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(57) ABSTRACT 

A device and method of use for treating a medical disorder 
by surgically implanting into a patient at least one sensor 
element capable of detecting and conveying cell signals; 
attaching a management unit such that a micro controller of 
the management unit is connected to at least one sensor 

element; and connecting the management unit via a lead 
bundle to at least one treatment device. The treatment device 
may be an electrical stimulation device, a magnetic stimu 
lation device, a heat transfer device, or a medication delivery 
device. Responsive to signals from the one or more sensor 
elements, mathematical algorithms of the management unit 
use Wavelet crosscorrelation analysis to prompt delivery of 
at least one treatment modality, such heat transfer, current 
pulses, magnetic stimulation or medication. The medical 
disorder may arise from the brain, central nervous system or 
organs and tissues outside of the central nervous system. 
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TECHNIQUES USING HEAT FLOW 
MANAGEMENT, STIMULATION, AND SIGNAL 
ANALYSIS TO TREAT MEDICAL DISORDERS 

[0001] This application claims priority to US. provisional 
patent applications Nos. 60/160,328, ?led Oct. 19, 1999, and 
60/201,188, ?led May 2, 2000, Which are hereby incorpo 
rated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The invention pertains to a method of treating a 
medical disorder using heat transfer, electrical stimulation, 
and/or delivery of medication so as to stop or prevent 
abnormal cell activity, thus treating the disorder to improve 
function of an affected body tissue. The method improves 
effectiveness of stimulation for treating disorders of function 
of brain or elseWhere in central nervous system, or in 
peripheral nerve. The method may be used to treat epilepsy, 
for treatment of brain disorders other than epilepsy, for 
spinal disorders, and for disorders of other body organs and 
tissues. 

[0004] 2. Description of Related Art 

[0005] Epilepsy is a signi?cant medical problem, as nearly 
1% of the United States population is affected by this disease 
at any given time, constituting about 2.6 million people. In 
1991 dollars, the direct costs for the treatment of epilepsy in 
the United States Were 1.8 billion dollars and the indirect 
costs amounted to 8.5 billion dollars. Thus, the disorder is a 
signi?cant health problem and a need exists for improved 
treatments to control the disease and alleviate its burden on 
society as a Whole. 

[0006] Epileptic seiZures occur because of an abnormal 
intensity and synchroniZed ?ring of brain cells. The funda 
mental neuronal disturbance during a seiZure consists of 
large amplitude, sustained depolariZation (depolariZing 
shift), on top of Which rides a protracted volley of action 
potentials. The depolariZing shift (DS) is a complex phe 
nomenon Whose triggering mechanism is not fully under 
stood. One hypothesis is that DS is a postsynaptic potential, 
ampli?ed by sloW calcium currents. Electrical activity is 
normally terminated toWard the end of depolariZation at 
Which time potassium conductance is increased, making 
cells refractory to further stimulus (hyperpolariZation). Gen 
eraliZed seiZures can begin over essentially the entire brain 
at one time, While others, knoWn as focal or partial seiZures, 
begin in a localiZed area of the brain and then spread. Thus, 
both Widespread and localiZed mechanisms appear to be 
involved in the occurrence of seiZures. As an example, 
seiZures manifest themselves as seiZure discharges affecting 
the cerebral cortex, the outer most layer of the brain, though 
paradoxically, stimulation of the thalamus and other subcor 
tical regions, located deeper Within the brain, have been 
shoWn to not only initiate but also control or even prevent 
seiZures. Evidence suggests that the thalamus and the sub 
stantia nigra are involved in the development of certain 
kinds of seiZures. Even more Widespread mechanisms might 
be involved, as evidenced by the successful use of vagal 
nerve stimulation for treatment of some seiZures. The vagus 
nerve is located in the neck and extends to the brain stem 
from Which it has Widespread connections throughout the 
brain, including branches to the thalamus. Studies have 
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shoWn that chronic vagal nerve stimulation can reduce 
seiZures by 50% or more in a third of treated patients. The 
vagal nerve simulator has recently been released as a com 
mercial product. Information thus far indicates that it is 
moderately effective, but only rarely controls seiZures com 
pletely. 
[0007] Direct electrical stimulation has been applied to the 
cortex of humans for mapping purposes since the 1930s, but 
a complication of cortical stimulation can be the unWanted 
occurrence of afterdischarges. Recently, investigators have 
shoWn, hoWever, that brief pulses of stimulation (BPS) can 
terminate afterdischarges (ADs), if appropriately applied. 
Preliminary data also suggests that stimulus is often more 
effective When exerted at peak negativity of AD Waveform, 
and that phase of Waveform at Which stimulation is most 
effective varies. If one accepts ADs as one model for 
epilepsy in humans, this raises the possibility that appropri 
ately applied stimulation could abort spontaneous seiZure 
activity in human brain. This may be explained again using 
the analogy of cardioverter de?brillator Where a single pulse 
stimulus is applied to chest. Stimulus, if synchroniZed to R 
Wave, depolariZes the Whole heart muscle at the same time 
and lets a single pulse source (SA node) take over. HoWever, 
if not synchroniZed to the repolariZation Wave, stimulus Will 
induce cardiac ?brillation, since some parts of tissue are in 
process of recovery from previous depolariZation and there 
fore Will be susceptible to another depolariZing stimulus. 
This asynchrony may cause the chaos called “cardiac ?bril 
lation”. It results from excitation of some parts of tissue 
While the rest is electrically silent for a feW milliseconds 
before it “?res up”. Therefore, successful cortical stimula 
tion needs to be applied soon before (presumed) single 
generator spreads, and stimulation Will be more likely to be 
successful if synchroniZed to portion of Wave that is most 
sensitive to stimulation. With cardiac de?brillator, electrical 
shock, given to heart in synchrony With R Wave of QRS 
complex, depolariZes Whole tissue, and lets normal pace 
maker resume its rhythm. Electrical stimuli pace, cardiovert, 
or de?brillate heart by changing transmembrane potential. 
Electrically induced neuronal synchrony also could play a 
role in effects of brief pulse stimulation on ADs in brain, 
perhaps by changing neuronal membrane potentials of a 
group of cells in stimulated region. 

[0008] Electrical stimulation has been in use to terminate 
acute and chronic medical conditions such as cardiac 
arrhythmias (cardioverter de?brillator, pacemaker), tremor 
(thalamic stimulation), and seiZures (vagus nerve stimula 
tion, thalamic stimulation). Electrical stimulation provides a 
non-surgical means for impairing generation of localiZed 
seiZures. Thus, acute cortical stimulation applied directly to 
site of epileptiform discharge at onset of event could become 
a treatment for seiZures, just as in experimental animal 
models, medication application to a seiZure focus can sup 
press or eliminate seiZure activity. 

[0009] Repetitive electrical stimulation, given in an appro 
priate manner and in an appropriate location in either 
archicortex or neocortex, is Well knoWn to produce long 
term depression of cortical responsiveness as Well as inhi 
bition of kindling. A single pulse can desynchroniZe, and 
thus diminish amplitude of, population spikes in rat CA1 
hippocampus. LoW-frequency stimulation of amygdala for 
15 minutes suppresses occurrence of generaliZed kindled 
seiZures in rats. Stimulation of perforant pathWay (but not 
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hippocampus) of patients With implanted depth electrodes 
results in greater paired pulse suppression on epileptogenic 
side. Appropriately delivered transcortical magnetic stimu 
lation can reduce cortical excitability in volunteers. Atrial is 
underWay to determine Whether periodic transcortical mag 
netic stimulation might reduce seiZure frequency. Electro 
convulsive therapy (ECT) can transiently abort non-convul 
sive status epilepticus. In patients With spike-and Wave 
discharges, motor evoked potential amplitude can decrease 
during sloW Wave, and may either decrease or remain 
unchanged during spike. The mechanisms proposed to 
account for these phenomena include inhibitory mecha 
nisms, possibly located in speci?c cortical layers or cerebral 
pathWays, and possibly mediated by outWard potassium 
currents, by properties of calcium channels, or by GABA 
receptors. 

[0010] In some patients, seiZures are suf?ciently localiZed 
such that removal of a particular area of brain may result in 
complete seiZure control. Electrical stimulation provides a 
non-surgical means for impairing generation of localiZed 
seiZures. In experimental animal models, drug application to 
a seiZure focus can suppress or eliminate seiZure activity. 

