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(57) ABSTRACT 

The present invention involves a method and a system for 
using electrical stimulation and/or chemical stimulation to 
treat depression. More particularly, the method comprises 
surgically implanting an electrical stimulation lead and/or 
catheter that is in communication With a predetermined site 
Which is coupled to a signal generator and/or infusion pump 
that release either an electrical signal and/or a pharmaceu 
tical resulting in stimulation of the predetermined site 
thereby treating the mood and/or anxiety. 



Patent Application Publication Feb. 10, 2005 Sheet 1 0f 11 US 2005/0033379 A1 

IC’GNTR'QLLER'L ITTER 

FIG 1 



Patent Application Publication Feb. 10, 2005 Sheet 2 0f 11 US 2005/0033379 A1 

14a 

.0 4 

14d 

FIG 2 



Patent Application Publication Feb. 10, 2005 Sheet 3 0f 11 US 2005/0033379 A1 



Patent Application Publication Feb. 10, 2005 Sheet 4 0f 11 

identify subject 

lmplant stimulation 
device 

stimulate target area 

evaluate subject 

FIG 4 

100 

200 

300 

400 

US 2005/0033379 A1 



US 2005/0033379 A1 Patent Application Publication Feb. 10, 2005 Sheet 5 0f 11 

322% 2:: $0: 
2N ow? om? om? om ow cm 0 

_ _ _ _ _ L! o 

H E w i u S 3 o m 

ow <m.®_“_ 



Patent Application Publication Feb. 10, 2005 Sheet 6 0f 11 US 2005/0033379 A1 

2N ow? 
_ 

Egg: O8 O8 8 8 

211005 LL weH 

mm .OE 



Patent Application Publication Feb. 10, 2005 Sheet 7 0f 11 US 2005/0033379 A1 

FIG 6A 
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METHOD OF TREATING DEPRESSION, MOOD 
DISORDERS AND ANXIETY DISORDERS USING 

NEUROMODULATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority to US. Provisional 
Application Nos. 60/511,268 ?led Oct. 15, 2003 and 60/550, 
164 ?led Mar. 4, 2004 and Canadian Application No. 
2,432,810 ?led Jun. 19, 2003, each of Which is incorporated 
herein by reference in its entirety. 

TECHNICAL FIELD 

[0002] This invention relates to nervous tissue stimulation 
for treating depression, anxiety disorders and mood disor 
ders, and more particularly to modulating nervous tissue at 
a predetermined stimulation site in brain tissue. 

BACKGROUND OF THE INVENTION 

[0003] Recent estimates indicate that more than 19 million 
Americans over the age of 18 years experience a depressive 
illness each year. The American Psychiatric Association 
recognizes several types of clinical depression, including 
Mild Depression (Dysthymia), Major Depression, and Bipo 
lar Disorder (Manic-Depression). Major Depression is 
de?ned by a constellation of chronic symptoms that include 
sleep problems, appetite problems, anhedonia or lack of 
energy, feelings of Worthlessness or hopelessness, dif?culty 
concentrating, and suicidal thoughts. Approximately 9.2 
million Americans suffer from Major Depression, and 
approximately 15 percent of all people Who suffer from 
Major Depression take their oWn lives. Bipolar Disorder 
involves major depressive episodes alternating With high 
energy periods of rash behavior, poor judgment, and grand 
delusions. An estimated one percent of the American popu 
lation experiences Bipolar Disorder annually. 

[0004] Signi?cant advances in the treatment of depression 
have been made in the past decade. Since the introduction of 
selective serotonin reuptake inhibitors (SSRIs), i.e., 
ProZac®, many patients have been effectively treated With 
anti-depressant medication. NeW medications to treat 
depression are introduced almost every year, and research in 
this area is ongoing. HoWever, an estimated 10 to 30 percent 
of depressed patients taking an anti-depressant are partially 
or totally resistant to the treatment. Those Who suffer from 
treatment-resistant depression have almost no alternatives. 
Thus, there is a need to develop alternative treatments for 
these patients. 

[0005] The use of electrical stimulation for treating neu 
rological disease, including such disorders as movement 
disorders including Parkinson’s disease, essential tremor, 
dystonia, and chronic pain, has been Widely discussed in the 
literature. It has been recogniZed that electrical stimulation 
holds signi?cant advantages over lesioning since lesioning 
destroys the nervous system tissue. In many instances, the 
preferred effect is to modulate neuronal activity. Electrical 
stimulation permits such modulation of the target neural 
structures and, equally importantly, does not require the 
destruction of nervous tissue. Such electrical stimulation 
procedures include electroconvulsive therapy (ECT), repeti 
tive transcranial (rTMS) magnetic stimulation and vagal 
nerve stimulation (VNS). 
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[0006] Efforts have been made to treat psychiatric disor 
ders With peripheral/cranial nerve stimulation. Recently, 
partial bene?ts With vagus nerve stimulation in patients With 
depression have been described in US. Pat. No. 5,299,569. 
Another example of electrical stimulation to treat depression 
is described in US. Pat. No. 5,470,846, Which discloses the 
use of transcranial pulsed magnetic ?elds to treat depression. 
Yet further, US. Pat. No. 5,263,480 describes that stimula 
tion of the vagus nerve may control depression and com 
pulsive eating disorders and US. Pat. No. 5,540,734 teaches 
stimulation of the trigeminal or glossopharyngeal nerves for 
psychiatric illness, such as depression. 

[0007] Deep brain stimulation (DBS) has been applied to 
the treatment of central pain syndromes and movement 
disorders, and it is currently being explored as a therapy for 
epilepsy. For instance, US. Pat. No. 6,016,449 and US. Pat. 
No. 6,176,242 disclose a system for the electrical stimula 
tion of areas in the brain for the treatment of certain 
neurological diseases such as epilepsy, migraine headaches 
and Parkinson’s disease. 

[0008] Various electrical stimulation and/or drug infusion 
devices have been proposed for treating neurological disor 
ders. Some devices stimulate through the skin, such as 
electrodes placed on the scalp. Other devices require sig 
ni?cant surgical procedures for placement of electrodes, 
catheters, leads, and/or processing units. These devices may 
also require an external apparatus that needs to be strapped 
or otherWise af?xed to the skin. 

[0009] HoWever, despite the aforesaid available treat 
ments, there are patients With major depression that remain 
treatment refractory and chronically disabled. For these 
severely ill and disabled patients, novel therapies are 
required. 

