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(57) ABSTRACT

A treatment system for stimulating the vagus nerves is
described, comprising the following elements: -a detection
and control unit (20); -at least one detection probe (104, 10g)
connected to the detection and control unit and intended to
be applied to at least one of the two vagus nerves of a
patient; -means (24) provided in the detection and control
unit for detecting a phenomenon of mass discharge of action
potentials in at least one vagus nerve using the detection
probe or detection probes; -stimulation probes (10d, 10g) for
stimulating vagus nerves, and -means (24) provided in the
detection and control unit that are capable, in response to the
detection of a mass discharge, of applying predefined asym-
metric stimulation signals to said stimulation probes capable
of causing a depolarization and/or hyperpolarization of the
vagus nerves and of blocking the conduction of the action
potentials at least in the efferent direction. The system is
intended for preventing the risk of sudden death in the event
of an epileptic seizure in epilepsy patients.
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SYSTEM COMPRISING A PROBE FOR
DETECTING A MASS DISCHARGE OF
ACTION POTENTIALS AND A PROBE FOR
STIMULATING A VAGUS NERVE OF AN
EPILEPSY PATIENT

FIELD OF THE INVENTION

[0001] The present invention relates to the field of medical
devices intended to prevent the most serious consequences
of an epileptic seizure in humans.

[0002] More particularly, it relates to a medical device
aimed, on the basis of the activity of at least one vagus nerve
and preferably both vagus nerves, at identifying the occur-
rence of an abnormal activity that could be fatal, secondary
to an epileptic seizure (the SUDEP phenomenon, which
stands for “Sudden Unexpected Death in Epilepsy”), and at
reducing this risk by acting on the vagus nerve(s) to eradi-
cate this phenomenon.

STATE OF THE ART

[0003] Today, we do not know how to prevent the risk of
sudden death, or to eradicate the phenomenon of epilepsy
likely to cause sudden death when it occurs.

[0004] The closest state of the art is represented by the
following documents:

[0005] a) document US2014/0142653A1 describes a
method for treating a patient suffering from epilepsy, based
on the measurement of a physiological signal (typically an
electroneurogram, possibly in combination with measure-
ment of the heart rate) making it possible to determine
whether the patient is undergoing a seizure, or has just
undergone a seizure. Depending on the measurement
obtained, the method applies a stimulation on one of the two
vagus nerves, or on both, on one side in the efferent direction
in order to act on the heart rate, and on the other side in the
afferent direction in an attempt to reduce the epileptic
phenomenon. This document gives no indication, however,
on the way in which an actual risk of sudden death caused
by epilepsy can be determined, or on the way in which a
stimulation could reduce or even cancel out the risk. or even
on the capacity of the method to reduce mortality other than
by reducing the epileptic seizures. Thus, it relates only to the
treatment of epileptic seizures in general.

[0006] b) Document U.S. Pat. No. 8,634,922B1 discloses
a vagus nerve stimulation system for the treatment of
epilepsy, which takes into account a measurement of the
cardiac signal in order to optimize treatment, and more
precisely in order to correct a stimulation intended to treat an
epileptic seizure so as to prevent undesirable effects with
respect to the heart rate. Furthermore, according to this
document, only one stimulation in the afferent direction is
appropriate for treating the epileptic seizure.

[0007] There are also numerous other documents on the
stimulation of the vagus nerves, but none of them specifi-
cally deals with preventing the risk of sudden death when an
epileptic seizure occurs. These include, in particular, US
2007/027486 Al and US 2007/255320 Al.

[0008] Lastly, commercial solutions for stimulating the
vagus nerve exist that aim to reduce the number of epileptic
seizures in epilepsy patients, but these solutions are inef-
fectual in protecting patients against sudden death if a
seizure occurs. An example of such a vagus-nerve neuro-
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stimulation system is sold by Cyberonics and is indicated for
incapacitating or pharmacoresistant epilepsy.

SUMMARY OF THE INVENTION

[0009] The present invention aims to enable, on the one
hand, the detection at the vagus nerve or preferably at both
vagus nerves, if necessary in combination with one or more
other physiological signals, of the occurrence of an abnor-
mal and intense paroxysmal activity, likely to cause death
(this activity probably being linked to an epileptic seizure,
but the subject of the invention not being in itself to detect
the occurrence of epileptic seizures) and, on the other hand,
by acting on the vagus nerve or preferably both vagus
nerves, substantially to reduce this risk of hyperactivity and
death.

