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(57) ABSTRACT

A system and method for intracranial access is disclosed. In
particular, a drill stop is shown providing a way to control
the penetration of a drill bit as an access hole into the brain
is being formed. Access to a desired location is achieved
using a catheter guide device. Also disclosed is a mechanism
by which multiple diagnostic and treatment devices can be
placed at a desired location in brain tissue without the need
for more than one access hole. A drainage catheter is
disclosed with a mechanism to allow both drainage and to
allow intracranial pressure measurement.

27

TV

RIRROINRININNNN




Patent Application Publication Dec. 2,2004 Sheet 1 of 6 US 2004/0243145 A1

/\22

2

NS [ T

Fig. 1h

2
20

9 10

o8 7 29
21 16

24 Fig. 1d 0

ig.

Fig. 1c 28
Fig. 1le
27
1 27 23 ’?
26 22

SIRRRIN
9




Patent Application Publication Dec. 2,2004 Sheet 2 of 6 US 2004/0243145 A1

37

Fig. 2 Fig 2b



Patent Application Publication Dec. 2,2004 Sheet 3 of 6 US 2004/0243145 A1

82
ﬁju_ 66 —
W2 s0

68|

|40
63

. -
| Flg. Je J\ 80

Fig. 3c 68 40

Fig. of



Patent Application Publication Dec. 2,2004 Sheet 4 of 6 US 2004/0243145 A1

75

160
162 Fig. 4e
f“’ P

Fig. 4d




Patent Application Publication Dec. 2,2004 Sheet 5 of 6 US 2004/0243145 A1

39

47 20. 52\[\ .59
_1/ 39
X\C}Y\\J | {u 47b/vﬁg. Sh

50 39
Fig. 59 | -
47 Fig. of

Fig. 5d Fig. Se
52 56
50—\ ~39
4 Vi s
y :
/ <
18
Rl sl 5
50 | j
!d 5d
4 || ey
%Z\/5C
A\ g |
220 49 Fig. Sb
<

Fig. 5a



Patent Application Publication Dec. 2,2004 Sheet 6 of 6 US 2004/0243145 A1

78
élé 5
18 G 7T
130
76
19 ! 159
o0 12160
[LU}\J\75 -
64
Figi 6a
|
3152
B¢ o Be 89 154
Ml
il

155 Fig. 6¢ 152



US 2004/0243145 Al

SYSTEM AND METHOD FOR INTRACRANIAL
ACCESS AND MONITORING

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This invention is related to and claims priority from
U.S. provisional application Ser. No. 60/475,056 filed on
May 30, 2003 entitled System And Method For Intracranial
Access, which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] Systems and methods are disclosed which are
directed to intracranial access for diagnostic as well as
therapeutic indications, specifically, an access system, a
ventricular catheter, a bolt insert assembly with a probe
guide and an introducer.

[0003] Access System: Drilling a Hole.

[0004] Twist drill devices presently used to drill a hole in
the skull have two shortcomings. One shortcoming is an
inability to stop drilling as soon as the drill bit has passed
through the skull. A second shortcoming relates to the
process of removing the bone material generated by drilling
a hole. The bone material must be carefully removed from
the drill site around the drill hole in a manner that minimizes
the material that falls back in the drill hole. It is important
that the drill bit is stopped immediately after the drill bit
passes through the skull. Any significant movement of the
drill bit beyond the skull will traumatize the brain. Currently,
a hand drill is used to drill a hole in the skull. A drill stop is
placed on the bit to act as a safety device. It prevents the
forward movement of the bit beyond a defined point and
thereby prevents the drill bit from inadvertently plunging
into the brain as a result of continuing pressure on the drill
after the hole is completed. The drill stop cannot be precisely
located on the bit in a manner that causes the drill to stop
forward motion as soon as it passes through the skull. The
inability to precisely place the drill stop relates in part to the
fact that the surgeon does not know the exact thickness of the
skull. The drill stop allows the surgeons to partially drill
through the skull without risk of plunging. When the hole is
nearly complete, the drill stop is loosened and backed off to
allow additional forward movement so the bit can pass
through the skull. The surgeon continues to drill very
carefully until he senses that the tip of the drill bit has passed
through the bone. The sense of when the bit has passed
through the skull is not precise and therefore, the distance
the drill bit moves beyond the bottom of the skull is not
precise. Consequently, the drill bit may move more deeply
into the brain than desired. The present invention provides a
device that stops the drill bit as soon as it exits the skull and
does so in a manner that requires no specialized skill on the
part of the doctor.

[0005] Access System: Removing Bone Material Gener-
ated by Drilling.

[0006] A second problem in current methods used to drill
a hole in the skull relates to the removal of the bone material
that accumulates around the drill bit. The bone material
removed from the drill hole forms a sizable anthill-like pile
adjacent to the hole. At the end of the drilling process, the
doctor removes much of the bone material with a gauze cloth
and then removes the remaining material by rinsing the
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surrounding area. Some of the bone material is flushed into
the drill hole in this process. The present invention collects
bone material as it is produced, thus preventing an accumu-
lation of bone material around the drill hole. Removing the
bone material as it is produced eliminates the need to swab
and rinse the drill site.

[0007]

[0008] Once the hole is created, the surgeon typically
attempts to insert a ventricular catheter through the hole and
into a ventricle of the brain. The anatomy of the skull and
brain is such that an imaginary line perpendicular to the skull
at the point of a drill hole will pass through a ventricle. The
surgeon aims the catheter at the ventricle by orienting the
catheter as best he can so it enters the drill hole perpendicu-
lar to the skull. If the catheter is not properly orientated, the
catheter will miss the ventricle and require that the surgeon
withdraw the catheter and try again. Several prior art devices
have been described that direct the angle of entry of the drill
bit and or the catheter. The devices are cumbersome enough
that they have not been widely adopted. The present inven-
tion presents a device that directs the angle of entry of the
catheter and does so in a simple-to-use manner.

Access System: Targeting a Ventricle.

[0009] Therapy: A Catheter with a Standard Drainage
Capability.
[0010] One important aspect of any ventricular catheter is

that of providing a multiplicity of radial holes that lead to a
drainage lumen. Multiple holes reduce the likelihood that
brain tissue or blood clots will block the flow of cerebral
spinal fluid (CSF) into the drainage lumen. Prior art air-
column ventricular catheters are constrained in the number
of radial holes that can be offered. Generically, an air-
column catheter consists of a flaccid bladder mounted to a
catheter wherein an air column extends from the bladder to
an external transducer. The bladder volume responds to
changing ICP according to P, V,=P,V,. The bladder used by
the prior art air-column is an external sleeve, which is
essentially a tube with its ends bonded to the catheter body.
The tube-shaped bladder covers the catheter body beneath it.
The bladder length required by the system for proper opera-
tion is such that the bladder covers most of the catheter body
that resides in a ventricle. The room available for the
placement of radial drainage is therefore very limited. The
predicate air-column catheter presents 4 radial holes vs. the
10-to 15 radial holes provided in a standard ventricular
catheter. An air-column catheter with a sleeve bladder,
therefore, has an inferior drainage capability compared to a
standard ventricular catheter now used.

[0011] In the present invention, the bladder is mounted
within the catheter. By placing the bladder within the
catheter, the entire surface of the catheter body in the
ventricle is available to provide radial hole access to the
main drainage lumen and thereby provide the same drainage
capability as a standard catheter.

[0012] Therapy Access: Placement of Monitoring Probes
and a Drainage Catheter Through one Drill Hole.

[0013] In the course of managing patients, some neuro-
surgeons find it helpful to measure parameters such as tissue
oxygen. A three-parameter device is presently available that
provides access for ICP, 02 and temperature probes. The
device does not include the ability to drain CSF. Removing
CSF is an important therapeutic procedure in that it provides
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additional volume within the skull into which traumatized
brain can expand. At this time, a first hole is drilled into the
skull for placement of the three-parameter device. A second
hole is then drilled in the skull to provide access for a
ventricular catheter. It is highly desirable to provide a
single-hole system that can provide access for multiple
monitoring probes such as ICP, oxygen and temperature and
also provide access for a ventricular catheter. Such a system
would avoid the need to drill a second hole.

