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METHOD AND SYSTEM FOR IMPROVING STIMULATION OF EXCITABLE

TISSUE

Technical Field of the Invention

The present invention refers to a method for optimization of the stimulation

pattern of implanted electrodes in excitable tissue of a patient and to a system for

performing said optimization.

Background Art

Deep Brain Stimulation (DBS) was introduced for the treatment of

neurological diseases such as Parkinson's disease in the eighties. The technique

stimulates nervous tissue using an electrode device (alternatively called probe) that is

implanted into deep nuclei of the brain. The mechanisms underlying the therapeutic

effects are only partly understood but are thought to involve inhibition of abnormal

neural activity. The DBS probe design used in the clinic has remained largely

unchanged although more channels have been added to present versions. However,

these probes still exhibit substantial limitations in stimulation specificity and

biocompatibility. Consequently, such probes are prone to produce side effects and

loss of therapeutic efficiency over time. At least three features of the design underlie

these shortcomings: 1) detailed control of the distribution of current in the target

tissue is prevented by the large size of the active electrode surfaces of the DBS

electrodes combined with a distribution of these electrodes along the same probe, 2)

it is difficult to predict the optimal stimulation sites in a given patient as the neural

mechanisms underlying the beneficial effects of DBS are not fully understood and are

due to individual variation in functional anatomy, 3) current electrode designs

produce substantial glial scarring, that displaces neurons away from the active

electrode sites. In turn, the glial scarring necessitates higher current intensities to

achieve neural stimulation and results in a larger stimulation spread. A further

problem is the shortening of battery life due to high current intensities resulting in

repeated recharging or surgical replacement of the battery.

The state of art of devices for implantation into soft tissue also comprises

microelectrodes. Microelectrodes have a wide field of application in medicine and

related fields. In principle, electric signals emanating from single nerve cells or group

of cells can be recorded. Single nerve cells or group of cells can also be electrically



stimulated by such devices, and their reaction to such stimulation can be monitored.

Several types of multichannel microelectrodes are known in the art (see e.g.

WO 2007/040442, WO 2008/091 97, WO 2009/075625, WO 2010/144016,

WO 2012/025596 and WO 2013/1 91612).

US 2006/01 95159 discloses a method of selecting a subset of electrodes in a

stimulator device implanted in a patient in order to obtain an optimal therapeutic

patient outcome.

US 2012/0302912 discloses a method for stimulation treatment wherein

electrical stimulation is given via an electrode array in accordance with a set of

stimulation parameters relating to both electrode combinations and electrical pulse

parameters.

Multichannel electrodes offer the possibility of providing a precise

stimulation pattern. Given that the functional anatomy of the brain is not identical for

different patients due to e.g. congenital variations, structural changes caused by

aging and degenerative diseases, and to experience dependent alterations in

neuronal networks, the precise stimulation pattern causing a beneficial effect with

minimal side effects needs to be evaluated in each patient. It is known to relate the

implanted electrodes to known anatomical landmarks using imaging techniques such

as computer tomography (CT) and magnetic resonance imaging (MRI) and observing

the effects in the patient caused by the stimulation through the implanted electrodes.

However, in many instances beneficial effects and side effects of a given stimulation

pattern may take considerable time to establish. Hence, the time consumption to

optimize the stimulation pattern becomes problematic when using multichannel

electrode devices comprising a large number of electrodes.

Furthermore, it is also desirable to define a therapeutically useful stimulation

pattern while keeping the energy consumption of the stimulation as low as possible,

since this will reduce the risk of stimulation produced injury to the tissue and enhance

the battery life time of the stimulating device connected to the implanted electrodes.

The objects of the present invention are to solve these problems and thereby

improve the stimulation of excitable tissue, such as neuronal tissue or endocrine

tissue of a patient with a view to curing or alleviating different diseases and disorders,

including both physiological and psychological conditions. Additional objects will

become obvious from the detailed description of the invention.



Summary of the Invention

An object with the present invention is to eliminate the above-mentioned

problems and to provide a method and a system for optimization of the stimulation

pattern of a set of implanted electrodes in excitable tissue of a patient.

According to the invention, this object is achieved by means of a method and

a system of the type mentioned by way of introduction, which have the features

presented in the independent method claim and system claim, respectively. Different

embodiments of said method and system are presented in the dependent claims,

respectively.

More precisely, in a first aspect the present invention refers to a method for

optimization of the stimulation pattern of a set of implanted electrodes in excitable

tissue of a patient, wherein it comprises the steps of choosing a first group of a

certain number of electrodes from said set of implanted electrodes, stimulating the

excitable tissue electrically by said first group of electrodes, registering information

provided by the patient, assigning each electrode of said first group of electrodes a

value related to said information, and wherein the method is repeated for one or

more further groups of said certain number of electrodes chosen from said set of

implanted electrodes, wherein each electrode may be included in one or several

groups, wherein the total assigned value for each electrode is calculated, and

wherein electrodes having a total assigned value exceeding a predetermined value

are chosen to be included in said stimulation pattern.

In a second aspect the present invention refers to the method according to

said first aspect, wherein it also comprises steps for the reduction of the energy

consumption.

In a third aspect the present invention refers to a method for treatment or

alleviation of a disease or condition by use of a set of electrodes whose stimulation

pattern has been optimized with the method according to claim 1, wherein the

disease or condition is chosen from the group consisting of brain and/or spinal

damage, lost functions, pain, Parkinson's disease, tremor, motor disorders, choreatic

and other involuntary movements, memory disorders, Alzheimer's disease,

degenerative diseases, epilepsy, mood disorders, aggression, anxiety, phobia, affect,

sexual over-activity, impotence, eating disorders, sleep disorders, such as

narcolepsy, attention disorders, stroke, damage of the brain, damage of the spinal

cord, bladder disorders after spinal cord injury, bowel disorders after spinal cord



injury, spasticity, somatosensory disorders, auditory disorders, visual disorders, and

olfactory disorders.

In a fourth aspect the present invention refers to a system for optimization of

the stimulation pattern of a set of implanted electrodes in excitable tissue of a patient

and for treatment or alleviation of a disease or disorder with the method according to

the present invention is also provided. The system comprises a set of electrodes

having the ability to be implanted in excitable tissue of a patient, a stimulation device

connected to said set of electrodes and having the ability to stimulate said excitable

tissue via said set of electrodes, a first computer program connected to the

stimulation device and having the ability to transform information provided by the

patient to an assigned value for a tested group of electrodes, to calculate a total

assigned value for each electrode, and to choose a preferred set of electrodes to be

used for stimulation treatment.

Brief Description of the Drawings

Fig. 1 schematically shows a system according to the present invention

comprising a first computer program P 1 and a stimulation device S which is capable

of stimulating electrodes 3 implanted in excitable tissue 2 of a human or an animal.

Fig. 2 schematically shows the system in Fig. 1, further comprising a

registration device R , a second computer program P2, and a database DB.

Detailed Description of the Invention and Preferred Embodiments thereof

First, some specific expressions and terms used throughout the application

text will be defined.

The expression "optimization of the stimulation pattern of a set of implanted

electrodes" is to be understood as finding a satisfactory stimulation pattern. The

found stimulation pattern need not be the best theoretical pattern, but rather a "good

enough" pattern. The word "optimal" is to be understood in accordance with the

above.

Endocrine tissue or endocrine organs are tissues or organs which secrete

hormonones into the circulation.

A "nucleus" (plural nuclei) is an anatomically defined cluster of neurones, e.g.

the subthalamic nucleus, nucleus habenula etc. The wording nucleus should not limit

the use.



"Anatomical compartment" is defined as a structure that is delineated

anatomically, for example the thalamus, cortex cerebri, the subthalamic nuclei, and

the dorsal horn of the spinal cord.

A "subnucleus" is defined as a subcompartment of a nucleus, such as the

ventroposterior nucleus or ventromedial nucleus of thalamus or part of the

ventroposterior nucleus involved in face somatosensory functions.

An "activity pattern" is defined as a discharge pattern of neurons. The activity

pattern may be measured as action potentials and/or local field potentials.

"Search field" is defined as a predetermined subgroup of electrodes or

subgroup of stimulation parameters for a given group of electrodes. In some

embodiments, "search field" may be defined as including all electrodes.

According to the above defined first aspect of the invention, the above and

other objects of the invention are achieved, in full or at least in part, by the method as

defined in the independent method claim.

When implanting a larger number of electrodes into excitable tissue, e.g.

neuronal tissue, it is most likely that some of the implanted electrodes give rise to no

effect or to negative effects when used for stimulation of the neuronal tissue. It is also

most likely that stimulation of a combination of electrodes will give the best effect, i.e.

decreased or abolished symptoms with as few negative effects as possible. The

method according to the present invention may be used to find such an optimal

combination of electrodes. In addition, the method according to the present invention

may also be used to find optimal stimulation parameters for each electrode in the

combination.

The present invention provides a method for finding the optimal set of

electrodes for stimulation as well as a method to reduce the number of electrodes

needed to obtain a satisfactory result.

The stimulation of the targeted tissue does preferably not start until the

patient actively instructs the system to do so. Thus, the patient is given full control

over the situation.

The time period under which stimulation occurs may be set in advance.

The time period between different stimulations may be set in advance.

Each electrode may be included in one or several tested groups.

The number of electrodes included in each group is dependent on the total

number of implanted electrodes. Preferably, 3-1 5 electrodes are included in each



group. Typically, 20 % of the total number implanted electrodes are used in each

group which is used for stimulation. Every single electrode may be tested at least 3

times, preferably at least 5 times, more preferably at least 10 times, most preferably

at least 12-1 5 times. Every single electrode may be tested even more times.

Generally, the stimulation is carried out at 0.1 -5 V , preferably below 2 V and

occasionally as high as at 10 V .

Each test stimulation comprises a train of electrical pulses. Each pulse in the

train may be longer than 2 ms. The internal frequency of stimulation pulses may

exceed 50 Hz. Each test stimulation may have a duration of at least 100 ms,

preferably at least 1 s , or most preferably at least 5 s .

Each pulse is preferably balanced with respect to the charge emitted from the

electrode. For example, a symmetric biphasic square wave which initially has a

negative potential followed by a positive potential. Other wave shapes are within the

scope of the invention.

The total assigned value for each electrode may be calculated as the sum of

all values assigned to the electrode. Median values are preferred when the sample

size is small, such as for samples less than 7 tests.

Alternatively, the total assigned value for each electrode may be calculated

as the average value of all values assigned to the electrode.

The total assigned value for each electrode may be calculated as the median

value of all values assigned to the electrode.

The predetermined value involved in the method according to the present

invention is determined depending on the scale used. E.g., a symmetric scale

covering the span from - 100 to + 100 may be used, wherein - 100 indicates maximal

adverse effects and +100 indicates total relief of symptoms. The threshold may then

be >0, i.e. when the electrode adds positively to the therapy. Alternatively, the

threshold may be set to >30 by the reason that the placebo effect normally appears

in that region and that a symptom release of at least 30% is desirable if the treatment

is to be competitive. In certain applications, the threshold may be set to > 50. Said

value obtained for each group of electrodes is assigned on a digital or analog scale,

wherein values on one side of the midpoint correspond to therapeutic effect and

values on the other side of the midpoint correspond to adverse effects. In other

applications, e.g. when a visual analog scale is used, 0 is to the right and 100 to the



left. Usually 0 means no pain and 100 is maximal pain. Thus, in this case the best

values are to the right.

The total assigned value for each electrode may be calculated as the sum of

all values assigned to the electrode. This requires that each electrode has been

stimulated the same number of times.

Alternatively, the total assigned value for each electrode may be calculated

as the average value of all values assigned to the electrode.

The total assigned value for each electrode may be calculated as the median

value of all values assigned to the electrode. The total assigned value for each

electrode may in one embodiment be the sum of a component describing the effect of

the stimulation on the symptoms which are to be treated and of a component

describing any side effects of the stimulations.

The total assigned value for each electrode may be comprised of a

component describing the effect of the stimulation on the symptoms which are to be

treated and a YES or NO regarding the side effects of the stimulations.

Combinations of the above-mentioned ways to calculate the total assigned

value may be utilized in one embodiment.

If one specific electrode is associated with a negative effect in all or in a

majority of the tests, such as a low degree of effect on the condition or disease which

is treated, or such as a side effect, the groups may be tested again without this

specific electrode.

One advantage of the current invention is that, through this method,

electrodes which give rise to the desired therapeutic effect may be found in a time

efficient manner. In addition, electrodes the stimulation of which give rise to

undesired effects may be identified in a time efficient manner and may thus be

excluded from the used set of electrodes.

