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condition of a subject, including applying a current to a site 
of the subject selected from the list consisting of: a sphe 
nopalatine ganglion (SPG) of the subject, and a neural tract 
originating in or leading to the SPG, and con?guring the 
current to increase conductance of molecules from brain 
tissue of the subject through a blood brain barrier (BBB) of 
the subject into a systemic blood circulation of the subject. 
The method also includes sensing a quantity of the mol 
ecules from a site outside of the brain of the subject, 
following initiation of application of the current. 
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STIMULATION FOR TREATING AND 
DIAGNOSING CONDITIONS 

CROSS-REFERENCES TO RELATED AND 
APPLICATIONS 

[0001] The present application: 

[0002] (a) is a continuation-in-part of International 
Patent Application PCT/IL03/00338, ?led Apr. 25, 
2003, (ii) International Patent Application PCT/ 
IL03/00508, ?led Jun. 13, 2003, and (iii) US. patent 
application Ser. No. 10/783,113, ?led Feb. 20, 2004, 
and 

[0003] (b) claims priority from US. Provisional 
Patent Application 60/506,165 to Shalev, ?led Sep. 
26, 2003. 

[0004] The ’338 application claims priority from (a) US. 
Provisional Patent Application 60/376,048 to Shalev, ?led 
Apr. 25, 2002, and (b) US. Provisional Patent Application 
60/461,232 to Gross et al., ?led Apr. 8, 2003. 

[0005] The ’508 application claims priority from (a) US. 
Provisional Patent Application 60/388,931, ?led Jun. 14, 
2002, and (b) US. patent application Ser. No. 10/294,310 to 
Gross et al., ?led Nov. 14, 2002, Which claims priority from: 
(i) US. Provisional Patent Application 60/400,167, ?led Jul. 
31, 2002, and (ii) US. Provisional Patent Application 
60/364,451, ?led Mar. 15, 2002. 

[0006] The ’113 application (a) claims priority from US. 
Provisional Patent Application 60/506,165, ?led Sep. 26, 
2003, and (b) is a continuation-in-part of US. patent appli 
cation Ser. No. 10/258,714, ?led Jan. 22, 2003, Which is a 
US national phase application of International Patent Appli 
cation PCT/IL01/00402, ?led May 7, 2001, Which claims 
priority from US. Provisional Patent Application 60/203, 
172, ?led May 8, 2000. 

[0007] All of the above-mentioned applications are 
assigned to the assignee of the present application and are 
incorporated herein by reference. 

FIELD OF THE INVENTION 

[0008] The present invention relates generally to medical 
procedures and electronic devices. More speci?cally, the 
invention relates to the use of electrical devices for implan 
tation in the head, for eXample, in the nasal cavity. The 
invention also relates to methods for using odorants to 
induce or to inhibit neural activity for the treatment and/or 
diagnosis of a clinical condition. The invention also relates 
to apparatus and methods for administering drugs, for treat 
ing stroke and headaches such as migraine and cluster 
headaches, and for improving cerebral blood ?oW. 

BACKGROUND OF THE INVENTION 

[0009] The blood-brain barrier (BBB) is a unique feature 
of the central nervous system (CNS) Which isolates the brain 
from the systemic blood circulation. To maintain the homeo 
stasis of the CNS, the BBB prevents access to the brain of 
many substances circulating in the blood. 

[0010] The BBB is formed by a complex cellular system 
of endothelial cells, astroglia, pericytes, perivascular mac 
rophages, and a basal lamina. Compared to other tissues, 

Jul. 21, 2005 

brain endothelia have the most intimate cell-to-cell connec 
tions: endothelial cells adhere strongly to each other, form 
ing structures speci?c to the CNS called “tight junctions” or 
Zonula occludens. They involve tWo opposing plasma mem 
branes Which form a membrane fusion With cytoplasmic 
densities on either side. These tight junctions prevent cell 
migration or cell movement betWeen endothelial cells. A 
continuous uniform basement membrane surrounds the 
brain capillaries. This basal lamina encloses contractile cells 
called pericytes, Which form an intermittent layer and prob 
ably play some role in phagocytosis activity and defense if 
the BBB is breached. Astrocytic end feet, Which cover the 
brain capillaries, build a continuous sleeve and maintain the 
integrity of the BBB by the synthesis and secretion of 
soluble groWth factors (e.g., gamma-glutamyl transpepti 
dase) essential for the endothelial cells to develop their BBB 
characteristics. 

