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Method and Apparatus of Noninvasive, Regional Brain
Thermal Stimuli for the Treatment of Neurological

Disorders

FIELD OF THE INVENTION

This invention relates generally to a method and apparatus

for delivering thermal stimuli to the brain and more

particularly relates to a method and apparatus for noninvasive,

regional brain thermal stimuli, either through cooling or

warming, to treat neurological disorders.

BACKGROUND OF THE INVENTION

The present invention provides a novel method and apparatus

for non-invasive regional brain thermal stimulation for treating

neurological disorders. In particular, the present invention

has novel applications for neuropsychiatric disorders in which

there are alterations in whole brain metabolism. Such

disorders, include, by way of example but not limitation,

insomnia, sleep apnea syndrome and depression. More broadly,

however, the present invention is effective in any neurological

disorder in which an alteration in metabolism in a localized

area may be beneficial.

One such brain disorder that illustrates the benefits of

the present invention is insomnia. A recent NIH State-of-the-

Science Conference "Manifestations and Management of Chronic

Insomnia in Adults", noted that "insomnia is the most common



sleep complaint across all stages of adulthood, and for millions

of people, the problem is chronic." Many health and lifestyle

factors can contribute to insomnia including stress, depression,

medical illnesses, pain, medications, or specific sleeping

disorders. The panel concluded that "there is great need for

additional research to better define the nature of chronic

insomnia." While recognizing evidence from both psychological

and physiological models in the etiology of insomnia, the

conference encouraged more research by concluding that "the

neural mechanisms underlying chronic insomnia are poorly

understood..." and that ... studies aiming to identify neural

mechanisms should use animal models and in vivo neural imaging

approaches in people with insomnia and in individuals with

normal sleep ."

Existing treatments of neurological and/or sleeping

disorders, including insomnia, include the use of over the

counter or prescription drugs and/or behavioral treatments.

Prescription drugs are known to aid patients suffering from

sleeping disorders, however, these drugs can be quite expensive

and potentially addicting. Some medications even become less

effective as use continues. Additionally, the prescriptions can

have unwanted and harmful side effects.

Other techniques to treat sleeping disorders include a

variety of behavioral measures including stimulus control



therapy, sleep restriction therapy, relaxation training,

cognitive therapy, and sleep hygiene education. While these

measures have moderate effectiveness, they are costly, require

significant time to implement and require highly trained

clinicians to implement.

The present invention addresses these issues and those

relating to other neurological disorders through using a novel

method and apparatus for non-invasive and localized or regional

thermal stimuli to the brain that helps treat neurological or

neuropsychiatric disorders. In the case of sleeping disorders

or depression, again as an example but not as a limitation on

the full scope of the present invention, the restoration of

function in the cerebral cortex plays a significant role in

sleep. At the molecular and neuronal levels, hypothesized

functions of sleep include the restoration of brain energy

metabolism through the replenishment of brain glycogen stores

that are depleted during wakefulness and the downscaling of

synapses that have been potentiated during waking brain

function. A homeostatic sleep drive, or pressure for sleep, is

known to build throughout the waking hours and then is

discharged during sleep. At the electroencephalograph^ (EEG)

level, this is measured by EEG spectral power in the delta (0.5-

4Hz) frequency band.



These sleep-related processes have some regional

specificity for the prefrontal cortex. Slow wave sleep rhythms

have both thalamic and cortical components. An anterior

dominance of EEG spectral power in the delta EEG spectral power

range has been reported. A frontal predominance for the

increase in delta power following sleep loss has been also

reported. This region of the cortex also plays a prominent role

in waking executive functions which are preferentially impaired

following sleep deprivation. These sleep deprivation induced

cognitive impairments have been related to declines in frontal

metabolism after sleep loss. While cerebral metabolism declines

globally from waking to NREM sleep, these declines are most

pronounced in heteromodal association cortex, including the

prefrontal cortex.

Insomnia is associated with global cerebral

hypermetabolism. Nofzinger et al. (Am J Psychiatry , 2004)

assessed regional cerebral glucose metabolism during both waking

and NREM sleep in insomnia patients and healthy subjects using

[18F] fluoro-2-deoxy-D-glucose positron emission tomography

(PET) . Insomnia patients show increased global cerebral glucose

metabolism during sleep and wakefulness; and a smaller decline

in relative metabolism from wakefulness to sleep in wake-

promoting regions of the brain. In a comparison between

insomnia and depressed patients, insomnia patients demonstrated



increased waking relative metabolism in the prefrontal cortex.

Finally, recent research has shown that the amount of

wakefulness after sleep onset, or WASO, in insomnia patients

correlates with increasing metabolism in the prefrontal cortex

during NREM sleep.

The relationship between body temperature and quality of

sleep generally have been described in connection with prior

research in the field of sleep medicine. Heat loss, via

selective vasodilatation of distal skin regions (measured by the

distal minus proximal skin temperature gradient (DPG), seems to

be a crucial process for the circadian regulation of core body

temperature (CBT) and sleepiness (Aschoff 1956; Krauchi and

Wirz-Justice 1994, 2002; Krauchi et al . 1998, 2000). Increased

DPG before lights off has been noted to promote a rapid onset of

sleep, suggesting a link between thermoregulatory and arousal

(sleepiness) systems (Krauchi et al. 1999, 2000). Hot

environments impair the sleep process including falling asleep

and maintaining sleep as well as generating slow wave sleep as

the increased ambient temperature interferes with the normal

declines in core body temperature associated with the sleep

onset process. Finally, rapid and intense temperature drops

around the sleep onset or sleeping periods are expected to have

an arousing effect (Home and Reyner 1999; Hayashi et al. 2003) .

