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METHODS AND SYSTEMS EMPLOYING 
INTRACRANIAL ELECTRODES FOR 
NEUROSTIMULATION AND/OR 
ELECTROENCEPHALOGRAPHY 

TECHNICAL FIELD 

[0001] The present invention relates to intracranial elec 
trodes and methods for implanting and using intracranial 
electrodes. These electrodes and methods are particularly 
Well suited for neurostimulation systems and may also be 
used in electroencephalography and other recording sys 
tems, e.g., evoked potential recordings. 

BACKGROUND 

[0002] A Wide variety of mental and physical processes 
are knoWn to be controlled or in?uenced by neural activity 
in the central and peripheral nervous systems. For example, 
the neural functions in some areas of the brain (e.g., the 
sensory or motor cortices) are organiZed according to physi 
cal or cognitive functions. Several other areas of the brain 
also appear to have distinct functions in most individuals. In 
the majority of people, for example, the areas of the occipital 
lobes relate to vision, the regions of the left inferior frontal 
lobes relate to language, and the regions of the cerebral 
cortex appear to be involved With conscious aWareness, 
memory, and intellect. Because of the location-speci?c 
functional organiZation of the brain, in Which neurons at 
discrete locations are statistically likely to control particular 
mental or physical functions in normal individuals, stimu 
lating neurons at selected locations of the central nervous 
system can be used to effectuate changes in cognitive and/or 
motor functions throughout the body. 

[0003] In several existing applications, neural functions 
are treated or augmented by electrical or magnetic stimula 
tion poWered by a neural stimulator that has a plurality of 
therapy electrodes and a pulse system coupled to the therapy 
electrodes. The therapy electrodes can be implanted into the 
patient at a target site for stimulating the desired portions of 
the brain. For example, one existing technique for masking 
pain in a patient is to apply an electrical stimulus to a target 
stimulation site of the brain. In other applications, stimula 
tion of an appropriate target site in the brain has shoWn 
promise for treating damage to and disease and disorders of 
the brain, including damage from strokes and treatment of 
AlZheimer’s disease, depression, obsessive-compulsive 
behavior, and other disorders. 

[0004] The brain can be stimulated in several knoWn 
fashions. One type of treatment is referred to as transcranial 
electrical stimulation (TES), Which involves placing an 
electrode on the exterior of the patient’ s scalp and delivering 
an electrical current to the brain through the scalp and the 
skull. TES, hoWever, is not Widely used because the delivery 
of the electrical stimulation through the scalp and the skull 
causes patients a great amount of pain and the electrical ?eld 
is dif?cult to direct or focus accurately. 

[0005] Another type of treatment is transcranial magnetic 
stimulation (TMS), Which involves using a high-poWered 
magnetic ?eld adjacent the exterior of the scalp over an area 
of the cortex. TMS does not cause the painful side effects of 
TES. Unfortunately, TMS is not presently effective for 
treating many patients because the existing delivery systems 
are not practical for applying stimulation over an adequate 
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period of time. TMS systems, for example, are relatively 
complex and require stimulation treatments to be performed 
by a healthcare professional in a hospital or physician’s 
of?ce. The ef?cacy of TMS in longer-term therapies may be 
limited because it is dif?cult to (a) accurately localiZe the 
region of stimulation in a reproducible manner, (b) hold the 
device in the correct position over the cranium for the 
requisite period, and (c) provide stimulation for extended 
periods of time. 

[0006] Another device for stimulating a region of the brain 
is disclosed by King in US. Pat. No. 5,713,922, the entirety 
of Which is incorporated herein by reference. King discloses 
a device for cortical surface stimulation having electrodes 
mounted on a paddle that is implanted under the skull of the 
patient. These electrodes are placed in contact With the 
surface of the cortex to create “paresthesia,” Which is a 
vibrating or buZZing sensation. Implanting the paddle typi 
cally requires removal of a relatively large (e.g., thumbnail 
siZed or larger) WindoW in the skull via a full craniotomy. 
Craniotomies are performed under a general anesthetic and 
subject the patient to increased chances of infection. 