[0011] Hypothermia is knoWn to have a protective effect 
on brain both in experimental animal preparations and in 
humans. This protective effect on brain is one reason for 
employing hypothermia in medical procedures, such as 
cardiac surgery. Hypothermia alters electrical activity of 
cortex in models of brain ischemia, and decreases produc 
tion of excitatory neurotransmitters glutamate and dopam 
ine. Hypothermia also appears to reduce occurrence, fre 
quency, and amplitude of cortical potentials and suppresses 
seiZure activity. Cooling is thought to prevent or abort 
seiZures by reducing cortical excitability. Cooling brain 
tissue can be safely accomplished When properly under 
taken. For example, irrigation of temporal horn of lateral 
ventricle With ice-cold liquid to cool hippocampus has been 
successful in acutely altering memory functions in humans 
With no apparent adverse effects. 

[0012] It is Well knoWn that temperature affects nerve 
conduction and responsiveness. For example, peripheral 
nerve conduction velocity decreases, and Wave duration 
increases, during hypothermia. This may be because cooling 
increases sodium permeability less than it subsequently 
inactivates sodium permeability and increases potassium 
permeability during recovery process; sloWing of recovery 
process increases amplitude. Decreased conduction velocity 
and increased Wave duration “disperses” potentials that 
arrive more centrally, and this in turn result in a decrease in 
responsivity of spinal and cerebral neurons. One study 
found, in man, that conduction decrease occurred at a rate of 
1.84 meters/sec/degree betWeen 36° C. and 23° C. Another 
found the decrease to be 1.98 meters/sec/degree betWeen 
35 .5° C. and 235° C. Similar ?ndings have been reported by 
others. Stevenson et al. shoWed augmentation of spinal cord 
evoked response With hypothermia, but depression of 
responses in thalamic relay, midbrain reticular neurons. 
Others have reported an increase in duration but not ampli 
tude of action potentials recorded intracellularly from indi 
vidual afferent ?bers and interneurons in dorsal columns and 
dorsal roots. 

[0013] In multiple sclerosis, the “hot bath test” has long 
been used as a clinical test: a Warm bath can bring out 
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symptoms of multiple sclerosis. Conduction block of mul 
tiple sclerosis is increased by higher temperatures. Con 
versely, conduction block can be overcome by reducing 
temperature. 

[0014] In muscle diseases such as amyotrophic lateral 
sclerosis and myasthenia gravis, cooling can increase sur 
face area of M Wave. Cooling can improve Weakness of 
myasthenia gravis and myasthenic syndrome. In myasthenia 
gravis, for example, drooping of eyes due to eye muscle 
Weakness can be improved by placing an ice pack over them. 
During electromyography, jitter that occurs With myasthenia 
gravis decreases in response to cooling. On the other hand, 
Weakness of paramyotonia congenita increases With loWer 
temperatures. 

[0015] Patients Who have an aura prior to seiZures, and 
Who have an implanted vagus nerve stimulator can manually 
activate the stimulator, Which successfully aborts seiZures in 
some cases. HoWever, to be of maximum bene?t, stimula 
tion (of Whatever type) must occur as early as possible 
during seiZures. Recordings With implanted electrodes often 
demonstrate seiZure patterns exist before a patient is aWare 
of an impending seiZure. Early reaction to, or prevention of, 
seiZure onset necessitates detection of abnormal discharges 
as soon as possible. Numerous of approaches toWard detec 
tion of seiZures have been explored. A number of methods 
have been tried in an attempt to predict seiZure onset. These 
methods have included assessing amplitude, frequency, and 
other characteristics of raW EEG Waves, as Well as more 
advanced signal processing techniques, including some 
based on time-frequency localiZation, image processing, and 
identi?cation of time-varying stochastic systems. In one 
attempt, using these methods, accuracy Was 100%, com 
pared to the current standard of visual recognition. Detection 
Was suf?ciently rapid to alloW prediction of clinical onset in 
92% of seiZures by a mean of 15.5 sec. Methods based on 
non-linear analysis and chaos theory have been used as Well. 
Previously, an EEG seiZure detector based on an arti?cial 
neural netWork Was developed, With input quantifying 
amplitude, slope, curvature, rhythmicity, and frequency 
components of EEG in a 2 sec epoch. An advantage of this 
approach is that computer detection may be modi?ed to ?t 
seiZure pattern, or patterns, of an individual patient. Alter 
natively, several rule based or template matching methods 
for seiZure detection may be employed, as Well as methods 
using neural netWorks modeling seiZures as chaotic attrac 
tors. All of the approaches just mentioned can sample the 
EEG continuously, thus providing possibility for delivering 
treatment if a change in EEG is detected. 

[0016] Therefore, although a number of detection methods 
have been tried, no one method has been entirely successful. 
Moreover, many methods are computationally intensive, so 
that calculation using an implantable microchip is not fea 
sible. Finally, the methods described in essence consider 
activity occurring at single sites, With sites analyZed one by 
one. HoWever, pathologic activities such as epileptic sei 
Zures involve the brain over more extended regions, so that 
an optimal predictive technique Would assess the brain both 
spatially and temporally. 

[0017] US. Pat. No. 5,713,923 to Ward et al. (Ward ’923) 
discloses techniques for treating epilepsy using a combina 
tion of electrical stimulation of brain and drug infusion to 
neural tissue. Stimulation may be directed to increase output 
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of inhibitory structures, such as cerebellum, thalamus, or 
brain stem, or may inactivate epileptogenic areas. These 
methods tend to be based on chronic stimulation of brain 
inhibitory systems, With the goal of decreasing the back 
ground propensity to epileptogenesis. Historically, stimula 
tion of inhibitory structures alone has not been particularly 
successful in seiZure management. Ward ’923 uses an 
implantable electrode to sense seiZure onset, Which permits 
regulatable stimulation of brain during initial seiZure activ 
ity. The combination of drug infusion With brain stimulation 
as disclosed in Ward ’923, hoWever, Would fail to be 
effective in many types of seiZures. Many drugs are not 
particularly stable at body temperature, rendering them 
unsuitable for long term storage in an implanted infusion 
device. Certain risks eXist for patients receiving combined 
therapy of Ward ’923, including an increased risk for seiZure 
propagation due brain stimulation as Well as drug related 
side effects. Thus, While suitable for controlling some sei 
Zures, a substantial population of patients have seiZures 
Which cannot be treated using the methodology of Ward 
’923. 

[0018] The Medtronic ITREL stimulator (Medtronic Inc., 
Minneapolis, Minn., USA) uses asymmetric pulse phases so 
that, for eXample, the positive phase could be of higher 
amplitude and shorter duration, and the negative phase of 
loWer amplitude and loWer duration. It does not utiliZe the 
dynamic feedback as a means of insuring charge balance. 

[0019] US. Pat. No. 5,716,377 to Rise, US. Pat. No. 
5,735,814 to Elsberry, US. Pat. No. 5,782,798 to Rise, and 
US. Pat. No. 5,792,186 to Rise disclose methods of treating 
other brain disorders using methodologies similar to Ward 
’923. These methodologies have the same combinations of 
advantages and disadvantages as does Ward ’923, With 
disadvantages overcome by the present invention. US. Pat. 
No. 5,938,689 to Fischell discloses methods of electrode 
placement and con?guration but does not disclose means of 
activity sensing or detection, or methods of brain stimula 
tion. US. Pat. No. 6,016,449 to Fischell (Fischell ’449) 
discloses a multiple electrode closed loop, responsive sys 
tem for treatment of brain diseases. Fischell ’449 envisions 
detection using electrodes near or Within brain and then, 
after event detection, responding by stimulating brain or 
other parts of body, or by releasing medication. HoWever, 
predictions of seiZure occurrence and the optimal timing and 
locality of treatment are not suitably provided for by Fischell 
’449. 

[0020] Therefore, a need eXists to improve therapeutic 
options available to persons With medical disorders associ 
ated With detectable abnormal cell activity, such as epilepsy. 

SUMMARY OF THE INVENTION 

[0021] An object of the invention relates to a method of 
treating a medical disorder comprising surgically implanting 
into a patient at least one sensor element capable of detecting 
and conveying cell signals; attaching a management unit 
such that a micro controller of the management unit is 
connected to at least one sensor element; and connecting the 
management unit via a lead bundle to at least one treatment 
device; Whereby responsive to signals from said one or more 
sensor elements, mathematical algorithms of the manage 
ment unit prompt delivery of at least one treatment to tissues 
or cells responsible for the medical disorder. Abnormal 
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tissue or cell activity is detected as signals via activity sensor 
elements, and analyZed using one or more mathematical 
assessment techniques, as needed, including quanti?cation 
of Waveform amplitude, slope, curvature, rhythmicity, time 
lag, and frequency, as Well as assessment techniques based 
on Wavelets, such as Wavelet cross-correlation analysis and 
time-lag analysis. The sensor elements may be activity 
sensor elements, capable of sensing electrical activity, 
chemical activity, electrical and chemical activities, or the 
activity sensor elements may be temperature sensor ele 
ments. 