In contrast, the present invention minimizes such adverse



effects from temperature changes through application of a less

intense hypothermic stimulus over a prolonged period of time to

a localized surface of the scalp. More specifically, the

present invention utilizes the application of a noninvasive,

regional thermal stimulus, either through warming or cooling, to

the scalp of the head to adjust metabolism in the cerebral

cortex underlying the stimulus and, thereby, provide treatment

for neurological disorders.

Existing technologies for brain cooling involve either

whole body cooling or whole brain cooling. Most commonly

employed is whole body cooling. Less commonly applied is whole

brain cooling, which includes some invasive techniques. Of the

below-listed devices, none have been used for the treatment of

neuropsychiatric or neurological disorders such as sleeping

disorders including insomnia.

For example, regulation of overall body temperature in an

attempt to aid patients in falling asleep is disclosed in U.S.

Patent No. 5,441,476 to Kitado et al. Prior to the present

invention, however, generalized temperature regulation has not

proven efficacious in the field of sleep medicine. Adverse

effects of entire body cooling include: (i) infections; (ii)

coagulopathy; (iii) cardiac arrhythmias; (iv) arterial

hypotension; and (v) shivering (leading to anesthesia) .



Also known in the art, is the cooling of a particular organ

for surgical purposes as demonstrated in U.S. Patent No.

6,979,345 B2 to Werneth. In this reference, a device performs

hypothermia to a patient or a particular organ of a patient,

while administering a medication to a blood vessel.

Additionally, U.S. Patent Nos. 5,957,963, 6,149,667, 6,231,595

Bl and 6,818,011 B2 all to Dobak, III, disclose a method and

apparatus for performing hypothermia of an entire selected organ

without significant effect on surrounding organs or other

tissues. The cooling protects the tissue from injury caused by

anoxia or trauma. An advantage of these inventions is that they

reduce the need for whole body cooling, but they do not address

the noninvasive, regionalized thermal stimulation method of the

present invention.

Brain cooling devices are also available which reduce the

risk of secondary brain injury after initial brain injury to a

patient. For example, see U.S. Patent No. 6,929,656 Bl to

Lennox, which teaches an apparatus and method for reducing

secondary brain injury. Unlike the present invention, though,

this apparatus includes an invasive brain cooling probe and a

control console. The brain cooling probe cools the brain to

prevent secondary injury by cooling the cerebrospinal fluid

within one or more brain ventricles.



Further, U.S. Patent No. 6,986,783 B2 to Gunn et al.

teaches a method for preventing or reducing the development of

delayed brain damage in a patient, comprising the steps of

applying generalized cooling headwear to the patient's head,

thermostatically controlling the coolant temperature within a

predetermined range to maintain the brain at a temperature below

normal for an extended period of time sufficient to prevent the

death of neurons, glial or other cells that would otherwise die

as a consequence of direct injury to the brain or other injury

to the patient likely to cause injury to the brain. Unlike the

present invention, this method is designed to produce whole

brain cooling using temperature changes that, in the case of

treatment for sleep disorders, are too severe to allow sleep to

occur or be maintained. The present invention differs from this

prior art in that it uses the localized or regional application

of a hypothermic stimulus that, in one embodiment, is in a range

that can be used for the induction and maintenance of sleep.

The related art also teaches cooling blood flowing to the

brain. For example, U.S. Patent No. 6,682,552 B2 to Ramsden et

al. discloses a device and system for use in a pre-hospital

setting to cool the brain after an injury. The cooling effect

of this invention is specifically geared towards cooling the

blood flowing through the carotid artery to the brain. Likewise,

U.S. Patent No. 5,916,242 to Schwartz discloses a neck



encircling apparatus for brain cooling in firm contact with the

soft tissue of the neck, and particularly in thermal contact

with the carotid arteries traversing the neck. Distinct from

the present invention, neither of these devices allows for

regional or localized brain cooling at temperature ranges that

may permit sleep and its beneficial results for treatment of

certain brain disorders.

Devices for brain cooling of an infant are also known, as

shown in U.S. Patent No. 6,312,453 Bl to Stefanile et al. This

device is used where the infant has suffered hypoxic shock.

U.S. Patent No. 5,261,399 to Klatz et al. teaches a brain

cooling device and method for brain cooling. The device is a

helmet for positioning on the head of the patient. The cooling

is intended to prevent ischemic and anomic injuries whereby the

patient survives neurologically intact.. Another example is

demonstrated in U.S. Patent No. 7,008,445 B2 to Lennox, which

teaches a cooling helmet. In both of these disclosures,

generalized cooling of the brain occurs by a helmet that

encompasses the entirety of a head region, while the present

invention, again, focuses on localized or regional cooling or

warming of the brain.

Similarly, U.S. Patent No. 6,126,680 to Wass which

discloses a method and apparatus for generalized convective

cooling of a brain in which cooled air is passed over the



entirety of a patient's head resulting in convective cooling of

the patient's brain.

More generally, while direct application of a thermal

stimulus to the cerebral cortex is not feasible in human

clinical trials, general research on brain cooling has shown

that the application of a cooling stimulus to the scalp

decreases brain temperature in the underlying cortex in both

animals and humans. For example, in a study of pigs, even a

mild surface cooling of 15 degrees Celsius was associated with

cooling of the scalp and superficial brain to 35 degrees

Celsius. Iwata et al Pediatric Int. 2003. In this study, there

was a notable differential effect of surface cooling on

superficial vs. deep brain tissue, with superficial brain tissue

cooled to a greater degree than deep brain tissue. The change

in underlying brain temperature was achieved in 30-75 minutes.