[0007] A physician may employ electroencephalography 
(EEG) to monitor neural functions of a patient. Sometimes 
this is done alone, e.g., in diagnosing epileptic conditions, 
though it may also be used in conjunction With neurostimu 
lation. Most commonly, electroencephalography involves 
monitoring electrical activity of the brain, manifested as 
potential differences at the scalp surfaces, using electrodes 
placed on the scalp. The electrodes are typically coupled to 
an electroencephalograph to generate an electroencephalo 
gram. Diagnosis of some neurological diseases and disor 
ders, e.g., epilepsy, may best be conducted by monitoring 
neural function over an extended period of time. For this 
reason, ambulatory electroencephalography (AEEG) moni 
toring is becoming more popular. In AEEG applications, 
disc electrodes are applied to the patient’s scalp. The scalp 
With the attached electrodes may be Wrapped in gauZe and 
the lead Wires attached to the electrodes may be taped to the 
patient’s scalp to minimize the chance of displacement. 

[0008] EEG conducted With scalp-positioned electrodes 
requires ampli?cation of the signals detected by the elec 
trodes. In some circumstances, it can be dif?cult to pinpoint 
the origin of a particular signal because of the signal 
dissipation attributable to the scalp and the skull. For more 
precise determinations, EEG may be conducted using “deep 
brain” electrodes. Such electrodes extend through the 
patient’s scalp and skull to a target location Within the 
patient’s brain. Typically, these deep brain electrodes com 
prise lengths of relatively thin Wire that are advanced 
through a bore through the patient’s skull to the desired 
location. If the electrodes are to be monitored over an 
extended period of time, the electrodes typically are alloWed 
to extend out of the patient’s skull and scalp and are coupled 
to the electroencephalograph using leads clipped or other 
Wise attached to the electrodes outside the scalp. To avoid 
shifting of the electrodes over time, the electrodes typically 
are taped doWn or held in place With a biocompatible 
cementitious material. The patient’s head typically must be 
Wrapped in gauZe to protect the exposed electrodes and the 
associated leads, and the patient is uncomfortable during the 
procedure. This may be suitable for limited testing purposes 
deep brain encephalography typically is limited to tests 
conducted in hospital settings over a limited period of time, 
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usually no more than a feW daysibut could be problematic 
for longer-term monitoring, particularly in nonclinical set 
tings. 

[0009] Screws have been used to attach plates or the like 
to patients’ skulls. FIG. 1, for example, schematically illus 
trates a conventional cranial reconstruction to repair a frac 
ture 50 or other trauma. In this application, a plate 60 is 
attached to the outer cortex 12 of the skull 10 by cortical 
bone screWs 62. The plate 60 spans the fracture 50, helping 
?x the skull in place on opposite sides of the fracture 50. As 
can be seen in FIG. 1, the screWs 62 do not extend through 
the entire thickness of the skull. Instead, the screWs 62 are 
seated in the outer cortex 12 and do not extend into the 
cancellous 18 or the inter cortex 14. In some related appli 
cations, the screWs 62 may be longer and extend into or even 
through the cancellous 18. Physicians typically take signi? 
cant care to ensure that the screWs 62 do not extend through 
the entire thickness of the skull, though, because penetrating 
the skull can increase the likelihood of trauma to or infection 
in the patient’s brain. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a schematic illustration of a conventional 
cranial reconstruction. 

[0011] FIG. 2A is a schematic vieW in partial cross section 
of an intracranial electrode in accordance With one embodi 
ment of the invention implanted in a patient. 

[0012] FIG. 2B is a schematic top elevation vieW of the 
implanted intracranial electrode of FIG. 2A. 

[0013] FIG. 3A is a schematic illustration in partial cross 
section of an intracranial electrode in accordance With 
another embodiment of the invention implanted in a patient. 

[0014] FIG. 3B is a schematic top elevation vieW of the 
implanted intracranial electrode of FIG. 3A. 