[0010] According to the invention according to a first
aspect, a system is thus proposed intended to limit the risks
of sudden death in the event of an epileptic seizure, char-
acterized in that it comprises:

[0011] a detection and control unit;

[0012] at least one detection probe connected to the detec-
tion and control unit and intended to be applied to at least
one of the two vagus nerves of a patient,

[0013] means provided in the detection and control unit
for detecting a phenomenon of mass discharge of action
potentials in at least one vagus nerve using the detection
probe or detection probes,

[0014] at least one stimulation probe for stimulating a
vagus nerve, and

[0015] means provided in the detection and control unit
that are capable, in response to the detection of a mass
discharge, of applying predefined asymmetric stimulation
signals to the stimulation probe(s) capable of causing a
depolarization and/or hyperpolarization of the vagus nerve
(s) and of blocking the conduction of the action potentials at
least in the efferent direction.

[0016] The above system advantageously but optionally
comprises the following additional characteristics, taken
individually or in any combination that a person skilled in
the art will deem technically compatible:

[0017] * the detection probe(s) and the stimulation probe
(s) constitute the same probes;

[0018] * the mass discharge detection means are config-
ured to determine an overall electrical energy density in at
least one vagus nerve;

[0019] * the mass discharge detection means comprise a
means of comparing an electrical power in a set frequency
band with a threshold;

[0020] * the electrical power is determined by squaring
and low-pass filtering a signal that has undergone low-pass
filtering within said frequency band;

[0021] * which comprises two probes for stimulating the
left and right vagus nerves;

[0022] * of which the stimulation signals are periodic and
deterministic;
[0023] * the asymmetry of the stimulation signals is

chosen so as to achieve a depolarization of the nerve fibers
of the vagus nerve(s);

[0024] * the asymmetry of the stimulation signals is
chosen so as to achieve a hyperpolarization of the nerve
fibers of the vagus nerve(s);

[0025] * the asymmetric periodic signals have a frequency
of between around 15 and 300 kHz;
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[0026] * the stimulation signals comprise a succession of
generally rectangular positive and negative current pulses,
the amplitudes of the positive and negative pulses being
different;

[0027] * the current pulses of greater amplitude are shorter
in duration than the current pulses of smaller amplitude;
[0028] * the amplitudes and durations are chosen so that
the balance of the electrical charges applied to the electrodes
and taken from the electrodes is basically neutral;

[0029] * the duration (TS) of the stimulation pulses is
preset and lasts between around 0.5 and around 2 s;
[0030] * the system comprises a means for determining
the heart rate, and in which the pulses are applied until a
heart rate above the threshold is resumed;

[0031] * the detection and control unit also comprises an
input for at least one signal chosen from a cardiac signal, a
respiratory signal, an oxymetry signal and an electromyog-
raphy signal;

[0032] * the detection and control unit comprises an input
for an electromyography signal, this signal being derived
from the signal provided by the detection probe(s);

[0033] * the system comprises detection probes config-
ured to be positioned on both vagus nerves, and the mass
discharge detection means are configured to operate on
signals coming from both detection probes.

[0034] According to a second aspect of the invention, a
method implemented in a system as described above is
proposed for selectively generating electrical control signals
of at least one probe of a vagus nerve of a patient with a view
to containing the risks of sudden death in the event of an
epileptic seizure, characterized in that it comprises the
following steps:

[0035] detecting an electrical phenomenon supplied by at
least one detection probe and representative of a mass
discharge of action potentials in the vagus nerve;

[0036] in response to this detection, generating preset
asymmetrical stimulation electrical signals intended to be
applied to at least one stimulation probe and having the
characteristics appropriate to cause on their application a
depolarization and/or a hyperpolarization of the vagus nerve
(s) and to block the conduction of the action potentials at
least in the efferent direction.

[0037] Advantageously, the method also comprises a step
of comparing a heart rate signal with a threshold, the
generation of stimulation signals being performed in the
event of detecting at the same time a mass discharge and the
fact that the heart rate signal reveals a heart rate falling
below a threshold.

