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ABSTRACT OF THE DISCLOSURE
A pressure sensing catheter having a pressure sensor and an antenna that is coupled

to the pressure sensor, e.g., by a connector, are provided. The pressure sensor can be

adapted to measure a pressure surrounding the catheter, and the antenna can be

5 adapted to telemetrically communicate the measured pressure to an external device. 

In an exemplary embodiment, the antenna, pressure sensor, and/or connector are 

hermetically sealed, e.g., by the catheter and/or a coating, to prevent the antenna, 

pressure sensor, and connector from coming into contact with fluid, thereby allowing 

the catheter to be permanently implanted or otherwise used for long term use.

10 Exemplary methods for manufacturing and using pressure sensing catheters are also 

provided.
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PRESSURE SENSING DEVICES

FIELD OF THE INVENTION

The present invention relates to ventricular catheters, and in particular to a

catheter device having a pressure sensor disposed therein and methods for using the

5 same.

BACKGROUND OF THE INVENTION

Hydrocephalus is a neurological condition that is caused by the abnormal 

accumulation of cerebrospinal fluid (CSF) within the ventricles, or cavities, of the 

brain. CSF is a clear, colorless fluid that is primarily produced by the choroid plexus 

10 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.

15 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 consequently creates an imbalance between 

20 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 enlarge.

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 

25 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 ultimate drainage site, and optionally a flow-control mechanism, e.g., 

30 shunt valve, that regulates the one-way flow of CSF from the ventricle to the 

drainage site to maintain normal pressure within the ventricles. The ventricular 

catheter typically contains multiple holes or pores positioned along the length of the

06/03/06,eh 15545.spc,2
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ventricular catheter to allow the CSF to enter into the shunt system. To facilitate catheter 

insertion, a removable rigid stylet, situated within the lumen of the ventricular catheter, 

is used to direct the catheter toward the desired targeted location. Alternatively, or in 

addition, blunt tip brain cannulas and peel-away sheaths have been used to aid placement 

5 of the catheters.

One common problem encountered with the use of ventricular catheters is the 

difficulty in measuring the pressure within the patient’s ventricle. One current technique 

involves placing a pressure sensor in line with the catheter and external to the ventricles 

such that the sensor communicates with the cerebrospinal fluid flowing through the 

10 catheter. As the pressure drop across the catheter is negligible, the sensor can measure 

pressure that resembles the intra-ventricular pressure. While this technique is 

advantageous in that it allows the use of a relatively large sensor, catheter blockage can 

impede the pressure sensed by the sensor, thus preventing an accurate measurement of 

intra-ventricular pressure from being obtained.

15 Accordingly, there remains a need for a catheter having a pressure sensor that is

effective to accurately measure a patient's ventricular pressure.

SUMMARY OF THE INVENTION

The present invention generally provides methods and devices for measuring 

20 pressure, and more preferably for measuring the intra-ventricular pressure. The methods 

and devices are particularly advantageous in that they provide a sensor assembly that is 

hermetically sealed, thereby allowing the device to be permanently implanted, and that 

can be effective to directly measure the intra-ventricular pressure, thus avoiding 

potentially inaccurate readings due to blockages occurring in the catheter.

25 In accordance with a first aspect of the present invention there is provided an

implantable valve, including: a valve housing adapted to receive fluid flow therethrough 

between a valve inlet and a valve outlet; a valve assembly disposed within the valve 

housing and adapted to control a rate of fluid flowing through the valve housing; and a 

sensor disposed within the valve housing and adapted to measure a pressure of fluid 

30 flowing through the valve housing, wherein the sensor is disposed within a pressure 

sensor assembly, the pressure sensor assembly disposed within the valve housing and 

being in fluid communication with the valve inlet and valve outlet, wherein the pressure 

sensor assembly includes a domed portion defining a reservoir therein, and wherein the 

sensor is adapted to measure a pressure of fluid flowing through the reservoir, and

02/12/1 l.dh-15545 - spccipg3 - jpw.3
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wherein the pressure sensor assembly includes a needle guard disposed therein and 

positioned between the domed portion and the sensor, the needle guard being adapted to 

protect the sensor from a needle being inserted through the domed portion.

In accordance with yet another aspect of the present invention there is provided

5 an implantable valve, including: a housing having a pressure sensor assembly and a 

valve assembly disposed therein, the pressure sensor assembly being adapted to measure 

a pressure of fluid flowing through the housing, and the valve assembly being adapted to 

control a rate of fluid flow through the housing, wherein the pressure sensor assembly 

includes a housing defining a reservoir formed therein for receiving fluid flow 

10 therethrough, the pressure sensor being adapted to measure a pressure of fluid flowing 

through the reservoir, and wherein the pressure sensor assembly includes a guard 

member disposed therein and adapted to protect the sensor from a needle being inserted 

through the housing.

In accordance with yet a further aspect of the present invention there is 

15 provided an implantable valve, including: a valve housing adapted to receive fluid flow 

therethrough between a valve inlet and a valve outlet; a valve assembly disposed within 

the valve housing and adapted to control a rate of fluid flowing through the valve 

housing; and a sensor disposed within the valve housing and adapted to measure a 

pressure of fluid flowing through the valve housing, wherein the sensor is disposed 

20 within a pressure sensor assembly, the pressure sensor assembly disposed within the 

valve housing and being in fluid communication with the valve inlet and valve outlet, 

and wherein the pressure sensor assembly includes a domed portion defining a reservoir 

therein and a washer that is adapted to seat the sensor, and wherein the sensor is adapted 

to measure a pressure of fluid flowing through the reservoir.

25 In one embodiment, a pressure sensing catheter is provided having an elongate

body with an inner lumen extending at least partially therethrough, and at least one fluid

entry port formed therein in fluid communication with the inner lumen. A distal portion 

of the catheter can include a pressure sensor having at least a portion that is exposed to 

an external environment surrounding the elongate body such that the pressure sensor is 

30 effective to measure a pressure of the external environment. In an exemplary 

embodiment, the pressure sensor is positioned distal to the fluid-entry port(s). The 

catheter can also include an antenna that is coupled to

02/12/1I,dh-I5545 - spccipg3 - jpw.a
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the pressure sensor and that is adapted to communicate a measured pressure from the 

pressure sensor to an external device.

