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(57) ABSTRACT 

Apparatus for Securing a therapy delivery device relative to 
a burr hole. In one embodiment, the apparatus includes a 
base that is Securable to bone, without the use of fasteners, 
either before or after insertion of the therapy delivery device 
into the burr hole. The base may frictionally engage the 
delivery device, e.g., receive it with interference, to Secure 
the device relative to the burr hole. The base may have a 
relatively low profile Such that a flange portion of the base 
extends only minimally above a cranial Surface, e.g., about 
4 millimeters or less. 
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LOW PROFILE APPARATUS FOR SECURING A 
THERAPY DELIVERY DEVICE WITHIN A BURR 

HOLE 

0001) This application claims the benefit of: U.S. Provi 
sional Application No. 60/544,456, filed 13 Feb. 2004; U.S. 
Provisional Application No. 60/563,787, filed 20 Apr. 2004; 
U.S. Provisional Application No. 60/587,356, filed 13 Jul. 
2004; and U.S. Provisional Application No. 60/602,749, 
filed 19 Aug. 2004, all of which are incorporated herein by 
reference in their respective entireties. 

RELATED APPLICATIONS 

0002 This application is related to the following appli 
cations, all of which share a filing date with the present 
application and all of which are incorporated herein by 
reference in their respective entireties: 

0003 U.S. Application Ser. No. , Attorney 
Docket No. 134.02080 101, entitled METHODS 
AND APPARATUS FOR SECURING ATHERAPY 
DELIVERY DEVICE WITHIN A BURR HOLE: 

0004 PCT No. , Attorney Docket No. 
P-22168.01, entitled METHODS AND APPARA 
TUS FOR SECURING ATHERAPY DELIVERY 
DEVICE WITHIN A BURR HOLE; 

0005 U.S. Application Ser. No. , Attorney 
Docket No. 134.02300101, entitled METHODS 
AND APPARATUS FOR SECURING ATHERAPY 
DELIVERY DEVICE WITHIN A BURR HOLE: 

0006 PCT No. , Attorney Docket No. 
P-21003.03, entitled METHODS AND APPARA 
TUS FOR SECURING ATHERAPY DELIVERY 
DEVICE WITHIN A BURR HOLE; 

0007 U.S. Application Ser. No. , Attorney 
Docket No. 134.02310101, entitled METHODS 
AND APPARATUS FOR SECURING ATHERAPY 
DELIVERY DEVICE WITHIN A BURR HOLE: 

0008 U.S. Application Ser. No. , Attorney 
Docket No. 134.02320101, entitled METHODS 
AND APPARATUS FOR SECURING ATHERAPY 
DELIVERY DEVICE WITHIN A BURR HOLE: 

0009 U.S. Application Ser. No. , Attorney 
Docket No. 134.02330101, entitled METHODS 
AND APPARATUS FOR SECURING ATHERAPY 
DELIVERY DEVICE WITHIN A BURR HOLE; 
and 

0010 U.S. Application Ser. No. , Attorney 
Docket No. 13402360101, entitled APPARATUS 
FOR SECURING A THERAPY DELIVERY 
DEVICE WITHINABURRHOLE AND METHOD 
FOR MAKING SAME 

TECHNICAL FIELD 

0.011 The present invention relates generally to methods 
and apparatus for Securing therapy delivery devices Such as 
intracerebroVentricular catheters, parenchymal catheters, or 
electrical Stimulation leads within or near a burr hole. 

BACKGROUND 

0012 Medical procedures involving access to the brain 
through a burr hole in the skull are under increasing use. 
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Such procedures may include electrical Stimulation of the 
brain for purposes Such as relief of chronic pain and treat 
ment of movement disorders, and the use of parenchymal or 
intracerebroVentricular catheters for infusing pharmaceuti 
cal agents. A typical electrical brain Stimulation System 
includes a pulse generator operatively connected to the brain 
by a lead having at its distal end an electrode designed to be 
implanted within the brain, and having at its proximal end a 
connector assembly designed to connect to the pulse gen 
erator. Use of a parenchymal catheter generally involves the 
insertion of a catheter within the brain to dispense pharma 
ceutical agents at a Specific desired location. 
0013. One aspect of the above-listed procedures, and of 
any other Such procedures that involve instrument access to 
the brain through a burr hole, is the precision with which any 
Such inserted devices, e.g., catheters and leads, are placed. 
Once a Satisfactory burr hole is established at a particular 
Site, to avoid unintended injury to the brain, physicians 
typically use Stereotactic procedures to position the inserted 
devices. One Stereotactic instrument which may be used, for 
example, to position a lead electrode is disclosed in U.S. Pat. 
No. 4,350,159 to Gouda. As can be appreciated, once an 
inserted device is properly positioned, it is important that the 
device not be moved. Even one millimeter of travel of the 
positioned device may cause unsatisfactory results or, in 
Some cases, potential injury to the brain. Accordingly, reli 
able methods and apparatus for fixing the positioned device 
at the burr hole are beneficial. 

0014 Previous systems for securing a positioned device 
within a burr hole have had drawbacks. For instance, U.S. 
Pat. No. 4,328,813 to Ray discloses a socket and cap 
arrangement in which the cap is positioned So as to trap a 
positioned electrical Stimulation lead between the Socket and 
cap. That arrangement involved Securing the lead off-center 
from the burr hole in a manner Such that, during installation 
of the anchoring cap, a Stereotactic instrument could not be 
used to Support the lead. Often the lead was manually 
Supported in place while the anchoring cap was being 
installed. The lead was thus potentially Susceptible to inad 
vertent movement by the physician during cap installation. 
Further, the interaction of the cap and Socket could pull on 
the lead and potentially result in movement or dislodgement 
of the Same. 

SUMMARY OF THE INVENTION 

0015 The present invention provides methods and appa 
ratus that overcome drawbacks associated with existing burr 
hole Securing apparatus and techniques. For example, in one 
embodiment, an apparatus for anchoring a therapy delivery 
device relative to a burr hole is provided. The apparatus may 
provide a base operable to Seat in or proximate the burr hole, 
wherein the base includes an upper flange portion and a 
lower engagement portion both at least partially Surrounding 
a central opening. A slot may extend above the lower 
engagement portion from the central opening through an 
outer edge of the flange portion. The slot may further extend 
from an upper Surface of the flange portion through a lower 
Surface of the flange portion. 
0016. In another embodiment, an apparatus for anchoring 
a therapy delivery device relative to a burr hole is provided. 
The apparatus includes a base operable to mechanically 
couple to the burr hole. The base may include a flange 
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portion operable to Seat against a cranial Surface around the 
burr hole, wherein the flange portion defines a central 
opening. The flange portion is operable to extend about 4 
millimeters or less above the cranial Surface. 

0.017. In yet another embodiment, an apparatus for 
anchoring a therapy delivery device relative to a burr hole is 
provided. The apparatus may include a base operable to 
mechanically couple to the burr hole, wherein the base 
includes a flange portion operable to Seat against a cranial 
Surface, the flange portion defining a central opening in the 
base through which the therapy delivery device may pass. 
The flange portion is operable to extend a first distance 
above the cranial Surface, the first distance being about 
400% or less of an undeflected outer dimension of the 
therapy delivery device. 

0.018. The above Summary is not intended to describe 
each embodiment or every implementation of the present 
invention. Rather, a more complete understanding of the 
invention will become apparent and appreciated by refer 
ence to the following Detailed Description of Exemplary 
Embodiments and claims in View of the accompanying 
figures of the drawing. 

BRIEF DESCRIPTION OF THE VIEWS OF THE 
DRAWING 

0019. The present invention will be further described 
with reference to the figures of the drawing, wherein: 
0020 FIG. 1 is a diagrammatic view of a therapy deliv 
ery System in accordance with one embodiment of the 
invention, the System having an infusion pump, a therapy 
delivery device (e.g., catheter), and an exemplary burr hole 
retention apparatus, 

0021 FIG. 2 is an exploded perspective view of a burr 
hole retention apparatus in accordance with one embodiment 
of the invention; 

0022 FIG. 3 is a perspective view of the apparatus of 
FIG. 2 as assembled; 

0023 FIG. 4 is a bottom plan view of the assembled 
apparatus of FIG. 2; 

0024 FIG. 5 is a top plan view of a base member of the 
retention apparatus of FIG. 2; 

0.025 FIG. 6 is an exploded perspective view of a burr 
hole retention apparatus in accordance with another embodi 
ment of the invention; 

0026 FIG. 7 is a perspective view of apparatus of FIG. 
6 as it may be partially assembled; 

0027 FIGS. 8A-8C are side elevation views of the 
individual components of the retention apparatus of FIGS. 
6 and 7, wherein FIG. 8A illustrates a cover; FIG. 8B 
illustrates a body; and FIG. 8C illustrates a base or base 
member; 

0028 FIG. 9 is an exploded perspective view of a burr 
hole retention apparatus in accordance with yet another 
embodiment of the invention; 

0029 FIG. 10 is a perspective view of the apparatus of 
FIG. 9 with a cover shown partially open; 
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0030 FIG. 11 is a perspective view of the assembled 
apparatus of FIGS. 9 and 10 with the cover shown closed; 
0031 FIG. 12 is a perspective section view of the 
assembled apparatus of FIGS. 9-11 with the cover shown 
partially open; 
0032 FIG. 13 is a partial exploded perspective view of 
a burr hole retention apparatus in accordance with Still yet 
another embodiment of the invention; 
0033 FIG. 14 is perspective view of the apparatus of 
FIG. 13 as assembled; 
0034 FIG. 15 is a bottom plan view of the apparatus of 
FIG. 13 as assembled; 
0035 FIG. 16 is a top plan view of the apparatus of FIG. 
13 as assembled; 
0036 FIG. 17 is a side elevation view of the apparatus of 
FIG. 13 as assembled; 
0037 FIG. 18 is a section view taken along line 18-18 of 
FIG. 16; 
0038 
FIG. 16; 
0039 FIG. 20 is a perspective view of a burr hole 
retention apparatus in accordance with yet another embodi 
ment of the invention; 

0040 
20; 
0041 FIG. 22 is an exploded perspective view of a burr 
hole retention apparatus in accordance with Still yet another 
embodiment of the invention; 

FIG. 19 is a section view taken along line 19-19 of 

FIG. 21 is a top plan view of the apparatus of FIG. 

0042 FIG. 23 is a perspective view of a base member of 
the apparatus of FIG. 22; 
0043) 
FIG. 23; 
0044 FIGS. 25A-25B illustrate a burr hole retention 
apparatus in accordance with yet another embodiment of the 
invention, wherein: FIG. 25A is an exploded bottom per 
spective view of the apparatus; and FIG. 25B is an exploded 
top perspective view, 
004.5 FIGS. 26A-26B illustrate an exemplary base mem 
ber for use with the apparatus of FIGS. 25A-25B, wherein: 
FIG. 26A is a top perspective view thereof; and FIG. 26B 
is a top plan view thereof; 
0046 FIG.27 illustrates a top plan view of a stabilizer or 
Stabilizer member, e.g., catheter Stabilizer, in accordance 
with one embodiment of the invention, the stabilizer oper 
able for use in, for example, the apparatus of FIGS. 25A 
25B; 

0047 FIGS. 28A-28D illustrate an exemplary method of 
using a burr hole retention apparatus of the present inven 
tion, e.g., the apparatus of FIGS. 25A and 25B, wherein: 
FIG. 28A diagrammatically illustrates Stereotactic appara 
tus locating a catheter within a burr hole; FIG. 28B illus 
trates placement of the retention apparatus within the burr 
hole; FIG. 28C illustrates positioning of an exemplary 
stabilizer relative to the retention apparatus; and FIG. 28D 
illustrates routing of the catheter from the retention appara 
tuS, 

FIG. 24 is a top plan view of the base member of 
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0048 FIG. 29 illustrates a top plan view of a catheter 
stabilizer in accordance with another embodiment of the 
invention, wherein an arm of the Stabilizer is in a Second 
position; 

0049 FIG. 30 illustrates the stabilizer of FIG. 29, 
wherein the arm is in a first position; 
0050 FIG. 31 illustrates a plan view of a catheter stabi 
lizer in accordance with yet another embodiment of the 
invention, wherein an arm of the Stabilizer is in a Second 
position; 

0051 FIGS. 32A-32B illustrate the stabilizer of FIG.31 
with the arm shown in a first position, wherein: FIG. 32A is 
a plan view thereof; and FIG. 32B is a perspective view 
thereof; 

0.052 FIG. 33 is a perspective view of the stabilizer of 
FIGS. 32A-32B as it may be positioned in the base member 
of FIGS. 26A-26B; 

0053 FIG.34 illustrates a top plan view of a stabilizer in 
accordance with Still another embodiment of the invention, 
wherein an arm of the Stabilizer is shown in a Second 
position; 

0054 FIG.35 is a top plan view of the stabilizer of FIG. 
34, wherein the arm is in a first position; 
0055 FIG. 36 is a side elevation view of the stabilizer of 
FIGS. 34-35, wherein the arm is in the second position; 
0056 FIG.37 illustrates a top plan view of a stabilizer in 
accordance with still yet another embodiment of the inven 
tion, wherein arms of the Stabilizer are in a Second position; 
0057 FIG. 38 illustrates the stabilizer of FIG. 37, 
wherein the arms are in a first position; 
0.058 FIG. 39 illustrates an exploded upper perspective 
View of a burr hole retention apparatus in accordance with 
still yet another embodiment of the invention; 
0059 FIG. 40 is an exploded lower perspective view of 
the apparatus of FIG. 39; 
0060 FIG. 41 is a top plan view of a base and stabilizer 
of the apparatus of FIGS. 39-40; 
0061 FIG. 42 illustrates a top plan view of a stabilizer in 
accordance with still yet another embodiment of the inven 
tion, the Stabilizer shown assembled with a base, e.g., the 
base member of FIGS. 26A-26B; 

0.062 FIG. 43 illustrates a top plan view of a stabilizer in 
accordance with another embodiment of the invention, 
wherein an arm of the Stabilizer is in a first position; 
0063 FIG. 44 is a side elevation view of the stabilizer of 
FIG. 43; 

0064 FIG. 45 is a top plan view of the stabilizer of FIG. 
43, wherein the arm is in a Second position; 
0065 FIG. 46 is an upper perspective view of the stabi 
lizer of FIG. 43; 

0.066 FIG. 47 illustrates a top plan view of a stabilizer in 
accordance with yet another embodiment of the invention; 
0067 FIG. 48 is a side elevation view of the stabilizer of 
FIG. 47; 
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0068 FIG. 49 is an upper perspective view of the stabi 
lizer of FIG. 47; 
0069 FIG.50 illustrates a top plan view of a base or base 
member of a burr hole retention apparatus in accordance 
with another embodiment of the invention; 
0070 FIG. 51 is an upper perspective view of the base of 
FIG.50; 
0071 FIG.52 is a side elevation view of the base of FIG. 
50; 
0072 FIG.53 illustrates a top plan view of a cap member 
in accordance with another embodiment of the invention; 

0073 FIG. 54 is a side elevation view of the cap member 
of FIG. 53; 

0074 FIG.55 is a bottom plan view of the cap member 
of FIG. 53; and 

0075 FIG. 56 illustrates a burr hole retention apparatus 
in accordance with another embodiment of the invention, the 
apparatus incorporating the stabilizer of FIGS. 47-49, the 
base of FIGS. 50-52 and the cap member of FIGS. 53-55. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

0076. In the following detailed description of illustrative 
embodiments of the invention, reference is made to the 
accompanying figures of the drawing which form a part 
hereof, and in which are shown, by way of illustration, 
Specific embodiments in which the invention may be prac 
ticed. It is to be understood that other embodiments may be 
utilized and Structural changes may be made without depart 
ing from the Scope of the present invention. Unless Stated 
otherwise herein, the figures of the drawing are rendered 
primarily for clarity and thus may not be drawn to Scale. 
0077 Generally speaking, the present invention is 
directed to apparatus, methods, and Systems for implanting 
and anchoring a therapy delivery device relative to a burr 
hole formed in a human or other mammal. 

