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Description
Technical Field

[0001] The presentinvention relates to implanted neu-
ral devices, being devices which are able to evoke and/or
sense neural activity upon a neural pathway, and in par-
ticular to a method and system for establishing commu-
nication with such devices.

Background of the Invention

[0002] A range of implanted neural devices exist, in-
cluding: spinal cord implants which electrically stimulate
the spinal column in order to suppress chronic pain; co-
chlear implants which electrically stimulate the auditory
nerve to produce a hearing sensation; deep brain stim-
ulators which electrically stimulate selected regions of
the brain to treat conditions such as Parkinson’s disease
or epilepsy; and neural bypass devices which electrically
stimulate either afferent sensory nerve fibres to repro-
duce impaired sensory function or efferent motor nerve
fibres to reproduce impaired motor activity, or both.
[0003] With the advent of high capacity implantable
batteries and power-efficient processing, implanted neu-
ral devices are becoming increasingly complex and in
particular numerous aspects of operation of an implanted
neural device may be reconfigurable. To control or recon-
figure an implanted device thus requires the provision of
a communications channel from a controller outside the
body to the device within the body. Moreover, implanted
neural devices are increasingly serving a data gathering
role, and there exists a need to provide a communications
channel from the device within the body to a data monitor
outside the body. ANDREW S FRENCH ET AL: "Infor-
mation transmission at 500 bits/s by action potentials in
a mechanosensory neuron of the cockroach", NEURO-
SCIENCE LETTERS, vol. 243, no. 1-3, February 1998,
pages 113-116, US-4158196-A, WO-2010/051392-A1,
WO-2010/013170-A1, and US-2015/238304-A1 show
different systems and methods for intrabody communi-
cation.

[0004] Any discussion of documents, acts, materials,
devices, articles or the like which has been included in
the present specification is solely for the purpose of pro-
viding a context for the present invention. It is not to be
taken as an admission that any or all of these matters
form part of the prior art base or were common general
knowledge in the field relevant to the present invention
as it existed before the priority date of each claim of this
application.

[0005] Throughout this specification the word "com-
prise", or variations such as "comprises" or "comprising",
will be understood to imply the inclusion of a stated ele-
ment, integer or step, or group of elements, integers or
steps, but not the exclusion of any other element, integer
or step, or group of elements, integers or steps.

[0006] Inthis specification, a statementthatan element
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may be "atleast one of’ alist of options is to be understood
that the element may be any one of the listed options, or
may be any combination of two or more of the listed op-
tions.

Summary of the Invention

[0007] The invention is defined by the claims.

[0008] According to a first aspect the presentinvention
provides a method of communicating along a neural path-
way, the method comprising:

stimulating the neural pathway at a first location, in
order to evoke neural responses which propagate
along the neural pathway, the neural responses be-
ing modulated with data;

sensing the evoked neural responses at a second
location spaced apart from the first location along
the neural pathway, and

demodulating the sensed neural responses to re-
trieve the data.

[0009] According to a second aspect the present in-
vention provides a method of receiving a communication
from a neural pathway; the method comprising:

sensing on the neural pathway a plurality of evoked
neural responses; and

demodulating the sensed evoked responses to ex-
tract data.

[0010] Accordingtoathird aspectthe presentinvention
provides a method of transmitting information along a
neural pathway, the method comprising:

evoking a plurality of neural responses on the neural
pathway, the neural responses being modulated with da-
ta.

[0011] According to a fourth aspect the present inven-
tion provides an implantable device for communicating
along a neural pathway, the device comprising:

sense electrodes and measurement circuitry for
sensing neural responses passing along the neural
pathway; and

a processor configured to demodulate sensed neural
responses to extract data.

[0012] According to a fifth aspect the presentinvention
provides a non-transitory computer readable medium for
communicating along a neural pathway, comprising in-
structions which, when executed by one or more proc-
essors, causes performance of the following:

evoking a plurality of neural responses on the neural
pathway, the neural responses being modulated with da-
ta.

[0013] The present invention thus utilises the neural
pathway in a manner which is distinguishable from nat-
ural neural signals in order to enable an artificial function,
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being communication to and/or from an implanted neural
device. That is, rather than detecting neural responses
which are naturally arising, the present invention pro-
vides for the creation of artificially occurring neural re-
sponses which carry a data payload or are otherwise
artificially modulated for the purpose of communication,
but which need not have any intended meaningful sen-
sory or motor purpose. The presentinvention thus utilises
the neural pathway itself as a communications channel.
In contrast to other communications techniques, such as
wireless communications or bulk tissue conductance
electrical propagation, which require considerable elec-
trical power to establish the communications channel,
the neural pathway does not need to be powered by the
implanted device in order to function as a communica-
tions channel, as the action potential is a biological func-
tion requiring no electrical power input after the neural
response is first evoked. That is, once evoked the action
potential will continue to propagate for the full length of
a healthy nerve without further external electrical power
input.