The pressure sensor can be coupled to the catheter using a variety of 

techniques. In certain exemplary embodiments, the pressure sensor can be mated to 

5 an external surface of the distal portion of the elongate body, or it can be disposed 

within a recess formed in an external surface of the elongate body. In other 

exemplary embodiments, the pressure sensor can be embedded within the elongate 

body, and the elongate body can include an opening formed therein for exposing at 

least a portion of the pressure sensor to an external environment. In yet another 

10 exemplary embodiment, the pressure sensor can be embedded within a distal tip of 

the elongate body, and a portion of the pressure sensor can protrude beyond the distal 

tip of the elongate body to measure a pressure of an external environment. In other 

aspects, the pressure sensor can be disposed within the inner lumen of the elongate 

body, and the elongate body can include an opening formed therein for exposing at 

15 least a portion of the pressure sensor to an external environment. In yet another 

embodiment, the elongate body can include a second inner lumen extending 

therethrough, and the pressure sensor can be disposed within the second inner lumen 

of the elongate body. In this embodiment, the elongate body preferably includes an 

opening formed therein and extending into the second inner lumen for exposing at 

20 least a portion of the pressure sensor to an external environment.

The antenna that is coupled to the pressure sensor can also have a variety of 

configurations, and it can be disposed within, embedded within, positioned around, 

or positioned external to the catheter. In one exemplary embodiment, the antenna is 

in the form of a coil and it is disposed within the lumen of the catheter or a second 

25 lumen formed in the catheter, embedded within the catheter, or disposed around the 

catheter. In another exemplary embodiment, the antenna can be separate from or 

external to the catheter to allow the antenna to be positioned a distance apart from the 

catheter. The antenna can, however, be coupled to the catheter by a connector that 

extends from the antenna to the catheter to connect the antenna to the pressure

30 sensor.

In other aspects, at least a portion of the pressure sensing catheter can include

a biocompatible fluid-impermeable coating for hermetically sealing the pressure

06/03/06,eh!5545.spc,4



20
06

20
09

51
 

06
 M

ar
 2

00
6 -5 -

sensor, the antenna, and/or a connector extending between the pressure sensor and 

the antenna. In one exemplary embodiment, the pressure sensor, antenna, and the 

connector extending therebetween can be coated to form a hermetically sealed sensor 

assembly. In other embodiments, only a portion of the pressure sensor, the antenna,

5 and/or the connector can be coated. For example, a portion of the pressure sensor 

that is configured to be exposed to fluid during use can be coated. In yet another 

embodiment, the catheter can be coated such that any portion of the pressure sensor, 

the antenna, and the connector exposed to an external environment are coated. 

Where the catheter is coated, the fluid-entry ports formed in the catheter are

10 preferably clear from any coating that would otherwise prevent fluid flow 

therethrough. The particular coating used can also vary, but in one exemplary 

embodiment the coating is a solvent-based silicone.

Exemplary methods for measuring intra-ventricular pressure are also 

provided. In one embodiment, a distal portion of a catheter having a pressure sensor 

15 is positioned within a patient’s ventricle, and an antenna coupled to the pressure 

sensor is positioned adjacent to a patient’s scalp. The antenna can be coupled 

directly to the catheter, or it can be separate from and external to the catheter while 

still maintaining communication with the sensor. A reading of a ventricular pressure 

surrounding the catheter can then be obtained from the pressure sensor, and the 

20 reading can be communicated, e.g., telemetrically, to an external device.

Methods for manufacturing intra-ventricular pressure sensor devices are also 

provided. In one exemplary embodiment, a catheter is formed having a distal end 

with a pressure sensor. At least a portion of the pressure sensor can be exposed to an 

external environment such that the pressure sensor is adapted to measure a pressure 

25 surrounding the catheter. The catheter can also include an inner lumen extending 

therethrough, at least one fluid-entry port formed therein and in fluid communication 

with the inner lumen, an antenna coupled to the pressure sensor and adapted to 

communicate a measured pressure to an external device, and a connector extending 

between the pressure sensor and the antenna.

30 The catheter can have a variety of configurations, and the particular methods

for manufacturing the catheter can vary depending on the configuration. For

example, the method for manufacturing the catheter can vary depending on whether

06/03/06,eh!5545.spc,5
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the antenna is disposed within, embedded within, disposed around, or positioned 

external to the catheter. Where the antenna is external to the catheter, in one 

exemplary embodiment the catheter can be extruded with the connector disposed 

therein and extending from the catheter to couple to the antenna. Alternatively,

5 where the antenna is embedded within the catheter, the catheter can be extruded with 

the antenna and at least a portion of the connector disposed therein. In other 

embodiments, the connector can be disposed within a slot formed in a sidewall of the 

catheter and extending along at least a portion of the length thereof. The method of 

manufacturing the catheter can also vary depending on the configuration of the

10 pressure sensor. In one exemplary embodiment, the catheter can include a bullet

shaped tip that is coupled to a distal end thereof, and at least a portion of the pressure 

sensor can be disposed within the bullet-shaped tip. In another exemplary 

embodiment, the catheter can be manufactured by coupling the antenna, connector, 

and pressure sensor to form a sensor assembly, coating the sensor assembly such that 

15 it is fluid-impermeable, and coupling the sensor assembly to the catheter. The sensor 

assembly can be coupled to the catheter by, for example, attaching the sensor 

assembly to an external surface of the catheter, or positioning some of all of the 

sensor assembly in cut-outs, slots, or recesses formed in the catheter.