0078. As used herein, the terms “therapy delivery device, 
'"positioned therapy delivery device,” and “positioned 
device' refer to any elongated medical device having at least 
proximal and distal ends that: 1) extends through a burr hole; 
and 2) is to be anchored relative to a known location within 
or near the burr hole, so that the location of the distal end 
(the end located within the brain that delivers therapy) of the 
device may be substantially fixed. 
0079 The therapy delivery device itself may be most any 
medical device capable of delivering therapy to a treatment 
region. Some exemplary therapy delivery devices include 
electrical Stimulation leads and drug infusion catheters. 
Regardless of the therapy delivery device used, the distal 
end of the device will typically be situated within the brain 
or brain Ventricles, where it may be maintained in a Station 
ary position by the retention apparatus. 

0080. One benefit of various embodiments of retention 
apparatus of the present invention is that they may allow 
implanting a therapy delivery device into a burr hole prior to 
installing the retention apparatus. As a result, the physician 
may have unimpeded access to the entire burr hole during 
device implantation. Moreover, retention apparatus of the 
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present invention are configured to permit Side-loading of 
the device So that the retention apparatus may be installed in 
the burr hole while the therapy delivery device is held in 
place with positioning equipment, e.g., with Stereotactic 
apparatus. By using Stereotactic apparatus to hold the deliv 
ery device during installation of the retention apparatus, 
inadvertent movement of the delivery device may be mini 
mized. 

0.081 Embodiments of the retention apparatus described 
and illustrated herein may also provide multiple, e.g., two or 
more, interference fits for the therapy delivery device (rela 
tive to the retention apparatus) to provide frictional restraint 
of the device in two or more Separate directions. This dual 
frictional engagement may effectively hold or fix the therapy 
delivery device in its desired location. 
0082) Many of the retention apparatus described herein, 
see, e.g., apparatus 100, 200, and 300 described below, 
further have minimal components and, as Such, may be 
manipulated with one hand, a convenience not afforded by 
many prior art apparatus. Minimizing components may also 
provide other benefits, e.g., reduced Surgical inventory 
COuntS. 

0.083 Still yet another benefit of various embodiments of 
retention apparatus described herein is that they may be 
relatively shallow, e.g., have a low profile, and thus not 
protrude excessively above a cranial Surface once in place. 
This reduced depth may be attributable to various factors 
including, for example, deep channeled or Slotted flanges 
that permit exiting of the therapy delivery device close to (or 
in contact with) the cranial Surface, and the retention appa 
ratus ability to function with small diameter devices. 
0084. As used herein, the term "snap-fit” refers to a 
Self-locking interconnection between two or more parts 
(e.g., male and female components) wherein one or both of 
the parts flex sufficiently during attachment to allow the first 
part (e.g., male component) to move or slip past a portion of 
the Second part (e.g., female component) until the two parts 
interlock with one another in a manner that generally 
prevents their inadvertent Separation. 
0085. The term “interference fit,” as used herein, refers to 
the interconnection of a male component with a female 
component wherein the male component has an effective 
undeflected interfacing dimension, e.g., an Outer diameter, 
that is larger than the undeflected receiving dimension, e.g., 
inner diameter, of the female component. One or both of the 
male and female components may deflect or deform Suffi 
ciently to permit assembly of the components. For example, 
a female component in accordance with embodiments of the 
present invention may have a major dimension about 2% to 
about 50% less than an undeflected outer dimension of a 
mating male component (e.g., the catheter 50). However, 
most any relative size of male and female components is 
contemplated as long as the components may be coupled 
with interference and without inducing failure or collapse of 
the components. 
0.086 As used herein, the term “fixed” refers to one 
component being generally immobilized relative to another 
component during normally anticipated activity. For 
example, a catheter that is described as fixed relative to a 
retention apparatus indicates that the catheter may remain 
generally immobilized relative to the retention apparatus 
during normal Subsequent patient activity. 
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0087 FIG. 1 illustrates an exemplary therapy delivery 
System incorporating a retention apparatuS 100 in accor 
dance with one embodiment of the present invention. For 
purposes of explanation, the exemplary therapy delivery 
device is described and illustrated herein in the context of a 
brain infusion catheter 50. The catheter 50 may enter the 
cranium through a burr hole 52 formed at a predetermined 
location. A stylet 64 may be inserted through the catheter 50 
to assist with its placement within the brain. The retention 
apparatus 100 may be located in the burr hole 52 to assist in 
securing the catheter 50 in the desired location. 
0088. Once the catheter 50 is secured relative to the 
retention apparatus 100, its proximal end may be placed 
against the Surface of the Skull and connected to a therapy 
Source, e.g., an implanted infusion pump 60, via a Second 
catheter, e.g., an infusion pump catheter 62. 
0089 While the exact size and construction of the cath 
eter 50 may certainly vary without departing from the scope 
of the invention, it may, in one embodiment, be constructed 
of polyurethane having a durometer of about 80 Shore A. It 
may further have an outer undeflected diameter of about 0.9 
millimeters (mm) to about 1.1 mm, e.g., about 1 mm. Other 
exemplary materials may include Silicone, or co-extrusions 
Such as Silicone/nylon or Silicone/polyurethane. 
0090 Retention apparatus in accordance with the present 
invention may be placed directly within a burr hole or, 
alternatively, within a pre-positioned burr hole ring. The 
decision to utilize a separate burr hole ring may depend on 
a patient's individual circumstances as well as on other 
factorS Such as the Size or shape of the burr hole, what 
devices may be located through the burr hole, etc. 
0091 For brevity, the apparatus illustrated and described 
herein do not utilize a separate burr hole ring. That is, the 
retention apparatus shown herein may include an integral 
burr hole ring rather than utilize a separate component. 
However, configurations utilizing a separate burr hole ring 
are certainly possible without departing from the Scope of 
the invention. Examples of burr hole rings are described, for 
example, in U.S. Pat. Nos. 5,927.277 to Baudino et al. and 
5,954,687 to Baudino. 
0092. The components of the exemplary retention appa 
ratus described herein (e.g., bases, stabilizers, and caps) may 
be made from most any biocompatible material including 
plastics, metals, etc. For example, materials Selected from 
the group consisting of nylon, polyurethane, polycarbonate, 
polyamide, and polyetheretherketone (PEEK) (including 
combinations thereof) may be used. 
0093 Moreover, as further described below, some por 
tions of the exemplary retention apparatus described and 
illustrated herein may include materials, e.g., Surface coat 
ings, that increase frictional resistance (coefficient of fric 
tion) between a coated Surface and the therapy delivery 
device, e.g., catheter 50. The actual materials and/or coat 
ings, if used, may be selected based upon particular therapy 
delivery regimens and/or other specific patient requirements. 

0094 FIGS. 2-5 illustrate a retention apparatus 100 in 
accordance with one exemplary embodiment of the present 
invention. The apparatus 100 may be a two-piece construc 
tion having a base or base member 102 and a cap or cap 
member 104 (see, e.g., FIG. 2). The base 102 may be 
generally ring-shaped and at least partially Surround a cen 



US 2005/0182420 A1 

tral portion of the base, the central portion defining a central 
opening 128 extending through the base. 

0.095 The base 102 may include a lower engagement 
portion 106 that is generally annular- or ring-shaped. The 
engagement portion 106, as further described below, may 
Seat against an inner Surface of the burr hole when the base 
102 is implanted. A passageway or opening 108 may extend 
through the engagement portion 106 Such that the base 
forms a generally C-shaped component in plan view. 

0096 Openings 109 may be formed or otherwise 
included on the base 102, e.g., on the lower engagement 
portion 106. The openings 109 may define tool interface 
Surfaces operable to receive forceps, or other Suitable 
devices, for Squeezing the engagement portion 106 to a 
diameter Slightly Smaller than the nominal diameter of the 
burr hole. By Squeezing or compressing the engagement 
portion 106, the base 102 may be placed within the burr 
hole, whereby, upon release of the Squeezing force, the 
engagement portion may expand and Secure the base within 
the burr hole. To assist with retention of the base 102 relative 
to the inner Surfaces of the burr hole, an outer Surface 112 
of the engagement portion 106 may include Surface varia 
tions (e.g., protrusions, threaded grooves, or Serrations) as 
shown in other embodiments described below. 

0097 While illustrated herein as utilizing frictional inter 
locking with the burr hole, other embodiments of the reten 
tion apparatus 100 (or any of the other embodiments 
described herein below) may also be secured relative to the 
skull with mechanical fastenerS Such as Screws or the like. 

0098. The base 102 may also include a peripheral portion 
defined by an upper flange portion 110 that extends above a 
cranial surface when the retention apparatus 100 is 
implanted. The upper flange portion 110 may be formed over 
only a portion, e.g., about 180 degrees, of the lower engage 
ment portion 106. The upper flange portion 110 may have a 
larger diameter than the lower engagement portion 106 So 
that, when the base 102 is placed in the burr hole, the upper 
flange portion 110 may seat against the cranial Surface and 
thus prevent over-insertion of the base. 
0099 Preferably, the retention apparatus 100, as well as 
all other embodiments of retention apparatus described 
elsewhere herein, has a low profile. AS used herein, the term 
“low profile’ indicates a retention apparatus, e.g., base 102, 
that protrudes only minimally above the outer cranial Sur 
face. For example, in Some embodiments, a maximum 
height of the peripheral/flange portion (e.g., the height that 
the bases described herein may extend above the cranial 
surface when the base is correctly positioned within the burr 
hole) is about 4 mm (about 0.16 inches) or less; preferably, 
about 3.3 mm (about 0.13 in) or less; more preferably about 
3 mm (about 0.12 in) or less; and most preferably about 2.5 
mm (about 0.10 in) or less. For example, the base 102 could, 
in one embodiment, extend about 2 mm (about 0.08 in) from 
the cranial Surface when installed. As a result, the flange 
portion 110 may, in Some embodiments, have a thickness (a 
distance from its lower Surface to its uppermost Surface) of 
about four times (about 400%) or less, preferably about three 
times or less, an undeflected outer dimension of the catheter 
50. 

0100 Various features of exemplary retention apparatus 
described herein may contribute to the resulting low profile. 
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For instance, the apparatus 100, like other retention appa 
ratus described herein, may receSS a portion, See, e.g., a 
stabilizer or stabilizer portion 116, within the burr hole, i.e., 
may locate the Stabilizer portion at a location below the 
Surface of the Skull. Thus, Sufficient room may exist to route 
the catheter within the overall burr hole envelope. Further, 
for example, a channel or Slot may be provided in the 
retention apparatus (See, e.g., channel 132 formed in an 
upper surface of the flange portion 110 in FIG. 2). The 
channel 132 may permit the catheter 50 to exit the retention 
apparatus 100 within the envelope defined by the flange 
portion. 

0101 The base 102, e.g., upper flange portion 110, may 
transition to its outermost edge via a Smooth transitional 
Surface, Such as a curved Surface 114, as shown in FIGS. 
2-3. The curved surface 114, which may be defined by a 
relatively large radius, in combination with the low profile 
design of the flange portion 110, may reduce or eliminate 
bulging and excessive StreSS to the patient's skin when it 
Subsequently covers the retention apparatus 100. 

0102) The stabilizer portion 116 of the retention appara 
tus 100 may have a sidewall with at least one, and preferably 
more, Securing features Such as open-sided notches or aper 
tures 118. Each notch 118 may be sized to frictionally 
receive and Secure the catheter 50 (e.g., receive the catheter 
with an interference fit) So that the catheter may be secured 
at any one of Several discrete locations along the Sidewall. 
Preferably, the notches 118 are open-sided, e.g., C-shaped, 
such that the catheter(s) 50 may be side-loaded into the 
notches rather than threaded therethrough. By providing 
numerous notches 118, the exact location of the catheter 50 
within the burr hole may be varied to accommodate the 
desired catheter location. 

0103) In an exemplary embodiment, the notches 118 may 
have a minimum diameter of about 0.96 mm to receive a 
catheter 50 (see FIG. 4) having, for example, an undeflected 
outer diameter of about 1 mm. As described above, the 
catheter 50 may be made from a relatively flexible material 
(e.g., polyurethane having a durometer of about 80 Shore A) 
So that it may deform Sufficiently to engage the apertures 118 
with the desired interference fit. 

