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Description
TECHNICAL FIELD

[0001] The disclosure relates to medical devices and, more particularly, to medical devices for therapeutic brain
stimulation.

BACKGROUND

[0002] Implantable medical devices, such as electrical stimulators or therapeutic agent delivery devices, may be used
in different therapeutic applications, such as deep brain stimulation (DBS) or the delivery of pharmaceutical agent to a
target tissue site within a patient. A medical device may be used to deliver therapy to a patient to treat a variety of
symptoms or patient conditions such as chronic pain, tremor, Parkinson’s disease, other types of movement disorders,
seizure disorders (e.g., epilepsy), obesity or mood disorders. In some therapy systems, an external or implantable
electrical stimulator delivers electrical therapy to a target tissue site within a patient with the aid of one or more implanted
electrodes, which may be deployed by medical leads or on a housing of the stimulator. In addition to or instead of
electrical stimulation therapy, a medical device may deliver a therapeutic agent to a target tissue site within a patient
with the aid of one or more fluid delivery elements, such as a catheter or a therapeutic agent eluting patch.

[0003] WO 02/38031 shows a system having implanted brain electrodes conencted to an EEG analysis system and
a stimulator, wherein the system collects and analyzes EEG signals to determine whether electrical stimulation applied
via the stimulator is effective to initiate or terminate epileptiform activity.

[0004] US 2007/0055320 shows a system to treat epilepsy and suppress recurrent seizures by cortical stimulation,
wherein the applied signals are subthreshold for temporal lobe after-discharges.

SUMMARY

[0005] Various anti-seizure therapies and other therapies can attempt to suppress brain activity to reduce seizures or
produce another therapeutic effect. Stimulation can cause episodes of after-discharge. The chronic trigging of after-
discharge events is not regarded as a therapy goal. Rather, suppression or other change in brain state without an after-
discharge represents a preferred effect for chronic therapy delivery. Data is shown from hippocampal stimulation showing
that a suppression effect without an after-discharge was produced with a pulse parameter level above a parameter level
that failed to suppress bioelectrical activity but below a pulse parameter level that caused an after-discharge. The data
demonstrates a limited range for a pulse parameter in producing a preferred therapeutic effect. As such, a preferred
stimulation parameter level is bounded by the thresholds for producing suppression and after-discharge. Specifically, a
narrow parameter window for various types of stimulation therapy is bounded by a suppression threshold on the lower
end and an after-discharge threshold on the upper end. The narrow window for therapy delivery can be profiled and
used to set stimulation outputs for therapy delivery.

[0006] The present invention provides a medical device as defined in claim 1 and a computer -readable medium as
defined in claim 14. The dependent claims define preferred embodiments of the invention.

[0007] Aspects, embodiments, examples or methods described in the present disclosure which do not fall within the
scope of the appended claims do not form part of the invention.

[0008] Various embodiments concern delivering electrical stimulation to the brain at a plurality of different levels of a
stimulation parameter and sensing a bioelectrical response of the brain to delivery of the electrical stimulation for each
of the plurality of different levels of the stimulation parameter. A suppression window of the stimulation parameter can
be identified as having a suppression threshold as a lower boundary and an after-discharge threshold as an upper
boundary based on the sensed bioelectrical responses. A therapy level of the stimulation parameter can be set for
therapy delivery based on the suppression window. The therapy level of the stimulation parameter may be set closer to
the suppression threshold than the after-discharge threshold within the suppression window. Data for hippocampal
stimulation demonstrating a suppression window is presented. Various embodiments concern implantable medical de-
vices for managing therapy delivery consistent with the techniques disclosed herein.

BRIEF DESCRIPTION OF DRAWINGS
[0009]
Figure 1 shows data plots of bioelectrical response information from electrical brain stimulation.

Figure 2 is a diagram illustrating an example bioelectrical response profile.
Figure 3 is a flowchart for identifying a suppression window and setting a stimulation parameter.
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Figure 4 is a flowchart for identifying thresholds and delivering stimulation.

Figure 5 is a flowchart for detecting patient states.

Figure 6 is a flowchart for managing therapy delivery.

Figure 7 is a flowchart for managing delivery of a cycled therapy.

Figure 8A is a flowchart for managing delivery of a cycled therapy according to a washout period.

Figure 8B is another flowchart for managing delivery of a cycled therapy according to a washout period.

Figure 9 is a conceptual diagram illustrating an example deep brain stimulation system for delivery of electrical
stimulation to a brain of a patient.

Figure 10 is a conceptual diagram illustrating an example therapy system for delivery of electrical stimulation to a
brain of a patient.

DETAILED DESCRIPTION

[0010] Epilepsy and other conditions can be characterized by inappropriate bioelectrical brain activity within one or
more brain structures. For example, some seizures associated with temporal lobe epilepsy can arise in the hippocampus
of the brain. Accordingly, for at least some patients, reducing the bioelectrical activity level within the hippocampus may
reduce problematic cortical activity and may be desirable for managing a seizure disorder. The reduced bioelectrical
activity level within the hippocampus may help mitigate symptoms of the seizure disorder, such as by lowering the
likelihood of the occurrence of a seizure, reducing the severity or duration of seizures, and/or reducing the frequency of
seizures.

[0011] Deep brain stimulation is one option for therapeutically addressing a seizure disorder by lowering the activity
within the hippocampus or other brain area. For example, a lead can be implanted with one or more electrodes contacting
the hippocampus or other brain area targeted for stimulation therapy. Electrical stimulation delivered from the one or
more electrodes can change the intrinsic bioelectrical electrical activity of the hippocampus or other targeted brain area.
[0012] One of the challenges of hippocampal deep brain stimulation for epilepsy is selection of stimulation parameters
for best treatment. Currently, continuous low-voltage stimulation can be used for therapy. In some cases, therapeutic
electrical stimulation of the hippocampus can be delivered at a lower energy level relative to therapeutic electrical
stimulation of some other brain targets because of the sensitivity of the hippocampus to stimulation. The paradox is that
stimulation of the hippocampus can cause after-discharges, which are brief seizure-like episodes of bioelectrical activity
that occur during and/or immediately following electrical stimulation.

[0013] Hippocampal deep brain stimulation is preferably managed for some patients to maintain the intensity of the
therapy at a level that therapeutically addresses the seizure disorder while not causing unintended brain events. For
example, some stimulation parameters may fail to lower bioelectrical activity or otherwise therapeutically address the
seizure condition while some other stimulation parameters may be associated with unintended side effects. As mentioned
above, electrical stimulation at some energy levels can cause an after-discharge in the hippocampus.

[0014] Sensing bioelectrical activity in the brain is a useful tool for calibrating electrical stimulation parameters. For
example, the bioelectrical activity of the hippocampus or other brain area can be monitored in real-time to provide
feedback on the level of reduction of brain activity contributing to the seizure disorder and further on the occurrence of
any unwanted stimulation side effects.

[0015] This disclosure presents, among other things, a demonstration of different therapy levels in an ovine model
and algorithms for therapy management. Various embodiments are presented for identifying a window of a stimulation
parameter between a minimum therapeutic threshold and a minimum threshold for unwanted provocation from the
stimulation. Various embodiments concern monitoring bioelectrical activity to set stimulation therapy parameter levels
to maintain suppression of bioelectrical activity or otherwise cause a change in a brain state while avoiding after-discharge
events. The target locations for sensing and/or stimulation can be the hippocampus, as demonstrated herein, or other
targets within the brain. These and other aspects of therapy management are discussed herein.

[0016] As mentioned previously, the hippocampus is an interesting target in the brain because of the role of the
hippocampus in various seizure disorders. Tests were done in an ovine model to understand the sensing capabilities of
an implantable brain stimulator device (an ACTIVA™ PC implantable neurostimulator modified for sensing, made by
MEDTRONIC™, Minneapolis, MN, USA). Monitoring of bioelectrical activity was benefited by the ability to sense bioe-
lectrical activity and detect brain events while electrical stimulation was being delivered. Sensing of brain signals and
detecting brain events in the presence of electrical stimulation is discussed in commonly assigned U.S. Application No.
13/589,270, published as US 2013-0053722, filed on August 20, 2012, by Carlson et al., titted METHOD AND APPA-
RATUS FOR DETECTING A BIOMARKER IN THE PRESENCE OF ELECTRICAL STIMULATION.

[0017] Precedingthetests, animals were anesthetized for surgery and 1.5T MRIs collected. Unilateral anterior thalamic
and hippocampal DBS leads were implanted using a frameless stereotactic system, and connected to the modified
neurostimulator. Trajectories for unilateral thalamic and hippocampal DBS leads were calculated based upon gross
anatomic descriptions of the ovine brain. The implanted system allowed for stimulation and recording from both leads.
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In particular, the implanted system allowed for sensing and stimulation of both the hippocampus and anterior nucleus
structures. Evoked potentials and local field potential (LFP) signals were recorded by the implanted device (422 Hz
sampling rate; 0.5 Hz HP, 100 Hz LP filters), downloaded, and analyzed off-line. The test results discussed herein
principally concern the direct stimulation and monitoring of the hippocampus by a stimulation electrode in contact with
the hippocampus, however the concepts discussed herein could be applicable to indirect stimulation and/or monitoring
of the hippocampus (e.g., by an electrode within the brain but remote from the hippocampus, such as an electrode in a
brain area networked to the hippocampus) as well as direct and/or indirect sensing and stimulation of other brain struc-
tures.

[0018] Figure 1 shows a hippocampus LFP time domain signal 101 (upper chart) recorded from a lead implanted in
the hippocampus. The signal 101 was recorded over a period of approximately 15 minutes during an awake phase for
the animal subject. The lower chart of Figure 1 shows a corresponding spectrogram 102 for the LFP signal 101 over the
same time period.

[0019] Several notable time periods are indicated on Figure 1. No stimulation was delivered during first time period
110. During the first time period 110, a steady level of intrinsic bioelectrical activity of the brain can be seen in both the
LFP signal 101 and the spectrogram 102. From this steady brain activity level over the first time period 110, a baseline
amount of bioelectrical activity can be established, the baseline reflecting the amount of brain activity present when the
hippocampus is unaffected by stimulation. As will be shown herein, the establishment of a baseline can be useful as a
reference for comparing bioelectrical brain activity levels affected by stimulation to assess the effect of the stimulation.
The root mean square (RMS) of the LFP signal 101 and/or the spectral energy of the spectrogram 102 for the time period
110 can be used to measure the baseline bioelectrical activity level, among other techniques.

[0020] During the period of collection of the LFP signal 101, three groups of stimulation pulses were delivered to the
hippocampus through the hippocampal lead in three different bursts of stimulation. The pulses within each group were
delivered at 50 Hz. A different pulse amplitude was used for the pulses of each group of stimulation pulses. The first
group 120 of stimulation pulses had an amplitude of 0.5 volts. The dominant artifact of the first group 120 of stimulation
pulses is reflected in both the LFP signal 101 and the spectrogram 102 at approximately 300 seconds.

[0021] The second time period 111 immediately follows the delivery of the first group 120 of stimulation pulses. No
stimulation was delivered during the second time period 111. As shown in both the LFP signal 101 and the spectrogram
102, the level of hippocampal activity during the second time period 111 is essentially the same as the level of hippocampal
activity during first time period 110 associated with no stimulation. As such, hippocampal brain activity was unchanged
from the unstimulated baseline level following the first group of 0.5 volt stimulation pulses and the amplitude of the first
group 120 of stimulation pulses of the test was sub-threshold for any effect.

[0022] At about 440 seconds into the test, a second group 121 of stimulation pulses was delivered at 50 Hz and 0.9
volts. As with the other groups of pulses, the dominant artifact of the second group 121 of stimulation pulses is shown
by both the LFP signal 101 and the spectrogram 102. The third time period 112 immediately follows the second group
121 of stimulation pulses. No stimulation was delivered during the third time period 112. As shown in both the LFP signal
101 and the spectrogram 102, the level of hippocampal activity during the third time period 112 (i.e. following the second
group 121 of stimulation pulses) was lower relative to the first time period 110 and the second time period 111. In
particular, following the delivery of higher amplitude stimulation pulses (the second group 121 at 0.9 volts), the hippoc-
ampal LFP activity decreased in amplitude and across all measured frequencies relative to baseline hippocampal LFP
activity unassociated with stimulation (first time period 110) and relative to hippocampal LFP activity associated with
lower amplitude stimulation (the first group 120 at 0.5 volts immediately preceding second time period 111). Based on
this pattern, and as discussed further herein, it is concluded that the second group 121 of stimulation pulses suppressed
the hippocampal LFP activity for some time following the stimulation. In this way, the increase in stimulation amplitude
from 0.5 to 0.9 volts crossed a suppression threshold, where the lower amplitude first group 120 of stimulation pulses
failed to suppress the bioelectrical activity of the hippocampus but the high amplitude second group 121 of stimulation
pulses resulted in an immediate suppression of LFP activity in the hippocampus.

[0023] It is noted that the suppression of the third time period 112 is characterized by a consistent reduction in the
amplitude of the LFP signal 101 and a consistent reduction in the spectral energy across all measured frequencies of
the spectrogram 102 relative to the baseline levels of the first time period 110, which are both sustained for over a minute.
These characteristics can be used for the detection of the suppression effect, as discussed herein.

[0024] The data of Figure 1 further demonstrates the test results from increasing pulse amplitude and recording the
bioelectrical response. A third group 122 of stimulation pulses was delivered at about 580 seconds. The pulse amplitude
of the third group 122 of stimulation pulses was 1.3 volts. The fourth time period 113 immediately follows the third group
122 of stimulation pulses. No stimulation was delivered during the fourth time period 113. As shown in both the LFP
signal 101 and the spectrogram 102 during the fourth time period 113, a significant increase in hippocampal bioelectrical
activity was recorded following the third group 122 of stimulation pulses relative to the baseline bioelectrical activity of
the time period 110, the bioelectrical activity of second time period 111 associated with ineffectual stimulation, and
suppressed bioelectrical activity level of the third time period 112. The bioelectrical response pattern of the fourth time
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period 113 is consistent with an after-discharge episode, which can be detected as an epileptiform-like surge of neuro-
logical activity in response to stimulation. As shown in Figure 1, the after-discharge is characterized by a sharp increase
in the amplitude of the LFP signal 101 and an increase in the spectral energy across all measured frequencies of the
spectrogram 102, which are both sustained for over ten seconds. These characteristics can be used for detection of
after-discharge episodes, as discussed herein.

[0025] The after-discharge event of the fourth time period 113 lasts for about thirty seconds, during which time the
animal exhibited a clinical orienting behavioral response. The significantly increased bioelectrical activity of the after-
discharge event subsided by the fifth time period 114. The fifth time period 114 shows hippocampal bioelectrical activity
below the baseline level of the first time period 110. The decreased hippocampal activity during fifth time period 114 is
believed to be similar to postictal quieting and accordingly is of a different nature than the suppression of the third time
period 112. Following the after-discharge episode of the fourth time period 113, bioelectrical brain activity remained
suppressed for the fifth time period 114.

[0026] The testsindicate the appearance of local hippocampus suppression at stimulus levels just below the threshold
for after-discharge generation. This inhibition of local activity persisted for some time after the stimulation ended, and
then dissipated as LFP activity returned toward baseline. This suppression was reproducible and could be obtained
within a narrow window of stimulation parameter levels that were supra-threshold for the suppression effect, but sub-
threshold for after-discharge generation. The demonstration of prolonged, local hippocampus suppression at relatively
low stimulus levels in the awake animal just below the after-discharge threshold provides a basis for stimulation level
titration to treat temporal lobe epilepsy, among other conditions, as further discussed herein.

[0027] The tests demonstrated that along an increasing stimulation energy spectrum, the range of stimulation outputs
that produce suppression in the hippocampus is just below the after-discharge threshold, as shown in Figure 1. As such,
a scan of an increasing or decreasing energy parameter (e.g., pulse amplitude, width, current, and/or frequency) can
reveal a minimum suppression threshold (below which significant suppression is not observed), a stimulation parameter
window within which stimulation parameters suppress bioelectrical activity, and an after-discharge threshold, above
which after-discharges are provoked by stimulation.

[0028] Various anti-seizure therapies and other therapies can attempt to suppress brain activity to reduce seizures.
However, the chronic triggering of after-discharge events is not regarded as a therapy goal. Rather, suppression or other
change in brain state without an after-discharge, as demonstrated with the second group 121 of stimulation pulses and
the subsequent third time period 112 of suppressed bioelectrical activity, represents a preferred effect for chronic therapy
delivery. Being that the suppression effect without an after-discharge was produced with a pulse parameter level above
the parameter level that failed to suppress bioelectrical activity (i.e. the pulse amplitude of the first group 120) but below
a pulse parameter level that caused an after-discharge (i.e. the pulse amplitude of the third group 122), the test of Figure
1 demonstrates a limited range for a pulse parameter in producing a preferred therapeutic effect. The inventors have
thus discovered, among other things, that a preferred stimulation parameter level is bounded by the thresholds for
producing suppression and after-discharge. Specifically, a narrow window for therapy delivery is bounded by a suppres-
sion threshold on the lower end and an after-discharge threshold on the upper end.