In another exemplary embodiment, an implantable valve is provided having a

20 valve assembly disposed therein for controlling a rate of fluid flow through a valve 

housing, and having a sensor disposed therein for measuring a pressure of fluid flow 

through the valve housing. The sensor can have a variety of configurations, but in 

one embodiment the sensor can be coupled to an antenna that is adapted to 

communicate a sensed pressure to an external reading device. In an exemplary

25 embodiment, the sensor and antenna are coated with a fluid-impermeable coating.

In another embodiment, the sensor can be disposed within a pressure sensor 

assembly, and the pressure sensor assembly can be disposed within the valve housing 

in fluid communication with a valve inlet and valve outlet. The pressure sensor 

assembly can include, for example, a domed portion defining a reservoir therein, and 

30 the sensor can be adapted to measure a pressure of fluid flowing through the 

reservoir. In one exemplary embodiment, the pressure sensor assembly can include 

an inlet tube adapted to receive fluid flowing into the valve inlet, and an outlet tube

06/03/06,ehl5545.spc,6
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adapted to deliver fluid to the valve outlet. The valve assembly can be disposed 

between the outlet tube of the pressure sensor assembly and the valve outlet.

In other aspects, the pressure sensor assembly can include a needle guard 

disposed therein and positioned between the domed portion and the sensor. The 

5 needle guard can be adapted to protect the sensor from a needle being inserted 

through the domed portion. In one exemplary embodiment, the needle guard can 

include an opening formed therein and adapted to expose a portion of the sensor to 

fluid flowing through the reservoir. In another embodiment, the pressure sensor 

assembly can include a washer that is adapted to seat the sensor. The sensor can be 

10 coupled to a coiled antenna that is adapted to be received within a central opening 

formed in the washer.

An exemplary method for measure ventricular pressure is also provided and 

includes 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 

15 implantable valve, and coupling a valve outlet formed on the valve to a drainage 

catheter such that fluid flows from the ventricle through the valve to the drainage 

catheter. A rate of fluid flowing through the valve can be controlled by a valve 

assembly disposed within the implantable valve. The method can also include 

obtaining a pressure measurement of the pressure flowing through the valve using a 

20 pressure sensor disposed within the valve. In an exemplary embodiment, wherein 

the pressure measurement is obtained telemetrically by positioning a reading device 

in proximity to the valve.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be more fully understood from the following detailed

25 description taken in conjunction with the accompanying drawings, in which:

FIG. 1 is a perspective view of one exemplary embodiment of a pressure 

sensing catheter having an external antenna;

FIG. 2 is a cross-sectional view of another exemplary embodiment of a 

pressure sensing catheter having an internal antenna;

30 FIG. 3 is a cross-sectional view of one embodiment of a distal portion of a

pressure sensing catheter having a pressure sensor disposed on an external surface 

thereof;

06/03/06,ehl5545,spc,7
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FIG. 4 is a cross-sectional view of another embodiment of a distal portion of a 

pressure sensing catheter having a pressure sensor disposed within a recess formed 

therein;

FIG. 5 is a cross-sectional view of yet another embodiment of a distal portion 

5 of a pressure sensing catheter having a pressure sensor disposed within an inner 

lumen formed therein, and having a window formed therein for exposing a portion of 

the pressure sensor to an external environment;

FIG. 6 is a cross-sectional view of another embodiment of a distal portion of a 

pressure sensing catheter having a pressure sensor disposed within a second lumen 

10 formed in the catheter;

FIG. 7A is a cross-sectional view of yet another embodiment of a distal 

portion of a pressure sensing catheter having a pressure sensor disposed within a 

distal tip of the catheter;

FIG. 7B is a cross-sectional view of the distal tip of the catheter show in FIG.

15 7A taken across line B-B;

FIG. 8 is a top view of an exemplary embodiment of a pressure sensor;

FIG. 9A is a perspective view of an exemplary embodiment of an external 

radiofrequency telemetry system;

FIG. 9B is a perspective view of the external radiofrequency telemetry system 

20 of FIG. 9A in a disassembled configuration;

FIG. 10 is a cross-sectional view of a human brain showing one embodiment 

of a ventricular catheter having a distal portion implanted in the ventricle and having 

an external antenna positioned under the patient’s scalp;

FIG. 11 is a cross-sectional view of a human brain showing one embodiment

25 of a ventricular catheter having a distal portion implanted in the ventricle and having 

an internal antenna positioned under the patient’s scalp;

FIG. 12A illustrates another embodiment of a pressure sensor that is disposed 

within an implantable valve; and

FIG. 12B illustrates an exploded view of a portion of the implantable valve

30 shown in FIG. 12A.

06/03/06,eh!5545.spc,8
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DETAILED DESCRIPTION OF THE INVENTION

The present invention generally provides methods and devices for measuring 

pressure, and preferably for measuring an intra-ventricular pressure. The methods 

and devices are particularly advantageous in that they provide a hermetically sealed 

5 pressure sensing assembly that allows the device to be effective for long term or 

permanent implantation. In certain exemplary embodiment, the methods and devices 

are also particularly advantageous in that they can be effective to obtain a direct 

measurement of the intra-ventricular pressure, thereby avoiding potentially 

inaccurate readings due to a blockage occurring in the ventricular catheter. A person 

10 skilled in the art will appreciate that, while the device is described in connection with 

a ventricular catheter for measuring the intra-ventricular pressure, the device can be 

used for a variety of medical procedures to measure the pressure in a variety of 

cavities.

