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4 TRACT OF THE DISCLOSURE 

Implantable fluid management device is provided that include a catheter having at 
s one ire running therethrough and coupled to a sensor disposed at a distal portion of the 

ygcthter. Atleast a portion of the wire is removable coupled t theoathete tp alow a length of 
thete to be selectively adjusted, thereby Oroviding a trimmable sdnsin catheter The 

vice can be used for a variety of medical procedures, but ir An exemplary .mbodiment the 

6e is a ventricular catheter that is used to drain CSF from a patient's Yenricles.  

-. 1

-. c 

- 1, -



*FIG .2 

I



P/00/01I 
Regulation 3.2 

AUSTRALIA 

Patents Act 1990 

COMPLETE SPECIFICATION 

FOR A STANDARD PATENT 

ORIGINAL 

TO BE COMPLETED BY APPLICANT 

Name of Applicant: CODMAN & SHURTLEFF, INC.  

Actual Inventor: Meir Rosenberg 

Address for Service: CALLINAN LAWRIE, 711 High Street, 
Kew, Victoria 3101, Australia 

Invention Title: TRIMMABLE SENSING CATHETER 

The following statement is a full description of this invention, including the best method of 
performing it known to me:-



- la

FIELD OF THE INVENTION 

[0001] The present invention relates to an implantable fluid management device 

useful with a shunt system, and in particular it relates to trimmable hydrocephalus 

catheter having a pressure sensor disposed therein.  

5 

BACKGROUND OF THE INVENTION 

[0002] 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, colourless fluid that is primarily produced by the choroid 

10 plexus and surrounds the brain and spinal cord. CSF constantly circulates through the 

ventricle 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 

[0003] Hydrocephalus, which affects children and adults, arises when the normal 

drainage of CSF in the brain is blocked in some way. Such blockage can be caused 

by a number of factors, including, for example, genetic predisposition, 
intraventricular or intracranial hemorrhage, infections such as meningitis, head 

20 trauma, or the like. Blockage of the flow of CSF consequently creates an imbalance 

between the amount of CSF produced by the choroid plexus and the rate at which 

CSF is absorbed into the bloodstream, thereby increasing pressure on the brain, 
which causes the ventricles to enlarge.  

25 [0004] Hydrocephalus is most often treated by surgically inserting a shunt system 

that diverts the flow of CSF from the ventricle to another area of the body where the 

CSF can be absorbed as part of the circulatory system. Shunt systems come in a 
variety of models, and typically share similar functional components. These 

components include a ventricular catheter which is introduced through a burr hole in 
30 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., 
shunt valve, that regulates the one-way flow of CSF from the ventricle to the
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drainage site to maintain normal pressure within the ventricles. The ventricular 

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

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 

5 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 of the catheters.  

[0005] One common problem encountered with the use of ventricular catheters is the 
10 difficulty in measuring the pressure within the patient's ventricle. Many pressure 

sensors are available for measuring pressure, and these systems typically include a 
pressure-sensing element in communication with an electronic component. The 
electronic component is energized by an extra-corporeal energy source which 

transfers energy through an antenna which is part of the implant. The antenna usually 
15 serves to transmit data from the implant to the external interrogating device.  

Ventricular catheters can contain pressure sensors, however, the pressure-sensing 

element must be very small due to the size constraints within the ventricle. As a 
result, the ability to energize the sensor is limited. Accordingly, the use of any sensor 
with a ventricular catheter will require a tethered system, wherein a wire runs from 

20 the sensor to an antenna that is positioned at a location remote from the catheter. The 
use of a wire, however, will require the catheter to have a fixed length since cutting 
of the catheter would break the connection in the wires. These catheters, as a result, 
can only be made in a unitized fashion, requiring stocking of assemblies in various 
lengths. The extra length of the catheter can also make insertion more difficult.  

25 

[0006] Accordingly, there remains a need for a catheter which can be trimmed to a 
desired length, and which includes a sensor disposed therein.  