[0038] In a similarly advantageous way, the method also
comprises, after the step of generating stimulation signals, a
step of comparing a heart rate signal with a threshold, and
a new step of generating stimulation signals if the heart rate
signal reveals a heart rate falling below a threshold.
[0039] Furthermore, the preferred but optional character-
istics of the system apply equally to the above method.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] Further features, aims and advantages of the pres-
ent invention will emerge more clearly from the following
detailed description of a preferred embodiment thereof,
given by way of non-limiting example with reference to the
accompanying drawings, in which:

[0041] FIG. 1 is a schematic representation of a system
according to the invention;
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[0042] FIG. 2 shows a process implemented by the system
according to the invention;

[0043] FIG. 3 gives an example of signals collected on a
vagus nerve and showing a mass discharge phenomenon,
and

[0044] FIG. 4 gives an example of the appearance of
stimulation signals applied to a vagus nerve stimulation
probe.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT

a) General Principle

[0045] The object of the system according to the invention
is to prevent risks of death connected with epileptic seizures
(basically by the phenomenon of “SUDEP”), on the one
hand thanks to a certain characterization of an electrophysi-
ological signal collected at the vagus nerve, preferably at
both vagus nerves, and on the other thanks to a certain
electrical stimulation, in the efferent direction, applied to the
vagus nerve(s).

[0046] The characterization is performed by detecting a
mass discharge in the efferent direction of the vagus nerve,
as will be described later, using a probe placed around one
of the two vagus nerves or preferably two probes placed
around the left and right vagus nerves.

[0047] Possibly, this characterization can be combined
with one or more other physiological signals of the patient,
and in particular a cardiac signal and/or a respiratory signal
and/or an oxymetry signal and/or an electromyographic
signal.

[0048] The action of reducing the risk of sudden death is
performed according to the invention by electrical stimula-
tion on one of the vagus nerves or preferably on both vagus
nerves, in conditions appropriate to neutralize the signals
conveyed in the nerves. This neutralization can be achieved
either by applying to the nerve(s) a depolarization, so as to
cause an instantaneous inhibition due to the refractory
period, or by applying to the nerve(s) a hyperpolarization,
having a blocking effect due to the inhibition of excitability,
for a controlled period of time.

[0049] In order to determine the optimum conditions of a
depolarization or a hyperpolarization, it is particularly help-
ful to refer to the document “Conduction block in myeli-
nated axons induced by high-frequency (kHz) non-symmet-
ric biphasic stimulation,” Z. Zhao et al.,, Frontiers in
Computational Neuroscience, July 2015, Volume 9, Article
86, which suggests the possibility of using non-symmetric
alternating electric wave forms, with a preponderance of
their positive component or their negative component,
respectively, to achieve a blocking of the conduction of
action potentials in the different nerve fibers.

[0050] More particularly, a non-symmetric biphase elec-
trical action can be used, in a first approach, with an
alternating signal having longer positive pulses than the
negative pulses, in order to create a hyperpolarization, and
in a second approach, with an alternating signal having
shorter positive pulses than the negative pulses, in order to
create a depolarization.

[0051] There now follows, with reference to FIG. 4, a
concrete example of signals intended to cause a hyperpo-
larization of the vagus nerve.

[0052] Furthermore, it is possible to combine such stimu-
lating electrical signal characteristics with the use of spatial
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selectivity probes. In particular, it is now known, thanks to
specific structures of probe electrodes, to apply a stimulation
in a preferential manner onto certain sections of the vagus
nerve, in order to achieve this spatial selectivity. The depo-
larization or hyperpolarization can thus be applied in a
preferred way onto certain nerve fibers, causing less distur-
bance to other fibers of which the conduction of action
potentials has not necessarily been blocked. This spatial
selectivity also allows the amplitude of the current required
to block conduction to be reduced.

[0053] It is also possible to use the time dimension by
performing depolarizations and/or hyperpolarizations
according to different timings in different regions of the
vagus nerve(s).

b) Detailed Implementation

[0054] There now follows a description, with reference to
FIGS. 1 and 2, of a more detailed implementation of the
invention.

[0055] FIG. 1 shows the left and right vagus nerves of a
patient, LVN and RVN respectively.

