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A NEUROMODULATION THERAPY

(57) A neuromodulation system (10) for planning
and/or adjusting and/or providing a neuromodulation
therapy, comprising:

- atleast one neuromodulation means (12) configured to
provide neuromodulation at least partially by means of
neurostimulation;

- at least one neuromodulation controller (14) configured
to control the neuromodulation means (12),

wherein the neuromodulation controller (14) is further

configured to control the neuromodulation means (12) at
the beginning of a neuromodulation action including neu-
rostimulation that the neurostimulation comprises a start-
ing sequence and/or at the end of a neuromodulation
action including neurostimulation that the neurostimula-
tion comprises an ending sequence, wherein the neuro-
modulation action is planned to be provided and/or pro-
vided to a neuronal population (NP) of a patient for neu-
ronal population polarization, and wherein the neuronal
population polarization during the starting sequence
and/or ending sequence is limited compared to the neu-
ronal population polarization during the stimulation after
the starting sequence and/or before the ending se-
guence.

ANEUROMODULATION SYSTEM FOR PLANNING AND/OR ADJUSTING AND/OR PROVIDING

12 14

Fig. 2

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 906 965 A1 2

Description

[0001] The presentinvention relates to a neuromodu-
lation system for planning and/or adjusting and/or pro-
viding a neuromodulation therapy for a patient.

[0002] The presentinvention further relates to the use
of a neuromodulation system for planning and/or adjust-
ing and/or providing a neuromodulation therapy for a pa-
tient in a method for the treatment of a patient.

[0003] The spinal cord is an integral part of the central
nervous system (CNS). Spinal cord injury (SCI), but also
other disorders (e.g. stroke, multiple sclerosis, autonom-
ic failure, autonomic neuropathy or cancer of the neuro-
logical tissue which impair operation of descending sym-
pathetic pathways that normally facilitate control of au-
tonomic functions) result in motor deficits. For instance,
SCI interrupts the communication between the spinal
cord and supraspinal centres, depriving these sensorim-
otor circuits from the excitatory and modulatory drives
necessary to produce movement. However, SCI results
also in sensory deficits and in autonomic dysfunctions.
In particular, SCl results in disconnection of some, most,
or all descending sympathetic pathways that carry sig-
nals responsible for regulating arterial blood pressure,
heart rate and/or gut and/or bladder function.

[0004] A neuronal population (NP) is a group of neu-
rons. A neuronal population may include groups of neu-
rons having homogeneous or weakly heterogeneous
properties.

[0005] Spinal cord stimulation (SCS) by means of neu-
romodulation system/neurostimulation system is a well-
established neuromodulatory/neurostimulatory therapy
not only for restoring locomotion/motoric function after
spinal cord injury or central nervous system diseases,
but also for treating inter alia pain and/or restoring auto-
nomic function.

[0006] A neuromodulation system, especially a neu-
rostimulation system for a patient suffering from motoric
dysfunction and/or autonomic dysfunction requires pro-
gramming to define which stimulation settings need to
be used to evoke certain muscles or muscle groups (in-
cluding also smooth muscles). Such muscles and/or
muscle groups may be responsible for locomotion of the
arms or legs, and/or responsible for e.g. bowel move-
ment, sphincter control, bladder control, respiratory func-
tion, blood pressure and/or sexual function.

[0007] Neuromodulation, in particular neurostimula-
tion, is typically applied to a subject by a neuromodulation
system comprising at least one electrode array compris-
ing at least one electrode and a pulse generator.
[0008] The electrode array, e.g. comprised in a lead
paddle, can be applied for percutaneous electrical stim-
ulation, transcutaneous electrical nerve stimulation
(TENS), epidural electrical stimulation (EES), subdural
electrical stimulation (SES), functional electrical stimula-
tion (FES) and/or all neurostimulation and/or muscle
stimulation applications that use at least one electrode
array and/or at least one electrode.
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[0009] EES shows promising results for spinal cord in-
jury therapy to restore motor function. The mechanisms
are still unclear and under investigation, but EES can
both stimulate the leg muscles through the proprioceptive
afferent fibers and restore the neuronal network in the
spinal cord. EES uses a multi-electrode array placed on
the dorsal side of the spinal cord on top of the dura matter.
Inrats, the combination of serotonergic agonistsand EES
was able to acutely transform spinal networks from non-
functional to highly functional and adaptive states as ear-
ly as 1 week after injury (Courtine G, et al., Transforma-
tion of nonfunctional spinal circuits into functional states
after the loss of brain input. Nature neuroscience 12,
1333-1342, (2009)). Moreover, EES also restores volun-
tary control of locomotion by rewiring the injured spinal
cord area (Wenger N, et al., Spatiotemporal neuromod-
ulation therapies engaging muscle synergies improve
motor control after spinal cord injury, Nature Medicine
22, 138-145 (2016)). Because of the complexity of the
spinal cord, delivering EES stimulation on the multi-elec-
trode array (lead) implanted is quite challenging.

[0010] Once stimulation parameters have been found
to stimulate certain muscles (or groups of muscles), the
muscular activations need to be sequenced in time. For
example, walking is defined by alternating stimulations
of specific muscles on the right and on the left leg. Sim-
ilarly, any kind of other locomotion, e.g. running, swim-
ming, cycling, rowing, can be thought of as a timeline or
sequence of muscular stimulations.

[0011] During a neuromodulation session, stimulation
may be turned on and off in order to support the move-
ment of certain targeted muscles. A stimulation block
may comprise a pulse train for, e.g. a certain target mus-
cle and/or group of muscles. When stimulation is turned
on, no matter the frequency of stimulation, the first pulse
often represents a shock to the system (and/or the pa-
tient). The first pulse of the stimulation block is a sudden
input to a system otherwise in a balanced regime. Once
the stimulation continues, the system (and/or the patient)
adapts to this new input and the resulting functional sup-
port of stimulation is observed.

[0012] The response (first reaction to the shock stim-
ulation) of the patient may be non-physiological and may
cause a non-natural contraction, which may lead to er-
ratic movements and/or strong initial accelerations at the
onset of stimulation.