[0014] The neural responses may be modulated with
the data, such as being pulse width modulated, pulse
amplitude modulated, pulse position modulated, ampli-
tude or intensity modulated, delivered in bursts which are
frequency modulated, modulated by analog or digital
modulation, or they may be baseband on-off keying
wherein presence of one or more neural responses within
a given data bit window indicates a "1" and absence of
a neural response within the window indicates a zero, or
vice versa. The data is to be understood as being ma-
chine readable data, as distinct from neural signals hav-
ing a biological function such as being intended for the
brain. For example the data may be binary data.

[0015] In accordance with various embodiments of the
invention, the implantable device may be configured to
only receive data via the neural pathway, or to only trans-
mit data via the neural pathway, or both. The implantable
device may further be configured to communicate by oth-
er means, such as wireless transmission when desired.
[0016] Insome embodiments of the invention, the neu-
ral responses evoked for the purposes of communication
are configured to be comfortable for the implant recipient.
Indeed in some embodiments the neural responses
evoked for the purposes of communication may be con-
figured to be minimally perceptible or wholly impercepti-
ble by the implant recipient. Such embodiments recog-
nise that certain low levels of neural activity are not per-
ceived by the brain but can be selectively evoked by a
suitable stimulator and detected by a suitable receiver.
Such embodiments may therefore be advantageous in
avoiding the implant recipient perceiving any, or any sig-
nificant, aberrant effects from communications stimuli.
The perceptibility of the evoked communications re-
sponses may additionally or alternatively be minimised
by using very short-time stimuli for communications pur-
poses and/or delivering stimuli in an interleaved manner
with therapeutic stimuli so that the communications stim-
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uli are not perceived or at least are not unpleasant to the
user. It is to be noted that where neural responses are
evoked by motor activity such as the implant recipient
activating a muscle, or by sensory input such as the user
touching their leg, the neural responses thereby evoked
are perceptible but not typically uncomfortable and may
nevertheless be modulated in order to effect communi-
cations along the neural pathway.

[0017] The step of stimulating the neural pathway may
comprise stimulating the nerve directly, whether a spinal
nerve, dorsal root ganglion or peripheral nerve. For ex-
ample the nerve may be directly stimulated by an elec-
trical stimulus, an infrared or optical stimulus or a chem-
ical stimulus, in order to create neural responses modu-
lated with data which travel to another site along the neu-
ral pathway for detection by a neural monitoring device.
[0018] Alternatively, the neural pathway may be indi-
rectly evoked by delivering a peripheral sensory input,
such as a somatic touch or temperature input, or by pro-
prioceptive activity such as may be caused by the user
activating or clenching one or more muscles or making
one or more motions in a particular predetermined man-
ner which gives rise to neural activity which can be inter-
preted by a device monitoring the neural pathway. Addi-
tionally or alternatively, the neural pathway may be indi-
rectly evoked by delivering a visceral or parasympathetic
sensory input in a particular predetermined manner
which gives rise to neural activity which can be interpret-
ed by a device monitoring an associated neural pathway.
[0019] In some embodiments the communications
may originate from an external control device, and may
be configured to control or alter the operation of an im-
planted device. For example the external control device
may drive an input device such as a TENS device or a
vibrational or haptic input device, to deliver encoded pe-
ripheral sensory stimuli which give rise to neural respons-
es modulated with data which propagate along the affer-
ent sensory nerves to the implanted device. Such em-
bodiments may permit improved control of the duration,
time and intensity of each stimulus, and thus may be
particularly suited to delivery of higher data rates to the
implanted device as compared to manual sensory input.
[0020] In some embodiments, the vibrational device
used to deliver sensory input to the neural pathway may
be the mechanical vibrator of a smartphone. Such em-
bodiments may be particularly advantageous in utilising
a device already owned by many implant recipients, and
which has considerable computing power and thus may
be programmed to provide advanced communications
functionality with an implanted device by appropriately
activating the mechanical vibrator for such communica-
tions purposes. The invention thus may be embodied in
a smartphone app, which for example when executed
controls a smartphone to communicate with an implant
by vibrational sensory input.

[0021] Additionally or alternatively, in some embodi-
ments the communications may originate from manual
human sensory input, such as from the implant recipient.
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For example the communications originating from the im-
plant recipient may be configured to control or alter the
operation of an implanted device. In some such embod-
iments the implant recipient may manually deliver a sen-
sory input to their peripheral nerves such as by tapping
and/or stroking their leg(s) with their hand(s), in a prede-
termined pattern which gives rise to a pattern of neural
responses which are detected and decoded by the im-
planted device. Additionally or alternatively, the commu-
nication may be initiated by motor input such as by the
user clenching or activating one or more muscles or mak-
ing one or more motions in a predetermined manner
which gives rise to neural activity which can be detected
and decoded by the implanted device monitoring the neu-
ral pathway. Initiating communications via motor activity
rather than manual sensory input may be preferable if
the implant recipient is self-conscious about delivering
peripheral sensory inputs in public, as motor activity can
be generated by activating muscles against resistance
without requiring any movement and may thus be more
discreet. While embodiments utilising manual sensory
input are likely to achieve lower data rates than embod-
iments utilising an automated stimulus method, manual
sensory inputis nevertheless advantageous in permitting
at least simple data input or device control to take place
without the need for any external control device.