[0029] The narrow window for therapy delivery can be profiled and used to set stimulation outputs for therapy delivery.
Figure 2 shows a profile of the data from the test of Figure 1. It is noted that the interpolation of Figure 2 makes guesses
at the finer suppression and after-discharge threshold levels for the sake of discussion herein, but greater sampling
could further pinpoint these thresholds as needed, depending on the resolution desired. Figure 2 illustrates a stimulation
parameter spectrum 201 measured in volts. The parameter spectrum 201 has one-tenth volt increments.

[0030] As demonstrated in the test of Figure 1, different stimulation parameter levels produce different bioelectrical
responses. Pulse amplitudes below the suppression threshold fail to suppression brain activity to an acceptable degree.
The no-suppression window 211 of Figure 2 accordingly spans from zero volts to 0.6 volts, up to a suppression threshold.
The suppression window 212 is adjacent to each of the no-suppression window 211 and the after-discharge window
213. As such, the suppression window 212 is defined by the suppression threshold and the after-discharge threshold.
Stimulation using a parameter level within the suppression window 212 will cause the desired suppression effect without
provoking an unwanted after-discharge event. Stimulation using a parameter level within the after-discharge window
213 will provoke an after-discharge event. The after-discharge window 213 may extend above 1.5 volts but exploring
bioelectrical responses above the after-discharge window 213 is outside of the scope of this disclosure.

[0031] A chart identical or similar to that of Figure 2 can be generated and displayed to profile the responses of a
patient along a stimulation parameter spectrum. This information can be useful to a clinician for understanding the unique
response profile of a particular patient. A parameter level for therapy delivery may be set based on the profile. For
example, a stimulation parameter setting 230 may be selected within the suppression window 212 for therapy delivery.
As shown in Figure 2, the stimulation parameter setting 230 is weighted to be closer to the suppression threshold than
to the after-discharge threshold (by a ratio of 1/3) along the stimulation parameter spectrum 201. Selecting a therapy
output weighted closer to the suppression threshold within the suppression window may provide a stimulation output
that reliably produces the suppression therapeutic effect while minimizing energy use and the likelihood of unintended
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stimulation. It is noted that the techniques discussed in connection with Figures 1 and 2 can be implemented by control
circuitry of a medical device to automatically, among other things, identify a suppression window and/or set a parameter
level for therapy delivery.

[0032] Figure 2 shows that the zones of no-suppression 211, suppression window 212, and after-discharge 213 are
contiguous along a stimulation parameter spectrum. As such, a scan of a stimulation parameter (e.g., pulse amplitude)
along the stimulation parameter spectrum can identify the zones, thresholds, and the suppression window for setting
therapy settings. Scans along a stimulation parameter spectrum will further be discussed in association with Figures 3
and 4.

[0033] Figure 3 shows aflowchart of amethod 300 for determining one or more stimulation parameters. The stimulation
parameters could be used for the treatment of epilepsy, e.g., treating seizures associated with temporal lobe epilepsy
with hippocampal stimulation. However, the techniques of Figure 3 could be applied to various other brain areas and/or
disease conditions.

[0034] The method 300 includes delivering 310 electrical stimulation to a target site within the brain at a plurality of
different parameter levels. The electrical stimulation can be delivered 310 in a series of pulse groups, as in Figure 1,
where different pulse energy parameters are used between the different pulse groups. In some embodiments, the different
parameter levels correspond to different energy levels, such as different pulse amplitudes, widths, frequencies (e.g., the
frequency at which pulses within a group are delivered), and/or currents between the groups. In some embodiments,
only one pulse parameter is varied between the different pulse groups (e.g., just pulse amplitude) to test the different
energy levels, while in some other embodiments multiple pulse parameters are varied between the different pulse groups.
In some embodiments, a pulse parameter is incremented or decremented between each pulse group. For example, a
scan of different pulse voltages could be performed in increments of one tenth of a volt for each pulse group, the different
voltages corresponding to the stimulation parameter spectrum of Figure 2.

[0035] The method 300 also includes sensing 320 a baseline bioelectrical activity level and a bioelectrical response
to the stimulation delivery 310 for each of the different levels of the stimulation parameter. Sensing 320 bioelectrical
activity can include sensing LFP signals with one or more electrodes in the hippocampus, as discussed herein, or other
target location. Sensing 320 to determine the baseline bioelectrical activity level can be done before or after delivery
310, but in any case is done at a time when the target brain area will be unaffected by stimulation so that a baseline
bioelectrical activity level can be established based on intrinsic brain activity. As discussed herein, determining the
baseline activity level can be used to determine when brain activity is suppressed due to stimulation and when it is
unusually high due to stimulation (e.g. corresponding to an after-discharge).

[0036] Sensing 320 of a bioelectrical response to the stimulation delivery 320 can be performed during and/or imme-
diately following the delivery 310 of stimulation at a respective stimulation parameter level of the plurality of different
levels of the stimulation parameter. Preferably, the respective deliveries of stimulation at the plurality of different levels
are separated from each other in time to allow the response of the brain area of each delivery at a particular stimulation
parameter level to be fully recognized free of the effects of the stimulation delivery at the other parameter levels. It is
noted that while the flowchart of the method 300 has the delivery 310 and sensing 320 steps sequentially, the steps
may be performed at the same time and/or interspaced for delivery 310 and sensing 320 for each delivery of stimulation
at a different parameter level.

[0037] Based on the sensed 320 baseline bioelectrical activity level and the bioelectrical responses for the plurality of
different stimulation parameter levels, a suppression window 330 can be identified. The suppression window can be
identified 330 as being defined by a suppression threshold as a lower boundary and an after-discharge threshold as an
upper bound along a spectrum of the stimulation parameter.

[0038] Suppression can be detected as a reduction in bioelectrical activity relative to a baseline level (e.g., as a
reduction by 25% or some other amount) during and/or following delivery 310 of electrical stimulation at a particular
parameter level. The amount of the reduction used to detect suppression may be a predetermined value or may be
selected (e.g., for a particular patient) based on patient condition, disease state, one or more monitored parameters of
the patient, and so on. In some cases, the amount may be selected based on a database containing historical patient
data, including data for patients having a similar condition, disease state, and so on, as the current patient. In some
cases, the value used for this amount may be dynamically adjustable.

[0039] An after-discharge can be detected as a surge in bioelectrical activity relative to a baseline level (e.g., as a
sudden increase by 25% or some other amount) during and/orimmediately following delivery 310 of electrical stimulation
at a particular parameter level. As was the case with the value used to detect suppression, the amount used to detect
an after-discharge may be a predetermined value or may be selected (e.g., for a particular patient) based on patient
condition, disease state, one or more monitored parameters of the patient, and so on. In some cases, the amount may
be selected based on a database containing historical patient data, including data for patients having a similar condition,
disease state, and so on, as the current patient. In some cases, the value used for this amount may be dynamically
adjustable.

[0040] Detecting suppression and after-discharge events as well as thresholds and windows can be performed in
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various manners, such as by using the techniques discussed in connection with Figure 4 or elsewhere herein.

[0041] Parameters for a stimulation therapy can be set 340 based on the suppression window. According to various
embodiments, the stimulation parameters are set 340 at a level within the identified 330 suppression window (i.e. at a
parameter level above the suppression threshold and below the after-discharge threshold). In some embodiments, the
stimulation parameters are set 340 at a level weighted to a lower parameter level (i.e. closer to the suppression threshold
than to the after-discharge threshold) within the identified 330 suppression window, such as at 1/4 or 1/3 of the span of
the window.

[0042] Multiple stimulation energy parameters can be tested in various embodiments. For example, the method 300
of Figure 3 (or any other method herein) can be repeated for each of a plurality of different stimulation parameters. For
example, a first scan can test stimulation amplitude as the stimulation parameter, and a second scan can test pulse
width, and a third scan can test the pulse frequency. Suppression windows can be identified for each of the different
energy parameters. Stimulation therapy parameter levels can then be set 340 for each of the different energy parameters
based on respective suppression windows. In some embodiments, a single scan can vary multiple different energy
parameters.

[0043] In various embodiments, the scans of the method 300 (e.g., the delivery 310, sensing, 320 and identification
330 steps) are performed repeatedly for a plurality of different electrodes (in unipolar stimulation mode) and/or electrode
combinations (in bipolar stimulation mode). A preferred electrode or electrode combination can then be selected for
therapy delivery and a therapy parameter level within the suppression window of the selected electrode or electrode
combination can be set 320. In some embodiments, the preferred electrode or electrode combination for therapy delivery
can be selected based on which electrode or electrode combination produced the suppression window with the lowest
suppression threshold as a lower boundary (i.e. the lowest stimulation parameter that caused suppression) amongst
multiple electrodes and/or electrode combinations scanned (e.g., in the manner of Figure 3). A lower suppression
threshold means that the therapy can be delivered at a lower setting, saving power and minimizing the chances of
intended stimulation, and accordingly an electrode or electrode combination that can be used to deliver therapy at the
lowest energy level would be preferred relative to other electrodes and electrode combinations associated with higher
suppression thresholds. In some embodiments, the preferred electrode or electrode combination for therapy delivery
can be selected based on which electrode or electrode combination produced the widest suppression window (i.e. the
greatest parameter range between the suppression threshold and the after-discharge threshold). The widest suppression
window allows for the greatest range to vary a stimulation parameter, which may be useful if a user is permitted to adjust
the stimulation parameter within the suppression window or a closed-loop therapy control can vary the stimulation
parameter within the window.

[0044] As shown above, a method can be used to determine a profile of which stimulation parameter(s) cause sup-
pression without after-discharges. The profile can also include which stimulation parameters of different stimulation
electrode and/or electrode combinations cause suppression and after-discharges. A scan to determine the suppression
and after-discharge thresholds is feasible because, as demonstrated in the data discussed above, the suppression
window is bounded by the after-discharge threshold. As such, a scan of stimulation responses from no-suppression to
after-discharge can profile a window for managing therapy delivery. In some embodiments, a report can be generated
for clinician review showing the suppression and after-discharge thresholds of a suppression window. If an implantable
medical device performs the scan, then the profile can be wirelessly transmitted to an external device for display. In
some embodiments, the report can resemble the chart of Figure 2.

[0045] Itis noted that any and all of the steps and options discussed in connection with Figure 3, or otherwise discussed
herein, can be performed automatically by a medical device. For example, control circuitry of an implantable medical
device may perform the steps of the method 300 of Figure 3 without user intervention to manage therapy delivery.
[0046] Figure 4 shows a flowchart of a method 400 for determining stimulation parameters. The stimulation parameters
could be used for the treatment of epilepsy, such as suppressing seizures associated with temporal lobe epilepsy with
hippocampal stimulation. However, the techniques of Figure 4 could be applied to various other brain areas and/or
disease conditions.

[0047] The method 400 includes sensing 401 bioelectrical activity within a brain at a sense location to determine a
baseline bioelectrical activity level. Sensing 401 bioelectrical activity can include sensing LFP signals with one or more
electrodes in the hippocampus or other location as a sense location. Sensing 401 can be performed over a predetermined
amount of time to get a broad measure of bioelectrical activity of the sense location, such as an amount of time ranging
from between 30 seconds and 10 minutes. Examples include fifty seconds or five minutes, although other time periods
are contemplated. In various embodiments, no stimulation is delivered during sensing 401 so that a baseline can be
determined without the influence of stimulation.

[0048] Stability check 402 can be performed to determine whether the sensed 401 bioelectrical activity is stable. In
various embodiments, the bioelectrical activity is stable when the RMS or energy (e.g., spectral energy within a particular
frequency band) of the LFP signal does not deviate by a threshold amount (e.g., 10% or other predetermine amount
from the RMS or energy level) for a predetermined amount of time, among other techniques for assessing bioelectrical
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activity stabilization of a brain area. Once the bioelectrical activity is stable, then a baseline bioelectrical activity level
can be set403. If variation in the bioelectrical activity prevents setting 403 the baseline, then the method 400 can continue
sensing 401 bioelectrical activity and checking 402 whether bioelectrical activity stabilization has occurred until a baseline
can be set 403.

[0049] Once the baseline is set 403, electrical stimulation can be delivered 410 to a target site within the brain. The
target site may be the same brain area as the sense location, such as the hippocampus. However, in various embodiments,
the sense location and target site for stimulation are different areas of the brain that are networked. In some embodiments,
the target site will correspond to an electrode or electrode combination used for stimulation, such that different target
sites are stimulated by different electrodes or electrode combinations. In some examples, multiple sites may be selected
for stimulation and/or multiple sites may be selected for sensing. One or more of the multiple sites used for sensing may,
but need not, be the same sites used for delivery of the stimulation. Delivery 410 of the electrical stimulation may comprise
delivery of a group of pulses as referenced herein, such as a brief series of pulses output using particular energy
parameters, e.g., amplitude, current, width, and frequency of pulses within the group.

[0050] At the same time as the delivery 410 of electrical stimulation, and/or following the delivery 410 of electrical
stimulation, bioelectrical activity is sensed 420 within the brain at the sense location. As discussed herein, electrical
stimulation can have a suppressive effect on electrical brain activity, which can be associated with a lower incidence of
seizure or other therapeutic benefit. As such, sensing 420 can be performed to determine whether bioelectrical activity
has decreased from the baseline in association with delivery 410 of the electrical stimulation.

[0051] Suppression check 425 can determine whether the bioelectrical activity level has decreased from the previously
set 403 baseline. Brain activity suppression from stimulation can be identified in various ways, as discussed herein.
Depending on how the baseline is measured (e.g., RMS, signal energy), a 20% decrease in the measure of brain activity
from the baseline during sensing 420 could indicate suppression due to the delivery of electrical stimulation 410. The
amount of the decrease used to detect suppression may be selected, in some cases, based on historical patient data
gathered from other patients having a same or similar condition and/or disease state. Depending on the predetermined
amount of change from baseline (e.g., 20%, 50%, or other amount) for detection, suppression check 425 can be passed
if sufficient suppression is identified. If the predetermined amount of change from baseline is not detected during and/or
following delivery 410 of electrical stimulation, then the method 400 can change 430 a stimulation parameter and then
continue delivering 410 electrical stimulation with the changed parameter.

[0052] In various embodiments, changing 430 a stimulation parameter will comprise increasing a stimulation energy
parameter in an effort to bring about the suppression. Energy parameters can include pulse amplitude (e.g., current or
voltage), width, and frequency, among other parameters. In this way, repeated failure to sense 420 a signal having a
characteristic of a suppression effect produced through stimulation delivery 410, as verified by suppression check 425,
causes repeated increasing of stimulation energy by changing 430 the stimulation parameter in an incremental manner
until a stimulation energy level is reached that suppresses bioelectrical activity in the target area. Although this example
concerns an incrementing energy level change, other manners of changing 430 a stimulation parameter could be used,
such as a decrementing change in a downward scan.

[0053] In some embodiments, suppression check 425 must confirm a sustained suppression to be passed, such as
determining whether the suppression of bioelectrical activity persists for a predetermined amount of time (during and/or
following delivery 410 of electrical stimulation), such as ten seconds, one minute, or some other amount of time.
[0054] Upon the recognition of suppression of the bioelectrical activity in the brain area by suppression check 425, a
suppression threshold can be set 440. The suppression threshold 440 can be set based on the identification of a
stimulation setting that produces a suppression effect of bioelectrical activity after changing 430 a stimulation parameter
from a level that failed to pass the suppression check 425. The suppression threshold can be set 440 at the lowest level
of a stimulation parameter (e.g., amplitude, pulse width, frequency, or other energy parameter) that produces a sup-
pressive effect in the targeted brain area. For example, if a scan as described above was incrementing pulse voltage
by a tenth of a volt for each change 430 in a stimulation parameter, and suppression was recognized by suppression
check 425 following the delivery 410 using 1.4 volts but not using 1.3 volts, then 1.4 volts may be selected as the
suppression threshold. In some cases the suppression threshold is set 425 at some amount above the lowest stimulation
parameter that produced the suppression effect to provide a margin of safety, such as in cases where therapy parameters
are later set at or very close to the suppression threshold.

