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(57) ABSTRACT 

A method of treating a disorder may include positioning a 
thermoelectric device in the ear canal of a Subject and acti 
vating the thermoelectric device to deliver caloric vestibular 
stimulation and/or cranial nervestimulation effective to treat 
the disorder. In some embodiments, the ear canal may be 
cooled sufficiently to treat the disorder. In alternative embodi 
ments, the ear canal may be warmed Sufficiently to treat the 
disorder. 
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NEUROPHYSIOLOGICAL ACTIVATION BY 
VESTBULAR OR CRANAL NERVE 

STMULATION 

RELATED APPLICATIONS 

0001. This application claims priority under 35 U.S.C. 
S121 to, and is divisional of U.S. patent application Ser. No. 
12/699,374, filed Feb. 3, 2010, which claims the benefit of 
priority under 35 U.S.C. S 119(e) to U.S. Provisional Appli 
cation No. 61/224,668, filed Jul. 10, 2009 and which is itself 
a continuation-in-part of U.S. patent application Ser. No. 
12/669,684, filed Jan. 19, 2010, which claims the benefit of 
priority under 35 U.S.C. S 120 to PCT Application No. PCT/ 
US2008/071935, filed Aug. 1, 2008, which claims the benefit 
ofpriority under 35 U.S.C. S 119(e) to U.S. Provisional Appli 
cation No. 60/953,700, filed Aug. 3, 2007, the disclosure of 
each of which is incorporated herein by reference in its 
entirety. 

FIELD OF THE INVENTION 

0002 The present invention concerns apparatuses and 
associated methods useful for delivering stimulation to the 
nervous system and/or the vestibular system of an individual, 
thereby inducing physiological changes in the individual and/ 
or treating a disorder or symptom of the individual. 

BACKGROUND 

0003 Caloric vestibular stimulation (“CVS) has long 
been known as a diagnostic procedure for testing the function 
of the vestibular system. In the traditional hospital setting, 
water caloric tests are used to assess levels of consciousness 
during acute or chronic brain injury. The brain injury may be 
due to head trauma or a central nervous system event such as 
a stroke. Other brain injuries occur in the presence of meta 
bolic abnormalities (e.g., kidney disease, diabetes), seizures, 
or toxic levels of controlled substances or alcohol. 
0004 More recently, CVS has been applied to other pur 
poses. A general review of some Successful experimental uses 
of CVS is given in Miller and Ngo, Acta Neuropsychiatrica 
19:183 (2007). Table 1, which is not intended to be exhaus 
tive, highlights several applications of CVS. 

TABLE 1. 

Disorders/symptoms treated experimentally by CVS 

Disorder/Symptom Treated Reference 

Dizziness U.S. Patent Application No. 
2003,O195588 
U.S. Pat. No. 6,748,275 
O. Kolev, Cephalalgia 10: 167 (1990) 
Y.Yamamoto et al., Ann Neuroi. 58: 
75 (2005) 

Y.Yamamoto et al., Ann Neuroi. 58: 
75 (2005) 
U.S. Pat. No. 6,748,275 
U.S. Pat. No. 6,748,275 
U.S. Patent Application No. 
2003,O195588 
U.S. Patent Application No. 
2003,O195588 
D. Bachtold et al., Exp Brain Res 136:128 
(2001) 
V. Ramachandran et al. Neutrocase, iFirst, 
-4 (2007) 

Elusive sleep 
Migraine headaches 
Neurodegenerative disorders 

Parkinson's Disease 

Reduced respiratory function 
Restricted airway 
Seasickness. Travel sickness 

Seizure 

Spatial- and verbal-memory 

Thalamic pain syndrome 
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TABLE 1-continued 

Disorders/symptons treated experimentally by CVS 

Disorder/Symptom Treated Reference 

Vertigo U.S. Pat. No. 6,748,275; U.S. Patent 
Application No. 2003/0195588 

0005 CVS activates various areas of the brain that are 
associated with specific disorders and/or symptoms. Table 2 
highlights several Such areas of the brain and provides an 
exemplary listing of Some of the disease states/symptoms 
associated with each area. Without wishing to be bound by 
any particular theory, it is believed that thermal stimulation of 
the vestibular system is translated into electrical stimulation 
within the central nervous system (“CNS) and propagated 
throughout the brain, including but not limited to the brain 
stem, resulting in certain physiological changes that may be 
useful in treating various disease states (increased blood flow, 
generation of neurotransmitters, etc). See, e.g., Zhang, et al. 
Chinese Medical J. 121:12:1120 (2008) (demonstrating 
increased ascorbic acid concentration in response to cold 
water CVS). CVS canthus be used to induce serotonin output, 
ascorbic acid output, acetylcholine release, histamine release, 
vasopressin release, and/or the production of heat shock pro 
teins with therapeutic value. 

TABLE 2 

Brain areas activated by CVS and disorders symptoms 
associated with each area 

Brain Area 
Activated by CVS Associated Disorders. Symptoms 

Brain stem hiccups, cranial nerve disorders, dizziness, 
facial weakness, nystagmus, voice alterations, 
vertical gaze problems, blurred vision, dysarthria, 
repiratory problems 

Cerbellum vertigo, nystagmus, tremor, slurred speech, 
movement disorders 

Cuneus Precuneus faulty visual processing 
Fusiform gyrus autism, faulty word number recognition, faulty 

processing of color information 
Alzheimer's disease, memory dysfunction 
addiction, Alzheimer's disease, Parkinson's 
disease, neurodegenerative disorders, 
psychiatric disorders 
faulty visual processing 
faulty memory encoding/retrieval 
hemianesthesia, seizures, visual dysfunction, 
facial numbness, agraphia, dysgraphia, 
alien limb syndrome, spatial neglect 

Hippocampus 
Insula cortex 

Lingual gyrus 
Parahippocampus 
Parietal lobe 

Putamen extrapyramidal signs 
Singular gyrus schizophrenia, ADHD, OCD, mutism, 

mood disorders 
Supplementary motor seizures, muscle weakness, spasticity 
cortex 
Temporal lobe epilepsy, anomia, aphasia, dysphasia, 

paroSmia, anger control 
Thalamus neuropathic pain, numbness 

0006 Methods and devices used to provide CVS may also 
be used to stimulate cranial nerves within the ear. Activation 
and/or inhibition of these nerves may be used to treat a wide 
variety of disorders/symptoms. For example, stimulation of 
the vagus nerve and/or the trigeminal nerve is often used to 
moderate pain; and stimulation of the glossopharyngeal, 
trigeminal, and/or vagal nerves is associated with seizure 
Suppression. 
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0007 Importantly, pharmacological, electrical and/or 
electromagnetic nerve stimulation may provide synergistic 
benefits when combined with thermal stimulation resulting in 
CVS. The synergistic benefits of combining CVS with elec 
trical or electromagnetic nerve stimulation may be especially 
prominent when the tissue(s) surrounding the nerve are 
cooled prior to warming the nerve. Such synergy occurs as a 
result of the temporal relationship between CVS and cranial 
nerve activation. Stimulating either the vestibular system or 
one or more of the cranial nerves leads to cortical activation 
which does not immediately diminish when the stimulus is 
removed. If a second stimulus is provided before the previous 
cortical activation has dissipated, the cortical activation aris 
ing from the second stimulus will be enhanced in those areas 
of the brain that respond to both CVS and cranial nerve 
stimulation. 
0008 For example, if a TED is first used to cool the ear 
canal and stimulate the Subject's vestibular system, a certain 
level of cortical activation will beachieved (V). If the TED is 
then used to warm the ear canal and stimulate at least one 
cranial nerve, a certain level of cortical activation will be 
achieved (N). If the two stimuli occur close enough in time, 
the cortical activation resulting from the second stimulus will 
be enhanced by that fraction of V which has yet to dissipate 
when the second stimulus occurs (V), resulting in total cor 
tical activation equal to at least N+V. 
0009. Accordingly, apparatuses and associated methods 
useful for delivering stimulation to the nervous system and/or 
the vestibular system of an individual are potentially benefi 
cial to take full advantage of physiological responses that are 
useful in diagnosing and/or treating a variety of medical 
conditions. 

