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METHODS FOR TREATING ESSENTIAL TREMOR 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application claims priority to pending 
US. Provisional Application 60/432,073, entitled “System 
and Method for Treating Parkinson’s Disease and other 
Movement Disorders,” ?led December 9, 2002. 

TECHNICAL FIELD 

[0002] The present invention is directed toWard systems 
and methods for treating essential tremor, associated With 
abnormal neural activity in the brain. 

BACKGROUND 

[0003] A Wide variety of mental and physical processes 
are controlled or in?uenced by neural activity in particular 
regions of the brain. For example, various physical or 
cognitive functions are directed or a?fected by neural activity 
Within the sensory or motor cortices. Across most individu 
als, particular areas of the brain appear to have distinct 
functions. In the majority of people, for example, the areas 
of the occipital lobes relate to vision; the regions of the left 
interior frontal lobes relate to language; portions of the 
cerebral cortex appear to be consistently involved With 
conscious aWareness, memory, and intellect; and particular 
regions of the cerebral cortex as Well as the basal ganglia, the 
thalamus, and the motor cortex cooperatively interact to 
facilitate motor function control. 

[0004] Essential tremor is a frequently occurring, complex 
neurologic movement disorder. At this time, the causes of 
essential tremor are not Well understood. 

[0005] Essential tremor (or ET) typically a?fects the hands, 
but it can also affect the head and neck (causing shaking), the 
face, jaW, tongue, voice, trunk, and, on occasion, the legs 
and feet. The tremor can take the form of a rhythmic lateral 
motion or forWard and aft motion produced by involuntary 
muscle contractions. The duration and intensity of the trem 
ors can vary substantially from one day to the next and 
during the course of a given day. ET typically has tWo forms: 
postural tremor, Which occurs When the patient holds the 
a?fected muscle in a particular position, and kinetic tremor, 
Which occurs When the patient moves the a?fected muscle in 
a particular Way. Most patients a?fected by ET have both 
postural and kinetic tremor symptoms. 

[0006] E?fectively treating ET can be very di?icult. Cur 
rent treatments for ET symptoms include drugs, surgical 
intervention, and/or neural stimulation. Drug treatments or 
therapies may involve the administration of a beta-adrener 
gic blocker or anticonvulsant medication to the patient. Drug 
therapies may involve propanolol, mysoline, primidone, 
benZodiaZepine, or a Weak solution of botulinum toxin A. 
Unfortunately, many patients cannot tolerate or fail to 
adequately respond to drug therapies. 

[0007] Surgical intervention for ET typically includes a 
thalamotomy, a procedure that involves ablating or destroy 
ing a selected portion of the thalamus. Unfortunately, sur 
gical intervention is a very time consuming and highly 
invasive procedure. Potential complications associated With 
the procedure include risk of hemorrhage, stroke, and/or 
paralysis. Furthermore, because the procedures permanently 
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destroy neural tissue, the e?fects of such intervention cannot 
be readily adjusted or “?ne tuned” over time. 

[0008] Neural stimulation treatments have shoWn promis 
ing results for reducing some of the symptoms associated 
With ET. Neural activity is governed by electrical impulses 
or “action potentials” generated in and propagated by neu 
rons. While in a quiescent state, a neuron is negatively 
polariZed and exhibits a resting membrane potential that is 
typically betWeen —70 and —60 mV. Through chemical 
connections knoWn as synapses, any given neuron receives 
excitatory and inhibitory input signals or stimuli from other 
neurons. A neuron integrates the excitatory and inhibitory 
input signals it receives, and generates or ?res a series of 
action potentials in the event that the integration exceeds a 
threshold potential. A neural ?ring threshold, for example, 
may be approximately —55 mV. Action potentials propagate 
to the neuron’s synapses and are then conveyed to other 
synaptically connected neurons. 

[0009] Neural activity in the brain can be in?uenced by 
neural stimulation, Which involves the application of elec 
trical and/or magnetic stimuli to one or more target neural 
populations Within a patient using a Waveform generator or 
other type of device. Various neural functions can thus be 
promoted or disrupted by applying an electrical current to 
one or more regions of the brain. As a result, researchers 
have attempted to treat certain neurological conditions, 
including ET, using electrical or magnetic stimulation sig 
nals to control or affect brain functions. 

[0010] Deep Brain Stimulation (DBS) is a neural stimu 
lation therapy that has been used as an alternative to drug 
treatments and ablative surgical therapies. In DBS, one or 
more electrodes are surgically implanted into the brain 
proximate to deep brain or subcortical neural structures. For 
treating ET, an electrode is typically positioned in or proxi 
mate to the ventrointermediate nucleus (VIM) of the thala 
mus. In a typical DBS system, a pulse generator delivers a 
continuous or essentially continuous electrical stimulation 
signal having a pulse repetition frequency of approximately 
150 HZ to each of tWo deep brain electrodes. US. Pat. No. 
5,883,709 discloses one conventional DBS system for treat 
ing movement disorders. 