[0055] While the steps of delivering stimulation 410, sensing 420, checking 425, and changing 430 can be repeated
in a loop to scan a parameter range for a suppression threshold, further steps in the method 400 can continue the scan
to identify other notable aspects of a patient’s response to different stimulation outputs. The method 400 can continue
with the scan with the same output parameters that produced the suppression effect. Delivering 450 electrical stimulation
and sensing 460 bioelectrical activity at the same time as stimulation delivery 450 and/or following delivery 450 can be
done in the same manner as delivering 410 electrical stimulation and sensing 420 bioelectrical activity, except that the
sensed 460 bioelectrical signal(s) are analyzed for evidence of an after-discharge episode for the after-discharge check
465.
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[0056] It is unlikely that the same parameters that previously produced the suppression effect are also going to cause
an after-charge in the scan, per the after-discharge check 465, and in which case the stimulation parameters can be
changed 470. The change 470 in stimulation parameters can be an increase in stimulation energy, such as an increment
in a stimulation parameter (e.g., pulse or waveform amplitude, width, frequency, or other energy parameter). In some
embodiments, the stimulation parameter change 430 and 470 steps implement the same change, such as a pulse
amplitude increment of the same amount, while in other embodiments the steps implement different parameter changes.
[0057] The loop of the steps of delivering 450 electrical stimulation, sensing 460 bioelectrical activity, monitoring for
after-charge at after-discharge check 465, and changing 470 a stimulation parameter can be repeated in a loop until an
after-discharge episode is detected, passing after-discharge check 465. An after-discharge threshold can then be set
480 based on the identification of a stimulation setting that produces an after-discharge after changing 470 a stimulation
parameter from a level that failed to pass the after-discharge check 425. The after-discharge threshold can be set 480
atthe lowest stimulation parameter level that first produced an after-discharge episode. In some cases, the after-discharge
threshold can be set 470 at an amount below the lowest stimulation parameter level that first produced the after-discharge
effect to provide for a margin of safety, in case a therapy parameter is set to actively use the after-discharge threshold
(e.g., as an upper-bound of a closed loop algorithm or as an upper stimulation limit on a user control).

[0058] Basedonthe suppressionthreshold being set440 and the after-discharge threshold being set480, a suppression
window can be identified, with the lower bound being the suppression threshold and the upper bound being the after-
discharge threshold. The suppression window represents the range of a stimulation parameter that can produce the
therapeutic suppression effect without triggering an after-discharge. The suppression window can be used for setting
therapy parameters, and in some cases can define a range within which an algorithm or user can actively change a
stimulation parameter.

[0059] The method 400 further includes delivering 490 stimulation therapy to the patient using a stimulation parameter
at or above the suppression threshold and below the after-discharge threshold. In some embodiments, a clinician or
circuitry can select a particular parameter level within the suppression window, such as a stimulation parameter level
midway between the suppression threshold and the after-discharge threshold, for therapy delivery. In some embodiments,
the selected parameter level is weighted to be closer to the suppression threshold than the after-discharge threshold
along the parameter spectrum, such as one fifth, one quarter, or one third of the way between the suppression threshold
than the after-discharge threshold.

[0060] It is noted that therapy delivery 490 can comprise pulses delivered at 80 Hz or greater, and 100 Hz or greater,
and 80-140 Hz in some embodiments, however not all embodiments are so limited, as pulses can be delivered at higher
and lower frequencies.

[0061] Multiple stimulation energy parameters can be tested in various embodiments. For example, the method 400
of Figure 4 (or any other method herein) can be repeated for each of a plurality of different stimulation parameters. For
example, a first scan can test stimulation amplitude as the stimulation parameter, and a second scan can test pulse
width, and a third scan can test the pulse frequency. Suppression and after-discharge thresholds can be identified for
each of the different energy parameters. Therapeutic stimulation can then be delivered 490 to the target location based
on the respective suppression and after-discharge thresholds. In some embodiments, a single scan can vary multiple
different energy parameters.

[0062] In various embodiments, the scans of the method 400 to set the 440 suppression threshold and set 480 the
after-discharge threshold are performed repeatedly for a plurality of different electrodes (in unipolar stimulation mode)
and/or electrode combinations (in bipolar stimulation mode). A preferred electrode or electrode combination can then
be selected, and an energy level above the suppression threshold yet below the after-discharge threshold, can be
selected for therapy delivery 490 using the selected electrode or electrode combination. Electrode or electrode combi-
nation selection can be done in any manner, such as any manner described herein.

[0063] Itis noted that any and all of the steps and options discussed in connection with Figure 4, or otherwise discussed
herein, can be performed automatically by a medical device. For example, control circuitry of an implantable medical
device may perform the steps of the method 400 of Figure 4 without user intervention. In some cases, some or all of the
steps may be performed by an external device or an external device operating in cooperation with an implantable medical
device.

[0064] It is noted that the methods 300 and 400 can correspond to the same embodiments, with the flowcharts and
discussions of Figures 3 and 4 highlighting different aspects of parameter selection. It is also noted that not all embod-
iments will perform each of the steps of the methods presented herein, and modifications to the methods are contemplated,
whether by omitting and/or adding steps. Each of the methods discussed herein can be fully or partially implemented in
control circuitry of an implantable medical device (e.g., a neurostimulator configured for DBS) and/or an external device.
[0065] Various embodiments of this disclosure identify suppression and after-discharge thresholds. A suppression
threshold can be identified in various different ways. Similarly, an after-discharge threshold can be identified in various
different ways. For example, a suppression threshold may be identified based on the greatest pulse parameter level
that did not cause suppression of the brain area out of a plurality of different pulse parameter levels or the lowest pulse
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parameter level that did cause suppression of the brain area out of a plurality of different pulse parameter levels. In
various embodiments, an after-discharge threshold may be identified based on the greatest pulse parameter level that
did not cause an after-discharge event out of a plurality of different pulse parameter levels or the lowest pulse parameter
level that did cause an after-discharge event out of a plurality of different pulse parameter levels. It is noted that the
identification of a suppression threshold or an after-discharge threshold does not necessarily mean determining the
exact parameter level to the finest resolution possible, but rather can include recognizing the relevant stimulation effects
on both sides of the threshold from a plurality of different pulse parameter levels while changing the stimulation parameter.
For example, a suppression threshold can be isolated by delivering electrical stimulation at a first parameter setting and
failing to get a suppression effect, increasing the stimulation energy to a second parameter setting, and recognizing the
suppression effect from delivery of electrical stimulation at the second parameter setting. Furthermore, the after-discharge
threshold can be isolated by increasing the stimulation energy to a third parameter setting and then further to a fourth
parameter setting and recognizing the suppression effect from delivery of electrical stimulation at the third parameter
setting and the after-discharge effect from delivery of electrical stimulation at the fourth parameter setting.

[0066] In some embodiments, the suppression caused by electrical stimulation will reduce bioelectrical activity across
all brain frequencies as in Figure 1, or substantially all brain frequencies. In some embodiments, the suppression caused
by electrical stimulation will reduce bioelectrical activity in a particular frequency band associated with a neurological
condition, such as the beta band, which may be therapeutic for various movement disorders. Suppression may be a
reduction effect on bioelectrical activity in various embodiments, where the reduction effect does not necessarily decrease
all or a substantial amount of brain activity, but rather reduces some aspect of bioelectrical activity associated with a
problematic or neurological condition. For example, electrical stimulation can be delivered to reduce particular patterns
associated with a neurological condition but not reduce all bioelectrical activity of the targeted area. The reduction effect
might be a reduction in the amplitude, energy level, or another measure of intrinsic bioelectrical activity of the targeted
brain area.

[0067] In various embodiments, control circuitry determines the level of brain activity of a brain area based on at least
one characteristic of the bioelectrical brain signal, which can be a time domain characteristic. For example, the level of
bioelectrical activity of brain area can be indicated by the average, peak-to-peak, peak, median, lowest amplitude, or
instantaneous amplitude of a bioelectrical brain signal sensed within the brain area over a predetermined period of time
(e.g., the average amplitude over about one second to about five minutes following the delivery of stimulation to the
hippocampus) or the peak-to-peak variability of the bioelectrical signal. As other options, the level of brain activity of a
brain area can be indicated by the variance between the instant, median, or mean amplitude of a bioelectrical signal
over time, where the variance may be between subsequent slots of time or between a sensed bioelectrical brain signal
and a stored average, peak, mean or instantaneous of the amplitude determined based on some predetermined period
of time.

[0068] In various embodiments, control circuitry may determine the level of bioelectrical activity of a brain area based
on a frequency domain characteristic of a bioelectrical signal sensed from the brain area. Examples of a frequency
domain characteristic include, but are not limited to, a power level in one or more frequency bands of a bioelectrical
signal sensed over a predetermined period of time or a ratio of power levels in at least two frequency bands of the
bioelectrical brain signal. The frequency domain characteristic can be determined based on, for example, a spectral
analysis of a bioelectrical brain signal. The spectral analysis may indicate the distribution over frequency of the power
contained in a signal, based on a finite set of data. In various embodiments, the frequency domain characteristic may
comprise a relative power level in a particular frequency band or a plurality of frequency bands. While "power levels" or
"energy levels" within a selected frequency band of a sensed bioelectrical brain signal are generally referred to herein,
the power or energy level may be a relative power or energy level. A relative power or energy level may include a ratio
of a power level in a selected frequency band of a sensed brain signal to the overall power of the sensed brain signal.
The power or energy level in the selected frequency band may be determined using any suitable technique. In some
examples, control circuitry may average the power or energy level of the selected frequency band of a sensed brain
signal over a predetermined time period, such as about ten seconds to about two minutes, although other time ranges
are also contemplated. In other examples, the selected frequency band power or energy level may be a median level
over a predetermined range of time, such as about ten seconds to about two minutes. The activity within the selected
frequency band of a bioelectrical signal sensed from a brain area, as well as other frequency bands of interest, may
fluctuate over time. Thus, the power or energy level in the selected frequency band at one instant in time may not provide
an accurate and precise indication of the energy of the bioelectrical signal in the selected frequency band. Averaging
or otherwise monitoring the power or energy level in the selected frequency band over time may help capture a range
of levels, and, therefore, a better indication of the state of the brain area.

[0069] The overall power or energy of a sensed bioelectrical brain signal may be determined using any suitable
technique. Control circuitry may determine an overall power or energy level of a sensed bioelectrical brain signal based
on the total level of a swept spectrum of the bioelectrical signal. To generate the swept spectrum, a processor may
control a sensing module to tune to consecutive frequency bands over time, and the processor may assemble a pseudo-
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spectrogram of the sensed bioelectrical signal based on the power or energy level in each of the extracted frequency
bands. The pseudo-spectrogram may be indicative of the energy of the frequency content of the bioelectrical signal
within a particular window of time.

[0070] In some cases, the baseline brain activity level may represent an intrinsic patient condition that is undesirable
(e.g., a brain state in which one or more symptoms associated with the patient disorder to be treated via therapy are
observed or a brain state in which an unwanted event is likely to occur). Control circuitry may identify one or more
characteristics of a sensed bioelectrical brain signal and store the identified characteristic(s) as indicators of the baseline
brain activity level. For example, the baseline brain activity level of a brain area can be indicated by the average, peak-
to-peak, peak, mean or instantaneous amplitude of a bioelectrical signal sensed from the brain area (e.g., the hippoc-
ampus) over a predetermined period of time (e.g., the average amplitude over a period of time of about five seconds to
about five minutes), the variability of the bioelectrical brain signal over time, a frequency domain characteristic (e.g., a
relative power or energy in a particular frequency band or a ratio of power or energy levels), or a variability of one or
more frequency domain characteristics (e.g., the average, peak, mean or instantaneous energy level within a selected
frequency band over predetermined period of time) over time, among other options. A change in the level of bioelectrical
activity from the baseline in a brain area associated with the delivery of stimulation to the area (or a different but functionally
connected brain area) characterizing a suppression effect can be a percentage change of the bioelectrical activity level
relative to the baseline bioelectrical activity level, a gross value indicative of the change in the bioelectrical activity level
relative to the baseline brain activity level, or any combination thereof. For example, if the level of brain activity in the
hippocampus is indicated by an amplitude of a bioelectrical brain signal, the change in the level of brain activity in the
hippocampus resulting from the delivery of stimulation to the same or different area of the brain characterizing the
suppression effect can be a predetermined difference associated with a clinical therapeutic benefit between the baseline
amplitude and the amplitude of the bioelectrical signal sensed within the hippocampus over a predetermined duration
of time during and/or following the delivery of stimulation. Other parameters besides amplitude are also contemplated
for measuring a change from a baseline level of bioelectrical activity of a brain area to characterize suppression or after-
discharge. In various embodiments, the change in the signal relative to a baseline must be greater than a threshold
amount for control circuitry to confirm a particular event or brain state, such as an after-discharge or suppression.
[0071] The techniques disclosed herein can employ a supervised machine learning algorithm (e.g., utilizing a support
vector machine or another artificial neural network) to develop one or more discriminators for detecting different brain
states. The different states can correspond to states of no suppression, suppression, and after-discharge, such as in
Figure 2. The detection of the different brain states can be automated based on the discriminators, such as for automatic
detection by control circuitry.

[0072] In implementing such a supervised machine learning technique, control circuitry can receive a bioelectrical
signal (e.g., a LFP signal sensed from the hippocampus) that represents multiple episodes of different patient states
and extract characteristics from the signal. A clinician can review the extracted information and/or observe the patient
to determine at which times the patient had a first, second, or third brain state. For example, a clinician can look at the
data of Figure 1 to identify particular patient states (e.g., baseline, no suppression, suppression, and after-discharge)
and annotate them accordingly. These clinician assessed brain state determinations can be temporally associated with
the extracted signal characteristics. The extracted characteristics and brain state information can be used to generate
a classification boundary delineating afirst brain state (e.g., suppression) and a second brain state (e.g., no suppression).
A classification boundary can also be set delineating additional patient states, such as suppression and after-discharge
brain states. Examples of signal characteristics that can be extracted from a sensed signal include a morphology of the
signal (e.g., amplitude, slope, frequency, peak value, trough value, or other traits of the signal), the spectral characteristics
ofthe signal (e.g., frequency band power level, a ratio of power levels, and the like), and/or any other signal characteristics
referenced herein.

[0073] The boundary can be formed in feature space using a supervised machine learning algorithm. Feature space
plots instances of samples in patterns in n-dimensional space, the dimensions being determined by the number of
features used to describe the pattern. A feature is a characteristic of a signal parameter (e.g., indicating suppression or
after-discharge). Each feature of feature space defines an axis, such that the values of a feature vector (e.g., parameter
data plotted in feature space for one brain state instance) indicate the coordinates of a point within the feature space.
A feature vector is a vector defined by two or more feature values indicative of respective parameters. A feature vector
can be mapped to a point within feature space based on the values of the features in the feature vector. Each feature
vector defines a point in feature space that a support vector machine implemented by a computing device can use to
classify data. Each data point feature vector is a quantitative representation of the monitored feature values for a given
time slice (e.g., a short window of time) and each feature vector defines a data point in the feature space that can be
used, together with other feature vectors as data points, to generate a boundary or establish some other relationship
(e.g., to be used to discriminate between baseline, no suppression, suppression, and after-discharge states).

[0074] Training data can initially be used during a training phase to populate feature space and determine a boundary
based on known occurrences of the different patient states. The occurrences of the different patient states may be known
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because, as described above, they are evaluated by a clinician. For example, a clinician can review data of multiple
episodes (e.g., representing samplings of baseline, no suppression, suppression, and after-discharge patient states)
similar to that of Figure 1. A brain state indication may then be associated with corresponding data segments or signal
characteristic levels (e.g., RMS, spectral energy) and input into a computing device.

A boundary can be set within feature space delineating the feature vectors of the different patient states. Such a process
can then train the algorithm by setting the linear discriminate to differentiate different patient states based on subsequently
sensed data. Parameter information can be extracted from the later sensed signal and compared to the boundary to
determine whether the patient is in the first brain state (e.g., similar to baseline with no suppression), the second brain
state (e.g., suppressed brain activity), or a third brain state (e.g., an after-discharge episode) based on which side of
the boundary or boundaries the subsequent data (e.g., in the form of a feature vector) would lie in feature space.
[0075] Training data feature values can be based on data from one particular patient to be used in classifying future
brain states for the particular patient or for classifying future brain states of a different patient. In some cases, feature
values are based on more than one patient and could be used in classifying future brain states for one or more patients.
Forinstance, the feature values may be developed based on data stored in a database for patients that may have similar
conditions and disease states as the current patient.

[0076] Figure 5 illustrates a flow chart for a method 500 for determining a boundary that can be used in classification
of a brain state and then monitoring the brain state of a patient. The method 500 includes collecting 510 a plurality of
signals over a plurality of different brain states. The brain states can be baseline (no suppression), suppression, and
after-discharge states, however additional or alternative brain states could be used. Collecting 510 in this manner may
be done in the same manner of the delivering 310 and sensing 320 steps of Figure 3, and/or in any other manner
referenced herein. Collecting 510 can include sensing signals and storing the signals in memory.