SUMMARY OF THE INVENTION 

0010. A first aspect of the invention is a method of treating 
a disorder in a subject in need thereof, comprising (1) posi 
tioning a thermoelectric device (“TED) in the ear canal of a 
subject and (ii) activating the TED sufficient to treat the 
disorder. Activating the thermoelectric device may comprise 
stimulating the vestibular system and/or at least one cranial 
nerve effective to treat the disorder. The disorder may include, 
but is not limited to, migraine headaches, asthma, Parkinson's 
disease, epilepsy, stroke, cellular ischemia, excitotoxic brain 
injury, traumatic brain injury, spinal cord injury, sensory dis 
orders, motor disorders, and cognitive disorders. 
0011. In some embodiments, the disorder is selected from 
the group consisting of migraine headaches, neuropathic 
pain, body image or integrity disorders, visual intrusive imag 
ery, depression, bipolar disorder, Parkinson's disease, epi 
lepsy and other seizures, dementia, acute brain injury and 
insomnia. 
0012 Sensory disorders that may be treated by the meth 
ods and apparatuses of the present invention include, but are 
not limited to, Vertigo, dizziness, Seasickness, travel sickness 
cybersickness, sensory processing disorder, hyperacusis, 
fibromyalgia, neuropathic pain (including, but not limited to, 
complex regional pain syndrome, phantom limb pain, tha 
lamic pain syndrome, craniofacial pain, cranial neuropathy, 
autonomic neuropathy, and peripheral neuropathy (including, 
but not limited to, entrapment-, heredity-, acute inflamma 
tory-, diabetes-, alcoholism-, industrial toxin-, Leprosy 
Epstein Barr Virus-, liver disease-, ischemia-, and drug-in 
duced neuropathy)), numbness, hemianesthesia, and nerve? 
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root plexus disorders (including, but not limited to, traumatic 
radiculopathies, neoplastic radiculopathies, Vaculitis, and 
radiation plexopathy). 
0013 Motor disorders that may be treated by the method 
and apparatuses of the present invention include, but are not 
limited to, upper motor neuron disorders such as spastic 
paraplegia, lower motor neuron disorders such as spinal mus 
cular atrophy and bulbar palsy, combined upper and lower 
motor neuron syndromes such as familial amyotrophic lateral 
Sclerosis and primary lateral Sclerosis, and movement disor 
ders (including, but not limited to, Parkinson's disease, 
tremor, dystonia, Tourette Syndrome, myoclonus, chorea, 
nystagmus, spasticity, agraphia, dysgraphia, alien limb syn 
drome, and drug-induced movement disorders). 
0014 Cognitive disorders that may be treated by the 
method and apparatuses of the present invention include, but 
are not limited to, Schizophrenia, addiction, anxiety disor 
ders, depression, bipolar disorder, dementia, insomnia, nar 
colepsy, autism, Alzheimer's disease, anomia, aphasia, dys 
phasia, parosmia, spatial neglect, attention deficit 
hyperactivity disorder, obsessive compulsive disorder, eating 
disorders, body image disorders, body integrity disorders, 
post-traumatic stress disorder, intrusive imagery disorders, 
and mutism. 
00.15 Activating the thermoelectric device may comprise 
stimulating the vestibular system and/or at least one cranial 
nerve effective to treat the disorder. 
0016. In some embodiments, the TED is activated suffi 
cient to stimulate the subject's vestibular system, thereby 
resulting in treatment of the disorder. 
0017. In some embodiments, the TED is activated suffi 
cient to treat the disorder without stimulating the subject's 
vestibular system. In some Such embodiments, the disorder is 
treated by activating the TED such that it stimulates at least 
one cranial nerve without concurrently stimulating the vesti 
bular system. The at least one cranial nerve may be selected 
from the group consisting of the vagus nerve, the trigeminal 
nerve, and the glossopharyngeal nerve. 
0018. In some embodiments, the disorder is treated by 
activating the TED sufficient to stimulate both the vestibular 
system and at least one cranial nerve of the Subject (in addi 
tion to the vestibulocochlear nerve). In some such embodi 
ments, the at least one cranial nerve is selected from the group 
consisting of the vagus nerve, the trigeminal nerve, and the 
glossopharyngeal nerve. Such activation may give rise to a 
beneficial synergy between the effects of vestibular stimula 
tion and cranial nervestimulation. In such embodiments, the 
at least one cranial nerve (other than the vestibulocochlear 
nerve) may be stimulated prior to CVS, following CVS, or 
concurrently with CVS. 
0019. In some embodiments, activating the TED sufficient 
to treat the disorder comprises warming the ear canal of the 
Subject. In such embodiments, the ear canal is warmed by 
about 0.5 degree to about 11 degrees Centigrade. In some 
embodiments, the ear canal is warmed by about 0.5 degree to 
about 6.5 degrees Centigrade, preferably about 2 to about 4 
degrees Centigrade. Those skilled in the art will appreciate 
how to select appropriate limits on duration/magnitude of 
stimulus to avoid tissue damage. 
0020. In some embodiments, activating the TED sufficient 
to treat the disorder comprises cooling the ear canal of the 
Subject. In Such embodiments, the earcanal is cooled by about 
0.5 degree to about 37 degrees Centigrade. In some embodi 
ments, the ear canal is cooled by about 7 to about 33 degrees 
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Centigrade, preferably about 17 to about 27 degrees Centi 
grade. Those skilled in the art will appreciate how to select 
appropriate limits on duration/magnitude of stimulus to avoid 
tissue damage. 
0021. In some embodiments, activating the TED sufficient 
to treat the disorder comprises both warming and cooling the 
ear canal of the Subject. In Such embodiments, the ear canal 
may first be cooled then warmed, warmed then cooled, or 
cycled between warm and cool temperatures. The ear canal 
may be allowed to return to or near ambient temperature 
between such warming and cooling steps. 
0022. In some embodiments, the ear canal is cooled by 
about 0.5 degree to about 37 degrees Centigrade, and then 
warmed by about 0.5 to about 11 degrees Centigrade. In some 
embodiments, the ear canal is cooled by about 7 to about 33 
degrees Centigrade, and then warmed by about 0.5 degree to 
about 6.5 degrees Centigrade. In some embodiments, the ear 
canal is cooled by about 17 to about 27 degrees Centigrade, 
and then warmed by about 2 to about 4 degrees Centigrade. 
Those skilled in the art will appreciate how to select appro 
priate limits on duration/magnitude of stimulus to avoid tis 
Sue damage. 
0023. In some embodiments, the ear canal is warmed by 
about 0.5 to about 11 degrees Centigrade, and then cooled by 
about 0.5 degree to about 37 degrees Centigrade. In some 
embodiments, the ear canal is warmed by about 0.5 degree to 
about 6.5 degrees Centigrade, and then cooled by about 7 to 
about 33 degrees Centigrade. In some embodiments, the ear 
canal is warmed by about 2 to about 4 degrees Centigrade, and 
then cooled by about 17 to about 27 degrees Centigrade. 
Those skilled in the art will appreciate how to select appro 
priate limits on duration/magnitude of stimulus to avoid tis 
Sue damage. 
0024. A further aspect of the present invention is a method 
of treating migraine headaches in a subject in need thereof, 
comprising (i) positioning a TED in the ear canal of a subject, 
and (ii) activating the TED sufficient to treat the migraine 
headache. 
0025 Activating the thermoelectric device may comprise 
stimulating the vestibular system and/or at least one cranial 
nerve effective to treat the migraine headache. 
0026. In some embodiments, the TED is activated suffi 
cient to stimulate the subject's vestibular system, thereby 
resulting in treatment of the migraine headache. 
0027. In some embodiments, the TED is activated suffi 
cient to treat the migraine headache without stimulating the 
Subject's vestibular system. In some such embodiments, the 
migraine headache is treated by activating the TED such that 
it stimulates at least one cranial nerve without concurrently 
stimulating the vestibular system. The at least one cranial 
nerve may be selected from the group consisting of the vagus 
nerve, the trigeminal nerve, and the glossopharyngeal nerve. 
0028. In some embodiments, the migraine headache is 
treated by activating the TED sufficient to stimulate both the 
vestibular system and at least one cranial nerve of the Subject 
(in addition to the vestibulocochlear nerve). In some such 
embodiments, the at least one cranial nerve is selected from 
the group consisting of the vagus nerve, the trigeminal nerve, 
and the glossopharyngeal nerve. Such activation may give 
rise to a beneficial synergy between the effects of vestibular 
stimulation and cranial nerve stimulation. In Such embodi 
ments, the at least one cranial nerve (other than the vestibu 
locochlear nerve) may be stimulated prior to CVS, following 
CVS, or concurrently with CVS. 
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0029. In some embodiments, activating the TED sufficient 
to treat the migraine headaches comprises warming the ear 
canal of the subject by about 0.5 degree to about 11 degrees 
Centigrade. In some embodiments, the earcanal is warmed by 
about 0.5 degree to about 6.5 degrees Centigrade, preferably 
about 2 to about 4 degrees Centigrade. Those skilled in the art 
will appreciate how to select appropriate limits on duration/ 
magnitude of stimulus to avoid tissue damage. 
0030. In some embodiments, activating the TED sufficient 
to treat the migraine headaches comprises cooling the ear 
canal of the subject by about 0.5 degree to about 37 degrees 
Centigrade. In some embodiments, the ear canal is cooled by 
about 7 to about 33 degrees Centigrade, preferably about 17 
to about 27 degrees Centigrade, Those skilled in the art will 
appreciate how to select appropriate limits on duration/mag 
nitude of stimulus to avoid tissue damage. 
0031. In some embodiments, activating the TED sufficient 
to treat the migraine headache comprises both warming and 
cooling the ear canal of the Subject. In Such embodiments, the 
ear canal of the subject may first be cooled then warmed, 
warmed then cooled, or cycled between warm and cool tem 
peratures. The ear canal may be allowed to return to or near 
ambient temperature between Such warming and cooling 
steps. 
0032. In some embodiments, the ear canal is cooled by 
about 0.5 degree to about 37 degrees Centigrade, and then 
warmed by about 0.5 to about 11 degrees Centigrade. In some 
embodiments, the ear canal is cooled by about 7 to about 33 
degrees Centigrade, and then warmed by about 0.5 degree to 
about 6.5 degrees Centigrade. In some embodiments, the ear 
canal is cooled by about 17 to about 27 degrees Centigrade, 
and then warmed by about 2 to about 4 degrees Centigrade. 
Those skilled in the art will appreciate how to select appro 
priate limits on duration/magnitude of stimulus to avoid tis 
Sue damage. 
0033. In some embodiments, the ear canal is warmed by 
about 0.5 to about 11 degrees Centigrade, and then cooled by 
about 0.5 degree to about 37 degrees Centigrade. In some 
embodiments, the ear canal is warmed by about 0.5 degree to 
about 6.5 degrees Centigrade, and then cooled by about 7 to 
about 33 degrees Centigrade. In some embodiments, the ear 
canal is warmed by about 2 to about 4 degrees Centigrade, and 
then cooled by about 17 to about 27 degrees Centigrade. 
Those skilled in the art will appreciate how to select appro 
priate limits on duration/magnitude of stimulus to avoid tis 
Sue damage. 
0034. A still further aspect of the present invention is a 
method of stimulating cognitive enhancement and/or neuro 
protection in a Subject. Such cognitive enhancement may 
comprise enhanced memory function (including, but not lim 
ited to, spatial and verbal memory), enhanced cognitive 
reserves, increases in attentive capacity, lessened anxiety, 
increased motivation, etc. 
0035. In some embodiments, cognitive enhancement and/ 
or neuroprotection is stimulated in a subject experiencing 
mental and/or physical stress. Such as that caused by pro 
longed sleep deprivation, prolonged periods of intense mental 
and/or physical exertion, etc. Such stimulation may be admin 
istered prior to, concurrently with, or after the subject expe 
riences said mental and/or physical stress. 
0036. In some embodiments, cognitive enhancement and/ 
or neuroprotection is stimulated in a Subject prior to said 
Subject receiving general and/or local anesthetic. Such stimu 
lation may be useful prior to said Subject receiving anesthetic 
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as part of a Surgical procedure which relates to the brain 
and/or the nervous system. Stimulating the brain in advance 
of neurological Surgery may be particularly useful. 
0037. In some embodiments, cognitive enhancement and/ 
or neuroprotection is stimulated in a subject demonstrating 
indicators of declining cognitive function. Such indicators 
may include, but are not limited to, early signs of dementia, 
language deficiencies, rapid mood Swings, personality 
changes, etc. 
0038. In some embodiments, cognitive enhancement and/ 
or neuroprotection is stimulated in a subject who is suffering 
from or has recently suffered a potential cardiac infarction 
and/or stroke. 
0039. In some embodiments, cognitive enhancement and/ 
or neuroprotection is stimulated in a subject that is about to 
undertake an activity and/or action for which cognitive ability 
and/or capacity is important. 
0040. In some embodiments, cognitive enhancement and/ 
or neuroprotection is stimulated in a subject that is about to 
enter an environment which may have a negative effect on 
cognitive ability and/or capacity. 
0041. A further aspect of the present invention is a method 
of evaluating brain function in a test Subject, comprising (i) 
stimulating the subject's vestibular system with a thermoelec 
tric device, and (ii) determining whether the subject exhibits 
horizontal nystagmus. 
0042. A further aspect of the present invention is an 
improvement on a method of diagnosing a disorder and/or 
evaluating brain function in a test subject by creating an 
image of at least a portion of the brain of said test subject. The 
image may be, but is not limited to, a magnetic resonance 
imaging image (MRI), a functional magnetic resonance 
image (fMRI), an X-ray computed tomography (CT) image, 
an ultrasound image, a single photon emission computed 
tomography (SPECT) image, a positron emission tomogra 
phy (PET) image, an electroencephalography (EEG) image 
or a magnoencephalography (MEG) image. Such diagnostic 
and imaging methods are well known in the art. See, e.g., 
Benveniste et al., PNAS USA96:14079 (1999); see also U.S. 
Pat. Nos. 6,821,504, 7,333,845 and 7,469,159, the disclosure 
of each of which is incorporated herein by reference in its 
entirety. The improvement comprises stimulating the test 
subject's vestibular system with a thermoelectric device prior 
to or concurrently with creating said image. 
0043. In some embodiments, the method further com 
prises analyzing brain activity in one or more areas of the test 
subject's brain following stimulation of the test subject's 
vestibular system. Such brain activity may be compared to 
that of a healthy control subject who likewise received caloric 
vestibular stimulation or to the brain activity observed in an 
image of the test Subject's brain that was taken during a 
previous testing session in which the test Subject's vestibular 
system was stimulated. 
0044. Yet another aspect of the present invention is a tissue 
stimulator or probe configured for contacting to or insertion 
in the body of a subject to stimulate a tissue therein. The 
stimulator or probe comprises (i) a Support configured for 
contacting to or positioning adjacent a tissue of the Subject, 
and (ii) at least one thermoelectric device (TED) on the Sup 
port and positioned for thermally stimulating the tissue. 
0045. A TED may be activated in various ways in accor 
dance with the present invention, including but not limited to 
continuous activation, intermittent activation and cyclic acti 
Vation. Such cyclic activation (e.g., heat then off and repeat, 
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cool then off and repeat, heat then cool then off and repeat, 
cool then off then heat and repeat, etc.) may result in different 
types of waveforms, such as, for example, uniform, random 
ized, stochastic, etc., with each cycle lasting from about one 
minute to about ten minutes in duration. In some embodi 
ments, the TED is configured to provide thermal pulses. 
0046. The foregoing and other objects and aspects of the 
present invention are explained in greater detail in the draw 
ings herein and the specification set forth below. All United 
States patent references cited herein are specifically intended 
to be incorporated herein by reference in their entirety. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0047 FIG. 1 illustrates a device of the present invention 
inserted in the ear canal of a human Subject. 
0048 FIG. 2 is a further side-section illustration of the 
device of FIG. 1. 
0049 FIG. 3 is a side-section illustration of one embodi 
ment of the invention, in which the ear insert inner portion has 
a shape that corresponds to the ear canal of the Subject. 
0050 FIG. 4 is a side-section illustration of the optional 
sleeve of the device of FIG.3 removed from the ear insert. 
0051 FIG. 5 is a side-section illustration of another 
embodiment of the invention, in which the optional sleeve 
outer portion has a shape that corresponds to the ear canal of 
the subject. 
0.052 FIG. 6 is a side-section illustration of the optional 
sleeve of the device of FIG. 5 removed from the ear insert. 
0053 FIGS. 7-10 illustrate various alternate embodiments 
of the invention, of different length dimension, and with 
different transducer arrangements. 
0054 FIGS. 11-12 are cross-sectional illustrations of 
embodiments of the present invention, showing different 
transducer arrangements. 
0055 FIG. 13 illustrates an embodiment of the present 
invention that includes an external body portion configured 
for positioning behind the ear of a Subject. 
0056 FIG. 14 is a further illustration of the embodiment of 
FIG. 13 from behind the subject, showing the additional 
external transducer positioned on or adjacent the mastoid 
process of the Subject. 
0057 FIG. 15 is a schematic illustration of an apparatus of 
the invention operatively associated with a power Supply and 
controller. 
0.058 FIG. 16 is a schematic illustration of an apparatus in 
which the components therein are modular. 
0059 FIG. 17 is a schematic illustration of that portion of 
a modular insert engaging the ear canal. 
0060 FIG. 18 illustrates two devices of the present inven 
tion incorporated into a single device that can be worn as a 
headset assembly. 
0061 FIG. 19 illustrates two devices of the present inven 
tion incorporated into a single device that can be worn like a 
stethoscope. 
0062 FIG. 20 illustrates a device of the present invention 
inserted in the ear canal of a human Subject. 