[0015] FIG. 4A is a schematic illustration in partial cross 
section of an intracranial electrode in accordance With yet 
another embodiment of the invention implanted in a patient. 

[0016] FIG. 4B is a side vieW ofa dielectric member ofthe 
electrode of FIG. 4A. 

[0017] FIG. 5 is a schematic illustration in partial cross 
section of an intracranial electrode in accordance With still 
another embodiment of the invention implanted in a patient. 

[0018] FIG. 6A is a schematic illustration in partial cross 
section of an intracranial electrode in accordance With a 
further embodiment of the invention implanted in a patient. 

[0019] FIG. 6B is a schematic top elevation vieW of the 
implanted intracranial electrode of FIG. 6A. 

[0020] FIG. 7 is a schematic illustration in partial cross 
section of an intracranial electrode in accordance With still 
another embodiment of the invention implanted in a patient. 

[0021] FIG. 8 is a schematic side vieW of a broken-aWay 
portion of a patient’s skull in Which an intracranial electrode 
in accordance With another embodiment of the invention has 
been implanted. 

[0022] FIG. 9 is a schematic partial cross-sectional vieW 
taken along line 9-9 of FIG. 8. 
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[0023] FIG. 10 is an isolation vieW of a portion of the 
implanted electrode of FIG. 9. 

[0024] FIG. 11 is a perspective vieW of selected compo 
nents of the intracranial electrode of FIGS. 8-10. 

[0025] FIG. 12 is a schematic illustration in partial cross 
section of an intracranial electrode in accordance With yet 
another embodiment of the invention implanted in a patient. 

[0026] FIG. 13 is a schematic illustration in partial cross 
section of an intracranial electrode in accordance With one 
more embodiment of the invention implanted in a patient. 

[0027] FIG. 14 is a schematic illustration in partial cross 
section of an intracranial electrode in accordance With a 
further embodiment of the invention implanted in a patient. 

[0028] FIG. 15 is a schematic partial cross-sectional vieW 
of the intracranial electrode of FIG. 13 With a retaining 
collar of the electrode in a radially compressed state. 

[0029] FIG. 16 is a schematic partial cross-sectional vieW 
of the intracranial electrode of FIG. 14 With the retaining 
collar in a radially expanded state. 

[0030] FIG. 17 is a schematic illustration in partial cross 
section of a deep brain intracranial electrode in accordance 
With an alternative embodiment of the invention implanted 
in a patient. 

[0031] FIG. 18 is a schematic illustration in partial cross 
section of a deep brain intracranial electrode in accordance 
With still another embodiment of the invention implanted in 
a patient. 

[0032] FIG. 19 is a schematic overvieW of a neurostimu 
lation system in accordance With a further embodiment of 
the invention. 

[0033] FIG. 20 is a schematic overvieW of a neurostimu 
lation system in accordance With another embodiment of the 
invention. 

[0034] FIG. 21 is a schematic illustration of one pulse 
system suitable for use in the neurostimulation system of 
FIG. 17 or FIG. 18. 

[0035] FIG. 22 is a schematic top vieW of the array of 
electrodes in FIG. 17. 

[0036] FIGS. 23-26 are schematic top vieWs of alternative 
electrode arrays in accordance With other embodiments of 
the invention. 

DETAILED DESCRIPTION 

A. OvervieW 

[0037] Various embodiments of the present invention pro 
vide intracranial electrodes and methods for implanting and 
using intracranial electrodes. It Will be appreciated that 
several of the details set forth beloW are provided to describe 
the folloWing embodiments in a manner suf?cient to enable 
a person skilled in the art to make and use the disclosed 
embodiments. Several of the details and advantages 
described beloW, hoWever, may not be necessary to practice 
certain embodiments of the invention. Additionally, the 
invention can also include additional embodiments that are 
not described in detail With respect to FIGS. 1-24. 
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[0038] One embodiment of the invention provides an 
intracranial electrode that includes a shaft, a head, and 
threads. The shaft includes a distal contact surface adapted 
to electrically contact a surface of a patient’s brain. The head 
is associated With the shaft and is siZed to be positioned 
subcutaneously adjacent the patient’s skull. This can ame 
liorate the dif?culties associated With electrodes that pro 
trude through the patient’s scalp, including irritation of the 
skin and discomfort. The threads are carried by at least one 
of the head and the shaft and may be adapted to ?x the 
electrode With respect to the patient’ s skull. This intracranial 
electrode has an adjustable length adapted to change a 
contact force of the distal contact surface against the surface 
of the brain by adjusting the length of the electrode. In one 
adaptation of this embodiment, the intracranial electrode 
includes an adjustment means that is adapted to adjust the 
length of the electrode. 