[0077] The method 500 further includes identifying 520 baseline, suppression, and after-discharge brain states from
the plurality of different signals. The baseline, suppression, and after-discharge episodes may be identified based on a
characteristic of a LFP signal and/or spectrogram, such as in the manner discussed in connection with Figure 1. The
episodes may be manually noted by a clinician viewing the data and making inputin a computing device or the identification
of the episodes may be partially or fully automated by control circuitry. A baseline state may be identified based on a
LFP signal and/or spectrogram not changing in the absence of stimulation for a predetermined amount of time. A no
suppression state may be identified based on a LFP signal and/or spectrogram not changing from baseline (or changing
only an insignificant amount) during and/or following stimulation. A suppression state may be identified based on a LFP
signal and/or spectrogram showing reduced bioelectrical activity relative to a baseline (e.g., reduced below baseline by
a predetermined amount) during and/or following stimulation. An after-discharge state may be identified based on a LFP
signal and/or spectrogram showing surging bioelectrical activity following stimulation. For each of the episode identifi-
cations 520, the bioelectrical parameter levels sensed at that time can be noted.

[0078] Based on these bioelectrical parameter levels associated with the different identified 520 brain states, control
circuitry can map 530 episodes of the brain states to feature space. Mapping 530 in this way can generate a feature
space plot of episodic feature vectors, with one or more parameters being used for axes in feature space. One or more
boundaries may be determined 540 in the feature space using control circuitry, the boundaries delineating the baseline
(no suppression), suppression, and after-discharge brain states. For example, a baseline (no suppression) brain state
may be on one side of a boundary while a suppression brain state may be on the other side of the boundary, the control
circuitry setting the boundary in the separation space between different groupings of feature vectors of common brain
states. A boundary may be set manually by a clinician by recognizing groupings of feature vectors of common brain
states and setting a boundary within the separation between the different groupings.

[0079] Collecting 510, identifying 520, mapping 530, and determining 540 comprise an initial training phase. Once the
one or more boundaries are determined 540, the boundaries may be used in a classification phase that can classify
subsequent patient brain states based on incoming information (e.g., brain state discrimination in real-time). The clas-
sification phase can include sensing 550 one or more signals during and/or following stimulation delivery. Characteristics
of the signals may be extracted from the sensed 550 signals in the same manner as the identifying 520 brain states
step, although the use of different analysis circuitry and/or techniques for the different phases is contemplated. In any
case, a current brain state of a patient may be determined 560 based on one or more boundaries and the one or more
signals, the boundary serving as a brain state threshold. The current patient state may be determined 560 by control
circuitry running a linear discriminant algorithm which can determine on which side(s) of the one or more boundaries a
current feature vector is, the current feature vector derived from the one or more sensed 550 signals.

[0080] An output may be generated 570 based on the determined 560 brain state. The output may be any output
referenced herein, including stopping stimulation (e.g., in the case of an after-discharge), increasing stimulation intensity
(e.g., inthe case of no suppression), decreasing stimulation intensity (e.g., in the case of an after-discharge), maintaining
stimulation energy (e.g., in the case of confirmation of suppression), alerting a patient and/or clinician to the brain state,
and/or storing data characterizing the brain state episode of the patient.

[0081] In various embodiments, the training phase can be used without the classification phase and the classification
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phase can be used without the training phase. For example, a boundary may be set using a technique that is substantively
different from the training phase of the method 500 and that boundary may be used to classify brain state episodes.
Also, the training phase may determine 540 a boundary that is used in a substantively different way as the classification
phase of the method 500 to classify patient state episode or for some other purpose. It is noted that the training phase
may be performed in accordance with any of the techniques discussed in connection with Figures 1-4 while the classi-
fication phase may be performed in accordance with any of the techniques discussed in connection with Figures 6-8.
[0082] Aspects of detecting various patient states and using feature space, among other things, that can be applied
to the present subject matter are disclosed in commonly assigned U.S. Pat. App. No. 2010/0280335 to Carlson et al.,
which is entitled "PATIENT STATE DETECTION BASED ON SUPERVISED MACHINE LEARNING BASED ALGO-
RITHM" filed November 4, 2010; and U.S. Pat. App. No. 2010/0280334 to Carlson et al., which is entitled "PATIENT
STATE DETECTION BASED ON SUPPORT VECTOR MACHINE BASED ALGORITHM" filed November 4, 2010.
[0083] In some embodiments, a patient or other user is allowed some control over therapy delivery by controlling the
input. For example, a patient or other user may increase or decrease therapy intensity as desired by controlling the input
(e.g., a switch, button, dial, or other control), but the system will not allow the stimulation parameters to be adjusted
(e.g., without specific clinician intervention to override the limitation) to a level outside of the suppression window. In
some embodiments, a patient or other user is allowed to adjust stimulation intensity but is not allowed to increase
stimulation intensity in a manner that would increase a stimulation parameter above the after-discharge threshold. In
some embodiments, a closed loop algorithm is set to automatically change a stimulation parameter of a therapy based
on an input. For example, the stimulation parameter may be able to range within the suppression window based on the
input in some embodiments but is prevented from deviating outside of the suppression window. In some embodiments,
the input is based on a sensed signal, such as a physiological signal, a neurological signal, a cardiac signal (e.g.,
indicative of heart rate or blood pressure), a posture signal indicative of the posture of the patient, an activity signal
indicative of the activity of the patient (e.g. an accelerometer signal indicative of patient movement), or some other signal.
The suppression window or threshold used to limit user or automatic therapy adjustment based on an input may be set
using any technique herein, such as any of Figures 3-5 for example.

[0084] Figure 6 is a flowchart of a method 600 for controlling a therapy based on detection of suppression and after-
discharges. The method 600 can concern embodiments operating according to a closed loop algorithm for controlling
a chronic therapy. The therapy may comprise the delivery of a continuous therapeutic signal or train of pulses, monitoring
of the bioelectrical response to the stimulation, and changing a stimulation parameter of the stimulation in real-time
based on various bioelectrical responses. It is noted that the method 600 can be applied to cycled therapy embodiments
where stimulation is cycled on and off according to a duty cycle. Cycled therapy embodiments will be specifically discussed
in greater detail in connection with Figures 7 and 8.

[0085] The method 600 includes delivering 610 electrical stimulation to a brain area, which can be a hippocampus or
other brain area. The electrical stimulation can be delivered 610 in any manner referenced herein. The method 600
includes sensing 610 bioelectrical activity of a brain area (e.g., hippocampus), which can be done in any manner refer-
enced herein, and can further be done simultaneously with and/or following delivery 610 of the electrical stimulation.
[0086] Based on the sensed 610 bioelectrical activity, after-discharge check 625 and suppression check 635 can be
performed. In this way, one or more algorithms can be run using a monitored bioelectrical signal to detect suppression
and after-discharge events. Such checks may be performed periodically (e.g., every one minute or other interval),
constantly, or performed in response to an event (e.g., an accelerometer or other sensor indicating the occurrence of a
seizure or other event). The suppression detection can be performed by any technique referenced herein. In some
embodiments, the suppression detection can be performed by comparing a current signal parameter level (e.g., RMS,
spectral energy, or other parameter) to a baseline (e.g., a baseline previously set for the patient as discussed herein),
where suppression is confirmed as long as the signal parameter is, one example, some predetermined amount or
percentage below the baseline, as may be required for some predetermined period of time (e.g., 30% below the baseline
level for ten seconds). In some other examples, the check 635 may instead compare the monitored bioelectrical signal
to a predetermined fixed level rather than a relative level that is relative to a baseline.

[0087] The after-discharge check 625 can be performed by any technique referenced herein for detecting an after-
discharge event. In some embodiments, the after-discharge detection can be performed by comparing a current bioe-
lectrical signal parameter level to baseline, where an after-discharge is detected if the signal parameter is a predetermined
amount or percentage greater than the baseline for a predetermined period of time (e.g., 30% above the baseline LFP
level for ten seconds).

[0088] If an after-discharge event is detected by after-discharge check 625, then stimulation is stopped (if it is being
delivered). In some cases, the triggering of an after-discharge will suspend therapy delivery and a notification will be
issued by an external programmer warning of the condition. The indication of the after-discharge may have to be com-
municated from an implantable device to an external device if the implanted device performs the after-discharge detection.
In some embodiments, stimulation delivery 610 will only be resumed if a clinician provides an input re-enabling therapy.
In some other embodiments, stimulation will be resumed at a decreased stimulation energy level following detection of
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an after-discharge, such as by decrementing a stimulation energy parameter, such as pulse amplitude, width, frequency,
or other energy parameter. In some cases, the stimulation delivery 610 will only resume after the after-discharge event
is confirmed to have subsided. If an after-discharge event is not detected, then stimulation delivery 610 can continue
(or resumed at the next cycle if after-discharge check 625 is performed at the end of a delivery 610 cycle).

[0089] A suppression check 635 can also be performed. If suppression is confirmed by suppression check 635, then
delivery 610 of the electrical stimulation can continue (or resume at the next cycle if suppression check 635 is performed
at the end of a delivery 610 cycle). If suppression is lost as confirmed by check 635, then the method 600 can increase
a stimulation energy parameter, such as by incrementing a stimulation output parameter, such as pulse amplitude, width,
frequency, or other energy parameter. The step of increasing 630 the stimulation may be performed incrementally, such
that each repeated failure to detect suppression at suppression check 635 causes another incremental increase 630 in
a stimulation parameter in a looping fashion. In this way, if suppression is lost, then it can be regained by scanning a
parameter range (typically with an increasing stimulation energy level) until suppression is regained as confirmed by
suppression check 635 or an after-discharge is provoked as confirmed by after-discharge check 625 (in which can an
alert message may be output that a suitable stimulation parameters level cannot be resolved).

[0090] While the after-discharge check 625 and the suppression check 635 are illustrated as different stages, they
could be part of the same detection algorithm or they may otherwise be performed simultaneously. In some embodiments,
a suppression window may already be established (e.g., by the techniques of Figures 3-5) and the algorithm of Figure
6 can change the stimulation parameter within the suppression window by decreasing 630 and increasing 640 a stim-
ulation energy parameter as necessary, but the stimulation parameter will not be changed out of the originally set
suppression window. In some other embodiments, the algorithm of Figure 6, or a similar algorithm based on real-time
detection of suppression and after-discharge, can be used to automatically titrate one or more stimulation parameters
without regard to a previously set suppression window. In some embodiments, the method 600 of Figure 6, or other
method of this disclosure, can be combined with a closed loop or user control algorithm, that can also change the
stimulation parameter based on an input as discussed herein. The input may be a user input controlling the therapy level
or a sensed signal, as discussed herein. The stimulation parameter level may then change according to the input but
detection of an after-discharge (e.g., by after-discharge check 625) can over-ride the input to stop therapy or decrease
630 the stimulation parameter level. Likewise, the stimulation parameter level could change according to the input but
detection of loss of suppression (e.g., by suppression check 635) can over-ride the input to increase 640 the stimulation
parameter level. Such options are also applicable to the other embodiments of this disclosure.

[0091] As such, the method 600 demonstrates various options for closed loop stimulation of a brain area, such as a
hippocampus. Each of the steps of the method 600 and the various options discussed herein can be automatically
performed by control circuitry of an implantable medical device to titrate therapy delivery to therapeutically suppress
bioelectrical activity while avoiding after-discharges. Actively adapting stimulation parameters can be useful in some
cases because the suppression threshold and after-discharge threshold may change over time, which accordingly
changes the suppression window. Various factors could potentially cause a threshold to change. Such factors can include
changes in the activation thresholds of the neurons, lead migration, changes in the properties of tissues around the lead
(e.g., fibrous electrode encapsulation), changes in brain states of the patient (e.g., awake verses asleep states), changes
in posture, disease progression, changes in a drug regimen the patient may be taking, and changes in hydration and
other factors that can affect brain chemistry, among other reasons that can alter previously established thresholds. Other
embodiments are contemplated for adapting stimulation in a closed-loop manner.

[0092] Itis noted that any and all of the steps and options discussed in connection with Figure 6, or otherwise discussed
herein, can be performed automatically by a medical device (unless specific user steps are specified such as a user
input therapy control). For example, control circuitry of an implantable medical device may perform the steps of the
method 600 of Figure 6.

[0093] Various embodiments of this disclosure concern the delivery of a cycled therapy, where stimulation is cyclically
turned on and off, such as alternating periods of one minute of stimulation delivery (stimulation on) and one minute of
no stimulation (stimulation off). In some cases, the benefits of therapy persist during the therapy-off periods in a carryover
effect, which is referred to a washout period. For example, a cycle of stimulation delivery may suppress hippocampal
LFP activity and the suppression may persist for a minute or more during a washout period, while the suppression effect
eventually subsides and the bioelectrical activity returns to the baseline. Some cycled therapy embodiments resume
stimulation following the expiration of a timer, while some other embodiments monitor the level of suppression during
the washout period and resume therapy delivery when the suppression effect subsides. Various options for cycled
therapy are demonstrated in Figures 7 and 8.

[0094] Figure 7 illustrates a flowchart of a method 700 for controlling therapy delivery of a cycled therapy. The method
700 includes starting 702 delivery of electrical stimulation, which can be performed in any manner referenced herein.
When the delivery of electrical stimulation is started 702, a stim cycle timer can be started. The stim cycle timer can time
how long stimulation is being delivered for each cycle. For example, stimulation may be delivered for a first time period,
and then not delivered for a second time period, and the cycle may continuously repeat the first and second cycles. The
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first time period of cycled stimulation may be one minute, ten minutes, one hour, or other period of time. The second
time period of cycled stimulation off may be one minute, ten minutes, one hour, or other period of time. In various
embodiments, the first time period of stimulation is equal to the second time period of no stimulation, while in some other
embodiments the time periods are not equal.

[0095] Check 704 monitors the stim cycle timer and when the stim cycle timer expires the delivery of stimulation is
stopped 706. Following the stopping 706 of stimulation, a bioelectrical activity is sensed 708. Sensing 708 of bioelectrical
activity may be done in any manner referenced herein, such as sensing 708 of a LFP signal from a hippocampus. Based
on the sensed 708 signal, a check 710 is performed for the presence of an after-discharge. Detection of the after-
discharge can be done in any manner referenced herein. It is noted that the flowchart of Figure 7 shows the sensing
708 and after-discharge check 710 being performed after stimulation is stopped 706, however in various embodiments
sensing 708 and after-discharge check 710 are performed during stimulation.

[0096] If an after-discharge is detected by after-discharge check 710, then a stimulation energy parameter can be
decreased 712. The stimulation energy parameter may be decreased 712 by a small amount in a scanning manner, or
the stimulation energy parameter may be decreased 712 by a large amount (e.g., by a whole volt or to just above a
previously identified suppression threshold) reflecting the desire to avoid subsequent after-discharge events. The method
700 then waits until the off cycle timer check 718 shows that the off cycle time has expired before starting 702 delivery
of the electrical stimulation with the decreased 712 stimulation energy parameter for another cycle.

[0097] A suppression check 714 can be performed using the sensed 708 bioelectrical activity signals. Suppression
may be confirmed using any technique referenced herein. If suppression is identified, then the method 700 waits until
the off cycle timer check 718 shows that the off cycle time has expired before starting 702 delivery of the electrical
stimulation with the same electrical stimulation parameters used in the previous cycle. However, if suppression is not
detected by suppression check 714, then a stimulation energy parameter can be increased 716. Increasing 716 a
stimulation energy parameter can be done incrementally (e.g., in 0.1 voltincrements) to scan along a parameter spectrum
toward a suppression threshold, as discussed herein. The method 700 then waits until the off cycle timer check 718
shows that the off cycle time has expired before starting 702 delivery of the electrical stimulation with the increased 716
stimulation energy parameter for another cycle.

[0098] Itis noted that any and all of the steps and options discussed in connection with Figure 7, or otherwise discussed
herein, can be performed automatically by a medical device. For example, control circuitry of an implantable medical
device may be configured to perform the steps of the method 700 of Figure 7.

[0099] AsshowninFigure 7, some cycled stimulation embodiments turn the delivery of stimulation on and off according
to a timing schedule. However, some other cycled stimulation embodiments adjust the timing of the cycle according to
awashout period. For example, the suppression level may be monitored during the washout period following a stimulation
delivery cycle to determine when the suppression effect subsides to some level, triggering the next cycle of stimulation.
Only once the suppression effect decreases and the bioelectrical brain activity increases above a certain amount (e.g.,
a minimum suppression level representing the lowest acceptable amount of LFP activity or a return to baseline or just
below baseline), will the next delivery cycle be started. Some aspects of cycled stimulation based on a washout period
are further demonstrated in Figure 8.