[0014] Oxygen probes have a very specific placement
requirement. They must be placed in undisturbed tissue to
obtain accurate values. In the prior art, the ICP, O2 and
temperature sensors are placed straight down into the brain
through three parallel guide tubes. The oxygen probe is
isolated from tissue disturbed by the other two probes by
placing the oxygen probe deeper into the brain than the other
sensors. Since a ventricular catheter extends all the way
through the brain to a ventricle, a system that contemplates
the placement of a ventricular catheter and oxygen probe
through the same drill hole must cause the oxygen probe to
move laterally away from the track of the ventricular cath-
eter. As will be disclosed, the present invention provides an
element within a bolt that moves a probe laterally away from
the track of the ventricular catheter. Probes vary in their
diameter and physical properties and may not interact well
with an element designed to move the probe to one side. The
present invention uses an introducer with well-defined push-
ability and memory characteristics to carry a probe into the
brain, thus ensuring that all probes can successfully be
moved into undisturbed brain tissue.

[0015] The introducer can be laterally displaced by plac-
ing a deflector at the distal end of the guide tube. It can also
be displaced by use of a precurved introducer. Upon exiting
a guide tube, the memory of the precurved introducer causes
the introducer to move away from the guide tube in an arc.
A system that could place four functions, namely, O2,
temperature, ICP and a drainage catheter, through a single
skull hole would address a clear clinical need by avoiding
the need to drill a second hole. The present invention allows
all four functions to be placed in the brain through one drill
hole.

[0016]

[0017] At this time, neurosurgeons are considering the use
of other probes to properly manage the patient. Flow probes,
for example, are currently being used to track changes in
blood flow rates. In order to enable the disclosed system to
accept an additional probe without changing the diameter of
the hole drilled in the skull, the oxygen probe is placed in an
introducer that has an integrated temperature sensor. Tem-
perature is a necessary input into the oxygen instrument
since the oxygen value must be interpreted as a function of
temperature. Combining oxygen and temperature into an
introducer frees one probe port for use by another parameter
such as flow and does so without increasing the size of the
bolt and its companion drill hole.

[0018]

[0019] One object of the invention is to stop the forward
movement of a twist drill bit as soon as it passes through the
skull and to do so without requiring skill on the part of the
surgeon. The invention precisely stops the drill bit and does
so without any expertise on the part of the surgeon.

Adding a Third Parameter.

Objects and Advantages.
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[0020] A second objective of the invention is to collect
bone material removed from a drill hole as it is produced and
thereby avoid an accumulation of bone material that must be
removed from the drill site by swabbing and rinsing.

[0021] A third objective of the invention is to provide a
device that will guide the path of a ventricular catheter as it
enters the brain.

[0022] A fourth objective of the invention is to provide an
air-column catheter with a sufficient number of radial holes
leading to a drainage lumen that they provide an inflow area
typical of a standard catheter.

[0023] A fifth objective of the invention is to incorporate
the ability to pass multiple monitoring probes plus a ven-
tricular catheter through a single bolt and thereby avoid the
need to drill a separate hole for a ventricular catheter. This
objective requires that probes sensitive to disturbed tissue be
moved away from the ventricular catheter track and into
undisturbed brain tissue.

[0024] A sixth objective is to accomplish the preceding
objectives within the confines of a diameter typical of the
ventricular catheters now used.

[0025] A seventh objective of the invention to achieve a
low cost product by replacing some conventional design
elements with design elements that are less expensive to
manufacture.

BRIEF SUMMARY OF THE INVENTION

[0026] A cranial access system is disclosed that provides
a precision drill stop, collects bone material removed from
the skull, orients the axis of the drill hole so that it is
perpendicular to the skull and provides a catheter guide that,
when placed in the oriented drill hole, will guide the path of
a ventricular catheter toward a ventricle.

[0027] An air-column ventricular catheter is disclosed that
has its bladder mounted inside the catheter body to thereby
make the entire outer surface of the catheter available for the
formation of radial drill holes. The drainage holes provide a
drainage capability similar to that of conventional ventricu-
lar drainage catheters and do so in a standard size catheter.

[0028] A bolt and insert system is disclosed that makes
possible the introduction of four functions into the brain
through one drill hole. Two of the functions, ICP sensing and
CSF drainage, are incorporated into a catheter that is passed
through a bolt. The bolt provides insertion ports for two
other parameters, such as oxygen and temperature. Some
parameters must be placed in undisturbed brain tissue to
function properly. The system provides the ability to move
such a probe away from the track of the ventricular catheter
and into undisturbed tissue. The probes are placed in an
introducer to provide a consistent maneuverability charac-
teristic to the various probes that might be used. One version
of the introducer has a temperature sensor integrated into the
body of the introducer. It frees up one probe port and thereby
makes it possible to introduce another parameter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. la-h show a bone collection and drill stop
system.
[0030] FIG. 2a and 2b show a ventricular catheter guide.



US 2004/0243145 Al

[0031] FIG. 3a-c show a bolt insert system that receives
monitoring probes.

[0032] FIGS. 3c-d show the bolt insert system assembled
on a ventricular catheter.

[0033] FIG. 3e shows the placement of the assembly into
a bolt that is screwed into the skull.

[0034] FIGS. 4a, 4b, 4c and 4d show the insertion of an
introducer into the brain in a manner that moves an oxygen
probe away from the track of a ventricular catheter.

[0035] FIG. 5a shows a bladder within a perforated cage
situated at the distal end of the catheter and shows a
co-extensive placement of an air tube within the catheter
wall.

[0036] FIG. 5b shows a cross section of the catheter and
cage particularly showing the disposition of the bladder and
the air tube.

[0037] FIG. Sc, which is section 5S¢, shows a bladder in the
cage in its curved shape.

[0038] FIG. 5d, which is section 5d, shows a D shaped
bladder mount positioned against the cage wall.

[0039] FIG. 5e, which is section Se, shows a U shaped
channel in the catheter body and the air tube that is placed
therein.

[0040] FIG. 5fshows the air tube running inside the lumen
of the catheter.
[0041] FIG. 5g shows an air tube in communication with

a bladder mounted on the outside of the catheter.

[0042] FIG. 5h shows the cross section of a typical
two-lumen extrusion.

[0043] FIGS. 6a-¢ shows the incorporation of a tempera-
ture sensor into the introducer, particularly showing the
placement of the sensor wires on the outside of the catheter.

DETAILED DESCRIPTION OF THE
INVENTION

[0044] FIGS. 1a through 14 present a bone collection and
drill stop assembly 1. FIG. 14 shows a partial cross section
of the assembly. FIG. 1b shows the same assembly rotated
90 degrees. FIG. 1c¢ shows a plan view of a tripod assembly
1. FIG. 1d provides a section 1d-1d that shows a fork
element 9 in the tripod that is the upper stop of a spring 16.
The spring causes the bone collection device to stay in
constant contact with the skull.

[0045]

[0046] A tripod 28 is placed on a scalp 8 that has been
retracted to expose skull bone 7. The tripod has a drill guide
21 through which a drill 27 passes. The tripod drill guide
causes the drill guide axis to be aligned perpendicular to an
imaginary plane that is tangential to the skull at the drill hole
site. The anatomy of the head is such that the axis of the drill
guide 21 passes through a ventricle. The forward motion of
the drill 27 is constrained by a drill stop 22, which is fixed
to the drill bit 27 by a socket screw 23. The drill stop 22
allows the surgeon to drill into the skull bone without the
risk of having the drill 27 inadvertently passing through a
completed hole and plunging into the brain. The top surface
of a drill stop 22 contact surface 24 is shown in FIG. 1c. It

Precision Drill Stop.
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holds a pin 26. The surgeon senses when the drill bit tip 27
first exits the skull as the torque required to rotate the drill
increases noticeably. At this time, the drill stop 22 is
loosened and allowed to come down to rest on top of pin 26.
The diameter of the pin 26 is identical to the length of the
conical tip of the drill bit. The drill stop 22 is then tightened
and the pin 26 removed. The drill bit is now free to move
downward for a distance equal to the diameter of the pin at
which time it contacts a drill stop contact surface 24. Since
the diameter of the pin 26 is the same as the length of the tip
of the drill bit 27, he distance that the drill bit 27 will pass
through the skull will be substantially equal to the diameter
of the pin 26 (and thus substantially equal to the length of the
tip of the drill bit 27 when it contacts the drill stop contact
surface 24).