The time needed to find electrodes which give rise to the desired therapeutic

effect depends on how often the test pulses may be given and the time needed to

evaluate each test. For example, if the effect of the stimulation is immediate, each

test cycle may take about 30 s . The test cycle includes the feedback provided by the

patient. Thus, if the effect of the stimulation has a long onset time, the evaluation of

each test cycle is prolonged.

The interval between test cycles is influenced for example by the duration of

the effect, i.e. the time for return of the symptoms. For DBS in treatment of



Parkinson ' s disease both onset latency and duration is relatively short, typically less

than one minute.

For example, if the effect of 30 electrodes is to be evaluated, and 20 % of the

electrodes are tested in each test cycle, and each electrode is to be tested 10 times,

a total number of 50 test cycles must be performed. If each test cycle takes 1 min,

the electrodes which give rise to the desired therapeutic effect may be found in 50

min. If each of the 30 electrodes were to be tested individually, it would take 300 min

to find the electrodes which give rise to the desired therapeutic effect.

Another advantage is that combinations of electrodes which give rise to the

desired therapeutic effect may be found.

The method according to the present invention may be used for optimization

of the stimulation pattern of a set of implanted electrodes in order to treat and/or

alleviate Parkinson 's disease.

The method may be used for optimization of the stimulation pattern of a set

of implanted electrodes in order to treat and/or alleviate pain. The pain may be

chronic pain. The pain may be neuropathic pain.

The method may be used for optimization of the stimulation pattern of a set

of implanted electrodes in order to treat and/or alleviate emotional disorders, e.g.

depression and anxiety.

The method may be used for optimization of the stimulation pattern of a set

of implanted electrodes in order to treat and/or alleviate epilepsia.

The method may be used for optimization of the stimulation pattern of a set

of implanted electrodes in order to treat and/or alleviate conditions involving

delusions.

The method may be used for optimization of the stimulation pattern of a set

of implanted electrodes in order to treat and/or alleviate psychological disorders, e.g.

Tourette ' s syndrome and obsessive compulsive disorder (OCD).

The method may be used for optimization of the stimulation pattern of a set

of implanted electrodes in order to treat and/or alleviate eating disorders, e.g.

anorexia nervosa and bulimia.

The method may be used for optimization of the stimulation pattern of a set

of implanted electrodes in order to treat and/or alleviate obesity.



The method may be used for optimization of the stimulation pattern of a set

of implanted electrodes in order to treat and/or alleviate cognitive disorders, e.g.

Alzheimer 's disease.

The method may be used for optimization of the stimulation pattern of a set

of implanted electrodes in order to treat and/or alleviate sleep disorders, e.g.

narcolepsy.

The method may be used for optimization of the stimulation pattern of a set

of implanted electrodes in order to treat and/or alleviate high blood pressure.

The method may be used for optimization of the stimulation pattern of a set

of implanted electrodes in order to regulate the body temperature.

The method may be used for optimization of the stimulation pattern of a set

of implanted electrodes in order to regulate circadian rhythms.

The method may be used for optimization of the stimulation pattern of a set

of implanted electrodes in order to regulate the biological clock of a patient.

The patient may be a human or an animal, and e.g. chronic pain or

aggression in pets may be treated.

According to one embodiment of the present invention, the method may be

preceded by a step of stimulating all electrodes at the same time while increasing the

stimulation strength. Threshold(s) for adequate therapeutic effects and significant

adverse effects can thus be established and used in the search routine above, more

precisely for use in the step of stimulating the excitable tissue.

Stimulation strength may be amplitude in voltage or in current.

For example, the intensity thresholds for adequate therapeutic effects can

then be used when searching for effective subgroups as above. One advantage of

this embodiment is that the patient is gradually acquainted to the effect of stimulation.

Another advantage is that a stimulation intensity is established, which is used in the

following steps. This minimizes the risk of stimulating with a too high intensity which

could lead to serious negative effects.

Energy saving is one aim since this prolongs the battery endurance but does

not necessarily result in impaired therapy. Reducing the group of implanted

electrodes to a sub-group of electrodes which are used for stimulation still providing

satisfactory results will significantly reduce the energy expenditure.

The invention is based on the insight that reducing the energy consumption

by using a sub-selection of electrodes which produce acceptable results will also



often increase the specificity of the stimulation and reduce the incidence of side

effects by avoiding stimulation of electrodes or stimulation intensities that produce

undesired results.

Thus, as disclosed above, a second aspect of the present invention refers to

a method for optimization of the stimulation pattern which is carried out as two

separate optimizations. The first optimization comprises the steps of choosing a first

group of a certain number of electrodes from said set of implanted electrodes,

stimulating the excitable tissue electrically by said first group of electrodes,

registering information provided by the patient, assigning each electrode of said first

group of electrodes a value related to said information, and wherein the method is

repeated for one or more further groups of said certain number of electrodes chosen

from said set of implanted electrodes, wherein each electrode may be included in one

or several groups, wherein the total assigned value for each electrode is calculated,

and wherein electrodes having a total assigned value exceeding a predetermined

value are chosen for a group of electrodes to be included in said stimulation pattern.

The subsequent second optimization is an optimization of stimulation parameters for

the electrodes chosen to be included in said stimulation pattern according to claim 1

in view of the energy consumption needed for said chosen electrodes to give rise to a

therapeutic effect, wherein the second optimization comprises the steps of varying

one or more of the stimulation parameters for said chosen electrodes in a stimulation

test series; registering information provided by the patient; monitoring the energy

consumption for each stimulation test where the stimulation gives rise to a

therapeutic effect; and choosing the parameters which give rise to the lowest energy

consumption while still giving a therapeutic effect as the stimulation parameters; or

assigning each stimulation test a value related to said information provided by the

patient and the energy consumption; and choosing the parameters which give rise to

the most favourable assigned value.

The parameters which may be varied comprise the pulse width, the

amplitude of the stimulation pulse, the stimulation intensity, the stimulation frequency,

the shape of the stimulation pulse, the polarity, the stimulation type as to the degree

of randomization and the temporal pattern of stimulation, e.g. periods of higher

frequency followed by lower frequencies or quisence as when burst stimulation is

used, wherein the internal frequency of pulses in the burst is higher than the

frequency of the bursts. One example is to use bursts with 3-1 0 pulses at an internal



frequency exceeding 200 Hz, wherein the bursts are separated by a period of less

frequent stimulation. Another pattern is to use amplitude modulation or frequency

modulation. In the first case amplitude modulation means that the pulse amplitude is

varied over a certain time cycle between defined values. Frequency modulation

means that the frequency is varied in same way. The modulation may be e.g.

sinusoidal variation of pulse amplitude or frequency.

Alternatively, a first group of electrodes in the first optimization step is

assigned a value based on the information provided by the patient and the energy

consumption needed to give rise to a therapeutic effect.

Each group of electrodes may be tested several times, but with different

stimulation parameters. The parameters which may be varied comprise the pulse

width, the amplitude of the stimulation pulse, the stimulation intensity, the stimulation

frequency, the temporal pattern of stimulation, the shape of the stimulation pulse, the

polarity, and the stimulation type as to the degree of randomization.

The assigned value may be a function of the therapeutic effect induced by

stimulation by the electrode group and of the energy consumption needed. In this

way, the energy consumption may be optimized at the same time as a therapuetic

effect is ensured.

Alternatively, the assigned value will be a weighted function. For example,

the therapeutic effect and the energy consumtion are given the same weight. Another

example is that the weight of the energy consumption is dependent on the effect

which is reached and grows in importance above a therapeutic threshold (good

enough).

In the case when the assigned value is based on the information provided by

the patient and the energy consumption needed to give rise to a therapeutic effect,

the function may include threshold values for the effect and/or the energy

consumption such that a value is assigned only when the therapeutic effect is above

a certain predetermined value and when the energy consumption is below a certain

predetermined value.

Alternatively, the first optimization step is preceded by a step of initially

stimulating all electrodes while stepwise increasing the stimulation strength. As

stated above, one advantage of this embodiment is that the patient is gradually

acquainted to the effect of stimulation. Another advantage is that a stimulation

intensity is established, which is used in the following steps. This minimizes the risk



of stimulating with a too high intensity which could lead to serious negative effects.

The patient assigns a therapeutic value to each step and notes the occurrence of

adverse effects. In this way an overall view is initially created. It may be that no

adverse effect is encountered. If so, the method above may be used to fine tune the

energy consumption.

According to one embodiment of the invention, the set of implanted

electrodes comprises a plurality of microelectrodes. In this context, a microelectrode

is defined as electrodes having a diameter of less than 100 m, i.e. the lead has a

diameter of less than 100 m. However, active sites in the electrode may have a

diameter larger than 100 m. The length of the electrode may be of any length

suitable for the target. The part of the electrode used to emit current to the tissue

(usually the non-insulated part of the electrode) is not limited in size.

According to another embodiment of the invention, the electrodes may be

larger, such as e.g. electrodes used for spinal cord stimulation.

Compared to conventional electrodes used for e.g. DBS (typically about 1

mm) in diameter, an individual electrode in a microelectrode is very small and can

thus be very specific regarding the neuronal tissue which it stimulates. This depends

on how large the active surface is. In some cases, such an electrode can be

regarded as stimulating only the most adjacent cells. This gives the possibility to

tailor the stimulation pattern and parameters to the individual patient and to decrease

the negative effects that stimulation of some cells or groups of nearby cells give rise

to. Such negative effects may be hallucinations, discomfort such as nausea, anxiety,

aggression, or other emotional disturbances.

One advantage of microelectrodes is that such small electrodes, due to their

smaller size, may be integrated into nerve cell circuits better than a larger electrode.

This is especially important since e.g. specific stimulation within sub-compartments in

a tissue volume of less than approximately 1 mm3 requires microelectrodes that are

much smaller than conventional electrodes for DBS, which are in the mm scale.

Another advantage is that microelectrodes, due to their smaller size, usually

are much more biocompatible than larger electrodes (Thelin J , Jorntell H , Psouni E ,

Garwics M , Schouenborg J , Danielsen N , Linsmeier CE. Implant size and fixation

mode strongly influence tissue reactions in the CNS. PLoS One. 201 1 Jan

26;6(1 )e16267). Thus, such electrodes give rise to less glial scarring, reducing the

problem of having to increase the current intensities to achieve neural stimulation.



The problem with glial scarring is that it increases the distance from the electrodes to

the neurons.

According to a further embodiment, the set of implanted electrodes

comprises electrodes which have active sites for charge ejection located on different

physical entities. Examples of such electrodes are electrode arrays or electrode

bundles in which several individual electrodes together make up the probe (Lind G ,

Linsmeier CE, Thelin J , Schouenborg J , Gelatine-embedded electrodes - a novel

biocompatible vehicle allowing implantation of highly flexible microelectrodes. J

Neural Eng. 201 Aug; 7(4):046005. Epub 201 Jun 16). In other words, the electrodes

or active sites are physically separated in target tissue. In this context, "active site for

charge ejection" is the location on an electrode from where most of the stimulation is

transferrred to the surrounding tissue.

According to a further embodiment, the set of implanted electrodes

comprises electrodes which are located on the same physical entity. The entity has

e.g. a rod-like shape. The entity may be a foil. The entity may be non-soluble or non-

degradeable.

Importantly, stimulation between pairs or groups of electrodes in the

implanted array or bundle of electrodes can be used to direct the stimulation field

within a cluster of electrodes. The electrical field is focused between the electrodes

used, and the current distribution is dependent on the resistance of the tissue.

Current taking a detour between two electrodes becomes reduced, and thereby the

current is focused to the area between the electrodes. If electrodes present in the

periphery of the electrode cluster are used as a pole, a sub-group of the electrodes

present within the cluster may be used as an opposite pole.

An advantage of such electrodes is that they, since they are located on

different physical entities, can be spread throughout the tissue which is to be

stimulated or spread on the border of the tissue which is to be stimulated and thus

can limit the stimulated volume necessary for achieving therapeutic effects.

According to one embodiment of the invention, the excitable tissue may be

neuronal tissue or endocrine tissue, the heart or the vascular system. The tissue may

be human or animal tissue.

According to another embodiment of the invention, the neuronal tissue may

be brain tissue, spinal cord or periferal nerves.