BRIEF SUMMARY OF THE INVENTION 

[0010] The present invention relates to electrical and/or 
chemical stimulation applied to areas of the brain not 
considered in the prior art to play a role in depression. In 
certain embodiments, the invention uses electrical stimula 
tion and/or chemical stimulation (i.e., one or more pharma 
ceuticals) to treat depression. In addition to electrical and/or 
chemical stimulation, magnetic stimulation can also be used, 
such as transcranial magnetic stimulation (“TMS”). Accord 
ing to one embodiment of the invention, the stimulation 
modulates areas of the brain that exhibit altered activity in 
patients relative to psychiatrically normal control subjects, 
thereby treating or preventing affective disorders, for 
example depression and/or anxiety disorders. Such stimula 
tion is likely to be produced by electrical stimulation, an 
excitatory neurotransmitter agonist(s) (i.e., norepinephrine), 
an inhibitory neurotransmitter antagonist(s), and/or a medi 
cation that increases the level of an excitatory neurotrans 
mitter (i.e., ?ouxetine (ProZac®), traZodone). 
[0011] One embodiment of the present invention utiliZes 
neurosurgical intervention to modulate the pathological 
activity of a subcallosal area in patients suffering from 
depression or other affective disorders. Such interventions 
include, applying electrical stimulation, herein termed “deep 
brain stimulation” or DBS, as is currently practiced to treat 
a number of disorders like Parkinson’s disease. Other stimu 
lations can include chemical stimulation such as through the 
use of pharmaceutical or drug pumps, for example local 
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delivery of neuroactive substances to disrupt or block the 
pathological activity stemming from or coursing through 
this area. It is envisioned that such stimulation (i.e., electri 
cal, magnetic and/or chemical) modulates the gray matter 
and White matter tracts in a subcallosal area, as Well as the 
White matter tracts that are associated With the subcallosal 
area (such as the White matter tracts that lead to and from the 
subcallosal area or that are adjacent to the subcallosal area), 
Which in turn modulates the limbic system. Still further, 
other stimulations may comprise magnetic stimulation and/ 
or transplantation of cells. 

[0012] Certain embodiments of the present invention 
involve a method that comprises surgically implanting a 
device or stimulation system in communication With a 
predetermined site, for example a subcallosal area. The 
device or stimulation system is operated to stimulate the 
predetermined site thereby treating the mood and/or anxiety 
disorder. The device or stimulation system may include a 
probe, for example, an electrode assembly (i.e., electrical 
stimulation lead), pharmaceutical-delivery assembly (i.e., 
catheters) or combinations of these (i.e., a catheter having at 
least one electrical stimulation lead) and/or a signal genera 
tor or signal source (i.e., electrical signal source, chemical 
signal source (i.e., pharmaceutical delivery pump) or mag 
netic signal source). The probe may be coupled to the 
electrical signal source, pharmaceutical delivery pump, or 
both Which, in turn, is operated to stimulate the predeter 
mined treatment site. Yet further, the probe and the signal 
generator or source can be incorporated together, Wherein 
the signal generator and probe are formed into a unitary or 
single unit, such unit may comprise, one, tWo or more 
electrodes. These devices are knoWn in the art as micro 
stimulators, for example, BionTM Which is manufactured by 
Advanced Bionics Corporation. 

[0013] It is envisioned that the predetermined site is a 
subcallosal area. A subcallosal area includes, but is not 
limited to subgenual cingulate area, subcallosal gyrus area, 
ventral/medial prefrontal cortex area, ventral/medial White 
matter, Brodmann area 24, Brodmann area 25, and/or Brod 
mann area 10. More speci?cally, the predetermined site is a 
subgenual cingulate area, more preferably Brodmann area 
25, Brodmann area 24 or Brodmann area 10. 

[0014] Stimulation of a subcallosal area includes stimula 
tion of the gray matter and White matter tracts associated 
With the subcallosal area that results in an alleviation or 
modulation of the mood and/or anxiety disorder. Associated 
White matter tracts includes the surrounding or adjacent 
White matter tracts leading to or from a subcallosal area or 
White matter tracts that are contiguous With the subcallosal 
area. Modulating the subcallosal area via electrical and/or 
chemical stimulation (i.e., pharmaceutical) and/or magnetic 
stimulation can result in increasing, decreasing, masking, 
altering, overriding or restoring neuronal activity resulting 
in treatment of the mood and/or anxiety disorder. Yet further, 
stimulation of a subcallosal area may result in modulation of 
neuronal activity of other areas of the brain, for example, 
Brodmann area, 24, Brodmann area 25, Brodmann area 10, 
Brodmann area 9, the hypothalamus and the brain stem. 

[0015] Another embodiment of the present invention com 
prises a method of treating the mood and/or anxiety disorder 
comprising the steps of: surgically implanting an electrical 
stimulation lead having a proximal end and a stimulation 

Feb. 10, 2005 

portion, Wherein after implantation the stimulation portion is 
in communication With a predetermined site; the stimulation 
lead is coupled to or in communication With a signal 
generator; and an electrical signal is generated using the 
signal generator to modulate the predetermined site thereby 
treating the mood and/or anxiety disorder. The mood disor 
der is selected from the group consisting of major depressive 
disorder, bipolar disorder, and dysthymic disorder. The 
anxiety disorder is selected from the group consisting of 
panic disorder, posttraumatic stress disorder, obsessive 
compulsive disorder and phobic disorder. 

[0016] In further embodiments, the method can comprise 
the steps of: surgically implanting a catheter having a 
proximal end coupled to a pump and a discharge portion for 
infusing a dosage of a pharmaceutical, Wherein after implan 
tation the discharge portion of the catheter is in communi 
cation With the predetermined stimulation site; and operating 
the pump to discharge the pharmaceutical through the dis 
charge portion of the catheter into the stimulation site 
thereby treating the mood and/or anxiety disorder. The 
pharmaceutical is selected from the group consisting of 
inhibitory neurotransmitter agonist, an excitatory neu 
rotransmitter antagonist, an agent that increases the level of 
an inhibitory neurotransmitter, an agent that decrease the 
level of an excitatory neurotransmitter, and a local anesthetic 
agent. It is envisioned that chemical stimulation or pharma 
ceutical infusion can be preformed independently of elec 
trical stimulation and/or in combination With electrical 
stimulation. 