In one exemplary embodiment, the present invention provides a pressure

15 sensing catheter having a pressure sensor and an antenna that is coupled to the 

pressure sensor, e.g., by a connector. The pressure sensor can be adapted to measure 

a pressure surrounding the catheter, and the antenna can be adapted to telemetrically 

communicate the measured pressure to an external device. In an exemplary 

embodiment, the antenna, pressure sensor, and/or connector are hermetically sealed

20 by the catheter and/or a coating to prevent the antenna, pressure sensor, and 

connector from coming into contact with fluid, thereby allowing the catheter to be 

permanently implanted or otherwise used for long term use. The catheter and/or 

coating are also particularly effective to prevent damage to the components due to 

the corrosive in-vivo environment. The catheter and/or coating should not, however,

25 interfere with the ability of the pressure sensor to sense the pressure of fluid in 

contact therewith. Exemplary catheter configurations are discussed in the various 

embodiments described and illustrated herein, however a person having ordinary 

skill in the art will appreciate that the pressure sensing catheter can have a variety of 

other configurations. Moreover, the pressure sensor, antenna, and connector can be

30 incorporated into virtually any catheter or other device.

FIG. 1 illustrates one exemplary embodiment of a pressure sensing catheter

10. As shown, the catheter 10 has a generally elongate body 12 with proximal and

06/03/06,eh 15545.spc,9
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distal ends 12a, 12b and an inner lumen 12c extending therethrough for 

accommodating fluid flow. The inner lumen 12c preferably terminates just proximal 

to the distal end 12b such that the distal end 12b is closed. The proximal end 12a can 

be open and it can be adapted to couple to another medical device, such as a valve

5 for controlling fluid flow from the catheter 10. The catheter 10 can also include at 

least one fluid-entry port 14 formed in a sidewall thereof and extending into the inner 

lumen 12c. The location, quantity, and size of the fluid-entry ports 14 can vary, but 

they should be adapted to allow fluid to flow therethrough and into the inner lumen 

12c.

10 The elongate body 12 that forms the catheter 10 can have virtually any

configuration, shape, and size. Preferably, the elongate body 12 has a length I that is 

sufficient to allow at least the distal portion 12d to be implanted in a patient’s 

ventricles, while the proximal portion 12p can extend therefrom to connect to another 

medical device, such as a valve. The elongate body 12 can also be formed from a

15 variety of materials. In an exemplary embodiment, however, the body 12 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 body 12 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

20 listed herein and that a variety of other biocompatible materials having the 

appropriate physical properties to enable the desired performance characteristics can 

be used.

As is further shown in FIG. 1, the catheter 10 also includes a pressure sensor 

16 that is adapted to measure a pressure of an external environment, e.g., the pressure 

25 in the ventricle, surrounding the catheter 10, and an antenna 18 that is adapted to 

communicate the measured pressure to an external device. The pressure sensor 16 

and the antenna 18 can be coupled to one another using a variety of techniques, but 

in the embodiment shown in FIG. 1 a connector 20 extends between the pressure 

sensor 16 and the antenna 18.

30 Exemplary embodiments of a pressure sensor 16, connector 20, and antenna
18 are described in more detail in U.S. Patent No. 5,321,989, U.S. Patent No.

5,431,057, and EP Patent No. 1 312 302. These references are hereby incorporated

06/03/06,ehl5545.spc,10
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by reference herein in their entirety. In general, the pressure sensor 16 can be formed 

on a microchip, as shown in FIG. 8. The size of the pressure sensor 16 can vary, but 

in one exemplary embodiment the pressure sensor 16 has a length of about 7 mm and 

a width of about 1 mm. The connector 20 that mates the pressure sensor 16 to the

5 antenna 18 can also vary, but in an exemplary embodiment the connector 20 is a gold 

wire or other conductive element. The antenna 18 can also have a variety of 

configurations, but in an exemplary embodiment the antenna 18 preferably has a 

coil-shaped configuration. In particular, as shown in FIG. 1, the antenna 18 is 

formed into a substantially circular coil. Another embodiment of an antenna 38 is

10 shown in FIG 2, and in that embodiment the antenna 38 is wrapped around the 

elongate body 12 to form a substantially cylindrical coil. The coil configuration will 

allow the antenna 18, 38 to function with an external device, such as the radio

frequency telemetry device 100 shown in FIG. 9A and 9B. The telemetry device is 

described in more detail in EP Patent No. 1 312 302.

15 Continuing to refer to FIG. 1, the particular configuration of the pressure

sensor 16, connector 20, and antenna 18 with respect to the catheter 10 can vary. In 

the embodiment shown in FIG. 1, the pressure sensor 16 is disposed within a cut-out 

or recess 22 formed in the elongate body 12 adjacent to the distal end 12b. The 

recess 22 can extend partially through the elongate body 12, or it can extend fully

20 through the elongate body 12 such that it is in communication with the inner lumen 

12c. The position of the recess 22 can vary, but in an exemplary embodiment the 

recess 22 is formed distal of the distal-most fluid entry port 14. Such a configuration 

allows the pressure sensor 16 to be fully positioned within the ventricle to obtain an 

accurate reading.

25 As further shown in FIG. 1, the connector 20 is disposed within an elongate

slot 24 formed in the elongate body 12 and extending proximally from the recess 22. 

A proximal portion of the connector 20 extends from the elongate slot 24 to mate to 

the antenna 18. As shown, the antenna 18 is not attached to the elongate body 12, 

but rather it is separate from the elongate body 12 and it is coupled to a proximal end

30 of the connector 20. Such a configuration allows the antenna 18 to be positioned a

distance apart from the elongate body 12. For example, when the pressure sensing 

catheter 10 is implanted in a patient’s ventricle, the antenna 18 can be positioned just

06/03/06,eh 15545.spc, 11
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undemeath the patient’s scalp. This will allow an external device to be placed 

adjacent to the antenna 18 to telemetrically communicate with the antenna 18 and 

receive a pressure reading obtained by the pressure sensor 16, as will be discussed in 

more detail below. The elongate slot 24 also allows the connector 20 and antenna

5 18 to optionally be separated from the elongate body 12 if necessary. For example,

the antenna 18 may need to be positioned a particular distance away from the 

elongate body 12, or the elongate body 12 may need to be trimmed, in which case an 

additional portion of the connector 20 can be removed from the slot 24.