[0056] On each vagus nerve, a detection and neurostimu-
lation probe has been implanted, 10g and 104 respectively.
Each probe preferably comprises an electrode matrix spe-
cifically to create an electrical stimulation with spatial
and/or temporal selectivity. Advantageously, the combina-
tion of electrodes, or possibly only one pair of this combi-
nation, is used also during periods of no treatment in order
to detect mass discharge. This can be performed for one
vagus nerve or both vagus nerves. In a particular embodi-
ment, the invention can be implemented on only one of the
two vagus nerves. In particular, as the right vagus nerve is
basically responsible for the effects on heart rate (sinus
node), a detection and a stimulation of depolarization and/or
hyperpolarization can be envisaged on this nerve only.
However, detection and stimulation can also be performed
on the left vagus nerve, which is chiefly associated with the
modulation of the atrioventricular node.

[0057] Both probes are connected by multi-stranded con-
ductors to a unit 20, preferably of the portable or implantable
type, comprising in a box 22 a central processing unit 24 and
input/output circuits 26 through which the signals are
applied to the probes 10g, 104, and collected from said
probes. A battery, not shown, powers the circuits of the unit
20.

[0058] The system also comprises a heart rate sensor 31
such as a pulse sensor or a cardiac probe, and if necessary
a respiratory sensor 32 and/or an oxymetry sensor 33.
[0059] The heart rate sensor is used at least to determine,
as will be seen later, whether a neutralization of the action
potentials results in keeping the heart rate above a threshold,
i.e. whether the risk of cardiac arrest has been eliminated.
[0060] It can also be used as an additional detector of an
epileptic seizure likely to lead to sudden death, in combi-
nation with the detection of a mass discharge in at least one
of the two vagus nerves. This additional detection can for
example involve determining whether the heart rate exceeds
the top and bottom preset thresholds, these excesses creating
risk situations for the patient. It can also involve detecting
the presence of atrioventricular blocks, which can be caused
by a mass activation of a vagus nerve.

[0061] The respiratory sensor and/or oxymetry sensor
make it possible to determine whether the respiratory func-
tion of the patient is being normally fulfilled. If a sensor is
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provided, the detection of a respiratory failure (reduction or
absence of respiration muscle movements, or drop in the rate
of oxygen in the blood) is combined with the detection of a
mass discharge using at least one of the probes 10g, 104 to
identify an epileptic seizure with risk of sudden death.
[0062] According to another improvement, the unit 20 can
comprise means to analyze the electromyography signals so
as to detect an abnormal muscle activity, due for example to
the generalized tonicoclonic seizure often present before an
SUDEP event. These signals can often be obtained directly
by using the electrodes present in the detection probe(s) on
the vagus nerve (capture of an ENG+EMG composite sig-
nal) or even between the stimulation box and one of the
peripheral electrodes on the detection probe(s).

[0063] Preferably, the electromyographic analysis is per-
formed in connection with step 110 of FIG. 2, and the
stimulation is performed only when a muscle activity above
athreshold is detected at the same time as the mass discharge
phenomenon or prior to this phenomenon.

[0064] With reference now to FIG. 2, a preferred and
simplified example of a process implemented using the
system of FIG. 1 will now be described.

[0065] At step 100, the unit 20, which periodically collects
the signals coming from at least one of the probes 10g and
10d, performs a calculation of the overall energy of the
action potentials in the respective vagus nerve. Advanta-
geously, this calculation is performed digitally, the signals
forming the object of an analog/digital conversion in the
circuit 26. Advantageously, it implements a band-pass fil-
tering, for example on a band of between around 300 Hz and
3 kHz, and a time adjustment and integration, in a known
way in the field of signal processing.

[0066] So as long as this energy does not exceed a given
threshold, the test is periodically repeated by a closed loop
command, for example with a period of 0.5 to 10 seconds.
[0067] When the unit detects that this energy is above a
threshold, the other physiological parameters are then tested
at step 110, although this step is optional. In particular, unit
20 can detect a heart rate window output, an atrioventricular
block, a drop in respiratory activity below a threshold or
even a muscle activity above a threshold, as explained
above.

[0068] As long as these parameters remain within the
normal ranges, the process is redirected upstream of step 100
and the global energy of the action potentials is again
monitored.

[0069] Ifstep 110, when it is envisaged, confirms a cardiac
or respiratory anomaly, a depolarization and/or hyperpolar-
ization cycle of the two vagus nerves using probes 10g, 104
is performed at step 120 in order to neutralize the action
potentials at least in the efferent direction in the vagus
nerves, as explained above.