[0022] Responsive to signals from the one or more sensor 
elements, mathematical algorithms of the management unit 
prompt delivery of at least one treatment to tissues or cells 
responsible for the medical disorder. Thus, for eXample, 
responsive to signals from the one or more sensor elements, 
the management unit may prompt stimulation portions of the 
treatment device to deliver to tissues or cells electrical 
current, or alternatively magnetic ?ux, at appropriate times 
and of appropriate duration, thereby altering activity of, for 
eXample, tissues or cells of the brain, spinal cord, or periph 
eral nerve. LikeWise, for eXample, the management unit may 
cause a heat pump to alter tissue temperature using a heat 
sink, thereby increasing or decreasing temperature of pre 
determined portion of patient’s brain, organ or other body 
part. 

[0023] In a preferred embodiment the method pertains to 
preventing or aborting the occurrence of a seiZure by stimu 
lating brain tissues or cells, at or near the area of seiZure 
onset (“seiZure focus”), or a brain structure that modulates 
(e.g. causes or in?uences the occurrence of) seiZures. 

[0024] In another preferred embodiment, the invention 
relates to a method of reducing or preventing occurrence of 
a seiZure comprising cooling brain tissue at or near a seiZure 
focus or a brain structure that modulates (e.g. causes or 
in?uences the occurrence of) seiZures. 

[0025] In another preferred embodiment, the invention 
relates to a method of reducing or preventing occurrence of 
a seiZure comprising delivery of said medication at or near 
a seiZure focus or a brain structure that modulates seiZures. 
The medication may be any therapeutic capable of pharma 
cologically altering and/or correcting abnormal cell activity. 
Such therapeutics include, for eXample, hormones, hydan 
toins, deoXybarbiturates, benZodiaZepines, glutamate recep 
tor agonists, glutamate receptor antagonists, y-aminobutyric 
acid receptor agoinsts, y-aminobutyric acid receptor antago 
nists, dopamine receptor agonists, dopamine receptor 
antagonists and anesthetics. 

[0026] In another preferred embodiment, the invention 
relates to a method of reducing or preventing occurrence of 
a seiZure comprising cooling brain tissue and electrically 
stimulating brain at or near a seiZure focus or a brain 
structure that modulates seiZures. 

[0027] In yet another preferred embodiment, the invention 
relates to a method of reducing or preventing occurrence of 
a seiZure comprising cooling brain tissue and infusing said 
medication into brain at or near a seiZure focus or a brain 
structure that modulates seiZures. 

[0028] In still another preferred embodiment, the inven 
tion relates a method of reducing or preventing occurrence 
of a seiZure comprising cooling brain tissue and electrically 
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stimulating brain tissue and infusing a medication into brain 
at or near a seizure focus or a brain structure that modulates 

seiZures. This structure might be near, part of, or remote 
from region or regions Where seiZure is originating. 

[0029] Yet another preferred embodiment provides for 
treatment of brain disorders such as intractable pain, psy 
chiatric disorders and movement disorders. Examples of 
such ailments include dystonia or tremor, manic-depressive 
illness, panic attacks, and psychoses. The invention also 
provides for the control of effects of central nervous system 
trauma, sWelling and in?ammation, such as sWelling of brain 
or spinal tissue due to trauma, hemorrhage, encephalitis or 
localiZed myelitis, mass lesions, such as tumors, cysts, and 
abscesses, and intractable migraine headaches. 

[0030] Yet another preferred embodiment provides for 
treatment of spinal or peripheral nerve disorders such as 
pain, disorders manifested by altered or decreased sensation, 
or movement disorders. Examples of such disorders include 
cervical spondylosis, lumbar stenosis, multiple sclerosis, 
and spinal myoclonus. 

[0031] Yet another preferred embodiment provides for 
treatment of sWelling or in?ammation of bone, cartilage, 
connective tissue, integument, or tissues in body cavities. 
Examples of When such disorders might occur include 
trauma and infection. Likewise, the invention provides for 
treatment of sWelling, in?ammation or localiZed pain in 
non-central nervous system organs, such as heart, lungs, 
liver, spleen, stomach, gall bladder, pancreas, duodenum, 
intestines, endocrine organs, extremities, muscles and 
peripheral nerves. 

[0032] Another object of the invention relates to the use of 
certain Waveforms and pulse trains to control electrical 
stimulation for the treatment of brain disorders, comprising 
a method of treating a brain disorder by electrical stimula 
tion of brain tissue. The method comprises surgically cutting 
an aperture into a patient’s skull, thereby exposing a prede 
termined portion of patient’s brain; surgically implanting 
into said aperture stimulating electrodes and electrical sen 
sor elements; surgically implanting an electrical stimulator 
control unit in a body cavity of said patient such that a micro 
controller of the electrical stimulator control unit is con 
nected to one or more electrical sensor elements and one or 

more stimulating electrodes that contact brain tissue; and 
connecting the electrical stimulator control unit to said 
stimulating electrodes via a lead bundle. Responsive to 
signals from one or more electrical sensor elements, math 
ematical algorithms of the electrical stimulator control unit 
determine abnormal brain activity, causing the stimulating 
electrodes to deliver one or more electrical pulses to the 
brain. This sequence of events halts the abnormal brain 
activity and therefore prevents, aborts or disrupts the seiZure 
generating process. 

[0033] In a preferred embodiment, seiZures are reduced or 
prevented by electrically stimulating the brain at or near a 
seiZure focus or a structure that might be near, part of, or 
remote from the region or regions Where the seiZure is 
originating and stimulation of Which Would result in inhi 
bition, prevention, disruption or termination of the seiZure. 

[0034] The invention provides for placing electrodes in or 
on the brain area(s) of seiZure foci and using mathematical 
algorithms to detect seiZure onset. Once seiZure onset is 
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detected, electrical stimulation is initiated to reduce abnor 
mal brain cell ?ring. The electrodes detecting seiZure occur 
rence could be situated on the cortical surface, deeply Within 
the cortex inaccessible to a surface electrode, or in deeper, 
subcortical areas of the brain such as the thalamus. The 
sensors detecting seiZure onset Would also record phase at 
Which stimulation occurred, and brain responses to stimu 
lation, so that the most appropriate phase at Which to 
stimulate can be determined. 

[0035] The activity sensor could sense EEG activity. Other 
activities also could be sensed, according to the invention, 
With examples of activities including ionic changes, enZyme 
activity changes, hormonal changes, pH changes, changes in 
osmolality or osmolarity, cellular function changes, and 
optical changes. For example, optical changes in tissue 
and/or ?uids could be sensed locally, or remotely With ?ber 
optics, using light emitting diodes and photo sensors, e.g. 
photodiodes or photo transistors. 

[0036] This embodiment of the invention is distinguished 
from other techniques in several Ways. The stimulation 
pulses may be biphasic With equivalent positive and nega 

tive phases, or may be asymmetric biphasic pulses The device may use a single pulse (Whether or not an ABP) 

that is time locked, i.e. phased locked to the background 
activity such that the pulse is delivered When a predeter 
mined point in the cycle of rhythmic EEG activity at a 
predetermined sensor is reached. Notwithstanding the 
above-mentioned, a train of free running pulses also may be 
used. Atrain of pulses may be time locked, i.e. phase locked 
to the EEG activity such that the pulse is delivered When a 
predetermined point in the cycle of rhythmic EEG activity at 
a predetermined sensor is reached. Charge balance is main 
tained on a pulse by pulse basis by means of dynamic 
feedback. Methods based upon Wavelet-crosscorrelation 
analysis can be used to assess brain activity, both to predict 
or detect the likely occurrence of unWanted brain activity 
and to determine When best to administer a treatment, such 
as stimulation, so as to prevent or abort the unWanted 
activity. 

