catéter wventricular

dentro de un ventriculo del paciente;

Acoplar un extremo proximal del catéter ventricular a una
entrada de v&lvula formada sobre una valvula implantable,
y

Acoplar una salida de valvula formada sobre la wvalvula
hasta un catéter de drenaje de modo que el liquido fluye
desde el ventriculo por un reservorio en la valvula hasta
el catéter de drenaje, en donde la velocidad del flujo
que fluye por la véalvula es controlada mediante un
conjunto de valvula dispuesto dentrc de la valvula

implacable;

Obtener de manera inaldmbrica una medida de presidén de
una presién del liquido en la valvula mediante detectar
una caracteristica electromagnética a la respuesta de un

marcador de radiofrecuencia asociada con la valvula; y



17.

18.

19.

20.

Almacenar los datos en una memoria en el marcador de

radiofrecuencia.

El métodc de la reivindicacidén 16, en donde obtener la
medida de presién comprende recibir de manera inalémbrica
una respuesta del marcador de radiofrecuencia a una sefial
y -detectar por lo menos una caracteristica
electromagnética seleccicnada del grupo gque consiste de:

frecuencia de rescnancia, espectro armdénico, y factor Q.

El método de la reivindicacién 16, en donde obtener la
medida de presidén incluye detectar un cambio en una o mas
de las caracteristicas electromagnéticas a una respuesta

del marcador de radiofrecuencia asociada con la vé&lwvula.

El método de la reivindicaciéon 16, en donde obtener 1la
medida de presidén incluye transmitir de manera
inaldmbrica una sefial al marcador de radiofrecuencia y
medir la potencia recibida desde el marcador de

radiofrecuencia.

El método de la reivindicacién 16, en donde el marcador

de radiofrecuencia incluye «c¢ircuitos gue tienen una



frecuencia de resonancia para enviar presidén vy,

mismo sustrato,

una memoria para almacenar datos.

sobre el
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Attorney Docket No.: 22719-92 (COD-5160USNP)

CLAIMS:

1. An implantable valve, comprising:

a housing having a reservoir adapted to receive fluid flow therethrough between an inlet
port and an outlet port;

a substrate disposed within said reservoir; and

a radio frequency tag disposed on the substrate within the reservoir and including
circuitry adapted to change one or more electromagnetic characteristics in response to pressure
applied thereto by fluid in the reservoir and to produce a response to a wireless signal
characterized by the one or more electromagnetic characteristics that correlates to a pressure of
fluid in the reservoir,

the radio frequency tag further including a memory for storing data, the memory residing
on the same substrate as the circuitry adapted to change one or more electromagnetic

characteristics in response to pressure applied thereto.

2. The implantable valve of claim 1, further comprising a needle guard disposed within the
housing and adapted to protect the radio frequency tag from a needle penetrating into the

housing.

3. The implantable valve of claim 1, wherein the one or more electromagnetic

characteristics is selected from resonant frequency, harmonic spectra, and Q factor.

4. The implantable valve of claim 1, further comprising;

a valve assembly disposed within the housing and adapted to control a rate of fluid
flowing through the housing,

wherein the radio frequency tag is adapted to measure a pressure of the fluid flowing

within the housing.

5. The implantable valve of claim 1, wherein the radio frequency tag includes digital logic

circuitry, the digital logic circuitry residing on the same substrate as the memory.

6. The implantable valve of claim 1, wherein the stored data includes any of sensor

identification data, sensed pressure data, and patient data,

_18 -
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7. The implantable valve of claim 1, wherein the pressure of fluid in the reservoir detectably
changes any of the shape and the capacitance of the radio frequency tag so as to change the one

or more electromagnetic characteristics thereof.

8. The implantable valve of claim 1, wherein

the circuitry includes an inductor and a capacitor connected to form an electrical circuit
having a resonant frequency, the capacitor comprising a pair of conductors separated by a
dielectric; and

a pressure of fluid in the reservoir detectably changes a distance between the pair of
conductors,

wherein the distance between the pair of conductors correlates to any of the resonant

frequency, harmonic spectra, and Q factor of the electric circuit.

