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(57) Abstract: An apparatus (10) utilizes
microelectricalmechanical  systems (MEMS)
technology to monitor a condition in a body
cavity (28). The apparatus (10) comprises at
least one sensor (42) [or insertion into the body
cavity. The sensor (42) generates a signal in
response to a condition inside the body cavity
(28). At least une telemetric device (44) is
operatively coupled with the sensor (42). The
telemetric device (44) is operable to receive
the signal from the sensor (42) and 1o (ransmit
an electromagnetic signal dependent upon the
signal.  The telemetric device (44) includes
al least one coil member (82) exlending [rom
the telemetric device. The coil member (82)
engages the body cavity (28) to secure the
telemetric device (44) in the body cavily.
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APPARATUS AND METHOD FOR MONITORING
A CONDITION INSIDE A BODY CAVITY

Technical Field
The present invention is directed to an apparatus
and method for monitoring a condition inside a body

cavity.

Background of the Invention

Information regarding the conditions inside a body
cavity in a patient, such as a human, can be very
helpful to a physician treating the patient. For
example, it is desirable to monitor intercranial
pressure to lock for problems such as‘hemorrhaging and .
tumors. As another example, it is also desirable to
monitor the pressure inside various blood vessels in
the human body to help determine if a problem, such as

stenosis or an aneurysm, exists.
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In the case of an aneurysm, which is typically
initially diagnosed using known imaging techniques, a
variety of endoluminal grafts been developed to repair
the aneurysm. 2n endoluminal graft can be introducéd
into a blood vessel through an open surgical procedure
or through a minimally invasive, catheter-based
delivery system. The endoluminal graft is placed in
he blood vessel so that it isolates the aneurysm and
provides a new lumen for the bleood to flow through.
Following placement of an endoluminal graft, it is
desirable to monitor pressure between the aneurysm sac
and the graft to look for endoleakage around the graft
which could cause the blood vessel to rupture. Using
conventional pressure measurement equipment, such
pressure data is typically only able to be gathered
during surgery.

Microelectromechanical systems, or MEMS, refers to
a class of miniature electromechanical components and
systems that are fabricated using techniques originally
developed for fabricating microelectronics. MEMS
devices, such as pressure sensors and strain gauges,
manufactured using microfabrication and micromachining
technigues can exhibit superior performance compared to

their conventionally built counterparts, and are
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resistant to failure due to fatigue, corrosion, etc.
Further, due to their extremely small size, MEMS
devices can be utilized to perform functions in’unique
applications, such as the human body, that were not

previously feasible using conventional devices.

Summary of the Invention

The present invention is an apparatus for
monitoring a condition in a body cavity. The apparatus
comprises at least one sensor for insertion into a body
cavity. The at least one sensor generates a signal in
response to a condition inside the body cavity. At
least one telemetric device is operatively coupled with
the at least one sensor. The at least one telemetric
device is operable to receive the signal from the at
least one sensor and to transmit an electromagnetic
(EMF) signal dependent upon the signal. The at least
one telemetric device includes at least ons coil member
extending from the at least one telemetric device. The
at least one coil member engages the body cavity.to
secure the at least one telemetric device in the body
cavity.

According to one feature of the invention, the

apparatus further comprises a compliant enclosure
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surrounding the at least one sensor and the at least
one telemetric device.

According to another feature of the invention, the
apparatus further comprises an external monitoring unit
for receiving the EMF signal.

According to yet another feature of the invention,
the apparatus further comprises an external power unit
for inductively energizing the at least one telemetric
device.

According to still another feature of the
invention, the apparatus comprises a plurality of
sensors and a corresponding plurality of telemetric
devices that together form a sensor network.

In accordance with one embodiment of the
invention, the at least one coil member comprises a
plurality of coils extending in different directions.

In accordance with another embodiment of the
invention, the at least one coil member is operatively
coupled with the at least cne telemetric device and
functions as an antenna for transmitting the EMF
signal.

The present invention additionally provides an
apparatus for monitoring a condition in a body cavity.

The apparatus ccmprises at least one sensor for
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insertion into a body cavity. The at least one sensor
generates a signal in response to a condition inside
the body cavity. At least one telemetric_device is
operatively coupled with the at least one sensor. The
at least one telemetric device is operable to receive
the siqnal from the at least one sensor and to transmit
an electromagnetic (EMF) signal dependent upon the
signal. The at least one telemetric device includes at
lecast one coil member that is extendable inside the
body cavity to minimize migration of the at least one
telemetric device.

The present invention further provides an *
apparatus for monitoring pressure inside an aneurysm
sac. The apparatus comprises at least one pressure
sensor for insertion into the aneurysm sac. The at
least one pressure sensor generates an output signal in
response to and indicative of the pressure inside the
aneurysm sac. At least one telemetric device ;s
operatively ccupled with the at least one pressure
sensor. The at least one telemetric device is operable
to receive the output signal from the at least one
pressure sensor and to transmit an EMF signal dependent
upon the output signal. The at least one telemetric

device includes at least one coil member extending from
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the at least one telemetric device. The at least one
coil member engages the aneurysm sac to securs the at
least one telemetric device in the aneurysm sac.

The present invention also provides a method for

monitoring 2 condition in an internal body cavity. A

sensor is provided for generating an output signal in
response to and indicative of a condition inside the
body cavity. A telemetric device is provided for
receiving the output signal from the sensor and
transwitting an EMF signal dependent upon the output
signal. The sensor and the telemetric device are
encapsulated in a compliant enclosure to form.a
transducer assembly. At least one coil member is
connected with the transducer assembly. The at least
one coil member projects from the compliant enclosure.
The transduccr assembly is inserted inte a body cavity.
The transducer assembly is attached to the body cavity
with the at least one coil member. The'ﬁMF signal from
the sensor is then monitored and transmitted by the
telemetric device.