As indicated above, the pressure sensor 16, connector 20, antenna 18, and/or

10 the elongate body 12 can also include a coating that is adapted to hermetically seal 

all or at least a portion of the pressure sensor 16, connector 20, and antenna 18. The 

coating can be applied to only a portion of the pressure sensor 16, connector 20, and 

antenna 18 that will be exposed to fluid within the patient’s ventricle, or it can be 

applied to each of the pressure sensor 16, connector 20, antenna 18, and optionally

15 the elongate body 12. In the embodiment shown in FIG. 1, the pressure sensor 16, 

connector 20, and antenna 18, hereinafter collectively referred to as the sensor 

assembly, are preferably pre-coated prior to coupling the sensor assembly to the 

elongate body 12. Once coated the pressure sensor 16 can be positioned within the 

recess 22 and the connector 20 can be positioned within the slot 24. An adhesive or

20 other mating technique can optionally be used to affix the pressure sensor 16 within 

the recess 22, and optionally to affix the connector 20 within the slot 24. Any 

adhesive or other mating technique can be used to attach the connector 20 to the 

elongate body 12, however, if desirable it should be configured to allow the 

connector 20 to be tom away from the body 12 if necessary.

25 Alternatively, or in addition to pre-coating, the catheter 10 can be coated after

the sensor assembly is coupled to the elongate body 12 to form a protective sheath 

over the sensor assembly. The fluid-entry ports 14 should, however, either 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 and into the

30 inner lumen 12c. In other embodiments, only certain components of the sensor 

assembly can be coated. A person skilled in the art will appreciate that a variety of 

other techniques can be used to hermitically seal the pressure sensor 16, connector

06/03/06,eh 15545. spc, 12
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20, and antenna 18.

The material used to form the coating 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

5 polymer that will adhere to the components to which it is applied to, and suitable 

techniques for applying the coating include spray-coating or dip-coating.

FIG. 2 illustrates another exemplary embodiment of a pressure sensing 

catheter 30. The catheter 30 is similar to catheter 10 in that it includes an elongate 

body 32 having proximal and distal ends 32a, 32b with an inner lumen 32c extending 

10 therebetween, and several fluid entry ports 34 formed in a distal portion 32d of the 

elongate body 32 and in fluid communication with the inner lumen 32c to allow fluid 

to flow therethrough. The catheter 30 also includes a pressure sensor 36 that is 

disposed within the distal end 32b of the elongate body 32 and a connector 40 that 

extends from the pressure sensor 36 to mate to an antenna 38. The pressure sensor 

15 36 and connector 40 can be coupled to the elongate body 32 as previously described,

or they can have a variety of other configurations as will be described in more detail 

with respect to FIGS. 3-7B.

The embodiment shown in FIG. 2 differs from the embodiment shown in 

FIG. 1 in that the antenna 38 is not separate from and external to the elongate body 

20 32, but rather it is coupled to a proximal portion 32p of the elongate body 32. In

particular, the antenna 38 is formed into a cylindrical-shaped coil and is embedded 

within the elongate body 32. This can be achieved by molding the elongate body 32 

around the antenna 38. Preferably, the connector 40 is coupled to the antenna 38 and 

is also molded within the elongate body 32. In other embodiments, the antenna 38 

25 can be wrapped around the elongate body 32 or it can be disposed within the inner 

lumen 32c of the elongate body 32. An adhesive can optionally be used to fix the 

antenna 18 to the elongate body 12. In use, as will be discussed in more detail with 

respect to FIG. 11, the antenna 38, which is disposed in the proximal portion 32p of 

the elongate body 32, can be positioned outside of the ventricle and adjacent to the 

30 patient’s scalp to allow a reading to be obtained from the pressure sensor 32 via the 

antenna 38. Accordingly, in an exemplary embodiment, the antenna 38 should be 

positioned at a location on the elongate body 32 that allows for such positioning of

06/03/06,eh!5545.spc,13
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the antenna 38 during use.

As previously discussed with respect to FIG. 1, the catheter 30 can also 

include a coating applied to the pressure sensor 36, antenna 38, connector 40, and/or 

the elongate body 32. In an exemplary embodiment, the coating is only applied to 

5 the pressure sensor 36, or at least to the portion of the pressure sensor 36 that is 

exposed to the external environment, as the catheter forms a seal around the 

connector 40 and antenna 38 that are embedded therein. For example, the pressure 

sensor 36 can be disposed within a recess formed in the elongate body 32 and the 

coating can be applied over the recess to seal the pressure sensor 36 therein.

10 FIGS. 3-7B illustrate a variety of other configurations for the pressure sensor

and connector with respect to the elongate body. While not shown, the antenna 

coupling to the pressure sensor and connector can be coupled to the catheter, or it can 

be separate from and external to the catheter. While the pressure sensor and 

connector can have a variety of configurations, in certain exemplary embodiments

15 the pressure sensor and/or connector can be positioned within the inner lumen of the 

elongate body, positioned within a second inner lumen in the elongate body, 

embedded in the elongate body, disposed on an external surface of the elongate body, 

and/or positioned external to the elongate body. A coating can be applied to the 

pressure sensor and/or connector, however the particular technique used to

20 hermetically seal the pressure sensor and connector in each embodiment can depend 

on the configuration of the pressure sensor and connector, as well as the antenna 

(shown in FIGS. 1 and 2), and whether the antenna is internal or external to the 

elongate body. Exemplary methods for manufacturing each embodiment and for 

hermetically sealing the pressure sensor and connector are also disclosed. A person

25 skilled in the art will appreciate that the pressure sensing catheter can have a variety 

of configurations, and that the method for manufacturing the pressure sensing 

catheter can vary depending on the configuration.