[0070] Following this cycle, which may involve applying
short bursts of depolarization and/or hyperpolarization sig-
nals, alternating and asymmetric as described above, unit 20
uses the signals of sensor 31 to determine at step 130
whether the heart rate is dropping below a certain threshold,
for example in the order to 20 to 30 bpm depending on the
patient. If it is, this means that the risk of death is always
high and a new depolarization or hyperpolarization cycle is
implemented, and so on. If it is not, the risk of sudden death
can be eliminated with a certain reliability and the process
is ended and a new monitoring process can be undertaken
according to the timing defined in unit 20.
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[0071] FIG. 3 shows, by way of illustration, the signal
resulting from processing by a band-pass filtering, then a
quadratic (squared) function, then a low-pass filtering, of a
signal acquired from a detection probe on a vagus nerve.
This resulting signal incorporates elements of the elec-
troneurogram and electromyogram, which can however be
separated by filtration and additional processing of the
signal.

[0072] FIG. 3 shows, between the time points ta and tb, a
mass discharge phenomenon. It will be understood that, by
the above-described processing, it is possible to detect a
mass discharge. It is when this resulting signal exceeds a
given threshold that a risk of sudden death during an
epileptic seizure is identified.

[0073] FIG. 4 shows an example of stimulation signals
applied to a vagus nerve probe according to the invention,
with a view to achieving a hyperpolarization of the nerve in
the efferent direction.

[0074] These signals comprise a succession of positive
pulses of current P1 and negative pulses of current P2 of
different durations, pulse P2 being followed by a pulse P2'
of passive discharge, in a known way. In the case in
question, the positive pulses of current have a greater
amplitude, but a shorter duration, than the negative pulses.
Advantageously, these amplitudes and these durations are
chosen so that the balance of electrical charges applied to the
vagus nerve and taken from the vagus nerve is neutral, so as
to prevent the stimulation from electrically charging this
region of the body.

[0075] Preferably, the duration mismatch between the
positive pulses P1 and negative pulses P2 is between around
1 and 4 ps, depending on the frequency of the signal.

[0076] This frequency is advantageously between 15 and
300kHz, and more preferably near 20 kHz or above 100 kHz
in order to have the desired effect by minimizing the energy
delivered.

[0077] Thus, for a frequency of 20 kHz, i.e. a total pulse
duration of 50 ps (period TP in FIG. 4), it is possible to
envisage for example a positive pulse P1 of a duration of 15
us, a negative pulse of a duration of 18 pum, the remaining 17
um being taken up by the passive discharge pulse and by a
waiting time before the next positive pulse.

[0078] Depending on the nature and type of the probe, the
electrical intensity of the stimulation signal can vary, but
typically an intensity amplitude in the order of 3 to 5 mA is
used. In order to obtain (at least approximately) the above-
mentioned electrical neutrality, the amplitude of each posi-
tive pulse in the above-described digital example is 18-15
times greater than the amplitude of each negative pulse.

[0079] Moreover, the sequence of pulses P1, P2, P2' is
repeated a certain number of times for a total duration (TS
in FIG. 4) in the order of a few seconds, or even continu-
ously until the mass discharge ceases or until a heart rate
above the threshold is resumed.

[0080] In the above example, the stimulation performs a
hyperpolarization of a vagus nerve in the efferent direction.
By implementing negative pulses of current of greater
amplitude than the positive pulses of current (more prefer-
ably of shorter durations), as a variation it is possible to
achieve a depolarization of the vagus nerves in the efferent
direction.
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[0081] Clearly, numerous variations and modifications of
the invention can be introduced. In particular:
[0082] the mass discharge likely to indicate a physiopatho-
logical activity connected to an epileptic seizure likely to
engender a sudden death phenomenon can be detected in one
vagus nerve or in both vagus nerves identically or differ-
ently;
[0083] the electrical action aimed at neutralizing the action
potentials can be applied to both vagus nerves identically or
differently;
[0084] the probe(s) used for detecting a mass discharge
can be the same probes as those used for the neutralization
of the action potentials, or different probes;
[0085] the criteria and values of the detection parameters,
as well as the parameters of stimulation electrical action, can
be adjusted by clinical trials in order to optimize the detec-
tion and action efficiency;
[0086] physiological parameters other than heart rate,
respiratory activity and muscle activity can be used, if
necessary, to contain or by contrast eliminate the risk of a
sudden death caused by epilepsy.
1. System intended to limit the risks of sudden death in the
event of an epileptic seizure, characterized in that it com-
prises:
a detection and control unit (20);
at least one detection probe (10g, 104) connected to the
detection and control unit and intended to be applied to
at least one of the two vagus nerves of a patient,