[0013] Thenon-physiological response to a stimulation
block and/or the (first) pulses of a stimulation block may
be explained by the fact that during the transition between
a non-stimulating and a stimulating state, the neural cir-
cuitry involved is shocked by a sudden input. The input
is sudden because of the way electrical stimulation acti-
vates neural fibers. For example, an amplitude may be
increased from 0 mA and it is possible that no response
is observed. At a given threshold, the neurons will be
recruited and begin to fire. Naturally, the body uses a
specific encoding in the peripheral neural signals. Typi-
cally, this means continuous changes in firing frequency,
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rather than discrete jumps. EES recruits the fibers in-
volved in monosynaptic reflexes, which feed peripheral
information into the spinal cord. However, since with EES
these firing frequencies can be increased in a discrete
manner, the system is subject to a non-natural change.
The sudden increase is non-natural and thus the re-
sponse is non-physiological.

[0014] Erratic movements may be observed during any
motion and/or motion training during neuromodulation/
neurostimulation, e.g. during gait training, in particular
e.g. during swing initiation and/or food touch down.
[0015] In particular, erratic movements may mean that
the execution of the motion is not controlled by a patient
treated with a neuromodulation system, but rather by the
initial kick of the stimulation and biomechanics. For ex-
ample, during swing initiation during gait training, this
means that the knees of the patient may rise high, at an
impressive (non-natural) speed. During foot touch-down,
what can be noticed, is a weak control of where the foot
hits the ground. Instead, the downwards motion is deter-
mined by biomechanics and gravity.

The erratic movements may also be caused by the way
EES interacts with the CNS, however now on a larger
scale. This stimulation may activate a neural pathway
that shares circuits with a withdrawal reflex. The resulting
muscle activations are somewhere between a withdrawal
reflexand a known flexion muscle synergy. The observed
muscle activations and/or motion are not exactly of one
or the other, however, the reflex is indeed fast acting like
withdrawal.

[0016] Further, erraticreactions of a subject stimulated
may also be possible during stimulation to restore phys-
iological/normal bowel movement, sphincter control,
bladder control, respiratory function, blood pressure
and/or sexual function.

[0017] Due to the effects described above, responses
to neurostimulation, e.g. motion, is difficult to control for
a patient treated with a neuromodulation/neurostimula-
tion system. The recruitment of the flexion synergy is
another example of the all-or-nothing effect of stimulation
on recruitment of neural circuitry, however there is an
interval between the motor threshold and functional
threshold where the effect of stimulation can be control-
led. Since the neural circuitry involves that of the with-
drawal reflex, control on the speed of retraction can prove
to be difficult.

[0018] Itis an object of the presentinvention to provide
a planning and/or control system for a neuromodulation
system, especially a neurostimulation system for a pa-
tient that enables smooth movements of a patient, that
could be comparable to a healthy subject.

[0019] This object is solved according to the present
invention by a planning and/or control system for a neu-
romodulation system with the features of claim 1. Accord-
ingly, a neuromodulation system for planning and/or ad-
justing and/or providing a neuromodulation therapy,
comprising:
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- at least one neuromodulation means configured to
provide neuromodulation at least partially by means
of neurostimulation;

- at least one neuromodulation controller configured
to control the neuromodulation means,

wherein the neuromodulation controller is further config-
ured to control the neuromodulation means at the begin-
ning of a neuromodulation action including neurostimu-
lation that the neurostimulation comprises a starting se-
quence and/or at the end of a neuromodulation action
including neurostimulation that the neurostimulation
comprises an ending sequence,

wherein the neuromodulation action is planned to be pro-
vided and/or provided to a neuronal population (NP) of
a patient for neuronal population polarization,

further wherein the neuronal population polarization dur-
ing the starting sequence and/or ending sequence is lim-
ited compared to the neuronal population polarization
during the stimulation after the starting sequence and/or
before the ending sequence.

[0020] Neuronal population polarization means an in-
crease in cell potential.

[0021] The invention is based on the basic idea that
with providing a starting sequence that is executed before
a stimulation block the nerves and/or nervous system of
the patient may not be shocked by sudden stimulation.
Additionally, and/or alternatively, with providing an end-
ing sequence that is executed after a stimulation block
the stimulation of nerves and/or the nervous system of
the patient may be tapered, such that a physiological
response to the stimulation may be enabled, comparable
to a healthy subject. In other words, the system enables
stepwise and/or slowly approaching and/or ending the
stimulation block, in order to enable controlled responses
to the stimulation. With pulses that are of the same elec-
trode configuration as the pulses of the stimulation block
but provided before and/or after the patient is treated with
the actual stimulation, the nerves and/or nervous system
of the patient get adjusted to the following and/or ending
stimulation. Overall, this may provide the effect that the
neural circuitry of the patient is already adapted to stim-
ulation by the onset of a stimulation block, and that un-
natural responses, e.g. hectic movements, are avoided.
[0022] In general, the neurostimulation may comprise
stimulation parameters, wherein the stimulation param-
eters comprise power, amplitude, current, voltage, pulse
width, frequency and/or duration.

[0023] In particular, atleast one stimulation parameter
of the starting sequence and/or ending sequence may
have a lower level compared to the at least one stimula-
tion parameter of the normal stimulation (stimulation
block/pulse train). This means that the starting sequence
and/or ending sequence may be characterized by alower
power, amplitude, current, voltage, pulse width, frequen-
cy and/or duration as the normal stimulation. In particular,
at least one pulse and/or pulse sequence of the starting
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sequence and/or ending sequence may be characterized
by a lower power, amplitude, current, voltage, pulse
width, frequency and/or duration as the pulses and/or
pulse sequence of the normal stimulation.

[0024] It is possible that at least one stimulation pa-
rameter may be increased during the starting sequence
and/or decreased during the ending sequence. In other
words, the power, amplitude, current, voltage, pulse
width, frequency and/or duration of at least one pulse
and/or pulse sequence of the starting sequence and/or
ending sequence may be increased and/or decreased.
[0025] In particular, the increase of the at least one
stimulation parameter may be a linear, non-linear, expo-
nential, polynomic and/or stepwise increase and the de-
crease of the at least one stimulation parameter is a lin-
ear, non-linear, exponential, polynomic and/or stepwise
decrease. In other words, the power, amplitude, current,
voltage, pulse width, frequency and/or duration of atleast
one pulse and/or pulse sequence of the starting se-
quence and/or ending sequence may be increased
and/ordecreased in alinear, non-linear, exponential, pol-
ynomic and/or stepwise fashion. Depending on the task
to be performed/desired response to the stimulation, the
type of increase and/or decease may be selected in order
to enable physiological responses to the stimulation with-
out erratic reactions.

[0026] Further, the starting sequence may include a
pre-pulse (PP), wherein at least one stimulation param-
eter of the pre-pulse is of a lower level compared to the
atleast one stimulation parameter of a normal stimulation
pulse.