[0011] Although DBS therapies may signi?cantly reduce 
ET symptoms, particularly When combined With drug treat 
ments, they are highly invasive procedures. In general, 
con?guring a DBS system to properly function Within a 
patient requires a time consuming, highly invasive surgical 
procedure for implanting at least one, and possibly tWo, 
DBS electrodes. DBS surgical procedures have essentially 
the same risks as those described above for ablative surgical 
intervention. 

[0012] Motor Cortex Stimulation (MCS) is another type of 
brain stimulation treatment that has been proposed for 
treating movement disorders, such as ET and Parkinson’s 
disease. MCS involves the application of stimulation signals 
to the motor cortex of a patient. One MCS system includes 
a pulse generator connected to a strip electrode that is 
surgically implanted over a portion of only the motor cortex 
(precentral gyrus). The use of MCS to treat symptoms 
associated With Parkinson’s Disease is described in Canav 
ero, Sergio, “Extradural Motor Cortex Stimulation for 
Advanced Parkinson ’s Disease: Case Report,” Movement 
Disorders (Vol. 15, No. l, 2000). 
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[0013] Because MCS involves the application of stimula 
tion signals to surface regions of the brain rather than deep 
neural structures, electrode implantation procedures for 
MCS are signi?cantly less invasive and time consuming 
than those for DBS. As a result, MCS may be a safer and 
simpler alternative to DBS for treating ET symptoms. 
Present MCS techniques, hoWever, fail to address or 
adequately consider a variety of factors that may enhance or 
optimiZe the extent to Which a patient experiences short term 
and/or long term relief from ET symptoms. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIGS. 1A-1B are How charts illustrating methods 
for treating essential tremor in accordance With several 
embodiments of the invention. 

[0015] FIG. 2A is an image shoWing a mid saggital 
section of a brain of a patient. 

[0016] FIG. 2B is an image shoWing an axial vieW of a 
portion of the cerebral cortex of the brain of the patient. 

[0017] FIG. 3A is a side vieW of a brain of a patient With 
an electrode array implanted in accordance With one 
embodiment of the invention. 

[0018] FIG. 3B is a side vieW of a brain of a patient With 
an electrode array implanted in accordance With another 
embodiment of the invention. 

[0019] FIG. 4 is a side vieW of a brain of a patient shoWing 
one arrangement for applying neural stimulation to treat 
essential tremor. 

[0020] FIG. 5 is a cross-sectional vieW of the cerebral 
cortex of a patient illustrating an arrangement for treating 
essential tremor in accordance With another embodiment of 
the invention. 

[0021] FIG. 6 is a schematic vieW illustrating a system for 
treating essential tremor in accordance With still another 
embodiment of the invention. 

[0022] FIG. 7A-7B are How charts illustrating methods 
for treating essential tremor in accordance With yet further 
embodiments of the invention. 

DETAILED DESCRIPTION 

[0023] The folloWing disclosure describes several 
embodiments and systems for treating essential tremor and 
other movement disorders using cortical stimulation. Sev 
eral features of methods and systems in accordance With 
embodiments of the invention are set forth and described in 
FIGS. 1A-7B. It Will be appreciated that methods and 
systems in accordance With other embodiments of the inven 
tion can include additional procedures or features different 
than those shoWn in FIGS. 1A-78. Additionally, methods 
and systems in accordance With several embodiments of the 
invention may not include all of the features shoWn in these 
Figures. Throughout the Figures, like reference numbers 
refer to similar or identical components or procedures. 

[0024] FIG. 1A is a How chart illustrating a method for 
treating essential tremor in accordance With an embodiment 
of the invention. In one embodiment, a method 10011 for 
treating essential tremor includes directing a patient to 
perform a muscle action (method portion 102). The muscle 
action can include maintaining the muscle in a certain 
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position, and/or moving the muscle in a certain manner. The 
method 100a can further include directing the collection of 
information corresponding to a level of neural activity in the 
patient’s brain While the patient performs the muscle action 
(method portion 104). In one aspect of this embodiment, 
method portion 104 can be performed at least in part by a 
human operator, for example, a technician or doctor Who 
operates an imaging system. In another aspect of this 
embodiment, the process of directing the collection of 
information can be performed partially or entirely by a 
computer, for example, by a hardWare and/or softWare based 
routine that collects the information corresponding to the 
level of neural activity. In either embodiment, the informa 
tion can take several forms, and/or can correspond to the 
level of neural activity in the patient’s brain by Way of 
several techniques, as described in greater detail beloW With 
reference to FIG. 1B. 