[0017] Another embodiment of the present invention is a 
method of treating a mood and/or anxiety disorder compris 
ing the steps of: surgically implanting an electrical stimu 
lation lead having a proximal end and a stimulation portion, 
Wherein after implantation the stimulation portion is in 
communication With a predetermined site; surgically 
implanting a catheter having a proximal end coupled to a 
pump and a discharge portion for infusing a dosage of a 
pharmaceutical, Wherein after implantation the discharge 
portion of the catheter is in communication With a prede 
termined infusion site; and coupling the proximal end of the 
lead to a signal generator; generating an electrical signal 
With the signal generator to modulate the predetermined site; 
and operating the pump to discharge the pharmaceutical 
through the discharge portion of the catheter into the infu 
sion site thereby treating the mood and/or anxiety disorder. 

[0018] Other embodiments of the present invention 
include a system for treating subjects With mood and/or 
anxiety disorders. The therapeutic system comprises an 
electrical stimulation lead that is implanted into the subj ect’s 
brain. The electrical stimulation lead comprises at least one 
electrode that is in communication With a predetermined site 
and delivers electrical signals to the predetermined site in 
response to received signals; and a signal generator that 
generates signals for transmission to the electrodes of the 
lead resulting in delivery of electrical signals to predeter 
mined site thereby treating the mood and/or anxiety disor 
der. The electrical stimulation lead may comprise one elec 
trode or a plurality of electrodes in or around the target area. 
Still further, the signal generator is implanted in the subj ect’s 
body. 

[0019] Another example of a therapeutic system is a 
catheter having a proximal end coupled to a pump and a 



US 2005/0033379 A1 

discharge portion for infusing a dosage of a pharmaceutical, 
Wherein after implantation the discharge portion of the 
catheter is in communication With a predetermined stimu 
lation site; and a pump to discharge the pharmaceutical 
through the discharge portion of the catheter into the pre 
determined stimulation site thereby treating the mood and/or 
anxiety disorder. 

[0020] Still further, another therapeutic system comprises 
a device that is surgically implanted into the subject such 
that the device is in communication With a predetermined 
site, for example a subcallosal area. An exemplary device 
includes a microstimulator (i.e., BionTM manufactured by 
Advanced Bionics Corporation) in Which the device con 
tains a generating portion and at least one electrode in a 
single unit. In further embodiments, a lead assembly is 
associated With at least one electrode of the microstimulator 
such that the lead can stimulate the predetermined site not in 
direct contact With the microstimulator. 

[0021] Other therapeutic systems include a probe that is in 
communication With the predetermined site and a device that 
stimulates the probe thereby treating the mood and/or anxi 
ety disorder. The probe can be, for example, an electrode 
assembly (i.e., electrical stimulation lead), pharmaceutical 
delivery assembly (i.e., catheters) or combinations of these 
(i.e., a catheter having at least one electrical stimulation 
lead). The probe is coupled to the device, for example, 
electrical signal source, pharmaceutical delivery pump, or 
both Which, in turn, is operated to stimulate the predeter 
mined treatment site. 

[0022] The foregoing has outlined rather broadly the fea 
tures and technical advantages of the present invention in 
order that the detailed description of the invention that 
folloWs may be better understood. Additional features and 
advantages of the invention Will be described hereinafter 
Which form the subject of the claims of the invention. It 
should be appreciated that the conception and speci?c 
embodiment disclosed may be readily utiliZed as a basis for 
modifying or designing other structures for carrying out the 
same purposes of the present invention. It should also be 
realiZed that such equivalent constructions do not depart 
from the invention as set forth in the appended claims. The 
novel features Which are believed to be characteristic of the 
invention, both as to its organiZation and method of opera 
tion, together With further objects and advantages Will be 
better understood from the folloWing description When con 
sidered in connection With the accompanying ?gures. It is to 
be expressly understood, hoWever, that each of the ?gures is 
provided for the purpose of illustration and description only 
and is not intended as a de?nition of the limits of the present 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] For a more complete understanding of the present 
invention, reference is noW made to the folloWing descrip 
tions taken in conjunction With the accompanying draWings. 

[0024] FIGS. 1A and 1B illustrate example electrical 
stimulation systems. 

[0025] FIGS. 2A-2D illustrate example electrical stimu 
lation leads that may be used in the present invention. 

[0026] FIG. 3 is a coronal (front vertical) section of a 
human brain shoWing arroWs directed to target areas. 
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[0027] FIG. 4 is a ?oWchart describing the general pro 
cedure. 

[0028] FIGS. 5A and 5B shoWs a graphical analysis of 
scores based upon the Hamilton Rating Scale for Depression 
after deep brain stimulation treatment. 

[0029] FIGS. 6A-6E shoW scans through various planes 
of the brain. FIG. 6A shoWs a T1 MRI in the horiZontal 
plane shoWing the tips (at arroWs) on the implanted lead 4 
contact electrodes positioned anterior to the anterior com 
missure (AC), approximately 7 mm from the midline and 
beloW the plane of the inter-commissural line, in a patient 
With depression. FIG. 6B shoWs an axial T1 MRI in the 
horiZontal plane of a patient With depression implanted With 
chronic deep brain stimulating electrodes to stimulate sub 
callosal White matter and adjacent cortex including sub 
genual cingulate gyrus, particularly Brodmann area 
25/Brodmann area 24. FIG. 6C shoWs a Sagittal T1 
Weighted MRI, vertical through the nose, shoWing an 
implanted chronic deep brain stimulating electrode With 4 
contacts to stimulate subcallosal White matter and adjacent 
cortex including subgenual cingulate gyrus, particularly 
Brodmann area 25/Brodmann area 24. The central dot shoWs 
a contact area. FIG. 6D shoWs a T1 Weighted MRI Coronal 
vieW of a patient having scans of FIGS. 6A and 6B shoWing 
right and left electrodes in the plane of the brain correspond 
ing to the Schaltebrand and Warren atlas section plate 3 
shoWn in FIG. 3. The central dot is the midline. FIG. 6E 
shoWs T1 Weighted MRI images of a second patient With 
bilateral electrodes implanted to stimulate subcallosal White 
matter and adjacent cortex including subgenual cingulate 
gyrus, particularly Brodmann area 25/Brodmann area 24. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0030] It is readily apparent to one skilled in the art that 
various embodiments and modi?cations can be made to the 
invention disclosed in this Application Without departing 
from the scope and spirit of the invention. 

[0031] 
[0032] As used herein, the use of the Word “a” or “an” 
When used in conjunction With the term “comprising” in the 
claims and/or the speci?cation may mean “one,” but it is 
also consistent With the meaning of “one or more,”“at least 
one, and “one or more than one.” Still further, the terms 
“having”, “including”, “containing” and “comprising” are 
interchangeable and one of skill in the art is cogniZant that 
these terms are open ended terms. 