[0037] The traditional methods of electrical stimulation 
for neuronal tissue alWays use symmetric Waveforms to 
balance positive and negative electrical charge during stimu 
lation. Charge balance also can be achieved With asymmetric 
pulses Whose positive and negative phases have equal areas 
under-the-curve, as is the case the Medtronic ITREL-II 
(Medtronic, Inc., Minneapolis, Minn., USA). Charge bal 
ance is needed to prevent damage due to gas generation 
and/or deposition of electrode material into the tissue. The 
device used according to the invention maintains charge 
balance by ensuring the product of current and pulse dura 
tion is the same for both positive and negative pulses, but 
alloWs for the pulses of one chosen polarity to be much 
larger than those of the opposite polarity. A direct conse 
quence of this condition is that the high amplitude pulses are 
necessarily shorter than the opposite loW amplitude pulses. 
This arrangement of high and loW amplitude pulses is 
chosen so that only the high amplitude pulses have any 
signi?cant effect, being above a physiological threshold. The 
loW amplitude pulses Would be beloW this threshold and so 
have no effect. The result, in theory, is a device that causes 
an effect With only one chosen polarity of current. This 
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results in DC-like stimulation, Without the damaging effects 
of DC current such as gas generation and electrode material 
deposition. 

[0038] Traditional symmetric bipolar stimulation uses 
equal and opposite currents and the effect of each individual 
polarity Will interfere With those of the opposite polarity to 
some eXtent. It is interesting to note that physiological 
systems at the cell level use highly asymmetric signals 
similar to those proposed here. 

[0039] The invention embodies multiple variations of a 
technique that may be applied singly or in combination, 
depending upon the circumstances of a given situation. 
Control of an individual event may require only one of these 
methods, or may require a combination of tWo or more 
procedures. For eXample, a single pulse may be delivered or 
a train of pulses may be delivered until a seiZure is pre 
vented, terminated disrupted, or aborted. Similarly, some 
patients may require a negative pulse, others a positive 
pulse, others a balanced pulse With an initial positive phase, 
others a balanced pulse With an initial negative phase to treat 
their conditions. In still others, phase might not matter. The 
assessment algorithms that are a part of this invention Would 
analyZe the phase relationships and responses to stimulation 
so that treatment could be optimiZed. NotWithstanding the 
above, stimulation could be delivered to or beneath the skin 
elseWhere in the body in circumstances Where such stimu 
lation could prevent or abort occurrence of a seiZure. 

[0040] It is a further object of the invention to provide a 
device for treating a medical disorder that includes at least 
one sensor element capable of detecting and conveying cell 
signals; a management unit positioned such that a micro 
controller of the management unit connects to the at least 
one sensor element; an electrical stimulation device con 
nected to the management unit via a lead bundle such that a 
stimulation sWitch sends one or more current pulses to the 
electrical stimulation device and optionally at least one 
treatment device. 

[0041] This device is designed such that responsive to 
signals from said at least one sensor element, mathematical 
algorithms of the management unit perform, as needed, one 
or more mathematical analyses comprising quanti?cation of 
Waveform amplitude, slope, curvature, rhythmicity, time-lag 
or frequency as Well as analyses based on Wavelets, such as 
Wavelet-crosscorrelation analysis to prompt delivery of one 
or more current pulses and optionally at least one additional 
treatment to cells responsible for the medical disorder. Thus, 
in one embodiment, in response to input from a sensor 
element implanted near the location of a seiZure focus, the 
management unit Would be capable of performing Wavelet 
crosscorrelation analysis and prompting delivery of one or 
more current pulses through the electrical stimulation 
device. The device can also include one or more additional 

treatment devices, for eXample, designed to deliver medi 
cation, heat or cooling. 

[0042] These and other features and advantages of the 
invention Will become apparent from the detailed descrip 
tion beloW and from the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0043] FIG. 1 shoWs a cross section of the brain With 
sensor elements 4, 6 and stimulating electrodes placed on the 
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surface of or Within (3a, 4a, 18a) the brain. Alead is shoWn 
connecting the sensing and stimulating electrodes to the 
stimulation control unit that is positioned in a suitable body 
location, such as a cavity. 

[0044] FIG. 2 shoWs heat pump array of Peltier junctions 
combined With sensor elements 4,6 Which signal a heat 
transfer management unit (HTMU) 8 to provide temperature 
management via heat pump 1 in response to abnormal 
electrical brain activity. 

[0045] FIG. 3 shoWs the main internal components of the 
stimulation control unit and the lead that connects this to the 
sensing and stimulating electrodes. Also shoWn are compo 
nents of HTMU 8 that analyZe signals from sensor elements 
4,6 and activate heat pump 1 When required, as Well com 
ponents of stimulation control unit and lead that connects 
this to sensing and stimulating electrodes. 

[0046] FIG. 4 schematically diagrams four possible asym 
metric biphasic pulse trains useful according to the inven 
tion, namely normal, reversed, alternate and random pulse 
trains. 

[0047] FIG. 5 shoWs a single asymmetric biphasic pulse 
(ABP) and physiological thresholds relative to that pulse. A 
pulse train is a succession of these pulses delivered at regular 
intervals. Asymmetric pulse train and a single pulse also are 
shoWn. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0048] De?nitions 

[0049] The term central nervous system is de?ned herein 
to include tissue of the brain and spinal cord. 

[0050] The terms treating and treatment are de?ned as 
controlling, reducing or alleviating symptoms of a medical 
condition. 

[0051] An embodiment of the invention relates to hypo 
thermia in combination With brain stimulation as a treatment 
of brain disorders, such as epilepsy. This may be accom 
plished by stimulating a brain structure that modulates 
seiZures. Modulation is de?ned herein as increasing or 
decreasing neuronal excitability of a brain region respon 
sible for producing seiZures. Brain structures targeted for 
stimulation may be inhibitory or eXcitatory in nature. For 
eXample, output of inhibitory structures, such as cerebellum, 
thalamus, or brain stem, may be increased (“excited”) via 
brain stimulation. Output of said inhibitory structures Would 
then inhibit ?ring of cells in a seiZure focus located else 
Where. 

[0052] Another aspect of the invention is to target regions 
in Which a treatment could directly block epileptogenic 
activity. Such targets include hippocanpus, neocorteX, and 
subcortical and brain stem regions. Different targets are 
eXpected to be important in different types of brain disor 
ders. For eXample, patients having unilateral hippocampal 
onset epilepsy may consider hippocampal removal, but 
surgery eXposes some of these patients to potential memory 
impairment. Such patients may bene?t from loWer risk 
treatment procedures of the invention. In other patients 
suffering from bilateral hippocampal disease, hypothermia 
and electrical stimulation might be an effective treatment, as 
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unilateral hippocampal removal Would not be useful and 
bilateral removal is not possible due to memory concerns. 

[0053] Treatment may be accomplished by treating brain 
areas constantly, or at ?xed intervals. For example, stimu 
lation driven by feedback from brain monitoring of seiZure 
patterns or pre-seiZure patterns is also suitable according to 
the invention, such that treatment to prevent perpetuation or 
spread of seiZure patterns may be administered upon detec 
tion of seiZure activity. For example, altered neural dis 
charges in hippocampus, amygdala, neocortex or elseWhere 
may be present at onset of a seiZure. Such patterns often 
occur locally, but may spread before a seiZure clinically 
manifests. The method of the invention permits detecting, 
mitigating or eliminating such patterns. Patients often expe 
rience auras as perceived Warnings of impending seiZures. In 
fact, auras are very small seiZures that do not progress to 
alter consciousness. The method of the invention also 
enables blocking the spread of such auras. Consequently, a 
patient Would be able to drive and engage in other normal 
daily activities. The method of the invention is directed 
toWard interfering With synchroniZation of ictal ?ring. Syn 
chroniZation or recruitment of multiple brain areas into a 
seiZure pattern is very much related to spread of seiZure 
activity in brain. Thus, either chronic stimulation or feed 
back-based episodic stimulation could impair synchroniZa 
tion and thus prevent seiZure development. 

[0054] An aspect of the invention entails systematically 
evaluating neocortical pre-ictal and ictal ?ring patterns and 
determining methods of interfering With these patterns. 
These patterns and activities have been extensively moni 
tored through clinical epilepsy monitoring centers. Firing 
patterns differ among patients such that no one pattern can 
be expected to occur in all patients With epilepsy. Systematic 
evaluation of ?ring pattern in each patient, and determina 
tion of Whether more than one ?ring pattern occurs in each 
patient, Will alloW optimiZation of treatment for each patient. 
Brain cell activity may be monitored, and abnormal activity 
detected by electrical or chemical sensing elements (activity 
sensing elements) contacting brain structures to detect 
abnormal neuronal ?ring patterns. 