[0025] In process portion 106, the method 100a includes 
at least reducing an essential tremor motion of the patient by 
applying an electrical stimulation at least proximate to a 
stimulation site, With the location of the stimulation site 
based at least in part on the information collected in method 
portion 104. For example, an operator and/or a computer 
based set of instructions can apply an electrical stimulation 
to one or more electrodes or electrical contacts placed Within 

the patient’s brain. Further aspects of this and other embodi 
ments of process portion 106 are also described in greater 
detail beloW With reference to FIG. 1B. 

[0026] FIG. 1B is a How chart illustrating a method 1001) 
for treating essential tremor in accordance With another 
embodiment of the invention. The method 1001) includes 
further details of collecting information (method portion 
104, FIG. 1A) and reducing essential tremor motion 
(method portion 106, FIG. 1A) associated With this embodi 
ment. In one aspect of this embodiment, the method 1001) 
can include identifying a muscle action subject to essential 
tremor (method portion 110). For example, a practitioner can 
direct the patient to perform a variety of movements, (e.g., 
for kinetic tremor) and/or assume a variety of positions (e. g., 
for postural tremor) While the practitioner observes the 
patient for an indication of essential tremor motion. Based 
on the results of this activity, the practitioner can single out 
one or more muscle actions that manifest essential tremor 
behavior or motion. 

[0027] In method portion 112, the practitioner can monitor 
a ?rst or baseline image of the patient’s brain function While 
the patient is not performing the muscle action identi?ed in 
method portion 110 (e.g., While the patient or relevant 
patient muscles are generally at rest, or the patient avoids 
performing the muscle action). In one embodiment, the ?rst 
image can be generated using functional magnetic resonance 
imaging (fMRI) techniques, magnetic resonance imaging 
(MRI) techniques, or computed tomography (CT) tech 
niques. In a particular aspect of this embodiment, the ?rst 
image can be generated by fIVIRI techniques that determine 
the level of the patient’s brain function based on a measure 
ment of blood oxygen levels in the patient’s brain. In other 
embodiments, the level of the patient’s brain function is 
ascertained by other techniques. In any of these embodi 
ments, the ?rst image can include an image of a portion of 
the patient’s brain upon Which is superimposed some indi 
cation of the brain activity level. For example, the image can 
be color-coded to distinguish parts of the brain having a high 
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level of activity (e.g., presented in one color) from portions 
of the brain having a relatively loW level of activity (e.g., 
presented in another color). The image can include an image 
of the relative position betWeen external markers and at least 
one of the central sulcus, precentral gyrus, and/or the 
postcentral gyrus of a patient. The external markers can be 
anatomical features of the patient (e.g., the patient’s nose 
bridge or ear canal) or ?ducials that are attached to the 
patient. For example, the external markers can be ?ducials 
that are attached to the skull of the patient. 

[0028] In method portion 114, the practitioner can monitor 
a second image of the patient’s brain function While the 
patient performs the muscle action identi?ed in method 
portion 110. In a particular aspect of this embodiment, the 
technique used to generate the second image is at least 
approximately identical to the technique used to produce the 
?rst image. Accordingly, the tWo images can be easily 
compared. 
[0029] In method portion 116, the ?rst and second images 
are compared to identify a stimulation site of the brain. For 
example, if a particular portion of the brain shoWs activity 
When the patient executes an essential tremor motion or 
assumes an essential tremor posture, this region can be 
identi?ed by comparing the ?rst image With the second 
image. In some cases, a portion of the brain responsible for 
coordinating the muscle movement required to execute the 
motion or assume the posture may also be a portion of the 
brain responsible for generating the tremor motion itself. In 
other embodiments, the correlation betWeen the portions of 
the brain responsible for these tWo functions may be less 
clear. In these situations, the practitioner may use additional 
techniques (described in greater detail beloW With reference 
to FIGS. 7A-7B) to isolate the site responsible for tremor 
motion. In any of these embodiments, the stimulation site 
can be generally proximate to the dura of the patient and can 
be positioned over at least the precentral gyrus of the cortex. 
In particular embodiments, the stimulation site can also be 
located over the central sulcus and/or the postcentral gyrus 
of the patient. In any of these embodiments, the methods 
100a and 1001) result in an accurate determination of the 
location of the underlying cortical features relative to exter 
nal landmarks on the patient. As explained in more detail 
beloW, this is expected to signi?cantly improve the ef?cacy 
of stimulation therapies for treating ET. 

[0030] In method portion 118, the practitioner can place at 
least one electrode at least proximate to the stimulation site 
determined in method portion 116. In method portion 120, 
the patient’s essential tremor motion is reduced or elimi 
nated by applying an electrical stimulation at least proximate 
to the stimulation site. The neural stimulation can be an 
electrical current applied epidurally or subdurally to the 
stimulation site. When the neural stimulation is an electrical 
current applied directly to the cerebral cortex proximate to 
the dura, the method 1001) can include implanting an elec 
trode at least proximate to the dura at the stimulation site. In 
other embodiments, the neural stimulation can be transcu 
taneous magnetic stimulation. Several aspects of electrodes, 
placement techniques, and stimulation techniques in accor 
dance With particular embodiments of the invention are 
described in more detail beloW With respect to FIGS. 
2A-7B. 