I. De?nitions 

[0033] As used herein the term “affective disorders” refers 
to a group of disorders that are commonly associated With 
co-morbidity of depression and anxiety symptoms. 

[0034] As used herein the term “anxiety” refers to an 
uncomfortable and unjusti?ed sense of apprehension that 
may be diffuse and unfocused and is often accompanied by 
physiological symptoms. 

[0035] As used herein the term “anxiety disorder” refers to 
or connotes signi?cant distress and dysfunction due to 
feelings of apprehension, guilt, fear, etc. Anxiety disorders 
include, but are not limited to panic disorders, posttraumatic 
stress disorder, obsessive-compulsive disorder and phobic 
disorders. 
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[0036] As used herein, the term “Brodmann area 25” 
refers to the de?ned area of Brodmann area 25 as known by 
one of skill in the art, as Well as the surrounding or adjacent 
White matter tracts leading to and from Brodmann area 25 
and/or White matter tracts that are contiguous With Brod 
mann area 25. The surrounding or adjacent White matter can 
include up to approximately a 1 cm radius of Brodmann area 
25. 

[0037] As used herein, the term “Brodmann area 24” 
refers to the de?ned area of Brodmann area 24 as knoWn by 
one of skill in the art, as Well as the surrounding or adjacent 
White matter tracts leading to and from Brodmann area 24 
and/or White matter tracts that are contiguous With Brod 
mann area 24. The surrounding or adjacent White matter can 
include up to approximately a 1 cm radius of Brodmann area 
24. 

[0038] As used herein, the term “Brodmann area 9” refers 
to the de?ned area of Brodmann area 9 as knoWn by one of 
skill in the art, as Well as the surrounding or adjacent White 
matter tracts leading to and from Brodmann area 9 and/or 
White matter tracts that are contiguous With Brodmann area 
9. The surrounding or adjacent White matter can include up 
to approximately a 1 cm radius of Brodmann area 9. 

[0039] As used herein, the term “Brodmann area 10” 
refers to the de?ned area of Brodmann area 10 as knoWn by 
one of skill in the art, as Well as the surrounding or adjacent 
White matter tracts leading to and from Brodmann area 10 
and/or White matter tracts that are contiguous With Brod 
mann area 10. The surrounding or adjacent White matter can 
include up to approximately a 1 cm radius of Brodmann area 
10. 

[0040] As used herein the term “depression” refers to a 
morbid sadness, dejection, or melancholy. 

[0041] As used herein, the term “in communication” refers 
to one or more electrical stimulation leads and/or catheters 
being adjacent, in the general vicinity, in close proximity, or 
directly next to, or in direct contact or directly in the 
predetermined stimulation site. Thus, one of skill in the art 
understands that the one or more electrical stimulation leads 
and/or catheters are “in communication” With the predeter 
mined site of the brain if the stimulation results in a 
modulation of neuronal activity associated With a site. Still 
further, “in communication” With brain tissue encompasses 
surrounding or adjacent White matter tracts or ?bers leading 
to and from the brain tissue and/or White matter tracts or 
?bers that are contiguous With the brain tissue. 

[0042] As used herein the term “limbic system” encom 
passes the amygdala, hippocampus, septum, cingulate gyrus, 
cingulate cortex, hypothalamus, epithalamus, anterior thala 
mus, mammillary bodies, and fornix. The limbic system has 
connections throughout the brain, more particularly With the 
primary sensory cortices, including the rhinencephalon for 
smell, the autonomic nervous system via the hypothalamus, 
and memory areas. Yet further, the limbic system is involved 
in mood, emotion and thought. 

[0043] As used herein the term “mania” or “manic” refers 
to a disordered mental state of extreme excitement. 

[0044] As used herein the term “mood” refers to an 
internal emotional state of a person. 
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[0045] As used herein the term “mood disorder” is typi 
cally characteriZed by pervasive, prolonged, and disabling 
exaggerations of mood and affect that are associated With 
behavioral, physiologic, cognitive, neurochemical and psy 
chomotor dysfunctions. The major mood disorders include, 
but are not limited to major depressive disorder (also knoWn 
as unipolar disorder), bipolar disorder (also knoWn as manic 
depressive illness or bipolar depression), dysthymic disor 
der. Other mood disorders may include, but are not limited 
to major depressive disorder, psychotic; major depressive 
disorder, melancholic; major depressive disorder, seasonal 
pattern; postpartum depression; brief recurrent depression; 
late luteal phase dysphoric disorder (premenstrual dyspho 
ria); and cyclothymic disorder. 

[0046] As used herein the term “modulate” refers to the 
ability to regulate positively or negatively neuronal activity. 
Thus, the term modulate can be used to refer to an increase, 
decrease, masking, altering, overriding or restoring neuronal 
activity. Modulation of neuronal activity affects psychologi 
cal and/or psychiatric activity of a subject. 

[0047] As used herein, the term “neuronal” refers to a 
neuron Which is a morphologic and functional unit of the 
brain, spinal column, and peripheral nerves. 

[0048] As used herein, the term “pharmaceutical” refers to 
a chemical or agent that is used as a drug. Thus, the term 
pharmaceutical and drug are interchangeable. 

[0049] As used herein, the term “stimulate” or “stimula 
tion” refers to electrical, chemical, and/or magnetic stimu 
lation that modulates the predetermined sites in the brain. 

[0050] As used herein, the term “subcallosal area” 
includes the medial gray matter and White matter under the 
corpus callosum, as Well as the White matter tracts that are 
associated With the subcallosal area. Associated White matter 
tracts includes the surrounding or adjacent White matter 
tracts leading to or from a subcallosal area or White matter 
tracts that are contiguous With the subcallosal area. For the 
purposes of the present invention, the subcallosal area 
includes the folloWing gray matter and the White matter 
tracts, as Well as the White matter tracts that are associated 
With or leading to or from the folloWing areas: subgenual 
cingulate area, subcallosal gyrus area, ventral/medial pre 
frontal cortex area, ventral/medial White matter, Brodmann 
area 24, Brodmann area 25, and/or Brodmann area 10. The 
surrounding or adjacent White matter tracts can include up to 
approximately a 1 cm radius of the subcallosal area. 

[0051] As used herein, the term “subgenual cingulate 
area” includes the gray matter and White matter tracts 
associated With the subgenual cingulate area, the White 
matter tracts that surround or adjacent to the subgenual 
cingulate area, or the White matter tracts that lead to or from 
the subgenual cingulate area. The subgenual cingulate area 
includes Brodmann area 10, Brodmann area 24 and Brod 
mann area 25. The surrounding or adjacent White matter can 
include up to approximately a 1 cm radius of the subgenual 
cingulate area. 