In a human study, (Wang et al. 2004) researchers were able to

decrease surface brain temperatures by an average of 1.84

degrees Celsius within 1 hour of subjects wearing a whole head

cooling helmet. Systemic hypothermia (< 36 degrees Celsius) did

not occur until 6.67 hours after application of the cooling

stimulus. Biomedical engineering models (Diao et al. 2003) also

suggest that rapid cooling (within 26 minutes) of the brain gray

matter can be achieved by selective head cooling on the surface.

While the purpose of this research focused on techniques for



generalized brain cooling, t'he present invention specifically

utilizes non-invasive and regionalized thermal stimulation,

including brain cooling for the purposes of reducing brain

metabolism in a specific brain region and not others, and

thereby provides treatment for neurological disorders.

Prior to the present invention, generalized brain cooling

has been known only to protect the brain against damage caused

by loss of blood flow or loss of oxygen to brain tissue in

several clinical circumstances such as head trauma, stroke and

protection against neuronal insult during cardiopulmonary

surgery. Preclinical studies have shown neuroprotective

beneficial effects of brain cooling in several domains. These

include: metabolism (1970); pH (1992); neurotransmitter levels

(1982); free fatty acids (1989); blood-brain barrier (1990);

edema (1987); glucose metabolism (1987); cerebral blood flow

(1954); free radical activation (1994); lipid peroxidation

(1994); calcium accumulation (1992); protein synthesis (1991);

protein kinase-C activity (1991) ; leukocyte accumulation (1991) ;

platelet function (1987); NMDA neurotoxicity (1991); growth

factors (1994); cytoskeletal proteins (1993); calcium-dependent

protein phosphorylation (1990); warm shock protein (1992);

immediate early genes (1996); NOS activity (1999); and MMP

expression (2003) .



Further, the benefit of mild (30 degrees Celsius-34 degrees

Celsius) hypothermia in global and focal ischemia has been

recognized. Therapeutic hypothermia to improve neurological

outcome after global and focal ischemic events affecting the

brain has also shown beneficial results in controlled animal and

human studies. However, no practical device for or method of

treatment of neruological disorders has resulted from these

studies .

The present invention provides a method of noninvasive,

regional brain thermal stimulation to aid in the treatment of

neurological or neuropsychiatric disorders that has not been

utilized in the prior art. In fact, nothing in the related art

patents discloses or suggests any teaching regarding the

treatment of neurological disorders, such as sleeping disorders,

via brain cooling or warming. The related art further does not

provide an apparatus for regional brain thermal adjustment to

treat neurological disorders, such as sleeping disorders or

depression.

SUMMARY OF THE INVENTION

The present invention provides the advantages of delivering

regionally selective brain cooling or warming in a noninvasive

manner that alters cerebral metabolism in a regionally localized

manner, and, thereby, treats neurological disorders that are



characterized by regionally specific alterations in brain

function.

Another advantage and purpose of the present invention is

the delivery of thermal stimuli, either hypothermal, i.e.,

cooling or hyper-thermal, i.e., warming, to a more regionally

select area of the cortex that allows for a more specific

delivery of treatment to regions of the cortex that are known to

have abnormal metabolism in specific neuropsychiatric disorders.

No devices, aside from the regional brain thermal stimuli device

of the present invention, currently exist for the treatment of

neuropsychiatric disorders such as, for example, insomnia,

depression, or sleep apnea, along with others. Regionally

selective cooling reduces the adverse effects of whole body

cooling such as: infections; coagulopathy; cardiac arrhythmia;

arterial hypotension; and shivering (leading to anesthesia) .

An object of the present invention is to treat neurological

disorders by focusing on the pathophysiology underlying those

disorders .

By way of example, but not limitation, insomnia is one of

the potentially numerous, neurological disorders that has been

identified to have regionally specific alterations in cerebral

metabolism. In the context of treating insomnia, an object of

the present invention is to provide frontal hypothermic regional

cerebral thermal therapy (RCTT) that decreases metabolism in the



prefrontal cortex at an optimal time. In this same content, yet

another object of the present invention is to provide frontal

hypothermic RCTT that positively impacts clinical outcomes by

(i) decreasing cognitive arousal, (ii) accelerating the normal

drop in core body temperature, (iii) differentially reducing

frontal scalp temperature in relation to occipital temperature,

(iv) reducing the latency to sleep or increasing sleep quantity

when measured either subjectively or objectively by

polysomnography, and/or (v) increasing subjective sleepiness.

Again, this is only one example of a variety of regions of the

brain that the present invention might target, and other

configurations could be developed for regionally altering

temperature in other areas.

More broadly, the present invention includes a method and

device that provides regional brain cooling or warming for

treatment of neurological disorders and that accomplishes

desired clinical outcomes. Specifically, what is provided is a

method and device for treating neurological or neuropsychiatry

disorders, comprising the steps of applying a regional brain

thermal stimuli device to a patient that cools or warms the

scalp and skull and portions of the underlying brain of said

patient. This cooling or warming alters the temperature of a

cortical surface inside of the skull. In the embodiment of the

invention having application in the treatment of insomnia, for



example, the method comprises applying cooling to the forehead

and temporal region of the skull, scalp or head of a patient.

In this embodiment, the regional brain cooling device can

optionally be combined with a sleep apnea device. The general

method further includes utilizing optimal cooling times and

temperatures as needed to address specified neurological

disorders. For example, but not by way of limitation, in the

case of insomnia and sleep disorders, the regional brain cooling

device can be applied prior to, during, and/or prior to and

during sleep. Also in an embodiment of the invention having

application in the treatment of insomnia and sleep disorders,

cooling is generally in the range of about 0 degrees Celsius to

37 degrees Celsius. Such temperature ranges for cooling can be

varied, though, depending on the response of the patient and the

desired clinical results. In an embodiment of the invention

having application across the time periods of both pre-sleep and

sleep, the present invention can provide a programmable feature

may alter the temperature setpoint at specific times of waking

and sleep to optimize the entry into sleep and the maintenance

of sleep. The method can, optionally, further comprise the step

of monitoring the patient during treatment and/or the cooling

process so that temperature adjustments can be made to

correspond with the specific state of wakefulness or sleep that

the patient is in.