[0027] In particular, a less powerful pulse may be un-
derstood as a pulse of less amplitude and/or lower pulse
width.

[0028] Ingeneral, a pre-pulse may be of any amplitude
lower or equal to the amplitude of the pulses of the stim-
ulation block. For instance, in case of a single pre-pulse,
the pre-pulse may be of 30 to 90%, preferably 50 to 80%
of the functional stimulation amplitude, i.e. 30 to 90%,
preferably 50 to 80% of the amplitude of the stimulation
block that follows.

[0029] Alternatively, the atleast one pre-pulse may be
of the same power, amplitude, current, voltage, pulse
width, frequency and/or duration compared to the stim-
ulation pulse(s) of the stimulation block.

[0030] In general, a starting sequence may comprise
atleastone pre-pulse thatis provided before a stimulation
block comprising a pulse train is provided. In other words,
a pre-pulse may be provided at any time before the be-
ginning of the stimulation block. Preferably, the pre-pulse
may be provided seconds, preferably milliseconds before
the stimulation block is initiated.

[0031] It may be possible that the delay between the
pre-pulse and the subsequent stimulation block can be
different from the interpulse interval within the stimulation
block (shorter or longer).

[0032] What is exploited physiologically with a pre-
pulse (or pre-stimulus) is the fact that stimulation recruits
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monosynaptic reflexes and that these may be condi-
tioned. Thus, reflexes may be prone to suppression if a
previous pulse is applied. A single pre-pulse may thus
suppress/condition the monosynaptic reflex for a given
duration, meaning a stimulation during this subsequent
time will have an effect different than expected. This con-
ditioning may be achieved with a stimulus below thresh-
old, thus not evoking a muscle twitch but still conditioning
the circuit. When the functional stimulation block and/or
pulse train then arrives in the circuit, the effect of sudden
stimulation onset may be eliminated.

[0033] The starting sequence may comprise more than
one pre-pulse. If this is the case, the pre-pulses may be
in particular of lower frequency than the normal stimula-
tion pulses of the pulse train of the stimulation block. In
case of two or more pre-pulses, the second (and/or sec-
ond plus x) pre-pulse may either be of the same power,
amplitude, current, voltage, pulse width, and/or duration
as the previous pre-pulse, or between the power, ampli-
tude, current, voltage, pulse width and/or duration of the
previous pre-pulse and the functional power, amplitude,
current, voltage, pulse width and/or duration of the pulses
of the stimulation block.

[0034] In terms of stimulation partiture tuning, the ad-
dition of the pre-pulse does not add any complexity. The
pre-pulse may invariant with respect to different activities.
[0035] A starting sequence and/or ending sequence
with more than one pre-pulse may also be understood
as ramping. In other words, the starting sequence and/or
the ending sequence may include a pulse ramping.
[0036] In particular, the pulse ramping may include a
ramping up from a starting level of atleast one stimulation
parameter to a higher level of the at least one stimulation
parameter used for the neurostimulation and/or a ramp-
ing down from a level of at least one stimulation param-
eter used for the neurostimulation to a lower level of the
atleast one stimulation parameter, e.g. below the thresh-
old used for neurostimulation. In other words, the starting
sequence and/or the ending sequence may include a
pulse ramping. Pulse ramping may further allow to pre-
vent the patient treated with the system from an initial
shock of neurostimulation and/or aprupt end of neuros-
timulation.

[0037] The startingsequence mayinclude a pulse ram-
ping, wherein the pulse ramping may include a ramping
up from a starting pulse energy level to a higher pulse
energy level being used for the neurostimulation. Also,
this may have the advantage that unnatural move-
ments/responses to neurostimulation are avoided and/or
reduced.

[0038] The starting sequence including pulse ramping
may include at least one pulse.

[0039] The ending sequence including pulse ramping
may include at least one pulse.

[0040] Ramping (up ramping and/or down ramping) of
stimulation may be understood as before or during the
execution of a stimulation block, the amplitude of pulses
is progressively increased and/or progressively de-
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creased. One effect s that the stimulation is progressive-
ly felt by the patient and so he can control it with better
precision. Furthermore, the stimulation is better adapted
to provide support at the beginning and at the end of a
movement, where typically a lower amplitude is required,
to enable smooth responses to stimulation, in particular
smooth movements.

[0041] A progressive increase or decrease of the am-
plitude may make the stimulation act in a more natural
manner. Forinstance, when a patient is stimulated during
gait training, during an increase of amplitude (ramp up),
the initial acceleration of the motion may be reduced,
allowing the patient to better control the initial swing
phase velocity. During a decrease of amplitude (ramp
down), the stimulation support may not be abruptly
stopped. This means that the patient stimulated by the
system may have better control during gait training, in
particular during swing phase/foot touch down.

[0042] Alternatively, when a patient is stimulated for
restoring and/or controlling bowel movement, sphincter
control, bladder control, respiratory function, blood pres-
sure and/or sexual function, better control of sphincters
and/or blood pressure and/or respiration and/or sexual
function may be enabled.

[0043] The increase or decrease of the amplitude dur-
ing up ramping or down ramping, respectively, may either
be linear or non-linear linear (e.g. exponential, polynomic
and/or stepwise). Amplitude increase or decrease may
be defined either by a fixed number of pulses and/or a
fixed number of time and/or a duration relative to the du-
ration of a stimulation block.

[0044] Ramping pulses with a too low amplitude may
not have any stimulation effect and therefore delay the
stimulation by n/f seconds (n being the number of pulses
without any effect, fbeing the stimulation frequency). E.g.
in case of a stimulation frequency and ramping over five
pulses of which the first three don’t have any effect, a
delay of 150 ms is obtained. This may also be the case
without ramping as the first pulse may cause massive
overshoot which may suppress the effect of the second
pulse. The delay may to a certain extent be compensated
by elongating the time of the stimulation block.

[0045] In general, the number of pulses of the ramping
may be selected to minimize time delays to the stimula-
tion block onset.

[0046] In particular, the ramping may differ from neu-
romodulation session to neuromodulation session. Thus,
the ramping may be variable. The ramping may, for in-
stance, be adapted to the rehabilitation progress of the
patient treated with the system.

[0047] If two pulses are too close to each other (in
time), the first pulse may suppress the second pulse.
[0048] The ramping may be defined for each task to
be performed during neuromodulation/neurostimulation.
For instance, the ramping may be defined for swing and
stance phase during gait training, for walking (gait), run-
ning, swimming, cycling, rowing, stepping, standing up,
sitting down, grasping, etc. Complex ramping may be
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used for tasks such as cycling e.g. a sinusoidal variation
in amplitude, with flexion extension in anti-phase. The
effect of the ramp up may be quantified by a measure of
the acceleration following stimulation block onset, which
may be lower with better ramping parameters.