[0031] FIGS. 2A and 2B are examples of images corre 
sponding to method portions 104, 112 and 114 (FIG. 1B). 
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FIG. 2A is a magnetic resonance image 200a shoWing a 
vieW of the brain 210 of a patient P taken along a mid 
saggital section. The image 200a shoWs the location of 
various features of the cerebral cortex 220 relative to ?ducial 
markers 230 attached to the skull of the patient P. In one 
embodiment, the pars marginalis sulcus 240 of the cortex 
220 is located using the image 20011 of the mid saggital 
section. This particular image is useful because the pars 
marginalis sulcus is the only sulcus that can be folloWed into 
the interhemispheric ?ssure in this vieW. Based on the 
location of the pars marginalis sulcus shoWn in image 200a, 
this position can be extrapolated to an axial image to 
determine the location of the central sulcus, the postcentral 
gyrus, and the precentral gyrus on the cortex 220 relative to 
the external markers. 

[0032] In a further aspect of an embodiment of the meth 
ods 100a, 1001) described above, an axial image of the cortex 
220 is generated. FIG. 2B is a magnetic resonance image 
2001) of a brain of a patient taken along an axial section. 
Referring to FIG. 2B, the pars marginalis sulcus 240 appears 
as a small, symmetrical sulcus extending bilaterally out from 
the interhemispheric ?ssure. Based upon the position of the 
pars marginalis sulcus 240, the position of the postcentral 
sulcus 242 can be determined by moving laterally (i.e., 
outWard) from the pars marginalis sulcus 240. The postcen 
tral sulcus 242 forms the posterior boundary of the postcen 
tral gyrus 260, and thus the central sulcus 244 can be 
identi?ed as the anterior boundary of the postcentral gyrus 
260. Similarly, the central sulcus 244 forms the posterior 
boundary of the precentral gyrus 250 and the precentral 
sulcus 246 forms the anterior boundary of the precentral 
gyrus 250. 

[0033] Identifying a stimulation site of the brain (method 
portion 116, FIG. 1B) can also include identifying an 
external region on the patient relative to the location of the 
central sulcus 244. After identifying the location of the 
central sulcus 244 on the image 200b, the location of the 
central sulcus 244 is noted relative to the external markers 
230. Using standard neuronavigational MRI techniques, the 
data from the images can be transferred into an intraopera 
tive navigational station that locates the external position on 
the scalp of the patient overlying the central sulcus 244 
relative to the position of the ?ducial markers 230. The 
external position accordingly de?nes the general area Where 
stimulation Will be applied. The actual stimulation site is 
generally under the scalp at an area that is proximate to the 
dura of the patient and aligned With the external position 
identi?ed on the patient. 

[0034] FIGS. 2A-2B refer to speci?c process portions 
(e.g., process portion 112 and 114) described above With 
reference to FIG. 1B that include monitoring images of the 
patient’s brain. In other embodiments, the method portion of 
directing the collection of information corresponding to a 
level of neural activity in the patient’s brain While the patient 
performs a muscle action (e.g., method portion 104, FIG. 
1A) can be completed Without generating an image. For 
example, fMRI, MRI, or CT techniques can be used to 
generate a digital representation of brain activity Without 
necessarily generating a visible image. In a particular aspect 
of this embodiment, an algorithm or other computer-based 
method can be used to determine the stimulation site, based 
upon the digital representation described above. In either of 
these embodiments, the patient can receive electrical stimu 
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lation at the stimulation site via implanted electrodes. Tech 
niques for placing the electrodes at the stimulation site are 
described in greater detail beloW With reference to FIGS. 
3A-3C. 

[0035] FIGS. 3A-3B illustrate several embodiments of the 
process portion 118 (FIG. 1B) Which includes placing at 
least one electrode at least proximate to a stimulation site. 
FIG. 3A, more speci?cally, is a schematic side vieW of the 
brain 200 illustrating a technique for implanting a linear 
electrode array 310 at a stimulation site 30011 proximate to 
the dura and over the precentral gyrus 250, in accordance 
With an embodiment of the invention. In one aspect of this 
embodiment, the linear electrode array 310 has a plurality of 
electrodes 320 arranged along a single roW. In other embodi 
ments the linear electrode array 310 may have only one 
electrode 320. The electrodes 320 can be circular contacts 
each having a surface area of approximately 5 mm2 and 
being spaced apart by about 7.5 mm. In other embodiments, 
the electrodes can be other shapes and have other con?gu 
rations, for example, those disclosed in pending U.S. appli 
cation Ser. No. , entitled “Apparatuses and Systems 
for Applying Electrical Stimulation to a Patient,” (attorney 
docket no. 33734.8047US), ?led and incorporated 
herein by reference. In one aspect of an embodiment shoWn 
in FIG. 3A, the linear electrode array 310 has a lead 322 
coupled to the electrodes 320 and an implanted pulse 
generator implanted above the neck or at a subclavicular 
location. The lead 322 is tunneled through the patient using 
standard techniques. 