[0100] Figure 8A illustrates a flowchart of a method 800 for controlling therapy delivery of a cycled therapy. The method
800 includes starting 802 delivery of electrical stimulation, which can be performed in any manner referenced herein.
When the delivery of electrical stimulation is started 802, a stim cycle timer can be started. The stim cycle timer can
operate any in manner for controlling the time of delivery of a stimulation cycle, including as described above. Check
804 monitors the stim cycle timer and when the stim cycle timer expires the delivery of stimulation is stopped 806.
Following the stopping 806 of stimulation, bioelectrical activity is sensed 808. Sensing 808 of bioelectrical activity may
be done in any manner referenced herein, such as sensing 808 of a LFP signal from a hippocampus. Based on the
sensed 808 bioelectrical, an after-discharge check 810 is performed for detecting after-discharge. Detection of after-
discharge can be done in any manner. It is noted that the flowchart of Figure 8A shows the sensing 808 and after-
discharge check 810 being performed after stimulation is stopped 806, however in various embodiments sensing 808
and after-discharge check 810 are also performed during stimulation.

[0101] If an after-discharge event is detected by after-discharge check 810, then a stimulation energy parameter can
be decreased 812. The stimulation energy parameter may be decreased 812 in any manner, including as described in
connection with other embodiments herein (e.g., Figures 6 and 7). The method 800 also includes monitoring 814 for
suppression of bioelectrical activity based on the sensed 808 bioelectrical activity. Monitoring 814 for suppression of
bioelectrical activity can be done in any manner, including comparing a current level of bioelectrical activity to a minimum
threshold or baseline amount. For example, a parameter of a sensed 808 LFP signal and/or spectrogram may be
compared to a minimum threshold representing the least amount of suppression deemed suitable before the stimulation
cycle is resumed. When the parameter of the sensed 808 LFP signal and/or spectrogram rises above the minimum
threshold, as is expected to end the washout period, then the suppression check 816 can determine that the suppression
has subsided and the delivery of electrical stimulation can be started 802 for another stimulation cycle. In some embod-
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iments, the monitoring 814 step compares the parameter of the sensed 808 LFP signal and/or spectrogram to a baseline
bioelectrical activity level (associated with no stimulation as discussed herein), and when the parameter rises to the
baseline level or otherwise evidence that the brain state shows no remaining effect of the stimulation, then the suppression
check 816 can be satisfied and the delivery of electrical stimulation can be started 802 for another stimulation cycle. In
some cases, the suppression check 816 is satisfied when the monitored 814 parameter level is within a predetermined
amount of the baseline, such as 20% of the baseline, which triggers the start 802 of electrical stimulation delivery for
another stimulation cycle. In these any other ways, various embodiments herein can monitor the effects of the stimulation
and turn on stimulation only when necessary to manage a patient condition.

[0102] Itis noted that an additional check may be performed that is similar to the suppression check 714 and stimulation
energy increase 716 of Figure 7, where if suppression is not detected following the end of the stimulation cycle, then a
stimulation energy parameter can be increased.

[0103] It is noted that any and all of the steps and options discussed in connection with Figure 8A, or otherwise
discussed herein, can be performed automatically by a medical device. For example, control circuitry of an implantable
medical device may be configured to perform the steps of the method 800 of Figure 8A.

[0104] Figure 8B illustrates a flowchart of a method 840 for controlling therapy delivery of a cycled therapy. The method
840 includes starting 842 delivery of electrical stimulation, which can be performed in any manner referenced herein.
When the delivery of electrical stimulation is started 842, a stim cycle timer can be started. The stim cycle timer can
operate any in manner for controlling the time of delivery of a stimulation cycle, including as described above. Also at
this time, a stimulation ceiling level may be initiated, which indicates an upper allowable level that may be used for a
stimulation energy parameter, as will be discussed further below.

[0105] Following the starting 842 of stimulation, bioelectrical activity is sensed 844. Sensing 844 of bioelectrical activity
may be accomplished in any manner referenced herein, such as sensing 844 of a LFP signal from a hippocampus.
Based on the sensed 844 bioelectrical signal, an after-discharge check 846 is performed for detecting after-discharge.
Detection of after-discharge can be done in any manner referenced herein.

[0106] If an after-discharge event is detected by after-discharge check 846, stimulation energy may be turned off 848.
Also at this time, an off-cycle timer may be started to control the time stimulation is turned off. In addition, an indication
is recorded 850 that indicates that when stimulation is once again turned on, stimulation energy is to be decreased as
a result of detecting the after-discharge event. Such an indication may be a flag that indicates stimulation is to be
decreased by a predetermined amount or by an amount that may be dynamically-selectable based on patient condition.
In another example, such an indication may be a stored value for a stimulation energy parameter that will be used to
control stimulation when stimulation is again resumed. Other examples of indicating a decrease 850 in a stimulation
energy parameter are provided herein, including as described in connection with, for instance, Figures 6 and 7.
[0107] Processing then continues to check 852, which monitors for expiration of the off-cycle timer. When this timer
expires, bioelectrical activity is sensed 854. Sensing 854 of bioelectrical activity may be done in any manner referenced
herein, such as sensing 854 of a LFP signal from a hippocampus. Based on the sensed 854 bioelectrical signal, an
after-discharge check 856 is performed for detecting after-discharge. Detection of after-discharge can be done in any
manner referenced herein.

[0108] If the after discharge check 856 indicates an after discharge event is detected, processing proceeds to turn
848 stim off (if stimulation has not already been turned off) and continue processing with steps 850-854 in the afore-
mentioned manner. On the other hand, if an after discharge event is not detected during the after discharge check 856,
a check 858 is performed based on the sensed bioelectrical activity to determine whether suppression is indicated. This
check may be performed in any of the ways discussed herein. For instance, a parameter of a sensed LFP signal and/or
spectrogram may be compared to a minimum threshold representing the least amount of suppression deemed suitable
before the stimulation cycle is resumed. When the parameter of the sensed 808 LFP signal and/or spectrogram rises
above the minimum threshold, as is expected to end the washout period, then the suppression check 858 can determine
that the suppression has subsided and the delivery of electrical stimulation can be started 842 for another stimulation
cycle. Otherwise, if suppression has not subsided, processing continues to check 854, where the bioelectric activity is
again sensed.

[0109] Returning now to the after discharge check 846, if an after discharge event is not detected during this check,
a check 862 is made to determine whether the stim cycle timer has expired. The stim cycle timer determines how long
stimulation will be provided to the patient in the absence of detection of an after discharge event. If the stim cycle time
has not expired, processing continues to check 846 where it is again determined whether the patient has experienced
an after discharge event. Processing based on the outcome of this check continues in the above-discussed manner. If,
however, the stim cycle time has expired 862, processing continues to step 864 wherein stimulation is turned off. Also
at this time, a stim off timer may be started to keep track of the amount of time the stimulation is turned off.

[0110] Next, another check 866 is then performed to determine whether an after discharge event has occurred. If so,
processing continues to step 848 where stimulation is turned off (if it hasn’t already been turned off) and processing
continues in a manner previously described. If an after discharge event has not occurred, check 868 is performed to
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determine whether the stim off timer has expired. If not, processing returns to check 866 where it is again determined
whether an after discharge event occurred so that appropriate action may be taken in the above-described manner.
[0111] Ifthe off cycle timer expires as detected by check 868, processing continues to check 870 where it is determined
whether suppression has been achieved. As discussed above, suppression check 870 may determine whether the
bioelectrical activity level has decreased below some previously set baseline. Brain activity suppression from stimulation
may be identified in various ways. As merely one example, a 20% decrease in the measure of brain activity from the
baseline during sensing could indicate suppression due to the delivery of electrical stimulation. Depending on the pre-
determined amount of change from baseline that is desired (e.g., 20%, 50%, or other amount), suppression check 870
may be passed if sufficient suppression is identified.

[0112] Ifthe predetermined amount of change from baseline is not detected during and/or following delivery of electrical
stimulation, then the method 840 may perform a check 872 to determine whether the current stimulation parameters
are below the ceiling stimulation levels beyond which stimulation levels may not be increased in some examples. Such
ceiling levels may be selected prior to start of method 840, for instance. If stimulation parameter(s) are below the ceiling,
an indication may be provided 874 that a stimulation energy parameter (or in some examples, multiple stimulation energy
parameters) is to be increased. Such an indication may involve, for instance, setting a flag that indicates that when
stimulation is again turned on, one or more stimulation energy parameters should be increased. In a particular embod-
iment, the setting of this flag may indicate that when stimulation is resumed, one or more stimulation parameters should
be increased by some amount that may be either a predetermined amount or a dynamically determined amount (e.g.,
as may be determined by monitored bioelectric signals). Alternatively, the indication recorded in step 874 may be the
actual values for one or more stimulation parameters that will be used when stimulation is again initiated. Stimulation
may then be started 842 according to the adjusted stimulation parameter value indicated by step 874.

[0113] Returning to check 872, if the stimulation energy parameter(s) in use when stimulation was turned off were not
below the determined ceiling levels, a ceiling unlock 880 check may be performed to determine whether a stimulation
energy parameter should be allowed to be increased beyond the ceiling level. The outcome of the ceiling unlock 880
check may be based on a variety of factors. In some cases, the outcome of this check may be patient-specific, condition-
specific, or disease-state-specific. For instance, for certain patients, patient conditions, or disease states, it may be
undesirable to allow the stimulation parameter values from being increased above the ceiling level. Such patients may,
for instance, be particularly susceptible to experiencing after discharge events or other adverse effects when stimulation
energy parameters are increased beyond some preset ceiling levels. In other cases, it may be beneficial to allow stim-
ulation parameter levels to be dynamically increased even above the ceiling level after stimulation is started. For instance,
some patients, conditions, or disease states may be associated with an increased ability to tolerate higher levels of
stimulation energy over time, and in such cases, it may be beneficial to increase stimulation levels above the ceiling
over time. In some embodiments, rules may be associated with check 880 that indicate, for a particular patient, disease
state, condition, etc., when and by how much a ceiling may be exceeded.

[0114] If the ceiling unlock check 880 indicates the stimulation energy parameter(s) is not to be increased beyond the
ceiling, processing continues to step 842 where stimulation is started without increasing the stimulation energy param-
eter(s). However, if check 880 indicates it is beneficial to unlock the ceiling, processing continues to step 874 wherein
one or more stimulation energy parameters may be increased above the ceiling.

[0115] It is noted that any and all of the steps and options discussed in connection with Figure 8B, or otherwise
discussed herein, can be performed automatically by a medical device. For example, control circuitry of an implantable
medical device may be configured to perform the steps of the method 840 of Figure 8B.

[0116] Insome cases, the methods for detecting suppression and after-discharge thresholds, identifying a suppression
window, and setting therapy parameters can be repeated for awake and sleep states. It is possible that the suppression
and after-discharge thresholds, or at least what will be tolerated in the awake and sleep states, will be different between
the awake and sleep states. Therapy could be automatically changed between awake and sleep states, such as using
therapy parameters that are based on a first suppression window associated with an awake state when the patient is
awake and using therapy parameters that are based on a second suppression window associated with a sleep state
when the patient is sleep. Awake and sleep states can be automatically be detected. Different electrode and electrode
combinations could also be selected for therapy delivery, as discussed herein, for use during the awake and sleep states.
[0117] In various embodiments, multiple tests can be performed (e.g., the methods of Figures 3 and 4) for each of a
cycled therapy regimen and a continuous therapy regimen to determine whether either of them is associated with a
lower suppression threshold, a wider suppression window, and/or less after-discharge episodes. Such tests can also
be performed for different electrode and/or electrode combinations for stimulation. A cycled or continuous therapy regimen
can then be selected for therapy delivery based on which cycled or continuous mode (and further electrode or electrode
combination) is associated with the lowest suppression threshold, widest suppression window, and/or lowest incidence
of after-discharge episodes.

[0118] Itis noted that the data presented herein concerns hippocampal stimulation and sensing. The hippocampus is
a common area of seizure focus, but other areas of the brain can also be a seizure focus. The hippocampus can also
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be associated with other disease conditions. Accordingly, while the hippocampus is used to demonstrate various em-
bodiments of this disclosure, the scope of this disclosure and various embodiments presented herein are not limited to
sensing bioelectrical activity of the hippocampus and/or stimulation of the hippocampus, as other brain targets can be
used with the embodiments disclosed herein.

[0119] Targets for stimulation and/or sensing a bioelectrical response to the stimulation for addressing a neurological
condition can be in, but are not limited to, the cortex, including, but not limited to, the temporal cortex, occipital cortex,
parietal cortex, frontal cortex, and entorhinal cortex. Targets for sensing and/or stimulation may not be limited to particular
areas, but rather may be directed to functionally connected circuits of the brain, such along the Circuit of Papez. The
areas of the brain within the Circuit of Papez are believed to be involved in the generation and spread of seizure activity.
The Circuit of Papez is one of the major pathways of the limbic system, and the regions of brain within the Circuit of
Papez includes the anterior nucleus, internal capsule, cingulate, hippocampus, fornix, entorhinal cortex, mammillary
bodies, and mammillothalamic tract. The areas of the brain within the Circuit of Papez may be considered to be functionally
connected, such that activity within one part of the Circuit of Papez may affect activity within another part of the Circuit
of Papez. In this way, the delivery of stimulation to one area (e.g., the anterior nucleus) of the Circuit of Papez may affect
the brain activity level within another area of the Circuit of Papez (e.g., the hippocampus).

[0120] The embodiments referenced herein, including those of Figures 3-10, could be used for sensing bioelectrical
activity of a first brain area to determine a baseline level of activity of the first brain area, delivering electrical stimulation
to a second brain area while sensing a bioelectrical response of the first brain area to the stimulation and while system-
atically changing a stimulation parameter, and identifying a suppression window based on the bioelectrical response of
the first brain area. The suppression window can then be used for therapy delivery. In some embodiments, the first and
the second brain areas are the same brain area (e.g., the hippocampus or other brain structure). In some other embod-
iments, the first and the second brain areas are not the same brain area. For example, the first brain area (i.e. the area
targeted for sensing) may be the anterior nucleus while the second brain area (i.e. the area targeted for stimulation)
may be the hippocampus. The first brain area (i.e. the area targeted for sensing) and the second brain area (i.e. the
area targeted for stimulation) may each be different areas of the cortex. In some embodiments, the second brain area
is stimulated by a remote lead that does not directly stimulate the second brain area (e.g., a lead located along the Circuit
of Papez such as in the anterior nucleus to stimulate the hippocampus as the second brain area) while a remote lead
or a lead local to the first brain area (e.g., the hippocampus) senses a bioelectrical response to the remote stimulation
of the second brain area. Based on the bioelectrical responses, suppression and after-discharge thresholds can be
determined and a suppression window can be identified as discussed herein. The suppression window can then be used
for therapy delivery.

[0121] While the techniques discussed herein are particularly suited for treatment of temporal lobe epilepsy, the
techniques discussed herein can be used to address other conditions. Several disease conditions are associated with
abnormal levels of bioelectrical activity in the cortex of the brain, such as some seizure conditions. As such, multiple
different disease conditions could potentially benefit from a therapy as described herein. For example, stimulation to
suppress bioelectrical activity may be therapeutic in disease conditions associated with abnormal levels (e.g., abnormally
high or erratic) of bioelectrical activity. Moreover, suppression and after-discharges can be produced in various brain
areas, including cortical areas. As such, the embodiments referenced herein may be applicable to any brain stimulation
therapy to reduce or otherwise change some aspect of bioelectrical activity while avoiding after-discharges. Various
embodiments referenced herein could be used to reduce symptoms of Alzheimer’s disease or improve the memory
and/or concentration functions of a patient suffering from a neurological condition. Embodiments of this disclosure could
be used to treat symptoms of movement disorders including without limitation Parkinson’s disease, dystonia, tremor,
and akinesia. Embodiments of this disclosure could be used to treat symptoms of disorders including without limitation
depression, schizophrenia, addiction, sleep dysfunction, obsessive compulsive disorder, and obesity.

[0122] As such, control circuitry can be configured to automatically implement the methods of Figures 3-8B or otherwise
referenced herein to treat conditions other than seizure condition and/or target areas other than the hippocampus for
sensing and/or stimulation.