Importantly, the present invention applies to grey and white matter in the

brain and spinal cord, as well as to peripheral nerves. This applies to both electrodes

implanted in target tissue as well as electrodes implanted on the surface or nearby

the target tissue, e . g . conventional electrodes used for spinal cord stimulation.

According to yet another embodiment of the invention, the brain tissue may

be selected from the group consisting of subthalamic nucleus (STN), globus pallidus

interna (GPi), periaqueductal gray, periventricular grey, internal capsule, ventral

posterolateral nucleus, thalamus, striatum, habenula, hypothalamus, basal nucleus of

Meynert, cortical areas, brain stem, medial forebrain bundle, internal capsule,

amygdala, hippocampus, septum, and ventral posteromedial nucleus. However, it is

important to realize that any brain tissue may be stimulated and thus the present

invention may be used to optimize the stimulation of these tissues.

The subthalamic nucleus (STN) and globus pallidus interna (GPi) are

commonly used sites for DBS treatment of Parkinson ' s disease. However, other

sites, such as the caudal zona incerta and the pallidofugal fibers medial to the STN,

locomotor regions in the brain stem may also be stimulated in the treatment of

Parkinson 's disease.

In the case where the stimulation of brain tissue is for treating and/or

alleviating nociceptive pain, the brain tissue may be structures that are involved in

pain modulation. Examples of such structures are the periaqueductal grey substance,

thalamus, brain stem structures such as locus coerulius, raphe nuclei, cerebellum,

dorsal column of the spinal cord, dorsal root ganglia, nucleus habenula, and

periventricular gray.

In the case where the stimulation of brain tissue is for treating and/or

alleviating neuropathic pain, the brain tissue may be the internal capsule, ventral

posterolateral nucleus, and ventral posteromedial nucleus.

The present invention may be used to optimize the stimulation of any

electrically excitable tissue, e.g. peripheral nerves and innervated targets.

Thus, the present invention may be used to optimize the stimulation of the

electrical conduction system of the heart, e.g. for the optimization of the stimulation

by a pacemaker. Furthermore, the present invention may be used to find a subset of

electrodes causing the lowest energy consumption for effective and reliable use in

pacemaker therapy.

The present invention also applies to endocrine organs.



According to one embodiment of the invention, the endocrine tissue may be

selected from the group comprising pancreas, pituitary gland, and pineal gland.

Pancreatic tissue may be stimulated to treat and/or alleviate e.g. diabetes.

Thus, another example is to find the most effective way of regulating insulin

production by selecting nerve fibers causing an increased gain (in the relation

between insulin production to blood glucose levels, which is typically lowered in

diabetes type 2) in the B-cells in the Langerhan ' s islet cells in the pancreas. In this

example the signal from the patient should involve glucose measurements in order to

assess the stimulation produced change in sensitivity (gain). It is known that one of

the functions of the vagus nerve is to mediate central commands regulating the

sensitivity in these endocrine cells. Since the vagus nerve is involved in regulation of

many organs, via different nerve fibers, it is an advantage to improve the selection of

nerve fibers stimulated to those related to the disease treated. By implanting many

electrodes in and around the vagus nerve, optionally in the pancreas itself, and then

selecting the electrodes producing an increase in glucose sensitivity in the B-cells in

the Langerhan ' s islet cells in the pancreas (i.e. increased gain in the relation

between insulin production and blood glucose levels), which is typically lowered in

diabetes type 2 . Note that in this example the signal from the patient should involve

glucose measurements in order to assess the stimulation produced change in

sensitivity (gain).

The pituitary gland and hypothalamus may be stimulated to treat and/or

alleviate e.g. blood pressure and body growth.

There are a number of other applications in the body where an advantageous

strategy could be to spread out biocompatible electrodes in and around the target

and then select the most appropriate electrodes to reach therapeutic effects and/or

save energy.

According to another embodiment, each group of electrodes is chosen

randomly. One advantage of this embodiment is that each electrode is tested

together with other electrodes which are randomly chosen. In this way, unexpected

effects relating to the concomittant stimulation of two or more electrodes may be

found.

Preferably, electrode groups may be used, in which the relative location of

the individual electrodes are known, such that it is known that the electrodes which

are located close to electrode X are electrodes Y, Z and W. This enables that the



effect of stimulation within limited locations may be systematically explored, thus

reducing the time needed to find electrodes which give rise to the desired therapeutic

effect, as compared to when the local distribution of the electrodes is unknown.

According to another embodiment, each group of electrodes is chosen by

performing the following steps of recording of an activity pattern in the excitable

tissue by each implanted electrode, optionally identifying the anatomical

compartment or type of cells from which the electrode is recording the activity

pattern, comparing the recorded activity pattern with information stored in a

database, and choosing the group of electrodes to be used for stimulation on the

basis of a result of said step of comparing and/or optionally on the basis of the

identified anatomical compartment.

The information stored in the database may comprise activity patterns

coupled to the effect of stimulating cells or groups of cells which exhibit the activity

pattern. The information in the database may have been collected from many

different patients, e.g. up to more than 1000 patients. The activity patterns may be 2D

diagrams where the neuronal discharge frequency and time is presented on the X

and Y axis, respectively. The effect of stimulation may be given on a scale from - 100

to + 100, where + 100 signifies maximal therapeutic effect and - 100 maximal side

effects, as disclosed above.

An advantage of this embodiment is that by using the database to predict the

electrodes which are most likely to give rise to the desired therapeutic effect when

they are used for stimulation, a limited number of electrodes may be used for the

optimization of the final stimulation pattern. Preferably, the electrodes used for

registration are not used for stimulation. The electrodes used for registration provide

information regarding the anatomical locations in the target area that is to be

stimulated. Thus, according to one embodiment of the invention, stimulation is made

through electrodes nearby the recording electrodes that show the most promising

activity pattern(s).

According to yet another embodiment of the invention, each group of

electrodes is chosen by performing the following steps of recording of an activity

pattern in the excitable tissue by each implanted electrode, optionally identifying the

anatomical compartment or type of cells from which the electrode is recording the

activity pattern, and choosing the group of electrodes to be used for stimulation on



the basis of the recorded activity patterns and/or optionally on the basis of the

identified anatomical compartment.

It is well known that different cells or groups of cells (anatomical

compartments) have different activity patterns. Different anatomical compartments

have different characteristics and implications and consequently play different roles in

different diseases and disorders. By choosing the groups to be tested based on the

assumed role and potential implication of a certain anatomical compartment in the

treatment of a certain disease, the time used for the optimization of the stimulation

pattern of the set of implanted electrodes may be shortened. In addition, by using the

database to predict the electrodes which are most likely to give rise to the desired

therapeutic effect when they are used for stimulation, a limited number of electrodes

may be used for the optimization of the final stimulation pattern.

According to a further embodiment of the present invention, the method

further comprises the following steps of coupling the anatomical compartment or type

of cells with the information from the patient in a database, and coupling

combinations of electrodes which stimulate certain anatomical compartments or

types of cells to the information from the patient in a database. The documentation

with respect to anatomical compartments can be done using e.g. CT or MRI imaging.

In this way, a database is established comprising information regarding the

anatomical compartments or types of cells and information about the effect of

stimulation of the anatomical compartments or types of cells. The database may also

comprise information about e.g. energy consumption and effective stimulation

parameters such as e.g. frequency, amplitude and wave shape. The database may

later be used when determining the groups which are to be tested when optimizing

the stimulation pattern of a set of implanted electrodes in a new patient. The

information stored in the database may comprise activity patterns coupled to the

effect of stimulating cells or groups of cells which exhibit the activity pattern. The

information in the database may have been collected from many different patients,

e.g. up to more than 1000 patients.

According to another embodiment of the invention, the method according to

the present invention may also comprise the step of optimizing one or more

stimulation parameters for the use of the electrodes chosen to be included in the

stimulation pattern in a stimulation treatment of the patient, wherein said chosen

electrodes are subjected to stimulation tests in which one or more stimulation



parameters chosen from the group comprising the pulse width, the amplitude of the

stimulation pulse, the stimulation intensity, the stimulation frequency, the temporal

pattern of stimulation, the shape of the stimulation pulse, the polarity, and the

stimulation type as to the degree of randomization, amplitude modulation, frequency

modulation are varied wherein information provided by the patient is registered for

each test, wherein each parameter set is assigned a value related to said

information, and wherein the parameter set having the most favorable assigned

value, e . g . on the above-mentioned scale from - 100 to + 100 is chosen to be used for

the chosen electrodes during the stimulation treatment, or wherein said one or more

stimulation parameters also are used in the stimulation test of the second

optimization step in view of energy consumption.

The stimulation intensity influences the number of nerve cells in the vicinity of

the stimulated electrode, and the frequency influences the impulse frequency of the

nerve cells.

Optionally, one or more parameters may be held constant while the other

parameters are varied. In one example the frequency is stabilized at 150 Hz and the

pulse duration at 200 s, while varying the amplitude of the stimulation pulses from

0.1 to 10 volts.

According to another embodiment, said step of optimizing one or more

stimulation parameters also or alternatively is performed for one or more of the

groups of electrodes, preferably all of the groups of electrodes, chosen from said

certain number of electrodes from said set of implanted electrodes.

According to another embodiment of the invention, the method according to

the present invention may also comprise the step of optimizing one or more

stimulation parameters for the use of the electrodes chosen to be included in the

stimulation pattern in a stimulation treatment of the patient, wherein said chosen

electrodes are subjected to stimulation tests in which the burst mode, is varied

wherein information provided by the patient is registered for each test, wherein each

parameter set is assigned a value related to said information, and wherein the

parameter set having the most favorable assigned value is chosen to be used for the

chosen electrodes during the stimulation treatment, or wherein said one or more

stimulation parameters also are used in the stimulation test of the second

optimization step in view of energy consumption according to claim 3 .



According to another embodiment of the invention, one or more of the

amplitude of the stimulation pulse, the stimulation frequency, and the shape of the

stimulation pulse may be varied in each test.

According to another embodiment of the invention, each group of electrodes

is chosen by performing the following steps of performing brain scanning, MRI

examination, CT examination, and/or ultrasound examination, identifying the

anatomical compartments where the electrode is located, and choosing the group of

electrodes on the basis of the location of the electrodes.

By choosing the electrodes which are to be tested on the basis of their

physical location as determined by a brain scan, an MRI examination, a CT

examination and/or an ultrasound examination, the time used for the optimization of

the stimulation pattern of the set of implanted electrodes may be shortened.

According to one embodiment of the invention, the number of electrodes in

each group is 1 - 15 , preferably 5 - 15 . However, the number of electrodes included

in each group may be dependent on the total number of implanted electrodes, such

that up to 50 % , preferably 15 - 30 % , more preferably 20 - 25 % , of the implanted

electrodes are included in each group. The number of electrodes included in each

group may also be all implanted electrodes except one or more.

According to another embodiment of the invention, the information from the

patient is a response to the effect of the stimulation perceived by the patient.

This is especially advantageous, since it is the patient ' s actual perception of

the stimulation that guides the selection of electrodes which are to be used in the

treatment. In this way, the patient can actively take part in the selection of electrodes,

which will be more time efficient. Further, the patient will also feel that he/she has

more control of the test protocol of the test procedure, which may relieve anxiety.

The information may be feedback actively given by the patient in view of a

perceptual change of the patient ' s condition induced by the electrical stimulation.

According to another embodiment of the invention, the information from the

patient is a value obtained by measuring a physiological, psychological, or

pathological reaction of the patient. Examples of such reactions are e.g. blood

pressure, blood glucose level, transpiration, anxiety, muscle activity, eye movements,

body movements, nausea, vertigo, dizziness, and itch.

In certain cases, it may be more advantageous to use a measurement of a

physiological, psychological, or pathological reaction of the patient in order to achieve



a more favorable selection of electrodes which are to be used for the treatment. Such

cases may be in patients who, due to their disorder, are unable to communicate their

perceptions, such as for late stages of ALS, tetraplegic patients, severely depressed

patients, and cognitively impaired patients. Other cases may involve conditions in

which the effect of the stimulations is not perceived immediately by the patient, but in

which the effect may be predicted by measuring a physiological, psychological, or

pathological reaction of the patient, e.g. effects on depression can be deduced by

tests measuring the response time, and memory impairments such as Alzheimer ' s

disease can be tested using simple recognition tests.

According to another embodiment of the invention, the information from the

patient is a combination of a response to the effect of the stimulation perceived by

the patient and a value obtained by measuring a physiological, psychological, or

pathological reaction of the patient.

According to one embodiment of the invention, the information from the

patient may be binary. In such a case, the patient may indicate if the stimulation gives

an effect or not.