[0036] The linear electrode array 310 can be positioned so 
that the roW of electrodes 320 extends in a medial to lateral 
direction generally parallel With the central sulcus 244. The 
electrodes 320 are also superimposed over the precentral 
gyrus 250. The linear electrode array 310 generally has a 
plurality of electrodes 320 to provide extensive coverage 
over the precentral gyrus 250 and thus activate a large 
number of neurons in the motor cortex (e.g., use all of the 
electrodes) or only discrete populations of neurons in the 
motor cortex With only a single implantation of an electrode 
array (e.g., activate only selected electrodes). The electrode 
array 310 can be implanted so that the electrodes are 
proximate to the dura such as at an epidural or subdural 
location. 

[0037] FIG. 3B is a side-vieW of the brain 200 illustrating 
another embodiment for implanting an electrode array proxi 
mate to the dura at the stimulation site. In this embodiment, 
the stimulation site 30019 is located over the precentral gyrus 
250 and the postcentral gyrus 260. A grid electrode array 330 
is implanted at the stimulation site 30019 proximate to the 
dura. The grid electrode array 330 can include a plurality of 
?rst electrodes 340a arranged along a ?rst roW and a 
plurality of second electrodes 340b arranged along a second 
roW. The ?rst and second roWs of electrodes 340a-b can 
extend generally at an oblique angle relative to the central 
sulcus 244. The grid electrode array 330 also has a lead 342 
coupled to the electrodes 340a-b and an implanted pulse 
generator. As With the linear electrode array 310, the grid 
electrode array 330 can be implanted so that the electrodes 
are proximate to the dura. 

[0038] One aspect of several embodiments of the inven 
tion is that the stimulation sites 300a and 300!) shown on 
FIGS. 3A and 3B may be located relative to the precentral 
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gyrus 250, the central sulcus 244, and/or the postcentral 
gyrus 260 using the information collection and site selection 
procedures described above With reference to FIGS. 1A-2B. 
This enables the stimulation to be applied to desired loca 
tions on the cortex With much greater accuracy than previous 
methods that rely solely on the external anatomical features 
of the patient. The greater precision of locating the stimu 
lation sites 300a-b for implanting the electrode arrays is 
expected to enhance the ef?cacy of stimulation treatments 
for treating essential tremor. 

[0039] FIG. 4 is a side vieW illustrating several embodi 
ments of applying neural stimulation directly to the stimu 
lation site. More speci?cally, FIG. 4 illustrates the grid 
electrode array 330 positioned at the stimulation site 3001) 
over the precentral gyrus 250, the central sulcus 244, and the 
postcentral gyrus 260. The neural stimulation can include 
passing an electrical current through the electrodes 340a-b 
to the stimulation site 30019. In one embodiment, the elec 
trical current can be applied to a single one of the electrodes 
34011 or 34019 to provide a monopolar pulse of current to a 
small area of the cortex 220. A return electrode can be 
positioned elseWhere in the patient, such as on the other side 
of the patient’s brain or at a subclavicular location. The 
return electrode can be a portion of a pulse generator or 
another electrode implanted elseWhere in the patient. In 
other embodiments, electrical current can be passed through 
all of the electrodes 340a-b or only a subset of these 
electrodes to activate larger or different populations of 
neurons. In these embodiments, the potential applied to the 
electrodes 340a-b can be the same across all of the activated 
electrodes to provide monopolar stimulation at the stimula 
tion site. This embodiment also typically has a return 
electrode implanted elseWhere in the patient as explained 
above. In other embodiments, some of the electrodes can be 
biased With a positive polarity and other electrodes can be 
biased With a negative polarity. For example, the ?rst 
electrodes 340a can be biased With one polarity and the 
second electrodes 3401) can be biased With an opposite 
polarity. This embodiment provides a bipolar stimulation to 
the cortex 220. The particular con?guration of the electrodes 
can be optimiZed after implantation to provide the most 
ef?cacious therapy for the patient. 