DETAILED DESCRIPTION 

0063. The present invention is explained in greater detail 
below. This description is not intended to be a detailed catalog 
of all the different ways in which the invention may be imple 
mented, or all the features that may be added to the instant 
invention. For example, features illustrated with respect to 
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one embodiment may be incorporated into other embodi 
ments, and features illustrated with respect to a particular 
embodiment may be deleted from that embodiment. In addi 
tion, numerous variations and additions to the various 
embodiments Suggested herein, which do not depart from the 
instant invention, will be apparent to those skilled in the art in 
light of the instant disclosure. Hence, the following specifi 
cation is intended to illustrate Some particular embodiments 
of the invention, and not to exhaustively specify all permuta 
tions, combinations and variations thereof. 
0064. As used herein, the term “and/or includes any and 

all combinations of one or more of the associated listed items. 

0065. As used herein, the term “vestibular system has the 
meaning ascribed to it in the medical arts and includes but is 
not limited to those portions of the inner ear known as the 
vestibular apparatus and the vestibulocochlear nerve. The 
vestibular system, therefore, further includes, but is not lim 
ited to, those parts of the brain that process signals from the 
vestibulocochlear nerve. 

0066 “Treatment,” “treat,” and “treating refer to revers 
ing, alleviating, delaying the onset of inhibiting the progress 
of or preventing a disease or disorder as described herein. In 
Some embodiments, treatment may be administered after one 
or more symptoms have developed. In other embodiments, 
treatment may be administered in the absence of symptoms. 
For example, treatment may be administered to a susceptible 
individual prior to the onset of symptoms (e.g., in light of a 
history of symptoms and/or in light of genetic or other Sus 
ceptibility factors). Treatment may also be continued after 
symptoms have resolved—for example, to prevent or delay 
their recurrence. Treatment may comprise providing neuro 
protection, enhancing cognition and/or increasing cognitive 
reServe. 

0067. The methods and systems of the present invention 
utilize TEDS to induce physiological and/or psychological 
responses in a Subject for medically diagnostic and/or thera 
peutic purposes. Subjects to be treated and/or stimulated with 
the methods, devices and systems of the present invention 
include both human Subjects and animal Subjects. In particu 
lar, embodiments of the present invention may be used to 
diagnose and/or treat mammalian Subjects such as cats, dogs, 
monkeys, etc. for medical research or veterinary purposes. 
0068. As noted above, the present invention provides a 
tissue stimulator or probe (e.g., a nerve stimulator and/or a 
caloric vestibular stimulation apparatus) configured for con 
tacting to or insertion in the body of a Subject (particularly, but 
not limited to, a human Subject) to stimulate a tissue therein. 
The stimulator or probe comprises: (i) a Support configured 
for contacting to or positioning adjacent a tissue of the Sub 
ject; (ii) at least one TED (e.g., a thin film thermoelectric 
transducer) on the Support and positioned for thermally 
stimulating the tissue. 
0069. In some embodiments, the at least one thermoelec 

tric device comprises a plurality of thermoelectric devices 
(e.g., at least 3, 5 or 10, up to 20, 50 or 100 or more), each of 
the plurality of thermoelectric devices positioned on the Sup 
port for stimulating the tissue (with each of the plurality of 
TEDs being optionally, but in some embodiments preferably, 
separately activatable or addressable from one another). 
0070. In some embodiments, the plurality of TEDs are 
positioned adjacent one another on the Support at a density of 
from 5, 10 or 20 per square centimeter (e.g., up to 100, 200 or 
400 per square centimeter, or more). 
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0071. In some embodiments, the plurality of TEDs are 
positioned adjacent one another in a linear array; in other 
embodiments, the plurality of TEDs are positioned adjacent 
one another in a two-dimensional array. 
0072. In some embodiments, the plurality of TEDs are 
thermally coupled to one another. 
0073. In some embodiments, each of the TEDs has a first 
side and a second side, the first side thermally coupled to a 
heat transfer structure and the second side positioned for 
thermally stimulating the tissue so that the TED is thermally 
coupled between the heat transfer structure and the tissue. 
0074. In some embodiments, the plurality of adjacent 
TEDs are thermally coupled to one another (e.g., through a 
common heat transfer structure), so that thermal energy dis 
placed by one thereof can be at least partially offset by ther 
mal energy displaced by an adjacent one thereof (e.g., by 
heating tissue with one device while cooling adjacent tissue 
with another device). 
0075. In some embodiments, the stimulator is a probe 
having a distal end portion and an elongate body portion (the 
probe may optionally be a catheter having an elongate lumen 
formed therein in fluid communication with an opening 
formed at the distal end portion). 
0076. In some embodiments, at least one, or a plurality, of 
the TEDs is located at the probe or catheter distal end portion, 
and wherein the elongate body portion is optionally insulated. 
In other embodiments, a plurality of TEDs are positioned 
along the elongate body portion. Optionally, in some embodi 
ments, the elongate body portion has at least two elongate side 
face portions, and wherein a plurality of the TEDs are posi 
tioned along each of the at least two elongate side face por 
tions. 

0077. In some embodiments, the tissue stimulator further 
comprises at least one electrode (or a plurality of electrodes) 
on the probe for electrically stimulating the tissue. 
0078. The tissue stimulator may further comprise a plural 
ity of thermal stimulation conductive lines, each of the plu 
rality of TEDs electrically coupled to at least one separate 
thermal stimulation conductive line. 

0079. In some embodiments, the stimulator may further 
comprise a plurality of electrical stimulation conductive 
lines, each of the plurality of TEDs electrically coupled to at 
least one separate thermal stimulation conductive line. 
0080. In some embodiments, the plurality of separate con 
ductive lines are bundled together in a single lead, the lead 
having a terminal connector configured for connection to a 
controller. 

I0081. In some embodiments of the foregoing (adapted for 
caloric vestibular stimulation and/or stimulation of a cranial 
nerve), the Support is configured as an ear insert so dimen 
sioned as to be insertable into the ear canal of a wearer. 

