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(7) ABSTRACT

The present disclosure relates to an active closed-loop
medical system comprising at least one implantable medical
device, at least one non-implanted component and at least a
controller for controlling the implantable medical device,
wherein the implantable medical device, the non-implanted
component and the controller are connected for data
exchange, wherein the implantable medical device, the
non-implanted component and the controller forming in the
active state a closed-loop system in such that the implantable
medical device is controlled by the controller on the basis of
the signals exchanged with the non-implanted component.
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ACTIVE CLOSED-LOOP MEDICAL SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to European Patent
Application No. 16199094.0, entitled “An Active Closed-
Loop Medical System,” filed Aug. 16, 2016, the entire
contents of which are hereby incorporated by reference for

all purposes.
TECHNICAL FIELD

[0002] The present disclosure relates to an active closed-
loop medical system, especially an active closed-loop medi-
cal system for neurostimulation, e.g. in the field of improv-
ing recovery after neurological disorders like spinal cord
injury (SCI), for example after trauma.

BACKGROUND AND SUMMARY

[0003] EP 2 868 343 Al discloses a system to deliver
adaptive electrical spinal cord stimulation to facilitate and
restore locomotion after neuromotor impairment. Inter alia,
a closed-loop system for real-time control of epidural elec-
trical stimulation is disclosed, comprising means for apply-
ing to a subject neuromodulation with adjustable stimulation
parameters, means being operatively connected with a real-
time monitoring component comprising sensors continu-
ously acquiring feedback signals from subject, signals pro-
viding features of motion of a subject, system being
operatively connected with a signal processing device
receiving feedback signals and operating real-time auto-
matic control algorithms, signal processing device being
operatively connected with means and providing means with
new stimulation parameters, with minimum delay. The sys-
tem of the present disclosure improves consistency of walk-
ing in a subject with a neuromotor impairment. A Real Time
Automatic Control Algorithm is used, comprising a feed-
forward component employing a single input-single output
model (SISO), or a multiple input-single output (MISQ)
model. Reference is also made to Wenger et al., Closed-loop
neuromodulation of spinal sensorimotor circuits controls
refined locomotion after complete spinal cord injury, in
Science Translational Medicine, vol. 6, num. 255, 2014.
[0004] WO 2002/034331 A2 discloses a non-closed loop
implantable medical device system that includes an implant-
able medical device, along with a transceiver device that
exchanges data with the patient, between the patient and the
implantable medical device, and between a remote location
and the implantable medical device. A communication
device coupled to the transceiver device exchanges data with
the transceiver device, the implantable medical device
through the receiver device, and between the transceiver
device and the remote location to enable bi-directional data
transfer between the patient, the implantable medical device,
the transceiver device, and the remote location. A converter
unit converts transmission of the data from a first telemetry
format to a second telemetry format, and a user interface
enables information to be exchanged between the trans-
ceiver device and the patient, between the implantable
medical device and the patient through the transceiver
device, and between the patient and the remote location
through the transceiver device.

[0005] US 2002/0052539 Al describes a partial closed
loop, non-continuous and non-real-time emergency medical

May 17, 2018

information communication system and corresponding
methods. The system permits an emergency alert to be
issued on the basis of information sensed or processed by an
implantable medical device (IMD) implanted within a body
of a patient. The IMD is capable of bidirectional commu-
nication with a communication module, a mobile telephone
and/or a Personal Data Assistant (PDA) located outside the
patient’s body. The communication module, a mobile tele-
phone or a PDA is capable of communicating an emergency
alert generated by the IMD to a remote computer via a
communication system. At the remote computer system it
may be determined that emergency remedial action is
required. If so, the action is executed remotely from the
remote computer system in the IMD via the communication
system.

[0006] U.S. Pat. No. 7,149,773 B2 relates to methods,
devices and systems for automatically generating invoices
when medical services are provided to a patient are
described. Invoices are automatically generated by the sys-
tem, for example, when monitoring of certain aspects of the
performance of an implantable medical device (IMD)
implanted within a body of a patient is initiated by the
patient or remotely, or when the delivery of a therapy to the
patient through the IMD is initiated locally or remotely. The
IMD is capable of bi-directional communication with a
communication module, a mobile telephone and/or a Per-
sonal Data Assistant (PDA) located outside the patient’s
body. The system invoicing system may comprise the IMD,
the communication module and/or a mobile telephone and/
or a PDA, means for generating an invoice, a remote
computer system, and a communication system capable of
bi-directional communication, where the communication
module, the mobile telephone and/or the PDA is capable of
receiving information from the IMD or relaying information
thereto.

[0007] U.S. Pat. No. 6,878,112 B2 discloses a plurality of
co-operative and complementary software programs are
implemented in a web-enabled high speed computer system
to remotely monitor, manage and modify the operational and
functional parameters of a plurality of implanted medical
devices (IMDs). The system utilizes virtual electrophysiolo-
gist module (VEM), chronic monitoring module (CMM) and
prescription program module (PPM) programs to effect
specific therapeutic and diagnostic methods for managing
the IMDs, remotely on a conditions and real-time basis. The
modules enable remote and continuous monitoring, man-
agement and maintenance of the IMDs by identifying criti-
cal medical events, determining optimal clinical settings and
upgrading performance parameters based on prescriptive
data. The modules are implemented in a data center having
high-speed computers operating in a web-enabled environ-
ment. The modules and the IMDs communicate through
wireless communications system via a programmer or an
interface medical unit (IMD).