The information from the patient may also be analogue or comparative, e.g.

"better than before", "worse than before" or "same as before".

According to another embodiment of the invention, the information from the

patient may be given on a scale. One example of such a scale is a "visual analogue

scale" (VAS).

According to one embodiment of the present invention, 10 - 50, preferably

15 - 40, most preferably 20 - 35, different groups of electrodes are stimulated.

According to another embodiment, 3 - 50, preferably 10 - 40, most

preferably 20 - 35, different groups of electrodes are stimulated.

According to one embodiment of the invention, the information from the

patient may be provided by means of a joystick, a touch screen, a pad, a computer

mouse, and/or a trackball. In this way, the method may be adapted to the patient ' s

own possibilities to provide information about the effect of stimulation.

According to one embodiment of the invention, the information from the

patient may be provided by means of a device registering eye movements.

Especially, devices registering eye movements, so called "eye trackers", may be

used. Such a device may be provided in special eyeglasses. With such a device even



an almost paralyzed patient may be able to provide voluntary information about the

effect of the stimulation by controlling e.g. a cursor on a screen.

According to another embodiment of the invention, the method steps may be

preceded by a step in which the patient is allowed to get accustomed to the

conditions and equipment utilized during the stimulation. After this step or "training

period", the patient is accustomed to the device and to how it may be controlled. This

is advantageous since the actual optimization will take less time than if the patient

were not familiar with the procedure. In addition, the patient probably will feel more

comfortable in the situation when the procedure is known beforehand.

The patient and a care provider, such as e.g. a physician, may be in one

location when the optimization of the stimulation pattern of the set of implanted

electrodes is performed, and may be in contact with an expert in the field who may be

in another location. The expert may follow the procedure remotely, such as over the

internet, and may provide guidance and comments.

According to one embodiment of the invention, the stimulation and the

provision of information may be performed by the patient himself/herself via

electronic connection with a practitioner/physician. Thus, a first optimization may be

made under the supervision of a care provider and a fine tuning of the optimization

may be made by the patient himself/herself, e.g. in his or her home. As the

underlying disease conditions progress it may also be useful to tune the stimulation

parameters over time. This may be advantageous since the patient need not leave

his or her home to go to a hospital to do the fine tuning of the stimulation. In addition,

for certain conditions, such as e.g. depression, the full effect of stimulation of

excitable tissue is not seen until after several weeks, and it is thus favorable if a

gradual fine tuning of the stimulation may be performed over a longer period of time

by the patient in his or her home. This fine tuning may be performed under the

supervision of a care provider, e.g. by contact via e.g. the internet. Thus, there is no

need for the patient to leave his/her home in order to fine tune the stimulation. This

procedure is also cost saving for the care provider. The fine tuning may be limited to

certain electrodes, such that electrodes which were found to induce negative effects

when stimulated are excluded from the fine tuning step. The fine tuning may be

limited between certain stimulation values.

A care provider may have the possibility to terminate the stimulation if

undesirable side effects occur.



In certain situations, a side effect may be diminished or abolished by fine

tuning of the stimulation parameters, such as frequency, pulse shape, amplitude etc.

Thus, if a side effect is detected, the stimulation parameters may be changed in order

to maintain the positive effect on the symptoms of the treated disease or disorder,

while the side effects are diminished or abolished.

According to one embodiment of the invention, the method may be followed

on a screen device on which the implanted electrodes in the tissue are graphically

represented, and wherein the patient has the ability to stepwise/gradually scan said

groups of electrodes to stimulate the tissue. The electrodes may be graphically

represented on e . g . a touch sensitive screen, The electrodes which are used for the

current stimulation may be identified, e.g. by having a different colour, intensity of the

colour or by being denoted by a different symbol than electrodes which are not

currently active. In this way, the location of the electrodes in the tissue is visualized.

Thus, it may be easy to see already tested electrodes.

For blind patients auditory or somatosensory cues may be used instead to

provide information on which electrodes are currently used.

Multivariate analysis may be used in order to identify which combinations of

electrodes and/or which combinations of stimulation parameters give rise to the

desired effect. In such a way, unexpected electrode combinations may be found.

According to a third aspect of the invention, the present invention relates to a

method for treatment or alleviation of a disease or condition by use of a set of

electrodes whose stimulation pattern has been optimized according to the method

described above, wherein the disease or condition is chosen from the group

consisting of brain and/or spinal damage, lost functions, pain, Parkinson's disease,

tremor, motor disorders, choreatic and other involuntary movements, memory

disorders, Alzheimer's disease, degenerative diseases, epilepsy, mood disorders,

aggression, anxiety, phobia, affect, sexual over-activity, impotence, eating disorders,

sleep disorders, such as narcolepsy, attention disorders, stroke, damage of the brain,

damage of the spinal cord, bladder disorders after spinal cord injury, bowel disorders

after spinal cord injury, spasticity, somatosensory disorders, auditory disorders, visual

disorders, and olfactory disorders.

Neurons may be stimulated to compensate for lost functions. E.g. spinal

neurones may be directly stimulated to trigger movements after lost connection with

the brain or to trigger functions such as emptying of bladder or bowel.



Pain relief may be provided by stimulation of analgesic brain stem centres.

Relief or decrease of tremor and other motor symptoms in Parkinson's

disease may be provided.

Relief or decrease of choreatic and other involuntary movements may be

provided by stimulation within the basal ganglia or associated nuclei.

Memory may be boosted by stimulation of cholinergic and/or monoaminergic

nuclei in case of Alzheimer's disease or another degenerative disease.

Control of mood, aggression, anxiety, phobia, affect, sexual over-activity,

impotence, and eating disturbances may be provided by stimulation of limbic centres

or other brain areas.

Sleep disorders may be treated by stimulation of suitable targets in thalamus

and brain stem that regulate sleep.

Attention disorders may be treated by stimulation of locus coerurleus and

other monoaminergic structures.

Rehabilitation after stroke or damage of the brain and/or the spinal cord may

be provided by stimulation of remaining connections in the cortex cerebri, in the

spinal cord, or in descending motor pathways.

Re-establishment of control of spinal functions such as bladder and bowel

emptying after spinal cord injury, may be provided by stimulating relevant parts of the

spinal cord or peripheral nerves.

Control of spasticity may be provided by stimulation of inhibitory supraspinal

descending centers or appropriate cerebellar areas.

According to a fourth aspect of the present invention, a system for

optimization of the stimulation pattern of a set of implanted electrodes in excitable

tissue of a patient and for treatment or alleviation of a disease or disorder with the

method according to the present invention is also provided. The system comprises a

set of electrodes having the ability to be implanted in excitable tissue of a patient, a

stimulation device connected to said set of electrodes and having the ability to

stimulate said excitable tissue via said set of electrodes, a first computer program

connected to the stimulation device and having the ability to transform information

provided by the patient to an assigned value for a tested group of electrodes, to

calculate a total assigned value for each electrode, and to choose a preferred set of

electrodes to be used for stimulation treatment. The first computer program has the

ability to choose a group of electrodes from the set of implanted electrodes and to



instruct the stimulation device to stimulate the tissue through these electrodes.

Alternatively, the first computer program has the ability to choose a set of nearby

electrodes optimized for stimulation and to instruct the stimulation device to stimulate

the tissue through these electrodes.

According to one embodiment of the invention, the system further comprises

a recording device connected to said set of electrodes and having the ability to

register an activity pattern in said excitable tissue, a second computer program

connected to the recording device and to the first computer program, and a database

connected to said first computer program and to said second computer program. The

second computer program has the ability to compare information obtained from the

recording device in view of the registered activity pattern in said excitable tissue with

information in the database in the form of previously registered activity patterns for

several patients regarding the effect of stimulation of the same or similar excitable

tissue of said several patients, to choose a collection of useful electrodes with the

basis on said comparison of activity patterns, and to transform the information about

the chosen electrodes to the first computer program, wherein said first computer

program also has the ability to transmit the information provided by the patient to the

database for storage.

According to one embodiment of the invention, the set of implanted

electrodes may comprise a plurality of microelectrodes.

According to another embodiment of the invention, the set of implanted

electrodes may comprise electrodes which are located on different physical entities.

Thus, the electrodes may be located on separate leads, i.e. they are not located on

the same surface, plate or cylinder.

According to another embodiment of the invention, the system may further

comprise a joystick, a touch screen, a pad, a computer mouse and/or a trackball,

wherein the joystick, touch screen, pad, computer mouse and/or trackball is used by

the patient to provide the first computer program with information.

According to one embodiment of the invention, the system may further

comprise a device registering eye movements, wherein the device registering eye

movements is used by the patient to provide the first computer program with

information.

According to one embodiment of the invention, the system may further

comprise a screen device on which the implanted electrodes in the tissue are



graphically represented. The patient has the ability to stepwise/gradually scan said

groups of electrodes to stimulate the tissue. This can be done by e.g. applying

pressure on the symbols for the respective electrodes to be stimulated. The

electrodes which are to be tested may be selected by moving a predetermined

search field across a screen. The electrodes which are used for the current

stimulation may be identified, e.g. by having a different colour, intensity of the colour

or by being denoted by a different symbol than electrodes which are not currently

active. In this way, the location of the electrodes in the tissue is visualized. Thus, it

may be easy to see already tested electrodes.

The system may be adapted to the patient regarding e.g. the speed and/or

sensitivity of the device for controlling and/or providing the information. For example,

if a patient has shaky hands or suffers from tremor, the sensitivity of the device may

be set at a lower level so that only voluntary movements will be registered. In this

way, overstimulation due to involuntary movements may be avoided. Further, a

safety arrangement may be provided, by which the stimulation by the implanted

electrodes is terminated if anything undesirable occurs during the stimulation, such

as if the patient is affected by cramps, euphoria or other undesired side effects,.

Alternatively, or additionally, a care provider may have the possibility to terminate the

stimulation if undesirable side effects occur.

The system may be provided with a history function, such that the patient

and/or the care provider can identify which electrodes have already been tested. In

addition, the history function may also show a representation of the results of the

information provided by the patient.

The history function may be coupled to the screen, such that it is possible to

visualize the electrodes which have been tested earlier during the procedure.

By way of example, different embodiments of the present invention will now be

described with reference to the accompanying drawings, in which:

Figure 1 shows a system according to the present invention comprising a first

computer program P 1 and a stimulation device S which is capable of stimulating

electrodes 3 implanted in excitable tissue 2 of a human or an animal. The stimulation

may be performed synchronously or non-synchronously. Synchronous stimulation of

all of the electrodes in a group means that an electric pulse reaches all the electrodes

simultaneously. During non-synchronous stimulation the stimulation of the different

electrodes does not take place simultaneously. One example is when the different



electrodes in a group are consecutively stimulated during the test cycle. The first

computer program P 1 chooses a group of electrodes from the set of implanted

electrodes 3 and instructs a stimulation device S to stimulate the tissue through these

electrodes. A response from the patient is registered and this information is provided

to the first computer program PL The response provided from the patient is

transformed by the first computer program P 1 to a value which is assigned to all the

electrodes of the group. This procedure is repeated for one or more different groups

of electrodes from the set of implanted electrodes 3 . When all groups have been

tested, each individual electrode has been used for stimulation at least three times,

preferably at least 10 times. The total assigned value is calculated for each electrode

by the first computer program P 1 and electrodes having a total assigned value

exceeding a predetermined value are chosen to be included in the final stimulation

pattern. The total assigned value may be an average value. The first computer

program P 1 provides the stimulation device S with the final stimulation pattern.

Optionally, the first computer program can be externally controlled, via e.g. the

internet.

Figure 2 shows a system according to the present invention comprising a first

computer program P 1, a stimulation device S which is capable of stimulating

electrodes 3 implanted in excitable tissue 2 , a registration device R capable of

registering signals transmitted from the excitable tissue 2 through the electrodes 3 , a

second computer program P2 and a database DB. The stimulation may be performed

synchronously or non-synchronously. The registration device R records signals

transmitted from the excitable tissue 2 through the electrodes 3 and provides a

second computer program P2 with the information. The second computer program

P2 compares the information received with information stored in the database DB. In

the database DB information regarding previously recorded activity patterns from

excitable tissue has been coupled with information regarding the effect of stimulation

of the same tissue. In addition, the database may comprise data regarding the

stimulation parameters, e.g. amplitude and frequency. Based on the recorded activity

patterns and the information retrieved from the database DB, the second computer

program P2 chooses a collection of electrodes and transmits this information to the

first computer program P 1 . From the collection of electrodes the first computer

program P 1 chooses a group of electrodes from the set of implanted electrodes 3

and instructs a stimulation device S to stimulate the tissue through these electrodes.