Also, specifically provided is a device for regional brain

thermal stimulation for the treatment of neurological disorders,

comprising a cover or shield having a shape that corresponds to

the underlying brain region that is targeted for modifying

cerebral temperature and metabolism; a cooling or warming

element or material for brain cooling or warming located within

said cover or shield; and a means for application of said

regional brain cooling or warming device to a patient. The

device can be comprised of a comfortable material that can be

adjustable to fit a plurality of patients. The apparatus

provides thermal stimulation by any method that cools or warms

and serves the functional goal of noninvasive, localized

temperature control for the treatment of neurological disorders,

including, but not limited to: circulating coolant or warmed

fluids including liquids and gasses, non-circulating materials

or compounds that either apply cooling or hearing or remove cold

or warm including cold packs and chemical cooling or warming,

and thermoelectric cooling or warming.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 displays a front view of one embodiment of the

non-invasive regional brain thermal stimuli device on the head

of a patient.



Figure 2 shows a side view of one embodiment of the non¬

invasive, regional brain thermal stimuli device with an ear

attachment on the head of a patient.

Figure 3 illustrates a side view of one embodiment the non-

invasive, regional brain thermal stimuli device with a strap

attachment on the head of a patient.

Figure 4 shows a prospective view of one embodiment of the

non-invasive, regional brain thermal stimuli device with an ear

attachment, on the head of a patient.

Figure 5 shows a side view of another embodiment of the

non-invasive, regional brain thermal stimuli device with a chin

strap.

Figure 6 illustrates a top view of another embodiment of

the non-invasive, regional brain thermal stimuli device.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The invention will now be described in detail in relation

to a preferred embodiments and implementation thereof which is

exemplary in nature and descriptively specific as disclosed. It

must be understood that no limitation of the scope of the

invention is thereby intended. The invention encompasses such

alterations and further modifications in the illustrated method

and apparatus, and such further applications of the principles

of the invention illustrated herein, as would normally occur to

persons skilled in the art to which the invention relates.



The present invention is based upon the principle that

cooling or warming the scalp over certain regions of brain both

triggers and maintains the physiological processes impacted by

neurological disorders. For example, but not by way of

limitation, cooling the prefrontal cortex of the brain can help

treat the physiological processes that lead to sleep onset and

sleep maintenance and thereby assist in the treatment of sleep

disorders. In this example, the mechanism by which this occurs

may include any or some combination of the following: 1 ) a

reduction in metabolism in the prefrontal cortex that is

necessary for the onset and maintenance of sleep; 2 ) a

triggering of the normative drop in core body temperature that

occurs as part of the sleep onset process; 3 ) a reduction in

cognitive arousal that is mediated by increased metabolic

activity in the prefrontal cortex in insomnia patients.

The method and device of this embodiment of the present

invention more generally involves the application of a

noninvasive, regionalized thermic stimulus to a patient's head

in order to impact and adjust brain metabolism and thereby

obtain the clinical benefits of treating neurological disorders.

Again, by way of example, the brain cooling method and

device of the present invention obtains these benefits by

decreasing hypermetabolism associated with such disorders. The

brain cooling method and device of the present invention also



reduces the cognitive hyperarousal that prevents the natural

entry into sleep in insomnia patients and facilitates the

changes in thermoregulation associated with sleep onset. In the

case of a hyper-thermic stimulus of the present invention, or

non-invasive, regionalized brain warming, therapeutic benefits

can be achieved where an increase to the metabolism to a

localized area of a patient's brain is desired.

In general, the regional brain thermal stimuli method and

device of the present invention cools or warms the scalp or

skull of a patient and, in turn, cools or warms the temperature

of the brain inside the skull of the patient where the invention

is applied. As used in this application, the terms "regional"

and "regionalized" refer to such an application of the present

invention in a specific or localized area or region of the

brain; and "thermal stimuli" and related variations of this

phrase refer to hypothermal stimuli or cooling as well as hyper-

thermal stimuli or warming. The application of a noninvasive,

regionalized thermal stimulus to the scalp is associated with

adjustments, i.e., reductions or increases in metabolism in the

underlying cortex and such an intervention facilitates treatment

of patients with neurological disorders. Again by way of

example in an embodiment of the invention applying brain

cooling, the invention can also facilitate sleep onset and

improve sleep quality.



To help illustrate and describe the present invention, the

following discussion focuses, first, on the general method of

the invention and then on the general device of the present

invention as they relate to brain cooling. A particular

embodiment of the present invention having application to the

treatment of sleep disorders such as insomnia through brain

cooling is then described as one example of, but not a

limitation on, the invention. Other embodiments may employ

brain cooling for other regions of the brain and associated

disorders, as well as brain warming for purposes of brain

disorder treatment.

The method of the present invention involving a hypothermal

stimuli or brain cooling generally involves the application of

noninvasive, regionalized cooling to the brain, during an

optimal time and at optimal temperatures, to change brain

metabolism/activity in a regionally specific manner to treat

brain disorders and, in particular, that is specific to each

disorder based on known regional abnormalities in brain

metabolism/activity found in the scientific literature for the

disorder.

More specifically, the method of regional brain cooling of

the present invention comprises the steps of noninvasive,

regional cooling of the brain at a localized area of the brain

where thermal stimulation will provide therapeutic benefits,



application of such cooling at an optimal time based upon the

disorder being treated and application of an optimal temperature

reduction based upon the characteristics of the same disorder.