[0039] Another embodiment of the invention provides an 
intracranial electrode that includes an electrically conduc 
tive member, a dielectric member, and an anchor. The 
electrically conductive member has a blunt contact surface 
and the dielectric member has an interior in Which the 
electrically conductive member is received. The anchor may 
be carried by the electrically conductive member or the 
dielectric member. The anchor is adapted to anchor at least 
one of the electrically conductive member and the dielectric 
member With respect to a patient’s skull adjacent a brain 
surface such that the contact surface of the electrically 
conductive member is in electrical contact With the brain 
surface and the dielectric member electrically insulates the 
skull from the electrically conductive member. 

[0040] Another embodiment of the invention provides a 
neurostimulator system. This neurostimulator system 
includes an intracranial electrode, a lead, and a pulse system. 
The intracranial electrode may take the form of one of the 
preceding embodiments. In one particular implementation, 
the intracranial electrode includes a shaft including a distal 
contact surface adapted to electrically contact a surface of a 
patient’s brain; a head associated With the shaft, With the 
head being siZed to be positioned subcutaneously adjacent 
the patient’s skull; and threads carried by at least one of the 
head and the shaft, With the threads being adapted to ?x the 
electrode With respect to the patient’s skull. The lead is 
adapted to be subcutaneously implanted beneath the 
patient’s scalp. The lead has a ?rst portion, Which is adapted 
to be electrically coupled to the contact surface, and an 
electrically insulated implantable length. The pulse system 
is adapted to be implanted in the patient’s body at a location 
spaced from the electrode. The pulse system is operatively 
coupled to the electrode via the lead to deliver an electrical 
stimulus to the brain via the electrode. If so desired, an array 
of such intracranial electrodes may be employed and the 
pulse system may be adapted to generate an electrical 
potential betWeen the electrodes in the array. 

[0041] A method of implanting an intracranial electrode in 
accordance With another embodiment of the invention 
involves advancing a threaded electrode through a patient’s 
skull until a contact surface of the electrode is in atraumatic 
contact With a surface of the patient’s brain. The threaded 
electrode is electrically coupled to a lead. A head of the 
electrode and the length of the lead are covered With the 
patient’s scalp, thereby enclosing the electrode. An electrical 
stimulus is delivered to the patient’s brain via the electrode. 
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This electrical stimulus may be generated by a pulse system 
electrically coupled to the electrode by the lead. In one 
adaptation of this embodiment, the method may also include 
adjusting a length of the electrode, e.g., to adjust the force 
of the contact surface of the electrode against the surface of 
the brain. 

[0042] For ease of understanding, the folloWing discussion 
is subdivided into three areas of emphasis. The ?rst section 
discusses certain intracranial electrodes; the second section 
relates to select embodiments of neurostimulation systems; 
and the third section outlines methods in accordance With 
other embodiments of the invention. 

B. Intracranial Electrodes 

[0043] FIGS. 2-15 illustrate intracranial electrodes in 
accordance With various embodiments of the invention. Like 
reference numbers are used throughout these ?gures to 
designate like or analogous elements. 