FIG. 3 illustrates a distal portion 50 of an elongate body 52 of a pressure 

sensing catheter. In this embodiment, the pressure sensor 56 and the connector 58 

30 are disposed on an external surface of the elongate body 52. An adhesive or any 
other mating technique can be used to attach the pressure sensor 56 and connector 58 

to the body 52. In order to protect the sensor 56 and connector 58 from fluid

06/03/06,eh 15545. spc, 14
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damage, a coating can be applied to some or all of the device, as previously

described. For example, the sensor assembly can be pre-coated prior to coupling the 

sensor assembly to the elongate body 52. Alternatively, or in addition, a coating can 

be applied to the elongate body 52 after the sensor assembly is coupled thereto. The

5 fluid-entry ports should, of course, be free from any coating to allowing fluid to flow 

therethrough.

FIG. 4 illustrates another embodiment of a distal portion 60 of an elongate 

body 62 of a pressure sensing catheter. In this embodiment, which is similar to the 

embodiment shown in FIG. 1, the pressure sensor 66 is disposed within a recess 64

10 formed in the elongate body 62, and the connector 68 is embedded within the

elongate body 62. The connector 68 can be embedded in the elongate body 62 

during molding, and the recess 64 can either be molded into the elongate body 62 or 

it can be cut out of the elongate body 62 after the elongate body 62 is formed. The 

sensor 66 can thereafter be positioned within the recess 64. As previously discussed, 

15 an adhesive or any other mating technique can be used to retain the pressure sensor

66 within the recess 64. A coating can be applied to the pressure sensor 66 prior to 

and/or after disposing the pressure sensor 66 in the recess 64. The coating can 

optionally be applied to the elongate body 62 to seal the pressure sensor 66 within 

the recess 64.

20 FIG. 5 illustrates yet another embodiment of a distal portion 70 of an elongate

body 72 of a pressure sensing catheter. In this embodiment, the pressure sensor 76 

and the connector 78 are disposed within the inner lumen 70c of the elongate body

72. A cut-out or window 74 is formed in the elongate body 72 to expose a portion of 

the pressure sensor 76 that is adapted to measure the pressure surrounding the

25 catheter. A coating is preferably disposed over the sensor assembly before it is

disposed within the elongate body 72, and an adhesive of other mating technique can 

be used to attach the sensor assembly to the elongate body 72. A coating can 

optionally be applied to the window 74.

FIG. 6 illustrates another embodiment of a distal portion 80 of an elongate

30 body 82 of a pressure sensing catheter. In this embodiment, the elongate body 82 

includes first and second inner lumens 82a, 82b, and the pressure sensor 86 and the 

connector 88 are disposed within the second inner lumen 82b. A cut-out or window

06/03/06, ehl5545.spc, 15
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84 is formed in the elongate body 82 and is in communication with the second inner 

lumen 82b to expose a portion of the pressure sensor 86 that is adapted to measure 

the pressure surrounding the catheter. A coating can either be disposed over the 

sensor assembly before it is disposed within the second inner lumen 82b in the

5 elongate body 82, or a coating can be applied to the window 84 to seal the pressure 

sensor 86 and connector 88 within the elongate body 82.

FIGS. 7A and 7B illustrate another embodiment of a distal portion 90 of an 

elongate body 92 of a pressure sensing catheter. In this embodiment, the pressure 

sensor 96 is disposed within a bullet-shaped tip 95 that is attached to the elongate 

10 body 92. The bullet-shaped tip 95 and elongate body 92 can be manufactured as 

separate components and then coupled to one another to couple the pressure sensor 

96 to the connector 98. As shown in FIGS. 7A and 7B, the pressure sensor 96 is 

disposed within a recess 94 formed in the distal-most end of the bullet-shaped tip 95, 

however a portion of the pressure sensor 96 preferably extends from the recess 94 to 

15 allow the external pressure to be measured. An adhesive can be used to retain the 

pressure sensor 96 within the tip 95, and a coating can be applied to the pressure 

sensor 96 and/or the tip 95. As is further shown in FIG. 7A, the elongate body 92 

can be formed with the connector 98 embedded therein. An adhesive or other mating 

technique can then be used to attach the bullet-shaped tip 95 to the open distal end of 

20 the elongate body 92. The connector 98 disposed within the elongate body 92 can 

then be coupled to the pressure sensor 96 in the tip 95. Various techniques can be 

used to achieve a connection. For example, a portion of the connector 98 can be 

embedded or disposed within the tip 95 and connected to the pressure sensor 96 

when the pressure sensor 96 is inserted into the recess 94. The two portions of the 

25 connector 98 can then be mated to one another when the tip 95 is attached to the 

elongate body 92. Alternatively, the recess can extend completely through the distal 

tip 92 to allow a portion of the connector 98 extending from the elongate body 92 to 

be connected to the pressure sensor 96. As previously discussed, various techniques 

can be used to hermetically seal the pressure sensor 96, connector 98, and antenna

30 (shown in FIGS. 1 and 2).

FIGS. 10 and 11 shown exemplary methods for using a pressure sensing

catheter. Referring first to FIG. 10, a pressure sensing catheter 110 is shown having
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a pressure sensor 112 (labeled “chip”) disposed within the distal end thereof, and an 

external antenna 114 (labeled “coil”) positioned a distance apart from a proximal end 

thereof. As shown, the catheter 110 is positioned in the patient’s ventricle, and the 

external antenna 114 is positioned just beneath just beneath the patient’s scalp. The

5 pressure sensor 112, which is exposed to the fluid surrounding the catheter 110, can 

measure the ventricular pressure surrounding the catheter 110. An external device 

100, as shown, can then be positioned adjacent to the antenna 114 to telemetrically 

communicate with the antenna 114, and thereby obtain a reading of the measured 

pressure.

10 FIG. 11 similarly illustrates a pressure sensing catheter 120 having a pressure

sensor 112 disposed within a patient’s ventricle for measuring the intra-ventricular 

pressure. In this embodiment, the antenna 124 is internal to the catheter 120, 

however it is still positioned just beneath the patient’s scalp. The device 120 

therefore functions in the same manner described above with respect to FIG. 10.