[0049] The effect of the ramp down may be quantified
by a measure of the control the patient exhibits during
performing a task, such as foot touch down. Forinstance,
this may be recorded either by measuring the decelera-
tion of the foot (which should be less abrupt) or by the
consistency of foot placement.

[0050] Alternatively, the ramping may be defined for
controlling bowel movement, sphincter control, bladder
control, autonomic function, respiratory function, blood
pressure and/or sexual function.

[0051] The ramping sequence may comprise any
number of pulses.

[0052] The system may further comprise at least one
of a processor, a telemetry module, a feedback module,
a sensor, a sensor network.

[0053] The level of at least one stimulation parameter
of the starting sequence and/or ending sequence may
be determined manually and/or automatically based on
response data.

[0054] Further, the starting sequence and/or ending
sequence may comprise a pre-warning signal and/or
stop-warning signal. Alternatively, the starting sequence
and/or ending sequence may be accompanied by a pre-
warning signal and/or stop-warning signal.

[0055] The pre-warning signal and/or stop-warning
signal may be an acoustic, visual, haptic, electrical, sen-
sory and/or temperature signal. The pre-warning signal
may help the patient to adjust voluntary control to the
respective task planed, e.g. a movement. The pre-warn-
ing signal may also include vibration, a light signal, smell,
taste, pain, humidity, draught, or the like.

[0056] In general, the starting sequence and/or ending
sequence (thus, the ramping, i.e. the pulses of the start-
ing sequence and/or ending sequence, with the stimula-
tion parameters mentioned above, or the pre-pulse) may
be defined either by a user (a patient, a physician, a phys-
iotherapist, a therapist, a nurse, a family member of the
patient) and/or automatically.

[0057] In particular, the starting sequence and/or end-
ing sequence (thus, the ramping, i.e. the pulses of the
starting sequence and/or ending sequence, with the stim-
ulation parameters described above, or the pre-pulse)
may be defined and/or selected automatically by the sys-
tem based on functional mapping, for instance a linear
mapping between motor onset and target value. Alterna-
tively, the functional mapping could be enhanced for ram-
ping.

[0058] The presentinvention also relates to the use of
a system for planning and/or adjusting and/or providing
a neuromodulation therapy according to any of claims
1-11 in a method for the treatment of a patient suffering
from spinal cord injury, stroke, multiple sclerosis, auto-
nomic failure, autonomic neuropathy and/or cancer of
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the neurological tissue.

[0059] According to the present invention a method is
disclosed, the method characterized in that the method
is performed with the system of any of claims 1-11.
[0060] In particular, the method may be a method for
planning and/or adjusting and/or providing a neuromod-
ulation therapy, comprising the steps of:

- providing neuromodulation at least partially by
means of neurostimulation;
- controlling the neuromodulation,

wherein the neuromodulation is controlled at the begin-
ning of a neuromodulation action including neurostimu-
lation that the neurostimulation comprises a starting se-
quence and/or at the end of a neuromodulation action
including neurostimulation that the neurostimulation
comprises an ending sequence,

wherein the neuromodulation action is planned to be pro-
vided and/or provided to a neuronal population (NP) of
a patient for neuronal population polarization,

further wherein the neuronal population polarization dur-
ing the starting sequence and/or ending sequence is lim-
ited compared to the neuronal population polarization
during the stimulation after the starting sequence and/or
before the ending sequence.

Further details and advantages of the present invention
shall now be disclosed in connection with the drawings.
[0061] Itis shown in

Fig. 1 a schematical illustration of a response to
stimulation with a neurostimulation system as
known in the prior art, without a starting se-
quence according to the present invention;
Fig. 2 a schematical overview of an embodiment of
the neuromodulation system for planning
and/or adjusting and/or providing a neuro-
modulation therapy, according to the present
invention.

Fig. 3 an example of a starting sequence including
apre-pulse according to the presentinvention;
Fig. 4 an example of a starting sequence including
pulse ramping, according to the presentinven-
tion;

Fig. 5 an example of responses to a starting se-
quence including pulse ramping followed by
responses to a standard stimulation pulse
train at a fixed frequency and constant ampli-
tude, according to the present invention.

Fig. 6 examples of responses to pre-pulses of differ-
ent amplitude, followed by responses to a
standard stimulation block (pulse train) at a
fixed frequency and constant amplitude, ac-
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cording to the present invention;
Fig. 7 further examples of responses to pre-pulses
of different amplitude, followed by responses
to a standard stimulation block (pulse train) at
a fixed frequency and constant amplitude, ac-
cording to the present invention;
Fig. 8a  examples of responses to two subsequent
pre-pulses separated by a time interval of 25
ms and of differentamplitude, according to the
present invention;
Fig. 8b  examples of responses to two subsequent
pre-pulses separated by a time interval of 50
ms and of differentamplitude, according to the
present invention;
Fig. 9 examples of responses to ramping over two
pulses, followed by responses to a standard
stimulation block (pulse train) at a fixed fre-
quency and constant amplitude, according to
the present invention;
Fig. 10  further examples of responses to ramping
over two pulses, followed by responses to a
standard stimulation block (pulse train) at a
fixed frequency and constant amplitude, ac-
cording to the present invention;
Fig. 11 examples of responses to ramping over one
to six pulses, followed by responses to a
standard stimulation block (pulse train) at a
fixed frequency and constant amplitude, ac-
cording to the present invention;
Fig. 12  afurther example of responses to stimulation
according to the present invention that have
been measured by EMG; and
Fig. 13  an example of responses to a standard stim-
ulation block (pulse train) at a fixed frequency
and constant amplitude, measured by a goni-
ometer, without and with ramping up.

[0062] Fig. 1 shows schematical illustration of a re-
sponse to stimulation with a neurostimulation system as
known in the prior art, without a starting sequence ac-
cording to the present invention.

[0063] An abnormal initial response is observed,
measured by e.g. EMG, after stimulation provided by a
neurostimulation system.

[0064] Fig. 2 shows a schematical overview of an em-
bodiment of the neuromodulation system 10 for planning
and/or adjusting and/or providing a neuromodulation
therapy, according to the present invention.

[0065] The system 10 shall reduce and/or eliminate
abnormal initial responses to neuromodulation/ neuros-
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timulation e.g. as disclosed in Fig. 1.