The noninvasive, regional brain cooling step generally involves

the use of the device of the present invention. The method of

the present invention can further include the step of monitoring

patient response to the cooling process and make corresponding

adjustments to the timing and/or temperature of the cooling

process .

Optimal timing for application of the regional thermal

stimulation method of the present invention depends upon the

nature of the neurological or brain disorder being treated.

Optimal cooling temperatures similarly depend upon the nature of

the subject disorder. The cooling method of the present

invention can alternatively produce cooling cycles during use,

that is, cooling can be on for a set period or periods of time

and off for a set period or periods of time. The cycles are

dependant on a particular patient's response to the treatments.

Different cooling temperatures can also be used during treatment

periods.

The thermal stimulation method of the present invention can

also include the step of patient monitoring. Patients can be

monitored in several ways. For example, during the application

of the regionalized cooling method in a sleep laboratory



setting, patients can be monitored for the presence or absence

of sleep, as well as the depth of sleep as assessed by the

presence of slow waves using polysomnography. Temperature

probes on the surface of the scalp underneath the cooling device

can monitor the temperature of the cooling and, in an

alternative embodiment can provide programmed feedback to the

regional brain cooling device to allow for desired temperature

adjustments. This monitoring process step can also take place

by any means, including electronic, known to those skilled in

the art that help accomplish the functional goal of noninvasive,

regionalized brain cooling for the purpose of treating

neurological disorders.

The method of the present invention is used to treat

disorders of the brain in which regional changes in brain

activity may be beneficial. There exists a broad range of brain

disorders in the fields of neurology and psychiatry, including

sleep disorders associated with these neurological and

psychiatric disorders, in which a change in brain activity,

through regionalized brain cooling is beneficial.

For certain of these disorders, the indication is the

treatment of the sleep disturbances associated with the

disorders, which in turn, benefit the general condition itself.

For example, in depressed patients, metabolism in the prefrontal

cortex does not decline from waking to NREM sleep to the same



degree as it does in healthy subjects. This abnormality in

changes in regional brain metabolism across the wake/sleep

period is important in either the causes of depression or in the

maintenance of depression and especially in the sleep complaints

often reported by these patients. Similar changes in the

prefrontal cortex across the wake/sleep periods have been noted

in healthy aging, and are presumed to be present in other

neuropsychiatric disorders in which there is a disturbance in

the ability to either fall asleep or to stay asleep during the

night. Examples of such disorders include post-traumatic stress

disorders, anxiety disorders and sleep disorders associated with

aging and the dementias . The present invention also applies to

treat these disorders by allowing for optimal regionalized

placement, optimal cooling temperatures and optimal timing of

cooling treatments that are appropriate for the disorder.

For other patients, the present invention can be applied

during waking hours in connection with other neurological

disorders. As an example, a neurological disorder characterized

by parietal lobe metabolic abnormalities may be effectively

treated by application of localized parietal scalp cooling for

one hour three times per day during waking hours.

Referring to figures 1-6, the noninvasive, regional brain

cooling device of the present invention is comprised of a

localized or regionalized item of headgear for discrete regions



of the brain. The figures show configurations related to the

current embodiment for cooling the frontal lobe of the brain in

insomnia patients (see Figures 1-4) or a larger head covering

(see Figures 5 and 6 ) that is positioned on the head of a

patient. These same designs may also be used for treatment

involving brain warming.

Referring to device to Figures 1-4, the thickness of cover

11 of this embodiment of device 10 can vary, and differing

ranges of thickness are possible. By way of example, but not

limitation, in respect to the embodiment of the present

invention addressing insomnia as a neurological disorder, the

preferable thickness of the device is about 0.1 inches thick to

2 inches thick and more preferably between about 0.2 inches

thick and 0.5 inches thick. For other neurological disorders,

thickness, again, may vary.

For embodiments of the invention as depicted in Figures 5

and 6 , thickness of cover 21 in device 20 can also vary.

Various attachment means known to those skilled in the art

can be used to attach the regional brain cooling device of the

embodiments depicted in Figures 1-6 to a head or skull of a

patient. For example and not by limitation, attachment can

occur by placing straps around the ears of a patient, using one

or two straps 22 which fit around the back of the head or skull

of the patient, utilizing a chin strap 23, and/or using an



adhesive to attach the device to the scalp of the patient or any

other method of providing a wearable device. The adhesive can

optionally be conductive to facilitate the cooling process.

Alternatively, where the surface area of the device is

sufficiently large, the device can be constructed of a

stretchable cap that secures to the head or skull of a patient.

The device of the present invention is adjustable so that

it can fit a plurality of different head sizes and in turn fit a

plurality of patients. The apparatus accomplishes this

adjustment means by any way known in the art that serves the

functional goal of localized temperature control, including but

not limited to snaps, Velcro or elastic.

The device of the present invention is generally placed

over those regions or localized areas of the brain where cooling

is desired. For example, but not by way of limitation, in an

embodiment of the invention where insomnia is addressed as a

neurological disorder, the device is placed on the frontal area

or more particularly placed over the forehead and temporal

region of the patient's skull, as shown in Figures 1-4. Such

placement corresponds to those areas of the brain that have high

levels of metabolism during sleep, i.e., the frontal and

temporal cortex. For other disorders, the device of the present

invention can have different sizes and/or placement on the skull

of a patient.



In connection with the embodiment of the invention having

application to treatment of insomnia and sleep disorders,

modifications to the regional brain cooling device can be made

to allow it to be used in conjunction with headgear associated

with the administration of positive airway pressure treatment

for sleep apnea or other sleep apnea devices, such as devices

that produce a ^puff" instead of constant positive pressure.