SUMMARY OF THE INVENTION 

30 [0007] The present invention provides an implantable fluid management device 
having an elongate catheter with a proximal end, a distal end, and a first inner lumen 
extending therethrough for connection to an implantable valve device, and a sensor
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disposed at a distal portion of the catheter. The device also includes at least one wire 

having a distal end coupled to the sensor and having a proximal end that is 

adapted to mate to an external component for powering and/or communicating with 

the sensor. The at least one wire extends along a length of the catheter such that the 

5 at least one wire is in fluid isolation from the inner lumen of the catheter and its 

separable from a proximal portion of the catheter whereby the length of the catheter 

is selectively adjustable.  

(0008] In one embodiment, the at least one wire can be disposed within a second 

10 lumen that is isolated from the first lumen. The second lumen can be formed within 

an invagination of the outer wall of the catheter extending within the first lumen. In 
an exemplary embodiment, the first lumen has a diameter that is greater than a 

diameter of the second lumen. The device can also include a slit extending through 

an outer wall of the catheter into the second lumen. The slit preferably extends along 
15 at least a portion of a length of the catheter from the proximal end thereof such that a 

portion of the at least one wire can be at least partially removed from the catheter 

through the slit to allow the length of the catheter to be selectively adjusted. In an 
exemplary embodiment, the slit extends along a distance less than the length of the 
catheter, and more preferably the slit extends along less than about one half of the 

20 length of the catheter. The slit can be substantially fluid impermeable in a closed 

position and/or the catheter can be made from a material that is self-sealing.  

[0009] In another embodiment, the at least one wire is disposed within a second 
lumen that is isolated from the first lumen and the slit extends into the second lumen.  

25 Alternatively, the at least one wire can be disposed within a secondary catheter that is 
coupled to the catheter. The secondary catheter is preferably adapted to be peeled 
apart from the catheter to allow the length of the catheter to be selectively adjustable, 
independent of the length of the secondary catheter.  

30
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The invention will be more fully understood from the following detailed 

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

[00 12] FIG. 1 is a perspective view of one embodiment of a ventricular catheter 

5 according to the present invention; 

[00 13] FIG. 2 is a cross-sectional view taken across line 2-2 of the ventricular 

catheter shown in FIG. 1; 

[0014] FIG. 3 is a perspective view of the ventricular catheter shown in FIG. I 

having a portion of the wire removed therefrom; 

10 [0015] FIG. 4 is a perspective view of the catheter and wire shown in FIG. 3 having a 

portion of the catheter removed therefrom; and 

[0016] FIG. 5 is a cross-sectional view of another embodiment of a ventricular 

catheter according to the present invention.  

15 DETAILED DESCRIPTION OF THE INVENTION 

[0017] The present invention generally provides an implantable fluid management 

device that includes a catheter having at least one wire running therethrough, which 

is coupled to a sensor disposed at a distal portion of the catheter. At least a portion of 

the wire is removably coupled to the catheter to allow the length of the catheter to be 

20 selectively adjusted, thereby providing a trimmable sensing catheter. The device can 

be used for a variety of medical procedures, but in 

25 

30



empary embodiment the device is a ventricular catheter that is used to drain CSF from a 
i 'patients ventricles. 

T' fluid management device is'particularly advantageous in that it p a catheter 
Sug a sensor and wiresrunning therethrough, yet it.can be triamed to a de ired length without 
ating ie operability of the wire(s). Current sensing catheters cannot be cht to:a desired 

length as this would result in a breakage of the wire connection. With ventrtular catheters, the 
necessary Iength of the catheter cannot be determined until the catieter Is implanted, thus 

aking it desirable to provide a catheter having an adjustable length. Accordigly, the present 
v on antageously provides a trimmable' sensing catheter.  

] .1 illustrates.an exemplary embodiment of an implantable fluid management device 
avintam elongate catheter 12 with a proximal end 12a, a distal end 12b, And at last one 

A ied-an l2o (FIG.2) extending therethrough. A sensor 14 can be disposed at a distal ortion 
the cathete -1. As shown in FIG. 2, the device 10 also includesat least e-wire 16 having 

shown) coupled to the sensor 14 and having a proximal end I a that is adapted o 
Mate to an: external component, such as an antenna 18, for powering and/or c6mmunicating With 

the sensor14. The at least one wire 16 extends along a length of the catheters12 such that the at 

'ltpst one wire 16 is in fluid isolation from the inner lumen 12c of the catheter 12, and.it is 

b nfrm aproximal portion 12a of the catheter 12 such that the length of the catheter 12 is 

4,4ev adjustable.  