[0066] The system 10 comprises a neuromodulation
means 12.

[0067] In general, the system 10 could comprise more
than one neuromodulation means 12.

[0068] In this embodiment, the system 10 further com-
prises a neuromodulation controller 14.

[0069] In general, the system 10 could comprise more
than one neuromodulation controller 14.

[0070] In this embodiment, the neuromodulation
means 12 and the neuromodulation controller 14 are con-
nected.

[0071] The connection between the neuromodulation
means 12 and the neuromodulation controller 14 is a
direct connection.

[0072] Alternatively, the connection between the neu-
romodulation means 12 and the neuromodulation con-
troller 14 could be an indirect connection.

[0073] Inthisembodiment,the connection betweenthe
neuromodulation means 12 and the neuromodulation
controller 14 is a bidirectional connection.

[0074] Alternatively, the connection between the neu-
romodulation means 12 and the neuromodulation con-
troller 14 could be a unidirectional connection (from the
neuromodulation means 12 to the neuromodulation con-
troller 14 or vice versa).

[0075] Inthisembodiment,the connection betweenthe
neuromodulation means 12 and the neuromodulation
controller 14 is a wireless connection.

[0076] Alternatively, the connection between the neu-
romodulation means 12 and the neuromodulation con-
troller 14 could be a cable-bound connection.

[0077] In a system 10 comprising more than one neu-
romodulation means 12 and/or more than one neuromod-
ulation controller 14, several neuromodulation means 12
and/or several neuromodulation controllers 4 could be
connected.

[0078] In this embodiment, the neuromodulation
means 12 provides neuromodulation by means of neu-
rostimulation.

[0079] In an alternative embodiment, the neuromodu-
lation means 12 could provide neuromodulation partially
by means of neurostimulation.

[0080] In this embodiment, the neurostimulation
means 12 provides neurostimulation to a patient.
[0081] In this embodiment, the neurostimulation com-
prises a starting sequence.

[0082] Alternatively, and/or additionally, the neuros-
timulation could comprise an ending sequence.

[0083] In this embodiment, the neurostimulation
means 12 provides neurostimulation to a patient during
a neuromodulation action.

[0084] In this embodiment, the neuromodulation
means 14 controls the neurostimulation means 12.
[0085] Further, the neuromodulation controller 14 con-
trols the neuromodulation means 12 at the beginning of
aneuromodulation action including neurostimulation that
the neurostimulation comprises a starting sequence.
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[0086] Alternatively, and/or additionally, the neuro-
modulation controller 14 could control the neuromodula-
tion means 12 at the end of a neuromodulation action
including neurostimulation that the neurostimulation
comprises an ending sequence.

[0087] In the present embodiment, the neuromodula-
tion action is planned to be provided and/or provided to
a neuronal population (NP) of a patient for neuronal pop-
ulation polarization.

[0088] The neuronal population polarization during the
starting sequence can be limited compared to the neu-
ronal population polarization during the stimulation after
the starting sequence.

[0089] Additionally or alternatively, the neural popula-
tion polarization during the starting sequence can be lim-
ited compared to the neuronal population polarization
during the stimulation before the ending sequence.
[0090] Additionally or alternatively, the neuronal pop-
ulation polarization during the ending sequence can be
limited compared to the neuronal population polarization
during the stimulation after the starting sequence.
[0091] Additionally or alternatively, the neuronal pop-
ulation polarization during the ending sequence can be
limited compared to the neuronal population polarization
during the stimulation before the ending sequence.
[0092] Not shown in Fig. 2 is that in general, the neu-
rostimulation could comprise stimulation parameters,
wherein the stimulation parameters comprise power, am-
plitude, current, voltage, pulse width, frequency and/or
duration.

[0093] Not shown in Fig. 2 is that alternatively and/or
additionally, the neuromodulation could be planned to be
provided and/or provided to a spatial area of a patient,
wherein the spatial area during the starting sequence
and/or ending sequence is limited compared to the spa-
tial area during the stimulation after the starting sequence
and/or before the ending sequence.

[0094] Further not shown in Fig. 2 is that the starting
sequence and/or ending sequence could comprise a pre-
warning signal and/or stop-warning signal.

[0095] The pre-warning signal and/or stop-warning
signal could be an acoustic, visual, haptic, electrical, sen-
sory and/or temperature signal.

[0096] In this embodiment, the starting sequence in-
cludes a pre-pulse PP, cf. Fig. 3.

[0097] The pre-pulse PP is delivered X ms before the
stimulation block SB, comprising several pulses.

[0098] In other words, one pre-pulse PP is delivered X
ms before the stimulation block SB, is delivered.

[0099] In general, a pre-pulse PP could be delivered
X time units before the stimulation block SB.

[0100] In general, the starting sequence can include a
pre-pulse PP, wherein at least one stimulation parameter
of the pre-pulse PP is of a lower level compared to the
at least one stimulation parameter of a normal stimulation
pulse.

[0101] In this embodiment, the starting sequence in-
cludes a pre-pulse PP, wherein the pre-pulse PP is less
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powerful (less amplitude) than a normal stimulation pulse
(X percent of the amplitude of the normal stimulation puls-
es of the stimulation block SB).

[0102] In general, at least one stimulation parameter
of the starting sequence and/or ending sequence could
have a lower level compared to the at least one stimula-
tion parameter of the normal stimulation.

[0103] Alternatively, the amplitude of the pre-pulse PP
could be 100% percent of the amplitude of the pulses of
the stimulation block SB.

[0104] In general, the parameters of the pre-pulse PP
are the time interval between the pre-pulse PP and the
stimulation block SB and/or its amplitude.

[0105] It could be generally possible, that the param-
eters of the pre-pulse comprise pulse width of the pre-
pulse.

[0106] Alternatively, the starting sequence could in-
clude a pulse ramping, wherein the pulse ramping in-
cludes a ramping up from a starting pulse energy level
to a higher pulse energy level being used for the neuros-
timulation, cf. Fig. 4.

[0107] In this embodiment, the first N pulses are line-
arly increasing in amplitude, as a percentage of the am-
plitude stimulation block SB amplitude.

[0108] Not shown in Fig. 4 is that in general, the in-
crease of at least one stimulation parameter could be a
linear, non-linear, exponential, polynomic and/or step-
wise increase.

[0109] In this embodiment, the starting sequence is
comprised in the stimulation block SB.

[0110] However, in an alternative embodiment, the
starting sequence could be not comprised in the stimu-
lation block SB.