These devices commonly consist of a soft plastic hollow mask

that fits over the nose and/or nose and mouth of the patient.

The devices also can have associated head straps attaching the

masks firmly to the face of a patient and keeping the tubing

that channels the air from the pressurizing machine to the mask

in place.

There are a variety of configurations of headgear for

holding the sleep apnea devices and/or masks in place over the

oral or nasal airway passages. By way of example, but not

limitation, combined sleep apnea devices and cooling headgear

may consist of a variety of configurations to allow for both the

holding of the mask in place as well as for the cooling of the

frontal and temporal regions of the brain. In these cases, the

cooling head device is configured on the inside of the headgear

that holds the mask in place so that the straps for the mask

keep in place both the face mask as well as the cooling device

on the forehead. The straps are configured around the cooling



device in such a way as to hold both the airway mask and the

cooling device in place yet do not impede the circulation of

fluids or gases, if any, through the cooling device.

The noninvasive, regional brain cooling of the present

invention can occur using any cooling method that also serves

the functional goal of localized temperature control for the

treatment of neurological disorders. By way of example, but not

limitation, one method of cooling is by pumping or flowing

cooling fluids through the brain cooling device or optionally

through a plurality of channels within the device. The terms

"fluid" or "fluids" as used herein can describe a fluid, slurry

or a gas or some combination thereof. By way of further

example, but not limitation, where circulated cooling fluids are

used, such cooling fluids can circulated by a pump or other

means through a circulation system that includes a cooling

chamber, insulated tubes (about 5-20 mm in diameter) that run

from the chamber to the device, tube connectors on the device

that allow for the connection of the tubes to the channels of

the device and channels in the device (about 1-20 mm in

diameter) that overlie the inner layer that is in contact with

the scalp. Temperature probes on the surface of the scalp can

provide feedback to the cooling chamber to adjust the

temperature of the cooling fluids up or down to achieve the

desired cooling temperature on the scalp. The cooling chamber



may be any one of several commercially available units that

allow for the cooling of fluids and pumps that circulate these

fluids from the chamber to the device. The cooling chamber and

pumps can be programmable to provide a range of temperatures and

durations of cooling to achieve maximal cooling. The pumps also

can be programmable to provide a variation to pressures of the

fluids to achieve maximal cooling.

For the purposes of sleeping with the device in place, the

walls of the channels for circulating the fluid are both

flexible to allow for increased comfort and deformability to the

contours of individual heads, yet have sufficient internal

rigidity to resist compression of the channels due to the weight

of a head on a pillow. The internal walls of the chamber also

direct the flow of fluids evenly across the entire device to

provide an even distribution of cooling over the entire surface

of the device.

Another method of cooling includes passing a cooled fluid

directly over the skull or scalp of a patient. Yet another

method of cooling is a chemical reaction that occurs instantly

between two chemicals when mixed together produces cooling.

cold pack provides an example of such a chemical reaction, but

other similar reactive cooling methods can also be employed.

Still another method of cooling is thermoelectric cooling based



on the Peltier Effect, by which DC current is applied across two

dissimilar materials causing a temperature differential.

In one embodiment of the present invention, the device

consists of device having three layers. The interior layer of

the apparatus fits directly on the scalp surface and is made of

a material that allows for maximal comfort and that has good

thermal conductive properties. The material is preferably a

synthetic or the like, although other materials can be used.

The middle layer optionally comprises a series of channels for

circulating a fluid. The fluids may consist of a variety of

elements typically used for cooling, for example, air, water,

coolant or similar fluid. This middle layer can also consist of

electrical refrigerant elements that produce cooling. The outer

or inner layer can also house the fluid and/or channels.

Further, the channels can be eliminated from the middle layer

and the fluid directly flowed or pumped into and through the

middle layer.

In this embodiment, the middle coolant layer is preferably

designed to have varying temperatures that may differ for each

individual patient according to their neurological disorder and

clinical response. For example, but not as a limitation, the

preferred cooling temperature in an embodiment of the invention

having application to insomnia and sleep disorders ranges from

about freezing {0 degrees Celsius) to just about above body



temperature (about 37 degrees Celsius) . Also in such an

embodiment, the preferred temperature range can vary during the

time of application of the device prior to sleep and throughout

the sleeping period. Different behavioral states, such as

waking, NREM and REM sleep, can require different temperatures

in order to have maximal benefit, yet maintaining adverse events

low and comfort high.

By way of example, but not limitation, an embodiment of the

cooling method and device of the present invention is now

described as applied to the treatment of insomnia or sleep

disorders. In this embodiment, regionalized cooling preferably

occurs on the frontal area of a patient's skull. Application of

a cooling stimulus to the surface of the scalp decreases

temperature and subsequent metabolism in the prefrontal cortex.

In this content, this cooling stimulus also decreases cognitive

arousal, facilitates core body temperature declines associated

with sleep onset, increases depth and quality of sleep, reduces

sleep onset and provides neuroprotection during sleep in

sleeping disorder patients. All of these effects are associated

with an improved quality of sleep and a sense of more

restorative sleep.

In the embodiments of the method of this invention

applicable to treatment of sleep disorders, the periods of

application of cooling that are most important to help



facilitate and maintain sleep include the pre-sleep period and

the sleep period itself. Normal sleep is associated with a pre-

sleep decline in core body temperature, a sensation of

sleepiness, and a gradual loss of consciousness and a decline in

cerebral metabolism overall. Regionally, this decline is

notable in the prefrontal cortex. Early sleep is associated

with large amounts of slow wave sleep as measured by the amounts

of EEG waves that are large in amplitude and low in frequency.