[0040] The particular Waveform of the stimuli depends 
upon the symptoms of the particular patients. In one embodi 
ment, the stimulus can have a Waveform With a voltage of 
approximately 0.25 V-5.0 V, a pulse duration of approxi 
mately 20 microseconds-500 milliseconds, and a frequency 
of approximately 10 HZ-200 HZ. In other embodiments, the 
electrical stimulus can have a voltage of 0.5 V-3.5 V, a pulse 
duration of 100 microseconds-200 microseconds, and a 
frequency of approximately 20 HZ-50 HZ. In still other 
embodiments, the voltage of the Waveform can be approxi 
mately 2.0-3.5 V, and more particularly approximately 
around 3 V. Additionally, the pulse duration can be in the 
range of 90-180 microseconds. The stimulus can be applied 
for a period of 0.5 hour-4.0 hours, and in many applications 
the therapy is applied for a period of approximately 0.5 
hour-1.5 hours. In other embodiments, the stimulation can 
be applied continuously, or only during Waking periods but 
not sleeping periods. Examples of speci?c stimulation pro 
tocols for use With an electrode array at an epidural stimu 
lation site over the precentral gyrus are as folloWs: 
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EXAMPLE 1 

[0041] An electrical stimulus having a voltage of approxi 
mately 2.1 V, an impedance of 600 to 1000 Ohms, a pulse 
duration of 160 microseconds, and a frequency of approxi 
mately 130 HZ. The therapy is not applied continuously, but 
rather during 30-60 minute intervals. 

EXAMPLE 2 

[0042] The stimulus has a voltage amplitude of approxi 
mately 3 V-3.5 V, a pulse duration of approximately 150-180 
microseconds, and a frequency of approximately 25 HZ-31 
HZ. The stimulus is applied continuously during Waking 
periods, but it is discontinued during sleeping periods to 
conserve battery life of the implanted pulse generator. 

EXAMPLE 3 

[0043] The stimulus has a voltage of approximately 3.0 V, 
a pulse duration of approximately 90 microseconds, and a 
frequency of approximately 30 HZ. This stimulus is applied 
continuously during Waking and sleeping periods, but it can 
be discontinued during sleeping periods. 

[0044] FIG. 5 illustrates another aspect of an embodiment 
of the invention. In many cases of essential tremor, the 
symptoms are manifested to a greater extent on one side of 
the body than the other. For example, a patient may have a 
tremor in both hands, but usually one hand Will have a 
tremor Worse than the other hand. In this embodiment, the 
patient’s body is divided into a ?rst side and a second side 
opposite the ?rst side relative to a medial axis (e.g., right 
side-left side), and only one side of the cortex is stimulated 
to treat the disorder on both sides of the body. This embodi 
ment can be carried out by implanting the electrode array 
330 (or 310) at a stimulation site on only the ?rst side of the 
patient When the disorder of a motor function is greater on 
the second side of the patient. The single electrode array can 
provide a bilateral affect that not only treats the disorder 
associated With the second side of the patient, but also treats 
the disorder associated With the ?rst side of the patient. For 
example, if the patient experiences a bilateral tremor that is 
Worse on the right side compared to the left side, then an 
electrode array can be implanted proximate to the dura over 
only the left hemisphere of the cortex 220. The bilateral 
effect of the single-side stimulation may be enhanced using 
unipolar, monopolar, or isopolar stimulation techniques in 
Which one or more non?oating electrodes 320 are biased at 
an identical polarity. The bilateral effect may be caused by 
activation of commissural neurons (large pyramidal cells) in 
the deep portion of layer III of the motor cortex. Subsequent 
to activation, these neurons can depolariZe complimentary 
cell groups in the contralateral hemisphere via the corpus 
callosum. By accurately locating the electrodes over the 
precentral gyrus using the information collection and site 
selection procedures described above, the electrode may 
maximally affect the contralateral loWer extremity muscu 
lature and also the ipsilateral muscle groups. It is expected 
that the placement should be suf?ciently remote from the 
interhemispheric ?ssure to avoid venous damage or occlu 
sion. As a result, the single-side stimulation site may be 
particularly advantageous in certain situations because it 
requires only a single electrode array to be planted relative 
to a single hemisphere of the cortex 220 of the patient. This 
reduces the invasiveness and the risk associated With sur 
gery. 
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[0045] FIG. 6 is a schematic vieW illustrating a system for 
treating essential tremor in accordance With an embodiment 
of the invention. The system can include the linear electrode 
array 310 coupled to an implanted pulse generator 600a 
implanted at a subclavicular location in the patient P. The 
grid electrode array 330 can be substituted for the linear 
electrode array 310. In either of these embodiments, a lead 
322/342 is tunneled betWeen the implanted pulse generator 
600a and the electrode array. In another embodiment, the 
system has an implanted above-neck pulse generator 600!) 
that is smaller and con?gured to be implanted at a location 
above the neck of the patient P. The above-neck implanted 
pulse generator 600!) can be planted posteriorly of the ear of 
the patient P. In each of these embodiments, the electrode 
arrays 310 or 330 (not shoWn in FIG. 6) are implanted 
underneath the skull S of the patient P at an epidural or 
subdural stimulation site as set forth above. 