[0044] FIGS. 2A-B illustrate an intracranial electrode 100 
in accordance With one embodiment of the invention. This 
electrode 100 includes a head 102 attached to a threaded 
shaft 110. The head 102 and shaft 110 may be integrally 
formed of an electrically conductive material, e.g., titanium 
or another biocompatible, electrical conductive metal. The 
head 102 may include one or more slots 104, an allen head 
recess (not shoWn), or other structure (e.g., a square drive or 
TORXTM drive recess) adapted to facilitate turning the 
electrode 100. As the electrode 100 is turned, the threads 112 
of the threaded shaft 110 Will advance a generally distally 
positioned contact surface 115 of the electrode 100 toWard 
the dura mater 20. The length of the shaft 110 may be 
selected so that the contact surface 115 of the electrode 100 
electrically engages the surface of the dura mater 20 Without 
causing undue harm to the dura mater 20 or the underlying 
cerebral cortex. The contact surface 115 may comprise a 
relatively blunt end to reduce trauma to the dura mater and 
the underlying brain tissue 25. 

[0045] In one embodiment, the intracranial electrode 100 
is adapted to be electrically connected to a pulse system 
(1050 in FIG. 18, for example), as described beloW. The 
electrode 100 may be connected to the pulse system in any 
desired fashion. In the illustrated embodiment, the electrode 
100 is coupled to such a pulse system by means of an 
electrical lead 120. The electrical lead 120 shoWn in FIGS. 
2A and 2B comprises an elongated, subcutaneously implant 
able body 124, Which may have an insulative sheath. An 
electrically conductive ring or Washer 122 may be attached 
to an end of the body 124. In one embodiment, an opposite 
end of the body 124 is physically attached to a component 
of the pulse system. In other embodiments, the leads may be 
operatively connected to one or more components of the 
pulse system Without being physically attached thereto, e. g., 
using a transmitter and antenna or a magnetic coupling. 
Embodiments of pulse systems incorporating such Wireless 
links are disclosed in U.S. Patent Application Publication 
No. US 2002/0087201, the entirety of Which is incorporated 
herein by reference. 

[0046] The head 102 of the electrode 100 is adapted to be 
implanted subcutaneously beneath the patient’s scalp 30 
(shoWn schematically in FIG. 2A). As explained beloW, the 
electrode 100 may be used to deliver an electrical signal to 
the brain tissue 25 adjacent the contact surface 115. At 
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higher stimulus levels, electrical contact between the 
patient’s scalp 30 and the head 102 of the electrode 100 may 
be uncomfortable for the patient. If so desired, the scalp 30 
may be electrically insulated from the head 102. This may be 
accomplished by applying on the head 102 a quantity of a 
dielectric, biocompatible, cementitious material (not 
shoWn), Which may be cured or dried in place. In another 
embodiment, the head 102 may be covered With a separate 
cap 130 (shoWn in dashed lines in FIG. 2A) formed of a 
dielectric material, e.g., a dielectric, biocompatible plastic, 
that may be glued, press-?t, or otherWise attached to the 
head 102 and/or the lead 120. 

[0047] The dimensions of the electrode 100 can be varied 
to meet various design objectives. In one embodiment, 
hoWever, the electrode 100 is longer than the thickness of the 
patient’s skull. More speci?cally, the head 102 is adapted to 
be seated at an extracranial subcutaneous site While the 
threaded shaft 110 is only slightly longer than the skull 
thickness at the intended treatment site. Lengths on the order 
of 4-50 mm, for example, may be appropriate in certain 
applications. The diameter of the head 102 and the threaded 
shaft 110 may also be varied. For most applications, shafts 
110 having diameters (typically excluding the Width of the 
threads 112) of no greater than 4 mm Will su?ice. Shaft 
diameters of about l-4 mm are likely, With diameters of 
1.5-2.5 mm being Well suited for most applications. FIGS. 
2A-B illustrate an electrode 100 having a constant diameter 
shaft 110, but it should be understood that the shaft diameter 
may vary. For example, the shaft 110 may taper distally to 
improve the ability of the shaft 110 to be self-tapping. The 
head 102 typically Will have a larger diameter than an 
adjoining portion of the shaft 110. (It should be recogniZed 
that FIGS. 2-15 are not draWn to scale. In particular, the 
aspect ratio of the electrodes is signi?cantly reduced to 
better illustrate certain functional aspects of the designs.) 