[0047] A second approach to controlling the forward
motion of the drill bit allows the surgeon to sense when the
bit has passed through the skull in addition to sensing when
torque increase as the bit breaks through the skull. The
second approach reduces the risk that sensing a change in
torgue may not always be reliable. It may be difficult to
sense torque if the available electric drill lacks speed control
or if the patient’s skull might be expected to be abnormal.
The single pin 26 is replaced by a number of removable clips
such as a C clip 90. As seen in FIG. 1e, the drill guide 21
has a thin cylinder rising above it to form a sleeve 29. As
seen in FIG. 1f and 1g, the C clips can be snapped around
the sleeve. Each sleeve is in essence a contact surface in
addition to contact surface 24. The C clips are about 1 mm
in thickness. If the surgeon’s best estimation as to where to
set the drill stop is three mm above the actual bottom of the
skull, the drill bit can be allowed to advanced in a step wise
fashion until the drill passes through the skull, The distal end
of the drill stop has an enlarged cylinder 92 and enlarged feet
94 to be compatible with the C clip design. A second
approach is to have a threaded section on the distal end of
the drill stop. Surgeon turns threaded part. 1 turn=1 mm
advance,

[0048]

[0049] With continuing reference to FIGS. 1a and 1b, a
collection container 11 is positioned below the tripod top
surface. It has an auger tube 10 at its distal end. The diameter
of the tube 10 is about 0.005 of an inch larger than the
0.25-inch drill bit. 27. The clearance between the auger tube
10 and the drill bit 27 is sufficient to cause the drill bit flutes
and tube 10 to act as an auger. The auger tube 10 lifts a bone
material 14 produced during the drilling process up and into
the collection container. 11. The collection process elimi-
nates the need to remove bone material from around the hole
that might fall into the drill hole. A yoke 9, shown in FIG.
15, is an integral element of the tripod. A spring 16, residing
between the yoke and the collection container, keeps the tip
of the auger tube in contact with the skull as the drill
advances into the skull. As shown in FIG. 14, the collection
tube has a container guide slot 18 that slides in a tripod guide
bar 20. It keeps the collection container attached and aligned
with the tripod.

[0050] Catheter Guide.

[0051] FIGS. 2a and 2b show a catheter guide 34. The
scalp is retracted and a hole is drilled through the bone using
the tripod previously described. The anatomy of the head is
such that the axis of the drill guide and the axis of the drill

Bone collection.
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hole intersect a ventricle 31. The catheter guide is inserted
into the drill hole and held in place by the interference
between the bone hole and the body of the guide. A flange
37 on the catheter guide is scated against the skull. The
flange stops the movement of the guide into the hole and also
tends to square the axis of the guide 34 with the axis of the
drilled hole. A ventricular catheter 40 inserted into the guide
34 will be aimed directly at the target ventricle 31. After the
catheter is in place within the ventricle 31, the guide is
removed from the hole. The catheter is then removed from
the guide through an exit slot 36.

[0052]

[0053] FIGS. 3a-c show an insert assembly 2. The basic
element of the assembly is an insert body 60 with an insert
o-ring 59 and a bolt clamp 66. As shown in FIG. 3¢, a
catheter pigtail 63 is adhesively attached within a catheter
port 62 of the insert body. The proximal end of the pigtail 63
is terminated by a Toughy-Borst fitting 65. A probe pigtail 64
is adhesively attached within a probe port 61 of the insert
body. The proximal end of the pigtail is terminated by a luer
fitting 75. A guide tube 68 is bonded into the bottom of the
probe port. As will be described later, a guide tube 68 is used
to direct a monitoring probe into the brain.

[0054]

[0055] A catheter assembly 3 consists of the insert assem-
bly 21 plus a catheter subassembly 4, which is shown in
FIG. 5a. The catheter subassembly 4 will be described later.
As shown in FIG. 3c, the insert assembly 2 is assembled
with a ventricular catheter 40 at the factory. The surgeon
places the combined catheter 40 and insert assembly 21 into
a ventricle with the assistance of a stylet §7. The surgeon
then moves the insert assembly 2 down the catheter and into
a bore 82 of a bolt 80, shown in FIG. 3d. The insert o-ring
forms a seal between the insert 2 and bore 82. The bolt
clamp 66 engages a capture lip 84 and fixes the insert
assembly 2 to the bolt 80. The final configuration of the
catheter 40, the insert assembly 2 and the bolt 80, is shown
in FIG. 3e.

[0056]

[0057] A principal function of the invention is to facilitate
the placement of monitoring probes into the brain. As shown
in FIGS. 4a and 4b, the probe pigtail 64 and guide tube 68
provide an access path to a brain 120. An introducer 130
carrying a probe 86, shown in FIG. 44, is inserted through
this access path. The introducer, the probe and its sensor will
be described later.

[0058] Some probes are sensitive to the nature of the tissue
in which they are placed. In order to get an accurate reading,
the distal tip of such probes must be placed in tissue that has
not been disturbed by the nearby passage of a catheter. A
ventricular catheter 40 shown in FIG. 3¢, when placed down
the bolt 80, disturbs the tissue near the tract through which
it passes. A sensitive probe must therefore be directed off to
one side. FIGS. 42 and 4) describe the elements involved in
two designs that direct the introducer carrying a probe away
from the axis of the bolt down which a ventricular catheter
has been placed.

[0059] In the first design, the introducer 130 is directed
away from the ventricular catheter 40 by an elbow 72 shown
in FIG. 4d. The elbow 72 is formed in the distal end of the

Insert Assembly.

Catheter Assembly.

Probe Insertion.
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guide tube 68. The displacement of the introducer 130 from
the track of the ventricular catheter 40 is indicated by
dimension A.

[0060] FIG. 4b shows a second scheme, which involves
the use of a precurved introducer 131. In this design, the
introducer 131 is precurved to a defined radius. The intro-
ducer 131 is passed down the guide tube 68. The guide tube
68 straightens the introducer 131 until it exits the distal end
of the guide tube 68. At that point, the memory of the
introducer curve causes the introducer 131 to follow an
arced path that moves it away from the track of the ven-
tricular catheter 40. The displacement distance is again
represented by A. The precurved design requires a feature
that prevents the possibility of the curved introducer 131
rotating in brain tissue. As shown in FIG. 4¢ section 4c-4c,
the introducer 131 and pigtail 64 in one design have a D
cross section. The shape of the two parts prevents the
introducer 131 from rotating within the pigtail 64.

[0061] A second approach to preventing rotation of the
introducer in brain tissue is shown in FIG. 4e. In this
approach, the cross section of both the introducer 130 and
pigtail 64 are circular. A collar-with-a-pin 160 is bonded to
the probe pigtail 64. Once the insert 2 has been placed in the
bolt 80, the pin 160 is snapped into a socket 162 molded into
the bolt 80. The pin-in-socket fixes the probe pigtail 64 and
prevents rotation about its vertical axis or twisting about its
horizontal axis.

[0062] Catheter Subassembly.

[0063] As shown in FIGS. 5a and 5b, a catheter sub
assembly 4 consists of a catheter body 39, a bladder cage 44
with radial holes 46 that perforate the cage wall in rows and
columns. As shown in FIG. 5b, a bladder 49, section 5c-5c¢,
FIG. 5c¢, is placed on a bladder mount 48, section 5d-5d,
FIG. 5d. An air tube 50, section Se-5¢, FIG. 5e, is inserted
into the bladder mount 48. It is placed in a U channel 77
moulded into the wall of the catheter body 39. The air tube
extends along the length of the catheter until it exits near its
proximal end. The air tube 30 is connected to a more robust
air tube extension 52 in a bifurcation 56 to make a kink
resistant design. The catheter diameter is reduced by using
a separate tube as the air column rather than using a second
lumen of a catheter extrusion. The air tube 50 has a thin
0.0015 inch wall, which serves to minimize the catheter OD.
As shown in FIG. 5f, the air tube 50 could also be positioned
within the catheter lumen 47 of a catheter body 39. The
placement of the air tube in a U channel or within a lumen
can be applied to a catheter with either an internal or external
bladder. FIG. 5g shows a catheter with a bladder 20
mounted on the exterior surface and an air tube running
within the lumen. The air tube 30 passes through a hole 58
in the catheter wall located within the confines of the bladder
20. FIG. 5h shows the cross section of a conventional two
lumen extrusion. It consists of a catheter body 39, a large
lumen 47 and a small lumen 59. A comparison the extrusion
of FIG. 5/ with the single lumen catheter of FIG. 5f or the
dual lumen catheter of 5i shows the larger area of plastic
material required to form a dual lumen extrusion. The more
material-efficient construction of the single lumen catheter
and tube makes it possible to reduce the diameter of the
catheter used in the ICP application from a 8.5 Frtoa 7.5 Fr.
catheter. The catheter with the U channel shown in FIG. Se
is slightly more efficient than the air tube within the lumen
construction shown in FIG. 5f.
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[0064] As will be discussed, the placement of the bladder
49 in a cage 44 accomplishes three of the inventions
objectives. It minimizes the diameter of the catheter body
39, makes possible the placement of a bladder 49 within a
catheter that is small in diameter and provides a drainage
capability similar to that of standard ventricular catheters.
The cage 44 is bonded to the end of the catheter body 39.
The bladder 49 is placed on a bladder mount 48. The mount
48 is D shaped to move it to the side of the drainage lumen
and to thereby provide a drainage channel that, at its
minimum dimension, is similar to the passage way provided
in a standard catheter. The minimum dimension is important
in that it defines the size of blood clots that can pass through
the drainage lumen.