[0022] The encoding or modulation scheme used for
manual sensory input communications is preferably con-
figured to be distinguishable from normal motor activity,
so that normal activity of the user is not undesirably de-
tected as an instruction to change control settings of the
implanted device. For example, motor or proprioceptive
activity may be encoded by requiring consecutive motor
actions or sensory inputs on one side of the body, so as
to differentiate the encoded input from walking in which
motor or proprioceptive activity occurs on alternating
sides of the body. Formulating appropriate encoded sen-
sory or motor input for a given implant recipient may be
part of a fitting process afterimplantation of the implanted
device. For example the user may have a preference of
only tapping their feet to achieve such communications,
or gently slapping their thighs, or the like. The user’s pre-
ferred input activity may thus be accommodated during
device fitting, in some embodiments. Moreover, the or
each input pattern may resemble the rhythm of a favourite
song or the like, to improve intuitiveness of the system
for the user. In such embodiments the implanted device
may thus be configured at the time of fitting to attach a
unique control meaning to whichever input modulations
are preferred by the user.

[0023] In further embodiments in which the communi-
cations originate from manual human input or a relocat-
able peripheral input such as a handheld TENS device,
the implanted device may be configured to interpret such
input as having occurred at a location at which paraes-
thesia is required. This may occur during a temporary re-
mapping mode which may be entered when the implant
recipient or a clinician wishes to redefine device param-
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eters in order to change a region of paraesthesia deliv-
ered by the implanted device. When the device is in such
a mode, an array of electrodes of the implanted device
may detect neural responses on each electrode in a man-
ner which corresponds to the indicated location of the
required paraesthesia. The device may then reconfigure
a stimulus pattern in a manner that optimises the stimuli
delivered from each stimulus electrode, in a manner
which optimally delivers paraesthesia to the location de-
fined by the sensory input. Electrodes to sense the loca-
tion being indicated by the manual sensory input may be
positioned adjacent to one or more dorsal root ganglion
in order to ease the location mapping to within the cor-
responding dermatome. A similar effect may be achieved
by external device input such as by using an external
haptic device to deliver sensory input at the location of
required paraesthesia. Such embodiments may be par-
ticularly useful in cases of inaccurate electrode array im-
plantation during surgery, or post-surgical lead migration,
to facilitate re-mapping of stimulus electrodes.

[0024] Additionally or alternatively, in some embodi-
ments the communications may originate from one im-
planted device which electrically stimulates neural re-
sponses, and the evoked responses may propagate in
either an efferent or afferent direction along the neural
pathway to a second implanted device, in order to effect
communications between two implanted devices. A com-
munications network between a plurality of implanted de-
vices may thus be achieved. The communication network
may comprise more than one neural pathway if data com-
municated along a first neural pathway is transferred to
a second neural pathway by a suitable device or devices.
[0025] Additionally or alternatively, in some embodi-
ments the communications may originate from an im-
planted device and may be configured to propagate to
another location on the neural pathway to be detected
and decoded by a device external to the body, such as
cranial electrocardiography (ECG) electrodes configured
to detect electrical neural activity or a surface electromy-
ography (EMG) sensor configured to detect motor func-
tion such as a small muscle twitch or tic evoked by elec-
trical stimulus of motor fibres by the implanted device,
within the comfort range of the recipient, and modulated
with data.

[0026] The communications delivered along the neural
pathway may comprise instructions to activate or deac-
tivate a radio or other communications component of the
implanted device. Such embodiments thus permit the ra-
dio component to be deactivated when not required to
permit a reduction in battery power consumption by the
radio component, while also providing a means to reac-
tivate the implanted radio, when required by a separate
or external device or user.

[0027] The communications delivered along the neural
pathway may comprise instructions to activate, deacti-
vate or alter a therapeutic function of the implanted de-
vice. For example when the user of a spinal cord implant
treating chronic pain intends to go to sleep they may in-
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struct the device to turn off using communications in ac-
cordance with the present invention in order to save bat-
tery power overnight, and use equally simple inputs to
reactivate the therapeutic function when they wake up.

[0028] The implanted device is preferably operable to
differentiate between distally evoked neural activity and
locally evoked neural activity, for example in the manner
set forth in Australian Provisional Patent Application No.
2014904595, also by the present applicant. Such capa-
bility may be important in embodiments such as spinal
cord implants where the implanted device’s therapeutic
function involves substantially continuous or ongoing lo-
cally evoked responses, from which distally evoked re-
sponses which carry a communications purpose for the
device need to be differentiated.