[0048] FIG. 3A illustrates an intracranial electrode 150 in 
accordance With another embodiment of the invention. This 
intracranial electrode 150 is similar in many respects to the 
intracranial electrode 100 of FIGS. 2A-B. For example, the 
electrode 150 includes an electrically conductive threaded 
shaft 110 de?ning a blunt, atraumatic contact surface 115 
adjacent a distal end. 

[0049] The connection of the electrode 150 to the lead 160 
in FIGS. 3A-B differs someWhat from the connection of the 
electrode 100 and lead 120 in FIGS. 2A-B, hoWever. In 
FIGS. 2A-B, the electrode 100 is electrically coupled to the 
lead 120 by compressively engaging the electrically con 
ductive ring 122 of the lead 120 betWeen the electrode head 
102 and the skull 10. In FIGS. 3A-B, the electrode 150 
includes a head 152 including slots 154 or other structure for 
engaging a screWdriver, Wrench, or the like. The head 152 is 
adapted to engage a cap 162 carried by the lead 160 that 
electrically couples the body 164 of the lead 160 to the head 
152 of the electrode 150. In the illustrated embodiment, the 
cap 162 comprises a dielectric body (e.g., a dielectric plastic 
material With some resilience) having an electrically con 
ductive inner surface 163, Which may be provided by 
coating an interior surface of the cap 162 With a metal. In 
one embodiment, the cap 162 is adapted to resiliently 
deform to be press-?tted on the head 152. The body 164 of 
the lead 160 may be coupled to the electrically conductive 
inner surface 163 of the cap 162, thereby providing an 
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electrical pathWay betWeen the electrode 150 and a pulse 
system (not shoWn) operatively coupled to the lead 160. 

[0050] In one embodiment, the cap 162 is siZed to be 
subcutaneously implanted beneath the patient’s scalp 30. In 
the illustrated embodiment, the head 152 and the cap 162 
both extend outWardly beyond the outer cortex 12 of the 
patient’s skull 10. In another embodiment (not shoWn) some 
or all of the length of the head 152 and/or the cap 162 may 
be countersunk into a recess formed through the outer cortex 
12 and/or an outer portion of the cancellous 18. This can 
improve patient comfort, Which can be useful if the intrac 
ranial electrode 150 is intended to be implanted permanently 
or for an extended period of time. 

[0051] FIGS. 4A-B schematically illustrate aspects of an 
intracranial electrode 200 in accordance With another 
embodiment. The electrode 200 may comprise an electri 
cally conductive inner portion 205 and an electrically insu 
lative outer portion 206. In the illustrated embodiment, the 
electrically conductive portion 205 of the electrode 200 
includes a head 202 and a threaded shaft 210 de?ning a 
contact surface 215 for electrically contacting the patient’s 
dura mater 20. These elements of the electrode 200 and their 
electrical connection to the lead 120 are directly analogous 
to the electrode 100 shoWn in FIGS. 2A-B. The electrically 
insulative outer portion 206 of the electrode 200 shoWn in 
FIG. 4A comprises a dielectric member 240 that is disposed 
betWeen the threaded shaft 210 and the patient’s skull 10. As 
shoWn in FIG. 4B, this dielectric member 240 may take the 
form of a tapered sleeve. The sleeve 240 may have an upper 
ring-like portion 242 and a plurality of deformable ?anges 
244 extending distally therefrom. The ?anges 244 may be 
adapted to be urged outWardly into compressive contact With 
a bore formed in the patient’s skull 10 When the threaded 
shaft 210 is advanced into the interior of the sleeve 240. 
Although not shoWn in FIG. 4B, ribs or teeth may be 
provided on the exterior surfaces of the ?anges 244 to 
further anchor the sleeve 240 in the cancellous 18. In one 
embodiment, the sleeve 240 is formed of a dielectric plastic 
and the threads of the threaded member 210 may be self 
tapping in the inner Wall of the sleeve 240. 