[0065] The catheter body 39 is made of polyurethane. The
bladder cage 44 is made of a thin wall polyimide tube. The
use of polyimide provides a 7.5 Fr. catheter with a larger ID
than would be the case if the cage segment were polyure-
thane. The larger ID makes it possible to house the bladder
49 within the catheter and achieve a minimum flow path
dimension, all within a catheter diameter similar to the
standard drainage-only ventricular catheters now used. The
wall thickness of the polyurethane catheter is 0.10 inch. The
wall thickness of the polyimide cage is 0.002 inch. The use
of polyimide increases the ID of the segment of the catheter
in which a bladder mount 48 and a bladder 49 are located.
The difference in the thickness between the polyimide and
urethane walls amounts to 0.016 inches (0.02-0.004), which
is equal to 1.2 Fr. The catheter body is 7.5 Fr. An all-
polyurethane catheter would have to be almost 9 Fr. to
provide the same internal diameter as the polyimide cage.
The use of a polyimide gage is thereby an important element
in achieving the objective of minimizing the diameter of the
catheter.

[0066]

[0067] The polyimide tube also increases the drainage
capability of the catheter. As shown in FIGS. 5a and 5b,
radial holes 46 pass through the cage 44 wall and allow
cerebral spinal fluid (CSF) to enter a drainage lumen 47. The
thin wall and the strength of polyimide make it possible to
drill closer spaced radial holes than would be the case with
a polyurethane catheter. The increase in hole count thereby
provides a larger total cross section of radial holes leading
to the central drainage lumen of the catheter. Four rows with
8 holes per row are drilled into the cage for a total of 32
holes. Each hole is 0.9 mm in diameter. A standard ven-
tricular catheter typically has 10-15 1 mm holes. A prior art
air-column catheter has 4 radial holes. The close spacing
allowed by the use of a thin wall rigid polyimide tube makes
it possible to present a larger radial hole flow path than is
practical in the thicker wall of a flexible polyurethane or
silicone catheter. The polyimide cage 44 with the hole count
as presented herein has 2 times the total radial hole diameter
of a standard catheter and 8 times the radial hole area of a
prior art air-column catheter.

[0068]

[0069] A bladder 49 functions within the polyimide cage
44. When collapsed by ICP, the bladder 49 goes from its
normal cylindrical shape to a flat shape. A bladder 49, when
flattened, is 1.5 times as wide as the diameter of the cylinder
prior to flattening. In order to use a small OD cage, the
bladder 49 is caused to assume a C shape. A 0.070 diameter

Drainage Capability.
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bladder 49 is used in the design. The bladder’s flattened
width is 0.110 inch. The bladder 49 is placed in a cage 44
with an ID of 0.098 of an inch. When collapsed by ICP, the
bladder 49 assumes a C shape with a radius of slightly over
0.2 inch. In order to function while in a C shape, the bladder
material, bladder wall thickness, bladder volume and vol-
ume of injected air must be closely controlled. A relative
thick wall or excess of injected air will prevent proper
operation of a C shaped bladder. An example of a bladder
with the requisite characteristics is a 0.55-inch long bladder
0.070 inches in diameter having a 0.003 thick wall made of
butyl rubber. The volume of air injected is limited to 10 pl.

[0070] The shape and location of the mount 48 upon
which the bladder 49 is placed is an important element in
integrating the various functions of the catheter into a small
diameter catheter. As shown in FIG. 5b, section 5d-5d, a
bladder mount 48 has a reversed D shape and is positioned
against the side of the polyimide tube 44. The mount shape
and placement allow the most narrow drainage passageway
in the inner lumen to be similar to the diameter of the
drainage lumen of a standard ventricular catheter. The ID of
the polyimide tube is 0.098 inches. The width of the D is
about 0.045 of an inch. The thickness of bladder wall is
0.003. The width of the bladder and mount is 0.051 of an
inch. The clearance between the mount and the 0.098 ID
cage wall is therefore about 0.047 of an inch. If a conven-
tional cylindrical shaped bladder mount were used and
placed against the side of the cage, the minimum clearance
would be decreased from 0.047 of an inch to 0.025. A
catheter with a center positioned bladder would have to be
2 Fr. larger in diameter than the present design to provide a
minimum clearance of about 0.050 of an inch. The use of a
D shaped bladder mount and a bladder that can operate in a
C shape are important design elements in achieving a small
diameter catheter that offers a standard drainage capability.

[0071] A fourth design element also contributes to achiev-
ing a small diameter catheter. Heretofore, a second lumen
has been used as the air column between the bladder and a
transducer. In the present invention, a separate tube is used
as the air column. As seen in comparing the typical cross
section of the two lumen extrusion in FIG. 54 with a
separate tube construction of either FIG. 5e¢ or FIG. 5f, a
separate tube substantially reduces the amount of plastic
material used. In the case of the ICP catheter, the separate
tube design requires the use of %5 less material than the two
lumen extrusion. The reduction in material usage can be
used to effect a proportional reduction in catheter diameter
or can be used to increase the diameter of the non air column
lumens. A smaller diameter catheter has merit in an ICP
application and is of value in any catheter introduced into the
body. It is of particular merit when catheter diameter affects
its intended function such as in a uro-dynamic catheter that
measures the constrictive profile of the urethera. In the
urodynamic application, the more optimal use of space can
be used to reduce the catheter diameter or increase the
diameter of the filling lumen. In the ICP catheter application,
the air tube 50 is isolated from a drainage lumen 47 by
placing it in a channel 77 formed in the exterior of the
catheter. The external placement keeps the air tube from
being randomly disposed with the drainage lumen where it
might interfere with the passage of material entering the
drainage Iumen. As shown in FIGS. 5¢ and 5b, an air tube
50 extends from the bladder mount 48 to the proximal end
of the catheter. As shown in FIG. 5e¢ section 5e-5e¢, the
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catheter body extrusion 39 has a U channel 77 in the
sidewall. The wall of the catheter can be quite thin at this
point since the air tube 50, when potted into the U channel
77, more than matches the strength of the normal wall
thickness. The air tube 50 exits the cage directly below the
U channel 77 in the catheter wall and is placed in the U 77,
where it runs up the side of the catheter

[0072] As seen in FIG. 5a-b, the air tube 50 coextends
along the length of the catheter to about 1 inch from the
catheter’s proximal end. At that point it enters an air tube
bifurcation 56 where the catheter and air tube 50 are
separated. The air tube 50 is joined to an air tube extension
52 within the bifurcation 56. The air tube extension 52 has
sufficient wall thickness to resist kinking forces that may be
encountered proximal to the bifurcation 56. The air tube
extension 32 connects to a piston, which, in combination
with a transducer housing, injects the requisite amount of air
to enable the bladder to operate as described in U.S. Pat. No.
5,573,007, the entire contents of which is hereby incorpo-
rated by reference.

[0073] In summary, the insert assembly consists of an
insert body that holds a catheter pigtail, two probe pigtails,
two guide tubes, a sealing o-ring and a bolt clamp that
secures the insert to the bolt when the clamp engages the
capture lip of the bolt. The catheter assembly consists of a
catheter body, a thin wall cage that holds the bladder on a
D-shaped bladder mount and provides a large number of
radial holes that feed the drainage lumen. The air tube is held
in a channel that runs along the outside of the catheter.

[0074] Probe Placement.