The present invention further provides a method
for monitoring a condition in an internal body cavity.
A sensor is provided for generating an output signal in

response to and indicative of a condition inside the
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body cavity. A telemetric device is provided for
receiving the output signal from the sensor and
transmitting an EMF signal dependent upon the output
signal. The sensor and the telemetric device are
encapsulated in a compliant enclosure to form a
transducer assembly. At least one coil member is
connected with the transducer assembly. The at least
one coil member is extendable from the compliant
enclosure inside a body cavity. The transducer
assembly is inserted into a body cavity. The at least
one coil member is extended inside the body cavity to
minimize migration of the transducer assemﬁly in the
body cavity. The EMF signal from the sensor is then

monitored and transmitted by the telemetric device.

Brief Description of the Drawings

The foregoing and other features of the present
invention will become apparent to those skilled in the
art to which the present invention relates upon reading
the following description with reference to the
accompanying drawings, in which:

Fig. 1 is a front view, partly in section, of a
body cavity and illustrates an apparatus for monitoring

a condition in the body cavity;

-10-
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Fig. 2 is an enlarged sectional view of a
component of the apparatus;

Fig. 3 is a perspective view of a portion of the
component shown in Fig. 2;

5 Fig. 4 is a schematic block diagram of the
apparatus for monitering a condition in the body
cavity;

Fig. 5 is another schematic block diagram of the
apparatus for monitoring a condition in the body
10 cavity:
Fig. 6 is a sectional view similar to Fig. 2
illustrating a second embodiment;
Fig. 7 is a plan view taken along line 7-7 in
Fig. 6;
15 Fig. 8 is a sectional view similar to Fig. 2
illustrating a third embodiment;
Fig. 9 is a plan view tzken along line 9-9 in
Fig. 8;
Fig. 10 is a szctional view similar to Fig. 2
20 illustrating a fourth embodiment;
Fig. 11 is a sectional view similar to Fig. 6
illustrating a fifth embodiment; and
Fig. 12 is a sectional view similar to Fig. 8

illustrating a sixth embodiment.

-11-
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Description of Embodiments

The present invention is directed to an apparatus
and method for monitoring a condition inside a body

cavity. BAs representative of the present invention,

‘Fig. 1 illustrates an apparatus 10 for monitoring

pressure in an aorta 12. The aorta 12 has an
aneurysm 14 that forms an aneurysmal sac 16 in the
aorta. The aneurysm 14 has been treated by inserting
an endoluminal graft 20 into the aneurysmal sac 16 as
is known in the art. As is cescribed further below,
the apparatus 10 monitors pressure inside the
aneurysmal sac 16 to look for endoleakage around the-
graft 20 which could cause the aneurysmal sac to
rupture. It should be understood that the apparatus 10
could be used to monitor pressure in a wide variety of
other cavities or areas of a body.

The graft 20 has a known configuration and is
expandable to engage an inner surface 18 of the
aorta 12. ‘An upper (as viewed in the Figures) end 22
of the graft 20 engages the inner surface 18 of the
aorta 12 above the aneurysm 14, while a lower (as
viewed in the Figures) end 24 of the graft engages the
inner surface of the aorta below the aneurysm. The

upper and lower ends 22 and 24 of the graft 20 may

-12-
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include hooks or barbs (not shown) for attaching tﬁe
graft to the aorta 12. The engagement and attachment
of the upper and lower ends 22 and 24 of the graft 20
to the aorta 12 is intended to seal off the aneuryémal
sac 16 from blood flow that could cause the aneurysm 14
to rupture, and to instead direct the blood flow
through a conduit 26 formed by the graft.

After the graft 20 has been positioned in the
aneurysmal sac 16 and secured to the aorta 12 as shown
in Fig. 1, the apparatus 10 is deployed to monitof the
blood pressure in a cavity 28 defined betwsen the
aneurysmal sac 16 and the graft 20. It should be
understood, however, that the apparatus 10 could be
deployed prior to the placement of the graft 20 in the
aorta 12. The apparatus 10 comprises at least one
miniature transducer assembly 40. As showa in Fig. 2,
the transducer assembly 40 comprises a pressure
sensor 42 and a telemetric device 44. The transducer
assembly 40 is encased in a compliant enclosure 46 that
is responsive to external pressure. The compliant
enclosure 46 is a balloon-like sac made of a
biocompatible material that surrounds the transducer

assembly 40. Alternatively, the compliant enclosure 46

13-
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may comprise a gel, gelatin, or film of biocompatible
materials as 1s discussed further below. .

The compliant enclosure 46 is filled with a ligquid
(or a gel) 50, such as silicone, saline, or other.
suitable material, that is biocompatible. The
properties of the liquid 50 allow it to transmit
pressure exerted against the compliant enclosure 46
uniformly against the sensing element ({discussed below)
of the pressure sensor 42, while isolating the
electrical components and circuitry of the transducer
assembly 40 from any corrosive media.

The illustrated pressure sensor 42 is of a known
configuration and is made using known micromachining
processes, microfabricstion processes, or other
suitable MEMS fabrication techniques. Pressure sensors
of this type are commercially available from
Motorola, Inc. of Schaumburg, IL and TRW Novasensor of
Fremont, CA. It should be understood that any pressure
sensor that meets the biocompatibility and size
requirements may be used.