I0082. A further aspect of the invention is a system com 
prising: (i) a tissue stimulator as described above, and (ii) a 
controller electrically coupled to the TED, wherein the con 
troller is configured to sense a first value of an electrical 
characteristic of the TED, to generate a first electrical control 
signal to pump heat through the TED in response to sensing 
the first value of the electrical characteristic of the TED, to 
sense a second value of the electrical characteristic of the 
TED wherein the first and second values of the electrical 
characteristic are different, and to generate a second electrical 
control signal to pump heat through the TED in response to 
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sensing the second electrical characteristic of the TED, 
wherein the first and second electrical control signals are 
different. 
0083. In some embodiments, the controller is configured 
to sense the first and second electrical characteristics by sens 
ing electrical signals generated by the TED responsive to first 
and second heat gradients across the TED. 
0084. In some embodiments, the controller is configured 
to generate the first electrical control signal So that heat is 
pumped through the TED in a first direction, and to generate 
the second electrical control signal so that heat is pumped 
through the TED in a second direction opposite the first 
direction. 
0085. In some embodiments, the controller is configured 
to generate the first electrical control signal So that a first 
electrical current flows through the TED in a first direction, 
and to generate the second electrical control signal so that a 
second electrical current flows through the TED in a second 
direction opposite the first direction. 
I0086. In some embodiments, the TED comprises a ther 
moelectric material such as bismuth telluride. 
0087. In some embodiments, the TED comprises a P-type 
thermoelectric element and an N-type thermoelectric element 
electrically coupled in series and thermally coupled in paral 
lel. 
0088. In some embodiments, the system further comprises 
aheat transfer structure thermally coupled to a first side of the 
TED; and a temperature controlled medium thermally 
coupled to a second side of the TED so that the TED is 
thermally coupled between the heat transfer structure and the 
temperature controlled medium. In some embodiments 
thereof, the controller is configured to generate the first and 
second electrical control signals to maintain a stable tempera 
ture of the temperature controlled medium. In some embodi 
ments thereof, the controller is configured to generate the first 
and second electrical control signals to provide a temperature 
ramp for the temperature controlled medium. In some 
embodiments thereof, the controller is configured to generate 
the first and second electrical control signals to provide a 
cyclical temperature profile for the temperature controlled 
medium. 
0089. The present invention can, in some embodiments, be 
implemented with the temperature control systems and/or 
other methods and apparatuses described in U.S. patent appli 
cation Ser. Nos. 12/669,684, 12/693,016, 12/166,953, and 
11/972.267: U.S. Provisional Application No. 61/224,668; 
and PCT Application No. PCT/US2008/071935. 

Thermoelectric Devices 

0090 Any suitable TED or transducer can be used to carry 
out the present invention, including, but not limited to, those 
described in U.S. Pat. Nos. 7,205,675; 7,098,393; 7.024,865; 
and 5,974,806; and in United States Patent Publication No. 
2004/0199266. See also Riffat and Ma. Applied Thermal 
Engineering 23:913 (2003). The transducer can be an elec 
trothermal textile transducer, including, but not limited to, 
those described in U.S. Pat. Nos. 7,202,443; 6,977,360; and 
6.229,123. The transducer is typically provided with a lead 
which may be connected to an external power Supply and 
controller, or the power Supply and controller may be con 
tained within the device as discussed further below. The 
devices disclosed hereinfurther include embodiments of ther 
moelectric transducers in all shapes and sizes, including but 
not limited to spiral and helical shapes. 
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0091. In some embodiments, a plurality of TEDs may be 
mounted on an elongated flexible strip by any suitable tech 
nique, including, but not limited to, those described in Hiller 
et al., U.S. Pat. No. 7,147,739. In other embodiments, where 
it is desired to generate an electric current from the trans 
ducer, the transducer can be a mechanical or piezoelectric 
transducer. Examples include, but are not limited to, both 
piezoelectric devices and zinc-oxide nanowire nanogenera 
tors. See, e.g., Wang, Science 316:102 (Apr. 6, 2007). Wang, 
Science 312:242 (Apr. 14, 2006); Patel-Predd, MIT Tech. Rev. 
(Apr. 5, 2007). 
0092. Thin film TEDs or transducers are preferred as 
transducers in Some embodiments, including, but not limited 
to, the thin film TEDs described in U.S. Pat. No. 6,300,150 
and United States Patent Publication Nos. 2007/0028956 and 
2006/0086118. Such thin film TEDs may also advanta 
geously incorporate a temperature sensing function, so that 
temperature sensing can be accomplished through the same 
device without the need for a separate temperature sensor. 
0093. In some embodiments, the TED comprises a ther 
moelectric material such as bismuth telluride. 
0094. In some embodiments, the TED comprises a P-type 
thermoelectric elementandan N-type thermoelectric element 
electrically coupled in series and thermally coupled in paral 
lel. 
Ear Inserts for CVS and/or for Cranial Nerve Stimulation 

0095 FIGS. 1 and 2 illustrate a first embodiment of a 
device 10 of the present invention inserted in the ear of a 
human subject (the anatomical portion of the figures is 
adapted from FIG. 2 of U.S. Pat. No. 4,244,377). The device 
10 comprises an ear insert 11 So dimensioned as to be insert 
able into the ear canal 20 of a subject. The ear insert has an 
inner portion 12, with the inner portion preferably having a 
length dimension at least as great as a major portion of the 
length dimension of the ear canal of the Subject (e.g., a length 
at least 50, 60, 70, or 80 percent that of the length dimension 
of the ear canal of the subject). 
0096. As shown in FIG. 2, the ear insert 11 further includes 
at least onethermoelectric transducer 30 attached to the insert 
11 for providing CVS and/or cranial nervestimulation to the 
individual. The thermoelectric transducer 30 may be con 
tained entirely within the insert 11 or may be attached to an 
optional, separate sleeve 40 described above. The thermo 
electric transducer 30 used in the device 10 may be a thermo 
electric cooler common in the industry today. The thermo 
electric transducer 30 is capable of providing caloric 
stimulation to the individual’s outer and/or innerearby allow 
ing for the transfer of heat to and from the ear canal 20, 
thereby raising and lowering the temperature within the ear 
canal 20 as desired. The ear canal serves as a useful conduit to 
the individual's vestibular system and to the cranial nerves 
described above. 
(0097. The ear insert 11 can be formed of any suitable 
material, including flexible materials (particularly where the 
ear insert is shaped in conformance with the ear canal of the 
Subject) and rigid materials (e.g., when a more cushioning 
sleeve may be utilized). The ear insert 11 can be formed by 
any suitable technique. Such as molding or casting, with the 
TED30 or transducer (and any associated wires or leads) cast 
or molded in place in accordance with conventional tech 
niques. 
0098. The ear insert 11 can, in some embodiments, have 
one or more canals formed therein to facilitate or permit 
natural ventilation of the ear, as described in U.S. Pat. No. 
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6,819,770. If desired for some embodiments, the ear insert 11 
can also include an acoustic transducer for delivering audi 
tory or sound stimuli to the Subject. 
0099. As shown in FIG. 2, a sleeve or sheath 40 may cover 
and/or may be connected to (e.g., removably connected to: 
permanently connected to; or formed on) the ear insert inner 
portion 12. As shown most clearly in FIG. 4, the optional 
sleeve may have a closed medial end portion 41 and an open 
outer end portion 42. In some embodiments, the sleeve 40 has 
an inner Surfaceportion configured 45 to conformably engage 
the ear insert inner portion 12, and an outer Surface portion 46 
configured to conformably engage the ear canal 20 of the 
subject. Hence, heat can be conducted between (that is, to or 
from) each of the at least one thermoelectric transducers 30 
and the ear canal 20 through the sleeve 40 to deliver CVS 
and/or cranial nerve stimulation to the Subject. 
0100. In some embodiments, the optional sleeve may 
comprise areas of high thermal conductivity (high-k) and 
areas of low thermal conductivity (low-k) such that different 
portions of the ear canal receive different levels of thermal 
stimulus (i.e., portions of the ear canal that are adjacent to a 
low-k area of the sleeve receive a weaker thermal stimulus 
than portions of the ear canal that are adjacent to a high-karea 
of the sleeve). In some embodiments, the optional sleeve may 
comprise only high-k areas or only low-k areas. 
0101. In embodiments lacking the optional sleeve, the ear 
insert inner portion 12 may similarly comprise high-k and 
low-kareas whereby portions of the ear canal may be stimu 
lating differentially. 
0102. In some embodiments, such as shown in FIGS. 3-4, 
the ear insert inner portion 12 has a shape (i.e., a preformed 
shape) that corresponds to the ear canal 20 of the subject. In 
Such an embodiment the optional sleeve 40 may be config 
ured to correspond to the shape of the ear insert inner portion 
12, but conforms to the ear canal 20 of the subject only when 
mounted on the optional sleeve insert inner portion 12. In 
other embodiments, such as shown in FIGS. 5-6, the ear insert 
inner portion 12 does not have a shape that corresponds to the 
shape of the ear canal 20 of the subject, but the optional sleeve 
outer Surface portion 46 instead has a shape (i.e., a preformed 
shape), that corresponds to the ear canal of the Subject. Both 
embodiments provide, when assembled, a sleeve inner Sur 
face portion 45 that conformably engages the ear insert inner 
portion 12, and an outer Surface portion 46 that conformably 
engages the ear canal 20 of the Subject. Hence, in both 
embodiments heat can be conducted between each of the at 
least one thermoelectric transducers 30 and the ear canal 20 
through the optional sleeve 40, as discussed above. 
0103) The optional sleeve 40 can comprise, consist of, or 
consistessentially of any suitable elastic and/or compressible 
material. Such as a polymer, a textile (woven or non-woven) 
or a composite thereof. In some embodiments the polymer 
comprises a hydrogel polymer, a thermally conductive resin, 
and/or a viscoelastic polymer (it being understood that some 
but not all viscoelstic polymers will be hydrogel polymers: 
and some but not all hydrogel polymers will be viscoelastic 
polymers). Numerous Suitable hydrogel polymers, including 
biodegradable or bioerodable hydrogel polymers, and stable 
hydrogel polymers (e.g., silicone hydrogel polymers) are 
known. Examples include but are not limited to those 
described in U.S. Pat. Nos. 7,213,918; 7,171,276; 7,105,588: 
7,070,809; 7,060,051; and 6,960,625. Suitable viscoelastic 
polymers include but are not limited to those described in, for 
example, U.S. Pat. Nos. 7,217.203; 7.208,531; and 7,191, 
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483. An ester-based viscoelastic memory foam Such as used 
in the heating pad systems described in U.S. Pat. No. 7,176, 
419 is among those Suitable for use in making sleeves of the 
present invention. In some embodiments, the optional sleeve 
40 has a thermal conductivity of from 0.1 to 50 W/mxK; and 
a hardness of from 0 to 50 on the Shore A scale. 
0104. The optional sleeve 40 can be made by any suitable 
technique Such as molding, casting, etc. While in Some pre 
ferred embodiments the optional sleeve 40 is removable, in 
other embodiments that sleeve is formed on, integrally 
formed with, or otherwise permanently connected to the ear 
insert 11. The optional sleeve 40 can be open at both the 
medial 41 (closest to the ear drum) and outer ends 42 thereof, 
or open at the outer end 42 only. When the ear insert 11 has 
one or more canals formed therein to facilitate ventilation of 
the ear, the optional sleeve 40 is preferably open at both the 
proximal and distal ends of the canal. The optional sleeve 40 
may be transparent or tinted with a pigment, in whole or in 
part Such as in one or more defined locations on the sleeve 
(e.g., the medial portion, the outer portion, the upper portion, 
the lower portion, the front portion, the back portion) to 
provide an indicator of whether the sleeve is for a left or right 
earcanal device, an indicator of size of the sleeve, an indicator 
of how the sleeve should be oriented on the insert, etc. 
0105 Devices of the present invention can be used singly 
or in pairs. The ear insert 11 can optionally include an iden 
tifier associated therewith for indicating whether said ear 
insert is configured for insertion into a left or right ear canal. 
Likewise, the optional sleeve 40 can optionally include an 
identifier associated therewith for indicating whether said 
sleeve 40 is configured for: (i) insertion into a left or right ear 
canal, or (ii) engagement on said earinsertinner portion when 
said ear insertis configured for insertion into a left or right ear 
canal. Such identifiers can be printed, stamped, or molded 
symbols such as “L” for left and “R” for right; color coding 
for left and right; etc. 
01.06. In FIGS. 1, 2, 3 and 5 the ear insert 11 has an outer 
portion 13, the outer portion 13 configured to overlie at least 
a portion (e.g., some orall) of the external ear 22 of a Subject. 
This creates an external appearance, when worn, similar to 
that of a half-shell or full-shell hearing aid. However, any 
Suitable configuration can be utilized, as further shown in 
FIGS. 9-10, in which the device is configured to be positioned 
in the canal or completely in the canal of the subject. Note also 
in FIG. 10 that the device medial portion 14 does not abut the 
eardrum, as would the medial portion 14 of the device of FIG. 
9 