[0052] When implanted in a skull 10 as shoWn in FIG. 4A, 
the dielectric sleeve 240 Will electrically insulate the skull 
10 from the electrically conductive shaft 210 of the electrode 
200. (The sleeve 240 need not completely electrically isolate 
the skull and shaft 210; it merely serves to reduce electrical 
conduction to the skull 10.) As explained beloW, some 
embodiments of the invention employ an array comprising 
a plurality of intracranial electrodes implanted at various 
locations in a patient’s skull 10. The use of a dielectric 
member such as the dielectric sleeve 240 can help electri 
cally isolate each of the electrodes 200 from other electrodes 
200 in the array (not shoWn). If so desired, the electrode 200 
may be provided With a dielectric cap 230 siZed and shaped 
to be implanted subcutaneously beneath the patient’s scalp 
30 (not shoWn in FIG. 4A). Much like the cap 130 of FIG. 
2A, this cap 230 may electrically insulate the patient’s scalp 
from the electrically conductive head 202. This may further 
improve electrical isolation of the electrodes 200 in an array. 

[0053] FIG. 5 illustrates an intracranial electrode 250 in 
accordance With yet another embodiment of the invention. 
This electrode 250 includes an electrically conductive shaft 
260 electrically coupled to a subcutaneously implantable 
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head 262 and a distally positioned contact surface 265. The 
shaft 260 is received in the interior of an externally threaded 
dielectric layer 280. The shaft 260 may be operatively 
coupled to the dielectric layer 280 for rotation thereWith as 
the electrode is threadedly advanced through the patient’s 
skull 10. In one embodiment, this may be accomplished by 
a spline connection betWeen the shaft 260 and the dielectric 
layer 280. In other embodiments, the dielectric layer 280 
may be molded or otherWise formed about the shaft 260. 

[0054] In one particular embodiment, the dielectric layer 
280 comprises an electrically insulative ceramic material. In 
another embodiment, the dielectric layer 280 comprises an 
electrically insulative plastic or other biocompatible poly 
mer that has suf?cient structural integrity to adequately 
anchor the electrode 250 to the skull 10 for the duration of 
its intended use. If so desired, the dielectric layer 280 may 
be porous or textured to promote osseointegration of long 
term implants. For shorter-term applications, the dielectric 
layer 280 may be formed of or covered With a material that 
Will limit osseointegration. 

[0055] In each of the preceding embodiments, the intrac 
ranial electrode 100, 150, 200, or 250 has a ?xed length. In 
the embodiment shoWn in FIGS. 2A-B, for example, the 
distance betWeen the base of the head 102 and the contact 
surface 115 remains ?xed. When the threaded shaft 110 is 
sunk into the skull 10 to a depth suf?cient to compress the 
conductive ring 122 of the lead 120 betWeen the head 102 
and the skull 10, this Will also ?x the distance from the 
exterior surface of the outer cortex 12 of the skull 10 to the 
contact surface 115. The thickness of the skull 10 can vary 
from patient to patient and from site to site on a given 
patient’s skull. Hence, the pressure exerted by the contact 
surface 115 against the dura mater 20 Will vary depending on 
the thickness of the skull. If the electrode 100 is selected to 
be long enough to make adequate electrical contact With the 
dura mater adjacent the thickest site on a skull, the pressure 
exerted by the contact surface 115 against the dura mater 20 
may cause undue damage at sites Where the skull is thinner. 
Consequently, it can be advantageous to provide a selection 
of electrode siZes from Which the physician can choose in 
selecting an electrode 100 for a particular site of a speci?c 
patient’s skull. 

[0056] FIGS. 6-12 illustrate embodiments of electrodes 
With adjustable lengths. FIGS. 6A-B, for example, illustrate 
an intracranial electrode 300 that is adapted to adjust a 
distance betWeen the outer surface of the skull 10 and a 
contact surface 315 of the electrode 300. This, in turn, 
enables the contact force betWeen the contact surface 315 
and the surface of the dura mater 20 to be varied Without 
requiring multiple electrode lengths. 