The illustrated pressurs sensor 42 is a
piezoresistive device, but it should be understood that
other types of pressure sensors, such as a

piezoelectric and capacitive sensors, could be

14-
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substituted. As best seen in Fig. 3, the pressure
sensor 42 comprises a substrate 60, a sensing
diaphragm 62, a plurality of patterned resistors 64,
and a plurality of bond pads 66, two of which are
associated with each of the resistors.

The substrate 60 has upper and lower surfaces 67
and 68, respectively, and is made of silicon, but could
alternatively be made of another suitable yaterial.

The substrate 60 has a well region 69 that extends
betwesn the upper end lower surfaces €7 and 68 and that
is formed using a conventional microfabrication and
bulk micromachining processes including 1ithography and
etching. The sensing diaphragm 62, which extends
across the well region 69, is also made of silicon and
is defined by the lithography and etching processes.
The resistors 64 and the bond pads 66 are formed from a
metal or polysilicon layer that is deposited, |
patterned, and etched in a knewn manner on the lower
surface 68 of the substrate 60. The resistors 64 couid
also be formed by doping the silicon using boron,
phosphorus, arsenic, or another suitable material to
render a region of the silicon with an appropriate
conductivity and polarity to create junction-isolated

piezoresistors, As will be apparent to those skilled

-15-
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in the art, other methods, such as SIMOX, wafer
bonding, and dissolved wafer approaches, -could also be
used. The resistors 64 are positioned along the edges
of the sensing diaphragm 62 to detect strain in thg
sensing diaphragm caused by pressure differentials.

The resistors 64 could alternatively be positioned in
another region of high or maximum strain in the sénsing
diaphragm 62.

The telemetric device 44 in the transducer
assembly 40 includes an electronics module 80 (Fig. 2)
and a plurality of coil members 82. The electronics
module 80 is operatively coupled to the pressure
sensor 42 by the bond pads 66 in a manner not shown.
As shown in the block diagram of Fig. 4, the
electronics module 80 comprises integrated circuitry.
The integrated circuitry includes an RF-DC
converter/modulator 84 and a voltage regulator 86
operatively coupled between the antenna 8Z and the
pressure sensor 42. The integrated circuiéry %urther
includes a microprocessor 88 operatively coupled
between the pressure sensor 42 and the RF-DC
converter/modulator 84. To protect the circuitry of
the electronics module 80, the electronics module may

be coated with a scft polymeric film, such as parylene

-16-
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or polydimethylsiloxane (PDMS), or a biocompztible
epoxy.

Two or more coil members 82 extend from the
telemetric device 44 in the transducer assémbly 40.

The coil members 82 function as anténnas and are
operatively (electrically) coupled at a proximal end 83
with the electronics module 80 in a manner not shown.

A distal end 84 of each of the coil members 82 is used
to anchor the transducer assembly 40 to a surface as
described further below. The coil members 82 project
in different directions through the compliant

erclosure 46, which seals itself around the coil ..
members. The coil members 82 are made from a nickel
titanium alley, commonly referred to as Nitinol, which
has known shape memory properties. The coil members 82
may alternatively be made from another biocompatible
shape memory alloy, or from another material suitable
for an antenna.

As is‘known in the art, shape memory alloys have
the ability to return to a predetermined shape when
heated. When a shape memory alloy is cold, or below
its transition temperature range (TTR), the material
has a low yield strength and can be deformed into a new

shape, which it will retain until heated. " However,

A7-
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when a shape memory alloy is heated above its TTR, the
material undergoes a change in crystal structure (from
a mertensite structure to an austensite structure),
which causes the material to return to its‘original, or
“memorized” shape. A memorized shape is imprinted into
a shape memory alloy by first holding the material in
the desired shape at a high temperature, and then
continuing to hold the material in the desired shape as
it cools through its TTR.

The apparatus 10 further includes an external
(meaning it is located outside of and/or remote from
the patient’s body) readout/power supply ;nit le0
(Fig. 4) having an integrated antenna 162. The
readout/power supply unit 160 contains circuitry known
in the art and therefore not described in any detail.
The readout/power supply unit 160 may be a hand-held
device or a larger piece of equipment found at a
physician’s office. The readout/power supply unit 160
could also be a device worn by the batient.'

The readout/power supply unit 160 is operable to
transmit electrical energy as well as receive, display,
and store data through the antenna 162 as described
further below. Further, the readout/power supply

unit 160 is able to transmit electrical energy and

18-
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exchange data simultaneously with severadl transducer
assemblies 40, as is illustrated in Fig. 5.

Once the endoluminal graft 20 has been placed into
the aneurysmal sac 16 as shown in Fig. 1, the
apparatus 10 can be used to monitor pressure inside the
aneurysmal sac 16 to look for endolesakage around the
graft 20 and into the cavity 28 which could cause the
aneurysmal sac to rupture. Such endoleakage will ke
svident by a pressure increase inside the cavity 28.

As may be seen in Fig. 1, several of the
transducer assemblies 40 are inserted into the
cavity 28 between the graft 20 and the.anaurysmal
sac 16. Tt should be understood that the exact
quantity of transducer assemblies 40 inserted into a
given body cavity will be selected based on the
particular application of the present invention. Due
to their size, the transdﬁcer assemblics 40 can be
delivered seguentially through a single needle or
catheter {not shown) inserted through the Qall of the
aneurysm 14. Alternatively, the transducer
assemblies 40 could be inserted into the cavity 28
using-an intervascular surgical technique, or could be

mounted on the outside of the graft 20.