[0011] Because of the BBB, certain non-surgical treat 
ments of the brain based upon systemic introduction of 
compounds through the bloodstream have been ineffective 
or less effective. For eXample, chemotherapy has been 
relatively ineffective in the treatment of CNS metastases of 
systemic cancers (e.g., breast cancer, small cell lung cancer, 
lymphoma, and germ cell tumors), despite clinical regres 
sion and even complete remission of these tumors in non 
CNS systemic locations. The most important factors deter 
mining drug delivery from blood into the CNS are lipid 
solubility, molecular mass, and electrical charge. A good 
correlation eXists betWeen the lipid solubility of a drug, 
expressed as the octanol/Water partition coef?cient, and the 
drug’s ability to penetrate or diffuse across the BBB. This is 
particularly relevant for drugs With molecular Weights 
smaller than 600 dalton (Da). The normal BBB prevents the 
passage of ioniZed Water soluble drugs With a molecular 
Weight greater than 180 Da. Most currently-available effec 
tive chemotherapeutic agents, hoWever, have a molecular 
Weight betWeen 200 and 1200 Da. Therefore, based both on 
their lipid solubilities and molecular masses, the passage of 
many agents is impeded by the BBB. 

[0012] In addition to transcellular diffusion of lipophilic 
agents, there are several speci?c transport mechanisms to 
carry certain molecules across the brain’s endothelial cells. 
Speci?c transport proteins eXist for required molecules, such 
as glucose and amino acids. Additionally, absorptive 
endocytosis and transcytosis occur for cationiZed plasma 
proteins. Speci?c receptors for certain proteins, such as 
transferrin and insulin, mediate endocytosis and transport 
across the cell. 

[0013] Non-surgical treatment of neurological disorders is 
generally limited to systemic introduction of compounds 
such as neuropharmaceuticals and other neurologically 
active agents that might remedy or modify neurologically 
related activities and disorders. Such treatment is limited, 
hoWever, by the relatively small number of knoWn com 
pounds that pass through the BBB. Even those that do cross 
the BBB often produce adverse reactions in other parts of the 
body or in non-targeted regions of the brain. 

[0014] There have been a number of different studies 
regarding efforts to cross the BBB—speci?cally, With regard 
to overcoming the limited access of drugs to the brain. Such 
efforts have included, for eXample, chemical modi?cation, 
development of more hydrophobic analogs, or linking an 
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active compound to a speci?c carrier. Transient opening of 
the BBB in humans has been achieved by intracarotid 
infusion of hypertonic mannitol solutions or bradykinin 
analogs. Also, modulation of the P-glycoprotein, Whose 
substrates are actively pumped out of brain cells into cap 
illary lumens, has been found to facilitate the delivery of 
drugs to the brain. HoWever, due to the inherent limitations 
of each of the aforementioned procedures, there is still a 
need for more generic, effective, and predictable Ways to 
cross the BBB. 

[0015] It Would also be desirable to develop controllable 
means for modulating cerebral blood ?oW. Many pathologi 
cal conditions, such as stroke, migraine, and AlZheimer’s 
disease, are signi?cantly affected or exacerbated by abnor 
mal cerebral blood ?oW. 

[0016] AlZheimer’s disease is the most common 
form of both senile and presenile dementia in the World and 
is recogniZed clinically as relentlessly progressive loss of 
memory and intellectual function and disturbances in speech 
(Merritt, 1979, A Textbook of Neurology, 6th edition, pp. 
484-489, Lea & Febiger, Philadelphia, Which is incorporated 
herein by reference). AlZheimer’s disease begins With mildly 
inappropriate behavior, uncritical statements, irritability, a 
tendency toWards grandiosity, euphoria, and deteriorating 
performance at Work; it progresses through deterioration in 
operational judgment, loss of insight, depression, and loss of 
recent memory; and it ends in severe disorientation and 
confusion, apraxia of gait, generaliZed rigidity, and incon 
tinence (Gilroy & Meyer, 1979, Medical Neurology, pp. 
175-179, MacMillan Publishing Co., Which is incorporated 
herein by reference,). AlZheimer’s disease is found in about 
10% of the population over the age of 65 and 47% of the 
population over the age of 85 (Evans et al., 1989, JAMA, 
262: 2551-2556, Which is incorporated herein by reference). 