A response from the patient is registered and this information is provided to the first

computer program P 1 . The response provided from the patient is transformed by the

first computer program P 1 to a value which is assigned to all the electrodes of the

group. This procedure is repeated for one or more different groups of electrodes from

the set of implanted electrodes 3 . When all groups have been tested, each individual

electrode has been used for stimulation at least two times, preferably at least three

times, most preferably at least 10 times. The total assigned value is calculated for

each electrode by the first computer program P 1 and electrodes having a total

assigned value exceeding a predetermined value are chosen to be included in the

final stimulation pattern. The total assigned value may be an average value. The first

computer program P 1 provides the stimulation device S with the final stimulation

pattern. Optionally the first computer program can be externally controlled.

Optionally, new information regarding the recorded activity pattern coupled to a

response in the patient may be transmitted to the database DB and stored. The

database may optionally also include stimulation data, such as values for different

parameters. The computer program 1 and the computer program 2 may be the same

computer program.

In the method and a system according to the present invention, mainly the

patient is in charge and controls the events leading to the optimization of the

stimulation pattern of a set of implanted electrodes in excitable tissue of the patient.

Importantly, the method and system is user friendly, as mainly the patient has control

by simple communication of stimulation effect to a computer. The system, by keeping

track of the electrodes which have been stimulated and the outcome, greatly

simplifies the task for the patient to optimize the stimulation when further fine tuning

the stimulation parameters.

The method according to the present invention is performed on a set of

electrodes which have been implanted in human or animal excitable tissue, neuronal

tissue, e.g. the brain or the spinal cord, or endocrine tissue, by use of conventional

implantation techniques. The neuronal tissue may be specific nuclei or subnuclei but

can also be neural pathways between different areas of grey substance. In the

treatment of e.g. Parkinson ' s disease, the electrodes may be implanted into the

subthalamic nucleus. When the electrodes are used for treating a pain condition, they

may be implanted into the periaqueductal grey substance or thalamus.



The three dimensional location of the selected group of electrodes to be used

for the stimulation of the neuronal tissue is of great importance with a view to

achieving an optimal or satisfactory stimulation pattern and thereby a satisfactory

treatment of a specific disease condition coupled to said neuronal tissue.

It is known that there are individual differences regarding exactly which part

of an excitable tissue gives the desired effect when stimulated by implanted

electrodes. Thus, there is a need to optimize which electrodes are used for

stimulation in each individual patient. However, promising starting points may be

found by testing in animals.

The method according to the present invention may be used to determine

which of several implanted individual electrodes in a bundle or array give a

satisfactory effect when used to stimulate the neuronal tissue into which they have

been implanted. An implanted array or bundle of multielectrodes may comprise from

10 and up to several hundreds or thousends or more even more single individual

electrodes which can be used to stimulate the excitable tissue. Most often a

multichannel electrode comprises 16 to 64 electrodes. In certain cases, a

multichannel electrode may comprise up to 128 electrodes, such as 16 to 64, e . g .

32.

It is important to understand that one specific individual electrode may give

rise to a positive effect when stimulated alone. A specific electrode may also give rise

to a negative effect or to no effect at all when stimulated alone. A specific electrode

may also give rise to a positive effect only when stimulated together with one or more

individual electrodes. A specific electrode may also give rise to an enhanced positive

effect when stimulated together with one or more individual electrodes.

With a view to determining the optimal combination of electrodes to stimulate,

a first group or cluster of a certain number of electrodes is chosen from the implanted

set of electrodes for a first stimulation test. When the chosen electrodes are

activated, i.e. electrically stimulates the neuronal tissue that surrounds the chosen

electrodes, the patient tested or treated experiences a certain change in the

symptoms of his or her underlying disease condition if one or more of the stimulated

electrodes in said first group is correctly located in the neuronal tissue. Otherwise, no

change or an adverse effect is experienced. Such adverse effect may be involuntary

movements or mood changes. A long term adverse effect may the damage of

neuronal tissue, without any positive effect regarding the condition to be treated.



Alternatively, a physiological, psychological or pathological reaction of the

patient may be measured.

Feedback of the patient ' s experienced or perceptual change in symptoms is

then mediated directly from the patient to the computer program, the computer

database, and/or to the operator. This feedback or information may be given or

delivered in several different ways, depending on e.g. the patient ' s health condition

and ability to communicate the feedback. Inter alia, the patient may deliver this

information by purely physical actions, such as talking, blinking, waving, movement of

a certain body part etc., or by use of technical equipment (pressing a button, via a

computer pad, touch screen, joystick, a touch screen, a pad a computer mouse, a

trackball etc. Alternatively, the feedback may be delivered via measurement of

physiological, psychological, or pathological parameters, such as blood pressure,

pulse, and brain activity by use of instruments attached to the patient ' s body.

Combinations of one or more of the above-listed ways of obtaining the feedback from

the patient may also be used.

Optionally, a training period may precede the optimization of the stimulation

pattern of the set of implanted electrodes.

In the case where the patient is an animal the only difference is that cognitive

or perceptual changes have to be inferred indirectly, since animals cannot express

the changes verbally.

It is of importance that the feedback coupled to the change of symptoms

experienced is delivered by the patient itself, i.e. not the physician, doctor, nurse,

medical practitioner or anyone else, who otherwise is supposed to deliver information

regarding change of symptoms in conventional methods in this area. The main

reason for this is that the reliability/validity of the optimization method is substantially

increased when the feedback origins directly from the patient who is subjected to the

stimulation test. Other advantages with acquiring such feedback or input directly from

the patient are that in the case of treatment of symptoms, especially treatment of

pain, it is more effective if the information is derived from the patient directly. In

addition, it is more time efficient and an effective stimulation pattern that is "good

enough" may be found in less time.

In one embodiment of the present invention, when the patient provides such

information, i.e. when signaling the change in symptoms, the experienced change of

symptoms in question is graduated, e.g. with a view to mediating if the change is



minor or major. The way of graduation of the feedback signal depends on the

patient ' s health condition and ability to communicate as well as on the condition or

disorder which is treated. A graduated scale may be used, e.g. with a score interval

of 1- 10 . In another embodiment a continuous scale may be used, such as the VAS

(visual analog scale) pain scale. For example, the VAS may be used to identify the

effect of stimulation in patients suffering from pain. The scale may comprise a

positive and a negative scale in order for the patient to indicate positive as well as

negative effects. The feedback signal may also be binary. Any other kind of

graduation means and scale intervals may be used, such as a electronic scale on a

computer screen or screen of a laptop or a smartphone. Thus, all of the electrodes in

said first group of electrodes are assigned a certain value, i.e. are weighted, in

relation to the feedback given by the patient.

After the first stimulation step a second group of a certain number of

electrodes is chosen from said set of implanted electrodes, and this second group of

electrodes is subjected to a similar stimulation test as those in the first group, and all

of the electrodes therein are assigned a certain value in a corresponding way. The

number of electrodes in the second group may be different from the number of

electrodes in the first group, and may also comprise one or more of the electrodes

tested in the first group.

Thereafter, a third group of a certain number of electrodes may be chosen

from said set of implanted electrodes, and the above-disclosed method steps are

repeated. The stimulation step may be performed a large number of times. Typically

10-50 groups of electrodes, preferably 15-40 groups of electrodes, are stimulated.

In one particularly preferred embodiment 20-35 groups of electrodes are

subjected to the stimulation step. Each group of electrodes may contain 1- 15 ,

preferably 5-1 5 , and most preferably 3-7, electrodes.

Typically, 20 % of the total number implanted electrodes are used in each

group which is used for stimulation. Every single electrode is tested at least 3 times,

preferably 5 times, more preferably at least 10-1 5 times.

The electrodes in the total set of electrodes may belong to more than one of

the groups of electrodes stimulated and are specifically indexed for that purpose.

This means that different values for a specific electrode may be obtained during the

different stimulation steps. Thus, combinations of electrodes which give rise to an

optimal effect for the patient may be found. All of the values of the electrodes in the



groups of electrodes that have been subjected to the stimulation step are recorded

by a recording device R and are stored in a computer (data) program P2/P1 or a

database (DB). The computer keeps track of the effects of all electrodes used.

If one specific electrode is associated with a negative effect in all or in a

majority of the tests, such as a low degree of effect on the condition or disease which

is treated, or such as a side effect, the groups may be tested again without this

specific electrode.

When a group is tested, the stimulation parameters are set at low levels and

may then gradually be increased. Especially, the values of the stimulation parameters

may gradually be increased in order to accustom the patient to the stimulation. This is

advantageous, since the patient is then gradually accustomed to the stimulation. In

addition, a level at which the stimulation gives rise to the desired effect, but at which

the stimulation does not give rise to any side effects, may be identified. If the method

is preceded by an additional step of stimulating all electrodes at once while

increasing the stimulation strength, the above mentioned procedure may be

excluded, since the patient is already accustomed to the procedure..

The frequency used for stimulation is preferably between 130 and 160 Hz.

However, for certain applications, the frequency may be lower than 130 Hz, such as

100 Hz or even lower. For other application, the frequency may be as high as 20 kHz.

In one embodiment, a fixed frequency value is chosen for the stimulation test.

The amplitude used for stimulation is between 0.1 and 10 V, preferably below

2 V. For a single electrode, the desired effect is achieved up to a certain amplitude,

whereafter an increase in the amplitude may give rise to side effects such as injury of

the tissue. During stimulation tests, the amplitude may be varied while the frequency

is kept constant.

Preferably, the shape of the pulse wave is charge balanced, such that the

current of negative ions to the electrode equals the current of positive ions to the

electrode. If the pulse wave is not balanced, a polarity is accumulated at the

electrode interface with the tissue, which may lead to ineffective stimulation.

Alternatively, but less preferred, the polarity of the stimulating electrode may

be negative during the stimulation pulse, such that the stimulation originates from a

cathode. In such a case, an electrical voltage is achieved at the electrode interface

with the tissue, which is allowed to decay before another stimulation pulse is emitted.

It is of importance that a stimulation takes place between a reference electrode and



implanted electrodes or between the implanted electrodes, as the circuit has to be

closed.

When all of the stimulation steps have been performed, the total assigned

value for each electrode is determined by first adding the separate values assigned

during the stimulation steps and then calculating the average value or median value

which is used for the subsequent comparison between the potentially useful

electrodes. In one embodiment the mean values and/or median values are updated

during the tests performed, i.e. not only after the tests have been finalized. This

calculation may be automatically performed by use of the above-mentioned computer

P1/P2. Thereafter, electrodes having a total assigned value exceeding a

predetermined limit value, i.e. providing an acceptable therapeutic effect, as defined

above, are generally chosen for the subsequent treatment step. Correspondingly, the

electrodes having the lowest total assigned value are generally deemed to not be

useful. In some cases the electrodes having the highest total assigned values may

be further separated into different groups and further stimulation tests may be

performed with a view to finding the "best of the best" electrodes for the intended

purpose. In some cases the electrodes having the highest total assigned values or all

the electrodes that have a total assigned values that is above a predetermined limit

may be further separated into different groups and further stimulation tests may be

performed with a view to finding a group of electrodes that, when used for

stimulation, give rise to the desired effect with the lowest energy consumption. This is

especially advantageous, since this will prolong not only the lifespan of the battery,

but may also prolong the life time of the electrodes themselves depending on the

materials of the electrodes. In addition, the risk of damaging the tissue surrounding

the electrodes is reduced. Furthermore, the risk of also giving rise to negative side

effects is also reduced.

As stated above, generally the electrodes having the highest score are

selected, but in some situations electrodes with a medium or even low score may be

selected if they add positively to the therapeutic effect. This is the case when the

therapeutic effect not is good enough with a smaller amount of electrodes. However,

the expression "good enough" is subjective, and therefore the physician should

decide whether there are reasons to increase the amount of electrodes with

electrodes giving moderate or weakly positive contributions.



The total number of electrodes used for the stimulation, the total number of

groups of electrodes, as well as the total number of electrodes in each group, is

dependent on the underlying disease condition in question, the implantation area in

the soft tissue, and the type and size of the microelectrode.

Any kind of electrode may be used. It is preferred to use microelectrodes that

are spread out in and around the target tissue.

Any kind of electrode used for DBS may be used, preferably microelectrodes,

that are physically separated and spread out in and around the target tissue.