[0008] EP2 652 676 Al relates to a gesture controlling for
monitoring vital body signs and reuses an accelerometer, or,
more precise, sensed accelerations of a body sensor for user
control of the body sensor. This is achieved by detecting
predefined patterns in the acceleration signals that are unre-
lated to other movements of the patient. These include
tapping on/with the sensor, shaking, and turning the sensor.
New procedures are described that make it possible to re-use
the acceleration sensing for reliable gesture detection with-
out introducing many false positives due to non-gesture
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movements like respiration, heart beat, walking, etc. Similar
solutions for tapping detection of a user are known from
U.S. Pat. No. 8,326,569 and U.S. Pat. No. 7,742,037.
[0009] Epidural Electrical Stimulation (EES) is known as
a different approach to Functional Electrical Stimulation
(FES). Several scientific papers deal with EES, e.g. Capo-
grosso, M, et al, A Computational Model for Epidural
Electrical Stimulation of Spinal Sensorimotor Circuits, Jour-
nal of Neuroscience 4 Dec. 2013, 33 (49) 19326-19340,
Courtine et al., Transformation of nonfunctional spinal cir-
cuits into functional states after the loss of brain input, Nat
Neurosci. 2009 October; 12(10): 1333-1342. Moraud et al,
Mechanisms Underlying the Neuromodulation of Spinal
Circuits for Correcting Gait and Balance Deficits after
Spinal Cord Injury, Neuron Volume 89, Issue 4, p 814-828,
17 Feb. 2016.

[0010] It is an object of the present disclosure to provide
an active closed-loop medical system with enhanced func-
tionality, especially an active closed-loop medical system
for neurostimulation, e.g. in the field of improving recovery
after neurological disorders like spinal cord injury (SCI), for
example after trauma, especially in that a closed-loop system
can established not only on the basis of implanted compo-
nents.

[0011] This object is solved according to the present
disclosure by an active closed-loop medical system with the
features of claim 1. Accordingly, an active closed-loop
medical system is provided comprising at least one implant-
able medical device, at least one non-implanted component
and at least a controller for controlling the implantable
medical device, wherein the implantable medical device, the
non-implanted component and the controller are connected
for information exchange, wherein the implantable medical
device, the non-implanted component and the controller
form in the active state a closed-loop system in such that the
implantable medical device is controlled by the controller on
the basis of the signals exchanged with the non-implanted
component.

[0012] It should be understood that the summary above is
provided to introduce in simplified form a selection of
concepts that are further described in the detailed descrip-
tion. It is not meant to identify key or essential features of
the claimed subject matter, the scope of which is defined
uniquely by the claims that follow the detailed description.
Furthermore, the claimed subject matter is not limited to
implementations that solve any disadvantages noted above
or in any part of this disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 shows a schematic view of an active closed-
loop medical system in a training environment.

[0014] FIG. 2 shows the active closed-loop medical sys-
tem, as shown in FIG. 1, outside of the training environment.
[0015] FIG. 3 shows a flow chart of a method for control-
ling a closed-loop medical system.

DETAILED DESCRIPTION

[0016] The following description relates to systems and
methods for an active, closed-loop medical system, such as
the system shown in FIGS. 1 and 2. The system may include
an implantable medical device, such as an implantable pulse
generator or a neurostimulator, a controller, and one or more
external sensors positioned on or around a patient in which
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the implantable medical device is implanted. During opera-
tion, the control signals sent to the implantable medical
device may be determined and updated according to motion
feedback signals received by the one or more sensors during
stimulation of the patient, as shown in the example method
presented at FIG. 3. In this way, more accurate stimulation
signals may be delivered to a patient, thereby increasing the
effectiveness of their treatment and recovery.

[0017] The present disclosure is based on the basic idea
that components of the closed-loop system are connected to
each other, irrespective of whether they are inside, i.e.
implanted in the patient, or outside, i.e. designed as wearable
or attached to the body of the patient, of the body of the
patient. By means of the connection of the components of
the system, a data exchange can be done, which is needed to
form a closed-loop system. This means inter alia, that
components of the closed-loop system interact in order to
control signals with at least another component of the
closed-loop system and that also at least one component
gives feedback to for example the controlling means of the
closed loop system in order to influence the next and
upcoming control signals to be provided by the controlling
means. Also, components can be arranged inside and outside
of e.g. the human body of a patient to be treated. This allows
a design, where only those components must be implanted
into the patient that are really necessary within the patient,
e.g. as implantable medical device an implantable pulse
generator, a neurostimulator or neuromodulator. Compo-
nents, that might need maintenance over the lifetime like
battery exchange, sensor or sensor battery exchange, regular
recharging, new set up of control data or software updates
can now be arranged outside of the body of the patient.
Consequently, an active closed-loop medical system for e.g.
neurostimulation (but not limited to this field) may be
provided, e.g. in the field of improving recovery after
neurological disorders like spinal cord injury (SCI), for
example after trauma, or other conditions like stroke or
multiple sclerosis, especially in that a closed-loop system
can established not only on the basis of implanted compo-
nents.

[0018] For example, the implantable medical device can
comprise or be a neurostimulator.