0107 FIGS. 7-12 illustrate various transducer arrange 
ments in devices of the present invention. While a single 
thermoelectric transducer 30 can be used, in some embodi 
ments it is preferable to include at least two, three, or four (or 
more) separately controllable thermoelectric transducers 
30a, 30b, 30e, 30d, which can be spaced apart from one 
another on the ear insert inner portion 12. As shown in FIGS. 
7-9, the transducers can be positioned longitudinally along 
the insert 11; as shown in FIG. 10, the transducers 30 can be 
positioned laterally along the insert 11. Other positionings, 
Such as angled positionings, and combinations of the forego 
ing, can also be used. Further, while the transducers are 
depicted as rectangular in shape, any Suitable regular or 
irregular shape can be used. 
0.108 FIGS. 13-14 illustrate a further embodiment of the 
present invention, in which an external housing 50 is con 
nected to the ear insert by a bridge member 51 (here, in the 
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shape of a tube). The external housing 50 is configured for 
positioning behind the ear of a subject. The housing 50 can 
contain a computerized control module, control circuitry, a 
power Supply such as a battery, controls such as an on-off 
switch 52, etc. In the illustrated embodiment the housing has 
an external transducer 53 mounted on the medial surface 54 
thereof, which external transducer can deliver thermal, elec 
tric, or mechanical stimuli to the Subject at Sub-threshold (e.g. 
stochastic) or super-threshold levels, which stimuli may be 
given in any suitable pattern alone or in cooperation with 
stimuli from the ear canal transducers. Note that the external 
transducer can be positioned on the housing so that it contacts 
the subject on or adjacent to the mastoid process 25 of the 
Subject. 
0109. The bridge member 51 may be thermally coupled to 
the thermoelectric transducer(s) and serves as a heat sink, 
removing excess heat from the transducers and assisting in 
the transfer of excess heat to the atmosphere. The external 
housing 50 may likewise serve as a heat sink. The presence of 
Such a heat sink may help to optimize the waveform charac 
teristics of the thermal stimulus by facilitating heat dissipa 
tion, thus optimizing the rate of waveform pattern change. 
0110 FIG. 15 schematically illustrates a device of the 
present invention operatively associated with a controller 60, 
which controller is in turn operatively associated with a power 
Supply 61. The controller and power Supply can be contained 
within the device (e.g., in an external housing as described in 
connection with FIGS. 13-14 above), in a belt-worn or other 
housing, connected to a stationary unit Such as a personal 
computer, or in any other Suitable configuration. In a pre 
ferred embodiment, the controller includes a computerized 
control module 70 programmed with computer instructions 
(i.e., Software) that controls the magnitude, duration, wave 
pattern, and other attributes of the vestibular stimulation. 
0111. As shown in FIG. 15, once the device is positioned 
within the ear canal 20 of a subject, the at least one thermo 
electric transducer 30a, 30b, 30c, each of which is operatively 
associated with the controller by a separate lead31a, Mb,31c. 
is activated for a time and to a temperature sufficient to deliver 
CVS and/or cranial nerve stimulation to the subject. An 
adjustable or programmable control module 70 can be uti 
lized to optimize stimulation for a particular subject, and for 
a particular purpose or condition. Where (as shown in FIG. 
15) there are at least two separately controllable thermoelec 
tric transducers on the ear insert inner portion spaced apart 
from one another, the activating step can comprise separately 
and selectively activating the at least two separately control 
lable thermoelectric transducers (e.g., by activating only one 
or two thereof, by heating one transducer and cooling 
another, by sequentially activating transducers; by activating 
different transducers to different degrees; combinations of 
Some or all of the foregoing, etc.) Patterns of separate and 
selective activation can be preprogrammed, can be deter 
mined empirically, can be optimized by the Subject or a pro 
grammer (such as a clinician) in a programming session with 
the Subject, etc. 
0112 The control module can be part of a multimodal 
stimulation system for creating a “virtual environment for 
the subject, such as described in U.S. Pat. No. 5,762,612 to 
Campbell. If desired, the device can incorporate sensors or 
monitoring probes for positioning in the ear canal. Such as 
described in United States Patent Publication Nos. 2007/ 
O112277 and 2005/0209516. 
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0113 Subjects or subjects for the devices of the present 
invention are often, but are not limited to, human Subjects, 
including both male and female Subjects at any stage of devel 
opment (e.g., juvenile, adolescent, adult, and geriatric Sub 
jects). While the shape of ears and ear canals 20 thus will vary 
among Subjects, and different sizes and combinations of ear 
inserts and optional sleeves will likely be necessary to accom 
modate different Subjects, an optimal set of inserts and 
optional sleeves can be developed through the use of statisti 
cal shape analysis (see, e.g., Paulsen, Statistical Shape Analy 
sis of the Human Ear Canal with Application to In-the-Ear 
Hearing Aid Design (Kongens Lyngby 2004)) to provide 
ready availability of the devices of the present invention with 
out the need to custom-mold a device for each individual 
Subject, including, but not limited to, through the added 
adaptability between subjects contributed by the compress 
ible optional sleeve 40 portion. 
0114. In some embodiments, an insert 11 of the invention 
is preformed to conform to, and hence conformably engage, 
the ear canal 20 of a particular subject. Such a preformed 
insert 11 can be produced by forming an ear impression, 
which ear impression can then be used for casting in analo 
gous manner as described in U.S. Pat. No. 6,249,587, or can 
instead be scanned and utilized for Subsequent casting, three 
dimensional ink-jet printing, and/or other three dimensional 
construction (via deposition or removal of materials), as 
described in U.S. Pat. Nos. 7,162.323; and 6,986.739 (see 
also Fuller, J. Microelectromechanical Systems 11:54 (2002). 
With such a preformed device any possible need for a sleeve 
may be obviated, although it is preferred, but not required, 
that the ear insert itself comprise or be formed of a soft 
resilient material (e.g., having a hardness of from 0 to 50 on 
the Shore A scale). 
0.115. A different embodiment of the vestibular and/or 
cranial nervestimulating device 10 is shown in FIGS. 16 and 
17. In this embodiment, which is in no way limiting of the 
invention, the device includes the ear insert 11, thermoelectric 
transducer 30, electrode 85, and computerized control mod 
ule 70 described above. As shown in FIGS. 16 and 17, how 
ever, the active elements (30, 70, 85) on the insert 11, includ 
ing any transducer 63 or electrode 64, occupy adjustable 
positions for greater control over the device 10. The ability to 
adjust the position of the active elements on the insert allows 
for greater flexibility in directing stimulation in a way that is 
customized for that person. Minor changes in the direction 
and location of output can have large consequences for dif 
ferent individuals. As shown in FIGS. 16 and 17, one embodi 
ment of the device includes modular portions 60-62 that fit 
together and come apart for greater variety in positioning the 
output. The modular structure shown in FIGS. 16 and 17 also 
allows for interchangeable ear inserts to be used with a single 
control module housed in the outer portion of the device. 
0116 Interchangeable ear inserts 62 are useful to allow for 
a variety of modifications in keeping with the scope of this 
invention. For example, a single individual might require 
therapy with fewer or greater numbers of any active element. 
As noted herein, the device 10 includes the flexibility to 
increase or reduce the number of electrodes 64, transducers 
63, or other active elements necessary to achieve a desired 
result. Also, the modular nature of the device shown in FIGS. 
16 and 17 allows for portions or pieces of the device 10 to be 
replaced without replacing the whole device. An ear insert 62 
might be less expensive to replace than the computerized 
control module. Accordingly, FIGS. 16 and 17 illustrate sche 
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matically one embodiment of a modular vestibular stimula 
tion device in which the active elements, located on either the 
ear insert 11 portion, or possibly a sleeve 40 as described 
above, are attached to an outer portion 50 via standard elec 
trical connectors. 

0117 The devices disclosed herein can be used in pairs. 
Accordingly, FIG. 18 shows an embodiment of the present 
invention that allows significant control over treatment 
options in either ear or both ears. Such a configuration is 
useful to complete particular therapies on different sides of a 
patient's brain. The embodiment of FIG. 18 takes the indi 
vidual stimulation devices, i.e., the ear inserts 92A, 92B, and 
incorporates them into a single device that can be worn as a 
head set assembly 100. 
0118. The head set assembly 100 includes a headband 96 
serving as a headset body portion that assists the Subject in 
achieving a proper fit for inserts 92.A. 92B positioned into the 
ear canal. By making the headband 96 of a pliable material, 
the subject can adjust the depth to which the inserts 92A,92B 
engage the ear canal and stay in place. 
0119 FIG. 18 also shows a modification to previously 
described embodiments by which the head set assembly 100 
includes an extensive heat sink capacity in the form of head 
band heatsinkportion 97 extending along one side of the head 
band 96. The heat sink portion 97 terminates on either end at 
thermoelectric transducers 95A-D installed on the ear inserts 
92A, 92B. As the thermoelectric transducers remove heat 
from the inner ear or Surrounding tissue, the heat sink portion 
97 removes the excess heat from the transducers 95A-D via 
heat sink extensions 99A-D associated with each respective 
transducer 95A-D. The heat sink extensions 99A-D are inde 
pendently connected to the headband heat sink portion 97. 
which has more than sufficient capacity to transfer heat from 
the transducers 95A-D to the atmosphere. 
0120. The head set assembly 100 also accommodates mul 

tiple variations of control systems used in accordance with 
this invention. As shown in FIG. 18, each insert 92A, 92B 
may optionally be connected to power and control circuitry in 
respective external housings 90A, 90B. The external housing 
90A,90B can contain a computerized control module, control 
circuitry, a power Supply such as a battery, controls such as 
on-off switches, etc. The external housing 90A, 90B, there 
fore, may include all of the electronics necessary for pro 
gramming and controlling a course of therapy on either side 
of the Subject's head, all the while assisting in disposing of 
excess heat via the heat sink structures 97.99. 
0121. In certain circumstances, the head set assembly 100 