[0111] However, in an alternative embodiment, a non-
linear increasing in the amplitude of the pulses of the
ramping sequence could be generally possible.

[0112] In this embodiment, the amplitude of the first N
pulses increases from 55% to 70% to 85 % of the ampli-
tude of the stimulation block.

[0113] However, in an alternative embodiment, any
other increase (linear or non-linear, in percentage of the
amplitude of the stimulation block) could be possible.
[0114] In other words, the amplitude of pulses is pro-
gressively increased over N pulses.

[0115] In general, the amplitude of pulses could pro-
gressively increase.

[0116] It could be generally possible, that the starting
sequences includes both, a pre-pulse PP as disclosed
in Fig. 3 and a ramping as disclosed in Fig. 4, wherein
the pre-pulse PP is either provided before the ramping
or after the ramping.

[0117] Not shown in Fig. 4 is that additionally and/or
alternatively, there could be an ending sequence.
[0118] Further not shown in Fig. 4 is that at least one
stimulation parameter could be decreased during the
ending sequence.

[0119] Further not shown in Fig. 4 is that, additionally
and/or alternatively to the ramping up, a ramping down
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from a level of at least one stimulation parameter used
for the neurostimulation to a lower level of the at least
one stimulation parameter, below the threshold used for
neurostimulation, could be possible.

[0120] In general, the starting sequence and/or the
ending sequence can include a pulse ramping.

[0121] In general, at least one stimulation parameter
could be increased during the starting sequence and/or
decreased during the ending sequence.

[0122] NotshowninFig.4isthattherecouldbealinear,
non-linear, exponential, polynomic and/or stepwise de-
crease of atleast one stimulation parameter in an ending
sequence.

[0123] In this embodiment, the system 10 for planning
and/or adjusting and/or providing a neuromodulation
therapy is used in a method for the treatment of a patient.
[0124] In this embodiment, the system 10 for planning
and/or adjusting and/or providing a neuromodulation
therapy is used in a method for the treatment of a patient
suffering from spinal cord injury.

[0125] Alternatively, and/or additionally, the system 10
could be used in a method for the treatment of a patient
suffering from stroke, multiple sclerosis, autonomic fail-
ure, autonomic neuropathy and/or cancer of the neuro-
logical tissue.

[0126] Fig. 5showsanexample of responsesto a start-
ing sequence including pulse ramping followed by re-
sponses to a standard stimulation pulse train at a fixed
frequency and constant amplitude, measured by EMG.
[0127] In this embodiment, a patient is stimulated with
the system 10 disclosed in Fig. 2.

[0128] In this embodiment, the starting sequence in-
cludes a pulse ramping, wherein the pulse ramping in-
cludes a ramping up from a starting pulse energy level
to a higher pulse energy level being used for the neuros-
timulation (amplitude of 1.5 mA).

[0129] In general, any other amplitude(s) usually ap-
plied for neuromodulation could be possible.

[0130] The amplitude, which could be understood as
pulse energy level, is continuously increasing during ram-
ping from the starting pulse to the amplitude used during
stimulation.

[0131] The one skilled could understand that the initial
stimulation causes a shock-like situation for the muscle
targeted, as the first response to the fist stimulation pulse
is high compared to the following pulses.

[0132] Fig. 6 shows examples of responses to pre-
pulses of different amplitude, followed by responses to
a standard stimulation block SB (pulse train) at a fixed
frequency and constant amplitude, measured by EMG.
[0133] In particular, responses to a single pre-pulse
PP at an amplitude of 0.0 mA, 0.8 mA, 0.9 mA, 1.0 mA,
1.1 mA, 1.2 mA, 1.3 mA, 1.4 mA, and 1.5 mA, followed
by responses to a standard stimulation block SB (pulse
train) at a fixed frequency and constant amplitude of 1.5
mA, measured by EMG, are shown.

[0134] Inthis embodiment, the right tibialis anterior TA
was targeted by neurostimulation with the system 10 ac-
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cording to Fig. 2.

[0135] In this embodiment, the responses of stimula-
tion were measured by EMG at the right tibialis anterior
TA.

[0136] In this embodiment, the pre-pulse PP was set
25 ms before the stimulation block SB (pulse train).
[0137] However, any other time interval between the
pre-pulse PP and the stimulation block sB could be gen-
erally possible.

[0138] Inthisembodiment, astimulationat1.1mA (cor-
responding to 73% of the target amplitude) shows the
optimal result (maximal suppression of overshoot).
[0139] Fig. 7 shows further examples of responses to
pre-pulses PP of different amplitude, followed by re-
sponses to a standard stimulation block SB (pulse train)
at a fixed frequency and constant amplitude, measured
by EMG.

[0140] In particular, responses to a single pre-pulse
PP at an amplitude of 0.0 mA, 0.8 mA, 0.9 mA, 1.0 mA,
1.1 mA, 1.2 mA, 1.3 mA, 1.4 mA, and 1.5 mA, followed
by responses to a standard stimulation block SB (pulse
train) at a fixed frequency and constant amplitude of 1.5
mA, measured by EMG, are shown.

[0141] Inthis embodiment, the right tibialis anterior TA
was targeted by neurostimulation with the system ac-
cording to Fig. 2.

[0142] In this embodiment, the responses of stimula-
tion were measured by EMG at the right medial gastroc-
nemius MG.

[0143] In this embodiment, the pre-pulse was set 25
ms before the stimulation block SB (pulse train).

[0144] However, any other time interval (seconds or
milliseconds) between the pre-pulse PP and the stimu-
lation block SB could be generally possible.

[0145] Inthisembodiment, a stimulationat0.9 mA (cor-
responding to 60% of the target amplitude) shows the
optimal result (maximal suppression of overshoot).
[0146] In this embodiment, this results in an almost
complete suppression of the third pulse (2 pulses after
pre-pulse).

[0147] In this embodiment, the optimal amplitude for
the target muscle (1.1 mA) already leads to a relatively
large overshoot.

[0148] Fig. 8a shows examples of responses to two
subsequent pre-pulses PP separated by a time interval
of 25 ms and of different amplitude, measured by EMG.
[0149] In particular, responses to a two subsequent
pre-pulse PP with an amplitude of 0.0 mA, 0.8 mA, 0.9
mA, 1.0 mA, 1.1 mA, 1.2 mA, 1.3 mA, 1.4 mA, and 1.5
mA, measured by EMG, are shown.

[0150] Inthis embodiment, the right tibialis anterior TA
was targeted by neurostimulation with the system 10 ac-
cording to Fig. 2.