The elongate catheter 12 can have a variety of configurations, but it s preferably a semi 
or exible elongate member having proximal and distal ends 12, I with at least on 

:-'iner lumin 12c extending therebetween. The proximal end 12a is preferabl open and it can be 

-:-.adapt ed ta cepnect to another medical device, such as a valve for controlling flbid flow from the 

Ter e distal end 12b, on the other hand, can either be open dor closed,1b preferably it is 

ced and includes a blunt end cap 20 formed thereon to facilitate insertion and/orxnaging of 

the device The end cap 20 is advantageous in that it facilitates insertion df the device and t 

ts the distal tip of an insertion device, such as a rigid stylet (not show), from penetrating 

- .the distal erd 12b of the catheter 12. The end cap 20 can also optionally be fprmed from a radio

41



S &pa material to facilitate imaging of the catheter 12. The catheter 12 carl so include one r 
Iluid-ery ports (not shown) formed in the sidewall thereof and in cor nunication with 

r n 12 to allow fluid to. flow into the catheter 12i 

21] The dimensions of the catheter 12 can also vary depending n the int ended use, but 
prefprably tbe catheter 12 has a length 4e that is sufficient to allow at least the distal portion 12b 

04e6 ceter iato be implanted in a patient's.ventricles, while t prdximai portion 12a can 
i=refom. The catheter 12 should, however, include excess length to allow the catheter 

* j9to be t irnxmed to the appropriate size after implantation of the distal portion 12b of the 
er 1 in the patient's ventricles. In an exemplary embodiment, the length ei in the range 

- aou I) cm to 20 cmi and more preferably it is about 15 cm.  

] A person skilled in the art will appreciate that the catheter 12 can have virtually any 
ra ii shape, and size, and that it can be adapted for use in a variety #f medical 

li~vc 1-0al~l dureaseso .  

] The device 10 also includes a sensor 14 disposed at a distal end of th catheter 12 for 
z&suring and/or communicating conditions present within and/or around th catheter 12. The 

J4-an be disposed on any portion of the catheter 12, and virtually any type of sensor can 
S1 with the device 10. In an exemplary embodiment, however, the sems.r 14 is preferably a 

e s nsor that is adated to measure the pressure present around and/obr within the catheter 

and mpr9 preferably the sensor 14 is positioned at a location where it is effectiie to measure 

thepressu within the patient's ventricles, rather then the pressure within th lumen 12c of the 

- thetr 12.. This is desirable as the fluid flow through the catheter lumen 1i is not always 

sk 6ieof the pressure Within the ventricles. For example, blockage.can eocnr in the fluid

- tryport in the. catheter 12 as a result of tissue ingrowth or debris, thereby idering the flow 

the catheter 12' Accordingly, the pressure sensor 14 is referaby disposed on an 

S t W-siirf ce of the catheter 12, or it is embedded within the walls and/or nd cap 20 of the 

ather 12 sc that it is effective to measure the pressure surrounding the theater 12, While 

irtui.aly anysensor can be used, suitable sensors can be obtained from Mill r of Houston, 

-6-



* , TTU A person skilled in the art will appreciate that virtually any gensor can be used to sense a 

* ~vrley of conditions.

[0024 The device 10 further includes at least one wire 16 having a distal end (not shown) that s 

Sate d to the sensor 14, and a proximal end 16a that extends from the proximal end 12a of the 

c theer 11 and that is adapted to couple to an external component for Powerbg and/or 

c -municating with the sensor, such as antenna 18 which receives energy tQ owner the sensor 

14 The wire(s) 16 can be disposed in any portion of the catheter I , but it s1 "ud be in fluid 

iolatibn from the inner lumen 12c of the catheter 12 to prevent the wire(s) 16 froin cording or 

o0.owise interfering with use of the device 10. In one embodiment.(not sho n), the wire(s) 16 

;c iMcludeptective coating disposed thereon for protecting the wire(s) 16 froi any fluid 

iflpwviag: tlfoi gh the lumen 12c. In another embodiment, shown in FG. 5, th6 wire(s) i6'can be 

sposedithina separate catheter 13'.that is mated to catheter 12' in a way at will allow the 

scdiid catcher 13' to be peeled apart from the first catheter 12', thus allowing the length of the 

th1fer 12' to be selectively adjusted.  