[0019] In particular, it is possible that the implantable
medical device comprises or is a neurostimulator or a
component of a neurostimulator, especially wherein the
neurostimulator is a Epidural Electrical Stimulation (EES)
neurostimulator.

[0020] Epidural Electrical Stimulation (EES) does not
directly stimulate motor-neurons but the afferent sensory
neurons prior to entering into the spinal cord, hence acti-
vating the synaptic circuits that are naturally involved in
locomotor control. Therefore, EES specifically triggers
activity dependent plasticity in the spinal cord resulting in
ongoing learning and improvement of the patient’s locomo-
tor function. This stimulation mode mediates a continuous
activation of all the proprioceptive afferent nerves at the
same time.

[0021] EES may be used to further improve immediate
and training-induced effects can be further improved when
proprioceptive afferent nerves are stimulated more selec-
tively and aligned with the different phases of the gait cycle.
During walking, these phases consist of an alternation
between stimulation of the extension and flexion muscles of
the right versus the left leg. Time-space EES may be used to
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restore both the swing phase (flexion) and the weight-
bearing stance phase (extension) whereas continuous EES
may block the limbs.

[0022] To the contrary, during Functional FElectrical
Stimulation (FES), efferent motor-neuron axons and
muscles are stimulated directly and distally from the com-
plex synaptic circuits of the spinal cord that regulate the
locomotors activities. Consequently, the resulting move-
ments and muscular activities are involuntary and do not
trigger as much plasticity mechanisms in the spinal cord that
allow for learning an improvement of the locomotor func-
tions over time. Conceptually, FES complies the same
principles as discovered by Luigi Galvani in 1780 by
inducing muscle contractions in frogs. Summarizing, FES
makes use of the basic principles of electro-physiology and
therefore can lead to easily obtain immediate successes.
However, long clinical history has shown that successes
remain isolated cases and that the combination of cumber-
some stimulation with the immediate muscle fatigue renders
FES unsuitable for use in daily life especially in the field
where the patent application is aiming for. The more recently
discovered indirect EES method builds on a strong scientific
foundation and has the potential to overcome the most of the
inherent limitation to FES but is lacking larger clinical
experience so far.

[0023] In particular, the Epidural Electrical Stimulation
(EES) neurostimulator may be arranged and configured as a
spatially selective spinal implant, configured to work on the
basis of temporally precise stimulation algorithms adjusted
in a ‘closed-loop’ way using real-time motion feedback
inputs as a part of the active closed-loop medical system.
[0024] It is possible that the non-implanted component
and the controlling means are connected at least partially
wirelessly and/or by means of a wired connection. The idea
behind is that the most suitable and/or reliable connection
should and can be established.

[0025] A wireless connection provides more degrees of
freedom and liberty of action.

[0026] A wired connection is very reliable and less prone
to external factors like disturbing and interfering signals.
[0027] The combination of both a wireless connection and
wired connection can be advantageous in order to realize a
good combination in terms of more degrees of freedom and
liberty of action and reliability at the same time. So, redun-
dant data connection can be established.

[0028] The controlling means may be configured such that
the signals exchanged with the controlling means from the
non-implanted component and/or the implantable medical
device are processed in real-time.

[0029] Real-time may be understood as real-time or close
to real-time. Inter alia, a time frame and short delay between
0.0 to approximately 30 ms can be understood to fulfill the
condition real-time.

[0030] For example, the data exchange between the con-
trolling means and the implantable medical device may be
such that the controlling means and at least one component
of implantable medical device exchange signals. The at least
one component may be for example an implantable or
implanted sensor.

[0031] The signals may include and/or may be related
inter alia to data such as system data and/or patient data
and/or physiological data. Moreover, the signals may be
related to control data and/or information or the like.
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[0032] A processing of the signals received by the con-
trolling means from the non-implanted component is of
advantage to enhance the performance of the active closed-
loop medical system. Such a real-time processing allows
significant improvements in the field of neurostimulation, in
particular that based on sensor input in real-time or close to
real-time the necessary signals may be prepared based on the
processing of the input sensor signals.

[0033] The controlling means may be at least partially
arranged extra corporeal. This simplifies the maintenance of
the controlling means. Furthermore, a battery change for the
controlling means may be made easier by having the con-
trolling means at least partially arranged extra corporeally.
[0034] The controlling means may be at least partially
arranged intra corporeal. In particular this part of the con-
trolling means may be for example an electronic component
that is part of the implantable medical device. The intra
corporeal part of the controlling means may be also simply
a communication module that is able to communicate with
the extra corporeal part of the controlling means.

[0035] The non-implanted component may comprise or
may be a sensor for sensing physiological data of the user of
the active closed-loop medical system. Such a sensor may be
chosen from the group of gyroscopes, accelerometers, video
cameras, pressure sensors, force sensors, electromyograms
(EMQG), neural probes or the like. Such sensors may for
example detect motion features like kinetics, kinematics,
muscular activity, neuronal signals, movement of the
patient, intended movement of the patient or the like. The
physiological data may be related to electrophysiological
signals especially related to movement of the patient.
[0036] The active closed-loop medical system may further
comprise at least one implanted sensor as a part of the
implantable medical devise for sensing physiological data of
the user of the active closed-loop medical system. The
physiological data may be related to electrophysiological
signals especially related to movement of the patient. By
this, very specific signals may be detected and alternatively
or in combination with sensors outside of the body and the
triggering events for the intended motor tasks, for example
locomotion, may be detected and used for the control signals
provided by the controlling means.