0104. The stabilizer portion 116 may, as illustrated in 
FIGS. 2-5, be integrally formed with the base 102. In other 
embodiments, as further described below, the stabilizer 116 
may be a separate component that attaches to the base 102 
prior to, or during, implantation. 

0105 The cap member 104 (FIG.2) may engage the base 
102 once the catheter 50 is in place as further described 
below. When the cap member 104 is so attached to the base 
102, the retention apparatus 100 may form a generally 
disk-or button-shaped device having the generally continu 
ous transitional surface 114 (except for the channel 132) as 
shown in FIG. 3. 

0106 The cap member 104 may include, in one embodi 
ment, a lid portion 120 and a tab portion 122. The lid portion 
120 may further include: an outer flange portion 124 that has 
a size and shape complimentary to the Surface 114 of the 
flange portion I 10 of the base 102 (see FIG. 2); and an inner 
cover portion 126. The inner cover portion 126 may be 
configured to be received within a recess 127 of the base 
102. 
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0107 The tab portion 122 may be configured to engage 
the central opening 128 in the base 102 as best illustrated in 
FIG. 4. Preferably, the tab portion 122 (or the lid portion 
120) engages the base 102 with a Snap fit So that Some degree 
of positive coupling is achieved between the components. 
When assembled, a surface 130 of the tab portion 122 may 
fit against the sidewall and the open-sided notches 118 of the 
stabilizer portion 116 to positively retain or trap the catheter 
50 within one of the notches 118. 

0108. The stabilizer portion 116 may be located at an 
elevation below the recess 127 (see FIG.2) Such that a space 
exists between the top of the stabilizer portion 116 and the 
bottom of the inner cover portion 126 when the cap member 
104 is attached to the base 102. 

0109 The channel 132 may be formed in an upper 
surface of the flange portion 110. The channel may extend 
outwardly from an inner edge of the flange portion, e.g., 
from the recess 127/central opening 128, through an outer 
edge as shown in FIG. 2. In one embodiment, the channel 
132 may extend downwardly through a depth of the flange 
portion 110 (see, e.g., FIG. 5). That is, the channel 132 may 
form a slot extending from an upper Surface through a lower 
surface of the flange portion 110 as shown in FIGS. 4 and 
5 generally above the engagement portion 106. In other 
embodiments, the channel 132 may be more shallow, e.g., it 
may form only a receSS in the upper Surface of the flange 
portion. 

0110. The channel 132 is preferably sized to receive the 
catheter 50 with an interference fit, e.g., a fit similar to that 
described with respect to the catheter 50 and the notch 118. 
Once the catheter 50 is located in the channel 132, the cap 
member 104 may be attached to the base 102 as described 
below. 

0111 While illustrated with only a single channel 132, 
other embodiments of the base 102 may incorporate addi 
tional channels as desired. Moreover, other embodiments 
may utilize channels of different configurations Such as a 
circuitous or other non-linear channel as described below 
with respect to other embodiments. 
0112 To implant a therapy delivery device (e.g., catheter 
50) into the brain with the retention apparatus I 00 described 
above, the following exemplary procedure may be utilized. 
After locating the desired cranial entry location, a burr hole 
may be created in the skull of the patient (see FIG. 1). 
Stereotactic apparatus equipment may then be utilized to 
position the catheter 50 at the desired location within the 
brain. A stylet (e.g., stylet 64 in FIG.1) may be placed in the 
catheter 50 prior to insertion to give the catheter 50 rigidity 
during the implantation process. 

0113. Once the catheter 50 is positioned, the base 102 
may be side-loaded over the catheter (e.g., the base may be 
placed over the catheter by guiding the latter through the 
passageway 108) until the catheter is positioned in the 
central opening 128. The base 102 is then slid longitudinally 
along the catheter 50 towards the burr hole. 

0114. The base 102 may then be inserted into the burr 
hole by compressing the lower engagement portion 106 with 
forceps inserted into the openings 109. The base 102 may be 
oriented to ensure that the channel 132 extends in the desired 
direction, e.g., towards the infusion pump catheter 62 (see 
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FIG. 1). The base 102 may be inserted into the burr hole 
until the lower Surface of the upper flange portion 110 
contacts the cranial Surface. 

0115 Prior to or after base insertion, the catheter 50 may 
be slid into the desired notch 118 where it may seat with an 
interference fit. Upon verification that the catheter 50 is in 
the desired location, the catheter 50 may be removed from 
the Stereotactic apparatus and the Stylet (if used) may be 
withdrawn from the catheter. 

0116. With the stylet removed, the catheter 50 may be 
routed and placed into the channel 132 of the base 102, 
where it may seat with an interference fit. The cap member 
104 may then be coupled to the base 102, whereby the 
surface 130 (see FIG. 4) is located adjacent an open side of 
the notches 118 to generally trap the catheter 50 within the 
desired notch. AS Stated above, the interference fits between 
the catheter 50 and both the notch 118 and the channel 132 
Serve to fix the catheter in the desired position. 
0117 FIGS. 6-7 and 8A-8C illustrate a retention appa 
ratus 200 in accordance with another embodiment of the 
invention. The apparatus 200 is similar in many respects to 
the apparatus 100 described above. For example, it may 
include the base 102 described above having, e.g., the lower 
engagement portion 106, upper flange portion 110, Stabilizer 
portion 116, recess 127, and channel 132. It may further 
include a cap assembly 204 Similar in many respects to the 
cap member 104. For example, it may include a tab portion 
222 and surface 230 substantially similar or identical to the 
tab portion 122 and surface 130, respectively. However, 
unlike the cap member 104, the cap assembly 204 may be a 
two-piece construction. That is, it may include a body 206 
and a separate optional cover 208 as shown in FIG. 6. 

0118. In use, the base 102, as described above, may be 
located in a burr hole and the catheter 50 secured in one of 
the notches 118. After the catheter 50 is positioned within a 
notch 118, the body 206 may be snap-fit into the base 102 
as shown in FIG. 7 so that the surface 230 of the tab portion 
222 (see FIG. 6) may trap the catheter in place and prevent 
unintended lateral movement of the catheter out of the notch 
118. The catheter 50 may then be placed into the channel 132 
in the base 102 as already described above. To complete the 
assembly, the cover 208 may be snap-fit into the recess 127 
(see FIG. 7) to assist in securing the catheter 50 in place. 
FIGS. 8A-8C illustrate side elevation views of the cover 
208, the body 206, and the base 202, respectively. 
0119 FIGS. 9-12 illustrate a retention apparatus 300 in 
accordance with yet another embodiment of the invention. 
The apparatus 300 is Similar in many respects to the appa 
ratus 100 and 200 already described above. For example, it 
may include the base 102 described above having, e.g., the 
lower engagement portion 106, upper flange portion 110, 
stabilizer portion 116, recess 127, and channel 132. It may 
further include a cap assembly 304 Similar in many respects 
to the cap member 104. For example, it may include a tab 
portion 322 and Surface 330 substantially similar or identical 
to the tab portion 122 and surface 130, respectively. How 
ever, unlike the cap member 104, the cap assembly 304 may 
include a cover 308 pivotally connected to a body 306 of the 
cap assembly as shown in FIG. 9. 

0120 In use, the base 102, as described above, may be 
located in a burr hole and the catheter 50 secured in one of 
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the notches 118. After the catheter 50 is positioned within 
the notch 118, the body 306 of the cap assembly 304 may be 
Snap-fit into the base 102 as shown in FIG. 10 so that that 
the surface 330 of the tab portion 322 (see FIG. 9) may 
prevent unintended lateral movement of the catheter from 
the notch. After stylet removal, the catheter 50 may be 
routed through the channel 132 in the base 102. The hinged 
cover 308 may then be pivoted to the closed position (FIG. 
11) and snap-fit into the recess 127 (FIGS. 9 and 10) to 
assist in Securing the catheter in place. 
0121 FIG. 11 further illustrates an exemplary configu 
ration for forming the hinge connection between the cover 
308 and the body 306 of the cap assembly 304. As illustrated 
in this view, the cover 308 may include one or more tabs 310 
that are each received within a corresponding slot 312 of the 
body 306 (in place of a slot, the tabs could also be received 
against outer faces of the body 306). The tabs 310 may 
include Small protrusions (not shown) formed coincident 
with the hinge line. The protrusions may engage receiving 
dimples (also not shown) in a sidewall of the slot 312 with 
a snap fit. As a result, the cover 308 may be pre-assembled 
with the body 306 in a manner that permits the cover portion 
to pivot relative thereto. 
0122) The dimensions of the cover 308 may be selected 
Such that, when the cover is closed as shown in FIG. 11, the 
base 102 receives it with a snap-fit. FIG. 12 illustrates a 
perspective, section view of the retention apparatus 300 with 
the cover 308 shown in a partially open position. 
0123 FIGS. 13-19 illustrate a retention apparatus 400 in 
accordance with still yet another embodiment of the inven 
tion. Like Some of the preceding embodiments (See, e.g., the 
apparatus 100), the apparatus 400 may offer the benefit, at 
the time of use, of a two-piece construction. 
0.124. The apparatus 400 may include a base assembly 
401 and an optional cap member 404. The base assembly 
401 may include both a base 402 and a stabilizer 408 that 
may be Secured relative the base. In one embodiment, the 
stabilizer 408 may be positionable within an internal groove 
410 formed within a central opening of the base 402 as 
shown in FIG. 13. The base 402 may further include a flange 
portion operable to Seat against the cranial Surface. 
0.125 The base 402 may form a generally annular, 
C-shaped ring having a passageway 412 extending out 
Wardly from the central opening through the base. The 
passageway 412 may be provided to allow compression of 
the base 402 so that it may be inserted into a burr hole as 
already described herein. As with the other embodiments 
described above, the base 402 may include openings 414 
defining tool interface Surfaces operable to receive forceps 
or Similar tools to allow compression or Squeezing of the 
base during insertion. 
0.126 The cap member 404 may include a cover portion 
406 and one or more protrusions, e.g., tab portions 407. 
When the cap member 404 is attached to the base 402, the 
tab portion(s) 407 may interlock with an opening in the base, 
e.g., with the internal groove 410, thereby Securing the cap 
member as illustrated in FIG. 14. 

0127. To permit the catheter 50 to exit the retention 
apparatus 400, the flange portion of the base 402 may 
include an upper Surface having one or more channels 416 
formed therein that are each operable to receive the catheter 
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with an interference fit as represented in FIG. 14. The 
channel 416 may extend from an inner edge of the flange 
portion, e.g., from the central opening, outwardly to a point 
at or near the Outer edge (e.g., the channel may terminate 
Short of the outer edge if the curved upper Surface of the 
flange portion tapers to a degree Such that the channel breaks 
out before reaching the outer edge as shown in FIG. 17. 
Alternatively, the channel may extend to (e.g., through) the 
outer edge as shown in other embodiments described herein 
below). The interference fit may be similar to that already 
described herein, see, e.g., the channel 132/catheter 50 of 
apparatus 100. While the channel(s) 416 may be shallow as 
shown in the figures, other embodiments could utilize a 
deeper channel Such as a slot extending completely through 
the upper flange portion (downwardly through a lower 
Surface of the flange portion). Other embodiments may 
utilize a non-linear channel as described elsewhere herein 
with respect to other embodiments. 

0128. The stabilizer 408 may be of most any shape that 
permits it to secure relative to the base 402. In the illustrated 
embodiment, the stabilizer 408 is somewhat in the shape of 
an elongated oval with an end proximate the passageway 
412 being open and slightly flared. This provides the stabi 
lizer 408 with an elongate C- or fish-shape as shown in FIG. 
15. 

0129. The stabilizer 408 may further include a sidewall 
having a Series of open-sided notches or apertures 418 
formed therein. In the illustrated embodiment, the Stabilizer 
408 may include two opposing Sidewalls defining a passage 
way or slot 413 where each sidewall has a series of open 
sided notches 418. The slot 413 may extend through an outer 
edge of the stabilizer 408 when the latter is secured in the 
base 402. 

0.130. The notches 418 may each be configured to receive 
the catheter 50 and anchor it at Specific, discrete locations 
along a length of the Sidewall. The interference fit may be 
Similar to the interference fits already described herein, See, 
e.g., notches 118 of apparatus 100. Like the embodiments 
described above, the stabilizer 408 may provides numerous 
notches 418 to allow more flexibility in catheter location 
within the burr hole. Similarly, as with other embodiments 
described below, the notches in the slot 413 could be 
eliminated to provide a generally Straight-edged slot. 

0131) The stabilizer 408 is preferably made from a flex 
ible material (e.g., plastic) that permits Sufficient compres 
Sion for Snap-fit insertion of the Stabilizer into the groove 
410 of the base 402. One configuration that provides the 
desired flexibility and resiliency is shown in the Figures, See, 
e.g., FIG. 15. In this embodiment, the two halves of the 
stabilizer 408 are joined at a first end 420 while the second 
end 422 is open to permit side-entry of the catheter 50 into 
the slot 413. The stabilizer 408 may include ears 411 at the 
first and second ends 420, 422 (see FIG. 13) operable to 
engage the groove 410 and hold the Stabilizer in place. The 
base 402 and stabilizer 408 may be assembled prior to, or 
during, implantation. 

0132) While not illustrated, other embodiments may uti 
lize a two-piece Stabilizer 408, e.g., one that is not joined at 
the first end 420. In the case of the latter, the stabilizer halves 
may be biased towards one another with a Spring or other 
resilient member. The lateral biasing of the two Separate 
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halves may be advantageous in Some circumstances, e.g., 
when the catheter 50 is inserted via a large diameter cannula 
(not shown). 
0133 FIG. 16 is a top view of the retention apparatus 400 
in its assembled configuration. The slots 416, openings 414, 
and passageway 412 are clearly visible in this view. 