0025] In ah exemplary embodiment, however, the wire(s) 16 are embeddedlin the wall of the 

~theter 12 uchi that they are disposed within a second lumen 12d that is separate from the firt 

n1, as shown in FIG .2. The second lumen 12d, which sbo*ld extenzfrom the sensor 14 

t roih the entire length of the catheter 12, can be formed using a varietyofechniques. In one 

boiment, the second lumen 12d can be formed by extruding the catheter 2 around the 

(s) 16 ring manufacturing, e.g., as an invagination of the outer wall of'the catheter 12 

19teding within the first lumen 12c. Alternatively, the second luihen 12d cin be formed as an 

i*t luren 12d that is adapted to later receive wire(s) 16 therein, Regardldss of the.  

rhanufacturing technique, the second lumen 12d preferably has a diameter that is substantially 

first lumen 12c to allow a sufficient amount o luid to flow 

thr~.ghtle.fist lumen I2c-.without interference from the second lumen .12d, whichma protrude 

oriwha into the first lumen 12c, as shown. In an exemplary embodinent, he diameter d f 

taiit Iume 12c is In the range of about . mm to 2.0 mm, and mor preerablyitis about 

=mm, and the diameter d2 of the second lumen is in the range of about 50 prno 250 sm0. A 

4 person silled in the art will appreciate that a variety of other technique ca be used to couple pdi liIi ah;-b 

7:-~



h* ftter(s) to the catheter 12 such that they are at least temporarily separable from the 
c.th1ter 12 to ow the catheter 12 to be trimmed.  

[C6] The proximal-end 16a of the wire(s) 16-can mate to a variety of exteral components for 
g and/or communicating with the sensor 14. In an exemplary embodfinent, however, the 
16 aremated to an dxternal antenna 18 for receiving power to energize the sensor 14.  
enna 8 can have virtually any configuration, but it is pieferably adapfed to be.implanted 

Sala6cati n within the patient's body that is adjacent to the implant site of thi catheter 12.  

Vhe the catheter 12 is used as a ventricular. catheter, the antenna 18 can, fof example, be 

iffiplanted between the-patient's scalp and skull. The use of an external pteia 18 for receiving 

ei1eyadvantageously allows the use of a sensor 14 having a relatively ma iize 

[0027] As previously stated, the device 10 also includes a technique that allotvs at least a portion 

e wir(s) to be separated from the -catheter 12 to allow the catheter 12 to be cut. While a 

Vaet of techniiues can be used to provide this feature, in one embodiment the catheter 12 can 

iJc ue a slit 22 formed therein for allowing the wire(s) 16 to be passed throw the slit 22. In an 

'exemplar embodiment, the slit 22 extends through the wall of the catheter 12 such that it is in 

cismunictin with the second inner lumen.12d containing the wire(s) 16. 1e slit 22 

es tthe proximal eud 12a of the catheter 12, and it can extend along W or only a portion 

tthe remainder of. the catheter 12. In an exemplary embodiment, the slit 22 extends along less 

than bout one half of the lbngth le of the catheter 12. This is particularly de stable as it reduces 

thes likelihood of bodily fluids and/or humidity entering through the slit 22 and coming into 

contact wh the sensor 14. It is also desirable to prevent bodily fluids aid/o humidity frorn 

ng ino-contact with the.wire(s) 16, thus the slit 22 is preferably substantially fluid 

rmeable in a closed position. That can be achieved by providing a cate 12 that is forrned 

material, such as a silicone rubber, that is self-sealing. Alternatively, Ir in addition, the 

sl 22 cali include a coating disposed therein to facilitate sealing of the slit 22 when the wire(s) 

16 anote tending therethrough. The wire(s) 16 and the sensor 14, as a su assembly, can also 
not extenthmdfo'I 

optlousllybe coated prior toimplantation into the catheter 12 to further protect ther from 

cming 11)tcon act with fluids. One example of a suitable material for coating the sub-assembly
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is Parylene@. A person skilled in the art will appreciate that a variety of other 

techniques can be used to allow the wire(s) 16 to be removably coupled to the 

catheter 12.  