Brain cooling is most appropriate at distinct times across

a 24-hour day. Brain and body temperature have distinct 24-hour

rhythms. The time of application of regional brain cooling is

an important variable in terms of having the desired effect.

For example, whole body temperature declines around the time of

sleep onset. Augmentation of brain cooling over this time may

aid in the transition from wake to sleep. Brain metabolism also

declines across the sleep period with some increases in REM

sleep.

The brain cooling device can optionally be applied,

therefore, depending upon the needs of the patient, (i) only

during the pre-sleep period, (ii) only during the sleep period,

or (iii) both during the pre-sleep period and during the sleep

period in severe cases. Further, the temperature ranges to

facilitate sleep onset or to maintain sleep may differ so that



programmable features for the application of different

temperatures during these two periods are important.

For some patients, cooling may only be necessary in the

pre-sleep period. This cooling provides the benefits of

reducing core body temperature, reducing metabolic activity in

the prefrontal cortex, and reducing cognitive arousal, any of

which may shorten sleep latency. Once any of these listed

effects occur, sleep may proceed naturally throughout the night

and further cooling during sleep may not be necessary. In a

preferred embodiment of the method of this invention where pre-

sleep cooling is used for the treatment of insomnia or sleep

disorders, the patient places the regional brain cooling device

on their head within about 10 minutes to 4 hours, and preferably

within about 30 minutes to an hour, of their anticipated bedtime

and removes it prior to their bedtime. Variations on these time

frames can also be used, though, and are within the scope of

this embodiment of the invention.

For other patients, cooling may be used both prior to sleep

onset and throughout the sleeping period. Such patients may

have difficulty maintaining sleep because of their inability to

have declines in whole brain metabolism, or in frontal

metabolism and/or their inability to generate the slow wave

sleep or to reduce cognitive activity associated with worries

and daily preoccupations. For such patients, an extended period



of cooling provides one or more of the following benefits:

reduction of core body temperature, reduction of metabolic

activity in the prefrontal cortex, reduction of cognitive

arousal, shortening of sleep latency, increasing slow wave

sleep, decreasing arousals during sleep and increasing total

sleep time. In a preferred embodiment of the method of this

invention relating to both pre-sleep and sleep brain cooling for

treatment of insomnia and sleep disorders, the patient places

the device on their head within about 10 minutes to 4 hours, and

preferably within about 30 minutes to an hour, of their

anticipated bedtime and continues to wear it throughout the

night of sleep. While a cooler stimulus may be necessary to

facilitate sleep onset (say 0 to 30 degrees Celsius) , a slightly

warmer temperature may be sufficient to maintain sleep (about 15

to 30 degrees Celsius) , but not be too cool as to arouse a

patient from sleep. Again, other time frames of application of

cooling can also be used and are within the scope of this

embodiment of the invention. To increase comfort, the

temperature can optionally be modulated in the cooling method of

the present invention from body temperature to the desired

temperature range over time.

The cooling method of the present invention can also be

used solely during sleep without any pre-sleep cooling.



Further, the device may be used in the middle of the night,

after a patient awakens from sleep. Patients with insomnia

often describe wakening in the middle of the night and having

difficulty returning to sleep. At these times, the device may

be applied in the middle of the night to facilitate their return

to sleep.

A further feature of the device allows patients to have

control over the temperature settings of the device. In this

application, a control box is placed next to the bed of the

patient for easy access while the patient is lying in bed. The

control box is connected electrically to the thermostat of the

cooling chamber and allows the patient or other users immediate

access to control the temperature of the device while they are

wearing it. Patients with insomnia often feel a lack of control

over their ability to sleep and allowing them to have control

over the temperature configuration allows for them to have

immediate feedback over the temperature range of the device so

they can maximize its comfort and therapeutic efficacy over

repeated practice. In this manner, the temperature range is

individualized for each subject to maximize comfort, minimize

adverse events and maximize efficacy.

In the embodiments of the method of the present invention

relating to treatment of insomnia and sleep disorders, the

regional brain cooling device can operate to cool the entire



time it is in contact with the patient's scalp. However,

different cooling cycles and different cooling temperatures can

optionally be used during pre-sleep and sleep periods. For

example, different cooling temperatures can be used for NREM and

for REM sleep - based upon the different degrees of internal

body temperature regulation during these periods.

For purposes of treating insomnia and sleep disorders, the

preferred cooling temperature for the regionalized cooling

method of the present invention is between about 5 degrees

Celsius to 37 degrees Celsius and preferably between about 10

degrees Celsius to 30 degrees Celsius. Other cooling

temperatures can also be used, though, and are within the scope

of this invention. In choosing a particular temperature,

several factors should be considered. First, too cool of a

temperature or stimulus has an arousing effect and interferes

with the patient's sleep. Additionally, too cool of a stimulus

(e.g. 0 degrees Celsius) damages scalp tissue and can produce

systemic effects related to whole body cooling. Second, too

warm of a stimulus is not sufficient to have significant effects

on reducing metabolism in the underlying cortex and thus the

patient's neurological or neuropsychiatric disorders are not

effectively treated. temperature of between about 10 degrees

Celsius to 28 degrees Celsius, as an example, provides a mild,

comfortable cooling that does not have any systemic effects, yet



still is cool enough to produce metabolic declines in the

superficial cortex in close proximity to the stimulus. At this

temperature, surface, but not deep, brain tissue shows modest

declines in temperature. This temperature of about 10 degrees

Celsius and 28 degrees Celsius also is not associated with any

adverse effects to the scalp.

The timing of the application of the cooling step in the

method of the present invention also has several determinants.

First, the cooling stimulus should be applied long enough so

that brain cooling occurs at both the scalp and the cortex of

the brain underneath the location of application. The range of

this application is generally between about 20 and 150 minutes

and preferably between about 30 to 60 minutes and may vary

outside of these ranges according to the individual patient.