0134 FIG. 17 is a side elevation view of the assembled 
retention apparatus 400. As clearly illustrated herein, the 
base 402 may include a lower engagement portion 403 
Similar in many respects to the lower engagement portion 
106 of the retention apparatus 100. The lower engagement 
portion 403 may include a discontinuous outer Surface, e.g., 
protrusions 424, operable to improve engagement with the 
inner surface of the burr hole. The protrusions 424 may have 
cutouts 426 formed therein to ensure clearance for the 
forceps when the latter are inserted through the openings 
414. 

0135 FIG. 18 is a cross section of the apparatus 400 
taken along line 18-18 of FIG. 16. This view clearly 
illustrates the interrelation of the tab portion 407 of the cap 
member 404 with the groove 410. It also shows a void 428 
formed between the cap member 404 and the stabilizer 408. 
The void 428 allows Sufficient room for the catheter 50 to 
transition from the notches 418 to the channels 416 as 
shown. The channels 416, as illustrated in FIG. 13, may 
intersect the inner Surface of the base 402 at an elevation 
below the cap member 404 such that the cap member does 
not pinch the catheter when installed. 
0136 FIG. 19 is a cross section of the apparatus 400 
taken along line 19-19 of FIG. 16. This view further 
illustrates the relative positions of the cap member 404, the 
stabilizer 408, and the channels 416. An exemplary orien 
tation of the catheter 50 is further illustrated in this view. 

0137) During implantation of a medical device (e.g., 
catheter 50), the apparatus 400 functions in much the same 
way as the previous embodiments. For example, the catheter 
50, while implanted through the burr hole and still attached 
to Stereotactic apparatus, may be side-loaded through the 
passageway 412 of the base assembly 401 and located 
within the desired notches 418 of the slot 413. Thereafter, 
the base assembly 401 may be slid longitudinally along the 
catheter 50 until it reaches the burr hole. Forceps may be 
used to Squeeze or compress the base assembly 401 to insert 
the same into the burr hole. Once inserted, the catheter 50 
may be disconnected from the Stereotactic apparatus and the 
stylet (if used) removed. The catheter 50 may then be routed 
through one of the channels 416 where it is received with an 
interference fit. The optional cap member 404 may then be 
Snap fit to the base assembly 401. As a result, the catheter 50 
may be secured, via friction, in a first direction (by the 
notches 418 of the stabilizer 408), and a second direction (by 
the channel 416). 
0138 FIGS. 20-21 illustrate a retention apparatus 500 in 
accordance with still yet another embodiment of the inven 
tion. FIG. 20 illustrates the apparatus in perspective view 
while FIG. 21 shows a top plan view. The apparatus 500 
may include a base assembly 501 incorporating a base 502 
and a stabilizer 506. The stabilizer 506 could be pre 
assembled with the base 502 prior to implantation, or the 
Stabilizer could be attached to the base during the implan 
tation process. The apparatus 500 could also include a cap 
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member (not shown) similar in many respects to the cap 
member 404 discussed above. 

013:9) The base 502 may be identical, or substantially 
similar, to the base 402 described above with reference to the 
retention apparatus 400. For example, it may include a lower 
engagement portion 503 having protrusions 524 located 
thereon to engage the inner Surface of the burr hole, and a 
peripheral portion, e.g., a flange portion, operable to Seat 
against the cranial Surface. The peripheral portion may at 
least partially Surround a central opening in which the 
stabilizer 506 may secure. 
0140. A passageway 512, openings 514, and one or more 
channels or Slots 516, generally identical to the passageway 
412, openings 414, and channels 416, respectively, dis 
cussed above may also be provided. Like the channels 416, 
the channel(s) 516 may be formed on the upper surface of 
the flange portion and may extend from the central opening 
outwardly to a point at or near the outer edge or of the flange 
portion. Moreover, each channel 516 may extend partially 
through a depth of the flange portion, as shown in the figures 
or, alternatively, form a slot extending entirely through a 
lower Surface of the flange portion. The channels could also 
be non-linear in shape as described elsewhere herein (see, 
e.g., channel 616 further described below). 
0141 Like the channels described above (see, e.g., chan 
nel 416), the channel 516 is preferably configured to have a 
width equal to or less than an undeflected outer dimension 
of the catheter. Preferably the width of the channel 516 is 
less than the outer dimension of the catheter So that the 
channel may receive the catheter with an interference fit, 
e.g., an interference fit Similar to those fits already described 
herein. 

0142. The retention apparatus 500 may utilize a stabilizer 
506 that, in one embodiment, is formed by a flexible 
disk-shaped member Spanning acroSS the central opening of 
the base 502. The stabilizer 506 may be held in place relative 
to the base 502 by engagement with an internal circumfer 
ential groove 510 formed in the base. While not wishing to 
be bound to any particular material, the stabilizer 506 may, 
in one embodiment, be formed of silicone rubber having a 
durometer of about 50 Shore A to 65 Shore D. Other 
materials (e.g., polyurethane) may also be used. 
0143. The stabilizer 506 may include a series of inner 
sidewalls wherein two of the inner sidewalls define a radi 
ally extending slot 508 (a radial slot passing generally 
through the center of the stabilizer). While the slot 508 may 
be of most any shape or configuration, it preferably extends 
outwardly through an outer edge of the stabilizer 506 when 
the Stabilizer is Secured within the central opening of the 
base. As a result, side entry of the catheter 50 through the 
passageway 512 and into the slot 508 is permitted as clearly 
shown in FIGS. 20 and 21. The shape of the slot 508 may 
also permit it to frictionally receive the catheter 50 at most 
any location along a length of the slot. Preferably, the Slot 
508 receives the catheter 50 with an interference fit similar 
to the interference fits already described herein (See, e.g., 
notches 118). 
0144. In use, the implanted catheter 50, while still 
coupled to the Stereotactic apparatus (see FIG. 1), may be 
received through the passageway 512 of the base 502 Such 
that the catheter is positioned within the central opening. 
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The base 502 may then be slid longitudinally along the 
catheter 50 until it reaches the burr hole where it may then 
be compressed (e.g., using forceps or the like in the openings 
514) and placed into the burr hole. The stabilizer 506 may 
then be positioned proximate the central opening Such that 
the catheter 50 is located in the slot 508. The stabilizer may 
then be secured in the groove 510 of the base 502 (alterna 
tively, the stabilizer 506 could be secured in the groove 510 
prior to implantation of the base 502). The catheter may then 
be effectively clamped by the sidewalls of the slot 508 at 
most any location along the length of the slot. The catheter 
50 is then disconnected from the Stereotactic apparatus and 
the stylet (if used) removed. 
0145 The catheter 50 may then be routed and positioned 
in one of the channels 516 formed on the upper flange 
portion of the base 502. As with the other embodiments 
described herein, the dual interference fits (the catheter 50 
with both the slot 508 and the channel 516) provide fric 
tional restraint of the catheter in two Separate directions, 
thereby generally fixing the catheter relative to the base 502. 
An optional cap member (see, e.g., cap member 404) may be 
placed over the stabilizer 506 and coupled to the base 502. 
0146 FIGS. 22-24 illustrate a retention apparatus 600 in 
accordance with yet another embodiment of the present 
invention. As with the other embodiments described herein, 
the apparatuS 600 may include a generally annular C-shaped 
base 602 having a passageway 612 extending from a central 
opening outwardly through an outer edge of the base. The 
base 602 may further include a lower engagement portion 
603 with optional protrusions 624 incorporated thereon to 
assist with securing the base within a burr hole. The base 602 
may also include forcepS-receiving openings 614 defining 
tool interface Surfaces to assist in compressing the base for 
insertion into the burr hole. 

0147 FIGS. 23 and 24 illustrate an upper surface of a 
flange portion of the base 602. As illustrated in these views, 
the upper Surface may be traversed by at least one channel 
616 operable to receive the catheter 50 with an interference 
fit as already described herein. The channel 616 may extend 
from the central opening outwardly through an Outermost 
edge of the flange portion. 

0148 Preferably, each channel 616 is circuitous, e.g., 
non-linear, so that the catheter 50 may be frictionally 
engaged, within the channel, in at least two non-parallel 
directions. For example, in the illustrated embodiment, each 
channel 616 has at least one curved or arc-shaped Segment 
therein to produce the multi-directional frictional forces. 
However, the illustrated configuration of the channel 616 is 
not considered limiting as other shapes, e.g., interSecting 
line Segments, are certainly possible without departing from 
the Scope of the invention. Moreover, while Some portions 
of the slots 616 are shown extending entirely through a depth 
of the flange portion, other embodiments may utilize a more 
shallow channel configuration. 
014.9 The apparatus 600 may further include an optional 
cap member 604 (see FIG. 22). The cap member 604 may 
include protrusions, e.g., tab portions 606, operable to 
couple and interlock with openings 608 formed in the 
Surface of the base 602. 

0150. Unlike many of the previous embodiments, the 
apparatus 600 may anchor the catheter 50 without the use of 
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a stabilizer. That is, the apparatus 600 may secure the 
catheter only via capture within one of the channels 616. 

0151. To implant the apparatus 600, the catheter 50, 
while inserted through the burr hole and still coupled to 
Stereotactic apparatus, may be received through the passage 
way 612 of the base 602 and positioned within the central 
opening. The apparatus 600 may then be slid longitudinally 
along the catheter 50 until it reaches the burr hole. At this 
point, the base 602 may be compressed, e.g., via forceps in 
the openings 614, Sufficiently to permit insertion in the burr 
hole. The catheter 50 may then be disconnected from the 
Stereotactic apparatus and the Stylet removed. The physician 
may then route the catheter through the channel 616, 
wherein it may be received with an interference fit in at least 
two separate directions, thereby generally fixing the catheter 
relative to the base 602. 

0152 FIGS. 25A and 25B illustrate yet another burr hole 
retention apparatus 700 in accordance with one embodiment 
of the invention. In particular, FIGS. 25A and 25B illustrate 
exploded perspective bottom and top views of the assembly 
700, respectively. The apparatus 700, like many of the 
apparatus described above, may include a base 702, a device 
stabilizer 706, and an optional cap member 704. As with 
other components already described herein, the base, Stabi 
lizer, and cap may be made of most any biocompatible 
material including, for example, nylon, polyurethane, poly 
carbonate, polyamide, and polyetheretherketone (PEEK), or 
combinations thereof. 

0153. The base 702, shown in more detail in FIGS. 26A 
and 26B, may sit within the burr hole of the skull. Like the 
base members described elsewhere herein (See, e.g., bases 
402 and 502), the base 702 may form a generally C-shaped 
ring, e.g., a ring having an opening or passageway 712 
extending from a central opening outwardly through its 
sidewall to an outermost edge. The base 702 may also 
include an engagement portion for Seating against the inner 
Surface or edge of the burr hole, and a peripheral portion 
defining a flange portion 703. The flange portion 703 and 
engagement portion may at least partially Surround the 
central opening. The flange portion 703 may further be 
operable to rest on the surface of the skull when the base 702 
is implanted. 

0154 As with previous embodiments, the passageway 
712 may allow compression of the base 702 to permit 
insertion of the same into the burr hole. Openings 714 in the 
flange portion 703 may provide tool interface surfaces for 
receiving forceps or Similar tools to compress the base 
during insertion into the burr hole. Holes 713 may also be 
provided to permit attachment of the base 702 to the skull 
with fasteners 717 (only one shown) as an alternative, or in 
addition, to the frictional engagement provided by the lower 
engagement portion. 

O155 To permit a catheter (see, e.g., catheter 50 of FIGS. 
1 and 3) to exit the retention apparatus 700, the base 702 
may further include one or more channels 716 formed on an 
upper Surface of the peripheral portion (e.g., of the flange 
portion 703). As with other embodiments described herein, 
the channels 716 may each extend outwardly from the 
central opening to a point at (e.g., through) or near an 
outermost edge of the flange portion. The channels 716 may 
each be operable to receive the catheter with an interference 
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fit. The interference fit may be similar to those already 
described herein, See, e.g., catheter 50/channel 132 of appa 
ratus 100. 

0156 Each channel 716 may be circuitous, e.g., non 
linear, So that the catheter 50 may be frictionally engaged in 
at least two non-parallel directions. For example, in the 
embodiment illustrated in FIGS. 26A and 26B, each chan 
nel 716 has at least two interSecting linear Segments to 
produce the multi-directional frictional forces. Alternatively, 
in the embodiment illustrated in FIG.25B, each channel 716 
may form a generally continuous curved Segment. However, 
the illustrated shape of the channel 716 is not considered 
limiting as other shapes are certainly possible without 
departing from the Scope of the invention. AS with the 
previous base members described herein, the channels 716 
may extend only partially into the upper Surface of the flange 
portion 703, or may form a slot extending entirely through 
a lower Surface of the flange portion. 

O157) The cap member 704 (see FIGS. 25A and 25B), 
may form a disk-shaped cover having an optional tab portion 
708. The cap member 704 is operable to engage or otherwise 
couple to the base 702 when installed to substantially cover 
the central opening. 

0158. In some embodiments, the cap member 704 may be 
made from a relatively Soft material, e.g., Silicone rubber 
having a durometer of about 55 Shore D to about 65 Shore 
D. As a result, a lower surface 711 of the cap member 704 
may press against the catheter (not shown), providing addi 
tional frictional resistance to relative catheter motion. For 
this reason, the lower Surface 711 may include one or more 
deformable protrusions 709. In other embodiments, the cap 
member 704 could be made from other materials, e.g., 
polycarbonate, nylon, or most any biocompatible material. 

0159. To accommodate attachment of the cap member 
704 to the base 702, the cap member may further include 
protrusions or standoffs 710 (see FIG. 25A). The standoffs 
710 may be received within openings, e.g., openings 714 
and 715, formed in the base 702 when the cap member is 
installed. The standoffs 710 may include an enlarged and 
deformable distal tip, e.g., may form a mushroom shape at 
the tip. The mushroom-shaped tip may provide positive 
engagement, e.g., a Snap-fit, of the cap member 704 with the 
base 702. 

0160 The stabilizer 706 may fit within the base 702, e.g., 
on a lip seat 718 as illustrated in FIGS. 26A and 26B. As 
with the other embodiments of stabilizers already described 
herein, the stabilizer 706 may assist in immobilizing the 
catheter 50 relative to the base 706. 