[0055] Placement of electrodes to target seiZure foci may 
be patient speci?c, according to the invention. EEG record 
ings indicate that some seiZures begin at cortical surface, 
While others originate deep Within internal brain structures, 
such as hippocampus, amygdala, and thalamus. Although 
seiZures may occur as purely subcortical phenomena, most 
epileptologists believe such seiZures probably also manifest 
in cortex, but are triggered by, for example, thalamo-cortical 
circuits. Thus, both cortical and subcortical stimulation 
could abort, or control, seiZures, but different sites Would 
have to be stimulated in different patients to be effective. In 
addition to above-mentioned brain structures, other subcor 
tical regions, such as caudate nucleus, may be important 
areas for seiZure initiation or propagation, and thus may be 
target areas for therapeutic intervention. Acute and chronic 
animal models of epilepsy, such as kindling and cobalt/ 
estrogen/penicillin models, suggest that brain stimulation 
and/or direct medication infusion Will successfully control 
brain disorders in humans. An aspect of the invention is to 
target regions in Which treatment could directly block epi 
leptogenic activity. Such targets include hippocampus, neo 
cortex, and subcortical and brain stem regions. Different 
targets are expected to be important in different types of 
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brain disorders. For example, patients having unilateral 
hippocampal onset epilepsy may consider hippocampal 
removal, but surgery exposes some of these patients to 
potential memory impairment. Such patients may bene?t 
from loWer risk treatment procedures of the invention. In 
other patients suffering from bilateral hippocampal disease, 
electrical stimulation might be an effective treatment, as 
unilateral hippocampal removal Would not be useful and 
bilateral removal is not an option due to memory concerns. 
The invention is directed toWards electrical stimulation 
using implanted electrodes, hoWever, magnetic stimulation 
could be used as an alternative Without violating the spirit of 
the invention. 

[0056] To assist both in predicting seiZure occurrence and 
in determining optimal timing and location of treatment, the 
invention provides for the use of Wavelets. The use of 
Wavelets provides progressively higher time resolution for 
changes at higher frequency scales. This in turn means that 
rapid subtle changes at higher frequencies are better char 
acteriZed. Similar changes at higher frequencies are better 
characteriZed. Similarly, changes at loW frequencies also can 
be optimally characteriZed. The invention also provides 
cross-correlation analysis. Wavelet cross-correlation analy 
sis enables degree of Waveform similarity betWeen tWo 
different time series to be determined. It provides a quanti 
tative measure of relatedness of tWo signals, usually from 
different recording sites, as they are progressively shifted in 
time With respect to each other. Furthermore, it can reveal 
common components that occur at same moment in time, or 
at a constant delay. HoWever, it has been pointed out that 
data segments analyZed using crosscorrelation functions 
should not include non-stationarities. Therefore the inven 
tion uses a different method, denoted as Wavelet-crosscor 
relation analysis, developed for analyZing dynamics of epi 
leptiform discharges. Wavelet transform of a signal can be 
computed by projecting it onto a Wavelet basis. A given 
basic Wavelet g(t) is scaled by a in the time domain and is 
shifted by b in order to generate a basic family ga)b(t), Where 
t is time. Wavelet transform Wf(a,b) of a signal f(t) is as 
follows: 

00 

foo 

[0057] Where gabit) represents conjugate complex of 
ga,b(t)' 
[0058] The Gaussian Wavelet 

[0059] Was employed as a basic Wavelet, Where constant Q 
is given by 2st, and e is exponential. This is chosen because 
Gaussian function has least spread in domains of both time 
and frequency and Gaussian Wavelet is suitable for singu 
larity detection in form of non-orthogonal Wavelets. 
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[0060] For non-stationary situations, a neW crosscorrela 
tion method, called Wavelet-crosscorrelation analysis, has 
been found to overcome limitations of classical crosscorre 
lation analysis. This method can be used to analyZe brain 
activity so as to predict When a seiZure might occur, and also 
to determine When best to stimulate the brain so as to alter 
unWanted brain activities such as afterdischarges or seiZures. 
Wavelet-crosscorrelation analysis Was used to obtain Wave 
let-correlation coefficients (WCC), time lag and abso 
lute value of TL (ATL) betWeen tWo electrodes. For Analy 
sis-1, WCC and ATL Were compared in epoch 1 Which Was 
prior to LS, epoch 2 Which Was after LS but before BPS, and 
epoch 3 Which Was after BPS. For Analysis-2, WCC and 
ATL Were compared during four conditions during epoch 1. 
These Were When BPS subsequently terminated ADs Within 
tWo seconds (1A), terminated ADs Within tWo to ?ve sec 
onds (1B) did not terminate ADs Within ?ve seconds (1C), 
and When ADs did not appear (1D). We found that BPS 
ef?cacy in terminating ADs Were predicted by (1) loW 
correlation and (2) sloW propagation speed betWeen elec 
trode pairs in the 2-10 second period before stimulation. 
Therefore, Wavelet-crosscorrelation analysis can help pre 
dict conditions during Which BPS can abort ADs. 

[0061] The Wavelet-crosscorrelation function can be Writ 
ten as: 

[0062] Where '5 is a time delay of Wavelet coef?cients in 
Wavelet space. WCXQ/(a, 'C) is 

[0063] complex-valued and consists of a real part 
RWCX)y(a, 'C) and an imaginary part 

[0064] IWCXQ/(a, 'c). RWCX>y(a, 'C) can be used to 
express strength of correlation betWeen tWo signals X 
and y. 

[0065] The Wavelet-crosscorrelation coefficient WRXQ/(a, 
'c) (WCC) from real part of Wavelet-crosscorrelation func 
tion RWCX)y(a, 'c) is 

[0066] The time lag 'cmax X)y>a(TL) that gives maximum 
Wavelet-crosscorrelation coefficient is 

max x,y,a 

[0067] Where La[msec] corresponds to half-length of one 
Wave for each scale, a. The invention utiliZes this method of 
the novel purpose of predicting seiZure onset, of determining 
optimal time to administer treatment, and determining opti 
mal method of delivering treatment. 

[0068] The invention also provides for placement of a 
catheter or similar tubing into brain for direct delivery of 
said medication or medications, as described hereinabove, to 
a seiZure focus or a brain structure Which modulates seiZure 
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activity. The invention uses direct infusion of said medica 
tion(s) into or onto brain to reduce or prevent occurrence of 
seiZures. Examples of said medications include nucleic 
acids, hydantoins, deoxybarbiturates, benZodiaZepines, 
glutamate receptor agonists, glutamate receptor antagonists, 
y-aminobutyric acid receptor agonists, y-aminobutyric acid 
receptor antagonists, dopamine receptor agonists, dopamine 
receptor antagonists and anesthetics, electrolytes such as 
sodium, potassium or magnesium, and hormones. Suitable 
drugs for use in the methods and devices of the invention 
also include drugs affecting NMDA receptors. AMPA recep 
tors, and metabotropic receptors. These and other suitable 
medications Will be familiar to those of skill in the art. 

[0069] The invention also provides for control of brain 
disorders such as intractable pain, psychiatric disorders such 
as manic-depressive illness, panic attacks and psychosis, and 
movement disorders such as dystonia or tremor. 

[0070] Another aspect of the invention is control of central 
nervous system sWelling and in?ammation. In this regard, 
implantable heat transfer device behaves essentially as a 
controlled internal cold “compress”. Cold therapy is Well 
knoWn for treatment of sWelling and the invention provides 
for a ?nely regulated means for achieving cold therapy. For 
example, sWelling of brain or spinal tissue due to trauma, 
hemorrhage, encephalitis or myelitis, or mass lesions (such 
as tumors, cysts, and abscesses) may be reduced or elimi 
nated by changing temperature of affected tissue according 
to the invention. Likewise, intractable migraine headaches 
may be controlled by temperature changes according to the 
invention. As noted hereinabove, a goal of treatment could 
be either increased or decreased temperature, and Would 
depend upon disorder under treatment. As noted herein 
above, heat exchange could be combined With infusion of 
said medication, or said electrical stimulation. 

[0071] The method for treating brain or spinal tissue 
sWelling and/or in?ammation by controlling temperature 
Would be executed essentially as described for brain cooling 
to regulate seiZures. Brie?y, the method Would comprise 
surgically cutting a heat transfer aperture into a patient’s 
skull or spine, thereby exposing a predetermined portion of 
patient’s brain or spinal cord. A heat pump having one or 
more tissue or cell activity sensor elements and one or more 

temperature sensor elements Would be surgically implanted 
into said heat transfer aperture. Heat transfer management 
unit Would be attached such that a micro controller of heat 
transfer management unit Would be connected to one or 
more electrical sensor elements and one or more temperature 

sensor elements Would contact brain or spinal cord tissue. 
Heat transfer management unit Would be connected to said 
heat pump via a lead bundle. Responsive to signals from one 
or more sensor elements, mathematical algorithms of heat 
transfer management unit Would determine abnormal brain 
or spinal cord activity, causing heat pump to transfer heat 
from brain or spinal cord to a heat sink, thereby effecting 
cooling. Responsive to signals from one or more sensor 
elements, treatment With said medications or said electrical 
stimulation also could be delivered. 