[0017] AlZheimer’s Disease is characteriZed by the accu 
mulation of insoluble, 10 nm ?laments containing [3-amy 
loid (AB) peptides, localiZed in the extracellular space of the 
cerebral cortex and vascular Walls. These 40 or 42 amino 
acid long AB peptides are derived from the larger [3-amyloid 
precursor protein ([3APP) through the endopeptidase action 
of [3 and y secretases. In addition, the post-translational 
action of putative aminopeptidases results in a heteroge 
neous shortening of the 40 or 42 amino acid long AB 
peptides that either terminate at residue 40 or 42 and, 
therefore, are designated as ApN-40 and A[3N-42. In familial 
forms of AD, the pathological appearance of the AB peptides 
in the brain is driven by the presence of mutations in the 
[3APP gene or in the genes coding for the proteins presenilin 
1 and 2. 

[0018] Sporadic AD accounts for more than 95% of the 
knoWn AD cases. Its etiology, hoWever, remains obscure. An 
accepted vieW is that sporadic AD results from the interplay 
betWeen an individual’s genetic factors and the environ 
ment, leading to the deposition of AB, neurodegeneration, 
and dementia. Despite this emerging perspective, insuf? 
cient effort has been made in identifying factors responsible 
for A6 accumulation in the brain. 

[0019] The etiology of AlZheimer’s disease is unknoWn. 
Evidence for a genetic contribution comes from several 
important observations such as the familial incidence, pedi 
gree analysis, monoZygotic and diZygotic tWin studies, and 
the association of the disease With DoWn’s syndrome (for 
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revieW see Baraitser, 1990, The Genetics of Neurological 
Disorders, 2nd edition, pp. 85-88, Which is incorporated 
herein by reference). Nevertheless, this evidence is far from 
de?nitive, and it is clear that other factors are involved. 

[0020] AlZheimer’s Disease is a neurodegenerative dis 
ease characteriZed by a progressive decline of cognitive 
functions, including loss of declarative and procedural 
memory, decreased learning ability, reduced attention span, 
and severe impairment in thinking ability, judgment, and 
decision making. Mood disorders and depression are also 
often observed in AD patients. It is estimated that AD affects 
about 4 million people in the USA and 20 million people 
WorldWide. Because AD is an age-related disorder (With an 
average onset at 65 years), the incidence of the disease in 
industrialiZed countries is expected to rise dramatically as 
the population of these countries ages. 

[0021] AD is characteriZed by the folloWing neuropatho 
logical features: 

[0022] massive loss of neurons and synapses in the 
brain regions involved in higher cognitive functions 
(association cortex, hippocampus, amygdala). Cho 
linergic neurons are particularly affected. 

[0023] neuritic (senile) plaques that are composed of 
a core of amyloid material surrounded by a halo of 
dystrophic neurites, reactive type I astrocytes, and 
numerous microglial cells (Selkoe, D. J ., Annu Rev 
Neurosci 17: 489-517, 1994; Selkoe, D. J., J Neu 
ropathol Exp Neurol 53: 438-447, 1994; Dickson, D. 
W., J Neuropathol Exp Neurol 56: 321-339, 1997; 
Hardy, J. et al., Science 282: 1075-1079, 1998; 
Selkoe, D. J., Cold Spring Harb Symp Quant Biol 
61: 587-596, 1996, all of Which are incorporated 
herein by reference. The major component of the 
core is a peptide of 39 to 42 amino acids called the 
amyloid P protein, or A6. Although the AB protein is 
produced by the intracellular processing of its pre 
cursor, APP, the amyloid deposits forming the core of 
the plaques are extracellular. Studies have shoWn 
that the longer form of AB (A642) is much more 
amyloidogenic than the shorter forms (A[340 or 
A639). 

[0024] neuro?brillary tangles that are composed of 
paired-helical ?laments (PHF) (Ray et al., Mol Med 
Today 4: 151-157, 1998; Brion, Acta Neurol Belg 
98: 165-174, 1998, both of Which are incorporated 
herein by reference). Biochemical analyses revealed 
that the main component of PHF is a hyper-phos 
phorylated form of the microtubule-associated pro 
tein I. These tangles are intracellular structures, 
found in the cell body of dying neurons, as Well as 
some dystrophic neurites in the halo surrounding 
neuritic plaques. Both plaques and tangles are found 
in the same brain regions affected by neuronal and 
synaptic loss. 