Importantly, the electrodes used may be separate stimulation points, which is

not the same as several electrodes located on the same construct. The difference is

that tissue surrounds each electrode if they are physically separated in the tissue

which allows tissue between the electrodes to be stimulated. This is not the case

when electrodes are grouped together on the same physical entity. Electrodes

currently used for DBS have many separate electrodes (contact points/active sites)

on one physical entity. Such contact points will have contact with the tissue only on

the side exposed to the tissue. Contact points/active sites located on physically

separated entities such as microelectrodes that have been spread in the tissue will

be surrounded by tissue and such electrodes may thus be used to stimulate tissue

which is between two or more contact points/active sites.

In certain cases, larger or conventional DBS electrodes may be used.

When the electrodes having the most interesting effects, normally the highest

total assigned values, average values or median values, have been determined, the

spatial localization of these is thereby also known to the extent that it may be

concluded that these electrodes are located in the desired brain tissue. It may be the

case that the best effect is obtained from stimulation outside the nuclei, e.g. by

stimulation of axons in the white substance. Thereby, no imaging step, like in

conventional methods with a view to localizing the effective electrodes in the

neuronal tissue, is required, which is an advantage. However, in order to update the

database which is used to predict the best positions in subsequent patients, it is an

advantage to determine the location of the electrodes using imaging techniques,

such as e.g. CT and MRI. The continuous updating of such a database from more

and more patients will likely facilitate the above described selection of the most

effective electrodes and also to provide guidance to the neurosurgeon as to the

optimal locations in the tissue to implant electrodes and to more exactly and



accurately focus on the nuclei and/or subcompartments within nuclei and/or the

precise nerve cells in question coupled to the underlying disease condition to treat or

from which optimal therapeutic effects can be predicted.

The electrodes chosen in the method according to the present invention may

be chosen by a computer P 1 , randomly or semi-random ly, or by the operator. The

operator can be the patient, the animal or a responsible person, e.g. a care provider,

conveying the instructions from the patient.

With a view to further facilitating the choice of effective electrodes which have

been implanted in e . g . a human neuronal tissue for the stimulation of a specific

nerve cell or nucleus, a predetermination step may be performed before the initiation

of the optimization method according to the present invention. Said predetermination

step may be based on data obtained during several tests of implanted electrodes in

up to thousands or more patients in view of the specific activity pattern, sometimes

also called firing pattern, each cell type produces. This data may be stored in a

database DB. By referring to this database, the electrodes which are most likely to

give rise to a good effect when used for stimulation of excitable tissue may be

predicted. This will make the method less time consuming. Thus, this determination

step may also be regarded to include the step of "listening" to the specific cell type.

An implanted electrode may be used for stimulation of the neuronal tissue located in

its proximity. However, the same electrode, or another electrode fixated to said

electrode, may also be used to record from the neuronal tissue located in its

proximity. An advantage of using one electrode for stimulation and another electrode

for recording is that the properties relating to both of these activities may be

optimized. For example, electrodes suitable for ejecting currents need to have a

relatively large uninsulated surface area, whereas electrodes used for recordings

from single neurones should have a relatively small uninsulated surface area. When

the electrode is small enough, such a recording may be considered to originate from

one single cell or a few single cells. More precisely, when an electrode is implanted in

such a way that it reaches a specific nerve cell, the electrical signal from the cell

gives rise to a very specific two-dimensional diagram, also called an activity pattern,

in an extracorporeal recording device R . Further, a specific sound may also be heard

by the operator. The form of the diagram acts as a kind of fingerprint for the cell type

in question. Collecting data for all kinds of cell types gives a complete bank of activity

patterns, and measurements from a large number of persons give a reliable average



activity pattern coupled to efficacy data, i.e. to the effect of stimulating such a cell.

Thus, after collecting such data from several patients suffering from a certain

condition and which are treated by electrical stimulation, predictive data concerning

the effect of stimulating a cell or cells of a certain kind having a certain activity pattern

is known.

In one embodiment of the present invention, such electrodes which according

to the collected data stimulate cells that are likely to give rise to a positive effect when

stimulated, are chosen to be included in the groups which are used for finding the

most optimal stimulation pattern. In other words, electrodes chosen in this way are

likely to give rise to a positive effect when used for stimulation of the excitable tissue.

The chosen electrodes are then used for stimulation and the information obtained

from the patient is recorded as described above. Thus, according to one

embodiment, the present invention also comprises the steps of recording the activity

pattern of each implanted electrode of a patient, optionally identifying the type of cell

or cells from which the electrode is recording the activity pattern, and choosing the

electrode groups based on the recorded activity patterns.

For choosing the electrodes which are to be used in the stimulation, two sets

of electrodes may be used. The first set comprises electrodes which are used for

recording signals from the neuronal tissue and the second set of electrodes

comprises electrodes which may be used for stimulation. Each electrode belonging to

the second set of electrodes may have an electrode from the first set fixated to it. In

this way, the signals recorded from the first electrode may be used to determine the

(approximate) location of the electrode to which it is fixated, i.e. to determine the

electrodes which can be used for stimulation. Alternatively, the electrodes belonging

to the first set are not fixated to electrodes belonging to the second set, but arranged

in such a way that, when implanted, an electrode from the first set is implanted in

close proximity to an electrode belonging to the second set. In this way, different

electrode pairs can be identified and suitable electrodes belonging to the second set

may be selected by recording from a corresponding electrode belonging to the first

set.

Preferably, the electrodes used for registration are not used for stimulation.

The electrodes used for registration provide information regarding the anatomical

locations in the target area that is to be stimulated. Thus, according to one



embodiment of the invention, stimulation is made through electrodes nearby the

recording electrodes that show the most promising activity pattern(s).

In addition, the above mentioned method of recording the firing pattern from

cells located in the proximity of the implanted electrodes may be used to exclude

from the groups to be tested electrodes which have been identified as recording

from/stimulating cells which give rise to negative effects. This further optimizes the

method according to the present invention.

When the three dimensional electrode location giving the optimal stimulation

pattern for the treatment of a certain disease condition coupled to certain tissue has

been determined, the treatment and energy consumption may be further improved by

adjusting such parameters as the pulse width, the amplitude, the stimulation intensity,

the temporal pattern of stimulation, the shape of the individual stimulation pulse, the

polarity, the stimulation type (randomized or semi-randomized, sequential), and the

frequency and/or by use of a modulated currency field, e.g. by letting the amplitude of

the stimulation pulse vary over time. The stimulation may also be frequency

modulated over time or applied as short lasting high frequency bursts interspersed

with lower stimulation frequencies.

In one embodiment the method according to the present invention also

includes the additional step of optimizing the energy consumption while achieving an

acceptable therapeutic effect. The values of the stimulation parameters, preferably

one or more of the following parameters: the amplitude, the wave shape of the

electrical pulse (such as e.g. sinus-formed and square-formed), the pulse length, and

the frequency used during the stimulation, may be optimized. This can be

accomplished by the stimulation of the chosen electrode set repeated times at

different values of these parameters. E.g., in a first test series the amplitude and the

wave shape may be held constant while the frequency is varied at different values. In

a second test series the amplitude and the frequency may be held constant while the

wave shape is varied in different ways, and in a third test series the wave shape and

the frequency are held constant while the amplitude is varied at different values. In a

further version, two of these three parameters are varied during the test while one of

them is held constant. The amount of different values tested during each test is not

restricted, but normally up to 5 different values of each parameter are tested. In

another version each one of said parameters may be varied according to a sliding

scale. The therapeutic effect is monitored (e.g. through feedback from the patient as



previously described) and the energy consumption is recorded. The energy

consumption may be transformed into a scale similar to the scale for registering the

therapeutic effect.

Other examples of parameters which may optimized comprise the pulse

width, the stimulation intensity, the shape of the stimulation pulse, the polarity, the

stimulation type as to the degree of randomization and the temporal pattern of

stimulation, e.g. periods of higher frequency followed by lower frequencies or

quisence as when burst stimulation is used, wherein the internal frequency of pulses

in the burst is higher than the frequency of the bursts. One example is to use bursts

with 3-1 0 pulses, internal frequency exceeding 200 Hz wherein the bursts are

separated by a period of less frequent stimulation. Another pattern is to use

amplitude modulation or frequency modulation. In the first case amplitude modulation

means that the pulse amplitude is varied over a certain time cycle between defined

values. Frequency modulation means that the frequency is varied in same way. The

modulation may be e.g. sinusoidal variation of pulse amplitude or frequency.

The energy consumption in each pulse may be calculated as

voltagexcurrentxtime. A measurement of the current and/or voltage is therefore

enough for calculation a value for the energy consumption during each test series.

The tested group of electrodes is assigned a value based on the therapeutic

effect and on the energy consumption.

The assigned value may be a function of the therapeutic effect and the

energy consumption.

The therapeutic effect and the energy consumption may be given different

weight when assigning the value. The assigned value can be written as

k(therapeutic effect) + m/(energy consumption),

wherein k and m are predetermined constants.

In order to assign a value to a tested group, the therapeutic effect may have

to be above a certain predetermined threshold and/or the energy consumption may

have to be below a certain predetermined threshold. Thus, if a certain set of

stimulation parameters does not give an acceptable therapeutic effect, then

m/(energy consumption) = 0 .

When the parameter tests have been performed and a value has been

assigned for each set of parameter values, the parameter set with the highest value,



total value, average value or median value, is chosen for the subsequent stimulation

treatment of the patient with the chosen set of electrodes.

Reducing the energy consumption is desired, since this will lead to a longer lifespan

of the battery of the stimulation device connected to the implanted electrodes. In

most cases, the battery is implanted under the chest of the patient and thus a battery

change always involves a surgical procedure. By extending the lifespan of the

battery, the time interval between these procedures is prolonged. In case rechargable

batteries are used longer time periods in between recharging can be obtained which

is more convinient for the patient. Furthermore, the present invention, by reducing the

energy demand, will also allow smaller batteries, which today make up a large

fraction of the electronics. This will open up for smaller electronic implants that can

be placed closer to the target tissue. Also, the size of the electronics of the stimulator

depends a lot on the size of the battery. So if the energy consumption can be

reduced the battery can be reduced in size and therefore also the stimulating device.

In addition, lower currents emitted from the implanted electrodes and

therefore also lower energy consumption will also lead to a reduced risk of damaging

the tissue surrounding the electrodes. A lower energy consumption will also cause

less heat dissipation from the electrodes and electronics which is beneficial for the

tissue around the electrodes and electronics. Lower currents emitted from the

implanted electrodes and therefore also lower energy consumption may lead to a

reduced risk of the stimulation resulting in unwanted side effects, i.e. stimulation of

neurons which do not contribute (or which have a negative effect on the therapeutic

effect) to the desired effect may be avoided or reduced. Thus, the stimulation may be

more targeted to neurons which when stimulated contribute to the desired effect.

The main purpose of optimizing the energy consumption is to maintain

satisfactory stimulation treatment results, while at the same time the energy

consumption is reduced. This purpose may be fulfilled in several different ways.

First, the optimization of the stimulation pattern of implanted electrodes

disclosed throughout the application text above leads to the use of a lower amount of

electrodes for obtaining the same stimulation result. Thus, reducing the group of

implanted electrodes to a sub-group of electrodes which are used for stimulation still

providing satisfactory results will as such significantly reduce the energy expenditure.

Second, the design of the electrodes may be adapted to the treatment of the

tissue in question. Different effective electrode designs and structures are disclosed



in the patent literature. However, the well-known problem of the formation of kill

zones in the tissue volume surrounding the electrodes has now been observed to

occur in particular when large electrodes are used.

Third, as also discussed above, the treatment and the energy consumption

may be further improved by adjusting parameters such as the pulse width, the

amplitude, the stimulation intensity, the temporal pattern of stimulation, the shape of

the individual stimulation pulse, the polarity, the stimulation type (randomized or

semi-randomized, sequential), and the frequency and/or by use of a modulated

current field, e.g. by letting the amplitude of the stimulation pulse vary over time. The

stimulation may also be frequency modulated over time or applied as short lasting

high frequency bursts interspersed with lower stimulation frequencies.

Fourth, the stimulation can be arranged to be controlled by the patient only,

i.e. in such a way that stimulation only is performed when really required. Thereby, no

unnecessary energy consuming stimulation is performed.

In one embodiment the method according to the present invention also

includes the complementary steps of optimizing certain stimulation parameters with

an ultimate view to improving the result of the stimulation treatment of patients.