is most effective if both inserts 92A,92B have the capacity for 
communicating with a common control system. FIG. 19 
shows this control system included in universal control enclo 
sure 101 located at the top of the headband 96. The head set 
assembly 100 incorporates a communications link 98 that 
extends across the head band to the external housings 90A, 
90B to coordinate the stimulation given by respective ther 
moelectric transducers 95A-D. In other embodiments, the 
universal control enclosure 101 may include sufficient power 
circuitry and controllers to reduce or eliminate the need for 
the external housings 90A, 90B. For optimal utility and com 
fort, however, the Subject may prefer certain components, 
Such as batteries, to be worn in the external enclosures posi 
tioned behind the ear or elsewhere. Overall, the embodiment 
of FIG. 18 allows multiple thermoelectric transducers 95A 
95D to be controlled via control circuitry to provide heating, 
cooling, and/or electrical stimulation to nerve endings in the 
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ear as well as the vestibular system. The heat energy is regu 
lated by the conveniently positioned heat sink portion 97 on 
the headband 96. 
I0122. It will be appreciated that, while the head band is 
shown as being worn over the head, it could also be positioned 
behind the head (as shown in FIG. 7A of U.S. patent appli 
cation Ser. No. 12/166,953), or under the head in an arrange 
ment like a stethoscope as shown in FIG. 19. 
I0123. It will also be appreciated that, while the head set 
assembly 100 is shown as comprising two ear inserts 92A, 
92B, a head set assembly could also be configured with a 
single ear insert 92A or 92B. 
0.124. In the embodiment illustrated in FIG. 19, each ear 
insert comprises a plurality of TEDs, where the TEDs are 
thermally coupled to one another (e.g., by sharing a common 
heat transfer structure or heat sink). Hence the need for an 
external heat sink as shown in FIG. 18 is reduced or obviated, 
at least when the device can be adjusted so that some of the 
TEDs are utilized to heat tissue (cool the heat transfer struc 
ture) while others are concurrently utilized to cool tissue (heat 
the heat transfer structure). 
(0.125 FIG. 20 illustrates yet another embodiment of the 
present invention. In such embodiments, the vestibular sys 
tem and/or cranial nerve stimulation device 10 is so dimen 
sioned as to be insertable into the ear canal 20 of a subject, but 
does not have a length dimension at least as great as a major 
portion of the length dimension of the ear canal of the subject 
(e.g., a length at least 50, 60, 70, or 80 percent that of the 
length dimension of the ear canal of the subject). 
0.126 The vestibular system and/or cranial nervestimula 
tion device 10 may be operational as an individualized piece 
of equipment worn by a single user, similar to the way a 
person wears a hearing aid. In different embodiments, how 
ever, the device 10 can be incorporated into a larger medical 
system. In one embodiment, the computerized control mod 
ule 70 connects to peripheral equipment for added function 
ality. In a preferred embodiment, the device 10 is part of a 
larger therapeutic system that includes other devices for 
monitoring physiological parameters. Without limiting the 
types of peripheral equipment connecting to the device 
described herein, one useful peripheral sensor measures gal 
Vanic skin resistance. Skin resistance is a significant factor in 
estimating certain physiological and emotional changes that 
an individual is experiencing. When data tracking skin resis 
tance are combined with data tracking a circadian cycle. Such 
as the temperature cycle, the result is a broader, more holistic 
approach to treating an individual. Skin resistance also pro 
vides information regarding changes and phase shifts to the 
circadian cycle and is therefore useful as a feedback check on 
the effectiveness of any currently administered vestibular 
stimulation. Accordingly, in one aspect, the device 10, par 
ticularly the computerized control module 70, processes data 
gathered by peripheral devices, such as a galvanic skin resis 
tance, and adjusts device 10 output accordingly. In line with 
this galvanic skin resistance model, the device is useful for 
practicing a method of delivering vestibular stimulation and/ 
or cranial nerve stimulation to an individual's brain. In one 
embodiment, the method includes (i) arranging a thermal 
transducer 30 and an electrode 85 on an ear insert 11 in a 
position to stimulate the vestibular system and/or at least one 
cranial nerve of the Subject, (ii) electronically connecting the 
transducer 30 and the electrode 85 to a controller 38, and (iii) 
Supplying the controller38 with galvanic skin resistance data 
and temperature data from the individual. Next, the device 10 
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activates the transducer 30 and the electrode 85 via the con 
troller 38. The transducer regulates heat exchange within the 
ear canal for a time and to a temperature sufficient to deliver 
vestibular stimulation to the individual. Similarly, the elec 
trode 85 provides electrical stimulation to the vestibular sys 
tem according to pre-set functions within the controller38. In 
combination, the controller 38, the transducer 30, and the 
electrode 85 deliver vestibular stimulation, wherein the ves 
tibular stimulation is selected from caloric stimulation, elec 
trical stimulation, and combinations of each. The method 
further includes the step of measuring physiological changes 
in the individual, wherein the physiological changes are 
selected from the group consisting of brain chemistry 
changes and blood chemistry changes. The step of measuring 
physiological changes can be selected from the group con 
sisting of circadian temperature cycle time shifts, ascorbic 
acid production, serotonin production, histamine production, 
vasopressin production, acetylcholine production, and/or 
heat shock protein production. 
0127. The device 10 of this invention effectively provides 
vestibular stimulation and/or cranial nerve stimulation, and 
therefore direct brain tissue stimulation, in numerous 
embodiments that include combinations and Sub-combina 
tions of the various elements described above. It is entirely 
within the scope of the device for the ear insert to be used with 
or without the above-described sleeve 40, which in one 
embodiment is removable and disposable. Similarly, the 
device 10 may incorporate other features that assist in pro 
viding a diagnostic ortherapeutic result. For example, certain 
applications may be optimized if the active elements of the 
device are in a particular position, and other applications may 
be optimized if the individual's head is in a particular posi 
tion. For this situation, the device may include an inclinom 
eter that measures the angle at which the individual's head is 
positioned in relation to a known norm. In a preferred 
embodiment, the device incorporates an incline indicator to 
show the individual or a health care provider the current angle 
at which an individual's head is positioned. Naturally, the 
inclinometer includes a calibration device to adjust for a 
particular individual's natural head position. 
0128. The devices disclosed herein incorporate standard 
features that are commonly used in hearing aids and other 
inner ear devices known today. For instance, given the fact 
that vestibular stimulation will likely not be administered 
around the clock, the device incorporates an automatic shut 
down mode enabled during extensive periods of inactivity. 
Other useful features available for the device include battery 
operation and padding for the outer portion worn on the outer 
ear. The housing 50 for the computerized control module 70 
may be available in stylized and appropriately colored models 
to accommodate the tastes of the individual wearing it. 

Nerve Stimulators 

0129. Nervestimulators according to the present invention 
may be provided in a variety of forms. In some embodiments, 
a nervestimulator may be configured in the form of a probe or 
an elongate probe. Such configurations have been developed 
for electrical nerve stimulation and are well known. Thus, 
nervestimulation probes of the present invention can be con 
figured as Vagal nerve stimulation probes, trigeminal nerve 
stimulation probes, glossopharyngeal nerve stimulation 
probes, deep brain stimulation probes, motor cortex stimula 
tion probes, peripheral nerve stimulation probes, brainstem 
stimulation probes, spinal cord stimulation probes, etc. Alter 
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natively, a nervestimulator according to the present invention 
may be configured to be insertable into the ear canal of a 
Subject. Such a stimulator may conformably engage the Sub 
ject's ear canal. 
0.130. In some embodiments, the apparatus further com 
prises aheat transfer structure thermally coupled to a first side 
of the TED; and a temperature controlled medium thermally 
coupled to a second side of the TED so that the TED is 
thermally coupled between the heat transfer structure and the 
temperature controlled medium. The temperature controlled 
medium may be either one or more components of the device 
itself positioned between the TED and the tissue, or the tissue 
being treated by the device. 
0.131. In one embodiment, a stimulator as described herein 
can be positioned in or adjacent a nerve (e.g., in fascia Supe 
rior to and near the nerve), and then the TED(s) activated 
sufficiently to cool the nerve and inhibit transmission therein. 
Control systems for and Surgical implantation of the stimu 
lator can be carried out in accordance with known techniques, 
such as described in United States Patent Publication No. 
2008/0243212, or variations thereof that will be apparent to 
those skilled in the art based on the present disclosure. 
I0132) Another embodiment, a method of stimulating a 
nerve in a subject in need thereof, can be carried out by 
providing a stimulator as described herein positioned in or 
adjacent said nerve (e.g., in fascia Superior to and near the 
nerve), and then activating the TED sufficiently to stimulate 
said nerve. The nerve may be a peripheral nerve causing pain 
in the subject, with the nerve thermally stimulated sufficiently 
to reduce or relieve that pain. Examples include occipital or 
trigeminal nerves in patients afflicted with occipital or 
trigeminal neuralgia. Control systems for and Surgical 
implantation of the stimulator can be carried out in accor 
dance with known techniques, such as described in U.S. Pat. 
No. 6,505.075, or variations thereof that will be apparent to 
those skilled in the art based on the present disclosure. 
I0133. Further examples of stimulators of the present 
invention are schematically illustrated in FIGS. 1 and 2 of 
U.S. Provisional Application No. 61/224,668, the disclosure 
of which is incorporated herein by reference in its entirety. 
Cochlear Implants 
I0134. In some embodiments, a device of the present inven 
tion may be configured as a cochlear implant. Such an 
implant, or cochlear Stimulator, may be configured to be 
inserted into the cochlea of a subject with the TEDs posi 
tioned in a linear array to stimulate a plurality of ganglion 
cells in the basal region of the cochlea. In such an embodi 
ment the array can be configured so that while one TED is 
activated to stimulate ganglion cells with heat, adjacent TEDS 
are activated to cool adjacent ganglion cells, thereby inhibit 
ing undesired activation of adjacent ganglion cells. In Such an 
embodiment, the adjacent TEDS can advantageously be ther 
mally coupled to one another (e.g., by direct contact to one 
another, and/or through a thermal or heat transfer structure, 
which may be the Support itself and/or a separate structure 
Such as a heat sink) So that each at least partially offsets 
thermal energy displaced by the other. Such a cochlear 
implant or stimulator can be constructed with known ele 
ments and in accordance with known designs, modified to 
incorporate the TEDs as described herein. See, e.g., U.S. Pat. 
No. 6,038,484. 
Concurrent Electrical Stimulation 

I0135) In some embodiments, the probe can also include 
one or more electrodes that can be used to concurrently (e.g., 
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sequentially or simultaneously) apply an electrical current to 
the tissue being stimulated. The electrodes can be separate 
from the TEDs, or the TEDs can themselves be utilized as 
electrodes. Where the TEDs are themselves used as elec 
trodes (in addition to their use for heating or cooling the 
tissue), they can optionally be provided with separate or addi 
tional electrical lead lines for carrying the electrical stimula 
tion signal. 