[0046] FIGS. 7A-7B illustrate methods for treating essen 
tial tremor in accordance With further embodiments of the 
invention. Beginning With FIG. 7A, a method 700a includes 
directing a patient to perform an action With a ?rst muscle 
on a ?rst side of the patient’s body, With the ?rst muscle 
being controlled by a second hemisphere of the patient’s 
brain (method portion 702). The action can include holding 
the muscle at a particular position or moving the muscle in 
a particular manner. The method further includes (While the 
patient performs the action With the ?rst muscle) directing 
the collection of ?rst information corresponding to a level of 
neural activity in the patient’s brain (method portion 704). 
The patient is then directed to perform an action With a 
second muscle on a second side of the patient’s body, the 
second muscle mirroring the ?rst muscle and being con 
trolled by the ?rst hemisphere of the patient’s brain (method 
portion 706). While the patient performs an action With the 
second muscle, the method 700a can include directing the 
collection of second information corresponding to a level of 
neural activity in the patient’ s brain (method portion 708). In 
method portion 710, an essential tremor motion of the 
patient is reduced or eliminated by applying an electrical 
stimulation at least proximate to a stimulation site. The 
stimulation site is located based at least in part on a 
comparison of the ?rst information With the second infor 
mation. 

[0047] In a particular aspect of an embodiment of the 
method 700a described above, a practitioner can make use 
of the frequent tendency of the patient to manifest essential 
tremor symptoms on one side of the body more than on the 
other. For example, if the patient has more essential tremor 
motion associated With movement of the left hand than With 
the right hand, the practitioner can ask the patient to move 
the left hand and then vieW an image of the right side of the 
patient’s brain While the patient undergoes the directed 
movement. The practitioner can then direct the patient to 
move the right hand While vieWing an image of the left 
hemisphere of the patient’s brain. By comparing the tWo 
images, the practitioner can attribute common aspects of the 
active areas of the images to brain activity associated With 
non-essential tremor movement, and differences betWeen 
active areas of the images With motion related to essential 
tremor. For example, in a particular embodiment, the com 
mon aspects of the images can include common areas or 
volumes indicated to have heightened neural activity. In 
other embodiments, the common aspects can include areas 
or volumes that have the same level of heightened neural 



US 2006/0217780 A1 

activity. In either embodiment, the practitioner can compare 
the tWo images to more accurately identify the portion of the 
brain associated With the essential tremor motion and can 
therefore more accurately target this portion of the brain 
With electrical stimulation. In still further embodiments, (as 
described above), some or all of the foregoing method 
portions can be executed automatically by a computer and 
Without generating a visual image. 

[0048] Referring noW to FIG. 7B, a method 7001) in 
accordance With another embodiment of the invention 
includes directing the collection of ?rst information corre 
sponding to a level of neural activity in the patient’s brain 
While the patient performs a muscle action (method portion 
720). In method portion 722, the patient’s motor nerves are 
affected by introducing a drug into the patient’s body. The 
method 7001) further includes directing the collection of 
second information corresponding to a level of neural activ 
ity in the patient’s brain While the patient performs the 
muscle action and While the patient is under the in?uence of 
the drug (method portion 724). In method portion 726, the 
patient’s essential tremor motion is at least reduced by 
applying an electrical stimulation at least proximate to a 
stimulation site, With a location of the stimulation site being 
based at least in part on a comparison of the ?rst information 
With the second information. For example, it has been 
observed that a patient normally subject to essential tremor 
motion experiences a reduction in essential tremor motion 
When under the in?uence of alcohol or other drugs such as 
propanolol, mysoline, primidone, benZodiaZepine or botuli 
num toxin A. A practitioner can compare neural information 
associated With muscle action before and after the in?uence 
of the drug to more readily determine the location of the 
patient’s brain responsible for the essential tremor motion 
alone. Accordingly, the practitioner can more accurately 
target electrical stimulation to this location. 

[0049] In any of the embodiments described above With 
reference to FIGS. 1A-7B, the patient can receive drug 
therapy in conjunction With the electrical stimulation. For 
example, in a particular embodiment, the drug is adminis 
tered to the patient so as to be active in the patient’s system 
during electrical stimulation treatment. In a particular aspect 
of this embodiment, the drug can include alcohol, pro 
panolol, mysoline, primidone, benZodiaZepine or botulinum 
toxin A. In other embodiments, the drug can have other 
constituents. 