19-
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Immediately prior to insertion of the transducer
assemblies 40 into the cavity 28, the transducer
assenbliies may undergo a cooling process which causes
the coil members 82 to coil up (not shown) ;nd.thus
compress in overall size, which may aid in délivery.
Upon being inserted into the cavity 28, the transducer
assembligs 40 are exposed to the warmer environment of
the human body, causing the coil members 82 to expand
and return to their memorized shape shown in Figs. 1
and 2.

'Upon insertion into the cavity 28, the transducer
assemblies 40 deploy into various locations throughout
the cavity 28. Inside the cavity 28, the coil
members 82 associated with each of the transducer
assemblies 40 expand to reduce or prevent migration of
the transducer assemblies in the aneurysmal sac 16.
The expanded coil members 82 minimize migration of the
transducer assemblies 40 by providing increased drag,
and also serve as a means for spacing the transducer
assemblies apart. By virtue of the expanded coil
members 82, the transducer assemblies 40 can attach
themselves to the inner surface 18 of the aorta 12 in
the aneurysmal sac 16. The transducer assemblies 40

attach to the inner surface 18 of the aorta 12 by the

-20-
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distal end 84 of one or more of the coil members 82 on
each transducer aésembly catching or snagging on the
inner surface of the aorta. It is contemplate@ that
the distal end 84 of one of the coil members 82 could
also catch or snag on the outer surface of the graft 20
to further secure the transducer assembly. The

dispersed pattern of transducer assemblies 40, such as

'is shown in Fig. 1, forms a sensor network for mapping

the pressure distribution inside the cavity 28.

To begin monitering the pressure inside the
cavity 28, the readout/power supply unit 160 transmits
electrical energy in the form of an electromagnetic
field (EMF) signal, or more specifically a radio
frequency (RF) signal, through the antenna 162 to each
of the transducer assemblies 40 in the cavity. The RF
signal is received through the coil members 82 on each
of the transducer assemblies 40 and is converted into a
DC .signal to inductively energize the circuitry in the
pressure sensors 42.

Each of the pressure sensors 42 in the cavity 28
detects changes in electrical resistance caused by
deformation and strain on the sensing diaphragm 62.
The changes in resistance detected by each of the

pressure sensors 42 correspond to applied pressure and

21-
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a data signal dependent upon the sensed condition is
generated by the electronics module 80. ‘The data
signal is then transmitted, in a wireless fashion, from
the coil members 82 on each of the transducer “
assemblies 40 to the antenna 162 iﬁ the readouf/power
supply unit 160. The data signals transmitted are
pulse-width-modulated (PWM) signals that have RF
carrier freguencies. It should be understood that
other signal types (e.g., frequency modulation (FM) or
frequency shift key (FSK)) could also be used. Each
transducer assembly 40 operates within a specific and
distinct carrier freqguency band so that eaéh fransducer
assembly can be identified. ‘o

The antenna 162 in the readout/power supply
unit 160 receives the data signals from the transducer
assemblies 40, processes the data signals, and displays
pressure data based on the data signals that correspond
to the pressure sensed by each of the pressure
sensors 42. The pressure data may be displayed in any
number cf formats, such as absolute values or plots.
The pressure data may also be stored by the
readout/power supply unit 160.

The data received by the readout/power supply

unit 160 provides an in vivo assessment of the pressure
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inside the cavity 28. Further, by placing multiple
transducer assemblies 40 into the cavity 28, the
apparatus 10 can monitor the distribution of pressure
inside the cavity, which can provide useful information
about the location of an endoleak or other anomaly such
as a particularly weakened area of the aneurysm 14.

The apparatus 10 described above provides the ability
to continuously, or on-demand, monitor the pressure
inside the cavity 28 during the post-operative period.
Because of this ability to continuously or on-demand
monitor the pressure inside the cavity 28, it may be
possible to appropriately time, or even avoid;
additional surgery. Further, information gathered from
such in vivo assessments can lead to improvements in
surgical techniques and graft design.

Figs. 6 and 7 illustrate an apparatus 210 for
monitoring pressure inside the body cavity 28
constructed in accordance with a second embodiment of
the present invention. In the second embodiment of
Figs. 6 and 7, reference numbers that are the same as
those used in the first embodiment of Figs. 1-5
designate components that are the same as components in

the first embodiment.

23-
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According to the second embodiment of Figs. 6
and 7, the apparatus 210 utilizes a transducer
assembly 240 that is slightly different from the
transducer assembly 40. The transducer assembly 240 is
surrounded by the compliant enclosure 46, which filled
with the liquid (or gel) 50. The transducer
assembly 240 comprises the pressure sensor 42 and'a
telemetric device 244. The telemetric device 244
includes the electronics module 80 and an antenna 282.
The antenna 282 may be fabricated on the substrate
of the pressure sensor 42 using known micromachining or
microfabrication techniques, or may altér;ativeiy be
fabricated separately and joined with the pressure
sensor. The antenna 282 comprises a spiral-shaped
coll 290 of metal deposited over an oxide layer 292
(Fig. 6). A layer of doped volysilicon 294 underneath
the oxide laver 292 establishes an electrical
connection between a contact 296 in the cefiter of the
coil 290 and one of two contacts 298 outside the coil.
The contacts 298 of the antenna 282 outside of the
coil 290 are operatively coupled with the electronics
module 8C in a manner not shown. For protection

purposes, the antenna 282 may be coated with a soft
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polymeric f£ilm, such as parylene or PDMS, or a
biocompatible epoxy.