0.161 An enlarged plan view of an exemplary stabilizer 
706 is shown in FIG. 27. As illustrated in this view, the 
stabilizer 706 may be a disk-shaped member having an outer 
edge, and inner Sidewalls or Surfaces. The inner Sidewalls 
may define a first cantilevered arm 720; and, optionally, a 
Second cantilevered arm 722. Two opposing inner Sidewalls 
or Surfaces, e.g., the Sidewalls defined by the first and Second 
cantilevered arms, may further define a radially-extending 
slot 724 extending through the outer edge of the stabilizer 
when the Stabilizer is Secured within the central opening. 
The slot 724 may be operable to frictionally receive and 
engage the catheter 50 (engage it with an interference fit) at 
most any location along a length of the Slot. Thus, the 
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catheter may be at least partially immobilized at most any 
location along a length of the slot by a clamping force 
applied by the first and second cantilevered arms 720, 722. 
0162 The arms 720 and 722 may be configured to 
provide the desired Stiffness, and thus the desired clamping 
force, to the catheter 50. By providing oppositely approach 
ing cantilevered arms 720 and 722, the stiffness of one arm 
may decrease along the slot length (in a first direction) while 
the Stiffness of the opposing arm increases. Accordingly, 
acceptable clamping force may be provided over Substan 
tially all the length of the slot 724. 

0163 Two or more openings 723 may also be formed in 
the stabilizer 706. The openings may provide tool interface 
Surfaces for manipulating and Squeezing the Stabilizer 706 
during implantation. 

0164. While not bound to any specific configuration, the 
stabilizer 706, in one embodiment, may have an undeflected 
slot width of about 0.5 mm. With a catheter 50 having an 
external diameter of about 1 mm, the stabilizer 706 (as with 
the other stabilizer embodiments described herein) would 
preferably be configured to apply a clamp load of about 0.1 
pounds (lbs) to about 1 lb or more. As with previous 
embodiments, each channel 716 may also have a width equal 
to or less than an undeflected outer dimension of the therapy 
delivery device (e.g., catheter 50) to ensure an interference 
fit with the base 702 as well. 

0165. In some embodiments, one or both of the stabilizer 
706 and base 702 may be coated with an adhesive or other 
friction-enhancing material as further described below. 

0166 FIGS. 28A-28D illustrates an exemplary proce 
dure that may be utilized with the retention apparatus 
described herein, e.g., apparatus 700, to permit implantation 
of a therapy delivery device (e.g., catheter 50) within a burr 
hole. After locating the desired cranial entry location, a burr 
hole 68 may be created in the skull 70 of the patient. 
Stereotactic apparatus, diagrammatically illustrated at ref 
erence numeral 66, may then be utilized to insert the catheter 
50 through the burr hole and position it at the desired 
location within the brain (see FIG.28A). The stylet 64 may 
be placed in the catheter 50 prior to insertion to give the 
catheter 50 rigidity during the implantation process. 

0167 Once the catheter 50 is positioned, the base 702 
may be positioned proximate the burr hole and Side-loaded 
over the catheter (the catheter may pass through the pas 
sageway 712 of the base 702) until the catheter is located 
within the central opening of the base. The base 702 may 
then be moved longitudinally along the catheter 50 towards 
the burr hole (along the catheter 50). Upon reaching the burr 
hole 68, the base 702 may be inserted therein as shown in 
FIG. 28B by, for example, compressing the base with 
forceps inserted into the openings 714. The base 702 may be 
inserted until a lower Surface of the flange portion 703 
contacts a cranial surface, e.g., the skull 70. The base 702 
may include protrusions on its lower engagement portion to 
better Secure against the inner Surface of the burr hole. 

0168 With the base correctly positioned, the catheter 50 
may be side-loaded into the slot 724 of the stabilizer 706, 
preferably while the latter is proximate the base 702 as 
shown in FIG. 28C. An instrument, e.g., forceps, may be 
placed into the openings 723 of the stabilizer 706 to Squeeze 
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or deform the stabilizer sufficiently to allow it to fit within 
the central opening of the base 702. 
0169. The stabilizer 706 may include one or more thin 
sections 726 (see FIG. 27) that permit sufficient deflection 
of the stabilizer with the forceps-applied force. Once the 
stabilizer 706 is adequately deformed, it may slide into the 
central opening of the base 702 and Seat flush against the lip 
seat 718 (see FIG. 28C). Upon release of the deflecting 
force applied to the stabilizer 706, it may expand such that 
it is securely coupled with interference to the base 702. 
When the stabilizer 706 is so coupled, the catheter position 
within the slot 724 may be adjusted as desired. The slot 724 
may clamp the catheter 50 in place at most any location 
along the slot length. Upon verification that the catheter 50 
is correctly located, the catheter may be separated from the 
Stereotactic apparatus 66 and Stylet 64. 
0170 With the stylet removed, the catheter 50 may be 
routed and placed into one of the channels 716 of the base 
702 as shown in FIG. 28D, where it may seat with an 
interference fit Similar to the interference fits already 
described herein. The cap member 704 may then be coupled 
to the base 702 by insertion of the standoffs 710 into the 
openings 714 and 715 (see FIG. 25A). 
0171 The interference fits between the catheter 50 and 
both the channel 716 and the slot 724 of the stabilizer 706 
Serve to Substantially fix the catheter in the desired position 
relative to the base 702. Moreover, the protrusions 709 of the 
lower surface 711 of the cap member 704 (see FIG. 25A) 
may also assist in immobilizing the catheter 50. The tab 
portion 708 of the cap member 704 may cover the passage 
way 712 of the base 702, presenting a smooth surface to 
surrounding tissue. The tab 708 may also be used to pry the 
cap member 704 from the base to adjust or remove the 
apparatuS. 

0172 FIGS. 29 and 30 illustrate a stabilizer 806 in 
accordance with another embodiment of the present inven 
tion. The stabilizer 806 may replace the stabilizer 706 in the 
retention apparatus 700 described above and illustrated in 
FIGS. 25A-25B. That is, the stabilizer 806 may be used with 
the base 702 and cap member 704 described above. 
0173 As with the stabilizer 706, the stabilizer 806 may 
form a resilient disk-shaped member having a peripheral or 
outer edge and inner Surfaces or Sidewalls. The Stabilizer 
806 may be configured such that it may couple to the base 
702, e.g., Snap-fit within the central opening, and rest against 
the lip seat 718 (see FIG. 26A). 
0174) To provide the stabilizer 806 with sufficient flex 

ibility, the inner Surfaces may define cutouts 810 that define 
one or more thin sections 808. The cutouts 810 may further 
define tool interface Surfaces for manipulation (e.g., com 
pression) of the stabilizer 806. Some of the inner surfaces 
may further define a slot 812 extending through the periph 
eral edge of the stabilizer 706. 
0.175. A first inner surface forming the slot 812 may be 
defined by a movable arm 814. However, unlike the dual 
cantilevered arms of the stabilizer 706 of FIG. 27, the 
stabilizer 806 may include a single cantilevered arm 814 that 
may be moved from a first position (shown in FIG. 30), to 
a second position (shown in FIG. 29). In the first position of 
FIG. 30, the movable arm may press the catheter 50 against 
a Second inner Surface at most any location along a length of 
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the slot. In the second position of FIG. 29, the distance 
between the first and Second inner Surfaces may be greater 
than when the movable arm 814 is in the first position to 
better allow entry and positioning of the catheter 50. In the 
illustrated embodiment, the Second inner Surface may be 
formed by a generally fixed surface of the stabilizer 806. 

0176) The stabilizer 806 may also include a lock portion 
that permits locking the movable arm 814 in the second 
position. For example, a cantilevered end of the arm 814 
may include a recess 816 (see FIG. 30) operable to engage 
a tab 818 of the Stabilizer 806 when the arm is deflected. 

0177. The tab 818 may further include an opening or 
depression 820 for receiving a tool to assist in releasing the 
arm 814 from the Second position at the appropriate time. 
The stabilizer 806 may also include one or more openings 
822 defining other tool interface Surfaces operable to receive 
forceps or the like. The openings 822 may be used to 
manipulate the Stabilizer during implantation. 

0178) To utilize the stabilizer 806, a procedure similar to 
that described above with respect to the apparatus 700 may 
be used. The implantation procedure is Substantially similar 
to that described above with reference to FIGS. 28A-28D 
and, as Such, reference to those figures is made. 
0179. Once the base 702 is correctly positioned in the 
burr hole (see FIG. 28B), the catheter 50 (which may also 
be located in the burr hole) may be side-loaded into the slot 
812 of the stabilizer 806 while the latter is located in or near 
the central opening. The stabilizer 806 may preferably be 
configured in its second position as illustrated in FIG. 29 
during catheter insertion. An instrument, e.g., forceps, may 
be placed into the opening 822 and the opposing cutout 810 
of the stabilizer 806 to squeeze or deform the stabilizer 
sufficiently to fit within the central opening of the base 702. 
The thin sections 808 may permit sufficient deflection of the 
stabilizer 806 to accomplish placement with the forceps 
applied force. 

0180. With the stabilizer 806 adequately deformed, it 
may be placed into the base 702 where it may Secure, e.g., 
with interference, relative to the base and Seat against the lip 
seat 718 (see FIGS. 26A and 26B) when the forceps-applied 
force is released. An instrument, e.g., forceps, may then be 
placed into the depression 820 and at another location on the 
Stabilizer and a separating force applied. When the Separat 
ing force applied is sufficient to displace the tab 818 relative 
to the recess 816, the arm 814 may be unlocked from its 
Second position, whereupon it may be biased towards its first 
position as shown in FIG. 30. 

0181. In the undeflected position, the arm 814 applies a 
slight clamping force (interference fit) to the catheter 50 to 
clamp or immobilize the latter between the first inner surface 
of the movable arm 814 and the second inner Surface at most 
any location along a length of the slot 812. Upon Verification 
that the catheter 50 is in place, the catheter may be removed 
from the Stereotactic apparatus and the Stylet may be with 
drawn from the catheter. The catheter may then be placed 
into one of the channels 716 of the base 702, and the cap 
member 704 coupled to the base as described above. 

0182 FIGS. 31, 32A-32B, and 33 illustrate a stabilizer 
906 in accordance with yet another embodiment of the 
present invention. Once again, the stabilizer 906 may 
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replace the stabilizer 706 (see, e.g., FIGS. 25A and 25B) 
within the retention apparatus 700, e.g., may couple to the 
base 702. 

0183) The stabilizer 906, like the stabilizers 706 and 806 
discussed above, may form a resilient disk-shaped compo 
nent that may be deflected or compressed sufficiently to fit 
within the central opening of the base 702 and rest against 
the lips seat 718 (see FIGS.26A and 26B) as shown in FIG. 
33. 

0184 The stabilizer 906 may be defined by a peripheral 
edge and inner Surfaces. A first inner Surface 913 may be 
located on an arm 914 that is movable relative to an 
opposing second inner surface 915. The first and second 
inner surfaces may define a slot 912 operable to receive the 
catheter 50 with an interference fit at substantially any 
location along a length of the slot as shown in FIGS. 32A 
and 33. To provide the stabilizer 906 with sufficient flex 
ibility, it may also include one or more thin sections 908. In 
one embodiment, the thin section 908 is formed by various 
cutouts 910. 

0185. Unlike the dual cantilevered arms of the stabilizer 
706 of FIG. 27, the stabilizer 906 may include the single 
arm 914 that may be moved between a first position (shown 
in FIGS. 32A, 32B, and 33) and a second position (shown 
in FIG. 31). The stabilizer 906 may also include features 
that permit locking the arm 914 in the first position. For 
example, the arm 914 may include a series of first teeth or 
Serrations 916 operable to engage a one or more second teeth 
or serrations 918 located on a mating portion of the stabilizer 
906 as shown in FIG. 32A. As a result, the arm 914 may be 
locked in the first position of FIG. 32A-32B and 33. 
Additionally, the arm 914 may be locked in the second 
position of FIG. 31, or at most any position between the first 
position and the Second position. 
0186. When locked in the first position of FIG.32A-32B 
and 33, the arm 914 may position the inner surface 913 Such 
that it is Substantially parallel to the opposing inner Surface 
915. The stabilizer 906 may also include a stop member 920 
to assist in limiting the location of the arm 914 (the first inner 
surface 913) when the arm is in the first position, e.g., to 
prevent clamping too tightly against the catheter 50. When 
the movable arm 914 is in the second position, a distance 
between the surfaces 913 and 915 may be greater than when 
the arm is in the first position to assist in locating and 
securing the catheter 50. As with the other stabilizers 
described above, the stabilizer 906 may also include one or 
more openings 922 defining tool interface Surfaces operable 
to receive forceps for manipulation of the Stabilizer during 
implantation. 

0187 To utilize the stabilizer 906, a procedure similar to 
that described above with respect to the apparatus 700 of 
FIGS. 28A-28D may be used, e.g., the base 702 may be 
installed as described above in FIG. 28A.. Once the base 702 
is correctly positioned, the catheter 50 may be side-loaded 
into the slot 912 of the Stabilizer 906 while the latter is 
proximate the central opening of the base. To facilitate 
catheter loading, the stabilizer 906 may preferably be con 
figured in the second position illustrated in FIG. 31. The 
stabilizer 906 may then be pushed into the central opening 
of the base 702 until it securely seats (e.g., with interference) 
in the base against the lip seat 718 (see FIGS.26A-26B). An 
instrument, e.g., forceps, may be placed into the openings 
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922 to then draw the first inner Surface 913 of the arm 914 
towards the second inner Surface 915 to close the slot 912 
and engage the catheter 50. Continued Squeezing may result 
in the application of a slight Squeezing or clamping load 
applied to the catheter 50. The teeth 916 and 918 permit 
locking of the movable arm 914 in the desired position. 
0188 The stop member 920 may be configured to permit 
the physician to Squeeze the forceps until the Stop member 
920 contacts the second inner surface 915 of the slot 912, 
resulting in a known slot width and thus a known interfer 
ence fit. Alternatively, the physician may utilize other feed 
back to determine catheter clamp load. In Some embodi 
ments, the edges of the slot 912 may include raised portions 
924 that provide various benefits including, for example, 
assisting the physician in maintaining the desired bend 
radius on the catheter 50, and providing opposing tool 
interface Surfaces (e.g., for forceps) that permit moving the 
arm 914 between the first position and the second position. 
0189 Upon verification that the catheter 50 is in its 
desired location, the catheter 50 may be removed from the 
Stereotactic apparatuS 66 and the Stylet may be withdrawn 
from the catheter. The catheter 50 may then be placed into 
one of the slots 716 of the base 702 as shown in FIG. 33. The 
cap member 704 (see FIGS. 25A and 25B) may then be 
optionally coupled to the base 702 as already described 
above. 