[0050] From the foregoing, it Will be appreciated that 
speci?c embodiments of the invention have been described 
herein for purposes of illustration, but that various modi? 
cations may be made Without deviating from the spirit and 
scope of the invention. For example, the leads of the 
electrode arrays may be coupled to an external pulse gen 
erator instead of an implanted pulse generator. Methods and 
systems in accordance With other embodiments of the inven 
tion are included in pending US. Provisional Application 
No. 60/432,073, (attorney docket no. 33734.8040US) 
entitled “System and Method for Treating Parkinson’s Dis 
ease and other Movement Disorders,” ?led Dec. 9, 2002 and 
pending US. application Ser. No. l0/3l7,002 (attorney 
docket no. 33734.8048US), entitled “Systems and Methods 
for Enhancing or Optimizing Neural Stimulation Therapy 
for Treating Symptoms of Parkinson’s Disease and/ or Other 
Movement Disorders,” ?led Dec. 10, 2002, both incorpo 
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rated herein by reference. Accordingly, the invention is not 
limited except as by the appended claims. 

1. A method for treating essential tremor, comprising: 

directing a patient to perform a muscle action; 

directing information to be collected, the information 
corresponding to a level of neural activity in the 
patient’s brain While the patient performs the muscle 
action; and 

at least reducing an essential tremor motion of the patient 
by applying an electrical stimulation at least proximate 
to a stimulation site, the location of the stimulation site 
being based at least in part on the information. 

2. The method of claim 1 Wherein at least reducing an 
essential tremor motion includes eliminating the essential 
tremor motion. 

3. The method of claim 1 Wherein directing information to 
be collected includes directing a computer-based routine to 
collect the information. 

4. The method of claim 1, further comprising directing the 
formation of an image of at least a portion of the patient’s 
brain, With at least a portion of the image having features 
representative of the information. 

5. The method of claim 1 Wherein directing information to 
be collected includes directing the formation an image of at 
least a portion of the patient’s brain, the image including a 
?rst region With a characteristic of the ?rst region having a 
?rst value, the image further including a second region With 
the characteristic of the second region having a second value 
different than the ?rst value. 

6. The method of claim 1 Wherein directing information to 
be collected includes directing information to be collected 
on blood oxygen levels in the brain. 

7. The method of claim, 1 further comprising locating the 
stimulation site relative to an anatomical feature of the 
patient. 

8. The method of claim 1 further comprising locating the 
stimulation site relative to a ?ducial having a ?xed location 
relative to the patient’s skull. 

9. The method of claim 1, further comprising implanting 
at least one electrode at least proximate to the stimulation 
site, and Wherein applying an electrical stimulation includes 
applying an electrical signal to the at least one electrode. 

10. The method of claim 1 Wherein directing information 
to be collected While the patient performs a muscle action 
includes directing ?rst information to be collected While the 
patient performs the muscle action a ?rst time, and Wherein 
the method further comprises: 

affecting the patient’s motor nerves by introducing a drug 
into the patient’s body; 

directing second information to be collected While the 
patient performs the muscle action a second time and 
While the patient is under the in?uence of the drug; and 

directing a comparison of the ?rst information With the 
second information to identify the stimulation site of 
the brain. 

11. The method of claim 1 Wherein at least reducing the 
patient’s essential tremor further includes administering 
drugs to the patient. 
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12. The method of claim 1 wherein applying an electrical 
stimulation includes applying a varying electrical stimula 
tion signal having a frequency of from about 5 HZ to about 
200 HZ. 

13. The method of claim 1 Wherein applying an electrical 
stimulation includes applying a varying electrical stimula 
tion signal having an electrical potential of from about 0.25 
volts to about 5.0 volts. 

14. The method of claim 1 Wherein directing the patient 
to perform a muscle action includes directing the patient to 
move the muscle. 

15. The method of claim 1 Wherein directing the patient 
to perform a muscle action includes directing the patient to 
maintain a muscle in a particular position. 

16. The method of claim 1, further comprising placing an 
electrode at least proximate to the stimulation site. 

17. The method of claim 1 Wherein the information 
includes second information and applying an electrical 
stimulation at least proximate to a stimulation site includes 
applying an electrical stimulation to a stimulation site hav 
ing a location based on a comparison of the second infor 
mation With ?rst information, the ?rst information corre 
sponding to a level of neural activity in the patient’s brain 
While the patient does not perform the muscle action. 

18. The method of claim 1, further comprising: 

directing the patient to undergo a plurality of muscle 
actions; and 
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selecting from the plurality of muscle actions a muscle 
action that produces a selected level of essential tremor 
motion, and Wherein directing the patient to perform a 
muscle action includes directing the patient to perform 
the muscle action producing the selected level of essen 
tial tremor motion. 

19. A method for treating essential tremor, comprising: 

identifying a muscle action subject to essential tremor; 

monitoring a ?rst image of the patient’s brain function 
While the patient is not performing the muscle action; 

monitoring a second image of the patient’s brain function 
While the patient performs the muscle action; 

comparing the ?rst and second images to identify a 
stimulation site of the brain; 

placing at least one electrode at least proximate to the 
stimulation site; 

at least reducing the patient’s essential tremor motion by 
applying an electrical stimulation at least proximate to 
the stimulation site. 

20-50. (canceled) 