[0037] The sensor(s) may be configured to acquire signals
related to physiological data including but not limited to
motion, kinetics, kinematics, muscular activity, neural activ-
ity, neural activity correlates, body temperature.

[0038] The system may comprise a voice control module
configured to receive and process voice based commands
that set the specific control signals and/or method steps of
the closed-loop processing of the system, especially to stand
and/or walk and/or sit to stand/stand up, move the arms
and/or generally move parts of the body. The system and
especially the voice control module may comprise or may be
a sensor for example for detection of voice based commands
that set the specific control signals and program features of
the closed-loop processing, for example to stand, walk, sit to
stand, move the arms and/or generally move parts of the
body. Also, if applicable, the non-implanted and/or
implanted sensor (e.g. provided as part of the implantable
medical device) may be a sensor for example for detection
of voice based commands that set the specific control signals
and program features of the closed-loop processing, for
example to stand, walk, sit to stand, move the arms and/or
generally move parts of the body. By providing a voice
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control the handling of the whole system for the user is
simplified and can be more intuitive. Especially in cases,
when the patient or the physician or the trainer of the patient
intends to change the way or kind of movement, this can be
triggered by a simple voice command. Such a voice com-
mand is then received by the voice control module, trans-
formed into a system signal configured to be processed by
controlling means and submitted to the controlling means.
This process may be done also in real-time.

[0039] A voice recognition provides more degrees of
freedom and liberty of action, especially for individuals with
limited arm and hand mobility due to neurological disorders
like spinal cord injury (SCI), for example after cervical
spinal cord trauma.

[0040] Voice recognition is especially very useful for the
treatment of tetraplegic patients. By using voice commands,
such patients will be enabled to control intuitively and very
easily the system.

[0041] The active closed-loop medical system may com-
prise extra corporeal communication means, wherein the
extra corporeal communication means comprise a receiver,
which is connected in the active state with the non-im-
planted component. By means of the receiver the extra
corporeal communication means is capable to establish a
connection with the non-implanted components and a subset
of implanted components, e.g. such as the sensors or the like.
[0042] Furthermore, the implantable medical device may
have an intra corporeal data transmission unit comprising a
data transmission coil, wherein the receiver also comprises
a data transmission coil and wherein the receiver in the
inter-corporeal data transmission unit transcutaneous con-
nected by means of a coil-to-coil-communication connec-
tion provided by the data transmission coil of the receiver
and the inter corporeal data transmission unit.

[0043] The coil-to-coil-communication connection may
be an inductive coupling, which can be used to transfer data
but also energy. This can provide a reliable and highly
efficient communication connection for transcutaneous data
and/or energy transmission from the extra corporeal parts of
the active closed-loop medical system to the intra corporeal
parts of the active closed-loop medical system. The com-
munication may be bi-directional. It is possible that for each
communication direction a separate coil-to-coil-communi-
cation is established.

[0044] Generally speaking, alternatives to a coil-to-coil-
communication connection any suitable inductive coupling
or inductive coupled link may be used.

[0045] Furthermore, the receiver may be connected in the
active state with the non-implanted component via Blu-
etooth and/or WIFI. Generally speaking, other suitable wire-
less data transfer protocols may be used. Alternatively, for
example optical means, RF-technology or inductive cou-
pling or magnetic field technology or ultrasound can be
used.

[0046] Bluetooth and/or WIFI data connections may, in
one example, be used and provide the advantage that a fast
data transmission, which is bi-directional and real-time or
close to real-time, can be provided.

[0047] Voice may, one example, be used and provide the
advantage of a fast and simple transmission of instruction to
the external controller.

[0048] The receiver may be connected in the active state
with the implanted or the non-implanted component via a
wireless ultrasound link. For example, the receiver and the
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implanted, or respectively the non-implanted, component
can be configured such that both components of the active
closed-loop medical system are able to modulate the ultra-
sound to carry a signal (like radio signals are modulated).
Furthermore, both components of the active closed-loop
medical system may be configured that the received ultra-
sound signal may be decoded by a modulated-ultrasound
receiver being part of the receiver and also part of the
implanted, or respectively the non-implanted, component or
any other suitable signal. This signal may then be used for
inter alia controlling the overall system in real-time.
[0049] Additionally, the communication of the compo-
nents of the active closed-loop medical system may be
bi-directional. To enhance and to improve the functionality
of the active closed-loop medical system bi-directional
communication of the components of the active close-loop
medical system is wanted. Inter alia, direct feedback on the
control signals is helpful, especially when aiming for a
self-learning system, configuring and calibration of the
system and system reliability. The controlling means may be
configured such that based on the data input provided by the
sensors and the data input provided as feedback from the
implanted, intra corporeal components of the active closed-
loop medical system the control algorithm which is done by
the control software of the control means can be configured
as self-learning system, which uses all input to adapt the
control algorithm continuously.

[0050] The communication between the components of
the active closed-loop medical system may be established
via a wireless radio-frequency link and/or a via wireless
ultrasound link.

[0051] For example, a wireless radio-frequency link and/
or a wireless ultrasound link may be used to establish a
connection for data and/or signal transmission or any other
connection between implanted components and non-im-
planted components of the system. Also, only implanted
components of the system can be connected this way or only
non-implanted components of the system can be connected
this way.