0190 FIGS. 34-36 illustrate a stabilizer 1006 in accor 
dance with still yet another embodiment of the present 
invention. As with other Stabilizers discussed above (see, 
e.g., stabilizers 806 and 906), the stabilizer 1006 may 
replace the stabilizer 706 (of FIGS. 25A and 25B) within 
the retention apparatus 700. That is, the stabilizer 1006 may 
be used with the base 702 and cap member 704 already 
described herein. 

0191). The stabilizer 1006 may form a resilient disk 
shaped member that deforms or compresses Sufficiently to 
fit, e.g., with interference, into the central opening of the 
base 702, where it may eventually rest against the lip seat 
718 (see FIG. 26A). 
0192 The stabilizer 1006 may be defined by a peripheral 
edge and inner surfaces. A first inner surface 1013 may be 
located on an arm 1014 that is movable relative to an 
opposing Second inner Surface 1015. The inner Surfaces may 
define a slot 1012 operable to receive the catheter 50 with an 
interference fit at Substantially any location along a length of 
the slot as shown in FIG. 35. To provide the stabilizer 1006 
with sufficient flexibility, it may also include one or more 
thin sections 1008. In one embodiment, the thin section 1008 
is formed by various cutouts 1010. 
0193 Similar to the stabilizer 906 described above, the 
arm 1014 may be moved between a first position (shown in 
FIG. 35) and a second position (shown in FIGS. 34). The 
stabilizer 1006 may also include features that permit locking 
the arm 1014 in the first position. For example, the arm 1014 
may include a male member, e.g., a ball portion 1016, 
operable to engage a female receptacle, e.g., Socket portion 
1018, located on a mating portion of the stabilizer 1006. As 
a result, the arm 1014 may be locked in the first position (see 
FIG. 35) after the catheter is located in the slot 1012, 
whereby the inner surfaces 1013, 1015 may engage the 
catheter 50 with interference at Substantially any location 
along a length of the Slot. 
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0194 When locked in the first position of FIG. 35, the 
arm 1014 may position the first inner surface 1013 Such that 
it is Substantially parallel to the opposing Second inner 
surface 1015. When the arm 1014 is placed in the second 
position, a distance between the first and Second inner 
surfaces 1013 and 1015 is greater than when the movable 
arm is in the first position. As a result, the arm 1014 may be 
configured in the Second position to assist in inserting the 
catheter in the slot 1012. The ball portion 1016 and socket 
portion 1018 may act as a stop member that assists in 
limiting the travel of the arm 1014 (i.e., prevents clamping 
too tightly against the catheter 50). 
0195 FIG. 36 illustrates a side elevation view of the 
stabilizer member 1006. In this view, raised portions 1020 
proximate the inner surfaces 1013 and 1015 are visible. The 
raised portions 1020 may provide various benefits, e.g., tool 
interface Surfaces that improve the physician’s ability to 
grasp the arm 1014 and Squeeze it towards the inner Surface 
1015 during implantation. 

0196) To utilize the stabilizer 1006, a procedure similar to 
that described above with respect to the apparatus 700 of 
FIGS. 28A-28D may be used, e.g., the base 702 may be 
installed in a burr hole as described above with reference to 
FIGS. 28A-28B. Once the base 702 is correctly positioned, 
the catheter 50 may be side-loaded into the slot 1012 of the 
stabilizer 1006 while the stabilizer 1006 is positioned proxi 
mate the central opening. To facilitate catheter loading, the 
stabilizer 1006 may preferably be configured in the second 
position illustrated in FIG. 34. 
0197) The stabilizer 1006 may then be pushed into the 
central opening of the base 702 until it Securely Seats against 
the lip seat 718 (see FIG.26A). An instrument, e.g., forceps, 
may be used to draw the arm 1014, and thus the first inner 
surface 1013, towards the second inner surface 1015 (e.g., 
via the raised portions 1020) until the protrusion 1016 
engages the Socket 1018, preferably with a Snap-fit as shown 
in FIG. 35. Once the protrusion 1016 engages the Socket 
1018, the arm 1014 may be locked in the first position. As 
a result, the catheter 50 may be clamped and immobilized 
(by the resulting interference fit) between the first and 
second inner surfaces 1013 and 1015, respectively, at most 
any location along the slot length. 

0198 Upon verification that the catheter 50 is in place, 
the catheter may be removed from the Stereotactic apparatus, 
and the stylet (if used) may be withdrawn from the catheter. 
The catheter 50 may then be placed into one of the channels 
716 of the base 702, after which the optional cap member 
704 (see FIGS. 25A and 25B) may be coupled to the base 
as described above. 

0199 FIGS. 37 and 38 illustrate a stabilizer 1106 in 
accordance with yet another embodiment of the present 
invention. Once again, the stabilizer 1106 may be substituted 
for the stabilizer 706 within the retention apparatus 700 
(e.g., may be used with the base 702 and cap member 704 
shown in FIGS. 25A and 25B) already described above. 
0200. As with other stabilizer members described above 
(see, e.g., stabilizers 706 and 806), the stabilizer 1106 may 
form a resilient disk-shaped member that may be com 
pressed Sufficiently to fit (e.g., with interference) into the 
central opening of the base 702 and rest against the lip Seat 
718 (see FIG. 26A). 
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0201 The stabilizer 1106 may be defined by a peripheral 
edge and various inner Surfaces, e.g., a first inner Surface 
1113 and a second inner Surface 1115. The first and second 
inner surfaces 1113 and 1115 may define a slot 1112 extend 
ing through the peripheral edge of the stabilizer 1106. Both 
of the surfaces 1113 and 1115 may be defined by opposing 
movable arms 1114 operable to press the therapy delivery 
device (e.g., catheter 50) against the opposing Surface at 
most any location along a slot length. To provide the 
stabilizer 1106 with sufficient flexibility, it may further 
include one or more thin sections 1108 formed by one or 
more cutouts 1110. 

0202) The two opposing arms 1114 may be moved from 
a first position (shown in FIG. 38), to a second position 
(shown in FIG. 37). The arms 1114, when in the second 
position, provide a greater distance between the Surfaces 
1113 and 1115 (as compared to the first position) to assist 
with loading and positioning the catheter 50. 
0203 The stabilizer 1106 may also include a lock portion 
for locking each arm 1114 in at least the Second position. For 
example, a cantilevered end of each arm 1114 may include 
a tooth 1116 operable to engage a corresponding tab 1118 
when the arm is deflected to the second position (see FIG. 
37). As a result, the arm 1114 may be locked in the second 
position of FIG. 37 during a portion of the implantation 
process. The tab 1118 may be attached to a flexible protru 
Sion 1120 that can be deflected to release the arm 1114 from 
the Second position at the appropriate time. The Stabilizer 
1106 may also include one or more openings 1122 defining 
tool interface Surfaces operable to receive forceps or the like. 
0204. To utilize the stabilizer 1106, a procedure similar to 
that described above with respect to the apparatus 700 of 
FIGS. 28A-28D may be used, e.g., the base 702 may be 
installed as described above (see FIGS. 28A-28B). Once the 
base 702 is correctly positioned in the burr hole, the catheter 
50 (which may already be located through the burr hole) 
may be side-loaded into the slot 1112 of the stabilizer 1106 
while the latter is positioned proximate the burr hole and 
configured in the Second, deflected position illustrated in 
FIG. 37. An instrument, e.g., forceps, may be placed into the 
openings 1122 of the stabilizer 1106 to Squeeze or deform 
the stabilizer sufficiently to then fit within the central open 
ing of the base 702. Release of the Squeezing force may 
permit the stabilizer 1106 to expand and secure relative to 
the base 702. 

0205 Once the stabilizer 1106 is adequately deformed, it 
may be placed into the base 702 and Seated against the lip 
seat 718 (see FIG. 26A). An instrument, e.g., forceps, may 
then be used to displace the flexible protrusions 1120 to 
which the tabs 1118 are attached (or may simply pull the 
arms 1114 towards one another). When the flexible tabs 1120 
are Sufficiently displaced, the arms 1114 may be unlocked, 
whereby they may return, under biasing forces, to their first 
position as shown in FIG. 38, thus clamping the catheter 50 
in place (with the resulting interference fit) between the first 
and Second inner Surfaces at Substantially any location along 
a length of the slot. 
0206. Upon verification that the catheter 50 is in place, 
the catheter 50 may be removed from the stereotactic 
apparatus and the Stylet (if used) withdrawn from the 
catheter. The catheter 50 may then be placed into one of the 
channels 716 of the base 702, and the optional cap member 
704 coupled to the base as described above. 



US 2005/0182420 A1 

0207 FIGS. 39-41 illustrate a burr hole retention appa 
ratus 1200 in accordance with yet another embodiment of 
the invention. The apparatus 1200 may replace the three 
piece apparatus 700 of FIGS. 25A and 25B with the 
configuration shown in FIGS. 39 (exploded upper perspec 
tive view) and 40 (exploded lower perspective view). 
0208. The apparatus 1200 may include a base assembly 
1201 for Seating in or near the burr hole, and a cap or cap 
member 1204. In the illustrated embodiment, the base 
assembly 1201 may include both a base 1202 and a disk 
shaped stabilizer 1205. The cap member 1204 may similarly 
be a multi-piece construction. While illustrated and 
described herein as an assembly, the cap assembly could, 
alternatively, be constructed as a Single component without 
departing from the Scope of the invention. 
0209 The base 1202 may include an engagement portion 
operable to engage the inner Surface of the burr hole when 
the base is coupled thereto. In one embodiment the base 
1202 may be a generally C-shaped member having a pas 
Sageway 1212 formed therein, Similar in most respects to the 
base 702 described above. As with the previously described 
embodiments of base members, the passageway 1212 may 
allow compression (deflection) of the base 1202 to permit 
insertion of the same into the burr hole. 

0210. The base may further include a peripheral portion 
defining a flange portion 1203 that is operable to Seat or rest 
against the cranial Surface when the base 1202 is in place. 
The peripheral portion, e.g., flange portion 1203, may at 
least partially Surround a central opening that is designed to 
receive the stabilizer 1205 therein (or in close proximity). 
The flange portion 1203 may further include openings 1214 
defining tool interface Surfaces for receiving forceps or 
similar tools to compress the base 1202 during insertion of 
the same into the burr hole. Screw holes 1213 may option 
ally be provided to permit mechanical attachment of the base 
1202 to the skull with fasteners (see, e.g., fastener 717 in 
FIG. 26A). 
0211. In the illustrated embodiment, the stabilizer 1205 is 
a separate component that is attached or otherwise fixed to 
the flange portion 1203, e.g., Securely Seated with interfer 
ence against a lip Seat Similar to the lip Seat 718 shown in 
FIGS. 26A-26B. However, this is not limiting as other 
embodiments may form the Stabilizer as an integral compo 
nent with the base 1202. 

0212. The stabilizer 1205 may form a partial ring of 
material having an Outer edge and inner Sidewalls. The inner 
Sidewalls may define a window 1220 or opening passing 
through the Stabilizer, and a passageway 1222 extending 
outwardly from the window through the outer edge as shown 
in FIG. 41. Two or more slots, e.g., radially extending slots 
1206, in communication with the window 1220 may be 
provided to each frictionally engage the catheter 50 (e.g., 
engage it with an interference fit as generally illustrated in 
FIGS. 39 and 40) at most any location along a slot length. 
The slots 1206 may result in the formation of a plurality of 
wedge- or pie-shaped elements as shown in the figures. The 
passageway 1222 may permit an implantable device, e.g., 
catheter 50, to be side-loaded through the assembly 1201 
and, ultimately, located in one of the slots 1206. 

0213) In one embodiment, the stabilizer 1205 is formed 
from a resilient and flexible material Such as polycarbonate 
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or polysulfone. However, other materials (e.g., Silicone) of 
greater or lesser rigidity are certainly possible without 
departing from the Scope of the invention. 
0214. The base 1202 may also include one or more 
channels 1216 formed in an upper Surface of the peripheral 
portion, e.g., the flange portion 1203. The channels 1216 
may each have a width equal to or less than the undeflected 
outer dimension of the catheter 50 so that each channel may 
receive the catheter with an interference fit. The interference 
fit may be similar to those already described herein above, 
see, e.g., channel 132 of apparatus 100. The channel 1216 
may extend outwardly from the central opening to a point at 
(e.g., through) or near an outermost edge of the peripheral 
portion as shown in FIGS. 39 and 41. The channel 1216 
may optionally form a slot extending downwardly through a 
lower surface of the peripheral portion (flange portion 1203). 
0215 Preferably, each channel 1216 is non-linear, i.e., 
circuitous, So that the catheter is frictionally engaged within 
the channel in at least two non-parallel directions. For 
example, in the embodiment illustrated in FIGS. 39-41, 
each channel 1216 may form a generally continuous curved 
Segment, e.g., a radius. However, the illustrated shape of the 
channel 1216 is not considered limiting as other shapes are 
certainly possible without departing from the Scope of the 
invention, See, e.g., the interSecting linear Segments of 
channel 716 of the base 702. 