Brief Description of the Drawings

[0029] An example of the invention will now be de-
scribed with reference to the accompanying drawings, in
which:

Figure 1 schematically illustrates an implanted spinal
cord stimulator;

Figure 2 is a block diagram of the implanted neuros-
timulator;

Figure 3 is a schematic illustrating interaction of the
implanted stimulator with a nerve;

Figure 4 illustrates neural activity observed upon a
neural pathway;

Figure 5illustrates modes of peripheral sensory data
input to a neural device in accordance with one em-
bodiment of the present invention;

Figure 6 illustrates a mode of peripheral sensory in-
put to a neural device in accordance with another
embodiment of the present invention; and

Figure 7 illustrates communication between two im-
planted neural devices along a neural pathway in
accordance with another embodiment of the inven-
tion.

Description of the Preferred Embodiments

[0030] Figure 1 schematically illustrates an implanted
spinal cord stimulator 100 Stimulator 100 comprises an
electronics module 110 implanted at a suitable location
in the patient’s lower abdominal area or posterior superior
gluteal region, and an electrode assembly 150 implanted
within the epidural space and connected to the module
110 by a suitable lead Numerous aspects of operation
of implanted neural device 100 are reconfigurable by an
external control device 192. Moreover, implanted neural
device 100 serves a data gathering role, and gathered
data needs to be communicated to external device 192.
These functions of implanted device 100 thus require the
provision of a communications channel 190 from a con-
troller 192 outside the body to the device 100 within the
body.
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[0031] Figure 2 is a block diagram of the implanted
neurostimulator 100. Module 110 contains a battery 112
and a telemetry module 114. In embodiments of the
present invention, any suitable type of transcutaneous
communication, such as infrared (IR), electromagnetic,
capacitive and inductive transfer, may be used by telem-
etry module 114 to transfer power and/or data between
an external device and the electronics module 110.
[0032] Module controller 116 has an associated mem-
ory 118 storing patient settings 120, control programs
122 and the like. Controller 116 controls a pulse gener-
ator 124 to generate stimuli in the form of current pulses
in accordance with the patient settings 120 and control
programs 122. Electrode selection module 126 switches
the generated pulses to the appropriate electrode(s) of
electrode array 150, for delivery of the current pulse to
the tissue surrounding the selected electrode. Measure-
ment circuitry 128 is configured to capture measure-
ments of neural responses sensed at sense electrode(s)
of the electrode array as selected by electrode selection
module 126.

[0033] Figure 3 is a schematic illustrating interaction
of the implanted stimulator 100 with a nerve 180, in this
case the spinal cord however alternative embodiments
may be positioned adjacent any desired neural tissue
including a peripheral nerve, visceral nerve, parasympa-
thetic nerve or a brain structure. Electrode selection mod-
ule 126 selects a stimulation electrode 2 of electrode ar-
ray 150 to deliver an electrical current pulse to surround-
ing tissue including nerve 180, and also selects a return
electrode 4 of the array 150 for stimulus current recovery
to maintain a zero net charge transfer.

[0034] Delivery of an appropriate stimulus to the nerve
180 evokes a neural response comprising a compound
action potential which will propagate along the nerve 180
as illustrated, for therapeutic purposes which in the case
of spinal cord stimulator for chronic pain might be to cre-
ate paraesthesia at a desired location.

[0035] The device 100 is further configured to sense
the existence and intensity of compound action potentials
(CAPs) propagating along nerve 180, whether such
CAPs are evoked by the stimulus from electrodes 2 and
4, or otherwise evoked. Thus, communications originat-
ing elsewhere along the neural pathway and intended for
the device 100, and comprising an encoded sequence
of action potentials, may be sensed by the device 100.
To this end, any electrodes of the array 150 may be se-
lected by the electrode selection module 126 to serve as
measurement electrode 6 and measurement reference
electrode 8. Signals sensed by the measurement elec-
trodes 6 and 8 are passed to measurement circuitry 128,
which for example may operate in accordance with the
teachings of International Patent Application Publication
No. WO2012155183 by the present applicant, the con-
tent of which is incorporated herein by reference.
[0036] Figure 4is aplot of neural activity observed up-
on the spinal cord 180 by the device 100. During the
period shown, four minutes, the implant recipient was
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asked to perform certain movements, as follows: no
movement at around 20-30 s, rubbing leg around 40-50s,
lifting leg around 60-70s, and walking during the period
120-140 s. The present invention recognises that each
active movement is distinguishable from a lack of move-
ment, and that each such sensory or proprioceptive input
can be deliberately modulated with data in order to com-
municate with the neural device 100.

[0037] Figure 5illustrates modes of peripheral sensory
data input involving the user tapping their feet and/or
slapping their thighs. The user may know to perform such
activities in a predefined pattern which can be distin-
guished in the neural signal as a communication, for ex-
ample the user may tap their feet in Morse code or to
replicate a favourite song. The user may also or alterna-
tively clench or activate certain muscle(s) to communi-
cate with the SCS 100.