[0072] The invention also is envisioned as a means to 
control sWelling, in?ammation or localiZed pain and to 
promote healing in non-central nervous system organs. 
Regional or local temperature changes, directed to thoracic 
and abdominal organs, including liver and intestine, as Well 
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as to skeletal muscle, bone, cartilage, tendons, and other 
connective tissues may control pain, swelling, or in?amma 
tion associated With these organs. To this end, a heat pump 
and a heat transfer management unit may be surgically 
implanted in, for example, a patient’s abdomen, utiliZing 
essentially same methodology described herein for directed 
brain hypothermia. Brie?y, a procedure Would be initiated 
by cutting an incision into a patient’s musculature, fascia 
and body cavity linings and skin, thereby exposing a pre 
determined portion of said organ. Thereafter, a heat pump 
having one or more activity sensor elements and one or more 

temperature sensor elements Would be surgically implanted 
through this incision. A heat transfer management unit 
Would be attached such that a micro controller of heat 
transfer management unit is connected to one or more 
activity sensor elements and one or more temperature sensor 
elements in contact With organ tissue. A lead bundle Would 
connect heat transfer management unit to said heat pump. 
Responsive to signals from one or more activity or tempera 
ture sensor elements, mathematical algorithms of heat trans 
fer management unit detect abnormal organ cell activity. 
Such abnormal activity causes micro controller in heat 
transfer management unit to direct heat pump to alter 
temperature (for example, to initiate cooling) in order to 
quash, for example, nociceptor activity associated With 
sWelling, in?ammation and pain. 

[0073] Responsive to signals from one or more sensor 
elements, treatment With said medications or said electrical 
stimulation also could be delivered. 

[0074] As noted hereinabove, the invention is also envi 
sioned as a method of controllably Warming an organ. 
Warming may be accomplished by heat transfer to an organ, 
such as the brain, using a surgically implanted activity 
sensor and a surgically implanted heat transfer and detection 
apparatus essentially as described hereinabove for brain 
cooling. For example, abnormally loW brain cell ?ring may 
be detected and monitored by electrical sensor units. Other 
characteristics of cells, tissues, organ or region, comprising 
alterations in ionic composition, pH, osmolality, osmolarity, 
cellular composition also could be detected. The heat trans 
fer management unit may be surgically implanted into a 
patient’s body cavity, or may optionally be located external 
to a patient’s body. Responsive to signals from one or more 
sensor elements, mathematical algorithms of heat transfer 
management unit Would determine abnormal activity, or 
abnormalities of microenvironment of organ, causing heat 
pump to transfer heat to or from brain tissue from a heat 
source, thereby altering temperature of patient’s brain. An 
advantage of this method Would be to permit controllable 
Warming based upon level of brain activity, and Would avoid 
changing tissue temperature too rapidly. Examples of set 
tings for use of the invention include surgical hypothermia. 
Treatment With said medications or electrical stimulation 
could also be delivered. 

[0075] As an example, referring to FIG. 1 in Which 
numerals represent like parts, (1St time numbers are used) 
neural cooling is achieved by using heat pump 1 to remove 
heat from brain into heat sink 9. Heat sink 9 comprises a sac 
of high heat conductivity compound, such as silicon oxide 
paste. Heat sink sac 9 comprises a thin, biologically inert 
?exible material that permits substantial heat ?oW. Heat sink 
9 covers a larger area than HTA, thereby alloWing heat 
dissipation from body through a large part of scalp. Sink has 
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a large area in relation to the HTA and high thermal 
conductivity, and thus enables more heat to dissipate from 
body for a given increase in temperature output from heat 
pump 1 than Would otherWise occur. This con?guration, in 
turn, improves ef?ciency of heat pump 1. Principles just 
described Would apply in an analogous manner When an 
increased temperature is therapeutically desired. 

[0076] Details of heat pump 1 are shoWn in FIG. 2. Asolid 
state heat pump using the Peltier effect is illustrated. HoW 
ever, other small mechanical and/or chemical treatment 
devices are suitable for heat exchange, as long as appropriate 
elements of such treatment devices could be incorporated 
into a patient’s body and poWer supply and environmental 
requirements of these devices may be satis?ed post-implan 
tation. Alternatively, portions of treatment devices could be 
located external to body, for example in a Waist-pack, around 
neck and suspended over the chest, or as a backpack. 
External portions of the device could communicate With 
internal portions of the device, for example using telemetry. 
External portions of such devices may provide poWer to 
internal portions, or may assist in heat transfer. Peltier 
junctions 13,15,16 and 16,14,13 are sandWiched betWeen 
tWo ceramic plates 17, 12 having high thermal conductivity. 
Electrical current passing through upper junctions 15 heats 
these junctions, While loWer junctions 14 near brain surface 
become cold. Thus, the Peltier effect pumps heat from loWer 
junctions to upper junctions aWay from brain to effect 
cooling. Reversal of current direction causes heat ?oW to 
brain. Complete assemblies of Peltier junction heat pumps 
are Well knoWn and are readily available. Electrical current 
for heat pump I is supplied through leads 2 that are routed 
through lead bundle 7 that in turn connects to HTMU 8. 

[0077] In a preferred embodiment of this invention, activ 
ity sensors 4 and a temperature sensor 18 are added to loWer 
ceramic plate 17 resting on brain surface. Activity sensor 
could sense EEG activity. Other activities also could be 
sensed, according to the invention, With examples of activi 
ties comprising EEG changes, ionic changes, celluar 
changes, blood ?oW changes, enZyme changes, hormonal 
changes, pH changes, changes in osmolality or osmolarity, 
cellular function and changes and optical changes. Activity 
sensors 4 have leads 6 connecting sensors to lead bundle 7, 
Which in turn connects to HTMU 8. Similarly, temperature 
sensor 18 has a lead 19, that is routed to lead bundle 7 and 
thereafter to HTMU 8. Activity sensors 4 exhibit dual 
functions in that they may provide electrical stimulation to 
brain as Well as sensing electrical or other brain activity. 
Sensors determine nature of ongoing epileptiform brain 
activity and in particular determine positivity or negativity 
of activity. Stimulation could then be delivered at point in 
Waveform at Which epileptiform activity is most likely to 
stop in response to stimulation. This point could differ from 
person to person. Moreover, a patient could have more than 
one seiZure type, either in terms of measured brain activity, 
or clinically, or both, so that more than one manner of 
treatment Would be needed, according to type of seiZure 
occurring. Sensors Would determine appropriate point in 
Waveform at Which to stimulate and stimulation sWitch 27 
could then be activated at that time. Portions of sensor or 
sensors could be located external to the body. Accordingly, 
such portions could be in a Waist-pack, around neck and 
suspended over chest, or as a backpack, With external 
portions of the device communicating With internal portions 
of the device, for example by telemetry. External portions, 
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for example, could provide power to internal portions, or 
could perform certain calculations externally, then providing 
results to internal portions of device. 

[0078] Referring to FIGS. 1-3, FIG. 1 shoWs heat pump 
1 placed in an HTA surgically cut into patient’s skull. Heat 
pump has sensor elements 4 and 18 for detecting abnormal 
brain activity and brain surface temperature, respectively. 
Relationship betWeen these components is detailed in FIG. 
2. In addition, activity sensor elements 3 resting on surface 
of brain, or located Within brain substance, monitor back 
ground brain activity. These could sense one or more types 
of activity or activities, comprising EEG changes, ionic 
changes, cellular changes, blood ?oW changes, enZyme 
changes, hormonal changes, pH changes, changes in osmo 
lality or osmolarity, cellular changes. Signals generated by 
activity sensor element 3 are used by micro controller 22 
(shoWn in FIG. 3) in HTMU 8 to determine When cooling, 
and possibly heating, may be necessary for controlling 
seiZures. One or more of sensor elements 3, 4, 18 may be 
present, depending upon needs of an individual patient. 
Sensor elements 3a, 4a, 18a may extend to regions beneath 
surface of brain, When clinically advantageous. Mathemati 
cal algorithms could be used to further analyZe recorded 
activity. Thus, heat transfer may also be controlled by brain 
temperature as detected by sensors implanted Within brain. 
Heat pump I has leads 2 that connect to a lead bundle 7, 
Which, in turn, connects to HTMU 8. Electrical and tem 
perature sensor leads 5, 6, 19 feed into a lead bundle 7 that 
in turn connects to HTMU 8. HTMU 8 may be implanted in 
patient’s abdomen, a subcutaneous pocket, or a subclavicu 
lar pocket. 