[0025] Although the neuronal and synaptic loss is univer 
sally recogniZed as the primary cause of the decline of 
cognitive functions, the cellular, biochemical, and molecular 
events responsible for this neuronal and synaptic loss are 
subject to ?erce controversy. The number of tangles shoWs 
a better correlation than the amyloid load With the cognitive 
decline (Albert, Proc Natl Acad Sci USA 93: 13547-13551, 
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1996, Which is incorporated herein by reference). On the 
other hand, a number of studies shoWed that amyloid can be 
directly toXic to neurons, resulting in behavioral impairment 
(Ma et al., Neurobiol Aging 17: 773-780, 1996, Which is 
incorporated herein by reference). It has also been shoWn 
that the toXicity of some compounds (amyloid or tangles) 
could be aggravated by activation of the complement cas 
cade, suggesting the possible involvement of in?ammatory 
process in the neuronal death. 

[0026] Genetic and molecular studies of some familial 
forms of AD have recently provided evidence that 
boosted the amyloid hypothesis (Ii, Drugs Aging 7: 97-109, 
1995; Price et al., Curr Opin Neurol 8: 268-274, 1995; 
Hardy, Trends Neurosci 20: 154-159, 1997; Selkoe, J Biol 
Chem 271: 18295-18298, 1996, all of Which are incorpo 
rated herein by reference). The assumption is that since the 
deposition of AB in the core of senile plaques is observed in 
all AlZheimer cases, if AB is the primary cause of AD, then 
mutations that are linked to FAD should induce changes that, 
in one Way or another, foster AB deposition. There are 3 FAD 
genes knoWn so far (Hardy et al., Science 282: 1075-1079, 
1998; Ray et al., Mol Med Today 4: 151-157, 1998, both of 
Which are incorporated herein by reference), and the activity 
of all of them results in increased AB deposition, a very 
compelling argument in favor of the amyloid hypothesis. 

[0027] The ?rst of the 3 FAD genes codes for the AB 
precursor, APP (Selkoe, J Biol Chem 271: 18295-18298, 
1996, Which is incorporated herein by reference). Mutations 
in the APP gene are very rare, but all of them cause AD With 
100% penetrance and result in elevated production of either 
total A6 or A[342, both in vitro (transfected cells) and in vivo 
(transgenic animals). The other tWo FAD genes code for 
presenilin 1 and 2 (PS1, PS2) (Hardy, Trends Neurosci 20: 
154-159, 1997, Which is incorporated herein by reference). 
The presenilins contain 8 transmembrane domains and sev 
eral lines of evidence suggest that they are involved in 
intracellular protein traf?cking, although their eXact function 
is still unknoWn. Mutations in the presenilin genes are more 
common than in the APP genes, and all of them also cause 
FAD With 100% penetrance. In addition, in vitro and in vivo 
studies have demonstrated that PS1 and PS2 mutations shift 
APP metabolism, resulting in elevated A[342 production. For 
a recent revieW on the genetics of AD, see Lippa, J Mol Med 
4: 529-536, 1999, Which is incorporated herein by reference. 

[0028] In spite of these compelling genetic data, it is still 
unclear Whether AB generation and amyloid deposition are 
the primary cause of neuronal death and synaptic loss 
observed in AD. Moreover, the biochemical events leading 
to A6 production, the relationship betWeen APP and the 
presenilins, and betWeen amyloid and neuro?brillary tangles 
are poorly understood. Thus, the picture of interactions 
betWeen the major AlZheimer proteins is very incomplete, 
and it is clear that a large number of novel proteins are yet 
to be discovered. 