means (24) provided in the detection and control unit for
detecting a phenomenon of mass discharge of action
potentials in at least one vagus nerve using the detec-
tion probe or detection probes,

at least one stimulation probe for stimulating a vagus

nerve, and

means (24) provided in the detection and control unit that

are capable, in response to the detection of a mass
discharge, of applying predefined asymmetric stimula-
tion signals to the stimulation probe(s) (10g, 104)
capable of causing a depolarization and/or hyperpolar-
ization of the vagus nerve(s) and of blocking the
conduction of the action potentials at least in the
efferent direction.

2. System according to claim 1, wherein the detection
probe(s) and the stimulation probe(s) constitute the same
probes (10g, 104).

3. System according to claim 1, wherein the mass dis-
charge detection means are configured to determine an
overall electrical energy density in at least one vagus nerve.

4. System according to claim 3, wherein the mass dis-
charge detection means (24) comprise a means of comparing
an electrical power in a set frequency band with a threshold.

5. System according to claim 4, wherein the electrical
power is determined by squaring and low-pass filtering a
signal that has undergone low-pass filtering within said
frequency band.

6. System according to claim 1, which comprises two
probes for stimulating the left and right vagus nerves.

7. System according to claim 1, wherein the stimulation
signals are periodic and deterministic.

8. System according to claim 7, wherein the asymmetry of
the stimulation signals is chosen so as to achieve a depo-
larization of the nerve fibers of the vagus nerve(s).

9. System according to claim 7, wherein the asymmetry of
the stimulation signals is chosen so as to achieve a hyper-
polarization of the nerve fibers of the vagus nerve(s).
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10. System according to claim 7, wherein the asymmetric
periodic signals have a frequency of between around 15 and
300 kHz.

11. System according to claim 8, wherein the stimulation
signals comprise a succession of generally rectangular posi-
tive and negative current pulses, the amplitudes of the
positive and negative pulses being different.

12. System according to claim 11, wherein the current
pulses of greater amplitude are shorter in duration than the
current pulses of smaller amplitude.

13. System according to claim 12, wherein the amplitudes
and durations are chosen so that the balance of the electrical
charges applied to the electrodes and taken from the elec-
trodes is basically neutral.

14. System according to claim 11, wherein the duration
(TS) of the stimulation pulses is preset and lasts between
around 0.5 and around 2 s.

15. System according to claim 11, that comprises a means
for determining the heart rate, and in which the pulses are
applied until a heart rate above the threshold is resumed.

16. System according to claim 1, wherein the detection
and control unit also comprises an input for at least one
signal chosen from a cardiac signal, a respiratory signal, an
oxymetry signal and an electromyography signal.

17. System according to claim 16, wherein the detection
and control unit comprises an input for an electromyography
signal, this signal being derived from the signal provided by
the detection probe(s).

18. System according to claim 1, comprising detection
probes configured to be positioned on both vagus nerves and
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wherein the mass discharge detection means are configured
to operate on signals coming from both detection probes.
19. Method implemented in a system according to claim
1 for selectively generating electrical control signals of at
least one probe of a vagus nerve of a patient with a view to
containing the risks of sudden death in the event of an
epileptic seizure, characterized in that it comprises the
following steps:
detecting an electrical phenomenon supplied by at least
one detection probe (10g, 10d) and representative of a
mass discharge of action potentials in the vagus nerve;

in response to this detection, generating preset asymmetri-
cal stimulation electrical signals intended to be applied
to at least one stimulation probe and having the char-
acteristics appropriate to cause on their application a
depolarization and/or a hyperpolarization of the vagus
nerve(s) and to block the conduction of the action
potentials at least in the efferent direction.

20. Method according to claim 19, which also comprises
a step of comparing a heart rate signal with a threshold, the
generation of stimulation signals being performed in the
event of detecting at the same time a mass discharge and the
fact that the heart rate signal reveals a heart rate falling
below a threshold.

21. Method according to claim 19, which also comprises,
after the step of generating stimulation signals, a step of
comparing a heart rate signal with a threshold, and a new
step of generating stimulation signals if the heart rate signal
reveals a heart rate falling below a threshold.
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