[0151] In this embodiment, the responses of stimula-
tion were measured by EMG at the right tibialis anterior
TA, the right soleus and the right medial gastrocnemius
MG.

[0152] In this embodiment, the time interval between
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the two pre-pulses PP was set 25 ms.

[0153] The response to the first pre-pulse PP is indi-
cated by the dashed line.

[0154] The response to the second pre-pulse PP is in-
dicated by the solid line.

[0155] However, any other time interval between the
two pre-pulses PP could be generally possible.

[0156] The optimum amplitude for the pre-pulse PP is
at the crossing of the two lines, where response due to
first pre-pulse PP is equal to the response due to the
second pre-pulse PP.

[0157] In this embodiment, different muscles respond
best to different amplitudes and the optimal amplitude
changes with the timing of the pre-pulse PP.

[0158] Fig. 8b shows examples of responses to two
subsequent pre-pulses PP separated by a time interval
of 50 ms and of different amplitude, measured by EMG.
[0159] In particular, responses to a two subsequent
pre-pulses PP with an amplitude of 0.0 mA, 0.7 mA, 0.8
mA, 0.9 mA, 1.0 mA, 1.1 mA, 1.2 mA, 1.3 mA, 1.4 mA,
and 1.5 mA, measured by EMG, are shown.

[0160] In this embodiment, the right tibialis anterior TA
was targeted by neurostimulation with the system 10 ac-
cording to Fig. 2.

[0161] In this embodiment, the responses to stimula-
tion were measured by EMG at the right tibialis anterior
TA, the right soleus and the right medial gastrocnemius
MG.

[0162] In this embodiment, the time interval between
the two pre-pulses PP was set 50 ms.

[0163] However, any other time interval (seconds or
milliseconds) between the two pre-pulses could be gen-
erally possible.

[0164] The response to the first pre-pulse PP is indi-
cated by the dashed line.

[0165] The response to the second pre-pulse PP is in-
dicated by the solid line.

[0166] The optimum amplitude for the pre-pulse PP is
at the crossing of the two lines, where response due to
first pre-pulse PP is equal to the response due to the
second pre-pulse PP.

[0167] In this embodiment, different muscles respond
best to different amplitudes and the optimal amplitude
changes with the timing of the pre-pulse PP.

[0168] Fig.9 showsexamples ofresponses toramping
over two pulses, followed by responses to a standard
stimulation block SB (pulse train) at a fixed frequency
and constant amplitude, measured by EMG.

[0169] In this embodiment, responses to ramping over
two pulses (first pulse of ramping with an amplitude of
0.7 mA, 0.8 mA, 0.9 mA, 1.0 mA, 1.1 mA, 1.2 mA, 1.3
mA, or 1.4 mA; second pulse of ramping with an ampli-
tude of 1.3 mA), followed by responses to a standard
stimulation block (SB pulse train) at a fixed frequency
and constant amplitude of 1.5 mA, measured by EMG,
are shown.

[0170] Inthis embodiment, the right tibialis anterior TA
was targeted by neurostimulation with the system 10 ac-
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cording to Fig. 2.

[0171] In this embodiment, the responses of stimula-
tion were measured by EMG at the right tibialis anterior
RTA.

[0172] The first pulse must be sufficiently strong to
have any effect (see upper plots).

[0173] In case the amplitude of the first plot is too high
itinduces the same muscle response as an onset without
ramps (see lower plots).

[0174] Fig. 10 shows further examples of responses
to ramping over two pulses, followed by responses to a
standard stimulation block SB (pulse train) at a fixed fre-
quency and constant amplitude, measured by EMG.
[0175] Inthis embodiment, responses to ramping over
two pulses (first pulse of ramping with an amplitude of
0.9 mA, second pulse of ramping with an amplitude of
0.9mA, 1.0 mA, 1.1 mA, 1.2 mA, 1.3 mA, 1.4 mA, or 1.5
mA), followed by responses to a standard stimulation
block SB (pulse train) at a fixed frequency and constant
amplitude of 1.5 mA, measured by EMG, are shown.
[0176] Inthis embodiment, the right tibialis anterior TA
was targeted by neurostimulation with the system 10 ac-
cording to Fig. 2.

[0177] In this embodiment, the responses of stimula-
tion were measured by EMG at the right tibialis anterior
RTA.

[0178] The first pulse must be sufficiently strong to
have any effect (see upper plots).

[0179] If ramping pulses are chosen too close to each
other (in amplitude), the first ramp pulse could lead to a
suppression of the response to the 2"d ramp pulse and
therefore cancel out the ramping effect (e.g. 37 plot from
the top).

[0180] If the ramping pulses too far apart (in ampli-
tude), the effect of the second pulse could be too strong
(bottom plot).

[0181] Fig. 11 shows examples of responses to ram-
ping over one to six pulses, followed by responses to a
standard stimulation block SB (pulse train) at a fixed fre-
quency and constant amplitude, measured by EMG.
[0182] In this embodiment, responses to ramping over
one two six pulses (first pulse of ramping with an ampli-
tude of 0.9 mA, 1.0 mA, 1.1 mA, 1.2 mA, 1.3 mA, or 1.4
mA; second pulse of ramping with an amplitude of 1.0
mA, 1.1 mA, 1.2 mA, 1.3 mA, or 1.4 mA,; third pulse of
ramping with an amplitude 1.1 mA, 1.2 mA, 1.3 mA, or
1.4 mA, fourth pulse of ramping with an amplitude of 1.2
mA, 1.3 mA, or 1.4 mA,; fifth pulse of ramping with an
amplitude of 1.3 mA, or 1.4 mA; six pulse of ramping with
an amplitude of 1.4 mA), followed by responses to a
standard stimulation block SB (pulse train) at a fixed fre-
quency and constant amplitude of 1.5 mA, measured by
EMG, are shown.

[0183] Inthis embodiment, the right tibialis anterior TA
was targeted by neurostimulation with the system 10 ac-
cording to Fig. 2.

[0184] In this embodiment, the responses of stimula-
tion were measured by EMG at the right tibialis anterior
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RTA.

[0185] In this embodiment, it is started with six pulses
of ramping (top) and then consequently one pulse is re-
moved from the ramping sequence.

[0186] Also, for multiple pulses, the correct choice of
amplitude for the first pulse is essential to benefit from
the ramps.

[0187] Fig. 12 shows a further example of responses
to stimulation according to the present invention that
have been measured by EMG.

[0188] In this embodiment, the right tibialis anterior TA
was targeted by neurostimulation with the system 10 ac-
cording to Fig. 2.