In a first version of this embodiment, the following applies. When the

preferred electrodes have been selected according to the inventive method, the

stimulation treatment may be further improved by optimizing the values of the

stimulation parameters, preferably one or more of the following parameters: the

amplitude, the wave shape of the electrical pulse (such as e.g. sinus-formed and

square-formed), the pulse duration and the frequency used during the stimulation.

This can be accomplished by the stimulation of the chosen electrode set repeated

times at different values of these parameters. E.g., in a first test series the amplitude,

the wave shape, and the pulse duration may be held constant while the frequency is

varied at different values. In a second test series the amplitude, the pulse duration,

and the frequency may be held constant while the wave shape is varied in different

ways. In a third test series the wave shape, the pulse duration, and the frequency are

held constant while the amplitude is varied at different values. In a fourt test the

amplitude, the wave shape and the frequency may be held constant while the pulse

duration is varied at different values. In a further version, two or three of these four

parameters are varied during the test while the other(s) are/is held constant. The

amount of different values tested during each test is not restricted, but normally up to



5 different values of each parameter are tested. In another version each one of said

parameters may be varied according to a sliding scale. The values are chosen from

feedback from the patient, who will signal when the effect is better or worse when the

amplitude is increased or decreased, or when the frequency is increased or

decreased etc. By adjustment of a sliding scale the parameter for stimulation of the

intended group of electrodes may be tuned.

For each test, the patient provides information or feedback of the perception

of the stimulation in the same way as described above. When the parameter tests

have been performed and a value has been assigned for each set of parameter

values, the parameter set with the highest value, total value, average value or

median value, is chosen for the subsequent stimulation treatment of the patient with

the chosen set of electrodes. In such a way, both the electrode set used for the

stimulation and the stimulation parameters are improved.

In a second version of this embodiment, the following applies. The parameter

value variation tests disclosed above may be performed in the method according to

the present invention in connection with the stimulation test of each one of one or

more of the groups of electrodes, wherein each electrode in each group is assigned a

value related to the information or feedback provided by the patient. In addition, the

energy consumption may be recorded and used as described above when assigning

a value to the tested group of electrodes.

Thus, instead of just one stimulation test, i.e. one set of parameters, for each

group of electrodes as in the inventive method, several stimulation tests with

variations of the four above-mentioned parameters as disclosed above are performed

for each group of electrodes. In such a way, a preferred stimulation parameter set for

each group of electrodes stimulated is obtained. When all of the different groups of

electrodes have been tested and the electrodes having the highest assigned values,

total values, average values or median values, have been chosen, the parameter

values coupled to the assigned values are checked and the best ones are chosen for

each individual electrode in the subsequent stimulation treatment. Further, the

parameter variation values tested may differ for the different electrode groups tested.

In this case, known mathematical and statistical methods, such as e.g. multivariate

analysis, are used to identify the optimal parameter values.

The embodiments involving the parameter value variation tests is more time-

consuming and demanding for the patient, since these embodiments require that the



patient becomes subjected to more tests compared to when the inventive method is

performed at constant parameter values throughout the stimulation tests. The use of

the parameter value variation tests should therefore be balanced with the curing and

relief effects obtained for the patient due to this parameter optimization.

In another embodiment further of the above listed parameters, such as

stimulation polarity, stimulation intensity, and temporal pattern of stimulation, may be

varied in the parameter value variation tests in addition to or instead of the four

above-mentioned parameters.

In one embodiment of the invention, the chosen parameters are also stored

in the database and may thus be used to choose parameters which are more likely to

result in the desired therapeutic effect. This will further contribute to shorten the time

needed to optimize the stimulation.

In one specific embodiment of the invention, the patient controls the selection

of the electrodes using for example an interactive screen or joystick to be moved in a

search field. A search field in this context is a sub-area of a sub-group of electrodes

in the X-Y plane in which sub-area the individual electrodes are represented with a

unique coordinate.

In another specific embodiment of the invention, the patient controls the

selection of the electrodes using for example an interactive screen or joystick to

move a search field which in this context is a delineated subgroup of electrodes in the

X-Y plane in which the individual electrodes are represented with a unique

coordinate.

When the search field is moved by use of the joystick or the cursor, one

electrode is replaced with a new one. In this case it is advantageous if the electrodes

are grouped in such a way that adjacent electrodes in the target tissue also are

adjacent in said X-Y plane. In one version, the patient, while moving around said

search field, provides feedback to a microprocessor or computer by indicating the

effectiveness of the present selection of electrodes or selection of stimulation

parameters of the individual electrodes or groups of electrodes in reducing the

symptoms. This feedback from the patient is stored in the computer. This feedback

can be provided verbally by the patient, or for example using a cursor on a computer

screen. It can also be provided by measured signals, such as blood pressure, tremor,

EEG or by implanted electrodes in relevant brain centers in the patient or animal. The

energy cost for each selection is also computed and stored together with patient



feedback. Based on several iterations, the computer or microprocessor calculates the

cost benefit ratio for each electrode in order to predict the optimal selection and

stimulation parameters of electrodes.

To optimise the stimulation parameters, the amplitude, frequency etc for the

group may be varied up and down using a joystick etc, the effectiveness noted and

stored in the computer/database. The parameters may be further fine tuned by

evaluating the effect of each electrode separately such that the parameter to be

tested is changed selectively for that electrode.

In another embodiment the patient and the physician need not to be in the

same location, since the device associated with the implant and the computer

controlling the settings of the stimulation may communicate over the internet. E.g. a

fine tuning of the stimulation parameters such as stimulation amplitude, frequency,

pulse shape may be made in this way. This is especially advantageous, since the fine

tuning of the stimulation may be performed when the patient is in his home. Also in

this case it is advantageous if the patient first is allowed to get accustomed with the

technique during the surveillance, wherein the confidence is increased and the

anxiety due to the implant is reduced.

Other objectives, features and advantages of the present invention will appear

from the detailed disclosure above, from the attached claims, as well as from the

drawings. It is noted that the invention relates to all possible combinations of

features.

Generally, all terms used in the claims are to be interpreted according to their

ordinary meaning in the technical field, unless explicitly defined otherwise herein. All

references to "a/an/the [electrode, device, step, etc.]" are to be interpreted openly as

referring to at least one instance of said electrode, device, step, etc., unless explicitly

stated otherwise. The steps of any method disclosed herein do not have to be

performed in the exact order disclosed, unless explicitly stated.

As used herein, the term "comprising" and variations of that term are not

intended to exclude other additives, components, integers or steps.



CLAIMS

1. A method for optimization of the stimulation pattern of a set of implanted

electrodes in excitable tissue of a patient, wherein it comprises the steps of:

(a) choosing a first group of a certain number of from said set of implanted

electrodes,

(b) stimulating the excitable tissue electrically by said first group of electrodes,

(c) registering information provided by the patient,

(d) assigning each electrode of said first group of electrodes a value related to

said information,

wherein these steps are repeated for one or more further groups of said certain

number of electrodes chosen from said set of implanted electrodes,

wherein each electrode may be included in one or several groups,

wherein the total assigned value for each electrode is calculated, and

wherein electrodes having a total assigned value exceeding a predetermined value

or a predetermined number of the electrodes having the highest total assigned value

are chosen to be included in said stimulation pattern.

2 . The method according to claim 1, wherein the steps (a) - (d) are preceded by the

step of:

stimulating all electrodes at the same time while increasing the stimulation

strength with a view to establishing threshold(s) for adequate therapeutic effects and

significant adverse effects for use in step (b).

3 . The method according to claim 1 or 2 , wherein it is carried out as two separate

optimizations, wherein:

the first optimization comprises the steps according to claim 1,

and wherein

the second optimization is an optimization of stimulation parameters for the

electrodes chosen to be included in said stimulation pattern according to claim 1 in

view of the energy consumption needed for said chosen electrodes to give rise to a

therapeutic effect, wherein the second optimization comprises the steps of

o varying one or more of the stimulation parameters for said chosen

electrodes in a stimulation test series;



o registering information provided by the patient;

o monitoring the energy consumption for each stimulation test where

the stimulation gives rise to a therapeutic effect; and

o choosing the parameters which give rise to the lowest energy

consumption while still giving a therapeutic effect as the stimulation

parameters; or

o assigning each stimulation test a value related to said information

provided by the patient and the energy consumption; and choosing

the parameters which give rise to the most favourable assigned

value.

4 . The method according to to any one of the preceding claims, wherein the set of

implanted electrodes comprises a plurality of microelectrodes.

5 . The method according to any one of the preceding claims, wherein the set of

implanted electrodes comprises electrodes having active sites for charge ejection

located on different physical entities.

6 . The method according to any one of the preceding claims, wherein the excitable

tissue is neuronal tissue or endocrine tissue, the heart or the vascular system.

7 . The method according to claim 6 , wherein the neuronal tissue is brain tissue,

spinal cord or peripheral nerves.

8 . The method according to claim 7 , wherein the brain tissue is selected from the

group consisting of subthalamic nucleus (STN), globus pallidus interna (GPi),

periaqueductal gray, periventricular gray, internal capsule, ventral posterolateral

nucleus, thalamus, striatum, habenula, hypothalamus, basal nucleus of Meynert,

cortical areas, brain stem, medial forebrain bundle, internal capsule, amygdala,

hippocampus, septum, and ventral posteromedial nucleus.

9 . The method according to claim 6 , wherein the endocrine tissue is selected from

the group comprising pancreas, pituitary gland and pineal gland.



10 . The method according to any one of the preceding claims, wherein each group of

electrodes is chosen randomly.

11. The method according to any one of claims 1-9, wherein each group of

electrodes is chosen by performing the following steps of:

- recording of an activity pattern in the excitable tissue by each implanted

electrode,

- optionally identifying the anatomical compartment or type of cells from which

the electrode is recording the activity pattern,

- comparing the recorded activity pattern with information stored in a database,

and

- choosing the group of electrodes to be used for stimulation on the basis of a

result of said step of comparing and/or optionally on the basis of the identified

anatomical compartment.

12. The method according to any one of claims 1-9, wherein each group of

electrodes is chosen by performing the following steps of:

- recording of activity pattern in the excitable tissue by each implanted

electrode,

- optionally identifying the anatomical compartment or type of cells from which

the electrode is recording the activity pattern, and

- choosing the group of electrodes to be used for stimulation on the basis of the

recorded activity patterns and/or optionally on the basis of the identified

anatomical compartment.

13 . The method according to claim 12, further comprising the following steps of:

- coupling the anatomical compartment or type of cells with the information from

the patient in a database, and

- coupling combinations of electrodes which stimulate certain anatomical

compartments or types of cells to the information from the patient in a

database.



14. The method according to any one of the preceding claims, wherein it also

comprises the step of optimizing one or more stimulation parameters for the use of

the electrodes chosen to be included in the stimulation pattern in a stimulation

treatment of the patient, wherein said chosen electrodes are subjected to stimulation

tests in which one or more stimulation parameters chosen from the group comprising

the pulse width, the amplitude of the stimulation pulse, the stimulation intensity, the

stimulation frequency, the temporal pattern of stimulation, the shape of the

stimulation pulse, the polarity, the stimulation type as to the degree of randomization,

amplitude modulation, frequency modulation are varied wherein information provided

by the patient is registered for each test, wherein each parameter set is assigned a

value related to said information, and wherein the parameter set having the most

favorable assigned value is chosen to be used for the chosen electrodes during the

stimulation treatment, or wherein said one or more stimulation parameters also are

used in the stimulation test of the second optimization step in view of energy

consumption according to claim 3 .

15 . The method according to any one of the preceding claims, wherein it also

comprises the step of optimizing one or more stimulation parameters for the use of

the electrodes chosen to be included in the stimulation pattern in a stimulation

treatment of the patient, wherein said chosen electrodes are subjected to stimulation

tests in which the burst mode, is varied wherein information provided by the patient is

registered for each test, wherein each parameter set is assigned a value related to

said information, and wherein the parameter set having the most favorable assigned

value is chosen to be used for the chosen electrodes during the stimulation

treatment, or wherein said one or more stimulation parameters also are used in the

stimulation test of the second optimization step in view of energy consumption

according to claim 3 .

16. The method according to claim 14 or 15 , wherein one or more of the amplitude of

the stimulation pulse, the stimulation frequency, and the shape of the stimulation

pulse are varied in each test.

17 . The method according to any one of claims 1-9 or 11- 13 , wherein each group of

electrodes is chosen by performing the following steps of:



- performing brain scanning, MRI examination, CT examination and/or

ultrasound examination,

- identifying the anatomical compartments where the electrodes are located,

and

- choosing the group of electrodes on the basis of the location of the electrodes.