Two or more coil members 82 extend from the
transducer assembly 240. Unlike the first embodiment
of Figs. 1-5, the coil members 8Z are not electrically
coupled with the electronics module 80. Rather, the
coill members 82 are attached, by a known method such as
soldering, ultrasonic bonding, or laser welding, to the
pressure transducer 42, and are simply used to anchor
the transducer assesmbly 240 to a surface inside the
cavity 28 as described above. The coil members 82
project in different directions through the'cbmpiiant
enclosure 46, which seals itself around the coil
members. As in the previous embodiment, the coil
members 82 are made from a nickel titanium alloy,
commonly referred to as Nitinol, which has known shape
memory properties, but could alternatively be made from
another biocompatible material.

Once the endoluminal graft 20 has been placed into
the aneurysmal sac 16 as shown in Fig. 1, the
apparatus 210 can be used to monitor pressure inside
the aneurysmal sac 16 to look for endoleakage intec the
cavity 28 in the samé manner as described in the first

empcdiment of Figs. 1-5. A plurality of the transducer

25-
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assemblies 240 are inserted into the cavity 28 between
the graft 20 and the aneurysmal sac 16. Immediately
prior to insertion of the transducer assemblies 240
into the cavity 28, the transducer assemblies may
undergo a cooling procsss which causes the coil
members 82 to compress in overall size.

Upon being inserted into the warmer environment of
the cavity 28, the coil members 82 expand and return to
their memorized shape shown in Fig. 6. After insertion
into the cavity 28, the transducer assemblies 240
deploy into various locations throughout the cavity and
become attached to the inner surface 18 of'the
aorta 12. The transducer assemblies 240 are attached
to the innesr surface 18 of the aorta 12 by the distal
end 84 of one or more of the coil members 82 on each
transducer assembly 240 catching or snagging on the
inner surface of the aorta. The deployed pattern of
transducer assemblies 240, such as is shown in Fig. 1,
forms a sensor network for mapping the pressure
distribution inside the ;avity 28.

The pressure inside the cavity 28 is then
monitored using the apparatus 210 in the same manner as
described above with regard to the first embodiment.

The readout/power supply unit 160 transmits electrical

-26-




WO 03/047419 PCT/US02/38503

10

15

20

-0 4

energy in the form of an electromagnetic field (EMF)
signal, or more specifically a radio frequency (RF)
signal, through the antenna 162 to each of the
transducer assemblies 240 in the cavity 28. The RF
signal is received through the antenna 282 on each of
the transducer assemblies 240 and is converted into a
DC signal to inductively energize the circuitry in the
pressure sensors 42.

Each of the prcssure sensors 42 in the cavity 28
detects changes in electrical resistance caused by
deformation and strain on the sensing diaphragm 62.
The changes in resistance detected by each of the
pressure s2nsors 42 correspond to applied pressure and
& data signal dependent upon the sensed condition is
generated by the electronics medule 80. The data
signal is then transmitted percutaneously from the
antenna 282 on each of the transducer assemblies 240 to
the antenna 162 in the readout/power supply unit 160.
The data signals transmitted are pulse—width—mbdulated
(PWM) signals that have RF carrier frequencies. It
should be understood that other signal types (e.g.,
frequency modulation (FM) or frequency shift key (FSK))
could also be used. ”Each transducer assembly 240

operates within a specific and distinct carrier
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frequency band so that each transducer assembly can be
identified.
The antenna 162 in the readoul/power.supply

unit 160 receives the data signals from the transducer
5 assemblies 240, processes the data signals, and

displays pressure data based on the data signals that

correspond to the pressure sensed by each of the

pressure sensors 42. The pressure data may be

displayed in any number of formats, such as absolute

10 valueé or plots. The pressure data may also be stored
by the readout/power supply unit 160.

The data received by the readout/power supply
unit 160 provides an in vivo assessment of the pressure
inside the cavity. Further, by placing multiple

15 transducer assemblies 240 into the cavity 28, the
apparatus 210 ‘can monitor the distribution of pressure
inside the cavity, which can provide useful information
about the location of an endoleak or other)anomaly such
as a particularly weakened area of the aneurysm 14.

20 The apparatus 210 described above provides the ability
to continuously, or on-demand, monitor the pressure
inside the cavity during the post-operative period.

Figs. 8 and 9 illustrate an apparatus 310 for

monitoring pressure inside the body cavity 28
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constructed in accordance with a third embodiment of
the present invention. In the third embodiment of
Figs. B8 and 9, reference numbers that are the same as
those used in the previous embodiments designate
components that are the same as compohents in the
previous embodiments.

According to the third embodiment of Figs. g
and 9, the apparatus 310 utilizes another different
transducer assembly 340. The transducer assembly 340
includes the pressure sensor 42 and the telemetric
device 244 having the antenna 282 described above. Twe
or more coil members 82 extend fiom the sntenna~282 in
the transducer assembly 340 and are electrically
coupled with the antenna. The coil members 82 are used
to anchor the transducer assembly 240 to a surface
inside the body cavity 28 as described above, but also
function as extensions of the antenna 282 to improve
the exchange of electrical signals between the
transducer asscmbly 340 and the readout/power supply
unit 160. As in the previous embodiments, the coil
members 82 are made from a nickel titanium alloy,
commonly referred‘to as Nitinol, which has known shape
memory properties, but could alternatively be made from

another biocompatible material.
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The apparatus 310 according to the thizd
embodiment is used in the same manner as described
above with regard to the first embodiment to monitor
pressure inside the cavity 28. The daté fe;eived by
the readout/power supply unit 160 érovides an in vivo
assessment of the pressure inside the cavity 28.
Further, by placing multiple transducer assemblies 340
into the cavity 28, the apparatus 310 can monitor the
dislribution of pressure inside the cavity, which can
provide useful information about the location of an
endoleak or other anomaly such as a particularly
weakened arsa of the aneurysm 14. The’apparatus 310
described above provides the ability to continuously,
or on-demand, monitor the pressure inside the cavity 28
during the post-operative period.