[0075] The sensor of some monitoring probes is placed in
a soft, highly flexible tube. Such a probe may be unable to
be redirected into undisturbed tissue as it can neither interact
with a deflector nor can it be precurved. The present inven-
tion provides the properties necessary to locate such a probe
in undisturbed tissue by inserting it into an introducer. The
introducer can be made stiff enough to be directed by a
deflector or can be imbued with a memory to produce a
precurved introducer. As shown in FIG. 6z an assembly 5
consists of a probe, an introducer and the pigtail to which the
introducer is attached. A probe 86 has a luer connector 78.
The probe is inserted into an introducer 130. The introducer
has a luer fitting 77 on the proximal end as well as a luer
fitting 76 located about 1 inch from the proximal end. The
probe 86 is inserted into the introducer 130 until its luer 78
encounters the proximal luer 77 of the introducer. The luers
are mated. The introducer 130 is then inserted into the probe
pigtail 64 and advanced until a luer 76 of the introducer 130
can be joined to a luer 75 of the pigtail 64. The probe 86 can
be placed in the brain at any depth desired by varying the
location of luer 76 and the length of the probe pigtail 64.

[0076] The introducer is filled with water before the probe
is inserted. The water displaces air that would otherwise be
present in the annulus between the probe and introducer ID.
The removal of air assures that the oxygen sensed by the
probe will be that of the brain and not that of entrapped air.

[0077]

[0078] The two most used probes at this time are oxygen
and temperature. Temperature is required to interpret the
oxygen signal and is therefore very commonly used. At
times, there is a need to place more than two probes into the
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brain such as a flow probe or a dialysis probe. One solution
to the access problem, of course, would be to provide
additional probe ports by using a larger bolt, which would
then require a larger diameter hole in the skull. Rather than
increase the bolt diameter, the present invention frees up a
port by incorporating a temperature sensor 155 into the
introducer 130 as shown in FIG. 6b. The guide tubes 68 are
designed to accept an introducer 130 with a diameter of
about 0.050 of an inch. An introducer lumen 154 reccives a
probe 86 that is about 0.030 of an inch in diameter. The
available wall cross-section area is therefore very limited.
The thermocouple wire used for temperature measurement
must be of a small diameter of about 0.003-0.005 of an inch.
Referring to FIG. 6b, a sensor wire set 152 is placed in a U
channel 89 that extends the length of the catheter to a
bifurcation 154 shown in FIG. 6e. The wire set 152 is joined
to a large diameter wire 156 within the bifurcation. The
larger diameter wire 156 is sufficiently rugged to extend
from the catheter to an instrument. The sensor 155 and wires
152 are placed in the channel 89 and potted in place with UV
adhesive. The concept of running a second function up a
channel in the side of the catheter rather than through a
second lumen was discussed earlier. In the case of the
introducer 130, an approach wherein a second lumen is used
to string the wire from the proximal to distal end would
make assembly difficult. The second lumen diameter would
be less than 0.010-inch diameter. Piercing such a hole in the
wall of such a small lumen and stringing wire through it and
down a lumen presents a difficult fabrication problem. The
concept of running a wire up an exterior channel is valuable
in that it both minimizes the catheter OD and reduces the
cost of fabrication.

[0079] In the case where a sensor may be too large to fit
in the narrow channel 89, the sensor can be positioned
within the lower portion of the side window 159 as shown
in FIG. 6d. In this arrangement, the channel need only
accommodate the sensor wire or fiber optic. The potting
material used to secure the sensor in the window has been
omitted from the drawing for sake of clarity. If the sensor is
a light based sensor, such as one using an LED), the potting
material must be transparent. If it is not an optical sensor, the
sensor can be potted in place with any biocompatible
adhesive. Since the parameters measured by sensors change
slowly within the brain, the reduction in response time due
to sequestering the oxygen probe or temperature probe
within the introducer will not affect the utility of the sensor.

[0080]
[0081] Bone Collection.

[0082] The hole drilled in the skull to gain access to the
brain produces a quantity of bone material that piles up
around the drill hole like an anthill. The skull may be
0.25-75 inches deep, therefore the amount of bone material
created can be substantial. In the prior art, the bone material
is removed by a combination of swabbing and flushing.
Some of the bone material falls back into the hole in the
cleaning process. Removing the bone material takes time
and contaminates the operation site. The present invention
creates a bone collection system by creating an auger that
consists of the flutes of the drill bit and a surrounding tube.
The bone material is carried up the auger and deposited in
a collection container. It is important that the tube stay on the
skull so the bone material cannot escape through a gap

Operation of the Invention.
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between the tube and skull. The bone container is therefore
spring loaded against the tripod to which it is mounted. The
surgeon normally uses a hand drill to drill a hole. Both hands
are occupied in this process. In the present invention, an
electric drill is used, which only requires the use of one hand
thus freeing the second hand to hold the tripod in place.

[0083]

[0084] A skull hole is usually drilled with a hand-operated
drill. The limitations of present drill stops are such that a
simple electric drill is not used. If the drill bit is driven by
an electric drill, the momentum of the motor can be such that
the spiral flutes will pull the drill down into the brain once
the body of the bit exits the skull. The availability of an
improved drill stop that would make it possible for an
electrical drill to be used would be an important improve-
ment. It would remove the risk that the bit might be pulled
into the brain, reduce the time required to drill the hole and
free a hand to make possible the use of tripod described
earlier. At present, the surgeon sets the drill stop so it will
stop the bit short of the estimated thickness of the skull. The
setting is imprecise since the surgeon does not know the
exact thickness of the skull. When the drill stop encounters
the skull, the drill stop is untightened. The surgeon then
proceeds cautiously until it seems that the drill bit has passed
through the skull. It is difficult to sense when the drill is just
about through the last segment of the skull. It is therefore
likely that the bit will either stop short of full penetration or
will pass below the skull some distance. A premature stop
will leave a bone edge sticking out that may damage sensors
inserted through the hole. Passage of the drill bit into the
dura will push will either tear it or push it away from the
skull and cause bleeding,

[0085] The present invention enhances the traditional drill
stop by adding a precision stop feature. It differs from a
standard drill stop in several ways. A normal drill stop stops
when it contacts the skull. There is no room for a second
element to provide a more precise stop. In the present
invention, the drill stop operates above the skull. By con-
trolling the stop above the skull, it is possible to add an
element that precisely controls the depth of the drill. The
torque required to turn the drill increases when the tip of the
drill bit passes through the skull. The surgeon, sensing the
high torque event, stops drilling at this point, moves the drill
stop down to the pin and tightens it. He then pulls the pin on
the top of the drill guide at which point he can resume
drilling with the assurance that the drill bit will stop as soon
as it has traveled a length equivalent to the diameter of the
pin, which is a distance equal to the length of a drill bit tip.
A more conservative precision drill stop can be made by
placing a number of C clips 90 on a smaller diameter
segment 29 of the tube guide 21 (See FIG. 1f). The drill stop
ID 92 is increased to allow ingress of the smaller diameter
segment. A flange 94 is placed on the distal end of the drill
stop. It stops the drill stop when it reaches a contact surface.
The drill stop designs discussed allow the forward motion of
the drill bit to proceed in small well controlled steps. Several
other methods of precisely controlling the forward motion of
the drill bit can be envisioned such as a threaded distal end
of a drill stop that has a nut wherein the position of the nut
defines the allowable forward motion of the drill stop.

Precise Drill Stop.

[0086] The system has several advantages other than pre-
cisely stopping the bit after the body passes through the
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skull. An electric drill is fairly stable and is not subject to the
wobble introduced by a hand turned bit. The wobble tends
to produce a conical hole until the bit has entered the bone
to some extent. The conical shaped hole reduces the effec-
tive length of the threaded section of the bolt, which makes
for a less well-anchored bolt. The use of an electric drill also
frees one hand to hold the tripod in place.

[0087] 1In order to assure proper control of the drill, a
driver is chosen that has a rotational speed of about 200 rpm,
is light in weight and is limited in its torque capability so it
grabs and stops when it hits the high torque event associated
with the point of the drill passing through the skull. The
appropriate weight and torque capability will vary with the
diameter of the hole, but the appropriate combination can
easily be determined empirically for any given drill diam-
eter.

[0088]

[0089] Head trauma treatment frequently involves placing
a ventricular catheter into a ventricle within the brain to
provide a means of removing cerebral spinal fluid (CSF) and
thereby increase the volume within the skull into which
swollen brain tissue can move. The placement procedure
involves aiming a catheter down an oversized drill hole and
moving it toward the brain at an angle that will hopefully
intercept the targeted ventricle. The patient is usually lying
on a bed tilted to a 30-degree angle. The head is an irregular
shaped object. Given the head’s angle, the lack of simple
guidance landmarks and the fact that the procedure is
infrequently done by most neurosurgeons, the placement
procedure is difficult. It is not uncommon to miss the
ventricle and to therefore have to try again. The present
invention assists in placement by closely controlling the
angle of entry of a ventricular catheter. It does so by first
drilling a hole with an axis that intercepts the target ven-
tricle. The orientation of the hole is accomplished by using
a tripod 28 with its drill guide 21.