[0123] In various embodiments, a report can be made detailing bioelectrical response information. Bioelectrical re-
sponse information may be collected by an implanted device (e.g., an implanted device implementing the methods of
any of Figures 3-8), transmitted externally, and the displayed in a report by an external programmer or other device.
Various embodiments may store event data, such as the episodes of successful suppression by stimulation, failure of
stimulation to suppress bioelectrical activity, and/or after-discharges. Such data may be collected while an implanted
device operates according to any embodiment, such as any of Figures 3-8. Metrics that can be calculated and provided
as a report based on sensed data can include, but are not limited to, the number of stimulation cycles in which an after-
discharge was provoked, severity of after-discharges (e.g., the average RMS, spectral energy, or other parameter
reflecting the bioelectrical intensity of a plurality of after-discharges), average degree of suppression from baseline, time
spent in a suppressed state (e.g., total time, percentage of time, average duration of a suppression state), average of
how long it takes a stimulation cycle to provoke an after-discharge (e.g., average time from the start of stimulation until

18



10

15

20

25

30

35

40

45

50

55

EP 2 814 565 B1

an after-discharge is provoked), and/or number of patient seizures.
[0124] Different frequency bands are associated with different conditions, some of which are discussed herein in
various examples. Generally accepted frequency bands are shown in Table 1:

TABLE 1
Frequency (f) Band Hertz (Hz) Frequency Information
f<4 Hz 8 (delta frequency band)
4Hz<f<8Hz theta frequency band
8Hz<f<13Hz o (alpha frequency band)
13Hz<f<35Hz B (beta frequency band)
35Hz<f< 100 Hz v (gamma frequency band)
100 Hz < f< 200 Hz high y (high gamma frequency band)

[0125] Although various embodiments presented herein concern the provoking of an after-discharge to set stimulation
parameters, some embodiments will only scan a stimulation parameter to determine a baseline of bioelectrical activity
and a suppression threshold. For example, a device may be configured to monitor bioelectrical activity until a baseline
level can be identified and then a simulation parameter can be increased while the device senses until suppression is
detected. A stimulation parameter for therapy delivery can then be set at or some predetermined amount above the
suppression threshold. The therapy can then be delivered. The device may monitor bioelectrical activity during therapy
delivery to confirm suppression and make delivery adjustments if suppression is lost and/or stop therapy or decrease
stimulation intensity if an after-discharge is detected (e.g., as in Figures 6-8).

[0126] Returning to the spectrogram 102 of Figure 1, it is noted that a pronounced band of activity in the theta frequency
band persisted throughout testing, and during other times when the subjects were awake. This theta frequency band
was significantly diminished when the subjects were not awake (e.g., during anesthetized states). The balance between
excitatory and inhibitory drive within this network is likely very different under these two behavioral conditions. As such,
detection of a theta band can be used to detect various patient states. For example, an implantable medical device could
automatically detect awake states based on theta band power above a threshold and detect non-awake states (e.g., a
sleep state) based on theta band power above a threshold. The theta band energy could be sensed from the hippocampus
via a lead in the hippocampus.

[0127] Different therapy parameters may be used for therapy delivery based on the relative presence or absence of
theta band activity. For example, different stimulation parameters can be used for awake and sleep states, as discussed
above based on different suppression windows based on sleep and awake states, and a switch between awake and
sleep parameters can automatically be triggered based on theta band activity being above or below a threshold. However,
awake and sleep state detection can be implemented independently of these therapy changes, and could be used alone
or used to automatically implement other therapy changes based on awake and sleep states.

[0128] It is noted that this disclosure refers to embodiments for identifying a suppression window and using the sup-
pression window for therapy delivery. Suppression might refer to abolishing or reducing a signature of an undesirable
brain state. While the data of Figure 1 specifically concerns producing a stimulation effect in a subject, other therapeutic
effects could additionally or alternatively be produced while avoiding after-discharge events. In some cases, producing
a stimulation effect could be understood as changing a brain state. As such, each reference herein to suppression could
instead reference changing a brain state relative to a previous brain state (e.g., for which the brain state to which the
brain changed might not necessarily be suppression relative to a previous brain state). The previous brain state may be
an unwanted brain state having a bioelectrical signature and be associated with a neurological condition. Changing of
the brain state by stimulation may comprise reducing, eliminating, or otherwise changing the occurrence of the bioelectrical
signature. In any case, the embodiments described herein (e.g., Figures 3-8) could be modified to scan a stimulation
parameter, identify a window for changing a brain state based on a brain state change threshold (below which stimulation
does not cause the change and above which the change is produced) and an after-discharge threshold, and then set a
stimulation parameter for therapy based on the window for changing the brain state.

[0129] It is noted that not all embodiments will perform each of the steps of the methods presented herein, and
modifications to the methods are contemplated, whether by omitting and/or adding steps. Each of the methods discussed
herein can be fully or partially implemented in control circuitry of an implantable medical device (e.g., a neurostimulator
configured for DBS) and/or an external device. In some embodiments, control circuitry may be configured to implement
multiple of the methods described herein, such as profiling a patient response and/or setting stimulation parameters
(e.g., as described in connection with Figures 1-5) and then controlling therapy delivery (e.g., as described in connection
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with Figures 6-7).

[0130] Figure 9is a conceptual diagram illustrating an example therapy system 910 that delivers electrical stimulation,
senses a bioelectrical response to the stimulation, monitors a brain state, and/or adjusts therapy delivery to patient 912
to manage a brain condition, among other functions described herein. System 910 includes implantable medical device
(IMD) 916, lead extension 918, one or more leads 920A and 920B (collectively "leads 920") with respective sets of
electrodes 924, 926 and medical device programmer 922. IMD 916 may include monitoring circuitry in electrical con-
nection with the electrodes 924, 926 of leads 920A and 920B, respectively.

[0131] System 910 may monitor one or more bioelectrical signals of patient 912. For example, IMD 916 may include
a sensing module (e.g., sensing module 944 of Figure 10) that senses bioelectrical signals of one or more areas of brain
914. In the embodiment shown in Figure 9, the signals may be sensed by one or more electrodes 924, 926 and conducted
to the sensing module within IMD 916 via conductors within the respective leads 920A, 920B. As described in further
detail below, in some embodiments, control circuitry of IMD 916 or another device (e.g., programmer 922) monitors the
bioelectrical signals within brain 914 of patient 912 to identify one or more biomarkers and determine a patient state,
such as determine baseline bioelectrical activity, identify suppression of bioelectrical activity, identify an after-discharge
episode, and/or perform the other functions referenced herein including those referenced in connection with Figures
1-8. Control circuitry of IMD 916 or another device (e.g., programmer 922) may analyze bioelectrical signals and/or other
signals, identify bioelectrical responses and/or patient states, and/or control delivery of electrical stimulation to brain 914
in a manner that treats a brain condition of patient 912.

[0132] In some examples, the sensing module of IMD 916 may receive the bioelectrical signals from electrodes 924,
926 or other electrodes positioned to monitor bioelectrical signals of patient 912 (e.g., if housing 932 of IMD 916 is
implanted in or proximate brain 914, an electrode of housing 932 can be used to sense bioelectrical signals and/or deliver
stimulation to brain 914). Electrodes 924, 926 may also be used to deliver electrical stimulation from stimulation generator
942 to target sites within brain 914 as well as to sense bioelectrical signals within brain 914. However, IMD 916 can also
use separate sensing electrodes to sense the bioelectrical signals. In some embodiments, the sensing module of IMD
916 may sense bioelectrical signals via one or more of the electrodes 924, 926 that are also used to deliver electrical
stimulation to brain 914. In other embodiments, one or more of electrodes 924, 926 may be used to sense bioelectrical
signals while one or more different electrodes 924, 926 may be used to deliver electrical stimulation.

[0133] Examples of the monitored bioelectrical signals include, but are not limited to, an EEG signal, an ECoG signal,
an MEG signal, and/or a LFP signal sensed from within or about one or more locations of brain 914. These and other
signals can be used to perform various functions referenced herein.

[0134] As described in further detail below, IMD 916 may deliver therapy to any suitable portion of brain 914. For
example, system 910 may provide therapy to correct a brain disorder and/or manage symptoms of a neurodegenerative
brain condition. Patient 912 ordinarily will be a human patient. In some cases, however, system 910 may be applied to
other mammalian or non-mammalian non-human patients.

[0135] IMD 916 may include a module that includes a stimulation generator 942 that generates and delivers electrical
stimulation therapy to one or more regions of brain 914 of patient 912 via the electrodes 924, 926 of leads 920A and
920B, respectively. In the example shown in Figure 9, system 910 may be referred to as deep brain stimulation system
because IMD 916 may provide electrical stimulation therapy directly to tissue within brain 914, e.g., a tissue site under
the dura mater of brain 914. In some other embodiments, leads 920 may be positioned to sense brain activity and/or
deliver therapy to a surface of brain 914, such as the cortical surface of brain 914, or other location in or along the patient
912.

[0136] In the example shown in Figure 9, IMD 916 may be implanted within a subcutaneous pocket below the clavicle
of patient 912. In other embodiments, IMD 916 may be implanted within other regions of patient 912, such as a subcu-
taneous pocket in the abdomen or buttocks of patient 912 or proximate the cranium of patient 912. Implanted lead
extension 918 is coupled to IMD 916 via a connector block (also referred to as a header), which may include, for example,
electrical contacts that electrically couple to respective electrical contacts on lead extension 918. The electrical contacts
electrically couple the electrodes 924, 926 carried by leads 920 to IMD 916. Lead extension 918 traverses from the
implant site of IMD 916 within a chest cavity of patient 912, along the neck of patient 912 and through the cranium of
patient 912 to access brain 914. Generally, IMD 916 is constructed of a biocompatible material that resists corrosion
and degradation from bodily fluids. IMD 916 may comprise a hermetic housing 932 to substantially enclose control
circuitry components, such as a processor, sensing module, therapy module, and memory. In some implementations,
IMD 916 and other components (e.g., leads 920) may be implanted only in the head of the patient (e.g., under the scalp)
and not in the chest and neck regions.

[0137] Electrical stimulation may be delivered to one or more areas of brain 914, which may be selected based on
many factors, such as the type of patient condition for which system 910 is implemented to manage. In some cases,
leads 920 may be implanted within the right and left hemispheres of brain 914 (e.g., as illustrated in Figure 9) while, in
other examples, one or both of leads 920 may be implanted within one of the right or left hemispheres. Other implant
sites for leads 920 and IMD 916 are contemplated. For example, in some examples, IMD 916 may be implanted on or
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within cranium. In addition, in some examples, leads 920 may be coupled to a single lead that is implanted within one
hemisphere of brain 914 or implanted through both right and left hemispheres of brain 914.

[0138] Leads 920 may be positioned to deliver electrical stimulation to one or more target tissue sites within brain 914
to manage patient symptoms associated with a disorder of patient 912. Tissue targeted for stimulation may be the same
tissue that generates the monitored bioelectrical activity (e.g., the activity which therapy attempts to suppress). However,
in some cases the tissue targeted for stimulation will be different from the tissue which generates the bioelectrical activity
being monitored. Leads 920 may be implanted to position electrodes 924, 926 at desired locations of brain 914 through
respective holes in cranium. Leads 920 may be placed at any location(s) within or along brain 914 such that electrodes
924,926 are capable of providing electrical stimulation to target tissue sites of brain 914 during treatment and/or proximate
tissue being monitored. In some embodiments, leads may be placed such that electrodes 924, 926 directly contact or
are proximate tissue targeted for stimulation and/or monitoring.

[0139] Inthe example showninFigure 9, electrodes 924, 926 of leads 920 are shown asring electrodes. Ring electrodes
are typically capable of sensing and/or delivering an electrical field to any tissue adjacent to leads 920 (e.g., in all
directions away from an outer perimeter of leads 920). In other examples, electrodes 924, 926 of leads 920 may have
different configurations. For example, electrodes 924, 926 of leads 920 may have a complex electrode array geometry
that is capable of producing shaped electrical fields. The complex electrode array geometry may include multiple elec-
trodes (e.g., partial ring or segmented electrodes) around the perimeter of each lead 920, rather than a ring electrode.
In this manner, electrical brain sensing and/or electrical stimulation may be associated with a specific direction from
leads 920 (e.g., less than the entire outer perimeter of leads 920) to enhance direction sensing and/or therapy efficacy
and reduce possible adverse side effects from stimulating a large volume of tissue in the case of stimulation. As such,
electrodes can be positioned to preferentially sense from one side of a lead and to stimulate targeted tissue and avoid
stimulating non-targeted tissue. In examples, leads 920 may have shapes other than elongated cylinders as shown in
Figure 9. For example, leads 920 may be paddle leads, spherical leads, bendable leads, or any other type of shape
effective in treating patient 912.

[0140] In some embodiments, outer housing 932 of IMD 916 may include one or more stimulation and/or sensing
electrodes. For example, housing 932 can comprise an electrically conductive material that is exposed to tissue of patient
912 (e.g., the can containing circuitry being electrical connected to sensing and/or stimulation circuitry) when IMD 916
is implanted in patient 912, or an electrode can be attached to housing 932.

[0141] Insomeexamples, the location of the electrodes 924, 926 within brain 914 can be determined based on analysis
of a bioelectrical signal of the patient sensed via one or more of the electrodes 924, 926. For example, a particular
physiological structure (e.g., the amygdala) may exhibit a unique electrical signal and, thus, facilitate positioning of the
electrodes of the lead at the desired implant location through monitoring of the bioelectrical signal.

[0142] Leads 920 may be implanted within a desired location of brain 914 via any suitable technique, such as through
respective burr holes in a skull of patient 912 or through a common burr hole in the cranium. Leads 920 may be placed
at any location within brain 914 such that electrodes 924, 926 of leads 920 are capable of sensing electrical activity of
the brain areas and/or providing electrical stimulation to targeted tissue for treatment.

[0143] In some embodiments, a processor of system 910 (e.g., a processor of programmer 922 or IMD 916) controls
delivery of electrical stimulation by activating electrical stimulation, deactivating electrical stimulation, increasing the
intensity of electrical stimulation, or decreasing the intensity of electrical stimulation delivered to brain 914 to titrate
electrical stimulation therapy. In this way, therapy can be started, stopped, and/or changed by a processor in any manner
and based on any parameter or finding as discussed herein.

[0144] System 910 may also store a plurality of stimulation programs (e.g., a set of electrical stimulation parameter
values). A processor of IMD 916 or programmer 922 may select a stored stimulation program that defines electrical
stimulation parameter values for delivery of electrical stimulation to brain 914 based on a characterization of neural
activation. Where IMD 916 delivers electrical stimulation in the form of electrical pulses, for example, the stimulation
therapy may be characterized by selected pulse parameters, such as pulse amplitude, pulse rate, and pulse width. In
addition, if different electrodes are available for delivery of stimulation, the therapy may be further characterized by
different electrode combinations, which can include selected electrodes and their respective polarities. The therapy may
be characterized by stimulation delivery settings based on a patientresponse profile, such as using stimulation parameters
within a suppression window or otherwise determined by the embodiments referenced herein (e.g., as discussed in
connection with Figures 1-8).

[0145] External programmer 922 wirelessly communicates with IMD 916 as needed to provide or retrieve information.
For example, external programmer 922 may receive sensed data and/or information from IMD 916, as well as send
therapy program information to IMD 916. Programmer 922 is an external computing device thatthe user, e.g., the clinician
and/or patient 912, may use to communicate with IMD 916. For example, programmer 922 may be a clinician programmer
that the clinician uses to communicate with IMD 916 and program one or more therapy programs for IMD 916. Additionally
or alternatively, programmer 922 may be a patient programmer that allows patient 912 to input information (e.g., a self-
evaluated assessment regarding symptoms and/or patient state), select programs, and/or view and modify therapy
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parameters. In some embodiments, a programmer 922 can display a patient profile showing a suppression threshold,
an after-discharge threshold, data (e.g., the plots of Figure 1), a response profile (e.g., the response profile of Figure 2),
a log of detected events, and/or any other information referenced herein.

[0146] Programmer 922 is a medical device that may be a hand-held computing device with a display viewable by the
user and an interface for providing input to programmer 922 (i.e., a user input mechanism) and/or displaying information
received from the IMD 916. For example, programmer 922 may include a small display screen (e.g., a liquid crystal
display (LCD) or a light emitting diode (LED) display) that presents information to the user. In addition, programmer 922
may include a touch screen display, keypad, buttons, a peripheral pointing device or another input mechanism that
allows the user to navigate through the user interface of programmer 922 and provide input. A screen (not shown) of
programmer 922 may be a touch screen that allows the user to provide input directly to the user interface shown on the
display. The user may use a stylus or finger to provide input to the display, such as an indication that the patient is in a
particular patient state as part of a training phase as discussed herein.

[0147] In various embodiments, programmer 922 is a medical device that may be a larger workstation or a separate
application within another multi-function device, rather than a dedicated computing device. For example, the multi-
function device may be a notebook computer, tablet computer, workstation, cellular phone, personal digital assistant or
another computing device. The circuitry components of a programmer and/or other external device(s), such as equivalent
circuitry to that of Figure 10, can be control circuitry as means for performing functions as described herein (e.g.,
determining a bioelectrical response to stimulation and/or changing a therapy), including those described in association
with Figures 1-8. Various embodiments of external circuitry may include a screen on which information can be presented.
The output of a screen may be controlled by control circuitry.

[0148] When programmer 922 is configured for use by the clinician, programmer 922 may be used to transmit initial
programming information to IMD 916. This initial information may include hardware information, such as the type of
leads 920, the arrangement of electrodes 924, 926 on leads 920, the position of leads 920 within brain 914, initial
programs defining therapy parameter values, and any other information that may be useful for programming into IMD
916. Programmer 922 may also be capable of controlling circuitry of the IMD 916 in carrying out the functions described
herein.