Fig. 10 illustrates an apparatus 410 for
monitoring pressure inside the body cavity 28
constructed in accordance with a fourth embodiment of
the present invention. 1In the fourth emboaiment of
Fig. 10, reference numbers that are the same as those
used in the previous emboqiments designate components
that are the same as components in the previous

embodiments.
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According to the fourth embodiment, the
apparatus 410 comprises a transducer assembly 440 that
is similar to the transducer assembly 40 qf Fig. 2, but
does not include the compliant enclosure 46 filled with
the liquid 50. Instead, the pressure sensor 42 and
telemetric device 44 are packaged within a biomolecular
coating 450. Exposing the transducer assembly 440 to
sclutions containing desired biomolecules, leads to
monolayer coating of the outer surfaces of the
transducer assemblyv. The desired biomolecules may be
collagen, hyaluronan, glycol, polyurethane, or other
suitable biomolecular material. Alternatively, a film
of biomolecules could cover the transducer
assembly 4£40. Further, thin layers of another suitable
biocompatible material, such as parylene or PDMS, could
instead be applied to the outer surfaces of the
transducer assembly 440.

The apparatus 410 according to the fourth
embodiment is used in the same manner as descriﬁed
above with regard to the first embodiment to monitor
pressure inside the cavity 28. The data received by
the readout/power supply unit 160 provides an in'vivo
assessment of the pressure inside the cavity 28.

Further, by placing multiple transducer assemblies 44C
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into the cavity 28, the apparatus 410 can monitor the
distribution of pressure inside the cavity, which can
provide useful information about the location of an
endoleak or other anomaly such as a particularly
weakened area of the aneurysm 14. The apparatus 410
described above provides the sbility to continuously,
or on-demand, monitor the pressure inside the cavity 28
during the post-operative period.

Fig. 11 illustrates an apparatus 510 for
monitoring pressure inside the body cavity 28
constructed in accordance with a fifth embodiment of
the present invention. In the fifth embodiment of
Fig. 11, reference numbers that are the same as those
used in the previous embodiments designate components
that are the same as components in the previous
empodiments.

According to the fifth embodiment, the
apparatus 510 comprises a transducer assembly 540 that
is similar to the transducer assembly 240 of ng. 6,
but does not include the compliant enclosure 46 filled
with the liquid 50. 1Instead, the pressure sensor 42
and telemetric device 244 are packaged within a
biomolecular coating 550. Exposing the transducer

assembly 540 to solutions contairing desired
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biomolecules, leads to monolayer coating of the outer
surfaces of the transducer assembly. The desired
biomolecules may be collagen, hyaluronan, glycol,
polyurethane, or other suitable biomolecular material.
Alternatively, a f£ilm of blomolecules could cover the
transducer assembly 540. Further, thin layers of
another suitable biocompatible material, such as
parylene or PDMS, could instead be applied to the outer
surfaces of the transducer assembly 540.

The apparatus 510 according to the fifth
embodiment is usad in the same manner as described
above with regard to the first embodiment to monitor -
pressure inside the cavity 28. The data received by
the readout/power supply unit 160 provides an in vivo
assessment of the pressure inside the cavity 28.
Further, by placing multiple transducer assemblies 540
intc the cavity 28, the apparatus 510 can monitor the
distribution of pressure inside the cavity, which can
provide useful information zbout the location of an
endoleak or other anomaly such as a particularly
weakened area of the aneurysm 14. The apparatus 510
described above provides the ability to continuocusly,
or on-demand, monitor the pressure inside the cavity 28

during the post-operative period.
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Fig. 12 illustrates an apparatus 610 forx
monitoring pressure inside the body cavity 28
constructed in accordance with a sixth embodiment of
the present invention. Tn the sixth embodiment of
Fig. 12, reference numbers that are the same as those
used in the previous embodiments designate components
that are the same as components in the previous
embodiments.

According to the sixth embodiment, the
apparatus 610 comprises a transducer assembly 640 that
is similar to the transducer assembly 340 of Fig. 8,
but does not include the compliant enclosune 46 filled
with the liquid 50. Instead, the pressure sensor 42
and telemetric device 244 are packaged within a
biomolecular coating 650. Exposing the transducer
assembly 640 to solutions containing desired
biomolecules, leads to monolayer coating of the outer
surfaces of the transducer assembly 640. The desired
biomolecules may be colliagen, hyaluronan, glycol,
polyurethane, or other suitable biomolecular material.
Alternatively, a film of biomolecules could cover the
transducer assembly 640. Further, thin layers of

another suitable biocompatible material, such as
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parylene or PDMS, could instead be applied to the outer
surfaces of the transducer assembly 640. -

The apparatus 610 according to the sixth
embodiment is used in the same.mamner as described
above with regard to the first embodiment to monitor
pressure inside the cavity 28. The data received by
the readout/power supply uni? 1¢0 provides an in vivo
assessment of the pressure inside the cavity 28.
Further, by placing multiple transducer assemblies 640
into the cavity 28, the apparatus 610 can monitor the
distribution of pressure inside the cavity, which can
provide useful information sbout the location of an
endoleak or cther ancmaly such as a particularly
weakened area of the aneurysm 14. The apparatus 610
described above provides the ability to continuously,
or on-demand, monitor the pressure inside the cavity 28
during the post-operative period.