[0079] Electrical stimulation or delivery of said medica 
tion can likeWise occur. Each can occur separately, can occur 

together With the other, or can occur together With heat 
pumping to control seiZures. Magnetic stimulation could be 
used as an alternative to electrical stimulation. Temperature 
sensor 18 serves tWo functions. First, temperature sensor 18 
may trigger heat pumping to prevent a seiZure should EEG, 
brain temperature, or other changes as described above 
indicate a seiZure is imminent. Second, temperature sensor 
18 regulates amount of heat pumping achieved to prevent 
tissue damage. Although brain cooling is generally neuro 
protective, too much brain cooling may result in tissue 
damage. 

[0080] The details of HTMU 8 are shoW in FIG. 3. Sensor 
signal leads 5, 6, 19 are fed to ampli?ers 20 and then connect 
to analog to digital converter 21. Micro controller 22 then 
analyZes digital representations of sensor signals. When a 
seiZure appears imminent, micro controller 22 operates a 
solid state sWitch (SSW) 24 to feed poWer to heat pump 1, 
or to electrical stimulator, or medication delivery system 
thereby preventing a seiZure from occurring. Micro control 
ler 22 uses a variable mark space Waveform 26 to operate 
SSW. This con?guration alloWs variable levels of poWer to 
be applied to heat pump While at same time reducing poWer 
Wasted in regulating element, SSW 24. 

[0081] PoWer source 25 is contained in HTMU 8 and may 
comprise a primary battery or a rechargeable cell. Additional 
poWer may be provided by a subcutaneous coil or induction 
loop 10, connected to loop receiver 23 in HTMU 8 by lead 
11. Loop receiver 23 serves to direct additional poWer from 
induction loop, and commands and con?gures changes for 
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micro controller 22. Additional poWer and/or commands and 
con?guration changes come from an external unit that Would 
transmitted by magnetic induction. Data may also be trans 
mitted from implanted device to external unit in a similar 
fashion. 

[0082] SeiZures may be controlled by electrical stimula 
tion, infusion of said medication, or beat pumping, singly or 
in combination. Electrical stimulation or infusion of said 
medication may be directed to any brain area associated With 
seiZures, including neocortex, hippocampus, amygdala 
thalamus, hypothalamus, caudate or other nuclei of basal 
ganglia, cerebellum and brain stem. Stimulation sWitch 27 is 
provided for this purpose, according to the invention. SWitch 
27 is activated by micro controller 22, Which sends a current 
pulse through lead 60 to stimulating electrode 61, or to a 
remote stimulating electrode 62 via lead 63. 

[0083] The invention provides for multiple techniques that 
could be applied singly or in combination depending upon 
situation of speci?c seiZure. Control of an individual event 
may require only one of these methods, or may require a 
combination of tWo or more procedures involving, for 
example, a single pulse may be delivered or a train of pulses 
may be delivered until seiZure is stopped. Similarly, some 
patients might require a negative pulse, others a positive 
pulse, others a balanced pulse With an initial positive phase, 
others a negative pulse With an initial negative phase. In still 
others, phase might not matter. Assessment algorithms that 
are a part of this invention Would analyZe phase relation 
ships and responses to stimulation so that treatment could be 
optimiZed. Treatment could be delivered Within the skull, or 
in or beneath the skin elseWhere in the body under circum 
stances Wherein such stimulation could prevent or abort 
seizure occurrence. 

[0084] Medications could be delivered to brain via an 
implanted catheter or similar tubing in same manner. 
Accordingly, micro controller 22 activates pump and re?ll 
able reservoir 71 Which delivers a quantity of said medica 
tion through tubing 70 onto or into brain 28 (shoWn in FIG. 
1). A re?llable reservoir and pump 71 on surface of head 
permits replenishment of said medication in a manner analo 
gous to functions of certain types of shunts. Pump in 
re?llable reservoir is controlled by micro controller 22 via 
connecting lead 72. 

[0085] Pulses could vary in their morphology, according 
to the invention. An example of a train on these pulses is 
shoWn in FIG. 4 Waveform 50. Integral product of current 
and time for each of these component pulses is identical, 
thus guaranteeing charge balance. In another preferred 
embodiment on this invention shoWn in FIG. 4, order of 
pulses may be reversed 51, alternating 52 or random 53. 
That is recovery pulse 82, shoWn in FIG. 5, maybe delivered 
?rst, folloWed by active pulse 81, Waveform 51. In case of 
alternating order, active pulse 81 is folloWed by recovery 
pulse 82, then recovery 82 folloWed by active 81, then active 
81 folloWed by recovery 82, then recovery 82 folloWed by 
active pulse 81, and so on as in Waveform 52. For random 
ordering active pulse 81 may come before or after recovery 
pulse 82 as in Waveform 53. In all cases, for every active 
pulse 81, there Will alWays be a recovery pulse 82 either just 
before or just after. For reference purposes, a symmetric 
biphasic pulse 41, 42 is shoWn. Atrain of these pulses is also 
shoWn 43. Pulse Wave form morphology could vary in a 
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random sequence, could be varied in a predetermined order, 
or could vary depending on total pulse train duration. 

[0086] Sensor electrodes 3, 4 are placed on surface of 
brain (or could be placed Within brain substance) as shoWn 
in FIG. 1 at a location that gives earliest indication of 
seiZure activity or other changes in brain activity. Sensors 
could sense one or many kinds of activity, selected from a 
list comprising EEG changes, ionic changes, cellular 
changes, blood ?oW changes, enZyme changes, hormonal 
changes, pH changes, changes in osmolality or osmolarity, 
cellular function changes and optical changes. These sensors 
are connected by leads 5, 6 to lead bundle 7. Stimulating 
electrodes 61, 62 are placed over area of seiZure origin or 
area in?uencing seiZure origin, continuation or spread. 
These stimulating electrodes 61, 62 are connected to lead 
bundle 7 by leads 60 and 63. 

[0087] The lead bundle 7 connects to Stimulation and 
Medication Delivery System (SMDS) 8 (FIG. 3). Sensor 
leads 5 and 6 connect to an ampli?er 20 that ampli?es signal 
sufficiently so that micro controller 22 can analyZe EEG 
signals and detect seiZure onset. When a seiZure is detected, 
micro controller operates solid state sWitch to generate one 
or more pulses as shoW in FIG. 4. These pulses are con 
nected to capacitors 65 that Will ensure that there is no net 
charge imbalance during period of stimulation for times 
spans that are long compared to time constant of capacitor 
and stimulation electrode impedance combination. 

[0088] The invention is further illustrated by following 
non-limiting examples. 

EXAMPLES 

EXample 1 

[0089] Afterdischarges and the effect of brief pulse stimu 
lation (BPS) on afterdischarges (ADs) Were studied. No 
single, typical form of ADs Was noted. Such pulse stimula 
tion occurs for clinical reasons, in order to help localiZe 
areas of brain controlling movement, sensation, language, 
and other functions, but may produce activity of epilepti 
form morphology called afterdischarges. Such afterdis 
charges can be taken as a model of epilepsy. Effect of BPS 
Was not dependent upon pretreatment With anticonvulsant 
medication, relative time of ADs, or treatment latency. In 
addition, BPS Was effective in all lobes stimulated, for all 
types of ADs, and both in regions that did and did not 
produce interictal epileptiform discharges; hoWever, degree 
of effectiveness depended on these variables. For eXample, 
BPS Was most effective anteriorly and least effective pos 
teriorly. BPS Were more likely to stop ADs if ADs consisted 
of continuous rhythmic epileptiform activity than to stop 
ADs that Were rapidly repeated spikes. BPS of shorter 
durations (e.g., 0.5 to 1 second) Were more effective than 
those of longer durations (e.g., 1.5 to 2 seconds). BPS Was 
less effective if stimulation occurred at electrodes Where 
interictal epileptiform discharges Were found. 