15 A person skilled in the art will appreciate that, while the pressure sensor

assembly is shown and described in connection as being disposed within a distal 

portion of a ventricular catheter, the pressure sensor assembly can be disposed at a 

variety of other locations and in a variety of other devices. Multiple pressure sensor 

assemblies can also be used, and they can be disposed at various locations relative to

20 one another. The use of multiple pressure sensor assemblies can be particularly 

advantageous as it can allow a differential pressure of the system to be obtained. The 

differential pressure of the system should be equal to the operating pressure of the 

system, thus indicating whether the system is performing properly.

FIGS. 12A and 12B illustrate another exemplary embodiment of a pressure

25 sensor assembly that is disposed within a valve housing of an implantable valve 200 

that can be used to control fluid flow. As indicated above, the exemplary valve 200 

can be used alone or in combination with a pressure sensor assembly that is disposed 

in the distal portion of the ventricular catheter, and/or other pressure sensor 

assemblies disposed upstream or downstream of the valve 200.

30 While the implantable valve 200 can have virtually any configuration, and a

variety of implantable valves known in the art can be used, FIG. 12A illustrates an

implantable valve 200 having valve housing 202 with an inlet 202a and an outlet
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202b. The valve housing 202 can contain a valve mechanism 204 for controlling the 

flow of fluid from the inlet 202a to the outlet 202b, and a pressure sensor assembly 

206 for measuring a pressure of the fluid flowing through the valve 200, as will be 

described in more detail with respect to FIG. 12B. While the valve mechanism 204

5 and pressure sensor assembly 206 of the valve 200 are shown in-line with one 

another and with the inlet 202a and outlet 202b, and the pressure sensor assembly 

206 is positioned upstream of the valve 200, the valve 200 can have a variety of other 

configurations and the valve mechanism 204, pressure sensor assembly 206, inlet 

202a, and outlet 202b can be positioned at various locations relative to one another.

10 For example, the inlet 202a can extend at a right angle with respect to the pressure 

sensor assembly 206 such that the inlet 202a extends in a direction substantially 

transverse to a longitudinal axis of the valve 200. The valve mechanism 210 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,

15 4,595,390, 4,615,691, 4,772,257, and 5,928,182, all of which are hereby incorporated

by reference.

An exemplary pressure sensor assembly 206 is shown in more detail in FIG. 

12B, and as shown the pressure sensor assembly 206 can include a sensor housing 

208, a sensor 212, and a backing 216. The illustrated pressure sensor assembly 206 

20 also includes a needle guard 210 and a washer 214, as will be discussed in more 

detail below.

The sensor housing 208 can have a variety of shapes and sizes, but in the 

illustrated exemplary embodiment the sensor housing 208 has a generally hemi

spherical or domed portion 208a that defines a pumping reservoir therein. The

25 sensor housing 208 can also include an inlet tube 208c that couples to the inlet 202a 

of the valve 200, and an outlet tube 208d that couples to the outlet 202b of the valve 

200. When the sensor housing 208 is mated to the backing 206, the reservoir 

chamber defined by the housing 202 is sealed, thereby allowing fluid to flow from 

the inlet 202a of the valve 200, through the sensor housing 208, through the valve

30 210, and out the outlet 202b in the valve 200. The sensor housing 208 can also

include a flange 208b formed around a base of the domed portion 208a to allow the

device to be secured to tissue. For example, the flange 208b can include one or more
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suture holes formed therein for receiving suture to attach the flange 208b to tissue.

As mentioned above, the sensor housing 206 can include a sensor 212 

disposed therein. The sensor 212, which is similar to sensor 16 shown in FIG. 8, can 

be formed on a microchip which can be coupled to an antenna for communicating a

5 sensed pressure to an external device. As shown in FIG. 12B, the antenna has a 

substantially circular shape, and the microchip sensor is coupled to the antenna 

which can, fore example, be in the form of a gold microcoil. The sensor 212 can also 

include a fluid-impermeable coating disposed therearound, as previously described, 

to protect the sensor from fluid flowing through the sensor housing 208. While the

10 sensor 212 can be similar to sensor 16, the size of the sensor 212 can be larger than 

the size of sensor 16 due to the size of the housing 208. The size will vary depending 

on the valve 200, but in one exemplary embodiment the microchip sensor 212 has a 

size that is in the range of about 1 mm to 3 mm, and more preferably that is about 2.5 

mm . As previously indicated, exemplary embodiments of a pressure sensor and

15 antenna are described in more detail in U.S. Patent No. 5,321,989, U.S. Patent No. 

5,431,057, and EP Patent No. 1 312 302.

In use, the sensor 212, which is disposed within the sensor housing 208, is 

adapted to measure the pressure of fluid flowing through the sensor housing 208. In 

particular, the inlet 202a of the valve 200 can be coupled to a ventricular catheter for 

20 receiving fluid flow from the ventricles, and the outlet 202b can be coupled to a 

drainage catheter. As the fluid enters the sensor housing 208, the pressure of the 

fluid will apply a force to active sensor membranes formed on the sensor 212, 

thereby allowing the fluid pressure to be measured. The sensed pressure can be 

communicated, via the antenna, to an external reading device, such as device 100 
25 shown in FIGS. 9A and 9B.

As previously mentioned, and as further shown in FIG. 12B, the sensor 

assembly 206 can also include a washer 214. The washer 214 can be provided to 

seat the sensor 212, such that the washer 214 and sensor 212 are positioned against 

the backing 216. The washer 214 can also be configured such that the sensor 212 is 

30 sub-flush with the washer 214. Such a configuration may protect the sensor 212 
from potential damage when the domed portion 208a of the housing 208 is depressed 

to pump fluid through the housing 208, or to otherwise test the valve or clear the

06/03/06,ehl5545.spc,19



-20-

20
06

20
09

51
 

06
 M

ar
 2

00
6

valve from debris, etc.