18 . The method according to any one of the preceding claims, wherein the number of

electrodes in each group is 1 - 15 , preferably 5 - 15 , or wherein at most 50%,

preferably 15-30 % , of the total number of electrodes are included in each group.

19 . The method according to any one of the preceding claims, wherein the

information from the patient is a response to the effect of the stimulation perceived by

the patient.

20. The method according to any one of claims 1 to 18 , wherein the information from

the patient is a value obtained by measuring a physiological, psychological or

pathological reaction of the patient.

2 1. The method according to any one of claims 1 to 18 , wherein the information from

the patient is a combination of a response to the effect of the stimulation perceived

by the patient and a value obtained by measuring a physiological, psychological or

pathological reaction of the patient.

22. The method according to any one of the preceding claims, wherein the

information from the patient is binary.

23. The method according to any one of the preceding claims, wherein the

information from the patient is given on a scale.

24. The method according to any one of the preceding claims, wherein 10 - 50,

preferably 15 - 40, most preferably 20 - 35, different groups of electrodes are

stimulated.



25. The method according to any one of the preceding claims, wherein the

information from the patient is provided by means of a joystick, a touch screen, a

pad, a computer mouse and/or a trackball.

26. The method according to any one of the preceding claims, wherein the

information from the patient is provided by means of a device registering eye

movements.

27. The method according to any one of the preceding claims, wherein said method

steps are preceded by a step in which the patient is allowed to get accustomed to the

conditions and equipment utilized during the stimulation.

28. The method according to any one of the preceding claims, wherein said

stimulation and the provision of information is performed by the patient

himself/herself via electronic connection with a practitioner/physician.

29. The method according to any one of the preceding claims, wherein said method

is followed on a screen device on which the implanted electrodes in the tissue are

graphically represented, and wherein the patient has the ability to stepwise/gradually

scan said groups of electrodes to stimulate the tissue.

30. A method for treatment or alleviation of a disease or condition by use of a set of

electrodes whose stimulation pattern has been optimized with the method according

to claim 1, wherein the disease or condition is chosen from the group consisting of

brain and/or spinal damage, lost functions, pain, Parkinson's disease, tremor, motor

disorders, choreatic and other involuntary movements, memory disorders,

Alzheimer's disease, degenerative diseases, epilepsy, mood disorders, aggression,

anxiety, phobia, affect, sexual over-activity, impotence, eating disorders, sleep

disorders, such as narcolepsy, attention disorders, stroke, damage of the brain,

damage of the spinal cord, bladder disorders after spinal cord injury, bowel disorders

after spinal cord injury, spasticity, somatosensory disorders, auditory disorders, visual

disorders, and olfactory disorders.



3 1 . A system for optimization of the stimulation pattern of a set of implanted

electrodes in excitable tissue of a patient and for treatment or alleviation of disease or

disorder with the method according to any one of the previous claims, wherein it

comprises

- a set of electrodes having the ability to be implanted in excitable tissue of

a patient

- a stimulation device connected to said set of electrodes and having the

ability to stimulate said excitable tissue via said set of electrodes,

- a first computer program connected to the stimulation device and having

the ability to transform information provided by the patient to an assigned

value for a tested group of electrodes, to calculate a total assigned value

for each electrode, and to choose a preferred set of electrodes to be used

for stimulation treatment,

wherein the first computer program has the ability to choose a group of electrodes

from the set of implanted electrodes and to instruct the stimulation device to

stimulate the tissue through these electrodes.

32. A system according to claim 3 1 , further comprsing

- a recording device connected to said set of electrodes and having the

ability to register an activity pattern in said excitable tissue,

- a second computer program connected to the recording device and to the

first computer program, and

- a database connected to said first computer program and to said second

computer program,

wherein said second computer program has the ability to compare information

obtained from the recording device in view of the registered activity pattern in said

excitable tissue with information in the database in the form of previously registered

activity patterns for several patients regarding the effect of stimulation of the same or

similar excitable tissue of said several patients, to choose a collection of useful

electrodes with the basis on said comparison of activity patterns, and to transform the

information about the chosen electrodes to the first computer program, wherein said

first computer program also has the ability to transmit the information provided by the

patient to the database for storage.



33. A system according to claim 3 1 or 32, wherein the set of implanted electrodes

comprises a plurality of microelectrodes.

34. A system according to anyone of claims 3 1 to 33, wherein the set of implanted

electrodes comprises electrodes which are located on different physical entities.

35. A system according to any one of claims 3 1 to 34, further comprising a joystick, a

touch screen, a tablet, a computer mouse and/or a trackball, wherein the joystick,

touch screen, pad, computer mouse and/or trackball is used by the patient to provide

the first computer program with information.

36. A system according to any one of claims 3 1 to 35, further comprising a device

registering eye movements, wherein the device registering eye movements is used

by the patient to provide the first computer program with information.

37. A system according to any one of claims 3 1 to 36, further comprising a screen

device on which the implanted electrodes in the tissue are graphically represented.





INTERNATIONAL SEARCH REPORT International application No.

PCT/SE201 6/050534

A. CLASSIFICATION OF SUBJECT MATTER

IPC: see extra sheet
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC: A61 B, A61 N

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

SE, DK, Fl, NO classes as above

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-lnternal, PAJ, WPI data, BIOSIS, COMPENDEX, EMBASE, INSPEC, MEDLINE, IBM-
TDB

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 200601 95159 A 1 (BRADLEY KERRY ET AL), 3 1 August 1-13, 17-37
2006 (2006-08-31 ) ; paragraphs [0009], [0026]-[0030], [0051]-
[0056], [0061H0062], [0071]-[0073], [0081]-[0085]; figures
10a,10c

Y 14-16

Y US 201 2030291 2 A 1 (MOFFITT MICHAEL A ET AL), 29 14-16
November 201 2 (201 2-1 1-29); paragraphs [0105], [01 14]-
[01 15], [01 38]-[01 45]; figure 12; claims 1-5,13,1 9-20

1-13, 17-37

Further documents are listed in the continuation of Box C. See patent family annex

Special categories of cited documents: 'T" later document published after the international filing date or priority
A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention

E" earlier application or patent but published on or after the international 'Χ" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other Ύ " document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

P" document published prior to the international filing date but later than '&" document member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

19-08-2016 30-08-2016

Name and mailing address of the ISA/SE Authorized officer
Patent- och registreringsverket
Box 5055 Gordana Ninkovic
S-102 4 2 STOCKHOLM
Facsimile No. +46 8 666 02 8 6 Telephone No. +46 8 782 28 oo

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.

PCT/SE20 16/050534

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

Claims Nos.: 1-30
because they relate to subject matter not required to be searched by this Authority, namely:

Claims 1-30 relate to a method for treatment of the human or animal body by
surgery or by therapy, as well as diagnostic methods, see PCT rule 39.1 (iv).
Nevertheless, a search has been made for these claims. The search has been
directed to the technical content of the claims.

Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

□ As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2 . □ As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3 □ As only some of the required additional search fees were timely paid by the apphcant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4 □ No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant' s protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.

PCT/SE201 6/050534

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A EP 2529789 A 1 (GREATBATCH LTD), 5 December 201 2 1-37
(2012-12-05); paragraphs [0005]-[0006], [0048]

A US 201 20035685 A 1 (SAHA SUNIPA ET AL), 9 February 201 2 1-37
(2012-02-09); paragraphs [0009], [0065]-[0066]; figure 2a

A WO 2008005142 A 1 (MEDTRONIC INC ET AL), 10 January 1-37
2008 (2008-01 - 10); paragraphs [001 7]-[0021], [0 28]-[01 3 1] ,
[0146]

A US 201 10 14471 5 A 1 (MOLNAR GABRIELA C ET AL), 16 1-37
June 201 1 (201 1-06-1 6); paragraphs [0004]-[0005], [0031]-
[0036], [0044]-[0049], [0062]

A WO 2009158495 A 1 (ADVANCED NEUROMODULATION 1-37
SYS ET AL), 30 December 2009 (2009-1 2-30); abstract; claim
1

A US 20060206163 A 1 (WAHLSTRAND CARL D ET AL), 14 1-37
September 2006 (2006-09-14); paragraphs [001 3], [0051]-
[0065]

A US 20050060009 A 1 (GOETZ STEVEN M), 17 March 2005 1-37
(2005-03-17); paragraphs [0006]-[0008], [0045]-[0050]

A US 20040215288 A 1 (LEE MICHAEL T ET AL), 28 October 1-37
2004 (2004-10-28); paragraphs [0058]-[0060], [0065]-[0068]

A US 20040034394 A 1 (WOODS CAR LA MANN ET AL), 19 1-37
February 2004 (2004-02-19); abstract; paragraphs [0021]-
[0029]

Form PCT/ISA/210 (continuation of second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.

PCT/SE201 6/050534

Continuation of: second sheet
International Patent Classification (IPC)

A61N 1/36 (2006.01 )
A61N 1/05 (2006.01 )

Form PCT/ISA/210 (extra sheet) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.
Information on patent family members PCT/SE201 6/050534

US 20060195159 A 1 31/08/2006 NONE

us 20120302912 A 1 29/1 1/201 2 CA 2837225 A 1 06/1 2/2012
EP 27141 87 A2 09/04/2014
JP 2014518722 A 07/08/2014
us 9358398 B2 07/06/2016
us 201 20303087 A 1 29/1 1/2012

o 20121 66656 A2 06/1 2/2012

EP 2529789 A 1 05/12/201 2 us 9144680 B2 29/09/2015
us 201 60022996 A 1 28/01/2016
us 201 20310299 A 1 06/1 2/2012

US 20120035685 A 1 09/02/201 2 EP 2600936 A 1 12/06/2013
us 201 60008610 A 1 14/01/2016
us 9 138585 B2 22/09/2015
wo 2012019036 A 1 09/02/2012

O 2008005142 A 1 10/01/2008 EP 2043729 B 1 02/01/2013
EP 2043735 A 1 08/04/2009
US 8620452 B2 31/1 2/2013
US 8744597 B2 03/06/2014

US 8666506 B2 04/03/2014

US 20080046036 A 1 21/02/2008
us 20080004675 A 1 03/01/2008
us 20080004674 A 1 03/01/2008
wo 20080051 53 A3 10/04/2008
wo 2008005144 A3 21/02/2008

us 201 10144715 A 1 16/06/201 1 us 8532757 B2 10/09/2013

o 2009158495 A 1 30/12/2009 A U 20092621 78 A 1 30/1 2/2009
DE 2020090181 50 U 1 26/05/201 1
DE 112009001510 T5 28/04/201 1
GB 24731 63 B 18/07/2012
US 20090326608 A 1 31/1 2/2009

us 20060206163 A 1 14/09/2006 AT 479467 T 15/09/2010
DE 602006016572 D 1 14/1 0/2010
EP 1861 164 A 1 05/1 2/2007
US 7231256 B2 12/06/2007
US 20070208391 A 1 06/09/2007

US 20070162087 A 1 12/07/2007
US 7676271 B2 09/03/2010
US 7664552 B2 16/02/2010
WO 2006098823 A 1 21/09/2006

Form PCT/ISA/210 (patent family annex) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.
Information on patent family members PCT/SE201 6/050534

US 20050060009 A 1 17/03/2005 AT 548070 T 15/03/2012
EP 1670546 A 1 21/06/2006
us 7239926 B2 03/07/2007

O 2005028027 A 1 31/03/2005
us 2004021 5288 A 1 28/10/2004 AT 372810 T 15/09/2007

AT 510583 T 15/06/201 1
DE 602004008905 D 1 25/1 0/2007
EP 1617897 A 1 25/01/2006
EP 1617905 A2 25/01/2006
us 7463928 B2 09/1 2/2008
US 8068915 B2 29/1 1/201 1
US 7826901 B2 02/1 1/2010
US 201 20078325 A 1 29/03/2012
US 20070123953 A 1 31/05/2007

US 20060195145 A 1 31/08/2006
US 20040267330 A 1 30/1 2/2004
US 9 186517 B2 17/1 1/2015
US 8649872 B2 11/02/2014

O 2004096349 A 1 11/1 1/2004
WO 2004096358 A3 27/01/2005

us 20040034394 A 1 19/02/2004 us 6909917 B2 21/06/2005

Form PCT/ISA/210 (patent family annex) (January 2015)


	abstract
	description
	claims
	drawings
	wo-search-report