[0038] Figure 6 illustrates machine-assisted sensory
input to communicate with the implanted device 100, in
the form of a smartphone 600 configured to deliver vi-
brational sensory inputs to the user’s thigh, to induce
afferent sensory activity on the lateral femoral cutaneous
nerve 602, for detection by the device 100. In this em-
bodiment, communication of external information orcom-
mands to the implanted system 100 is effected by placing
the vibration device 600 on an area of skin which is neu-
rologically addressed by the electrode array 150. Exter-
nalinformation orcommands are encoded as asequence
of vibrations, and the device 600 is controlled to vibrate
according to that sequence. The evoked sequence of
neural stimuli then propagate afferently along nerve 602
and into the spinal cord 180 and are then observed
through the electrodes 150. The observed neural re-
sponse sequence is decoded by the implant 110 to re-
cover the original information or commands. The encod-
ing of the sequence of vibrations may be carried out in
accordance with any suitable encoding scheme such as
being pulse width modulated, pulse amplitude modulat-
ed, pulse position modulated, amplitude or intensity mod-
ulated, delivered in bursts which are frequency modulat-
ed, modulated by analog or digital modulation, or on-off
keying. This arrangement has the advantage that there
is no need for the telemetry module 114 to be constantly
active toreceive radio communications. Instead, sensory
input communications from device 600 may be used to
selectively activate telemetry module 114 only when
needed, or may be used for any other communications
purpose.

[0039] Device 600 operates in this manner under the
control of an app, and such apps configured for commu-
nications with neural implants for therapeutic or other pur-
poses are within the scope of the present invention.
[0040] The arrangement of Figure 6 may additionally
or alternatively be used to re-program a site of paraes-
thesia effected by device 100. In such embodiments, the
memory 118 is populated with a store of calibration data
to assist in identifying the location where the skin is
touched by device 600. The calibration data is produced
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as follows: (a) neural responses are measured by device
100 while touching specified locations on the skin, and
(b) information is stored in the calibration store indicating
the nature of measurements which arise for each loca-
tion. Then when re-programming of the site of paraes-
thesia is required, as may be initiated by any suitable
communications method including those described here-
in, a re-programming mode is entered in which the device
600 is held against the skin at a location of desired par-
aesthesia, and caused to deliver vibrational sensory in-
puts. The evoked neural activity is observed by device
100 and matched to the closest match(es) from the cal-
ibration store in memory 118, and used to re-set the pa-
tient settings 120 such as stimulus electrode selection.

[0041] Figure7 illustrates communication between two
implanted devices 110 and 710, along a neural pathway
180. Device 710 is a vagus nerve stimulator which com-
prises an implanted electrode array 752 configured to
stimulate the vagus nerve 182 for therapeutic purposes
such as treatment of epilepsy or depression. Device 710
further comprises an electrode array 750 implanted
alongside the spinal cord 180 in order to enable commu-
nications with the device 110 along the communications
channel provided by the spinal cord 180. Device 110 may
thereby communicate with device 710 by causing the de-
livery of encoded stimuli from electrode array 150 to the
spinal cord 180, in order to evoke neural responses which
propagate along the spinal cord. Array 750 is then able
to sense the passing sequence of neural activity evoked
by the device 110, from which the device 710 decodes
the communications. For example, device 110 may be
operable to monitor a heart rate of the patient by refer-
ence to heartbeat modulations of observed neural re-
sponses on the spinal cord 180, and to communicate to
device 710 at times when changed vagus nerve stimu-
lation is required in order to influence a heart rate of the
patient. The configuration of array 750 and the associat-
ed components of device 710 may be substantially the
same as for device 100 as shown in Figure 3.

[0042] It will be appreciated by persons skilled in the
art that numerous variations and/or modifications may
be made to the invention as shown in the specific em-
bodiments without departing from the spirit or scope of
the invention as broadly described. The present embod-
iments are, therefore, to be considered in all respects as
illustrative and not limiting or restrictive.

Claims

1. A method of communicating along a neural pathway,
the method comprising:

stimulating the neural pathway at a first location
by delivering a peripheral sensory input, in order
to evoke neural responses which propagate
along the neural pathway, the neural responses
being modulated with data;
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an implanted device (100) sensing the evoked
neural responses at a second location spaced
apart from the first location along the neural
pathway, and

the implanted device (100) demodulating the
sensed neural responses to retrieve the data,
the data being configured to control or alter the
operation of the implanted device (100).

The method of claim 1 wherein the communicated
data instructs a neural device to activate a wireless
transceiver.

The method of claim 1 or claim 2 wherein the com-
munications delivered along the neural pathway
comprise instructions to activate, deactivate or alter
a therapeutic function of the implanted device (100).

The method of any one of claims 1 to 3 wherein the
modulated neural responses are evoked by a tran-
scutaneous electrical nerve stimulation (TENS) de-
vice.

The method of any one of claims 1 to 4 wherein the
modulated neural responses are evoked by sensory
input comprising one of somatic touch, temperature
input or proprioceptive activity.