[0090] The tripod provides the ability to orient the axis of
a drill hole. It is well understood that an imaginary line
perpendicular to the surface of the head will intercept a
ventricle in the brain. The planer surface joining the legs of
a tripod is parallel to the skull. The axis of the guide tube 21,
which is perpendicular to the planer surface, therefore
intercepts a targeted ventricle. The guide tube orients the
drill bit and causes it to drill a hole whose axis passes
through a ventricle. A catheter guide 34 is placed in the
oriented hole and its flange seated against the skull. The
guide presents a long small diameter aperture that closely
defines the angle at which the ventricular catheter enters the
brain. The use of an aligned catheter guide with an elongated
small aperture greatly increases the likelihood of successful
placement.

Catheter Guide.

[0091] Therapy: A Catheter with a Standard Drainage
Capability.
[0092] A principal function of a ventricular catheter is that

of draining CSFE. It is not uncommon for the drainage
function of the catheter to be disabled by blood clots or brain
tissue that clog the radial holes leading to the central
drainage lumen.

[0093] The design of prior art air-column ventricular cath-
eters is such that their drainage capability is compromised.
The bladder used is a sleeve bladder. The tubular sleeve is



US 2004/0243145 Al

slipped on the catheter, and then both ends of the sleeve are
joined to the catheter body. The length of the bladder
required in the prior art system is such that most of the length
of the catheter that might reside in a ventricle is covered by
the bladder. Consequently, the distal end of the catheter has
but 4 radial holes that lead to the drainage lumen. A standard
ventricular catheter, in comparison, has 10-16 holes.

[0094] The present invention uses a small bladder that can
be placed inside the catheter. The entire body of the catheter
is therefore available for the placement of radial holes near
the distal end. The design has a second element that further
increases the drainage capability of the catheter. Standard
catheters are made of silicone or urethane that have a thick
wall so the tube will not kink when subjected 1o bending
forces when outside the skull. The body of the catheter of the
present invention is also urethane for most of its length. The
distal end wherein the radial holes are placed is made of
polyimide, a somewhat rigid material. The material proper-
ties are such that holes can be more closely drilled than is the
case with polyurethane. The present invention capitalizes on
the material properties by providing, in a preferred embodi-
ment, 32 laser drilled radial holes. The drainage capability is
therefore about 8 times that of the prior art air-column
catheter. The likelihood that material may become logged in
a radial hole is also reduced in that the length of the radial
hole is reduced from 0.01-0.02 inches to 0.002 inches. The
shorter hole of the polyimide tube is less likely to become
plugged by incoming material than the longer hole of a
standard catheter.

[0095]

[0096] Standard ventricular catheters are about 7 Fr. in
diameter. Catheters with a built-in pressure sensor are 9-10
Fr. in diameter. Obviously, a smaller diameter catheter is to
be preferred to a larger diameter catheter. An objective of the
present invention is to provide a multi-sensor catheter that is
approximately the same size as the standard drainage-only
catheters. One of the principal requirements of any drainage
catheter is that the main drainage lumen be larger than the
radial holes that feed it. The larger diameter drainage lumen
makes it likely that anything passing through the radial holes
will pass through the main drainage lumen. A standard
ventricular catheter has an ID of 0.052 inches. One objective
of the present invention is to produce a catheter that has a
minimum passageway of about 0.050. The bladder used is
0.070 inches in diameter, which is about as small a diameter
as it practical to make and assemble. The bladder must be
mounted on a bladder mount. A combination of three design
concepts makes it possible for the drainage lumen to have a
minimum passageway of about 0.050. The first concept is
that of placing the bladder in a polyimide cage rather than in
the body of the urethane catheter. Because of its strength, the
wall of the polyimide cage can be quite thin, in this case,
0.002. A polyurethane catheter wall, in contrast, needs to be
0.010. The two walls of the polyimide tube total 0.004
inches vs. 0.020 inches in the case of a polyurethane
catheter. Placing the bladder in a polyimide cage rather than
a polyurethane tube reduces the diameter of the catheter by
1.2 Fr. sizes.

[0097] A second concept that affects the diameter of the
catheter is the shape of the bladder mount. Rather than
mount the cylindrical bladder on a cylindrical mount, the
bladder is mounted on a D shaped mount. The mount and its
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bladder are moved against the inner wall of the cage to
thereby present the maximum clearance between the cage
wall and the bladder mount. As described earlier, a D shaped
mount placed at the side of the catheter allows the bladder
to function in a catheter 2 Fr. sizes smaller than would be the
case if a cylindrical mount were used. The third concept that
affects overall catheter diameter is that of isolating the air
tube from the drainage lumen. The air tube must be pre-
vented from running through the drainage lumen, as a
random placement will reduce the minimum passageway
dimension. The conventional approach used to isolate a
second function, such as the air tube, is to provide a catheter
with a second lumen. The present design minimizes the
diameter of the air tube by placing a thin wall polyimide tube
within a U shaped channel formed in the outer wall of the
catheter. The U channel runs up the side of the catheter. The
thin wall air tube has a 0.0015 inch thick wall. If housed in
asupporting U shaped channel, the physical properties of the
thin wall polyimide are adequate. The wall thickness of an
air tube made of conventional materials such as polyure-
thane or nylon tube would be about 0.01 inches thick. A
catheter using conventional materials would therefore be
larger in diameter.

[0098] External placement of the polyimide tube elimi-
nates the need for a second lumen and thereby eliminates the
thickness of the septum wall required to form a second
lumen. The thin wall polyimide tube is incapable of with-
standing kinking forces encountered once it exits the cath-
eter. The tube is therefore joined to a more robust tube in a
bifurcation fitting located at the proximal end of the catheter.

[0099] The external placement of the air tube provides
another benefit. It eliminates the need to perforate the
catheter wall to gain access to a second lumen. The cost of
potting the air tube in the catheter channel is somewhat less
expensive than the process involved in perforating the
catheter wall and inserting the tube within the second lumen.
The reduction in cost provided by running a second catheter
function in a channel in the side of the catheter increases as
the diameter of the second lumen that would otherwise be
required decreases. The cost benefit is particularly important
in small catheters as will be discussed later when describing
an introducer with a temperature sensor.

[0100]

[0101] The care of certain patients who have undergone
brain trauma has changed in the recent past. Until recently,
the only devices placed in the brain were an intracranial
pressure sensor (ICP) or a combination ICP sensor and
drainage catheter. Recently, surgeons have desired the place-
ment of an oxygen sensor and a temperature sensor. A
temperature sensor is required, as the oxygen signal must be
interpreted as a function of temperature. Other probes are
being placed in experimental work and may well become a
standard of care. The probes include blood flow and dialysis
devices.

[0102] The only prior art device now available for mea-
suring oxygen has a bolt and guide tube system that have the
ability to accept an ICP sensor, an oxygen sensor and
temperature sensor. It cannot, however, pass a drainage
catheter. A drainage capability is provided by drilling a
second hole in the patient’s head and placing a catheter in a
ventricle through the hole. The matter of adding a ventricu-
lar catheter to a three-parameter system must deal with the

Introduction of Several Monitoring Probes.
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fact that an oxygen probe must be placed in undisturbed
tissue to provide a correct reading. The prior art device,
which consists of three parallel guide tubes aligned with the
axis of the bolt, isolates the oxygen probe by placing it down
its guide tube to a deeper level than the temperature and ICP
sensors. This strategy cannot be used if a ventricular catheter
is to be passed down the bolt as the catheter extends from the
skull to a ventricle. The track of the catheter nearly parallels
the axis of the bolt. An oxygen probe placed straight into the
brain would encounter disturbed tissue. The present inven-
tion provides a capability to insert an ICP sensor, an oxygen
sensor, a temperature sensor and a drainage catheter through
one hole and to do so in a manner that locates the oxygen
probe in undisturbed tissue. The system consists of a bolt
that is screwed into a skull hole and a catheter that can
measure ICP and drain CSF. A plastic part, an insert assem-
bly 2, has two pigtails through which probes may be inserted
and two guide tubes that guide probes into the brain. The
insert is placed on the catheter at the factory. As soon as the
ventricular catheter is inserted into the brain, the insert is
moved down the catheter and placed in the bore of a bolt that
has been screwed into the skull hole.