[0149] The clinician may also store therapy programs within IMD 916 with the aid of programmer 922. During a
programming session, the clinician may determine one or more stimulation programs that may effectively bring about a
therapeutic outcome that treats a brain condition, such with as the therapy parameter setting techniques of Figures 3-5.
During the programming session, the clinician may evaluate the efficacy of the one or more stimulation settings (e.g.,
pulse amplitude, pulse width, pulse frequency, and a resultant bioelectrical response) based on one or more findings of
a sensed signal. In some examples, programmer 922 may assist the clinician in the creation/identification of stimulation
programs by providing a methodical system for identifying potentially effective stimulation parameter values, such as by
recommending stimulation parameters within a suppression window and/or using an electrode(s) associated with the
lowest suppression threshold. In some examples, the processor of programmer 922 may calculate and display one or
more therapy metrics for evaluating and comparing therapy programs available for delivery of therapy from IMD 916 to
patient.

[0150] Programmer 922 may also provide an indication to patient 912 when therapy is being delivered which may aid
the assessment of therapy efficacy. For example, concurrent with or following the delivery of electrical stimulation, the
patient may evaluate whether he or she seems to have symptoms (e.g., of a seizure) by answering questions presented
on the programmer 922 corresponding to times when baseline bioelectrical activity levels are sensed, when suppression
is detected, during an after-discharge, and/or during a washout period. The information may be used to determine the
relationship between stimulation intensity and a bioelectrical response, such as in the training phase of Figure 5.
[0151] Whether programmer 922 is configured for clinician or patient use, programmer 922 may be configured to
communicate with IMD 916 and, optionally, another computing device, via wireless communication. Programmer 922,
for example, may communicate via wireless communication with IMD 916 using telemetry techniques known in the art,
including inductive telemetry, arm’s-length telemetry, and longer-range telemetry. Programmer 922 may also commu-
nicate with another programmer or computing device via a wired or wireless connection using any of a variety of local
wireless communication techniques, such as RF communication according to the 802.11 or Bluetooth specification sets,
infrared (IR) communication according to the IRDA specification set, or other standard or proprietary telemetry protocols.
Programmer 922 may also communicate with other programming or computing devices via exchange of removable
media, such as magnetic or optical disks, memory cards or memory sticks. Further, programmer 922 may communicate
with IMD 916 and another programmer via remote telemetry techniques known in the art, communicating via a local
area network (LAN), wide area network (WAN), public switched telephone network (PSTN), or cellular telephone network,
for example.

[0152] Figure 10is a functional block diagram illustrating components of IMD 916. In the configuration shown in Figure
10, IMD 916 includes processor 940, memory 941, stimulation generator 942, and sensing module 944, which can be
control circuitry as means for performing functions as described herein (e.g., delivering stimulation, sensing a brain
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signal, determining a bioelectrical response to the stimulation from the signal, and administering therapy based on the
response and/or any of the techniques referenced in connection with Figure 1-8). Memory 941 may include any volatile
or non-volatile media, such as a random access memory (RAM), read only memory (ROM), non-volatile RAM (NVRAM),
electrically erasable programmable ROM (EEPROM), flash memory, and the like. Memory 941 may store computer-
readable instructions that, when executed by processor 940, cause IMD 916 to perform various functions described
herein. Memory 941 may include operating instructions 956 executable by the processor 940 for causing the IMD 916
to carry out the various functions referenced herein, including those discussed in association with Figures 1-8. Memory
941 may store therapy instructions as part of stimulation programs 952 that are available to be selected by processor
940 in response to particular conditions (e.g., no suppression, suppression, after-discharge) detected by the sensing
module 944 or determination of a particular patient state. In addition, processor 940 may be configured to record diagnostic
information, such as sensed signals, measured values, detected events, biomarker signatures, patient state episode
information, and the like in memory 941 or another memory or storage device. The various functions and techniques
described herein may be performable automatically by the IMD 916 by processor 940 execution of operating instructions
956 and stimulation programs 952 stored in memory 941.

[0153] The steps, procedures, techniques, etc. referenced herein may be carried out in part by, for example, software
or firmware instructions, such as those used to define a software or computer program. The non-transitory computer-
readable medium (e.g., memory 941) may store instructions (e.g., operating instructions 956 and stimulation programs
952) executable by a processor (e.g., processor 940 and/or of an external device) to carry out the steps, procedures,
techniques, etc. In this way, control circuitry can be configured to perform the various steps, procedures, techniques,
etc. as described herein, including those discussed in association with Figures 1-8. The computer-readable medium
may be a computer-readable storage medium such as a storage device (e.g., a disk drive, or an optical drive), memory
(e.g., a Flash memory, random access memory or RAM) or any other type of volatile or non-volatile memory that stores
processor executable instructions (e.g., in the form of a computer program or other executable) as part of control circuitry
to carry out the functions described herein.

[0154] Processor 940 may be configured to cause stimulation generator 942 to deliver electrical stimulation with pulse
voltage or current amplitudes, pulse widths, and frequencies (i.e., pulse rates) as part of control circuitry, and electrode
combinations specified by the stimulation programs 952, e.g., as stored in memory 941. Processor 940 may control
stimulation generator 942 to deliver each pulse, or a group of pulses, according to a different program of the stimulation
programs, such that multiple programs of stimulation are delivered on an interleaved or alternating basis, e.g., having
different delays or responding to different biomarkers, bioelectrical responses, or patient states. In some embodiments,
processor 940 may control stimulation generator 942 to deliver a substantially continuous stimulation waveform rather
than pulsed stimulation.

[0155] As shown, the set of electrodes 924 of lead 920A includes electrodes 924A, 924B, 924C, and 924D, and the
set of electrodes 926 of lead 920B includes electrodes 926A, 926B, 926C, and 926D. Processor 940 may control switch
module 946 to route sensed signals to sensing module 944 and/or apply the stimulation signals generated by stimulation
generator 942 to selected combinations of electrodes 924, 926. In particular, switch module 946 may couple stimulation
signals to selected conductors within leads 920, which, in turn, deliver the stimulation signals across selected electrodes
924, 926. Switch module 946 may be a switch array, switch matrix, multiplexer, or any other type of switching module
configured to selectively couple stimulation energy to selected electrodes 924, 926 and to selectively sense bioelectrical
signals with selected electrodes 924, 926. Hence, stimulation generator 942 is coupled to electrodes 924, 926 via switch
module 946 and conductors within leads 920. In some embodiments, however, IMD 916 does not include switch module
946.

[0156] Sensing module 944 is configured to sense bioelectrical signals of patient 912 via a selected subset of one or
more electrodes 924, 926, or with one or more electrodes 924, 926 and at least a portion of a conductive outer housing
932 of IMD 916, an electrode on an outer housing of IMD 916, or another reference. In some embodiments, sensing
module 944 may measure the amplitude of a signal and relate the value to processor 940. Processor 940 may control
switch module 946 to electrically connect sensing module 944 to selected electrodes 924, 926. In this way, sensing
module 944 may selectively sense bioelectrical signals with different combinations of electrodes 924, 926 (and/or a
reference otherthan an electrode 924, 926). Although the electrodes 924, 926 are principally described as being implanted
within abraininthe manner of DBS, other locations are additionally or alternatively contemplated. For example, electrodes
may be deployed at selected tissue sites or on selected surfaces of a human patient, such as on the brain, along the
cortex, proximate the spinal cord, on the scalp, or elsewhere. As an example, scalp electrodes may be used to measure
or record EEG signals. As another example, electrodes implanted at the surface of the cortex may be used to measure
or record ECoG signals. In some embodiments, an external device may be worn with sensing elements positioned at a
desired location adjacent the patient to detect a bioelectrical signal.

[0157] Sensing module 944 may form part of a sensor circuit configured to monitor a variety of signals via a variety
of different sensing elements, such as a bioelectrical signal via electrodes 924, 926, and/or other physiological signals.
Sensing module 944 may include amplifiers, filters, modulators, and other circuitry for conditioning and measuring one
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or more parameters of signals. Sensing module 944 and/or processor 940 (and/or other circuitry) may condition one or
more sensed signals to account for noise and/or identify a bioelectrical response according to any technique referenced
herein. In some embodiments, sensing module 944 may directly process signals obtained from electrodes 924, 926 or
other sensing elements with little or no preprocessing by other components. In other embodiments, sensing module 944
may include preprocessing circuitry to process or convert signals for analysis by processor 940 or other circuitry. In
some embodiments, sensing module 944 includes circuitry configured to measure one or more parameters of an electrical
signal, such as amplitude, and processor 940 receives an output from the telemetry module 948 of an indication of the
measurement for further analysis as discussed herein, such as extracting spectral characteristics of the signal and/or
determining a bioelectrical response to stimulation. Such circuitry may further discriminate between a plurality of different
states.

[0158] A sensing module 944 that includes a circuit architecture that directly extracts energy in key frequency bands
of a bioelectrical brain signal may be useful for tracking the power fluctuations within the selected frequency bands and
determining a bioelectrical response to stimulation based on the bioelectrical brain signal. In some examples, the energy
in particular frequency band or bands of a bioelectrical signal may be used as a parameter that serves as a feature value
in a supervised learning algorithm, such as an support vector algorithm or an support vector machine-based classification
algorithm generated based on the support vector machine algorithm.

[0159] Stimulation generator 942, under the control of processor 940, generates stimulation signals for delivery to
patient 912 via selected combinations of electrodes 924, 926. Processor 940 controls stimulation generator 942 according
to stimulation programs 952 stored in memory 941 to apply particular stimulation parameter values specified by one or
more programs, such as amplitude, pulse width, timing, and pulse rate. The stimulation programs 952 may also specify
the timing of stimulation, such as the timing of stimulation according to a cycled stimulation regimen. In various embod-
iments, stimulation generator 942 generates and delivers stimulation signals to one or more target portions of brain 914
via a select combination of electrodes 924, 926.

[0160] Although sensing module 944 is incorporated into a common housing 932 with stimulation generator 942 and
processor 940, in other examples, sensing module 944 is in a physically separate outer housing from outer housing 932
of IMD 916 and communicates with processor 940 via wired or wireless communication techniques.

[0161] Telemetry module 948 supports wireless communication between IMD 916 and an external programmer 922
or another computing device under the control of processor 940. Processor 940 of IMD 916 may receive, as updates to
sensing and/or stimulation programs, information concerning the therapy programs, thresholds, and/or values for stim-
ulation parameters for delivering therapy from programmer 922 via telemetry module 948. The updates to the stimulation,
sensing, or other programs may be stored within stimulation programs 952 or other section of memory 941. Telemetry
module 948 in IMD 916, as well as telemetry modules in other devices and systems described herein, such as programmer
922, may accomplish communication by RF communication and/or inductance techniques, among other transcutaneous
communication techniques. For example, telemetry module 948 may communicate with external medical device pro-
grammer 922 via proximal inductive interaction of IMD 916 with programmer 922. Accordingly, telemetry module 948
may send information to external programmer 922 on a continuous basis, at periodic intervals, or upon request from
IMD 916 or programmer 922. For example, processor 940 may transmit sensed signals, biomarker identification infor-
mation, episodic information, stimulation history information, and/or information concerning a profile of a patient’s bioe-
lectrical response to stimulation to programmer 922 via telemetry module 948.

[0162] Power source 950 delivers operating power to various components of IMD 916. Power source 950 may include
a small rechargeable or non-rechargeable battery and a power generation circuit to produce the operating power.
Recharging may be accomplished through proximal inductive interaction between an external charger and an inductive
charging coil within IMD 916. In various embodiments, traditional batteries may be used.

[0163] The techniques described in this disclosure, including those attributed to programmer 922, IMD 916, processor,
control circuitry or various constituent components, may be implemented, atleast in part, in hardware, software, firmware
or any combination thereof. Such hardware, software, firmware may be implemented within the same device or within
separate devices to support the various operations and functions described in this disclosure. While the techniques
described herein are primarily described as being performed by processor 940 of IMD 916 and/or processor of a pro-
grammer or other external device as part of control circuitry, any of the one or more parts of the techniques described
herein may be implemented by a processor of one of IMD 916, programmer 922, or another computing device, alone
orin combination with each other, as control circuitry. For example, the various functional options discussed in connection
with Figures 1-8 and elsewhere herein can be implemented by a processor (e.g., processor 940) executing program
instruction stored in memory (e.g., memory 941), as control circuitry, that performs the various described functions.
[0164] Although the control circuitry of Figure 10 is generally illustrated and described in terms of an implantable
medical device, the control circuitry could alternatively be embodied in an at least partially external device and, depending
on the therapy and/or circuitry configuration, may be wholly external.

[0165] The techniques described in this disclosure, including those discussed in connection with Figures 1-8 and those
attributed to programmer, IMD, processor, and/or control circuitry, or various constituent components, may be imple-
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mented wholly or at least in part, in hardware, software, firmware or any combination thereof. A processor, as used
herein, refers to any number and/or combination of a microprocessor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field-programmable gate array (FPGA), microcontroller, processing chip, gate arrays,
and/or any other equivalent integrated or discrete logic circuitry. "Control circuitry" as used herein refers to at least one
of the foregoing logic circuitry as a processor, alone or in combination with other circuitry, such as memory or other
physical medium for storing instructions, as needed to carry about specified functions (e.g., a processor and memory
having stored program instructions executable by the processor as control circuitry configured to carry out one or more
specified functions). The functions referenced herein (e.g., those discussed in connection with Figures 1-8) may be
embodied as firmware, hardware, software or any combination thereof as part of control circuitry specifically configured
(e.g., with programming) to carry out those functions, such as in means for performing the functions referenced herein.
The steps described herein may be performed by a single processing component or multiple processing components,
the latter of which may be distributed amongst different coordinating devices (e.g., an IMD and an external programmer).
In this way, control circuitry may be distributed between multiple devices, including an implantable medical device and
an external medical device in various systems. In addition, any of the described units, modules, or components may be
implemented together or separately as discrete but interoperable logic devices of control circuitry. Depiction of different
features as modules or units is intended to highlight different functional aspects and does not necessarily imply that
such modules or units must be realized by separate hardware or software components and/or by a single device. Rather,
functionality associated with one or more module or units, as part of control circuitry, may be performed by separate
hardware or software components, or integrated within common or separate hardware or software components of the
control circuitry.

[0166] Whenimplemented in software, the functionality ascribed to the systems, devices and control circuitry described
in this disclosure may be embodied as instructions on a physically embodied computer-readable medium such as RAM,
ROM, NVRAM, EEPROM, FLASH memory, magnetic data storage media, optical data storage media, or the like, the
medium being physically embodied in that it is not a carrier wave, as part of control circuitry. The instructions may be
executed to support one or more aspects of the functionality described in this disclosure.

[0167] Itis noted that this disclosure is presented in an exemplary format and not in a limiting manner. The scope of
this invention is defined by the claims.

Claims
1. A medical device, comprising:

a plurality of electrodes (924, 926) on one or more leads (920); and

control circuitry (940) configured to deliver electrical stimulation to the brain using a plurality of different levels
of a stimulation parameter using at least one electrode of the plurality of electrodes, sense a bioelectrical
response of the brain via one or more electrodes of the plurality of electrodes to delivery of the electrical
stimulation for each of the plurality of different levels of the stimulation parameter, define a suppression window
of the stimulation parameter having a suppression threshold as a lower boundary and an after-discharge thresh-
old as an upper boundary, and set a therapy level of the stimulation parameter for therapy delivery to the brain
based on the suppression window, wherein the suppression threshold is defined based on a lowest level of the
plurality of different levels of the stimulation parameter for which the delivered electrical stimulation reduced the
bioelectrical brain activity of the patient below a baseline level without causing an after-discharge.

2. The medical device of claim 1, wherein the control circuitry is configured to deliver electrical stimulation to the
hippocampus using the at least one electrode of the plurality of electrodes, sense bioelectrical brain activity of the
hippocampus via the one or more electrodes of the plurality of electrodes, and identify the suppression window
based on the bioelectrical brain activity of the hippocampus and the electrical stimulation delivered to the hippoc-
ampus.

3. The medical device of claim 1, wherein the control circuitry is configured to scan the bioelectrical response of the
brain along a spectrum of the stimulation parameter by incrementing or decrementing the stimulation parameter
while delivering the electrical stimulation at the plurality of different levels of the stimulation parameter until the
suppression threshold and the after-discharge threshold are identified.

4. The medical device of claim 1, wherein the control circuitry is configured to identify the suppression threshold based
on a reduction in the bioelectrical activity associated with the delivery of electrical stimulation.
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The medical device of claim 1, wherein the control circuitry is configured to identify the after-discharge threshold of
the suppression window based on a surge in the bioelectrical activity associated with the delivery of electrical
stimulation.

The medical device of claim 1, wherein the stimulation parameter is voltage, pulse width, or frequency of pulse
delivery, or current.