The method of any one of claims 1 to 5 wherein the
peripheral sensory input is delivered by an external
control device (192) comprising a vibrational input
device configured for stimulating the neural pathway.

The method of claim 6 wherein the vibrational input
device is a mechanical vibrator of a smartphone.

The method of any one of claims 1 to 7 wherein the
modulated neural responses are evoked by stimu-
lating the neural pathway directly.

The method of any one of claims 1 to 8, further com-
prising formulating appropriate encoded sensory or
motor input for a given implant recipient as part of a
fitting process afterimplantation of the implanted de-
vice (100).

The method of any one of claims 1 to 9, wherein the
peripheral sensory input is delivered by an external
control device (192) comprising a vibrational input
device, and wherein the fitting process includes con-
figuring the implanted device (100) to attach a unique
control meaning to input modulations selected by the
user.

The method of any one of claims 1 to 10 further com-
prising entering a temporary re-mapping mode to re-
define device parameters in order to change aregion
of paraesthesia delivered by the implanted device
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12.

13.

14.

15.

(100).

A system for communicating along a neural pathway,
the system comprising:

an external control device (192) configured to
stimulate the neural pathway at a first location,
in order to evoke neural responses which prop-
agate along the neural pathway, the neural re-
sponses being modulated with data; and

an implanted device (100) configured to sense
the evoked neural responses at a second loca-
tion spaced apart from the first location along
the neural pathway, and to demodulate the
sensed neural responses to retrieve the data,
the data being configured to control or alter the
operation of the implanted device (100).

The system of claim 12 wherein the implanted device
(100) is a spinal cord stimulator.

The system of claim 12 or claim 13 wherein the ex-
ternal device is a smartphone.

The system of any one of claims 12 to 14 wherein
the communicated data comprises instructions for
the implanted device (100) to activate a wireless
transceiver.

Patentanspriiche

1.

Verfahren zum Kommunizieren entlang einer Ner-
venbahn, wobei das Verfahren umfasst:

Stimulieren der Nervenbahn an einer ersten
Stelle durch Ausflihren einer peripheren senso-
rischen Eingabe, um neuronale Reaktionen her-
vorzurufen, die sich entlang der Nervenbahn
ausbreiten, wobei die neuronalen Reaktionen
mit Daten moduliert sind;

eine implantierte Vorrichtung (100), welche die
hervorgerufenen neuronalen Reaktionen an ei-
ner zweiten Stelle beabstandet von der ersten
Stelle entlang der Nervenbahn erfasst, und

die implantierte Vorrichtung (100), die die er-
fassten neuronalen Reaktionen demoduliert,
um die Daten abzurufen, wobei die Daten kon-
figuriert sind, um den Betrieb der implantierten
Vorrichtung (100) zu steuern oder zu andern.

Verfahren nach Anspruch 1, wobei die kommunizier-
ten Daten eine neuronale Vorrichtung anweisen, ei-
nen drahtlosen Sendeempfanger zu aktivieren.

Verfahren nach Anspruch 1 oder Anspruch 2, wobei
die entlang der Nervenbahn gelieferten Kommuni-
kationen Anweisungen umfassen, um eine thera-
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peutische Funktion der implantierten Vorrichtung
(100) zu aktivieren, zu deaktivieren oder zu andern.

Verfahren nach einem der Anspriiche 1 bis 3, wobei
die modulierten neuronalen Reaktionen durch eine
Vorrichtung zur transkutanen elektrischen Nerven-
stimulation (TENS) hervorgerufen werden.

Verfahren nach einem der Anspriiche 1 bis 4, wobei
die modulierten neuronalen Reaktionen durch eine
sensorische Eingabe hervorgerufen werden, die ent-
weder eine Korperberiihrung, eine Temperaturein-
gabe oder eine propriozeptive Aktivitat umfasst.

Verfahren nach einem der Anspriiche 1 bis 5, wobei
die periphere sensorische Eingabe durch eine ex-
terne Steuervorrichtung (192) bereitgestellt wird, die
eine Vibrationseingabevorrichtung umfasst, die zum
Stimulieren der Nervenbahn konfiguriert ist.

Verfahren nach Anspruch 6, wobei die Vibrationsein-
gabevorrichtung ein mechanischer Vibrator eines
Smartphones ist.

Verfahren nach einem der Anspriiche 1 bis 7, wobei
die modulierten neuronalen Reaktionen direkt durch
Stimulieren der Nervenbahn hervorgerufen werden.

Verfahren nach einem der Anspriiche 1 bis 8, ferner
umfassend das Formulieren einer geeigneten co-
dierten sensorischen oder motorischen Eingabe fir
einen bestimmten Implantatempféanger als Teil eines
Anpassungsprozesses nach Implantieren der imp-
lantierten Vorrichtung (100).