[0052] As used herein, the term “treating” and “treatment” 
refers to modulating certain areas of the brain so that the 
subject has an improvement in the disease, for example, 
bene?cial or desired clinical results. For purposes of this 
invention, bene?cial or desired clinical results include, but 
are not limited to, alleviation of symptoms, diminishment of 
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extent of disease, stabilized (i.e., not Worsening) state of 
disease, delay or slowing of disease progression, ameliora 
tion or palliation of the disease state, and remission (Whether 
partial or total), Whether detectable or undetectable. One of 
skill in the art realiZes that a treatment may improve the 
disease condition, but may not be a complete cure for the 
disease. 

[0053] 
[0054] FIGS. 1A and 1B illustrate example electrical 
stimulation systems or devices 10 used to provide deep brain 
stimulation. Stimulation system 10 generates and applies a 
stimulus to a target area of the brain, for example, a target 
area of a subcallosal area, more particularly, a subgenual 
cingulate area. Still further, the target area can comprise 
Brodmann area 25, Brodmann area 24 and/or Brodmann 
area 10. In general terms, stimulation system 10 includes an 
implantable electrical stimulation source 12 and an implant 
able electrical stimulation lead 14 for applying the stimula 
tion signal to the target brain tissue. In operation, both of 
these primary components are implanted in the person’s 
body. Stimulation source 12 is coupled to a connecting 
portion 16 of electrical stimulation lead 14. Stimulation 
source 12 controls the electrical signals transmitted to elec 
trodes 18 located on a stimulating portion 20 of electrical 
stimulation lead 14, located adjacent the target brain tissue, 
according to suitable signal parameters (i.e., duration, inten 
sity, frequency, etc.). A doctor, the patient, or another user of 
stimulation source may directly or indirectly input signal 
parameters for controlling the nature of the electrical stimu 
lation provided. 

II. Electrical Stimulation Devices 

[0055] Another exemplary stimulation system or device 
includes a microstimulator (i.e., BionTM, manufactured by 
Advanced Bionics Corporation) in Which the device con 
tains a signal generating portion and at least one electrode in 
a the same unit or single unit, as de?ned in US. Pat. Nos. 
6,051,017; 6,735,475 and 6,735,474, each of Which are 
incorporated herein in its entirety. In further embodiments, 
a lead assembly is associated With at least one electrode of 
the microstimulator such that the lead can stimulate the 
predetermined site not in contact With the micro stimulator. 

[0056] In one embodiment, as shoWn in FIG. 1A, stimu 
lation source 12 includes an implantable pulse generator 
(IPG). One of skill in the art is aWare that any commercially 
available implantable pulse generator can be used in the 
present invention, as Well as a modi?ed version of any 
commercially available pulse generator. Thus, one of skill in 
the art Would be able to modify an IPG to achieve the desired 
results. An exemplary IPG is one that is manufactured by 
Advanced Neuromodulation Systems, Inc., such as the Gen 
esis® System, part numbers 3604, 3608, 3609, and 3644. 
Another example of an IPG is shoWn in FIG. 1B, Which 
shoWs stimulation source 12 including an implantable Wire 
less receiver. An example of a Wireless receiver may be one 
manufactured by Advanced Neuromodulation Systems, Inc., 
such as the ReneW® System, part numbers 3408 and 3416. 
The Wireless receiver is capable of receiving Wireless signals 
from a Wireless transmitter 22 located external to the per 
son’s body. The Wireless signals are represented in FIG. 1B 
by Wireless link symbol 24. A doctor, the patient, or another 
user of stimulation source 12 may use a controller 26 located 
external to the person’s body to provide control signals for 
operation of stimulation source 12. Controller 26 provides 
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the control signals to Wireless transmitter 22, Wireless trans 
mitter 22 transmits the control signals and poWer to the 
Wireless receiver of stimulation source 12, and stimulation 
source 12 uses the control signals to vary the signal param 
eters of electrical signals transmitted through electrical 
stimulation lead 14 to the stimulation site. An example 
Wireless transmitter may be one manufactured by Advanced 
Neuromodulation Systems, Inc., such as the ReneW® Sys 
tem, part numbers 3508 and 3516. 

[0057] FIGS. 2A through 2D illustrate example electrical 
stimulation leads 14 that may be used to provide electrical 
stimulation to an area of the brain, hoWever, one of skill in 
the art is aWare that any electrical lead may be used in the 
present invention. As described above, each of the one or 
more leads 14 incorporated in stimulation system 10 
includes one or more electrodes 18 adapted to be positioned 
near the target brain tissue and used to deliver electrical 
stimulation energy to the target brain tissue in response to 
electrical signals received from stimulation source 12. A 
percutaneous lead 14, such as example leads shoWn in FIG. 
2A-2D, includes one or more circumferential electrodes 18 
spaced apart from one another along the length of lead 14. 
Circumferential electrodes 18 emit electrical stimulation 
energy generally radially in all directions. 

[0058] 
[0059] While not being bound by the description of a 
particular procedure, patients Who are to have an electrical 
stimulation lead or electrode implanted into the brain, gen 
erally, ?rst have a stereotactic head frame, such as the 
Leksell, CRW, or Compass, mounted to the patient’s skull 
by ?xed screWs. HoWever, frameless techniques may also be 
used. Subsequent to the mounting of the frame, the patient 
typically undergoes a series of magnetic resonance imaging 
sessions, during Which a series of tWo dimensional slice 
images of the patient’s brain are built up into a quasi—three 
dimensional map in virtual space. This map is then corre 
lated to the three dimensional stereotactic frame of reference 
in the real surgical ?eld. In order to align these tWo coor 
dinate frames, both the instruments and the patient must be 
situated in correspondence to the virtual map. The current 
Way to do this is to rigidly mount the head frame to the 
surgical table. Subsequently, a series of reference points are 
established to relative aspects of the frame and the patient’s 
skull, so that either a person or a computer softWare system 
can adjust and calculate the correlation betWeen the real 
World of the patient’s head and the virtual space model of the 
patient’s MRI scans. The surgeon is able to target any region 
Within the stereotactic space of the brain With precision (i.e., 
Within 1 Initial anatomical target localiZation is 
achieved either directly using the MRI images, or indirectly 
using interactive anatomical atlas programs that map the 
atlas image onto the stereotactic image of the brain. As is 
described in greater detail beloW, the anatomical targets may 
be stimulated directly or affected through stimulation in 
another region of the brain. 