[0029] The diagnosis of AlZheimer’s disease at autopsy is 
de?nitive. Gross pathological changes are found in the brain, 
including loW Weight and generaliZed atrophy of both the 
gray and White matter of the cerebral corteX, particularly in 
the temporal and frontal lobes (Adams & Victor, 1977, 
Principles of Neurology, pp. 401-407 and Merritt, 1979, A 
Textbook of Neurology, 6th edition, Lea & Febiger, Phila 
delphia, pp. 484-489, both of Which are incorporated herein 

Jul. 21, 2005 

by reference). The histological changes include neuro?bril 
lary tangle (Kidd, Nature 197: 192-193, 1963; Kidd, Brain 
87: 307-320, 1964, both of Which are incorporated herein by 
reference), Which consists of a tangled mass of paired helical 
and straight ?laments in the cytoplasm of affected neurons 
(Oyanagei, Adv. Neurol. Sci. 18: 77-88, 1979 and Grundke 
Iqbal et al., Acta Neuropathol. 66: 52-61, 1985, both of 
Which are incorporated herein by reference). 

[0030] The diagnosis of AlZheimer’s disease during life is 
more dif?cult than at autopsy since the diagnosis depends 
upon ineXact clinical observations. In the early and middle 
stages of the disease, the diagnosis is based on clinical 
judgment of the attending physician. In the late stages, 
Where the symptoms are more recogniZable, clinical diag 
nosis is more straightforWard. But, in any case, before an 
unequivocal diagnosis can be made, other diseases, With 
partially overlapping symptoms, must be ruled out. Usually 
a patient must be evaluated on a number of occasions to 
document the deterioration in intellectual ability and other 
signs and symptoms. The necessity for repeated evaluation 
is costly, generates anXiety, and can be frustrating to patients 
and their families. Furthermore, the development of an 
appropriate therapeutic strategy is hampered by the difficul 
ties of rapid diagnosis, particularly in the early stages Where 
early intervention could leave the patient With signi?cant 
intellectual capacity and a reasonable quality of life. In brief, 
no unequivocal laboratory test speci?c for AlZheimer’s 
disease has been reported. 

[0031] AlZheimer’s disease is associated With degenera 
tion of cholinergic neurons, in the basal forebrain, Which 
play a fundamental role in cognitive functions, including 
memory (Becker et al., Drug Development Research 12: 
163-195, 1988, Which is incorporated herein by reference). 
Progressive, inexorable decline in cholinergic function and 
cholinergic markers in the brain of AlZheimer’s disease 
patients has been observed in numerous studies, and 
includes, for eXample, a marked reduction in acetylcholine 
synthesis, choline acetyltransferase activity, acetylcholinest 
erase activity, and choline uptake (Davis, Brain Res. 171: 
319-327, 1979 and Hardy et al., Neurochem. Int. 7: 545-563, 
1985, Which are incorporated herein by reference). Even 
more, decreased cholinergic function may be an underlying 
cause of cognitive decline seen in AlZheimer’s-disease 
patients (Kish et al., J. Neurol., Neurosurg., and Psych. 51: 
544-548, 1988, Which is incorporated herein by reference). 
Choline acetyltransferase and acetylcholinesterase activities 
decrease signi?cantly as plaque count rises, and, in 
demented subjects, the reduction in choline acetyl trans 
ferase activity Was found to correlate With intellectual 
impairment (Perry, et al., Brit. Med. J. 25, November 1978, 
p. 1457, Which is incorporated herein by reference). 

[0032] Nerve cells produce nerve groWth factors, proteins 
that regulate cell maturation during prenatal development 
and also play an important role in cell survival, repair, and 
regeneration during adult life. Because of their signi?cance 
in cell maintenance and repair, these factors have attracted 
attention as potential treatments in AlZheimer’s disease, 
stroke, spinal cord injury, and other neurodegenerative con 
ditions. HoWever, nerve groWth factors are usually too large 
to cross the blood-brain barrier (BBB), a protective shield 
that restricts passage of molecules to the brain. 

[0033] The BBB is functionally situated at the brain 
capillaries endothelium layer and covers a surface area of 12 
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m2/g of brain parenchyma. The total length of this capillary 
network is 650 km. The cerebral capillary endothelial cell 
displays some peculiar morphologic characteristics that 
form the anatomic basis of the blood-brain barrier. It differs 
from the peripheral capillary endothelial cell (referring to all 
non-CNS sites) in a number of Ways: 

[0034] First, the CNS endothelial cell layer is not fenes 
trated. Cells are joined by tight junctions composed of 6 to 
8 pentalaminar structures. They actively block protein 
movements, hydrophilic transfer and even ionic diffusion. 
Thus, there is very little movement of compounds betWeen 
endothelial cells from the blood to the CNS. 