0216) The optional cap member 1204, shown in FIGS. 39 
and 40, may form a disk-shaped cover with an optional tab 
portion 1208 protruding from a peripheral edge. The cap 
assembly 1204 is operable to sit over an upper surface of the 
base assembly 1201 when installed, such that a protrusion, 
e.g., the tab portion 1208, may fit within an opening in the 
base 1202 or stabilizer 1205, e.g., the passageway 1212. The 
tab portion 1208 may assist in aligning the cap member 1204 
relative to the base 1202, and further provide a tab to assist 
with cap member removal. The cap member 1204 may also 
include a plug portion 1207 operable to fit within the 
passageway 1222 (see FIG. 41). 
0217. The cap 1204, in one embodiment, may be made 
from a relatively Soft material, e.g., Silicone having a durom 
eter of about 55 Shore D to about 65 Shore D, polyurethane 
having a durometer of about 80 Shore A, or polycarbonate 
(e.g., polycarbonate Sold under the trademark Makrolon 
2458). 
0218. A lower surface of the cap 204 may further include 
an interlocking element operable to engage and Secure the 
cap 1204 to the base 1202. In one embodiment, the inter 
locking element is formed by a protrusion 1218 operable to 
extend through the window 1220 and beneath the innermost 
edges of the stabilizer 1205. For example, an effective outer 
diameter of the protrusion 1218 may be slightly larger than 
an effective inner diameter formed by the inner edges of the 
stabilizer 1205. As a result, the components may positively 
couple, e.g., couple with a Snap-fit. 
0219. The lower surface of the cap 1204 may also include 
a series of protrusions 1209. The protrusions 1209 are 
preferably configured to be flexible So that they may assist 
in frictionally engaging the catheter 50 without applying 
excessive pinching forces that would tend to collapse the 
catheter. 

0220. The base 1202 may be implanted in much the same 
way as the base members described above (e.g., base mem 
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ber 702 of FIGS. 28A-28D). With the base 1202 and 
catheter 50 positioned within the burr hole, the stabilizer 
1205 may be positioned proximate the base 1202, where the 
catheter 50 may be positioned such that it extends through 
the window 1220. The stabilizer 1205 may then be secured 
relative to the central opening of the base 1202 (e.g., coupled 
to the base). The catheter 50 can then be moved into one of 
the slots 1206 of the stabilizer, where it is frictionally 
engaged by the two opposing Sidewalls that define the slot. 
Upon verification that the catheter 50 is in place, the catheter 
50 may be removed from the stereotactic apparatus and the 
stylet (if used) may be withdrawn from the catheter. 
0221) The catheter 50 may then be routed and secured in 
one of the channels 1216, where it may seat with an 
interference fit. The cap assembly 1204 may then be coupled 
to the base member 1202 by insertion of the disk portion 
1218 past the stabilizer 1205. The interference fits between 
the catheter 50 and both the slot 1206 and channel 1216 
Serve to Substantially fix the catheter in the desired position. 
Moreover, the protrusions 1209 on the lower surface of the 
cap assembly 1204 (see FIG. 40) may also assist in immo 
bilizing the catheter 50. 

0222 FIG. 42 illustrates a stabilizer 1306 in accordance 
with still yet another embodiment of the present invention, 
the Stabilizer shown assembled with a base member (e.g., the 
base 702 of FIGS. 25A and 25B). In this embodiment, the 
stabilizer 1306 has an inner sidewall defined by a cutout or 
slot extending through an outer edge of the Stabilizer. The 
cutout, in the illustrated embodiment, is in the form of 
V-shaped opening or passageway 1308. Along the inner 
Sidewalls of the V-shaped opening are a Series of open-sided 
notches 1310. The notches 1310 are each operable to fric 
tionally Secure a catheter, e.g., catheter 50, at a discrete 
location along a length of the Sidewalls. 

0223) The stabilizer 1306 may also include one or more 
cutouts 1312 defining tool interface surfaces that allow 
compression of the stabilizer for insertion into the base 702 
as described above (see, e.g., stabilizer 706). Alternatively, 
the stabilizer 1306 could compress or deform due to the thin 
section formed at the apex of the V-shaped opening 1308. In 
Such a case, the cutouts 1312 may not be required. In other 
embodiments, holes or raised lips (not shown) may be 
provided on each side of the V-shaped opening 1308. 

0224. In use, the stabilizer 1306 may engage the base 702 
much like the stabilizer members described above (stabilizer 
706 with base member 702). As with other stabilize embodi 
ments described herein, the stabilizer 1306 may be oriented 
or clocked as desired to position the notches in the desired 
aca. 

0225. In some embodiments, the stabilizer 1306 may 
rotate, with appropriate friction, after it has been Seated in 
the base member 702. As a result, the stabilizer 1306 may be 
implanted in much the Same way as the Stabilizers already 
described herein (see, e.g., stabilizer 706 of FIGS. 28A 
28D). However, once the base 702 and stabilizer 1306 are 
assembled, the stabilizer may be rotated until the catheter 50 
engages one of the notches 1310 with an interference fit. The 
Stylet may then be removed and the optional cap member 
(e.g., cap 704) may be installed as already described herein. 
0226 FIGS. 43-46 illustrate a stabilizer 1406 in accor 
dance with yet another embodiment of the present invention. 
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The stabilizer 1406 may replace the stabilizer 706 in the 
retention apparatus 700 described above and illustrated in 
FIGS. 25A-25B (i.e., it may be used with the base 702 and 
cap member 704). 
0227. As with the stabilizer 706, the stabilizer 1406 may 
form a resilient disk-shaped component that may be dia 
metrically compressed Sufficiently to fit into the central 
opening of the base 702 (e.g., with interference), where it 
may rest against the lip seat 718 (see FIG. 26A) and be 
Secured relative to the base. 

0228. The stabilizer 1406 may be defined by a peripheral 
edge and opposing first and Second inner Surfaces 1413, 
1415. The first and second inner Surfaces 1413, 1415 may 
define a slot 1412 extending through the peripheral edge. 
The slot 1412 may receive the catheter 50 at most any 
location along the slot length. To provide the stabilizer 1406 
with sufficient flexibility, it may include one or more thin 
sections 1408 formed by various cutouts 1410 as shown in 
FIGS. 43, 45, and 46. 

0229. The first inner surface 1413 of the stabilizer 1406 
may be defined by an arm 1414 that may move between a 
first position (shown in FIG. 43), and a second position 
(shown in FIG. 45). In the first position, the first inner 
surface 1413 of the movable arm 1414 may be substantially 
parallel to the second inner Surface 1415. As a result, the first 
inner surface 1413 may press the catheter 50 against the 
Second inner Surface 1415 at most any location along a 
length of the slot. When the movable arm 1414 is in the 
second position of FIG. 45, a distance between the first and 
second inner surfaces (1413, 1415) is greater than when the 
arm is in the first position of FIGS. 43 and 46 to assist with 
catheter insertion and location. 

0230. The stabilizer 1406 may also include a lock portion 
that permits locking the arm 1414 in the Second position. For 
example, the stabilizer 1406 may include a tab 1416 oper 
able to engage a cantilevered end of the arm 1414 when the 
latter is deflected to its second position. The tab 1416 may 
be sufficiently flexible to permit releasing of the arm 1414 
from the Second position at the appropriate time as further 
described below. In the illustrated embodiment, the second 
inner surface 1415 is substantially fixed relative to the 
Stabilizer 1406. 

0231. The stabilizer 1406 may also include openings 
1420 and 1421 operable to assist with implantation as 
further described below. In the embodiments illustrated in 
FIGS. 43-46, a portion of a perimeter of each opening 1420, 
1421 may include an optional raised lip 1422, 1423, respec 
tively. The raised lips 1422, 1423, which may extend above 
an upper surface 1426 of the stabilizer member 1406 as 
shown in FIGS. 44 and 46, may provide more convenient 
and larger tool interface Surfaces for grasping the Stabilizer 
member with a tool, e.g., forceps. In other embodiments, the 
openings 1420, 1421 (or the raised lips 1422, 1423) may be 
optional, e.g., the raised lipS 1422, 1423 or the openings 
1420, 1423 may be provided independent of one another. 

0232 The arm 1414 may also include an optional raised 
lip 1424. As with the lips 1422 and 1423, the raised lip 1424 
may provide a more convenient and larger tool interface 
surface for manipulating the arm 1414 as further described 
below. In some embodiments, the raised lips 1422 and 1424 
may extend along a Substantial portion of the length of the 
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Slot 1412. Such a configuration may provide, among other 
benefits, increased contact Surface between the Stabilizer 
member 1406 and the catheter 50. 

0233. To utilize the stabilizer 1406, a procedure similar to 
that described above with respect to the apparatus 700 of 
FIGS. 28A-28D may be used. For example, the base 702 
and catheter 50 may be located in a burr hole (see FIG.28B) 
as described above. Once the base 702 and catheter 50 are 
correctly positioned, the stabilizer member 1406 may be 
positioned in or near the central opening and Side loaded 
over the catheter 50 such that the catheter is routed through 
the slot 1412 as shown by position A of the catheter in FIG. 
45. During this process, the arm 1414 of the stabilizer 1406 
may preferably be configured in its Second position as 
illustrated in FIG. 45. 

0234. An instrument, e.g., forceps, may be placed into the 
openings 1420 and 1421 (and/or over the surfaces 1422 and 
1423) of the stabilizer member 1406 to apply a first force. 
The first force may deform the diameter of the stabilizer 
Sufficiently Such that it may fit within the central opening of 
the base 702. The thin sections 1408 may permit sufficient 
deflection of the stabilizer 1406 to accomplish deformation 
and placement with the forceps-applied force. 
0235. With the stabilizer 1406 adequately deformed, it 
may be placed into the base 702 and Seat against the lip Seat 
718 (see FIGS. 26A and 26B), after which the forceps 
applied force may be released. The stabilizer 1406 may then 
expand to Securely seat within the base 702, e.g., with 
interference. As with other embodiments described herein, 
the stabilizer 1406 may be clocked, relative to the base 702, 
to align the slot 1412 in most any direction. 
0236 With the catheter 50 in the desired location within 
the slot (see, e.g., position B of FIG. 45), a second force may 
then be applied, e.g., with forceps, between the lips 1422 and 
1424. The second force may displace the tab 1416 out 
wardly. The outer edge 1428 of the tab 1416 may be such 
that it can expand outwardly (see FIG. 45) without restric 
tion or interference from the base 702. When a Sufficient 
Second force is applied, the arm 1414 may be unlocked from 
the tab 1416, whereupon it may be moved, e.g., biased, 
towards the catheter 50 to the arm’s first position as shown 
in FIG. 43. 

0237. In the first position, the arm 1414 may apply a 
slight clamping force (interference fit) to the catheter 50 to 
immobilize the latter relative to the stabilizer 1406 at most 
any location along the slot length. Upon Verification that the 
catheter 50 is in place, the catheter 50 may be removed from 
the Stereotactic apparatus and the Stylet (if used) may be 
withdrawn from the catheter. The catheter may then be 
placed into one of the channels 716 of the base 702 (see 
FIGS. 26A and 26B), and the optional cap member 704 
coupled to the base as described above. 
0238 FIGS. 47-49 illustrate a stabilizer 1506 in accor 
dance with yet another embodiment of the present invention. 
The stabilizer 1506 may again replace the stabilizer 706 in 
the retention apparatus 700 described above and illustrated 
in FIGS. 25A-25B. 

0239). As with the stabilizer 706, the stabilizer 1506 may 
form a resilient disk-shaped member that may be diametri 
cally compressed Sufficiently to fit into the central opening 
of the base 702 and rest against the lip seat 718 (see FIG. 
26A). 
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0240. The stabilizer 1506 may be defined by a peripheral 
or outer edge and inner Sidewalls. The inner Sidewalls may 
define a window 1515 passing through the stabilizer, and a 
passageway 1517 extending outwardly from the window 
through the outer edge of the stabilizer. The inner sidewalls 
may further define two or more slots 1512 in communication 
with the window 1515. Each of the two or more slots are 
operable to frictionally engage the delivery device at most 
any location along a slot length as diagrammatically repre 
sented by the various broken line catheters 50 illustrated in 
FIG. 47. 

0241) To provide the stabilizer 1506 with sufficient flex 
ibility, it may include one or more thin sections 1508 formed 
by various cutouts 1510, e.g., formed by the window 1515, 
as shown in FIGS. 47 and 49. As with other embodiments 
described herein, the stabilizer 1506 may be clocked, rela 
tive to the base 702, to align the slot 1512 in most any 
direction. 

0242 Each slot 1512 may be defined by at least one arm 
1514 (see FIG.49). Unlike the embodiment of FIGS. 43-46, 
however, the arms 1514 are not designed to be substantially 
deflected. Rather, each arm may remain generally fixed, or 
deflect only slightly, during use to ensure that the corre 
sponding slots 1512 receive the catheter 50 with the desired 
interference fit. 

0243 The stabilizer 1506 may also include openings 
1520 and 1521 that form tool interface surfaces operable to 
assist with implantation as further described below. Like the 
embodiment illustrated in FIGS. 43-46, a portion of a 
perimeter of each opening 1520, 1521 may include an 
optional raised protrusion or lip 1522, 1523, respectively. 
The raised lips 1522, 1523, which extend from an upper 
Surface 1526 of the stabilizer member 1506 as shown in 
FIGS. 48 and 49, may provide a more convenient and larger 
tool interface Surface for grasping the Stabilizer with a tool, 
e.g., forceps. In other embodiments, either the openings 
1520, 1521, the raised lips 1522, 1523, or both, may be 
optional. 