[0103] The oxygen probe is moved away from the track of
the catheter into undisturbed tissue as it is introduced into
the brain. The present invention describes two designs that
move the probe away from the catheter track. Either design
can be used with an introducer 130 or 131. The introducer
provides a consistent pushability characteristic to probes that
may be used. In one design, a guide tube 68 has an elbow at
its distal end. The elbow causes the introducer to exit the
guide tube at an angle roughly of 30 to 45 degrees. In a
second design, the introducer is precurved. After it passes
through the guide tube, the memory of the introducer causes
the introducer to follow a curved track through the brain.
The introducer of the precurved design can be prevented
from rotating about the bolt axis by either one of two
approaches. In one approach, the pigtail and introducer are
D shapes or elliptical so the introducer cannot rotate within
the pigtail. In a second design, a pin-with-a-collar 160 is
bonded to the probe pigtail. The collar has a pin that can be
snapped into a socket 162 molded into the wing of the bolt.
The collar prevents the pigtail from moving.

[0104] The depth to which the probe is inserted can be
controlled by varying the length of the probe pigtail, the
length of the introducer and the location of the mid luer on
the introducer. The system can thereby be tailored to be used
with any probe.

[0105] Introducer with a Temperature Sensor.

[0106] Although oxygen and temperature are the most
commonly used probes, blood flow sensors and dialysis
probes are being placed in some patients. The bolt and insert
of the present invention are designed to receive two probes.
Although a third probe port could be added by increasing the
diameter of the bolt and adding a third probe port to the
insert, a preferred approach is to place the oxygen and
temperature sensor in one introducer and thereby make a
second probe port available without increasing the size of
the drill hole. In order to fit a temperature sensor within the
limited cross sectional area of the introducer and as a means
of keeping the cost of manufacture down, the temperature
sensor and its wires are placed in a U shaped channel that
runs the length of the catheter. The oxygen sensor is placed
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in the main lumen. The sensor and wires or fibers of the
temperature sensor run within the channel. The sensor is
bonded at the distal end of the introducer within the channel
if it is small enough in size to fit. If it is too large, the sensor
is placed within the window 159 in the distal tip of the
introducer as shown in FIG. 44.

[0107] Tt is understood that the preceding description is
given merely by way of illustration and not in limitation of
the invention and that various modifications may be made
thereto without departing from the spirit of the invention as
claimed.

What is claimed is:
1. An intracranial access device comprising:

a bolt mountable in a skull of a patient, said bolt having
a longitudinal axis;

an insert body having a probe access port, said insert body
being attachable to said bolt;

an elongated guide structure attached to said probe access
port, said elongated guide structure having a proximal
end and a distal end, said proximal end being connected
to said probe access port,

said elongated guide structure sized and shaped to receive
a probe; and,

said distal end of said elongated guide structure extending
in a direction radially outwardly from a location of said
proximal end of said elongated guide structure so as to
direct a probe in a direction away from said axis of said
bolt.

2. An intracranial access device according to claim 1,
wherein said elongated guide structure is comprised of a
guide tube and a deflector and wherein said distal end of said
elongated guide structure is comprised of said deflector.

3. An intracranial access device according to claim 1,
wherein said eclongated guide structure is an elongated
tubular structure.

4. An intracranial access device according claim 1, further
comprising a probe introducer insertable into probe access
port and into said elongated guide structure.

5. An intracranial access device according to claim 1,
wherein said insert body includes at least two probe access
ports.

6. An intracranial access device according to claim 1,
wherein said insert body further includes a catheter access
port.

7. An intracranial access device according to claim 6,
wherein said catheter access port is sized and shaped to
receive a ventricular drainage catheter.

8. An intracranial access device according to claim 1,
wherein said distal end of said elongated guide structure
extends radially outwardly at about a sixty degree angle
from said proximal end of said elongated guide structure.

9. An intracranial access device according to claim 1,
wherein said distal end of said elongated guide structure
extends radially outwardly at about a forty five degree angle
from said proximal end of said elongated guide structure.

10. An intracranial access assembly comprising:

a bolt mountable into an opening in a skull of a patient;
a port access body attachable to said bolt;

a probe port disposed on said port access body;
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a guide tube connected to said probe port, said guide tube
extending away from said bolt;

a probe introducer sized to fit within said probe port and
said guide tube and having a proximal end and a distal
end; and,

said distal end of said introducer being curved when in a

normal state away from an axis of said introducer.

11. An assembly as set forth in claim 10, wherein at least
said distal end of said introducer is comprised of shape
memory material.

12. An assembly as set forth in claim 10, wherein distal
end of said introducer is resiliently bendable into substantial
alignment with said proximal end of said introducer.

13. An assembly as set forth in claim 12, wherein said
guide tube is sufficiently rigid to conform said distal end of
said introducer to a shape substantially coextensive with said
proximal end of said introducer.

14. An assembly as set forth in claim 10, wherein a tip of
said distal end of said introducer is at about a forty five
degree angle to the rest of said introducer when said distal
end is in said normal state.

15. An assembly as set forth in claim 10, wherein said
guide tube and said introduce each have mating, non-
circular cross-sections such that said introducer cannot
rotate relative to said guide tube.

16. An assembly as set forth in claim 10, wherein said port
access body further includes a catheter port.

17. An assembly as set forth in claim 16, wherein said
catheter port is sized and shaped to receive a ventricular
drainage catheter.

18. A method of placing a probe at a target location of a
patient’s cranial space comprising:

creating an access hole in a cranial bone of said patient;
placing a probe platform into said access hole;

introducing a probe along an axis of said probe platform
into said cranial space through said probe platform;
and,

urging said probe away from said axis as said probe

approaches said target location.

19. A method according to claim 18, wherein the intro-
ducing of said probe into said cranial space includes intro-
ducing said probe into a guide tube of said probe platform.

20. A method according to claim 19, wherein the intro-
ducing of said probe into said cranial space includes intro-
ducing said probe into a guide tube wherein a distal end of
said guide tube is curved away from said axis.

21. A method according to claim 18, wherein the urging
of said distal end of said probe away from said axis includes
urging said distal end at an angle of about sixty degrees from
said axis.

22. A method according to claim 18, wherein the intro-
ducing of said probe through said probe platform includes
placing said probe on an introducer and inserting said
introducer into said probe platform.

23. A method according to claim 22, wherein the inserting
of said introducer includes inserting an introducer that has a
curved shape at its distal when in a normal state.

24. A method according to claim 18, further comprising,
introducing a drainage catheter into said cranial space
through said probe platform.
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25. A method according to claim 18, further comprising,
introducing a second probe into said cranial space through
said probe platform.

26. A method according to claim 18, wherein the intro-
ducing of a probe includes introducing an oxygen probe.

27. A method according to claim 26, wherein the target
location is undisturbed tissue located in said cranial space.

28. A device for placing a sensor in a cranial space of a
patient comprising:

a bolt for placement into a cranial opening of said patient;
a sensor placement platform attachable to said bolt;

a sensor delivery port disposed on said placement plat-
form; and,

an introducer sized and shaped to fit into said delivery
port;

at least two sensors disposed on said introducer.

29. A device as set forth in claim 28, wherein one of said
at least two sensors is a temperature sensor.

30. A device as set forth in claim 28, wherein said
temperature sensor is located on an external surface of said
introducer.

31. A device as set forth in claim 28, wherein said
introducer has a rounded shape with a diameter.

32. A device as set forth in claim 31, wherein at least one
of said sensors is disposed on an external surface of said
introducer and within said diameter of said introducer.

33. A device according to claim 32, wherein said intro-
ducer has a groove on said external surface and said at least
one sensor is disposed in said groove.

34. A device according to claim 28, wherein one of said
at least two sensors is an oxygen Sensor.

35. A device according to claim 28, wherein said intro-
ducer is a hollow tube and wherein a distal end of said
introducer has a window, said window allowing exposing
said at least one sensor to said cranial space.

36. A device for positioning a sensor in a cranial space of
a patient comprising:

a bolt for placement into a cranial opening of said patient;
a sensor placement platform attachable to said bolt;

a sensor delivery port disposed on said placement plat-
form;

an introducer sized and shaped to fit into said delivery
port; and,

a sensor disposed on an external surface of said intro-

ducer.

37. A device according to claim 36, wherein said sensor
comprises a temperature Sensor.

38. A device according to claim 36, wherein said intro-
ducer has a lateral profile and said sensor is positioned on
said external surface within said lateral profile.

39. A device according to claim 37, wherein said tem-
perature sensor comprises a wire set, said wire set being
located axially along said introducer.