9. An implantable valve, comprising:

a housing defining a reservoir for receiving fluid flow therethrough;

a valve assembly disposed in the housing and adapted to control a rate of fluid flow
through the reservoir;

a substrate disposed within said reservoir; and

a radio frequency tag disposed on the substrate in the reservoir and including circuitry
adapted to measure a pressure of fluid in the reservoir and to indicate the measured pressure via
at least one electromagnetic characteristic of the radio frequency tag,

the radio frequency tag including a memory for storing data, the memory residing on the

same substrate as the circuitry adapted to measure the pressure of fluid.

10.  The implantable valve of claim 9, further comprising a needle guard disposed within the
housing and adapted to protect the radio frequency tag from a needle penetrating through the
septum.

11.  The implantable valve of claim 9, wherein the at least one electromagnetic characteristic

is selected from the group consisting of: resonant frequency, harmonic spectra, and Q factor.

12.  The implantable valve of claim 9, wherein the radio frequency tag comprises an antenna

adapted to communicate to an external reading device.
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13.  The implantable valve of claim 12, wherein the radio frequency tag is adapted to
communicate a radio frequency having the at least one electromagnetic characteristic to the

external reading device upon receipt of a wireless signal from the external reading device.

14.  The implantable valve of claim 9, wherein the pressure of fluid in the reservoir detectably
changes the shape of the radio frequency tag so as to change the at least one electromagnetic

characteristic of the radio frequency tag.

15. The implantable valve of claim 9, wherein

the circuitry includes an inductor and a capacitor connected to form an electrical circuit
having a resonant frequency, the capacitor comprising a pair of conductors separated by a
dielectric; and

the pressure of fluid in the reservoir detectably changes a distance between the pair of
conductors, wherein

the distance between the pair of conductors correlates to any of the resonant frequency,

harmonic spectra, and Q factor of the electric circuit.

16. A method for measuring ventricular pressure, comprising:

positioning a distal end of a ventricular catheter within a patient’s ventricle;

coupling a proximal end of the ventricular catheter to a valve inlet formed on an
implantable valve, and coupling a valve outlet formed on the valve to a drainage catheter such
that fluid flows from the ventricle through a reservoir in the valve to the drainage catheter,
wherein a rate of fluid flowing through the valve is controlled by a valve assembly disposed
within the implantable valve;

wirelessly obtaining a pressure measurement of a pressure of fluid in the valve by
detecting a clectromagnetic characteristic a response of a radio frequency tag associated with the
valve; and

storing data in a memory in the radio frequency tag.

17.  The method of claim 16, wherein obtaining the pressure measurement comprises
wirelessly receiving a response from the radio frequency tag to a signal and detecting at least one
electromagnetic characteristic selected from the group consisting of: resonant frequency,

harmonic spectra, and Q factor.
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18.  The method of claim 16, wherein obtaining the pressure measurement includes detecting

a change in one or more electromagnetic characteristics a response of the radio frequency tag

associated with the valve.

19.  The method of claim 16, wherein obtaining the pressure measurement includes wirelessly

transmitting a signal to the radio frequency tag and measuring power received from the radio

frequency tag.

20.  The method of claim 16, wherein the radio frequency tag includes circuitry having a

resonance frequency for sending pressure and, on the same substrate, a memory for storing data.

-21-
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ABSTRACT

Devices and methods useful for sensing or measuring a pressure and remotely indicating
or communicating that pressure are provided. The devices and methods have particular utility in
sensing pressures in implantable medical devices and more particularly in hydrocephalus shunts.
In one exemplary embodiment, an implantable valve can include a housing having a reservoir
adapted to receive fluid flow therethrough between an inlet port and an outlet port. The
implantable valve can also include a n¢edle-penetrable septum to allow fluid delivery to the
reservoir and/or a needle guard disposed within the housing and adapted to protect the radio
frequency tag from a needle penetrating into the housing. A radio frequency (RF) tag can be
disposed within the reservoir and can be adapted to change one or more of its electromagnetic
characteristics in response pressure applied thereto by fluid in or flowing through the reservoir,
The RF tag can produce a response to a wireless signal characterized by the one or more
electromagnetic characteristics that correlates to a pressure of fluid in or flowing through the

reservoir.

16447942
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