[0052] Moreover, it is possible that the active closed-loop
medical system comprises brain and/or neural signal receiv-
ing means, by means of which brain and/or neural signals
may be received.

[0053] The signal receiving means may be connected to
the controlling means such that the brain and/or neural
signals are at least partially used for controlling the implant-
able medical device.

[0054] By this, the brain and/or neural signals may be used
for controlling the system. This is especially beneficial for
active closed-loop medical systems to restore neural control
of the patient and when improving recovery after neurologi-
cal disorders like spinal cord injury (SCI), for example after
trauma, or other conditions like stroke or multiple sclerosis.
By allowing influence in real-time of the patients brain
and/or neural signals, the patients neurological paths are
given an enhanced possibility to reset and regain the neu-
rological paths in the patients body.

[0055] The active closed-loop medical system may further
comprise a tapping signal control module configured to
receive and process signal based on tapping commands that
set the specific control signals and/or method steps of the
closed-loop processing of the system, especially to stand
and/or walk and/or sit to stand/stand up, move the arms
and/or generally move parts of the body. Such a tapping
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signal control module is especially beneficial for paraplegic
patients and will allow them an option for simple control
signal input.

[0056] For example, tapping signal control module may
comprise a sensor to detect signals based on tapping com-
mands. Such a sensor may be (but not limited to) an
accelerometer, a pressure sensor, an inductive sensor or the
like. The signals based on tapping commands may be
predetermined and defined signals that are recognized by the
system, e.g. by detecting predefined patterns to e.g. distin-
guish from movement of the patient or other “noise” that is
not intended to create a tapping command.

[0057] Also (additionally or alternatively), the tapping
signal control module may comprise a smartphone or tablet
PC (for example connected to one or more components of
the system wirelessly via Bluetooth an/or wired), which
allows the user to enter control signals for the system by
means of tapping on the screen.

[0058] Moreover, the active closed-loop medical system
may comprise an augmented reality module as part of the
closed-loop system. In particular, the implantable medical
device, the control means, the non-implanted component
and the augmented reality module can be interlinked such
that they form together the closed-loop system. The aug-
mented reality module can provide a virtual environment or
partial virtual environment. By this, the user of the system
can use the system in an augmented reality environment.
Specific trainings and movement proposals or movements
can be provided. Also, support information can be displayed
in the virtual environment. The augmented reality can be
used to create a game-like environment to make training
sessions for rehabilitation patients more interesting and/or to
keep the patient motivated. For example, a game-like envi-
ronment can be created, which motivates the patient to
perform a specific sequence of movement in order to suc-
cessfully complete a level of a game. So, the training session
is less boring and the patient is kept motivated. For example,
stepping and/or touching points could be displayed or pro-
jected onto the floor or a surface on and/or in a training site.

[0059] Especially and explicitly disclosed is a method of
treating a patient by means of an active closed-loop medical
system comptrising at least one implantable medical device,
at least one non-implanted component and at least a con-
trolling means for controlling the implantable medical
device, wherein the implantable medical device, the non-
implanted component and the controlling means are con-
nected for data exchange, wherein the implantable medical
device, the non-implanted component and the controlling
means are forming in the active state a closed-loop system
in such that the implantable medical device is controlled by
the controlling means on the basis of the signals exchanged
with the non-implanted component. The active closed-loop
medical system may be an active closed-loop medical sys-
tem as set forth above and as specified in the claims of this
application.

[0060] The method of treating a patient is especially a
method of treating a patient with neurostimulation by means
of an active closed-loop medical system.

[0061] FIG. 1 shows a person (e.g., patient) P within a
training or living environment E and with an active closed-
loop medical system 10.

[0062] The active closed-loop medical system 10 com-
prises external sensors S1, S2, S3, S4 and S6 and one
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implanted sensor S5. As used herein, external sensors may
refer to sensors positioned outside a body of the person P.
[0063] Furthermore, there are receiver/sender (trans-
ceiver) units R1 and R2 for selected sensor signals.

[0064] Furthermore, there is a fixed sender/receiver R3 for
collecting, processing and sensing all sensor data and/or
control signals for the implant I. As shown in FIG. 1, the
implant I is implanted within the body of the person P.
[0065] Also there is a portable sender/receiver R3', which
is collecting, processing and sending all sensor data and/or
control signals to the implant I.

[0066] The sender/receiver R3 and R3' may be provided
both or alternatively to each other in the closed-loop medical
system 10.

[0067] Moreover, there is the implant I which is receiving
raw or pre-processed sensor data or control signals from S1
to S6 or R3 and/or R3'. The implant I is capable to process
the received data and may react to the data/control signals in
an active way; the communication is, in one example,
bi-directional, meaning that the implant I can possibly
communicate in its actual state, acknowledge the reception
of data and provide feedback to the sender/receiver R3
and/or R3".

[0068] The implant I is here an implantable neurostimu-
lator, inter alia comprising an implantable pulse generator
(IPG) and at least one implantable electrode array connected
with the IPG.

[0069] The neurostimulator is here a part of the system 10
and an Epidural Electrical Stimulation (EES) neurostimula-
tor.