[0060] With reference to FIG. 3, this shoWs the position of 
the subcallosal area having coordinates derived from the 
Schaltenbrand and Wahren Atlas plate 3 coronal section 
through the brain are 6-7 mm from the midline (range 2-14 
mm), 29 mm anterior to the mid-commissural point range 
(20-40) and 5mm (range 0-10 mm) beloW the intra-com 
missural line. Referring to FIG. 3, arroW 1 points to the 

III. Implantation of Electrical Stimulation Devices 
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subgenual cingulate area, more particularly Brodmann area 
25; arrow 2 points to the gyrus rectus area; arroW 3 points 
to the subcaudate area; and arroW 4 points to the orbitofron 
tal area. 

[0061] Based upon the coordinates derived or described 
above, the electrical stimulation lead 14 can be positioned in 
the brain. Typically, an insertion cannula for electrical 
stimulation lead 14 is inserted through the burr hole into the 
brain, but a cannula is not required. For example, a holloW 
needle may provide the cannula. The cannula and electrical 
stimulation lead 14 may be inserted together or lead 14 may 
be inserted through the cannula after the cannula has been 
inserted. 

[0062] Once an electrical stimulation lead, such as lead 14, 
has been positioned in the brain, the lead is uncoupled from 
any stereotactic equipment present, and the cannula and 
stereotactic equipment are removed. Where stereotactic 
equipment is used, the cannula may be removed before, 
during, or after removal of the stereotactic equipment. 
Connecting portion 16 of electrical stimulation lead 14 is 
laid substantially ?at along the skull. Where appropriate, any 
burr hole cover seated in the burr hole may be used to secure 
electrical stimulation lead 14 in position and possibly to help 
prevent leakage from the burr hole and entry of contami 
nants into the burr hole. Example burr hole covers that may 
be appropriate in certain embodiments are illustrated and 
described in co-pending US. Application Nos. 60/528,604 
and 60/528,689, both ?led Dec. 11, 2003 and entitled 
“Electrical Stimulation System and Associated Apparatus 
for Securing an Electrical Stimulation Lead in Position in a 
Person’s Brain”, each of Which are incorporated herein in its 
entirety. 

[0063] Once electrical stimulation lead 14 has been 
inserted and secured, connecting portion 16 of lead 14 
extends from the lead insertion site to the implant site at 
Which stimulation source 12 is implanted. The implant site 
is typically a subcutaneous pocket formed to receive and 
house stimulation source 12. The implant site is usually 
positioned a distance aWay from the insertion site, such as 
near the chest, beloW the clavicle or alternatively near the 
buttocks or another place in the torso area. Once all appro 
priate components of stimulation system are implanted, 
these components may be subject to mechanical forces and 
movement in response to movement of the person’s body. A 
doctor, the patient, or another user of stimulation source may 
directly or indirectly input signal parameters for controlling 
the nature of the electrical stimulation provided. 

[0064] Although example steps are illustrated and 
described, the present invention contemplates tWo or more 
steps taking place substantially simultaneously or in a dif 
ferent order. In addition, the present invention contemplates 
using methods With additional steps, feWer steps, or different 
steps, so long as the steps remain appropriate for implanting 
an example stimulation system into a person for electrical 
stimulation of the person’s brain. 

[0065] 
[0066] In further embodiments, it may be desirable to use 
a drug delivery system independent of or in combination 
With electrical stimulation of the brain. Drug delivery may 
be used independent of or in combination With a lead/ 
electrode to provide electrical stimulation and chemical 

IV. Infusion pumps 
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stimulation. When used, the drug delivery catheter is 
implanted such that the proximal end of the catheter is 
coupled to a pump and a discharge portion for infusing a 
dosage of a pharmaceutical or drug. Implantation of the 
catheter can be achieved by combining data from a number 
of sources including CT, MRI or conventional and/or mag 
netic resonance angiography into the stereotactic targeting 
model. Thus, Without being bound to a speci?c procedure, 
implantation of the catheter can be achieved using similar 
techniques as discussed above for implantation of electrical 
leads, Which is incorporated herein. The distal portion of the 
catheter can have multiple ori?ces to maximiZe delivery of 
the pharmaceutical While minimiZing mechanical occlusion. 
The proximal portion of the catheter can be connected 
directly to a pump or via a metal, plastic, or other holloW 
connector, to an extending catheter. 

[0067] Any type of infusion pump can be used in the 
present invention. For example, “active pumping” devices or 
so-called peristaltic pumps are described in US. Pat. Nos. 
4,692,147, 5,840,069, and 6,036,459, Which are incorpo 
rated herein by reference in their entirety. Peristaltic pumps 
are used to provide a metered amount of a drug in response 
to an electronic pulse generated by control circuitry associ 
ated Within the device. An example of a commercially 
available peristaltic pump is SynchroMed® implantable 
pump from Medtronic, Inc., Minneapolis, Minn. 

[0068] Other pumps that may be used in the present 
invention include accumulator-type pumps, for example 
certain external infusion pumps from Minimed, Inc., 
Northridge, Calif. and Infusaid® implantable pump from 
Strato/Infusaid, Inc., NorWood, Mass. Passive pumping 
mechanisms can be used to release an agent in a constant 
?oW or intermittently or in a bolus release. Passive type 
pumps include, for example, but are not limited to gas 
driven pumps described in US. Pat. Nos. 3,731,681 and 
3,951,147; and drive-spring diaphragm pumps described in 
US. Pat. Nos. 4,772,263, 6,666,845, 6,620,151 Which are 
incorporated by reference in its entirety. Pumps of this type 
are commercially available, for example, Model 3000® 
from ArroW International, Reading, Penn. and IsoMed® 
from Medtronic, Inc., Minneapolis, Minn.; AccuRx® pump 
from Advanced Neuromodulation Systems, Inc., Plano, Tex. 

[0069] Instances in Which chemical and electrical stimu 
lation Will be administered to the subject, a catheter having 
electrical leads may be used, similar to the ones described in 
US. Pat. Nos. 6,176,242; 5,423,877; 5,458,631 and 5,119, 
832, each of Which are incorporated herein by reference in 
its entirety. 

[0070] V. Identifying a Subject With an Affective Disorder 

[0071] Subjects to be treated using the present invention 
can be selected, identi?ed and/or diagnosed based upon the 
accumulation of physical, chemical, and historical behav 
ioral data on each patient. One of skill in the art is able to 
perform the appropriate examinations to accumulate such 
data. One type of examination can include neurological 
examinations, Which can include mental status evaluations, 
Which can further include a psychiatric assessment. Other 
types of examinations can include, but are not limited to, 
motor examination, cranial nerve examination, and neurop 
sychological tests (i.e., Minnesota Multiphasic Personality 
Inventory, Beck Depression Inventory, or Hamilton Rating 
Scale for Depression). 