[0035] Second, and in contrast to the peripheral capillary 
endothelial cell, transcellular movement of molecules 
through the non-speci?c mechanism of ?uid-phase endocy 
tosis is generally absent. The cerebral vascular endothelial 
cell possesses a transcellular lipophilic pathWay, alloWing 
diffusion of small lipophilic compounds. In addition to this 
route, speci?c receptor-mediated transport systems are 
present for given molecules, like insulin, transferrin, glu 
cose, purines and amino acids. These transport systems are 
highly selective and asymmetric. 

[0036] Third, the CNS endothelial cell displays a net 
negative charge at its endoluminal side and at the basement 
membrane. This provides an additional selective mechanism 
by impeding anionic molecules to cross the membrane. 

[0037] Fourth, the cerebral endothelial cell has very feW 
pinocytic vesicles, and these vesicles are not involved in any 
transport function. 

[0038] Fifth, astrocyte foot processes surround the 
microvascular endothelium and cover more than 95 percent 
of its surface, therefore interposing betWeen capillaries and 
cerebral neuropil. 

[0039] By virtue of this selective barrier, the CNS can 
preferentially regulate the extracellular concentration of 
certain solutes, groWth factors and neurotransmitters, keep 
certain molecules in the CNS and isolate itself from some 
others, and further isolate itself from sudden systemic 
homeostatic changes. It is therefore an integral component 
of the mechanisms involved in the tight regulation of the 
extra-cellular homeostasis necessary to the normal CNS 
function. This relatively impermeable barrier has some 
draWbacks, hoWever, When considering the therapeutic 
delivery of a molecule to the CNS. 

[0040] The delivery of therapeutic molecules across the 
BBB has proven to be a major obstacle in treating various 
brain disorders. The normal blood-brain barrier prevents 
passage of ioniZed Water-soluble compounds With a molecu 
lar Weight greater than 180 Daltons. Therefore, the BBB is 
a major impediment to the treatment of CNS diseases as 
many drugs are unable to reach this organ at therapeutic 
concentrations. More than 98% of the CNS-targeted drugs 
do not cross the BBB. Example of such disorders are: 
primary brain tumors, metastatic brain tumors, AD, addic 
tion, ALS, head injury, Huntington’s disease, multiple scle 
rosis (MS), depression, Cerebral Palsy, schiZophrenia, epi 
lepsy, stress and anxiety. Many neW neurotherapeutic agents 
are being discovered, but because of a lack of suitable 
strategies for drug delivery across the BBB, these agents are 
ineffective. Such drugs Will only become effective if strat 
egies for brain delivery are developed in parallel. 
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[0041] Apart from molecular parameters, the permeability 
of the BBB and active transport mechanisms, a major 
determinant of molecular transport across the BBB is their 
concentration gradient—betWeen the CNS and the cerebral 
circulation. 

[0042] Additionally, the functioning BBB inhibits clear 
ance of neurotoxic compounds, such as [3-Amyloid, tau, 
PS1, and PS2, from the CNS into the systemic circulation. 
These neurotoxic compounds are therefore not metaboliZed 
and removed from the body to the extent desired, and 
therefore continue to have undesired effects in the CNS. 

[0043] PCT Publication WO 01/85094 and US. Patent 
Application Publication 2004/0015068 to Shalev and Gross, 
Which are assigned to the assignee of the present patent 
application and are incorporated herein by reference, 
describe apparatus for modifying a property of a brain of a 
patient, including electrodes applied to a sphenopalatine 
ganglion (SPG) or a neural tract originating in or leading to 
the SPG. A control unit drives the electrodes to apply a 
current capable of inducing (a) an increase in permeability 
of a blood-brain barrier (BBB) of the patient, (b) a change 
in cerebral blood How of the patient, and/or (c) an inhibition 
of parasympathetic activity of the SPG. 

[0044] PCT Publication WO 04/010923 to Gross et al., 
Which is assigned to the assignee of the present application 
and is incorporated herein by reference, describes a chemical 
agent delivery system including a chemical agent supplied to 
a body of a subject for delivery to a site in a central nervous 
system of said subject via blood of said subject; and a 
stimulator for stimulating parasympathetic ?bers associated 
With the sphenopalatine ganglion, thereby to render a blood 
brain barrier (BBB) of said subject permeable to said 
chemical agent during at least a portion of the time that said 
chemical agent is present in said blood. 