For some patients, application may only need to be continued in

the time prior to sleep onset in order to facilitate sleep. For

other patients, application may be necessary not only prior to

sleep but also during sleep.

Where regional brain cooling is applied during sleep,

application of the cooling step is desirable during the first

NREM sleep cycle, which generally occurs during the first 30 to

70 minutes of sleep. Other patients may require continued

cooling throughout the entire period of sleep in order to



decrease brain activity and facilitate sleep for this entire

period.



I claim:

1 . A method of brain thermal stimulation for treating a

neurological disorder, comprising the application of

noninvasive, regional brain thermal stimuli to a region of a

patient's head associated with the subject neurological

disorder.

2 . The method of claim 1 , wherein said brain thermal

stimulation alters the brain function in the region of the brain

underlying the region of the patient's head to which said brain

thermal stimuli is applied.

3 . The method of claim 2 , wherein said brain thermal

stimulation alters the temperature of the cortical surface of

said brain region.

4 . The method of claim 1 , further comprising the step of

monitoring said patient's physiological characteristics selected

from the group consisting of body temperature and level of

sleep.

5 . The method of claim 4 , further comprising the step of

adjusting the temperature of said brain thermal stimuli based

upon the results of said monitoring.

6 . The method of claim 4 , further comprising the step of

adjusting the timing of said brain thermal stimulation based

upon the results of said monitoring.



7 . The method of claim 1 , further comprising the step of

combining said regional brain thermal stimulation with a method

for controlling sleep apnea.

8 . The method of claim 1 , further comprising the step of

providing thermal stimulation in an optimal temperature range

depending upon the subject neurological disorder.

9 . The method of claim 1 or 8 , further comprising the

step of providing thermal stimulation at an optimal time during

the day depending upon the subject neurological disorder.

10. The method of claim 1 , wherein said brain thermal

stimulation is provided by a method of thermal adjustment

selected from the group consisting of circulating coolant or

warmed fluids, non-circulating cooling or warming compounds and

thermoelectric cooling or warming.

11. A method of treating neurological disorders,

comprising the steps of:

identifying the region of a patient's brain that is

altered in connection with said neurological disorder;

identifying an optimal thermal stimulation time and

temperature for altering brain function in said region; and

applying a noninvasive, regional brain thermal stimuli

to the regional area of a patient' s head over said brain region

at said optimal time and temperature to alter brain function in

said region.



12. The method of claim 11, wherein said brain thermal

stimulation alters the brain function in the region of the brain

underlying the region of the patient's head to which said brain

thermal stimuli is applied.

13. The method of claim 12, wherein said brain thermal

stimulation alters the temperature of the cortical surface of

said brain region.

14. The method of claim 11, further comprising the step of

monitoring said patient's body temperature during said cooling.

15.. The method of claim 11, further comprising the step of

monitoring said patient's physiological characteristics selected

from the group consisting of body temperature and level of

sleep.

16. The method of claim 15, further comprising the step of

adjusting the temperature of said brain thermal stimulation

based upon the results of said monitoring.

17. The method of claim 15, further comprising the step of

adjusting the timing of said brain thermal stimulation based

upon the results of said monitoring.

18. The method of claim 11, further comprising the step of

combining said regional brain thermal stimulation with a method

for controlling sleep apnea.

19. The method of claim 11, wherein said brain thermal

stimulation is provided by a method of thermal adjustment



selected from the group consisting of circulating coolant or

warmed fluids, non-circulating cooling or warming compounds and

thermoelectric cooling or warming.

20. A device for noninvasive, regional brain thermal

stimulation consisting of a means of delivering a brain thermal

stimuli means to a specific region of a patient's head that is

selected from the group consisting of circulating coolant or

warmed fluids, non-circulating cooling or warming compounds and

thermoelectric cooling or warming.

21. The device of claim 20, wherein said brain thermal

stimulation means alters the brain function in the region of the

brain underlying the region of the patient's head to which said

brain thermal stimulation means is applied.

22. The device of claim 21 wherein said brain stimulation

means alters the temperature of the cortical surface of said

brain region.

23. The device of claim 20, further comprising a means of

monitoring said patient's physiological characteristics selected

from the group consisting of body temperature and level of

sleep.

24. The device of claim 23, further comprising the means

of adjusting the temperature of said brain thermal stimulation

based upon the results of said monitoring.



25. The device of claim 23, further comprising the means

of adjusting the timing of said brain thermal stimulation based

upon the results of said monitoring.

26. The device of claim 20, further comprising a means for

controlling sleep apnea.

27. The device of claim 20, further comprising a means of

adjusting the temperature of said thermal stimulation means.

28. The device of claim 20 or 27, further comprising a

means of adjusting the timing of the application of said thermal

stimulation means.

29. The device of claim 20, wherein said brain thermal

stimulation means is comprised of a head covering shaped to

conform to the region of a patient's head where brain thermal

stimulation is desired.

30. The device of claim 20, wherein said brain thermal

stimulation means is comprised of a head covering having an

interior layer, a middle layer and an outer layer;

wherein said middle layer comprises a series of

channels for circulating a fluid; and

wherein said internal layer is comprised of a material

having high thermal conductive properties.

31. The device of claim 30, wherein said fluid is selected

from the group consisting of gas, water, coolant and

refrigerant.



32. The device of claim 30, wherein said middle layer

further comprises electrical refrigerant elements for producing

a cooling or warming effect.

33. The device of claims 29 or 30, wherein said head

covering is adjustable to fit a plurality of patients.

34. The device of claim 30, further comprising a pump to

circulate said fluid.

35. The device of claim 20, further comprising a user

temperature control device.
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