Concurrent Hall Effect Stimulation 

0136. In some embodiments, the apparatus can further 
comprise: two magnetic coils of opposite polarity, each 
adapted to generate a magnetic field in a patient's tissue, the 
coils being positioned to generate a substantially toroidal 
magnetic field within the patient's tissue; and an ultrasound 
Source adapted to transmit a focused ultrasound beam into the 
patient's tissue, as described in United States Patent Publica 
tion No. 2007/0255085, the disclosure of which is incorpo 
rated herein by reference. As with concurrent electrical stimu 
lation, the Hall effect stimulation may be applied sequentially 
or simultaneously with the heating and/or cooling of the 
tissue being stimulated. 

Concurrent Drug Delivery 
0.137 In some embodiments, the apparatus can further 
comprise one or more reservoirs formed in or positioned in 
the probe, each reservoir positioned adjacent one or more 
TEDs. The reservoir can contain a pharmaceutical or active 
agent to be delivered to the tissue being stimulated. Such as 
described in U.S. Pat. No. 6,178,349. The reservoir can be in 
any Suitable form, including as a liquid-containing chamber, 
as a solid or semi-solid drug depot Such as a thin film com 
prising the active agent in a carrier, etc. Heating or cooling of 
the reservoir is applied through an adjacent TED to speed or 
slow the release of active agent to the tissue. 

Controllers and Systems 
0138 A device of the present invention is typically asso 
ciated with a controller, which controller is in turn operatively 
associated with a power Supply. The controller and power 
Supply can be contained within the device (e.g., in an external 
housing), in a belt-worn or other housing, connected to a 
stationary unit Such as a personal computer, or in any other 
Suitable configuration. In a preferred embodiment, the con 
troller includes a computerized control module programmed 
with computer instructions (i.e., Software) that controls the 
magnitude, duration, wave pattern, and other attributes of the 
stimulation. 
0.139. Once the device is positioned on or in the subject, 
the at least one thermoelectric transducer, each of which is 
operatively associated with the controller by a separate lead, 
is activated for a time and to a temperature sufficient to deliver 
CVS or nerve stimulation to the subject. An adjustable or 
programmable control module can be utilized to optimize 
stimulation for a particular Subject, and for a particular pur 
pose or condition. Where there are at least two separately 
controllable thermoelectric transducers on the device, the 
activating step can comprise separately and selectively acti 
vating the at least two separately controllable thermoelectric 
transducers (e.g., by activating only one or two thereof, by 
heating one transducer and cooling another, by sequentially 
activating transducers; by activating different transducers to 
different degrees; combinations of some or all of the forego 
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ing, etc.). Patterns of separate and selective activation can be 
preprogrammed, can be determined empirically, can be opti 
mized by the Subject or a programmer (such as a clinician) in 
a programming session with the Subject, etc. 
0140. Some embodiments of the invention comprise a 
stimulator system, the system comprising a stimulation probe 
as described above and a controller electrically coupled to the 
TED or devices of that probe, wherein the controller is con 
figured to sense a first value of an electrical characteristic of 
the TED, to generate a first electrical control signal to pump 
heat through the TED in response to sensing the first value of 
the electrical characteristic of the TED, to sense a second 
value of the electrical characteristic of the TED wherein the 
first and second values of the electrical characteristic are 
different, and to generate a second electrical control signal to 
pump heat through the TED in response to sensing the second 
electrical characteristic of the TED, wherein the first and 
second electrical control signals are different. 
0141 Where multiple TEDs are included on the probe, the 
controller is preferably separately coupled to each TED so 
that each TED can be controlled separately and indepen 
dently of one another, as noted above. 
0142. In some embodiments, the controller is configured 
to sense the first and second electrical characteristics by sens 
ing electrical signals generated by the TED responsive to first 
and second heat gradients across the TED. 
0143. In some embodiments, the controller is configured 
to generate the first electrical control signal So that heat is 
pumped through the TED in a first direction, and to generate 
the second electrical control signal so that heat is pumped 
through the TED in a second direction opposite the first 
direction. 
0144. In some embodiments, the controller is configured 
to generate the first electrical control signal so that a first 
electrical current flows through the TED in a first direction, 
and to generate the second electrical control signal so that a 
second electrical current flows through the TED in a second 
direction opposite the first direction. 
0145. In some embodiments, the controller is configured 
to generate the first and second electrical control signals to 
maintain a stable temperature of the temperature controlled 
medium. 
0146 In some embodiments, the controller is configured 
to generate the first and second electrical control signals to 
provide a temperature ramp for the temperature controlled 
medium. 
0.147. In some embodiments, the controller is configured 
to generate the first and second electrical control signals to 
provide a cyclical temperature profile for the temperature 
controlled medium. 
0.148. Additional details of controllers useful for carrying 
out the present invention are described in U.S. patent appli 
cation Ser. Nos. 11/972,267 and 12/166,953, the disclosures 
of which are incorporated by reference herein in their entirety. 
014.9 The controller can be enclosed or sealed in a sepa 
rate control module, which can be connected to the stimulator 
device with an elongate flexible lead. The control module can 
be an implantable module or can be worn externally by the 
Subject. 
0150. Where the nervestimulator is a cochlear implant the 
controller is correspondingly configured as cochlear implant 
controller for detecting auditory stimuli. Such as speech or 
other Sound, and stimulating ganglion cells in the basal region 
of the cochlea at the location corresponding to the frequency 
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of the Sound detected, so that the Sound or speech can be 
perceived by the Subjector Subject, in accordance with known 
techniques (such as described in U.S. Pat. No. 6,259.951) or 
variations thereof that will be apparent to those skilled in the 
art. 

Current Steering 

0151. In some embodiments, where multiple TEDs are 
included on the probe, the device can include a power steering 
capability for adjusting the power, signal, and timing of signal 
to particular TEDs on the probe. This is advantageous when, 
for example, the probe includes multiple TEDs thermally 
coupled to one another, and one or more TEDs are used to 
apply heat to tissue, and one or more TEDs are concurrently 
used to cool tissue, so that displaced heat is offset at least in 
part from one device to another. Current steering can be 
implemented in accordance with known techniques or varia 
tions thereof that will be apparent to those skilled in the art. 
See, e.g., U.S. Pat. No. 6,909,917, the disclosure of which is 
incorporated by reference herein in its entirety. Such a current 
steering unit or controller can include a pulse generator 
responsive to programming signals for generating stimula 
tion currents; a system responsive to the programming signals 
for selectively applying the stimulation currents to one or 
more TEDs; and a current steering unit responsive to direc 
tional signals configured for steering the stimulation currents 
from the at least one first TED to at least one second TED. The 
current steering unit may optionally be configured to redis 
tribute currents from the TEDs in a manner that is perceived 
as a smooth redistribution. The redistributing unit may 
optionally includes a formula-based algorithm means for 
redistributing stimulation current from one of the electrodes 
included within the array of devices to another of the elec 
trodes included within the array of devices. Preferably, the 
redistribution unit includes programming or an algorithm to 
compare power or current routed to TEDs that heating tissue 
and TEDs in thermal contact therewith that are cooling tissue, 
so that heat transfer can be at least partially offset therebe 
tWeen. 

Motion Detectors 

0152. In some embodiments, the system can further com 
prise a motion detector (e.g., an accelerometer) and a signal 
processor operatively associated with the motion detector. 
The signal process is in turn operatively associated with the 
controller, so that the controller activates the TED as desired 
when a particular movement or motion is detected. For 
example, the signal processor can be configured to detect 
tremors, such as described in PCT Publication No. WO 2006/ 
033039. In another example, the signal processor can be 
configured to perform a gait analysis, such as described in 
PCT Publication No. WO2007/088374; Lemke, J. Psychiat 
ric Research, 34:277 (July 2000); Lee et al., Spine 32:1329 
(May 2007); Neville and Boyd, J. Neurol., Neurosurg, and 
Psychiatry, 58:371 (1995); and Beauchet, Neuropsychiatric 
Disease and Treatment 4:155 (2008). The gait analysis can be 
one which detects a gait associated with a particular neuro 
logical disorder and activates the TED when a gait associated 
with that neurological disorder is detected. 
0153. In addition to activating the TED, the motion detec 
tor can further be configured to monitor the subject for the 

Dec. 6, 2012 

cessation of the particular motion or gait and the controller 
then configured to deactivate the TED once that motion or gait 
has ceased. 
0154 The MMA766OFC 3-Axis Orientation/Motion 
Detection Sensor, commercially available from Freescale 
Semiconductor, Inc. (Austin, Tex.), is one example of a Suit 
able motion detector. 
0155 The motion detector can be positioned in the probe 

itself, in the control module, or positioned anywhere on the 
subject suitable for motion detection. 

Stimulation Signal 
0156 Any suitable stimulation signal can be utilized, 
including but not limited to continuous stimulation and cyclic 
stimulation (e.g., heat then off and repeat; cool then off and 
repeat; heat then cool and repeat, cool then heat and repeat, 
cool then off then heat and repeat, etc.) which cyclic stimu 
lation may produce different types of waveforms, such as 
uniform, randomized/stochastic, etc. 
0157. In some embodiments, the TED is configured to 
provide thermal pulses. Such thermal pulses may be warming 
pulses or cooling pulses. Thermal pulses of the present inven 
tion may be from about one-half second to about ten minutes 
in duration, with each pulse being separated in time by about 
one-half second to about 12 hours. In some such embodi 
ments, the thermal pulses are about one-half second to about 
two seconds in duration and are separated by intervals of 
about one-half second to about ten seconds. In other embodi 
ments, the thermal pulses are about two to about ten seconds 
in duration and are separated by intervals of about ten to about 
thirty seconds. In further embodiments, the thermal pulses are 
about ten seconds to about two minutes in duration and are 
separated by intervals of about one to about five minutes. In 
still further embodiments, the thermal pulses are about 30 
seconds in duration and are separated by intervals of about 3 
to about 5 minutes. In yet further embodiments, the thermal 
pulses are about 10 minutes in duration and are separated by 
intervals of about 1 to about 12 hours. 
0158. The magnitude of the thermal stimulus delivered via 
TED activation will depend upon factors such as the tissue 
being stimulated, the Volume of tissue being stimulated, the 
duration of the stimulus, the condition of the subject, and the 
particular diagnosis or treatment. 
0159. In some embodiments, for cooling, the tissue imme 
diately or most closely adjacent the TED is cooled at least 1, 
2, 3, or 4 degrees Centigrade, up to 5, 10 or 20 degrees 
Centigrade, or more. In some embodiments, the tissue imme 
diately or most closely adjacent the TED is cooled by about 
0.5 degree to about 37 degrees Centigrade. In some embodi 
ments, the tissue immediately or most closely adjacent the 
TED is cooled by about 7 to about 33 degrees Centigrade, 
preferably by about 17 to about 27 degrees Centigrade. In 
Some embodiments, the ear canal of a subject is cooled by 
about 0.5 degree to about 37 degrees Centigrade. In some 
embodiments, the ear canal of a subject is cooled by about 7 
to about 33 degrees Centigrade, preferably by about 17 to 
about 27 degrees Centigrade. Those skilled in the art will 
appreciate how to select appropriate limits on the intensity/ 
duration of stimulation and/or the Volume of tissue being 
thermally treated to avoid tissue damage. 
0160. In some embodiments, for heating, the tissue imme 
diately adjacent or most closely adjacent the TED is heated at 
least 1, 2, 3, or 4 degrees Centigrade, up to 5, 10 or 20 degrees 
Centigrade, or more. In some embodiments, the tissue imme 
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diately or most closely adjacent the Ted is heated by about 0.5 
degree to about 11 degrees Centigrade. In some embodi 
ments, the tissue immediately or most closely adjacent the 
TED is warmed by about 0.5 degree to about 6.5 degrees 
Centigrade, preferably by about 2 to about 4 degrees Centi 
grade. In some embodiments, the ear canal of a Subject is 
heated by about 0.5 degree to about 11 degrees Centigrade. In 
Some embodiments, the ear canal of a subject is warmed by 
about 0.5 degree to about 6.5 degrees Centigrade, preferably 
by about 2 to about 4 degrees Centigrade. Those skilled in the 
art will appreciate how to select appropriate limits on inten 
sity/duration of stimulation and/or the volume of tissue being 
thermally treated to avoid tissue damage. 
0161. In some embodiments, the TED is activated for a 
period of about 1 to about 20 minutes, preferably for about 5 
to about 10 minutes. 
0162. In a preferred embodiment, a device of the present 
invention (having a conical metal (e.g., medical grade alumi 
num) probe for insertion into the ear, which probe is cooled by 
a thermoelectric device contacting the probe external to the 
ear and an outer housing therefore) is inserted into the ear 
canal of a subject, and the TED is activated sufficient to cool 
the ear canal of the subject by about 17 degrees for a period of 
about 7.5 minutes. Such an embodiment is used to treat a 
Subject Suffering from a migraine headache. 
0163 Where multiple TEDs are incorporated into a single 
stimulator, different modes and patterns of stimulus can be 
applied through eachTED (some of the TEDs may be utilized 
to heat while others are utilized to cool; some of the TEDs 
may be utilized while others are not; some of the TEDs may 
be utilized to electrically stimulate tissues while others are 
utilized to thermally stimulate (heat and/or cool) the tissue, 
etc.). Non-limiting examples are set forth in Table 3. 