US 2005/0033379 A1 

[0072] In addition to the above examinations, imaging 
techniques can be used to determine normal and abnormal 
brain function that can result in disorders. Functional brain 
imaging alloWs for localiZation of speci?c normal and 
abnormal functioning of the nervous system. This includes 
electrical methods such as electroencephalography (EEG), 
magnetoencephalography (MEG), single photon emission 
computed tomography (SPECT), as Well as metabolic and 
blood ?oW studies such as functional magnetic resonance 
imaging (MRI), and positron emission tomography (PET) 
Which can be utiliZed to localiZe brain function and dys 
function. 

[0073] VI. Treatment of an Affective Disorder 

[0074] Initially, there is an impetus to treat psychiatric 
disorders With direct modulation of activity in that portion of 
the brain causing the pathological behavior. In this regard, 
there have been a large number of anatomical studies that 
have helped to identify the neural structures and their precise 
connections Which are implicated in psychiatric activity/ 
disorders. These are the structures that are functioning 
abnormally and manifesting in psychiatric/behavioral/addic 
tion disorders. Numerous anatomical studies from autopsies, 
animal studies, and imaging such as computeriZed tomog 
raphy (CT) scans, and magnetic resonance imaging (MRI) 
scans have demonstrated the role of these structures and 
their connections in psychiatric activity/disorders. In addi 
tion to these anatomical studies, a number of physiological 
techniques and diagnostic tools are used to determine the 
physiological aberrations underlying these disorders. This 
includes electrical methods such as electroencephalography 
(EEG), magnetoencephalography (MEG), as Well as meta 
bolic and blood ?oW studies such as functional magnetic 
resonance imaging (MRI), and positron emission tomogra 
phy (PET). The combination of the anatomical and physi 
ological studies have provided increased insight into our 
understanding of the structures Which are involved in the 
normal functioning or activity of the brain and the abnormal 
functioning manifesting in psychiatric, behavioral and 
addiction disorders. 

[0075] Accordingly, the present invention relates to modu 
lation of neuronal activity to affect psychological or psychi 
atric activity and/or mental activity. The present invention 
?nds particular application in the modulation of neuronal 
function or processing to effect a functional outcome. The 
modulation of neuronal function is particularly useful With 
regard to the prevention, treatment, or amelioration of 
psychiatric, psychological, conscious state, behavioral, 
mood, and thought activity (unless otherWise indicated these 
Will be collectively referred to herein as “psychological 
activity” or “psychiatric activity” or “mental activity”). 
When referring to a pathological or undesirable condition 
associated With the activity, reference may be made to 
“psychiatric disorder” or “psychological disorder” instead of 
psychiatric or psychological activity. Although the activity 
to be modulated usually manifests itself in the form of a 
disorder such as a mood disorder (i.e., major depressive 
disorder, bipolar disorder, and dysthymic disorder) or an 
anxiety disorder (i.e., panic disorder, posttraumatic stress 
disorder, obsessive-compulsive disorder and phobic disor 
der), it is to be appreciated that the invention may also ?nd 
application in conjunction With enhancing or diminishing 
any neurological or psychiatric function, not just an abnor 
mality or disorder. Psychiatric activity that may be modu 
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lated can include, but not be limited to, normal functions 
such as alertness, conscious state, drive, fear, anger, anxiety, 
euphoria, sadness, and the ?ght or ?ight response. 

[0076] The present invention ?nds particular utility in its 
application to human psychological or psychiatric activity/ 
disorder. HoWever, it is also to be appreciated that the 
present invention is applicable to other animals Which 
exhibit behavior that is modulated by the brain. This may 
include, for example, rodents, primates, canines, felines, 
elephants, dolphins, etc. UtiliZing the various embodiments 
of the present invention, one skilled in the art may be able 
to modulate the functional outcome of the brain to achieve 
a desirable result. 

[0077] One technique that offers the ability to affect neu 
ronal function is the delivery of electrical, chemical, and/or 
magnetic stimulation for neuromodulation directly to target 
tissues via an implanted device having a probe. The probe 
can be a stimulation lead or electrode assembly or drug 
delivery catheter, or any combination thereof. The electrode 
assembly may be one electrode, multiple electrodes, or an 
array of electrodes in or around the target area. The proximal 
end of the probe can be coupled to a device, such as an 
electrical signal source, pharmaceutical delivery pump, or 
both Which, in turn, is operated to stimulate the predeter 
mined treatment site. In certain embodiments, the probe can 
be incorporated into the device such that the probe and the 
signal generating device are a single unit. 

[0078] Certain embodiments of the present invention 
involve a method of treating a mood and/or anxiety disorder 
comprising the steps of: surgically implanting an electrical 
stimulation lead having a proximal end and a stimulation 
portion, Wherein after implantation the stimulation portion is 
in communication With a predetermined site; coupling the 
proximal end of the lead to a signal generator; and gener 
ating an electrical signal With the signal generator to modu 
late the predetermined site thereby treating the mood and/or 
anxiety disorder. 
[0079] In further embodiments, neuromodulation of the 
predetermined site of the present invention can be achieved 
using magnetic stimulation. One such system that can be 
employed and that is Well knoWn in the art is described in 
US. Pat. No. 6,425,852, Which is incorporated herein by 
reference in its entirety. 

[0080] The therapeutic system or deep brain stimulation 
system of the present invention is surgically implanted as 
described in the above sections. One of skill in the art is 
cogniZant that a variety of electrodes or electrical stimula 
tion leads may be utiliZed in the present invention. It is 
desirable to use an electrode or lead that contacts or con 

forms to the target site for optimal delivery of electrical 
stimulation. One such example, is a single multi contact 
electrode With eight contacts separated by 21/2 mm each 
contract Would have a span of approximately 2 mm. Another 
example is an electrode With tWo 1 cm contacts With a 2 mm 
intervening gap. Yet further, another example of an electrode 
that can be used in the present invention is a 2 or 3 branched 
electrode/catheter to cover the predetermined site or target 
site. Each one of these three pronged catheters/electrodes 
have four contacts 1-2 mm contacts With a center to center 

separation of 2 of 2.5 mm and a span of 1.5 mm. Similar 
designs With catheters to infuse drugs With single outlet pore 
at the extremities of these types of catheters or along their 
shaft may also be designed and used in the present invention. 
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[0081] Still further, the present invention extends to meth 
ods of transplanting cells into a predetermined site to treat 
mood and/or anxiety disorders. It is envisioned that the 
transplanted cells can replace damaged, degenerating or 
dead neuronal cells, deliver a biologically active molecule to 
the predetermined site or to ameliorate a condition and/or to 
enhance or stimulate existing neuronal cells. Such transplan 
tation methods are described in US. Application No. 
US20040092010, Which is incorporated herein by reference 
in its entirety. 