[0189] In this embodiment, the responses of stimula-
tion were measured by EMG at the right tibialis anterior
TA.

[0190] Ontop of Fig. 12, responses to a standard stim-
ulation block SB (pulse train) at a fixed frequency and
constant amplitude, measured by EMG, are shown, with-
out ramping up.

[0191] On the bottom of Fig. 12, responses to up-ram-
ping with three pulses, followed by responses to a stand-
ard stimulation block SB (pulse train) at a fixed frequency
and constant amplitude, measured by EMG, are shown.
[0192] In particular, up-ramping with pulses of 55%,
70% and 85% of the amplitude of the pulses of the stim-
ulation block are shown.

[0193] Alternatively, up-ramping with three pulses of
40-60%, 60-80% and 80-100% of the amplitude of the
pulses of the stimulation block SB could be generally
possible.

[0194] Inthis embodiment, the amplitude of the pulses
of the stimulation block SB is 6.0 mA.

[0195] However, in an alternative embodiment, the
amplitude of the pulses of the stimulation block could be
0.2mA to 200 mA.

[0196] In this embodiment, the up-ramping sequence
causes significant reduction of the initial response peak.
[0197] Ingeneral, the up-ramping sequence may com-
prise two or more pulses.

[0198] Notshown in Fig. 12 is that the amplitude of the
pulses of up-ramping (independent of the number of puls-
es of the up-ramping) may be of any amplitude lower or
equal to the amplitude of the pulses of the stimulation
block SB.

[0199] Fig. 13 shows responses to a standard stimu-
lation block SB (pulse train) at a fixed frequency and con-
stant amplitude, measured by a goniometer, without and
with ramping up.

[0200] In Fig. 13, responses to stimulation according
to the presentinvention are shown that have been meas-
ured by a goniometer.

[0201] In this embodiment, the right tibialis anterior TA
was targeted by neurostimulation with the system 10 ac-
cording to Fig. 2.

[0202] Ontop of Fig. 13, responses to a standard stim-
ulation block SB (pulse train) at a fixed frequency and
constant amplitude are shown, without ramping up (no
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starting sequence).

[0203] On the bottom of Fig. 13, responses to up-ram-
ping with three pulses of, followed by responses to a
standard stimulation block SB (pulse train) at a fixed fre-
quency and constant amplitude, measured by EMG, are
shown.

[0204] In particular, up-ramping with pulses of 55%,
70% and 85% of the amplitude of the pulses of the re-
spective stimulation block SB are shown.

[0205] In general, the amplitude of the pulses of up-
ramping may be of any amplitude lower or equal to the
amplitude of the pulses of the stimulation block SB.
[0206] In this embodiment, the up-ramping sequence
causes significant reduction/elimination of the initial re-
sponse peak (as illustrated in the bottom graph).

References
[0207]
10  system

12  neuromodulation means
14  neuromodulation controller

PP  pre-pulse
SB  stimulation block
Claims

1. A neuromodulation system (10) for planning and/or
adjusting and/or providing a neuromodulation ther-
apy, comprising:

- at least one neuromodulation means (12) con-
figured to provide neuromodulation at least par-
tially by means of neurostimulation;

- at least one neuromodulation controller (14)
configured to control the neuromodulation
means (12),

wherein the neuromodulation controller (14) is fur-
ther configured to control the neuromodulation
means (12) at the beginning of a neuromodulation
action including neurostimulation that the neurostim-
ulation comprises a starting sequence and/or at the
end of a neuromodulation action including neuros-
timulation that the neurostimulation comprises an
ending sequence,

wherein the neuromodulation action is planned to be
provided and/or provided to a neuronal population
(NP) of a patient for neuronal population polarization,
and

wherein the neuronal population polarization during
the starting sequence and/or ending sequence is lim-
ited compared to the neuronal population polariza-
tion during the stimulation after the starting sequence
and/or before the ending sequence.
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The neuromodulation system (10) according to claim
1, characterized in that the neurostimulation com-
prises stimulation parameters, wherein the stimula-
tion parameters comprise power, amplitude, current,
voltage, pulse width, frequency and/or duration.

The neuromodulation system (10) according to claim
2, characterized in that at least one stimulation pa-
rameter of the starting sequence and/or ending se-
quence has a lower level compared to the at least
one stimulation parameter of the normal stimulation.

The neuromodulation system (10) according to claim
1, claim 2 or claim 3, characterized in that at least
one stimulation parameter is increased during the
starting sequence and/or decreased during the end-
ing sequence.

The neuromodulation system (10) according to claim
4, characterized in that the increase the at least
one stimulation parameter is a linear, non-linear, ex-
ponential, polynomic and/or stepwise increase and
that the decrease of the at least one stimulation pa-
rameteris alinear, non-linear, exponential, polynom-
ic and/or stepwise decrease.

The neuromodulation system (10) according to one
of the preceding claims, characterized in that the
starting sequence includes a pre-pulse (PP), where-
in atleast one stimulation parameter of the pre-pulse
(PP) is of a lower level compared to the at least one
stimulation parameter of a normal stimulation pulse.

The neuromodulation system (10) according to one
of the preceding claims, characterized in that the
starting sequence and/or the ending sequence in-
cludes a pulse ramping.

The neuromodulation system (10) according to claim
7, characterized in that the pulse ramping includes
a ramping up from a starting level of at least one
stimulation parameter to a higher level of the at least
one stimulation parameter used for the neurostimu-
lation and/or a ramping down from a level of at least
one stimulation parameter used for the neurostimu-
lation to a lower level of the at least one stimulation
parameter, below the threshold used for neurostim-
ulation.

The system (10) according to any of the preceding
claims, characterized in that the level of at least
one stimulation parameter of the starting sequence
and/or ending sequence is determined manually
and/or automatically based on response data.

The neuromodulation system (10) according to any
of the preceding claims, characterized in that the
starting sequence and/or ending sequence compris-
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es a pre-warning signal and/or stop-warning signal.

The neuromodulation system (10) according to claim
10, characterized in that the pre-warning signal
and/or stop-warning signal is an acoustic, visual,
haptic, electrical, sensory and/or temperature signal.

The use of a system (10) for planning and/or adjust-
ing and/or providing a neuromodulation therapy ac-
cording to any of claims 1-11 in a method for the
treatment of a patient suffering from spinal cord in-
jury, stroke, multiple sclerosis, autonomic failure, au-
tonomic neuropathy and/or cancer of the neurolog-
ical tissue.
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