[0070] In particular, the Epidural Electrical Stimulation
(EES) neurostimulator 16 is arranged and configured as a
spatially selective spinal implant, configured to work on the
basis of temporally precise stimulation algorithms adjusted
in a ‘closed-loop’ way using real-time motion feedback
inputs as a part of the active closed-loop medical system.
[0071] The system 10 comprises a voice control module V
configured to receive and process voice based commands
that set the specific control signals and/or method steps of
the closed-loop processing of the system, here to stand
and/or walk and/or sit to stand/stand up, move the arms
and/or generally move parts of the body.

[0072] The voice control module V may comprise or may
be a sensor for example for detection of voice based com-
mands that set the specific control signals and program
features of the closed-loop processing, for example to stand,
walk, sit to stand, move the arms and/or generally move
parts of the body. Also, the non-implanted and/or implanted
sensor (e.g. provided as part of the implantable medical
device 10) may be a sensor for example for detection of
voice based commands that set the specific control signals
and program features of the closed-loop processing, for
example to stand, walk, sit to stand, move the arms and/or
generally move parts of the body.

[0073] The active closed-loop medical system 10 com-
prises a tapping signal control module TS configured to
receive and process signal based on tapping commands that
set the specific control signals and/or method steps of the
closed-loop processing of the system, especially to stand
and/or walk and/or sit to stand/stand up, move the arms
and/or generally move parts of the body.

[0074] For example, tapping signal control module TS
may comprise a sensor to detect signals based on tapping
commands. Such a sensor may be (but not limited to) an
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accelerometer, a pressure sensor, an inductive sensor or the
like. The signals based on tapping commands may be
predetermined and defined signals that are recognized by the
system 10, e.g. by detecting predefined patterns to e.g.
distinguish from movement of the patient or other “noise”
that is not intended to create a tapping command.

[0075] Also, here the tapping signal control module TS
comprise mobile device MD, e.g. a smartphone or tablet PC
(for example connected to one or more components of the
system wirelessly via Bluetooth an/or wired), which allows
the user to enter control signals for the system by means of
tapping on the screen.

[0076] The implantable medical device is here formed by
the implant I and the implanted sensor S5.

[0077] Moreover, the active closed-loop medical system
may comprise an augmented reality module AR as part of
the closed-loop system 10.

[0078] The augmented reality module AR is interlinked
(e.g. wirelessly over W1 connected inter alia with receiver/
sender units R1, R2, R3 or over W2 with inter alia the
implant I and sensor S5 and/or via wired connection).
[0079] The augmented reality module AR comprises here
augmented reality glasses which superpose virtual elements
over the reality.

[0080] Moreover, the active closed-loop medical system
10 comprises brain and neural signal receiving means 12, by
means of which brain and neural signals may be received.
[0081] The signal receiving means is connected to the
controlling means such that the brain and neural signals are
at least partially used for controlling the implantable medical
device.

[0082] All components are shown in FIG. 1 form the
active closed-loop medical system 10. The closed-loop
medical system includes a control system 14 that includes
the various sensors described herein (e.g., sensors S1-S6), a
controller (which may be referred to herein as the control-
ling means), the implant I, and the various modules
described herein (e.g., voice control module V, tapping
signal control module TS, and augmented reality module
AR). In one example, the controller is inter alia formed by
the receiver/sender units R1, R2, R3 and R3'. The controller
may additionally be formed by the brain and neural receiv-
ing means 12, which may be an electronic module of the
controller, in one example.

[0083] The controller (e.g., the controlling means) may be
an external device or partially internal and external device
with an internal intelligence (i.e. software and processor
unit). Specifically, the controller may be coupled to various
components of the closed-loop medical system 10 to carry
out the control routines and actions described herein (such as
the control routine shown in FIG. 3, as described further
below). For example, the controller may include a processor
unit, input/output ports, an electronic storage medium for
executable programs and calibration values, random access
memory, keep alive memory, and/or a data bus. As depicted,
the controller may receive input from a plurality of sensors,
such as sensors S1-S6 and modules, such as modules AR,
12, TS, and V. The controller may also receive user inputs
via additional wireless signals or connections. The controller
may include one or more algorithms for analyzing the
various signals received from the sensors, modules, and/or
from received user inputs. Furthermore, controller may
communicate with various components of the closed-loop
medical system, such as the implant I. In some examples, the
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storage medium (e.g., memory) may be programmed with
computer readable data representing instructions executable
by the processor for performing the methods described
below (with reference to FIG. 3) as well as other variants
that are anticipated but not specifically listed.

[0084] As further shown in FIG. 2, the patient P may also
move out of the training area and only by means of the
sensor S6, which can be for example an accelerometer
attached to the leg of the patient P, the portable sender/
receiver R3' and the implant I (providing of sensor S5, which
is implanted, is not necessary, but possible) can also form the
minimal setup of the active closed-loop medical system 10.
[0085] Here, a wireless connection W1 between the sensor
S6 and the sender/receiver R3' is provided. A further wire-
less connection W2 is provided transcutaneously between
the sender/receiver R3' and the implant 1.

[0086] The sensor S6 sends his signal over Bluetooth
(and/or WIFI and/or inductive and/or via ultrasound) via the
first wireless connection W1 to the receiver R3', which can
be formed by a small PC with Bluetooth-transceiver or
appropriate wireless interface.

[0087] In general, it would be also possible that addition-
ally or alternatively the connection W1 is replaced by a
wired connection or comprises additionally a wired connec-
tion. Also, an ultrasound connection could be established
here alternatively or additionally, in order to form a redun-
dant connection.