Verfahren nach einem der Anspriiche 1 bis 9, wobei
die periphere sensorische Eingabe durch eine ex-
terne Steuervorrichtung (192) bereitgestellt wird, die
eine Vibrationseingabevorrichtung umfasst, und wo-
bei der Anpassungsprozess das Konfigurieren der
implantierten Vorrichtung (100) umfasst, um den
vom Benutzer ausgewahlten Eingabemodulationen
eine eindeutige Steuerbedeutung zuzuweisen.

Verfahren nach einemder Anspriiche 1bis 10, ferner
umfassend den Eintritt in einen temporaren Neuzu-
ordnungsmodus zum Neudefinieren von Vorrich-
tungsparametern, um einen Parasthesiebereich zu
andern, der durch die implantierte Vorrichtung (100)
geliefert wird.

System zum Kommunizieren entlang einer Nerven-
bahn, wobei das System umfasst:

eine externe Steuervorrichtung (192), die so
konfiguriert ist, dass sie die Nervenbahn an ei-
ner ersten Stelle stimuliert, um neuronale Reak-
tionen hervorzurufen, die sich entlang der Ner-
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13.

14.

15.

venbahn ausbreiten, wobei die neuronalen Re-
aktionen mit Daten moduliert sind; und

eine implantierte Vorrichtung (100), die konfigu-
riertist, um die hervorgerufenen neuronalen Re-
aktionen an einer zweiten Stelle beabstandet
von der ersten Stelle entlang der Nervenbahn
zu erfassen und die erfassten neuronalen Re-
aktionen zu demodulieren, um die Daten abzu-
rufen, wobei die Daten konfiguriert sind, um den
Betrieb der implantierten Vorrichtung (100) zu
steuern oder zu andern.

System nach Anspruch 12, wobei die implantierte
Vorrichtung (100) ein Rickenmarkstimulator ist.

System nach Anspruch 12 oder Anspruch 13, wobei
die externe Vorrichtung ein Smartphone ist.

System nach einem der Anspriiche 12 bis 14, wobei
die kommunizierten Daten Anweisungen fiir die im-
plantierte Vorrichtung (100) umfassen, um einen
drahtlosen Sendeempfanger zu aktivieren.

Revendications

1.

Procédé de communication le long d’une voie neu-
rale, le procédé comprenant :

la stimulation de la voie neurale au niveau d’un
premier emplacement par délivrance d’une en-
trée sensorielle périphérique, de maniere a évo-
quer des réponses neurales qui se propagent le
long de la voie neurale, les réponses neurales
étant modulées avec des données,

un dispositifimplanté (100) détectant les répon-
ses neurales évoquées au niveau d’'un second
emplacement espacé du premier emplacement
le long de la voie neurale, le dispositif implanté
(100) démodulant les réponses neurales détec-
tées pour récupérer les données, les données
étant configurées pour commander ou modifier
le fonctionnement du dispositif implanté (100).

Procédé selon la revendication 1 dans lequel les
données communiquées donnent I'instruction a un
dispositif neural d’activer un émetteur-récepteur
sans fil.

Procédé selon la revendication 1 ou la revendication
2 dans lequel les communications délivrées le long
delavoie neurale comprennentdes instructions pour
activer, désactiver ou modifier une fonction théra-
peutique du dispositif implanté (100).

Procédé selon 'une quelconque des revendications
1 a 3 dans lequel les réponses neurales modulées
sont évoquées par un dispositif de stimulation ner-
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veuse électrique transcutanée (TENS).

Procédé selon I'une quelconque des revendications
1 a 4 dans lequel les réponses neurales modulées
sont évoquées par une entrée sensorielle compre-
nant 'un d’'un toucher somatique, d’'une entrée de
température ou d’'une activité proprioceptive.

Procédé selon I'une quelconque des revendications
1 a 5 dans lequel I'entrée sensorielle périphérique
est délivrée par un dispositif de commande externe
(192) comprenant un dispositif d’entrée vibratoire
configuré pour stimuler la voie neurale.

Procédé selon la revendication 6 dans lequel le dis-
positif d’entrée vibratoire est un vibreur mécanique
d’'un smartphone.

Procédé selon I'une quelconque des revendications
1 a 7 dans lequel les réponses neurales modulées
sont évoquées par stimulation de la voie neurale di-
rectement.

Procédé selon I'une quelconque des revendications
1 a 8, comprenant en outre la formulation d’'une en-
trée motrice ou sensorielle codée adaptée pour un
receveur d’'implant donné comme une partie d’'un
processus d’ajustement apres I'implantation du dis-
positif implanté (100) .

Procédé selon I'une quelconque des revendications
1 a9, dans lequel I'entrée sensorielle périphérique
est délivrée par un dispositif de commande externe
(192) comprenant un dispositif d’entrée vibratoire,
et dans lequel le processus d’ajustement comporte
la configuration du dispositifimplanté (100) pour qu’il
soit fixé a un moyen de commande unique pour en-
trer les modulations sélectionnées par I'utilisateur.