0244) A portion of the window 1515 and/or slots 1512 
may also include optional raised lips 1524. While not 
illustrated, the raised lips 1524 could extend along a sub 
Stantial portion of the length of one or more of the slots 
1512. Such a configuration could provide, among other 
benefits, increased contact Surface between the Stabilizer 
1506 and the catheter 50, and greater structural integrity. 
0245) To utilize the stabilizer 1506, a procedure similar to 
that described above with respect to the apparatus 700 of 
FIGS. 28A-28D may be used. For example, the base 702 
and catheter 50 (see FIGS. 28A and 28B) may be installed 
in a burr hole. Once the base and catheter are correctly 
positioned, the stabilizer 1506 may be positioned proximate 
the base 702. The catheter 50 may then be passed or 
side-loaded through the passageway 1517 such that the 
catheter is positioned through the window 1515 as shown by 
position A of the catheter in FIG. 47. 
0246. An instrument, e.g., forceps, may be placed into the 
openings 1520 and 1521 (and/or over the surfaces 1522 and 
1523) of the stabilizer 1506 to apply a first force. The first 
force may reduce the diameter of the stabilizer sufficiently 
Such that it may fit within the central opening of the base 
702. The thin section 1508 may permit sufficient deflection 
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of the stabilizer 1506 to accomplish this deformation and 
placement with the forceps-applied force. 
0247. With the stabilizer 1506 adequately deformed, it 
may be placed into the base 702 and Seat against the lip Seat 
718 (see FIGS. 26A and 26B), after which the forceps 
applied force may be released. The stabilizer 1506 may then 
expand to Securely couple to the base 702 (e.g., with 
interference) within the central opening. The catheter 50 
may then be moved from the window 1515 into one of the 
Slots 1512 where it is then frictionally engaged at most any 
location along a length of the slot. 
0248. With the catheter 50 in the desired location within 
one of the slots 1512 (see, e.g., position B of FIG. 47), the 
corresponding Sidewalls may apply a slight clamping force 
(frictional interference fit) to the catheter 50 to immobilize 
the latter relative to the stabilizer 1506. Upon verification 
that the catheter 50 is in place, the catheter 50 may be 
removed from the positioning equipment, e.g., Stereotactic 
apparatus, and the stylet (if used) may be withdrawn from 
the catheter. The catheter may then be placed into one of the 
channels 716 of the base 702 (see FIGS. 26A and 26B), and 
the optional cap member 704 coupled to the base as 
described above. 

0249. The stabilizer 1506, as well as the other stabilizer 
members described herein (e.g., 706, 806,906, 1006, 1106, 
1205, 1306, and 1406) may be configured to reduce relative 
movement between the catheter and the stabilizer. For 
example, the material and/or Surface finish of the Stabilizers 
may include granular, adhesive, or other friction-enhancing 
coatings Selected to increase frictional resistance. Alterna 
tively, the Surface of the Stabilizer may be roughened, e.g., 
mechanically abraded or produced in a roughened mold, to 
provide a higher degree of frictional resistance. 
0250 In some embodiments, the stabilizers could be 
impregnated or coated with a material that may increase 
frictional resistance. For example, polymeric coating mate 
rials. Such as Silicone, polyurethane, polyethylene, and poly 
acrylate (e.g., modified polyacrylates) may be used. Vitreous 
or paralytic carbon materials may also be used to create the 
desired Surface. In Some embodiments, the coating material 
may be applied to the Stabilizer via a dipping proceSS 
(although other processes (e.g., spraying) are certainly pos 
Sible without departing from the Scope of the invention). 
0251 Such coatings may provide a tacky frictional inter 
face between the stabilizer and the catheter. It was discov 
ered that by utilizing Such coatings, a Substantial increase in 
pull force (the force required to cause movement of the 
catheter relative to the stabilizer) could be realized. For 
example, a Stabilizer Substantially similar to the Stabilizer 
1506 illustrated in FIGS. 47-49 was made from nylon (i.e., 
Grilamid Nylon 12 produced by EMS-Chemie AG Corp. of 
Switzerland) and was designed to provide an undeflected 
slot 1512 width (see FIG. 47) of about 0.5 mm. A catheter 
(e.g., catheter 50) made of polyurethane (of durometer 80 
Shore A), having an undeflected outer diameter of about 1 
mm and a wall thickness of about 0.2 mm, was then inserted 
into one of the slots 1512 as described above. This configu 
ration resulted in a pull force of about 0.2 pounds (lbs). 
When the same stabilizer member was then coated with 
polyurethane to a thickness of about 0.01 mm, the pull force 
increased to about 0.7 lbs. 

0252) Thus, by selecting appropriate materials and/or 
Surface finishes/coatings for the Stabilizer, relative move 
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ment between the stabilizer and the catheter may be reduced. 
The friction-enhancing coating preferably provides a coef 
ficient of friction of at least about two times, and preferably 
at least about three times, that of the underlying material. 
0253) While described herein as applied only to the 
Stabilizer, Such friction-enhancing coatings could also be 
applied to other components of the retention apparatus, e.g., 
to the base 702 and cap 704 of FIGS. 25A and 25B. 
0254 While various embodiments of stabilizers are 
described in detail herein, other bases and cap member 
configurations are also contemplated. For example, FIGS. 
50-52 illustrate a base 1602 in accordance with another 
embodiment of the invention. 

0255 The base 1602 may be similar in many respects to 
the base 702. For example, it may form a generally annular, 
C-shaped member having a passageway or gap 1606 extend 
ing through its Sidewall. It may further include a lower 
engagement portion 1603 with optional protrusions 1624 
incorporated thereon as shown in FIG. 52. The base 1602 
may further include forcepS-receiving openings 1614 defin 
ing tool interface Surfaces to assist in compressing the base 
for insertion into the burr hole. The openings 1614 are 
illustrated as ovals in FIGS. 50 and 51. The oval shape may 
allow more latitude when attaching a cap member 1604 
(further described below). 
0256 FIG.50 illustrates an upper flange surface 1605 of 
the base 1602. As illustrated in this view, the upper flange 
surface 1605 may include at least one channel 1616 operable 
to receive the catheter 50 with an interference fit similar to 
those already described herein. Preferably, each channel 616 
is circuitous (e.g., non-linear) So that the catheter 50 is 
frictionally engaged within the channel in at least two 
non-parallel directions. For example, in the illustrated 
embodiment, each channel 1616 has at least one curved 
Segment and two interSecting linear Segments formed therein 
to produce the multi-directional frictional forces. However, 
the illustrated shape of the channel 1616 is not considered 
limiting as other shapes are certainly possible without 
departing from the Scope of the invention. Moreover, while 
the channels 1616 are shown as forming shallow channels in 
the upper flange surface 1605 of the base, other embodi 
ments may utilize channels that form slots extending entirely 
through a lower Surface of the upper flange portion. 
0257 The base 1602 may also include optional screw 
holes 1613 to secure the base to the skull Surface of the 
patient. Moreover, one or more openings 1615 may, in 
conjunction with openings 1614, receive and interlock with 
tab portions of the optional cap member 1604 shown in 
FIGS. 53-55. 

0258. The base 1602 may further include a shelf or lip 
seat 1618, shown in FIGS. 50-51, that is similar to the seat 
718 of the base 702. The lip seat may form a surface upon 
which the stabilizer (see, e.g., stabilizer member 1506) may 
rest when properly installed in the base 1602. 
0259. The base 1602 may further include two or more 
clips 1608 each having a tooth 1610 (see FIG. 51). In the 
illustrated embodiments, the clips are integrally formed with 
the base 1602. Each clip 1608 may deflect upon insertion of 
the stabilizer (e.g., stabilizer member 1506) and, once the 
Stabilizer is correctly Seated, Spring back to an undeflected 
position. Thus, the teeth 1610 may hold the stabilizer (e.g., 
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stabilizer 1506) against the lip seat 1618 of the base 1602 
with a snap fit. In the illustrated embodiment, four clips 1608 
are illustrated, but more (or less) are certainly possible 
without departing from the Scope of the invention. 
0260 FIGS. 53-55 illustrate an exemplary cap member 
1604 that may be used with the base 1602 (or with other base 
members/assemblies described herein). The cap member 
1604 may include tab portions 1620 on its lower side (see 
side elevation view of FIG. 54 and lower plan view of FIG. 
55) that may engage the openings 1614 and 1615 of the base 
(see FIG. 51) sufficiently to ensure retention of the cap 
member to the Same. 

0261) To assist with alignment of the cap member during 
installation, the lower side of the cap member 1604 may also 
include an elongate rib 1626 that may fit within the pas 
sageway 1606. A lift tab 1628, which may be located at an 
end of the rib 1626 (see FIG. 53), may provide a pry 
mechanism for easily removing the cap member when 
desired. 

0262 FIG. 56 illustrates an exemplary retention appara 
tus 1600 incorporating the base 1602, cap member 1604, and 
exemplary stabilizer 1506 as described above. As illustrated 
in this view, the stabilizer 1506 may seat within the base 
1602, where it may then be held in place by the teeth 1610 
of the clips 1608. The cap member 1604 may secure to the 
base 1602 by engagement of the tab portions 1620 (see FIG. 
55) with the openings 1614 and 1615. 
0263. The apparatus 1600 may be implanted in much the 
same way as the apparatus 700 described above and illus 
trated in FIGS. 28A-28D. Accordingly, no additional 
description is provided herein. Moreover, the components of 
the apparatus 1600 (e.g., the base 1602, cap member 1604, 
and stabilizer 1506) may be made from the biocompatible 
materials already described herein. 
0264. Advantageously, embodiments of the present 
invention provide burr hole retention apparatus and methods 
that permit precise locating and Secure anchoring of an 
implanted therapy delivery device. These apparatus and 
methods further permit insertion of the therapy delivery 
device prior to insertion of the retention apparatus. AS a 
result, the physician may have unimpeded access to the 
entire burr hole during device implantation. The present 
invention further provides retention apparatus having a 
low-profile. Such low profile devices may provide various 
advantages, e.g., implants that are leSS Visible and leSS 
Stressful on local tissue. Other embodiments may utilize 
additional features, e.g., fastener-less cranial attachment, 
friction-enhancing coatings, etc., that may further benefit 
implantation and/or the ability of the retention apparatus to 
Secure the therapy delivery device. 
0265. The complete disclosure of the patents, patent 
documents, and publications cited in the Background, the 
Detailed Description of Exemplary Embodiments, and else 
where herein are incorporated by reference in their entirety 
as if each were individually incorporated. 

0266 Illustrative embodiments of this invention are dis 
cussed and reference has been made to possible variations 
within the scope of this invention. These and other varia 
tions, combinations, and modifications in the invention will 
be apparent to those skilled in the art without departing from 
the Scope of the invention, and it should be understood that 
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this invention is not limited to the illustrative embodiments 
Set forth herein. Accordingly, the invention is to be limited 
only by the claims provided below and equivalents thereof. 
What is claimed is: 

1. An apparatus for anchoring a therapy delivery device 
relative to a burr hole, the apparatus comprising a base 
operable to Seat in or proximate the burr hole, the base 
comprising an upper flange portion and a lower engagement 
portion both at least partially Surrounding a central opening, 
wherein a slot extends above the lower engagement portion 
from the central opening through an outer edge of the flange 
portion, and further wherein the Slot extends from an upper 
Surface of the flange portion through a lower Surface of the 
flange portion. 

2. The apparatus of claim 1, wherein the slot is configured 
to receive the therapy delivery device with an interference 
fit. 

3. The apparatus of claim 1, wherein a distance between 
the lower Surface and the upper Surface of the flange portion 
is about 4 millimeters or less. 

4. The apparatus of claim 3, wherein a maximum distance 
between the lower Surface and the upper Surface of the 
flange portion is about 4 times or less an undeflected outer 
dimension of the therapy delivery device. 

5. The apparatus of claim 1, further comprising a cap 
member operable to couple to the base and at least partially 
cover the central opening. 

6. An apparatus for anchoring a therapy delivery device 
relative to a burr hole, the apparatus comprising a base 
operable to mechanically couple to the burr hole, the base 
comprising a flange portion operable to Seat against a cranial 
Surface around the burr hole, the flange portion defining a 
central opening, wherein the flange portion is operable to 
extend about 4 millimeters or leSS above the cranial Surface. 

7. The apparatus of claim 6, wherein a channel is formed 
in an upper Surface of the flange portion, the channel 
operable to receive the therapy delivery device with an 
interference fit. 

8. The apparatus of claim 7, wherein the channel extends 
from the central opening outwardly to a point at or near an 
outer edge of the flange portion. 

9. The apparatus of claim 8, wherein the channel is 
non-linear. 

10. The apparatus of claim 9, wherein the channel com 
prises two interSecting linear Segments. 

11. The apparatus of claim 9, wherein the channel com 
prises a curved segment. 

12. The apparatus of claim 7, wherein the channel forms 
a slot extending through a lower Surface of the flange 
portion. 

13. An apparatus for anchoring a therapy delivery device 
relative to a burr hole, the apparatus comprising a base 
operable to mechanically couple to the burr hole, the base 
comprising a flange portion operable to Seat against a cranial 
Surface, the flange portion defining a central opening in the 
base through which the therapy delivery device may pass, 
wherein the flange portion is operable to extend a first 
distance above the cranial Surface, the first distance being 
about 400% or less of an undeflected outer dimension of the 
therapy delivery device. 

14. The apparatus of claim 13, wherein a non-linear 
channel is formed in an upper Surface of the flange portion, 
the non-linear channel extending from the central opening 
outwardly through an Outermost edge of the flange portion. 
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15. The apparatus of claim 14, wherein the non-linear 
channel comprises two interSecting linear Segments. 

16. The apparatus of claim 14, wherein the non-linear 
channel comprises a curved Segment. 

17. The apparatus of claim 14, wherein the non-linear 
channel forms a slot extending through a lower Surface of 
the flange portion. 

18. The apparatus of claim 13, wherein the base further 
comprises an engagement portion integrally formed with the 
flange portion, the engagement portion operable to Seat 
within the burr hole. 

19. The apparatus of claim 18, wherein the engagement 
portion extends from a lower Surface of the flange portion. 
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20. The apparatus of claim 18, wherein the engagement 
portion comprises protrusions to mechanically engage an 
inner Surface of the burr hole. 

21. The apparatus of claim 13, wherein the flange portion 
comprises tool interface Surfaces. 

22. The apparatus of claim 21, wherein the tool interface 
Surfaces comprise Surfaces defined by openings formed in 
the flange portion. 

23. The apparatus of claim 13, further comprising a cap 
member operable to couple to the base and at least partially 
cover the central opening. 

24. The apparatus of claim 13, wherein the therapy 
delivery device comprises a catheter. 

k k k k k 