In addition to the telemetry scheme described
above, it is contemplated that an alternative telemetry
scheme using a tarnk circuit (not shown) could be
employed using a capacitive-type sensor in each of the
aforementioned embodiments of the present invention.

It is known that a change in capacitance or inductance

on a sensor, such as a pressure sensor or a strain
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gauge, can be detected using a tank circuit. Such a
tank circuit has either a variable capacitance and a
fixed inductance, or a variable inductance.and a fixed
capacitance.

If the tank circuit has a variable capacitance,
the capacitance will change as the pressure or strain,
devending on the typé of sensor, changes. This cﬁange
in capacitance leads to changes in resonant frequency
that can be detected. The capacitance changes can then
be calculated using the fcllowing equation:
£¢=1/2n{LC)'?, where L is the inductance and C is the
capacitance. This same equation is also used to
calculate inductance changes if the capacitance of the
tank circuit is fixed. In the embodiments discussed
above where there are multiple sensors, each sensor is
designed to operate within a specific resonant
frequency band. The tank circuit is then swept over
range of frequencies so that the individual resonant
frequency of each sensor, which correspondsrté the.
output of each sensor, can be identified.

In the present invention, the tank circuit
telemetry scheme could be employed in several different
ways. The circuitry of the tank circuit could be added

to the electronics module associated with each of the
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transducer assemblies. Alternatively, the sensors
could be capacitive sensors having an integral tank
circuitry. Finally, the conventional tank circuit
described above (variable capacitance or variable
inductance) could be configured such that the variable
capacitor and one half of the inductor are fabricated
on the same sensing diaphragm. The other half of the
inductor is cémbined with a fixed electrode of the
capacitor such that when the sensing diaphragm moves,
the capacitance and the inductance increase or decrease
together.

From the avbove description of the invention, those
skilled in the art will perceive imprcvements, changes
and modifications. FPor example, it should alsc be
understood that the apparatuses disclosed above could
be modified to monitor other conditions, such as
temperature or strain, in vafidus areas of a body.

Such improvements, changes and modifications within the
skill of the art are intended to be covered by the

appended claims.
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Having described the invention, we claim:

1. An apparatus for monitoring a condition in a body cavity, said

apparatus comprising: _

at least one sensor for insertion into a body cavity, said at least
one sensor for generating a signa! in response to a condition inside the bedy
cavity and said at least one sensor including at least one base member; and

at least one telemetric device operatively coupled with said at
least one sensor, said at least one telemetric device being operable to
receive said signal from said at least one sensor and to transmit an EMF
signal dependent upon said signal;

said at least one telemetric device including at least one coil
member extending from said at least one telemetric device, said at leastone
coil member each having a proximal end physically coupled to said at least
one base member and a distal end for engaging a wall of the body cavity to
secure said at least one base member within the body cavity, said at least
one base member being spaced from the wall of the body cavity by said at
least one coil member.

2. The apparatus of claim 1 further comprising a compliant
enclosure surrounding said at least one sensor and a portion of said at least
one telemetric device, said at least one coil member extending through the
compliant enclosure.

3. The apparatus of claim 1 further comprising a film of
hiomolecules surrounding said at least one sensor and said at least one
telemetric device.

4. The apparatus of claim 1 further comprising monolayers of
biomolecules surrounding said at least one sensor and said at least one
telemetric device.

5. The apparatus of claim 1 further comprising thin layers of
biocompatible materials surrounding said at least one sensor and said at
least one telemetric device.
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6. The apparatus of claim 1 further comprising a plurality of
sensors and a comresponding plurality of telemetric devices that together
form a sensor network.

7. The apparatus of claim 6 wherein each of said plurality of
sensors operates within a specific and distinct resonant frequency band so
that said sensor network utilizes a plurality of identifiable resonant
frequencies.

a. The apparatus of claim 1 wherein said at least one sensor
COMprises & pressure Sensor.

9. The apparatus of claim 1 wherein said at least one coil member
comprises a plurality of coils extending in different directions, each of said
plurality of coils being engageabie with the body cavity to secure said at least
one base member in the body cavity.

10.  The apparatus of claim 1 wherein said at least one coil member
is operatively coupled with said at least one telemetric device and functions
as an antenna for transmitting said EMF signal.

11.  Anapparatus for monitoring pressure inside an aneurysm sac,
said apparatus comprising:

at least one pressure sensor for insertion into an aneurysm
sac, said at least one pressure sensor for generating an output signal in
response to and indicative of the pressure inside the aneurysm sac and said
at least one pressure sensor including at least one base member; and

at least one telemetric device operatively coupled with said at
least one pressure sensor, said at least one telemetric device being operable
to receive said output signal from said at least one pressure sensor and to
transmit an EMF signal dependent upon said output signal;

said at least one telemetric device including at least one coil
member extending from said at least one telemetric device, said at least one
coil member, each having a proximal end physically coupled to said at least
one base member and a distal end for engaging a wall of the aneurysm sac
to secure said at least one base member within the aneurysm sac, said at
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least one base member being spaced from the wall of the body cavity by said
at least one coil member.

12.  The apparatus of claim 11 further comprising a compliant
enclosure surrounding said at least one sensor and a portion of said at least
one telemetric device, said compliant enclosure operating to transmit the
pressure inside the aneurysm sac to said at least cne pressure sensor.