As further shown in FIG. 12B, the sensor assembly 206 can also include a 

needle guard 210 for protecting the sensor 212. In particular, the needle guard 210 

can protect the sensor 212 from coming into contact with the domed portion 208a of 

5 the housing 208 when the domed portion 208a is depressed, as the needle guard 210 

can be positioned between the sensor 212 and the domed portion 208a. The needle 

guard 210 can also be provided to protect the sensor from a needle being inserted 

through the domed portion 208a of the sensor housing 208, thereby preventing 

potential damage to the sensor 212. A needle may be used to deliver or withdraw

10 fluid from the sensor housing 208. While the shape of the needle guard 210 can vary 

depending on the shape of the sensor assembly 206, in an exemplary embodiment, as 

shown, the needle guard 210 has a substantially planar, circular shape and it is 

adapted to be disposed between the domed portion 208a of the housing 208 and the 

sensor 212. The needle guard 210 can, however, include an opening formed therein

15 and positioned adjacent to the microchip sensor 212 to allow fluid flowing through 

the sensor housing 208 to come into contact with the sensor 212. In an exemplary 

embodiment, a flange or protective member is disposed over the opening, without 

blocking the opening from fluid flow, to prevent a user from accidentally inserted a 

needle through the opening. A person skilled in the art will appreciate that a variety 

20 of other techniques can be used to protect the sensor 212.

One skilled in the art will appreciate further features and advantages of the 

invention based on the above-described embodiments. Accordingly, the invention 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 

25 expressly incorporated herein by reference in their entirety.
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The claims defining the invention are as follows:

1. An implantable valve, including:

a valve housing adapted to receive fluid flow therethrough between a valve

5 inlet and a valve outlet;

a valve assembly disposed within the valve housing and adapted to control a 

rate of fluid flowing through the valve housing; and

a sensor disposed within the valve housing and adapted to measure a 

pressure of fluid flowing through the valve housing,

10 wherein the sensor is disposed within a pressure sensor assembly, the

pressure sensor assembly disposed within the valve housing and being in fluid 

communication with the valve inlet and valve outlet,

wherein the pressure sensor assembly includes a domed portion defining a 

reservoir therein, and wherein the sensor is adapted to measure a pressure of fluid 

15 flowing through the reservoir, and

wherein the pressure sensor assembly includes a needle guard disposed 

therein and positioned between the domed portion and the sensor, the needle guard 

being adapted to protect the sensor from a needle being inserted through the domed 

portion.

20

2. The implantable valve of claim 1, wherein the sensor is coupled to an 

antenna that is adapted to communicate a sensed pressure to an external reading 

device.

25 3. The implantable valve of claim 2, wherein the sensor and antenna are coated

with a fluid-impermeable coating.

4. The implantable valve of any one of claims 1 to 3, wherein the pressure 

sensor assembly includes a washer that is adapted to seat the sensor.

30

02/12/11,dh-15545 - claims -jpw.21



-22-

20
06

20
09

51
 

02
 D

ec
 20

11

5. The implantable valve of claim 4, wherein the sensor is coupled to a coiled 

antenna, and wherein the sensor and coiled antenna are adapted to be received within 

a central opening formed in the washer.

5 6. The implantable valve of any one of the preceding claims, wherein the

needle guard includes an opening formed therein and adapted to expose a portion of 

the sensor to fluid flowing through the reservoir.

7. The implantable valve of any one of the preceding claims, wherein the 

10 pressure sensor assembly includes an inlet tube adapted to receive fluid flowing into

the valve inlet, and an outlet tube adapted to deliver fluid to the valve outlet.

8. The implantable device of claim 7, wherein the valve assembly is disposed 

between the outlet tube of the pressure sensor assembly and the valve outlet.

15

9. An implantable valve, including:

a housing having a pressure sensor assembly and a valve assembly disposed 

therein, the pressure sensor assembly being adapted to measure a pressure of fluid 

flowing through the housing, and the valve assembly being adapted to control a rate 

20 of fluid flow through the housing,

wherein the pressure sensor assembly includes a housing defining a 

reservoir formed therein for receiving fluid flow therethrough, the pressure sensor 

being adapted to measure a pressure of fluid flowing through the reservoir, and

wherein the pressure sensor assembly includes a guard member disposed 

25 therein and adapted to protect the sensor from a needle being inserted through the 
housing.

10. The implantable valve of claim 9, wherein the pressure sensor assembly 

includes a pressure sensor that is coupled to an antenna.

30
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11. The implantable valve of claim 10, wherein the pressure sensor and the 

antenna include a coating disposed therearound such that the pressure sensor and 

antenna are fluid-impermeable.

5 12. An implantable valve, including:

a valve housing adapted to receive fluid flow therethrough between a valve 

inlet and a valve outlet;

a valve assembly disposed within the valve housing and adapted to control a 

rate of fluid flowing through the valve housing; and

10 a sensor disposed within the valve housing and adapted to measure a

pressure of fluid flowing through the valve housing,

wherein the sensor is disposed within a pressure sensor assembly, the 

pressure sensor assembly disposed within the valve housing and being in fluid 

communication with the valve inlet and valve outlet, and

15 wherein the pressure sensor assembly includes a domed portion defining a

reservoir therein and a washer that is adapted to seat the sensor, and wherein the 

sensor is adapted to measure a pressure of fluid flowing through the reservoir.

13. The implantable valve of claim 12, wherein the sensor is coupled to an

20 antenna that is adapted to communicate a sensed pressure to an external reading 

device.

14. The implantable valve of claim 13, wherein the sensor and antenna are 

coated with a fluid-impermeable coating.

25

15. The implantable valve of any one of claims 12 to 14, wherein the pressure 

sensor assembly includes a needle guard disposed therein and positioned between the 

domed portion and the sensor, the needle guard being adapted to protect the sensor 

from a needle being inserted through the domed portion.

30
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16. The implantable valve of claim 15, wherein the needle guard includes an 

opening formed therein and adapted to expose a portion of the sensor to fluid flowing 

through the reservoir.

5 17. An implantable valve, substantially as described herein with reference to the

accompanying drawings.

02/12/1 l.dh-15545 · claims- |pw,24
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