[0057] The intracranial electrode 300 of FIGS. 6A and 6B 
includes a probe or shaft 310 that has a blunt distal surface 
de?ning the contact surface 315 of the electrode 300. The 
shaft 310 has a proximal end 312 that may include a torque 
drive recess 314 or the like to facilitate rotation of the shaft 
310 relative to a head 320 of the electrode 300. At least a 
portion of the length of the shaft 310 is externally threaded. 
In the illustrated embodiment, the shaft has an externally 
threaded proximal length and an unthreaded surface along a 
distal length. 

[0058] The head 320 of the electrode 300 comprises a 
body 322 and a tubular length 324 that extends from the 
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body 322. The body 322 may be adapted to be rotated by 
hand or by an installation tool. In one embodiment the body 
322 is generally hexagonal to facilitate rotation With an 
appropriately siZed Wrench. In the particular embodiment 
shoWn in FIGS. 6A-B, the body 322 has a pair of recesses 
323 in its outer face siZed and shaped to interface With a 
dedicated installation tool (not shoWn) having projections 
adapted to ?t in the recesses 323. If so desired, the instal 
lation tool may be a torque Wrench or other tool adapted to 
limit the amount of torque an operator may apply to the head 
320 of the electrode 300 during installation. The tubular 
length 324 may be externally threaded so the head 320 may 
be anchored to the skull 10 by screWing the tubular length 
324 into the skull 10. 

[0059] The head 320 includes an internally threaded bore 
326 that extends through the thickness of the body 322 and 
the tubular length 324. The bore 326 has threads siZed to 
mate With the external threads on the shaft 310. If so desired, 
a biocompatible sealant (e.g., a length of polytetra?uoroet 
hylene tape) may be provided betWeen the threads of the 
bore 326 and the threads of the shaft 310 to limit passage of 
?uids or infectious agents through the bore 326. 

[0060] Rotation of the shaft 310 With respect to the head 
320 Will, therefore, selectively advance or retract the shaft 
310 With respect to the head 320. This Will, in turn, increase 
or decrease, respectively, the distance betWeen the loWer 
face 323 of the head body 322 and the contact surface 315 
of the shaft 310. As suggested in FIG. 6A, this may be 
accomplished by inserting a tip 344 of a torque driver 340 
into the torque drive recess 314 in the shaft 310 and rotating 
the torque driver 340. The tip 344 of the torque driver 340 
may be speci?cally designed to ?t the torque drive recess 
314. In the embodiment shoWn in FIGS. 6A-B, the torque 
drive recess 314 is generally triangular in shape and is 
adapted to receive a triangular tip 344 of the torque driver 
340. If so desired, the torque driver 340 may comprise a 
torque Wrench or the like that Will limit the maximum torque 
and operator can apply to the shaft 310 of the electrode 300. 

[0061] If so desired, the torque driver 340 may include 
graduations 342 to inform the physician hoW far the shaft 
310 has been advanced With respect to the head 320. As 
noted beloW, in certain methods of the invention, the thick 
ness of the skull at the particular treatment site may be 
gauged before the electrode 300 is implanted. Using this 
information and the graduations 342 on the torque driver 
340, the physician can fairly reliably select an appropriate 
length for the electrode 300 to meet the conditions present 
at that particular site. 

[0062] In the embodiment shoWn in FIGS. 6A-B, the head 
320 and the shaft 310 are both formed of an electrically 
conductive material. The conductive ring 122 of the lead 120 
may be received in a slot formed in the loWer face 323 of the 
body 322. Alternatively, the ring 122 may be internally 
threaded, permitting it to be threaded over the external 
threads of the tubular length 324 before the head 320 is 
implanted. If so desired, the ring 122 can instead be com 
pressively engaged by the loWer face 323 of the head 320 in 
a manner analogous to the engagement of the head 102 With 
the ring 122 in FIG. 2A, for example. 

[0063] In another embodiment, the head 320 is formed of 
a dielectric material, such as a dielectric ceramic or plastic. 
This may necessitate a different connection betWeen the lead 