[0082] Cells that can be transplanted can be obtained from 
stem cell lines (i.e., embryonic stem cells, non-embryonic 
stem cells, etc.) and/or brain biopsies, including tumor 
biopsies, autopsies and from animal donors. (See US. 
Application No. US20040092010; US. Pat. Nos. 5,735,505 
and 6,251,669; Temple, Nature Reviews 2:513-520 (2000); 
Bjorklund and Lindvall, Nat. Neurosci. 3:537-544 (2000)), 
each of Which is incorporated herein by reference in its 
entirety). Brain stem cells can then be isolated (concen 
trated) from non-stem cells based on speci?c “marker” 
proteins present on their surface. In one such embodiment, 
a ?uorescent antibody speci?c for such a marker can be used 
to isolate the stem cells using ?uorescent cell sorting 
(FACS). In another embodiment an antibody af?nity column 
can be employed. Alternatively, distinctive morphological 
characteristics can be employed. 

[0083] The predetermined site or target area is a subcal 
losal area, more preferably, the subgenual cingulate area, 
and more preferably Brodmann area 25/Brodmann area 24. 
Stimulation of a subcallosal area (i.e., subgenual cingulate 
area or Brodmann area 25/Brodmann area 24) and/or the 
surrounding or adjacent White matter tracts leading to or 
from the subcallosal area or White matter tracts that are 
contiguous With the subcallosal area results in changes that 
alleviate or improve the mood and/or anxiety disorder of the 
subject. It is contemplated that modulating a subcallosal 
area, more particularly a subgenual cingulate area, can result 
in increasing, decreasing, masking, altering, overriding or 
restoring neuronal activity resulting in treatment of the 
mood and/or anxiety disorder. Yet further stimulation of a 
subgenual cingulate area, more particularly Brodmann area 
25, results in modulation of neuronal activity of other areas 
of the brain, for example, Brodmann area 9, Brodmann area 
10, Brodmann area 24, the hypothalamus, and the brain 
stem. 

[0084] Using the therapeutic stimulation system of the 
present invention, the predetermined site or target area is 
stimulated in an effective amount or effective treatment 

regimen to decrease, reduce, modulate or abrogate the mood 
and/or anxiety disorder. Thus, a subject is administered a 
therapeutically effective stimulation so that the subject has 
an improvement in the parameters relating to the affective 
disorder including subjective measures such as, for example, 
neurological examinations and neuropsychological tests 
(i.e., Minnesota Multiphasic Personality Inventory, Beck 
Depression Inventory, Mini-Mental Status Examination 
(MMSE), Hamilton Rating Scale for Depression, Wisconsin 
Card Sorting Test (WCST), ToWer of London, Stroop task, 
MADRAS, CGI, N-BAC, or Yale-BroWn Obsessive Com 
pulsive score (Y-BOCS)), motor examination, and cranial 
nerve examination, and objective measures including use of 
additional psychiatric medications, such as anti-depressants, 
or other alterations in cerebral blood ?oW or metabolism 
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and/or neurochemistry. The improvement is any observable 
or measurable improvement. Thus, one of skill in the art 
realiZes that a treatment may improve the patient condition, 
but may not be a complete cure of the disease. 

[0085] Treatment regimens may vary as Well, and often 
depend on the health and age of the patient. Obviously, 
certain types of disease Will require more aggressive treat 
ment, While at the same time, certain patients cannot tolerate 
more taxing regimens. The clinician Will be best suited to 
make such decisions based on the knoWn subject’s history. 

[0086] According to one embodiment of the present inven 
tion, the target site is stimulated using stimulation param 
eters such as, pulse Width of about 1 to about 500 micro 
seconds, more preferable, about 1 to about 90 microseconds; 
frequency of about 1 to about 300 HZ, more preferably, 
about 100 to about 185 HZ; and voltage of about 0.5 to about 
10 volts, more preferably about 1 to about 10 volts. It is 
knoWn in the art that the range for the stimulation parameters 
may be greater or smaller depending on the particular patient 
needs and can be determined by the physician. Other param 
eters that can be considered may include the type of stimu 
lation for example, but not limited to acute stimulation, 
subacute stimulation, and/or chronic stimulation. 

[0087] It is envisioned that stimulation of a subcallosal 
area and/or the adjacent White matter modulates other targets 
in the limbic-cortical circuit or pathWay thereby improving 
any dysfunctional limbic-cortical circuits resulting in an 
improvement or alleviation or providing remission of 
depression and/or anxiety in the treated subjects. Other such 
improvements can be sensations of calm, tranquility, peace 
fulness, increased energy and alertness, improved mood, 
improvement in attention and thinking, improvement in 
motor speed, improvement in mental speed and in sponta 
neity of speech, improved sleep, improved appetite, 
improved limbic behavior, increased motivation, decreases 
in anxiety, decreases in repetitive behavior, impulses, obses 
sions, etc. 

[0088] For purposes of this invention, bene?cial or desired 
clinical results include, but are not limited to, alleviation of 
symptoms, diminishment of extent of disease, stabiliZed 
(i.e., not Worsening) state of disease, delay or sloWing of 
disease progression, amelioration or palliation of the disease 
state, and remission (Whether partial or total), Whether 
objective or subjective. 

[0089] FIG. 4 summariZes the general procedure of the 
present invention. Any of the above described methods can 
be used to identify a subject or diagnose a subject that suffers 
from an affective disorder (100). Once the subject is iden 
ti?ed, a stimulation device is implanted (200) into the 
subject such that the subcallosal area of the subject’s brain 
is stimulated (300). After the target area has been stimulated 
(i.e., electrical, chemical or magnetic stimulation), the sub 
ject is evaluated to determine the change in the affective 
disorder. One of skill in the art realiZes that the present 
invention is not bound by the described methods or devices 
and that any method or device that Would result in neuro 
modulation of the subcallosal area could be used in the 
present invention. 

[0090] VII. Combination Treatment 

[0091] In order to increase the effectiveness of the elec 
trical stimulation method of the present invention, it may be 