TABLE 3 

Exemplary stimulation patterns for apparatuses 
incorporating multiple TEDs 

TEC #1 TEC #2 TEC #3 

1. Cool Cool Cool 
2. Heat Heat Heat 
3. Electric current Heat 
4. Electric current Cool 
5. Stochastic-electric Cool 
6. Stochastic-electric Heat 
7. Stochastic-heat Heat 
8. Stochastic-cool Cool 
9. Stochastic-cool Cooling waveform 

10. Stochastic-heat Heatwaveforms 
(sinusoidal, square 
sawtooth) 

11. Stochastic-electric Electric waveforms 
12. Combinations 
13. Delivery of thermal or electric 

stimulus via hydrogel 
14. Delivery of electrical stimulus 

across cultured neuronal tissues 

Combination Treatment 

0164. Tissue stimulators, probes, systems and apparatuses 
of the invention can be used alone or in combination with 
other control and/or stimulation elements, provided on the 
same probes and in the same controllers or on separate stimu 
lators and/or controllers to achieve a combined treatment 
effect through multiple modes of stimulation. Additional 
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modes of stimuli include, but are not limited to, those 
described in U.S. Pat. Nos. 5,571,150; 5,922,016; 5,643,330; 
6,341,236; 6,699,269; 5,529,574; 5,707,367; 7,232,458: 
6,486,059; 6,735,475; 6,526,318; etc. 
0.165 Similarly, stimulators, probes, systems and appara 
tuses of the present invention may be used in combination 
with pharmaceuticals to achieve a combined treatment effect. 
One skilled in the art will appreciate how to select, combine 
and administer Such pharmaceuticals. 
0166 The foregoing is illustrative of the present invention, 
and is not to be construed as limiting thereof. The invention is 
defined by the following claims, with equivalents of the 
claims to be included herein. 

That which is claimed: 
1. In a method of diagnosing a disorder and/or evaluating 

brain function in a test Subject by creating an image of at least 
a portion of the brain of said test subject, the improvement 
comprising: 

stimulating the test subject's vestibular system with a ther 
moelectric device prior to and/or concurrently with cre 
ating said image. 

2. The method of claim 1, wherein said image is selected 
from the group consisting of a magnetic resonance imaging 
(MRI) image, an X-ray computed tomography (CT) image, 
an ultrasound image, a single photon emission computed 
tomography (SPECT) image, a positron emission tomogra 
phy (PET) image, an electroencephalography (EEG) image 
and a magnetoencephalography (MEG) image. 

3. The method of claim 1, further comprising: 
analyzing brain activity in one or more areas of the test 

subject's brain following stimulation of the test subject's 
vestibular system. 

4. The method of claim 3, further comprising: 
comparing the brain activity in one or more areas of the test 

subject's brain to brain activity observed in an image of 
a healthy control subject's brain, wherein the healthy 
control subject likewise received vestibular stimulation. 

5. The method of claim 3, further comprising: 
comparing the brain activity in one or more areas of the test 

subject's brain to brain activity observed in an image of 
the test Subject's brain that was taken during a previous 
testing session in which the test Subject's vestibular sys 
tem was stimulated. 

6. The method of claim3, wherein the one or more areas of 
the test Subject's brain is/are selected group from the group 
consisting of the cerebellum, the cuneus, the precuneus, the 
fusiform gyrus, the hippocampus, the insula cortex, the lin 
gual gyrus, the parahippocampus, the parietal lobe, the puta 
men, the singular gyms, the Supplementary motor cortex, the 
temporal lobe and the thalamus. 

7. The method of claim 1, wherein stimulating the test 
subject's vestibular system with a thermoelectric device com 
prises: 

positioning a thermoelectric device in the ear canal of the 
test Subject; and 

activating the thermoelectric device sufficient to stimulate 
the test subject's vestibular system. 

8. The method of claim 7, wherein activating the thermo 
electric device sufficient to stimulate the test subject's vesti 
bular system comprises cooling the ear canal of the test Sub 
ject. 

9. The method of claim 8, wherein the ear canal of the test 
subject is cooled by about 0.5 to about 37 degrees Centigrade. 
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10. The method of claim8, wherein the earcanal of the test 
subject is cooled by about 7 to about 33 degrees Centigrade. 

11. The method of claim8, wherein the earcanal of the test 
subject is cooled by about 17 to about 27 degrees Centigrade. 

12. The method of claim 7, wherein activating the thermo 
electric device sufficient to stimulate the test subject's vesti 
bular system comprises warming the ear canal of the test 
Subject. 

13. The method of claim 12, wherein the ear canal of the 
test subject is warmed by about 0.5 to about 11 degrees 
Centigrade. 

14. The method of claim 12, wherein the ear canal of the 
test subject is warmed by about 0.5 to about 6.5 degrees 
Centigrade. 

15. The method of claim 12, wherein the ear canal of the 
test subject is warmed by about 2 to about 4 degrees Centi 
grade. 

16. The method of claim 7, wherein activating the thermo 
electric device sufficient to stimulate the test subject's vesti 
bular system comprises: 

cooling the ear canal of the test Subject; and then 
warming the ear canal of the test Subject. 
17. The method of claim 7, wherein activating the thermo 

electric device sufficient to stimulate the test subject's vesti 
bular system comprises: 

warming the ear canal of the test Subject; and then 
cooling the ear canal of the test Subject. 
18. The method of claim 7, wherein activating the thermo 

electric device sufficient to stimulate the test subject's vesti 
bular system comprises cyclically activating the thermoelec 
tric device. 

19. The method of claim 7, wherein activating the thermo 
electric device sufficient to stimulate the test subject's vesti 
bular system comprises delivering thermal pulses to the ear 
canal of the test subject. 

20. The method of claim 7, whereinactivating the thermo 
electric device sufficient to stimulate the test subject's vesti 
bular system comprises cyclically altering the temperature 
profile of the ear canal of the test subject. 

21. The method of claim 7, whereinactivating the thermo 
electric device sufficient to stimulate the test subject's vesti 
bular system comprises maintaining a stable temperature pro 
file of the ear canal of the test subject. 

22. The method of claim 7, whereinactivating the thermo 
electric device sufficient to stimulate the test subject's vesti 
bular system comprises providing a temperature ramp to the 
ear canal of the test Subject. 

23. The method of claim 7, whereinactivating the thermo 
electric device sufficient to stimulate the test subject's vesti 
bular system comprises providing a thermal stimulus having 
a uniform waveform to the ear canal of the test subject. 

24. The method of claim 7, whereinactivating the thermo 
electric device sufficient to stimulate the test subject's vesti 
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bular system comprises providing a thermal stimulus having 
a stochastic waveform to the ear canal of the test Subject. 

25. The method of claim 7, wherein activating the thermo 
electric device sufficient to stimulate the test subject's vesti 
bular system comprises providing a thermal stimulus having 
a randomized waveform to the ear canal of the test subject. 

26. The method of claim 7, wherein activating the thermo 
electric device sufficient to stimulate the test subject's vesti 
bular system comprises stimulating at least one cranial nerve 
other than the vestibulocochlear nerve. 

27. The method of claim 26, wherein the at least one cranial 
nerve other than the vestibulocochlear nerve is selected from 
the group consisting of the vagus nerve, the trigeminal nerve 
and the glossopharyngeal nerve. 

28. The method of claim 26, wherein the vestibular system 
and the at least one cranial nerve other than the vestibuloco 
chlear nerve are stimulated concurrently. 

29. The method of claim 1, wherein the test subject dem 
onstrates one or more indicators of declining cognitive func 
tion. 

30. The method of claim 1, wherein the test subject is 
experiencing and/or has recently experienced mental and/or 
physical stress as a result of prolonged mental and/or physical 
exertion. 

31. The method of claim 1, wherein the test subject is 
suffering from and/or has recently suffered from a potential 
cardiac infarction and/or stroke. 

32. The method of claim 1, wherein the test subject is 
suffering from and/or has recently suffered from a brain/ 
spinal cord injury. 

33. The method of claim 1, wherein the test subject is 
suffering from and/or has recently suffered from epilepsy. 

34. The method of claim 1, wherein the test subject is 
Suffering from and/or has recently suffered from a migraine 
headache. 

35. The method of claim 1, wherein the test subject is 
suffering from and/or has recently suffered from depression 
and/or bipolar disorder. 

36. The method of claim 1, wherein the test subject is 
suffering from and/or has recently suffered from a neurode 
generative disorder. 

37. The method of claim 1, wherein the disorder is a sen 
sory disorder. 

38. The method of claim 1, wherein the disorder is a motor 
disorder. 

39. The method of claim 1, wherein the disorder is a cog 
nitive disorder. 

40. The method of claim 1, wherein the disorder is a neu 
rodegenerative disorder. 

41. The method of claim 1, wherein the disorder is a mood 
disorder. 