[0088] The receiver R3' processes the data and sends the
control signals to the implant I via a coil-to-coil communi-
cation W2.

[0089] In the non-training environment of FIG. 2, the
controller (e.g., controlling means) may include the portable
sender/receiver R3'. The controller may additionally include
the brain and neural signal receiving means. Additionally, in
the environment of FIG. 2, the control system 14 may
include the controller, the neural signal receiving means 12,
the voice control module, implant I, tapping signal module
TS, augmented reality module AR, sensor s6 and/or mobile
device MD.

[0090] As shown in FIGS. 1 and 2, the components S1, S2,
S3, S4, S6, R2, R1/S1, R3, R3' are arranged extra corporeal
of the patient P.

[0091] The functional layout of the system can be
described as follows:

[0092] By means of the active closed-loop medical system
10 as shown in FIGS. 1 and 2, a restoration and/or replace-
ment and/or enhancement of the human sensory-motor sys-
tem can be provided.

[0093] Especially, an active closed-loop medical system
10 that works in real-time (i.e. including a delay close to
real-time between 0 to 30 ms) can be provided.

[0094] The embodiment shown in the figures allows to
interlink the active components like a stimulator, an implant-
able pulse generator (IPG) which can be part of the implant
or even an actuator inside of the body to be controlled based
on measures taken at a certain distance from this component
without wired connections.

[0095] In case of a real-time interaction, the person could
for example be assisted in a task-institution-specific manner.
This especially beneficial, when the person is trained in the
post-trauma rehabilitation in order to help the patient P with
recovery for example from spinal cord injury. As the overall
system forms an active closed-loop medical system 10 that
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works in real-time, the system can react to unforeseen events
instead of running a pre-defined routine.

[0096] By providing a voice control by means of the voice
control module V the handling of the whole system for the
user is simplified and can be more intuitive. Especially in
cases, when the patient or the physician or the trainer of the
patient intends to change the way or kind of movement, this
can be triggered by a simple voice command.

[0097] As such, e.g. the patient P provided a spoken voice
command like

[0098] “stand” or “stay” if standing is intended,

[0099] “walk”, if walking is intended,

[0100] “sit to stand” or “stand up”, if standing up is
intended,

[0101] “move the right arm”, “move left arm”, “move both

arms” if such a movement is intended, or suitable other
commands for moving specific body parts of the patient. The
voice control module V may be equipped with a basic
configuration and a self-learning control system such that
during the training the patient P is able to gain back more
and more control.

[0102] Such a voice command is then received by the
voice control module, transformed into a system signal
configured to be processed by controlling means (e.g.,
controller of control system 14 shown in FIGS. 1 and 2) and
submitted to the controlling means. This process may be
done also in real-time.

[0103] Similar control over the system can be obtained by
using the tapping signal control module TS:

[0104] The user may tap commands onto or close to a
sensor or the mobile device MD of'the tapping signal control
module TS like

[0105] “tap”—“no tap/break”—"tap”, if standing is
intended,
[0106] “tap”—“tap”—“no tap/break”—*“tap”—"tap”, if

walking is intended,

[0107] “tap”™—“no tap/break”—“tap”—*no tap/break”—
“tap”, if standing up is intended,

[0108] suitable tap signals for “move the right arm”,
“move left arm”, “move both arms” if such a movement is
intended, or suitable other commands for moving specific
body parts of the patient. These above commands only
represent examples and can be replaced by other suitable
examples.

[0109] The tapping signal control module TS may be
equipped with a basic configuration and a self-learning
control system such that during the training the patient P is
able to gain back more and more control.

[0110] Such a tap command is then received by the
tapping signal control module TS, transformed into a system
signal configured to be processed by controlling means and
submitted to the controlling means. This process may be
done also in real-time.

[0111] By means of the neural signal receiving means
(e.g., module) 12, the brain and neural signals may be used
for controlling the system 10. In the embodiment shown in
FIG. 1 and FIG. 2, this serves to restore neural control of the
patient and when improving recovery after neurological
disorders like spinal cord injury (SCI), for example after
trauma, or other conditions like stroke or multiple sclerosis.
By allowing influence in real-time of the patient’s brain
and/or neural signals, the patient’s neurological paths are
given an enhanced possibility to reset and regain the neu-
rological paths in the patient’s body.
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[0112] The EES neurostimulator 16 does not directly
stimulate the spinal cord, nor even the motor neuron com-
prised within the spinal cord, but the afferent sensory
neurons prior to entering into the spinal cord, hence acti-
vating the synaptic circuits that are naturally involved in
locomotor control.

[0113] Therefore, EES neurostimulator 16 specifically
triggers activity dependent plasticity in the spinal cord
resulting in ongoing learning and improvement of the
patient’s locomotor function.

[0114] So, by means of the EES provided by the system 10
with its EES neurostimulator 16 immediate and training-
induced effects can be further improved when propriocep-
tive afferent nerves are stimulated more selectively and
aligned with the different phases of the gait cycle. During
walking, these phases consist of an alternation between
stimulation of the extension and flexion muscles of the right
versus the left leg. Time-space EES may be used to restore
both the swing phase (flexion) and the weight-bearing stance
phase (extension) whereas continuous EES may block the
limbs.