13.  The apparatus of claim 12 wherein said compliant enclosure
comprises a balloon filled with a liquid.

14.  The apparatus of ¢claim 12 wherein said compliant enclosure is
filled with silicone.

15.  The apparatus of claim 12 wherein said compliant enclosure is
filled with saline.

16.  The apparatus of claim 12 wherein said compliant enclosure
comprises a gel.

17.  The apparatus of claim 12 wherein said compliant enclosure
comprises gelatin.

18. The apparatus of claim 11 further comprising a film of
biomolecules surrounding said at least ong sensor and said at least one
telemetric device.

19.  The apparatus of claim 11 further comprising monolayers of
biomolecules surrounding said at least one sensor and said at least one
telemetric device.

20. The apparatus of claim 19 wherein said monolayers of
biomolecules are selected from the group consisting of collagen, hyaiuronan,
glycol, and polyurethane.

21.  The apparatus of claim 11 further comprising thin layers of
biocompatible materials surrounding said at least one sensor and said at
least one telemetric device.

22.  The apparatus of claim 2t wherein said thin layers of
biocompatible materials is selected from the group consisting of parylene
and PDMS.
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23.  The apparatus of claim 11 further comprising a plurality of
pressure sensors and a corresponding plurality of telemetric devices that
form a sensor network.

24.  The apparatus of claim 23 wherein each of said plurality of
sensors operates within a spacific and distinct resonant frequency band so
that said sensor network utilizes a plurality of identifiable resonant
frequencies.

25. The apparatus of claim 11 whersin said at least one coil
member comprises a plurality of coils.

26. The apparatus of claim 11 wherein said at least one coil
member is operatively coupled with said at least one telemetric device and
functions as an antenna for transmitting said EMF signal.

27.  The apparatus of claim 11 wherein said at least one telemettic
device includes antenna means for transmitting said EMF signal.

28.  An apparatus for monitoring a condition in a body cavity, said
apparatus comprising:

at least one sensor for insertion into a body cavity, said at least
one sensor for generating a signal in response to a condition inside the body
cavity;

at least one telemetric device operatively coupled with said at
least one sensor, said at least one telemetric device being operable to
receive said signal from said at least one sensor and to transmit an EMF
signal dependent upon said signal; and

a compliant enclosure sumounding said at least one sensor and
a portion of said at least one telemetric device;

said at least one telemetric device including at least one coil
member that is extendable inside the body cavity to minimize migration of
said at least one telemetric device in the body cavity through increased drag.

20. The apparatus of claim 28 further comprising a film of
biomolecules surrounding said at least one sensor and said at least one

telemetric device.
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30.  The apparatus of claim 28 further comprising monolayers of
biomolecules surrounding said at least one sensor and said at least one
telemetric device.

31.  The apparatus of claim 28 further comprising thin layers of
biocompatible materials surrounding said at least one sensor and said at
least one telemetric device.

32. The apparatus of claim 28 further comprising a plurality of
sensors and a corresponding plurality of telemetric devices that together
form a sensor network.

33.  The apparatus of claim 32 wherein each of said plurality of
sensors operates within a specific and distinct resonant frequency band so
that said sensor network utilizes a plurality of identifiable resonant
frequencies.

34. The apparatus of claim 28 wherein said at least one coil
member comprises a plurality of coils extending in different directions to
minimize migration of said at least one telemetric device in the body cavity.

35. The apparatus of claim 28 wherein said at least one coil
member is operatively coupled with said at least one telemetric device and
functions as an antenna for transmitting said EMF signal.

36. A method for monitoring a condition in an internal body cavity,
said method comprising the steps of:

providing a sensor for generating an output signal in response
to and indicative of a condition inside the bady cavity and a telemetric device
for receiving the output signal from the sensor and transmitting an EMF
signal dependent upon the output signal;

encapsulating the sensor and the telemetric device in a
compliant enclosure to form a transducer assembly:

connecting at least one coil member with the transducer
assembly, the at least one coil member projecting from the compliant
enclosure;

inserting the transducer assembly into a body cavity;
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attaching the transducer assembly to a wall of the body cavity
with the at least one coil member, such that said at least one coil member
engages with a wall of the body cavity and said transducer assembly is
spaced from the wall; and
monitoring the EMF signal from the sensor transmitted by the
telernetric device.
37.  The method of claim 36 further comprising the steps of:
inserting a plurality of transducer assemblies into the body
cavity to form a sensor network, each transducer assembly becoming
attached to the body cavity in a different location inside the body cavity; and
monitoring the EMF signals from each of the transducer
assemblies to detect variations in the condition inside the body cavity.
38. A method for monitoring a condition in an internal body cavity,
said method comprising the steps of:
providing a sensor for generating an output signal in response
to and indicative of a conditicn inside the body cavity and a telemetric device
for receiving the output signal from the sensor and transmitting an EMF
signal dependent upon the output signal;
encapsulating the sensor and the telemetric device in a
compliant enclosure to form a transducer assembly,
connecting at least one coill member with the transducer
assembily, the at least one coil member being extendable from the compliant
enclosure inside a body cavity;
inserting the transducer assembly intc a body cavity;
extending the at least one coil member inside the body cavity to
minimize migration of the transducer assembly in the body cavity; and
monitoring the EMF signal from the sensor transmitted by the
telemetric device.
39. The methad of claim 38 further comprising the steps of:
inserting a plurality of transducer assemblies into the body
cavity to form a sensor network, the plurality of transducer assemblies being
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spaced apart in different iocations Inside the body cavity by the extended at

least one coil member associated with each transducer assembly; and
monitoring the EMF signals from each of the transducer

assemblies to detect variations in the condition inside the body cavity.
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