40. A device according to claim 36, wherein said intro-
ducer includes an internal lumen, said lumen being sized and
shaped to receive a second sensor.

41. A device according to claim 40, wherein said second
SENsor is an 0Xygen sensor.



US 2004/0243145 Al

42. A device according to claim 30, wherein said intro-
ducer includes a window disposed at a distal end of said
introducer, said window allowing said second sensor to be
exposed to said cranial space.

43. A device according to claim 36, wherein said intro-
ducer is adjustable in length.

44. A method of placing a sensor in an intracranial space
of a patient comprising:

placing a sensor on an external surface of a sensor
introducer;

creating an opening in a skull of said patient;
locating a placement platform in said opening;

inserting said an introducer through said placement plat-
form; and,

moving said introducer into said intracranial space so as

to place said sensor in a desired sensing region.

45. A method according to claim 44, wherein the placing
of said sensor includes placing a temperature sensor in said
external surface of said introducer.

46. A method according to claim 44, further comprising
placing a second sensor on said introducer prior to inserting
said introducer through said placement platform.

47. A method according to claim 46, wherein the placing
of a second sensor includes placing said second sensor
internal to said introducer.

48. A method according to claim 47, wherein the placing
of said second sensor includes placing an oxygen sensor
internal to said introducer.

49. A method according to claim 44, wherein moving said
introducer into said intracranial space includes moving at
least a distal tip of said introducer into undisturbed tissue in
said intracranial space.

50. A method according to claim 45, wherein the placing
of a temperature sensor on said external surface of said
introducer includes placing a wire set along an external
surface of said introducer.

51. A catheter for monitoring pressure comprising:
a hollow tube having a proximal end and a distal end,

a bladder disposed towards said distal end of said tube;
and,

a thin walled polyimide air conduit in communication
with said bladder and said thin walled polyimide air
conduit extending from said bladder to a proximal end
of said tube.

52. A catheter as set forth in claim 51, wherein said thin
walled polyimide air conduit is disposed internal to said
hollow tube.

53. A catheter as set forth in claim 51, further comprising
a bifurcation disposed at a proximal end of said hollow tube,
said bifurcation including an air tube extension in commu-
nication with said air conduit.

54. A catheter as set forth in claim 51, wherein said thin
walled polyimide air conduit is disposed on an outside
surface of at least a portion of said hollow tube.

55. A catheter as set forth in claim 54, wherein said hollow
tube includes an external groove sized to receive said thin
walled polyimide air conduit.

Dec. 2, 2004

56. A catheter as set- forth in claim 51, wherein said
hollow tube comprises an extruded tube attached to a distal
cage portion, said bladder being disposed in said distal cage
portion.

57. A catheter as set forth in claim 55, wherein said
extruded tube is comprised of polyurethane and said distal
cage portion is a thin wall polyimide tube.

58. A catheter as set forth in claim 51, further comprising
a bladder mount interposed between said bladder and said
thin walled polyimide air conduit internal to said tube.

59. A catheter as set forth in claim 58, wherein said
bladder mount is shaped so as to minimize the volume
displaced by said bladder mount in said tube.

60. A catheter as set forth in claim 59, wherein said
bladder mount has a cross section that is reverse “D” shaped.

61. A catheter as set forth in claim 51, further comprising
aplurality of holes disposed in said tube in a region near said
bladder wherein said holes have a diameter in the range of
0.4 to 1.2 mm.

62. A catheter as set forth in claim 61, wherein said holes
include a total of 32 holes, each having a diameter of
approximately 0.9 mm.

63. A catheter as set forth in claim 51, wherein said
bladder is attached to an external surface of said hollow
tube.

64. A method of measuring pressure in an intracranial
space of a patient comprising;

creating an opening in a skull of a patient;

placing a distal end of a catheter in a desired location
within said intracranial space through said opening;

allowing pressure at said desired location to penetrate said
distal end of said catheter; and,

sensing said pressure with a bladder internal to said

catheter at said distal end of said catheter.

65. A method according to claim 64, further comprising
draining fluid at said desired location through said catheter.

66. A method according to claim 65, wherein the draining
of fluid includes allowing said fluid to penetrate said distal
end of said catheter.

67. A method according to claim 64, further comprising
transmitting said pressure sensed by said bladder to a
transducer external to said catheter.

68. A method according to claim 67, wherein the trans-
mitting of said pressure includes transmitting said pressure
through a path that is at least partially external to said
catheter.

69. A method according to claim 65, wherein the sensing
of said pressure and the draining of said fluid may occur
simultaneously.

70. A device for forming an intracranial access opening
comprising:

a platform sized for contact with a scalp of a patient;
a drill guide mounted in said platform;
a drill bit disposed within said drill guide;

a drill stop disposed on said drill bit, said drill stop being
selectively positionable along an axial length of said
drill bit; and,

a pin insertable between said drill guide and said drill stop
so as to control a penetration depth of said drill bit into
said scalp.
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71. A device according to claim 70, wherein said platform
is a tripod.

72. A device according to claim 70, further comprising a
bone debris collection module disposed around said drill bit
beneath said drill guide.

73. A device according to claim 72, wherein said bone
debris collection module includes an auger tube surrounding
said drill bit.

74. A device according to claim 73, wherein said bone
debris collection module further includes a spring to bias
said collection module against said scalp.

75. A method of forming an intracranial access opening
comprising:

placing a drill bit in contact with a scalp;
torquing said drill bit to begin forming said opening;

sensing a depth of said drill bit that is just prior to said
drill bit moving into said intracranial space; and,

limiting further movement of said drill bit to a distance
substantially equal to a the length of a tip of said drill
bit.
76. A method according to claim 75, further comprising
collecting bone debris while torquing said drill bit.
77. A method according to claim 75, wherein said sensing
includes sensing an increased torque requirement.
78. A device for forming an intracranial access opening
comprising:

a platform sized for contact with a scalp of a patient;
a drill guide mounted in said platform;
a drill bit disposed within said drill guide;

a drill stop disposed on said drill bit, said drill stop being
selectively positionable along an axial length of said
drill bit; and,

at least one c clip between said drill guide and said drill
stop so as to control a penetration depth of said drill bit
into said scalp.

79. A device according to claim 78, comprising three ¢
clips so as to allow incremental advancement of said drill
bit.

80. A guide for accessing an intracranial space compris-
ing:

a tube having a proximal and distal end and an internal

passageway therebetween;

a flange disposed on said tube towards said distal end of
said tube so as to leave a distal tip end of said tube
extending beyond said flange; and,

a slot extending along a length of said tube and radially
extending from a circumference of said tube and inter-
secting said passageway.
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81. A guide as set forth in claim 80, wherein said distal tip
end has a diameter that is slightly larger than an intracranial
access hole into which said distal tip shall extend.

82. A guide as set forth in claim 80, wherein said flange
has a diameter so as to stabilize said tube upon insertion of
said guide into an intracranial access hole.

83. A guide as set forth in claim 82, wherein said flange
has a diameter so as to orient an axis of said tube to intersect
a ventrical in said intracranial space.

84. A guide as set forth in claim 80, wherein said slot is
sized and shaped to receive a catheter.

85. A method of guiding access into an intracranial space
comprising:

creating a hole in a skull of a patient;
inserting a guide in said hole;

securing said guide in said hole with an interference fit
between said hole and said guide;

securing said guide such than an axis of said guide
intersects a ventricle in said intracranial space; and,

inserting an instrument through said guide along said axis

until said instrument reaches said ventricle.

86. A method as set forth in claim &85, wherein the
securing of said guide such that an axis of said guide
intersects a ventricle includes ensuring a flange on said
guide abuts against edges of said hole.

87. A method as set forth in claim 85, further comprising
removing said guide from said hole without removing said
instrument.

88. A method as set forth in claim 87, wherein the
removing of said guide includes moving said guide away
from said instrument through a slot on said guide.

89. A catheter for monitoring pressure comprising:

a hollow tube having a proximal end and a distal end;

a bladder attached to an external surface of said tube
towards said distal end of said tube;

an air conduit in communication with said bladder, said
air conduit being disposed internal to said hollow tube
and extending from said bladder to a proximal end of
said tube.
90. A catheter as set forth in claim 89, wherein said hollow
tube is a thin walled polyimide hollow tube.
91. A catheter as set forth in claim 89, wherein said hollow
tube is about 7.5 french in size.
92. A catheter as set forth in claim 89, wherein said hollow
tube is about 6 french in size.
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