The medical device of claim 1, wherein the control circuitry is configured to set the therapy level of the stimulation
parameter by weighting the therapy level of the stimulation parameter to be closer to the suppression threshold than
to the after-discharge threshold, or by weighting the therapy level of the stimulation parameter to be a predetermined
amount above the suppression threshold but below the after-discharge threshold.

The medical device of claim 1, wherein the control circuitry is configured to deliver electrical stimulation therapy to
the brain using the set therapy level of the stimulation parameter.

The medical device of claim 8, wherein the control circuitry is configured to receive an indication of a bioelectrical
response of the brain to delivery of the electrical stimulation therapy and to adjust the suppression window based
on the sensed bioelectrical brain activity resulting from the delivered therapy.

The medical device of Claim 9, wherein the control circuitry is configured to receive the indication of the bioelectrical
response of the brain to delivered therapy during delivery of the electrical stimulation therapy.

The medical device of claim 8, wherein the control circuitry is configured to deliver the electrical stimulation therapy
by varying the setting of the stimulation parameter of the therapy within the suppression window.

The medical device of claim 11, wherein the control circuitry is configured to vary the setting of the stimulation
parameter within the suppression window based on an input, and further comprising telemetry circuitry, wherein the
telemetry circuitry is configured to receive input wirelessly from an external programmer, and the input is based on
a user control; or wherein the control circuitry is configured to receive a physiological signal and the physiological
signal is the input on which the variation of the setting of the stimulation parameter within the suppression window
is based.

The medical device of claim 1, wherein the therapy level of the stimulation parameter set for the therapy delivery to
the brain is above the suppression threshold and below the after-discharge threshold.

Anon-transitory computer-readable medium comprising instructions which, whenimplemented in adevice as claimed
in any preceding claim cause the control circuitry to:

deliver electrical stimulation to the brain at the plurality of different levels of the stimulation parameter;

sense bioelectrical brain activity, wherein sensing the bioelectrical brain activity of the brain comprises sensing
the bioelectrical response of the brain to delivery of the electrical stimulation for each of the plurality of different
levels of the stimulation parameter;

define the suppression window of the stimulation parameter having the suppression threshold as a lower bound-
ary and the after-discharge threshold as an upper boundary based on the sensed bioelectrical brain activity; and
set the therapy level of the stimulation parameter for therapy delivery to the brain based on the suppression
window; wherein the suppression threshold is defined based on a lowest level of the plurality of different levels
of the stimulation parameter for which the delivered electrical stimulation reduced the bioelectrical brain activity
of the patient below a baseline level without causing an after-discharge.

Patentanspriiche

1.

Medizinische Vorrichtung, Folgendes umfassend:

eine Vielzahl von Elektroden (924, 926) an einer oder mehreren Leitungen (920); und

eine Steuerschaltung (940), die dazu konfiguriert ist, unter Verwendung mindestens einer Elektrode der Vielzahl
von Elektroden eine elektrische Stimulation unter Verwendung einer Vielzahl von unterschiedlichen Pegeln
eines Stimulationsparameters an das Gehirn zu verabreichen, lber eine oder mehrere Elektroden der Vielzahl
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von Elektroden eine bioelektrische Reaktion des Gehirns auf die Verabreichung der elektrischen Stimulation
fur jede der Vielzahl von unterschiedlichen Pegeln des Stimulationsparameters zu erfassen, ein Unterdri-
ckungsfenster des Stimulationsparameters zu definieren, das einen Unterdriickungsschwellenwert als eine
Untergrenze und einen Nachentladungsschwellenwert als eine Obergrenze aufweist, und einen Behandlungs-
pegel des Stimulationsparameters zur Behandlungsverabreichung an das Gehirn auf Grundlage des Unterdru-
ckungsfensters festzulegen, wobei der Unterdriickungsschwellenwert auf Grundlage eines niedrigsten Pegels
der Vielzahl von unterschiedlichen Pegeln des Stimulationsparameters definiert ist, fir den die verabreichte
elektrische Stimulation die bioelektrische Hirnaktivitdt des Patienten unter einen Grundpegel reduziert, ohne
eine Nachentladung zu verursachen.

Medizinische Vorrichtung nach Anspruch 1, wobei die Steuerschaltung dazu konfiguriert ist, unter Verwendung
mindestens der mindestens einen Elektrode der Vielzahl von Elektroden eine elektrische Stimulation an den Hip-
pocampus zu verabreichen, (iber die eine oder mehrere Elektroden der Vielzahl von Elektroden eine bioelektrische
Hirnaktivitédt des Hippocampus zu erfassen und das Unterdriickungsfenster auf Grundlage der bioelektrischen Hirn-
aktivitat des Hippocampus und der an den Hippocampus verabreichten elektrischen Stimulation zu identifizieren.

Medizinische Vorrichtung nach Anspruch 1, wobei die Steuerschaltung dazu konfiguriert ist, die bioelektrische Re-
aktion des Gehirns entlang einem Spektrum des Stimulationsparameters durch Inkrementieren oder Dekrementieren
des Stimulationsparameters zu priifen, wahrend die elektrische Stimulation bei der Vielzahl von unterschiedlichen
Pegeln des Stimulationsparameters verabreicht wird, bis der Unterdrickungsschwellenwert und der Nachentla-
dungsschwellenwert identifiziert sind.

Medizinische Vorrichtung nach Anspruch 1, wobei die Steuerschaltung dazu konfiguriert ist, den Unterdriickungs-
schwellenwert auf Grundlage einer Reduzierung der bioelektrischen Aktivitat, die der Verabreichung von elektrischer
Stimulation zugeordnet ist, zu identifizieren.

Medizinische Vorrichtung nach Anspruch 1, wobei die Steuerschaltung dazu konfiguriert ist, einen Nachentladungs-
schwellenwert des Unterdriickungsfensters auf Grundlage eines Anstiegs der bioelektrischen Aktivitat, der der
Verabreichung von elektrischer Stimulation zugeordnet ist, zu identifizieren.

Medizinische Vorrichtung nach Anspruch 1, wobei es sich bei dem Stimulationsparameter um Spannung, Impuls-
breite oder Frequenz der Impulsverabreichung oder Strom handelt.

Medizinische Vorrichtung nach Anspruch 1, wobei die Steuerschaltung dazu konfiguriert ist, den Behandlungspegel
des Stimulationsparameters durch Gewichten, dass der Behandlungspegel des Stimulationsparameters naher an
dem Unterdriickungsschwellenwert als an dem Nachentladungsschwellenwert liegt, oder durch Gewichten, dass
der Behandlungspegel des Stimulationsparameters eine vorbestimmte Héhe tber dem Unterdriickungsschwellen-
wert aber unter dem Nachentladungsschwellenwert liegt, festzulegen.

Medizinische Vorrichtung nach Anspruch 1, wobei die Steuerschaltung dazu konfiguriert ist, unter Verwendung des
festgelegten Behandlungspegels des Stimulationsparameters eine elektrische Stimulationsbehandlung an das Ge-
hirn zu verabreichen.

Medizinische Vorrichtung nach Anspruch 8, wobei die Steuerschaltung dazu konfiguriert ist, einen Hinweis einer
bioelektrischen Reaktion des Gehirns auf eine Verabreichung der elektrischen Stimulationsbehandlung zu empfan-
gen und das Unterdriickungsfenster auf Grundlage der erfassten, von der Behandlung herriihrenden bioelektrischen
Hirnaktivitat einzustellen.

Medizinische Vorrichtung nach Anspruch 9, wobei die Steuerschaltung dazu konfiguriert ist, den Hinweis der bioe-
lektrischen Reaktion des Gehirns auf eine verabreichte Behandlung wahrend einer Verabreichung der elektrischen
Stimulationstherapie zu empfangen.

Medizinische Vorrichtung nach Anspruch 8, wobei die Steuerschaltung dazu konfiguriert ist, die elektrische Stimu-
lationstherapie durch Variieren der Einstellung des Stimulationsparameters der Behandlung innerhalb des Unter-

driickungsfensters zu verabreichen.

Medizinische Vorrichtung nach Anspruch 11, wobei die Steuerschaltung dazu konfiguriert ist, die Einstellung des
Stimulationsparameters innerhalb des Unterdriickungsfensters auf Grundlage einer Eingabe zu variieren, und ferner
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eine Telemetrieschaltung umfassend, wobei die Telemetrieschaltung dazu konfiguriert ist, eine Eingabe drahtlos
von einer externen Programmiervorrichtung zu empfangen und die Eingabe auf einer Benutzersteuerung beruht;
oder wobei die Steuerschaltung dazu konfiguriert ist, ein physiologisches Signal zu empfangen und das physiolo-
gische Signal die Eingabe ist, auf der die Variation der Einstellung des Stimulationsparameters innerhalb des Un-
terdriickungsfensters beruht.

Medizinische Vorrichtung nach Anspruch 1, wobei der Behandlungspegel, der fiir die Behandlungsverabreichung
an das Gehirn festgelegt wurde, Giber dem Unterdriickungsschwellenwert und unter dem Nachentladungsschwel-
lenwert liegt.

Nichtflichtiges computerlesbares Medium, Anweisungen umfassend, die, wenn diese in einer Vorrichtung, wie in
den vorhergehenden Anspriichen beansprucht, implementiert werden, die Steuerschaltung zu Folgendem veran-
lassen:

Verabreichen einer elektrischen Stimulation an das Gehirn bei der Vielzahl von unterschiedlichen Pegeln des
Stimulationsparameters;

Erfassen einer bioelektrischen Hirnaktivitat, wobei das Erfassen der bioelektrischen Hirnaktivitat des Gehirns
das Erfassen der bioelektrischen Reaktion des Gehirns auf eine Verabreichung der elektrischen Stimulation
fur jede der Vielzahl von unterschiedlichen Pegeln des Stimulationsparameters umfasst;

Definieren des Unterdriickungsfensters des Stimulationsparameters, das den Unterdriickungsschwellenwert
als eine Untergrenze und den Nachentladungsschwellenwert als eine Obergrenze aufweist, auf Grundlage der
erfassten bioelektrischen Hirnaktivitat; und

Festlegen des Behandlungspegels des Stimulationsparameters fiir die Behandlungsverabreichung an das Ge-
hirn auf Grundlage des Unterdriickungsfensters; wobei das Unterdriickungsfenster auf Grundlage eines nied-
rigsten Pegels der Vielzahl von unterschiedlichen Pegeln des Stimulationsparameters definiert ist, fur die die
verabreichte elektrische Stimulation die bioelektrische Hirnaktivitat des Patienten unter einen Grundpegel re-
duziert, ohne eine Nachentladung zu verursachen.

Revendications

1.

Dispositif médical, comprenant :

une pluralité d’électrodes (924, 926) sur une ou plusieurs dérivations (920) ; et

un circuit de commande (940) configuré pour administrer une stimulation électrique au cerveau en utilisant une
pluralité de niveaux différents d’'un parameétre de stimulation en utilisant au moins une électrode de la pluralité
d’électrodes, détecter une réponse bioélectrique du cerveau via une ou plusieurs électrodes de la pluralité
d’électrodes a I'administration de la stimulation électrique pour chacun de la pluralité de différents niveaux du
paramétre de stimulation, définir une fenétre de suppression du paramétre de stimulation ayant un seuil de
suppression en tant que limite inférieure et un seuil aprés-décharge en tant que limite supérieure, et définir un
niveau thérapeutique du paramétre de stimulation pour 'administration thérapeutique au cerveau sur la base
de la fenétre de suppression, dans lequel le seuil de suppression est défini sur la base d’un niveau inférieur de
la pluralité de différents niveaux du parameétre de stimulation pour lequel la stimulation électrique administrée
a réduit I'activité bioélectrique cérébrale du patient au-dessous d’un niveau de base sans entrainer d’apres-
décharge.

Dispositif médical selon la revendication 1, dans lequel le circuit de commande est configuré pour administrer une
stimulation électrique a I'hippocampe en utilisant 'au moins une électrode de la pluralité d’électrodes, détecter
I'activité bioélectrique cérébrale de I'hippocampe via les une ou plusieurs électrodes de la pluralité d’électrodes, et
identifier lafenétre de suppression surlabase de 'activité bioélectrique cérébrale de I'hippocampe et de la stimulation
électrique délivrée a I'hippocampe.

Dispositif médical selon la revendication 1, dans lequel le circuit de commande est configuré pour balayer la réponse
bioélectrique du cerveau le long d'un spectre du parameétre de stimulation en incrémentant ou en décrémentant le
parametre de stimulation tout en administrant la stimulation électrique a la pluralité de différents niveaux du paramétre
de stimulation jusqu’a ce que le seuil de suppression et le seuil aprés-décharge soient identifiés.

Dispositif médical selon la revendication 1, dans lequel le circuit de commande est configuré pour identifier le seuil
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de suppression sur la base d’une réduction de I'activité bioélectrique associée a I'administration de la stimulation
électrique.

Dispositif médical selon la revendication 1, dans lequel le circuit de commande est configuré pour identifier le seuil
apres-décharge de la fenétre de suppression sur la base d’une surtension de I'activité bioélectrique associée a
'administration de la stimulation électrique.

Dispositif médical selon la revendication 1, dans lequel le paramétre de stimulation est la tension, la largeur d’im-
pulsion, ou la fréquence d’administration d’impulsion, ou le courant.

Dispositif médical selon la revendication 1, dans lequel le circuit de commande est configuré pour définir le niveau
thérapeutique du paramétre de stimulation par pondération du niveau thérapeutique du parameétre de stimulation
pour qu’il soit plus proche du seuil de suppression que du seuil apres-décharge, ou par pondération du niveau
thérapeutique du paramétre de stimulation pour qu’il soit une quantité prédéterminée supérieure au seuil de sup-
pression mais inférieure au seuil aprés-décharge.

Dispositif médical selon la revendication 1, dans lequel le circuit de commande est configuré pour administrer une
thérapie de stimulation électrique au cerveau en utilisant le niveau thérapeutique défini du paramétre de stimulation.

Dispositif médical selon la revendication 8, dans lequel le circuit de commande est configuré pour recevoir une
indication d’une réponse bioélectrique du cerveau a I'administration de la thérapie de stimulation électrique et pour
ajuster la fenétre de suppression sur la base de I'activité bioélectrique cérébrale détectée résultant de la thérapie
administrée.

Dispositif médical selon la revendication 9, dans lequel le circuit de commande est configuré pour recevoir I'indication
delaréponse bioélectrique du cerveau a la thérapie administrée pendant’administration de la thérapie de stimulation
électrique.

Dispositif médical selon la revendication 8, dans lequel le circuit de commande est configuré pour administrer la
thérapie de stimulation électrique en faisant varier la définition du parameétre de stimulation de la thérapie a l'intérieur
de la fenétre de suppression.

Dispositif médical selon la revendication 11, dans lequel le circuit de commande est configuré pour faire varier la
définition du parameétre de stimulation a I'intérieur de la fenétre de suppression sur la base d’une entrée, et com-
prenant en outre un circuit de télémétrie, dans lequel le circuit de télémétrie est configuré pour recevoir une entrée
sans fil d'un programmateur extérieur, et I'entrée est basée sur une commande utilisateur ; ou dans lequel le circuit
de commande est configuré pour recevoir un signal physiologique et le signal physiologique est I'entrée sur laquelle
se base la variation de la définition du paramétre de stimulation a l'intérieur de la fenétre de suppression.

Dispositif médical selon la revendication 1, dans lequel le niveau thérapeutique du paramétre de stimulation défini
pour 'administration thérapeutique au cerveau est supérieur au seuil de suppression et inférieur au seuil apres-
décharge.

Support lisible par ordinateur non temporaire comprenant des instructions qui, lorsqu’elles sont mises en oeuvre
dans un dispositif selon une quelconque revendication précédente, aménent le circuit de commande a :

administrer une stimulation électrique au cerveau a la pluralité de différents niveaux du paramétre de stimulation ;
détecter'activité bioélectrique cérébrale, dans lequel la détection de I'activité bioélectrique cérébrale du cerveau
comprend la détection de la réponse bioélectrique du cerveau a I'administration de la stimulation électrique
pour chacun de la pluralité de différents niveaux du parameétre de stimulation ;

définir la fenétre de suppression du parameétre de stimulation ayant le seuil de suppression en tant que limite
inférieure et le seuil aprés-décharge en tant que limite supérieure surla base de I'activité bioélectrique cérébrale
détectée ; et

définir le niveau thérapeutique du parametre de stimulation pour 'administration thérapeutique au cerveau sur
la base de la fenétre de suppression ; dans lequel le seuil de suppression est défini sur la base d’un niveau
inférieur de la pluralité de niveaux différents du paramétre de stimulation pour lequel la stimulation électrique
administrée a réduit I'activité bioélectrique cérébrale du patient au-dessous d’un niveau de base sans entrainer
d’apres-décharge.
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