[0045] PCT Publication WO 04/043218 to Gross et al., 
Which is assigned to the assignee of the present application 
and is incorporated herein by reference, describes treatment 
apparatus comprising (a) a stimulation device, adapted to be 
implanted in a vicinity of a site selected from the list 
consisting of: a sphenopalatine ganglion (SPG) of the sub 
ject and a neural tract originating in or leading to the SPG; 
and (b) a connecting element, coupled to the stimulation 
device, and adapted to be passed through at least a portion 
of a greater palatine canal of the subject. Also described is 
a method for implanting a treatment stimulation device in a 
vicinity of a site of a subject, the method comprising passing 
the device through a greater palatine foramen of the subject, 
and bringing the device into contact With the vicinity of the 
site, the site selected from the list consisting of: a spheno 
palatine ganglion (SPG) of the subject and a neural tract 
originating in or leading to the SPG. 

[0046] PCT Publication WO 04/044947 to Gross et al., 
Which is assigned to the assignee of the present application 
and is incorporated herein by reference, describes apparatus 
for use With an implanted medical device having tWo 
conductive elements in contact With tissue of a subject. The 
apparatus comprises a shunt, electrically coupled betWeen 
the conductive elements, the shunt adapted to be in a ?rst 
state When the subject is exposed to a source of radiofre 
quency (RF) energy, and adapted to be in a second state 
When the subject is not exposed to the RF energy, the shunt 
being characterized such that in the ?rst state the shunt has 
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a ?rst impedance, and in the second state the shunt has a 
second impedance at least tWo times greater than the ?rst 
impedance. 
[0047] Us. Patent Application Publication 2003/0176898 
and PCT Publication WO 04/043217 to Gross et al., Which 
are assigned to the assignee of the present application and 
are incorporated herein by reference, describe apparatus for 
treating a condition of an eye of a subject, comprising a 
stimulator adapted to stimulate at least one site of the 
subject, so as to treat the eye condition, the site selected from 
the list consisting of: a sphenopalatine ganglion (SPG) of the 
subject, an anterior ethmoidal nerve of the subject, a pos 
terior ethmoidal nerve of the subject, a communicating 
branch betWeen an anterior ethmoidal nerve and a retro 
orbital branch of an SPG of the subject, a communicating 
branch betWeen a posterior ethmoidal nerve and a retro 
orbital branch of an SPG of the subject, a greater palatine 
nerve of the subject, a lesser palatine nerve of the subject, a 
sphenopalatine nerve of the subject, a communicating 
branch betWeen a maxillary nerve and an SPG of the subject, 
a nasopalatine nerve of the subject, a posterior nasal nerve 
of the subject, an infraorbital nerve of the subject, an otic 
ganglion of the subject, an afferent ?ber going into the otic 
ganglion of the subject, an efferent ?ber going out of the otic 
ganglion of the subject, a vidian nerve of the subject, a 
greater super?cial petrosal nerve of the subject, and a lesser 
deep petrosal nerve of the subject. 

[0048] Us. Patent Application Publication 2003/0176892 
and PCT Publication WO 04/043334 to Shalev, Which are 
assigned to the assignee of the present application and are 
incorporated herein by reference, describe apparatus for 
delivering a Non Steroidal Anti-In?ammatory Drug 
(NSAID) supplied to a body of a subject for delivery to at 
least a portion of a central nervous system (CNS) of the 
subject via a systemic blood circulation of the subject, 
including a stimulator adapted to stimulate at least one site 
of the subject, so as to cause an increase in passage of the 
NSAID from the systemic blood circulation across a blood 
brain barrier (BBB) of the subject to the portion of the CNS, 
during at least a portion of the time that the NSAID is 
present in the blood, the site selected from the list consisting 
of: a sphenopalatine ganglion (SPG) of the subject, an 
anterior ethmoidal nerve of the subject, a posterior ethmoi 
dal nerve of the subject, a communicating branch betWeen 
an anterior ethmoidal nerve and a retro-orbital branch of an 
SPG of the subject, a communicating branch betWeen a 
posterior ethmoidal nerve and a retro-orbital branch of an 
SPG of the subject, a greater palatine nerve of the subject, 
a lesser palatine nerve of the subject, a sphenopalatine nerve 
of the subject, a communicating branch betWeen a maxillary 
nerve and an SPG of the subject, a nasopalatine nerve of the 
subject, a posterior nasal nerve of the subject, an infraorbital 
nerve of the subject, an otic ganglion of the subject, an 
afferent ?ber going into the otic ganglion of the subject, an 
efferent ?ber going out of the otic ganglion of the subject, a 
vidian nerve of the subject, a greater super?cial petrosal 
nerve of the subject, and a lesser deep petrosal nerve of the 
subject. 