[0090] Wavelet-crosscorrelation analysis Was used to 
obtain Wavelet-correlation coefficients (WCC), time lag 
(TL) and absolute values of TL (ATL) betWeen tWo elec 
trodes. For Analysis-1, comparisons Were made betWeen 
WCC and ATL in epoch 1, Which Was prior to LS, epoch 2 
Which Was after LS but before BPS, and epoch 3 Which Was 
after BPS. For Analysis-2, comparisons Were made betWeen 
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WCC and AT L during four conditions during epoch 1. These 
Were When BPS subsequently terminated ADs Within tWo 
seconds (1A), terminated ADs Within tWo to ?ve seconds 
(1B) did not terminate ADs Within ?ve seconds (1C), and 
When ADs did not appear (1D). We found that BPS ef?cacy 
in terminating ADs Was predicted by (1) loW correlation and 
(2) sloW propagation speed betWeen electrode pairs in 2-10 
second period before stimulation. Therefore, Wavelet-cross 
correlation analysis aids in predicting conditions during 
Which BPS can abort ADs. When used according to the 
invention, similar analyses could help predict When BPS or 
other interventions Would abort clinical seiZures. 

EXample 2 

[0091] The value of Wavelet cross-correlation analysis 
Was assessed in 57 events in Which afterdischarges (ADs) 
appeared in response to stimulation of brain cortical tissue in 
humans. Mean durations of epoch 1, 2 and 3 Were 9.9, 11.3 
and 14.5 seconds, respectively. For controls in analysis-2 We 
chose 59 events in Which ADs did not appear after cortical 
stimulation. Signi?cant differences of WCC values tended to 
occur betWeen epochs 1 and 2, and 2 and 3. On the other 
hand, there Were feW signi?cant differences in WCC 
betWeen epochs 1 and 3. 

[0092] The results suggested that activity propagated from 
one electrode to another With a time lag. Short time lags (less 
than 10 milliseconds) occurred less frequently during epoch 
2, but that time lags of 10 milliseconds occurred more 
frequently during epoch 2. 

[0093] In summary, results indicated that there Were sig 
ni?cant differences in WCC and TL When comparing among 
different epochs. These differences can be utiliZed to deter 
mine When seiZures are likely to occur and to determine 
Where they are originating and direction of propagation. The 
eXample pertains to results utiliZing EEG analysis, but those 
skilled in the art Will see that the methods of the invention 
could be utiliZed to analyZe other data obtained from sensors 
placed on brain or elseWhere. 

EXample 3 

[0094] The effects of cooling neural tissue on seiZure 
development Were investigated using an EAACl knockout 
rat model of epilepsy. EACCl antisense DNA Was continu 
ously infused into left ventricle of a test animal for 10 days 
using a pump located on animal’s back. Diffuse glutamate 
toxicity Was thereby effected in brain of knockout rat. 
Diffuse glutamate activity produced seiZures, manifested by 
activity arrest, staring, and rhythmic 2-3/sec epileptiform 
EEG patterns, all indicative of seiZure activity. Thereafter, 
test animal Was anesthetiZed and a cooling unit adhered to 
rat’s head. Due to thinness of rat crania, cooling of brain Was 
achieved through intact rat skull. EEG tracings Were made 
at baseline (288° C.) and at hypothermic (252° C.) tem 
peratures. An overall reduction in seiZure activity Was 
observed after cooling, marked by return of normal explor 
atory behavior and normal EEG tracings. 

EXample 4 

[0095] Sensor electrodes 3, 4 are placed in the surface of 
the brain as shoWn in FIG. 1 at a location that gives the 
earliest indication of seiZure activity. These sensors could be 
located as shoWn, or anyWhere else in the brain or body 
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Where sensors could best detect evidence of seizure onset. 
These sensors are connected by leads 5, 6 to lead bundle 7. 
The stimulating electrodes 61, 62 are placed over that part 
of the brain that causes the seiZures i.e. the epileptic focus. 
These stimulating electrodes 61, 62 are connected to the lead 
bundle 7 by leads 60 and 63. The lead bundle 7 connects to 
stimulation and medication delivery system (SMDS) 8, 
shoWn in FIG. 3. The sensor leads 5 and 6 connect to an 
ampli?er 20 that ampli?es the signal suf?ciently so that the 
micro controller 22 can analyZe the EEG signals and detect 
seiZure onset. When a seiZure is detected, the micro con 
troller operates solid state sWitch 27 to generates one or 
more ABPs as shoW in FIGS. 4-5. These pulses are con 
nected to capacitors 65 that Will ensure that there is no net 
charge imbalance during the period of stimulation for time 
spans that are long compared to the time constant of the 
capacitor and stimulation electrode impedance combination. 

[0096] Afurther re?nement to this device uses feedback to 
dynamically balance the charge of each ABP. The micro 
controller 22 senses the voltage at the stimulation electrodes 
using connections 66 to the stimulation leads 2. The micro 
controller is programmed to adjust the amplitude of each 
phase of the stimulation pulse, via the solid state sWitch, so 
that charge balance is ensured at the end of each pulse. The 
capacitors 65 only ensure charge balance at times much 
longer than the time constant given by the product of the 
capacitance and stimulation electrode impedance. This time 
constant is necessarily much longer than the pulse Width in 
order to preserve the original pulse shape. In other Words, 
the charge balance afforded by the capacitor is only achieved 
at times longer than the time constant of the capacitor 
electrode combination, Which in turn is much longer than the 
Widths of the ABPs. 

[0097] The use of brief bursts of pulse stimulation to abort 
seiZure activity is further described in Lesser et al., Neurol 
ogy 53, 2073-2081 (1999), the entire contents of Which is 
incorporated herein by reference. 

[0098] While the invention has been described in detail 
and With reference to speci?c embodiments thereof, it Will 
be apparent to those of ordinary skill in the art that various 
changes and modi?cations can be made therein Without 
departing from the spirit and scope of the invention. 

1-34. (canceled) 
35. A method of treating epilepsy, comprising: 

monitoring at least one sensor that detects electrical 
activity in the brain; 

performing a Wavelet cross-correlation analysis on data 
obtained from said monitoring to determine Whether an 
epileptic seiZure is likely to occur or to determine 
Whether one or more treatments selected from the 

group consisting of electrical stimulation, heating, 
cooling, and medicament is likely to prevent or abort 
epileptic seiZure activity; and 

if the Wavelet cross-correlation analysis indicates that one 
or more of said treatments is likely to prevent or abort 
epileptic seiZure activity, administering the treatments. 
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36. The method of claim 35, Wherein the one or more 
treatments comprise pulses of electrical stimulation. 

37. The method of claim 35, Wherein the pulses of 
electrical stimulation are administered so as to maintain 

charge balance. 
38. The method of claim 35, Wherein the medicament is 

a member selected from the group consisting of drugs, 
electrolytes, and ?uids. 

39. The method of claim 35, Wherein the drugs are 
selected from the group consisting of nucleic acids, hor 
mones, hydantoins, deoXybarbiturates, benZodiaZepines, 
glutamate receptor agonists, glutamate receptor antagonists, 
y-aminobutyric acid receptor agonists, y-aminobutyric acid 
receptor antagonists, dopamine receptor agonists, dopamine 
receptor antagonists, drugs affecting NMDA receptors, 
drugs affecting AMPA receptors, drugs affecting metabotro 
pic receptors, and anesthetics. 

40. The method of claim 35, Wherein the one or more 
treatments comprise electrical stimulation in combination 
With cooling. 

41. A method of analyZing brain activity, comprising: 

monitoring at least one sensor that detects electrical 
activity in the brain; 

performing a Wavelet cross-correlation analysis on data 
obtained from said monitoring; and 

based on the Wavelet cross-correlation analysis, predict 
ing When abnormal electrical activity Will occur. 

42. The method of claim 41, Wherein the abnormal 
electrical activity represents epileptic seiZure activity. 

43. The method of claim 41, further comprising, based on 
the Wavelet cross-correlation analysis, determining Where 
the abnormal electrical activity originates in the brain. 

44. The method of claim 41, further comprising, based on 
the Wavelet cross-correlation analysis, determining the 
direction of propagation of the abnormal electrical activity. 

45. A method of treating a medical disorder, comprising: 

monitoring at least one sensor that senses physiological 
activity in one or more organs or organ systems; 

performing a Wavelet cross-correlation analysis on data 
obtained from said monitoring to determine Whether an 
abnormal state caused by the medical disorder eXists, 
said Wavelet cross-correlation analysis comprising: 

performing a Wavelet transform on data obtained from 
said monitoring to generate Wavelet-transformed 
data, and 

performing a cross-correlation analysis on said Wave 
let-transforrned data; and 

if the abnormal state eXists, administering one or more 
treatments selected from the group consisting of elec 
trical stimulation, heating, cooling, and medicament to 
the one or more affected organs. 