Procédé selon I'une quelconque des revendications
1 a 10 comprenant en outre I'entrée d’'un mode de
remappage temporaire pour redéfinir les parametres
de dispositif de maniére a modifier une région de
paresthésie délivrée par le dispositif implanté (100).

Systeme de communication le long d’'une voie neu-
rale, le systéme comprenant :

un dispositif de commande externe (192) confi-
guré pour stimuler la voie neurale au niveau d’'un
premier emplacement, pour évoquer des répon-
ses neurales qui se propagent le long de la voie
neurale, les réponses neurales étant modulées
avec les données et

un dispositif implanté (100) configuré pour dé-
tecter les réponses neurales évoquées au ni-
veau d’'un second emplacement espacé du pre-
mier emplacement le long de la voie neurale, et
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13.

14.

15.

pour démoduler les réponses neurales détec-
tées pour récupérer les données, les données
étant configurées pour commander ou modifier
le fonctionnement du dispositif implanté (100).

Systéme selon la revendication 12 dans lequel le
dispositifimplanté (100) est un stimulateur de moelle
épiniére.

Systéme selon la revendication 12 ou la revendica-
tion 13, dans lequel le dispositif externe est un smart-
phone.

Systéme selon I'une quelconque des revendications
12 a 14 dans lequel les données communiquées
comprennent des instructions pour que le dispositif
implanté (100) active un émetteur-récepteur sansfil.



EP 3 229 893 B1

100 110

A

e
;
£
-
)

11 3 - ) | Elaclrode
21V 3 Slactmds Sakection
: 126 ,\

Poawvar . Pulse Astiplifier &
Souree | - Gonorator | ALC

112 M: 128
|

Telernetry |

. Contradier
114 116
T I
i [
] \
118 —md | Patisnt : Condrad 100
| Geltings | DrOgraEms
120 122
L o e e e e e e e e e e e e e e e e e e e e e e e e e e e 1

10



EP 3 229 893 B1

. Tlachods sefeclion

Highasiy

U1 pudse
anad b e

L4
Pufeal 24 g
NW\“\N: 2 :»m

Conteat | Denmeator N

Y

Sardrolier . I T N ad 4§ NI
st raliam » $

) *{emn‘
Elactrods N : 180
salection N :
W"’ o3 AR i
h S §m£ ;“w ¥

aaassdnd g \.‘“ \\\\\\\\\\\\\

. 126 O
\ Al Refanmon

128 S
Spinat oord

i

d

R ubbing
2000 | oo

—1 Lifting

Lo0n

Vaoltage (uV)

1000

No
Movement

Walking
-2000

Fime ()

Figure 4

Substitote Shest
(Rule 26) ROVAL

1"



EP 3 229 893 B1




EP 3 229 893 B1

13



EP 3 229 893 B1

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* US 4158196 A [0003] * US 2015238304 A1[0003]
* WO 2010051392 A1 [0003] * AU 2014904595 [0028]
* WO 2010013170 A1 [0003] * WO 2012155183 A [0035]

Non-patent literature cited in the description

* ANDREW S FRENCH et al. Information transmission
at 500 bits/s by action potentials in a mechanosen-
sory neuron of the cockroach. NEUROSCIENCE
LETTERS, 03 February 1998, vol. 243, 113-116
[0003]

14



patsnap

EREW(OF) HEARANBEL EREE
DFH(RE)S EP3229893B1 NIF(AEH)A 2020-06-17
BiES EP2016739680 RiEH 2016-01-19

FRIBFB(EFRD)AGR) FERESFERLT
i (E R AGR) #& A AMEDICAL PTY LTD
HETHFER)AGE) BFEAIEMEDICAL PTY LTD

[#R1 &% BB A PARKER JOHN LOUIS
STAPLES MARK

RAAN PARKER, JOHN LOUIS
STAPLES, MARK

IPCH %S AB61N1/36 A61B5/04 A61B5/00 GO6F3/01 A61N1/372

CPCH %S A61B5/0028 A61B5/0031 A61B5/04001 A61B5/686 A61B5/7475 A61B2560/0487 AG61N1/37217 AG61N1
/37211 GO6F3/015 A61N1/0526 A61N1/36132

REBHAG(F) B /R EIMRAY

1k AR 2015900134 2015-01-19 AU

H 20T S0k EP3229893A1
EP3229893A4

SNEBeEEE Espacenet

WE(E)

REtpBLRENER. EF-LERHHLER A UEsIRIHELE
BRLBNBERA , ERHERNEHEER,. TaEwLBRsE—
VERRTFHE-VEL , BN FERNBEREN, REFRNE S
ZRNBEIRZERE, RBAUUSEAERRERY , HEE-NET
BATEREA B9 S AR BE BIAL



https://share-analytics.zhihuiya.com/view/6eb79fe3-d458-40ac-b8e2-037b4063f450
https://worldwide.espacenet.com/patent/search/family/056416198/publication/EP3229893B1?q=EP3229893B1