[0049] PCT Publication WO 04/045242 to Shalev et al., 
Which is assigned to the assignee of the present application 
and is incorporated herein by reference, describes apparatus 
for treating a condition of an ear of a subject, comprising a 
stimulator adapted to stimulate at least one site of the subject 
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at a level suf?cient to treat the ear condition, the site selected 
from the list consisting of: an otic ganglion of the subject, an 
afferent ?ber going into the otic ganglion of the subject, an 
efferent ?ber going out of the otic ganglion of the subject, a 
sphenopalatine ganglion (SPG) of the subject, an anterior 
ethmoidal nerve of the subject, a posterior ethmoidal nerve 
of the subject, a communicating branch betWeen an anterior 
ethmoidal nerve and a retro-orbital branch of an SPG of the 
subject, a communicating branch betWeen a posterior eth 
moidal nerve and a retro-orbital branch of an SPG of the 
subject, a greater palatine nerve of the subject, a lesser 
palatine nerve of the subject, a sphenopalatine nerve of the 
subject, a communicating branch betWeen a maxillary nerve 
and an SPG of the subject, a nasopalatine nerve of the 
subject, a posterior nasal nerve of the subject, an infraorbital 
nerve of the subject, a vidian nerve of the subject, a greater 
super?cial petrosal nerve of the subject, and a lesser deep 
petrosal nerve of the subject. 

[0050] US. Pat. No. 5,756,071 to Mattem et al., Which is 
incorporated herein by reference, describes a method for 
nasally administering aerosols of therapeutic agents to 
enhance penetration of the blood brain barrier. The patent 
describes a metering spray designed for pemasal application, 
the spray containing at least one sex hormone or at least one 
metabolic precursor of a sex hormone or at least one 

derivative of a sex hormone or combinations of these, 
excepting the precursors of testosterone, or at least one 
biogenic amine, With the exception of catecholamines. 

[0051] US. Pat. No. 5,752,515 to JolesZ et al., Which is 
incorporated herein by reference, describes apparatus for 
image-guided ultrasound delivery of compounds through the 
blood-brain barrier. Ultrasound is applied to a site in the 
brain to effect in the tissues and/or ?uids at that location a 
change detectable by imaging. At least a portion of the brain 
in the vicinity of the selected location is imaged, e.g., via 
magnetic resonance imaging, to con?rm the location of that 
change. A compound, e.g., a neuropharmaceutical, in the 
patients bloodstream is delivered to the con?rmed location 
by applying ultrasound to effect opening of the blood-brain 
barrier at that location and, thereby, to induce uptake of the 
compound there. 

[0052] PCT Publication WO 01/97905 to Ansarinia, Which 
is incorporated herein by reference, describes a method for 
the suppression or prevention of various medical conditions, 
including pain, movement disorders, autonomic disorders, 
and neuropsychiatric disorders. The method includes posi 
tioning an electrode on or proximate to at least one of the 
patient’s SPG, sphenopalatine nerves, or vidian nerves, and 
activating the electrode to apply an electrical signal to such 
nerve. In a further embodiment for treating the same con 
ditions, the electrode used is activated to dispense a medi 
cation solution or analgesic to such nerve. The ’905 publi 
cation also describes surgical techniques for implanting the 
electrode. 

[0053] US. Pat. No. 6,405,079 to Ansarinia, Which is 
incorporated herein by reference, describes a method for the 
suppression or prevention of various medical conditions, 
including pain, movement disorders, autonomic disorders, 
and neuropsychiatric disorders. The method includes posi 
tioning an electrode adjacent to or around a sinus, the dura 
adjacent a sinus, or falx cerebri, and activating the electrode 
to apply an electrical signal to the site. In a further embodi 


























































































