5 [0028] FIGS. 3 and 4 illustrate the device 10 in use. As shown in FIG. 3, once the 

distal portion 12b of the catheter 12 is implanted in a patient's ventricle (not shown), 

the wire(s) 16 can be pulled through the slit 22 starting at the proximal end 12a of the 

catheter 12. The remaining proximal portion 12a of the catheter 12 that does not 

contain the wire(s) 16 can now be trimmed, e.g., using a cutting device, to a desired 

10 length. The wire(s) 16 can then be inserted back into the catheter 12 through the slit 

22, as shown in FIG. 4. The proximal end 12a of the catheter 12 is then able to be 

connected to another device, such as a valve for controlling fluid flow from the 

ventricle to the fluid drainage site.  

15 [0029] The device 10 can be formed from a variety of materials. In an exemplary 

embodiment, however, the catheter 12 is formed from a flexible, biocompatible 

material. Suitable materials include, for example, polymers such as silicones, 
silicone-like materials, such as polyethylene, and polyurethanes. The catheter 12 can 

also optionally be formed from a radio-opaque material.  

20 

[0030] 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.  

30
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The claims defining the invention are as follows: 

1. An implantable fluid management device including: 

an elongate catheter having a proximal end, a distal end and a first inner 

lumen extending therethrough for connection to an implantable valve device; 

5 a sensor disposed at a distal portion of the catheter; 

at least one wire having a distal end coupled to the sensor and having a 

proximal end that is adapted to mate to an external component for powering 

and/or communicating with the sensor, the at least one wire extending along a length 

of the catheter such that the at least one wire is in fluid isolation from the inner 
10 lumen of the catheter and wherein the at least one wire is separable from a proximal 

portion of the catheter whereby the length of the catheter is selectively adjustable 

prior to connection to the implantable valve device and independent of the at least 
one wire.  

15 2. The device of claim 1, wherein the at least one wire is disposed within a 
second lumen that is isolated from the first lumen.  

3. The device of claim 2, further including a slit extending through an outer 
wall of the catheter into the second lumen, the slit extending along at least a portion 

20 of a length of the catheter from the proximal end thereof such that a portion of the at 
least one wire can be at least partially removed nom the catheter through the slit to 
allow the length of the catheter to be selectively adjusted.  

4. The device of any one of claims I to 3, further including a slit extending 
25 through an outer wall of the catheter along at least a portion of a length of the 

catheter from the proximal end thereof such that a portion of the at least one wire.  
can be at least partially removed from the catheter through the slit to allow the length 
of the catheter to be selectively adjusted.  

30 5. The device of claim 4, wherein the at least one wire is disposed within a 
second lumen that is isolated from the first lumen and the slit extends into the second 
lumen.
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6. The device of any one of the preceding claims, wherein the at least one wire 

is disposed within a secondary catheter that is coupled to the catheter and that can be 

peeled apart from the catheter to allow the length of the catheter to be selectively 

adjustable, independent of the length of the second catheter.  

5 

7. The device of any one of claims 2 to 6, wherein the first lumen has a 

diameter that is greater than a diameter of the second lumen.  

8. The device of any one of claims 2 to 7, wherein the second lumen is formed 
10 with an invagination of the outer wall of the catheter extending within the first 

lumen.  

9. The device of any one of claims 3 to 8, wherein the slit extends along a 
distance less than the length of the catheter.  

15 

10. The device of claim 9, wherein the slit extends along less than about one 
half of the length of the catheter.  

I. The device of any one of claims 3 to 10, wherein the slit is substantially 
20 fluid impermeable in a closed position.  

12. The device of any one of claims I to 11, wherein the catheter is made from a 
material that is self-sealing.  

25 13. The device of any one of claims I to 12, wherein the catheter is formed 
from a flexible, biocompatible polymer.  

14. The device of any one of claims I to 13, wherein the catheter is formed 
from a silicone, silicone-like material or polyurthane polymer.  

30
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15. The device of any one of claims 1 to 14, wherein the sensor is disposed with 

a wall of the catheter such that the sensor is adapted to sense conditions present 

around the catheter.  

5 16. The device of any one of claims I to 15, wherein the sensor is a pressure 

sensor.  

17. The device of any one of claims I to 16, wherein the sensor has a diameter 

that is equal to or less than about 3mm.  

10 

18. An implantable fluid management device, substantially as described herein 

with reference to the accompanying drawings.  

15 

20
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