[0115] The augmented reality module AR is used to
enhance the training of the patient P. It can provide a virtual
environment or partial virtual environment. By this, the user
of the system can use the system in an augmented reality
environment. Specific trainings and movement proposals or
movements can be provided. Also, support information can
be displayed in the virtual environment. The augmented
reality can be used to create a game-like environment to
make training sessions for rehabilitation patients more inter-
esting and/or to keep the patient motivated. For example, a
game-like environment can be created, which motivates the
patient to perform a specific sequence of movement in order
to successfully complete a level of a game. So, the training
session is less boring and the patient is kept motivated. For
example, stepping and/or touching points could be displayed
or projected onto the floor or a surface on and/or in a training
site (for this e.g. one or more additional projectors like
beamers can be provided as part of the augmented reality
module AR).

[0116] The controller of the control system 14 shown in
FIGS. 1 and 2 may obtain feedback (e.g., feedback signals)
from the various sensors S1, S2, S3, S84, S5 and S6. For
example, the sensors S1, S2, S3, S4, S5 and S6 may obtain
(e.g., measure) feedback signals, which can be neural sig-
nals, in particular cortical signals, recorded from sensory,
motor, sensorimotor or pre-motor cortex. The feedback
signals may be acquired in real-time. They can be neural
signals and signals providing features of motion of said
subject.

[0117] As feedback signals may be used inter alia but not
limited to EMG responses, kinetic data, kinematic data,
motion data, footswitch, pressure sensors, accelerometers
and the respective signals, goniometers and the respective
signals, barometers and the respective signals giroscopes
and their respective signals.

[0118] Inakind ofa self adjusting and self learning system
and closed-loop control operation mode the feedback from
the sensors S1 to S6 is used to update and to change the
control signals being provided by the controller (e.g., con-
trolling means). In this way, the feedback is used to adjust
or control the control setup of the controller and wherever
needed to overwrite the existing control routine.



US 2018/0133481 Al

[0119] As such, based on real-time feedback, e.g., motion
feedback, control signals may be sent back by the sender and
receiver units and updated on the basis of ongoing motion of
the subject. In particular, as such the signals provided by the
implanted neurostimulator are based on an updated control
routine (updated control signals) provided by the controller.
[0120] An example process for operating the systems
shown in FIGS. 1 and/or 2 and updating stimulation control
signals based on real-time feedback received from one or
more sensors of the system is shown in method 300 of FIG.
3. Method 300 may be executed by and according to
instructions stored on memory of a controller of the active
closed-loop medical system, such as controller of control
system 14 shown in FIGS. 1 and 2 in conjunction with
signals received from various sensors of the control system,
such as sensors S1-S6 shown in FIGS. 1 and 2.

[0121] Method 300 begins at 302 by receiving system
operating conditions and external command signals (e.g.,
commands). The system operating conditions may include a
power level (e.g., on/off state and/or battery power level)
and/or signal strength of various components and/or wired
or wireless connections between components of the closed-
loop medical system. Additionally, various modules of the
control system (e.g., voice control module V, augmented
reality module AR, tapping signal control module TS, etc.)
may receive commands from external sources, such as a
mobile device or the patient (e.g., via tapping or voice
commands). As one example, the voice control module may
receive and process voice based commands that set the
specific control signals of the closed-loop processing of the
system, as introduced above. The sender/receiver units of
the system (e.g., controller) may receive and process these
commands and then determine control signals to be send to
the implant based on these commands.

[0122] The method proceeds to 304 where the method
may include sending sensor and/or control signals to the
implant via the external sender/receiver units (e.g., one or
more of sender/receiver units R1, R2, R3, and R3' shown in
FIGS. 1 and 2). Then, at 306, the method includes stimu-
lating the subject (e.g., patient) via the implant based on the
received control signals. For example, in response to receiv-
ing the control signals at the implant, the implant may send
corresponding stimulation signals to the subject via one or
more electrodes or stimulations devices implanted within the
subject.

[0123] At 308, the method includes obtaining (e.g., receiv-
ing) feedback (e.g., motion feedback) via the external sen-
sors S1-S4 and S6 and/or implanted sensor S5. The sensors
may be implanted and/or external, non-invasive sensors. For
example, the external sensors may measure motion of the
subject resulting from applying the stimulation commands
to the subject at 306. The feedback signals obtained by the
sensors are then sent to and received and/or processed by the
controller, which may include one or more of the receiver/
sender units at 310.

[0124] At 312, the method includes updating the stimula-
tion control signals, at the controller, based on the received
and processed feedback signals. For example, the controller
may update the stimulation control signals in response to
receiving the feedback signals. As one example, if a feed-
back signal indicates the subject’s arm moved farther than
anticipated, the controller may reduce the commanded
stimulation signal for the subject’s arm. In this way, the
controller may determine the updated stimulation control
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signals as a function of the received feedback signals,
according to instructions, algorithms, and/or look-up tables
stored in memory of the controller. Then, at 314, the method
may include sending the updated control signals to the
implant via the external sender/receiver units. The implant
may then stimulate the subject according to the updated
control signals.

[0125] In this way, with regard to the feedback control-
loop, the feedback signals from the sensors are processed in
the controlling means (e.g., controller). For this, the con-
trolling means comprises internal processors and calculating
means which are capable to compare the obtained feedback
with the existing control setup for the neurostimulator.
[0126] Incase that the expected reaction and motion based
on the currently used control setup is not matching to the
feedback, an adjustment process is triggered by the control-
ling means. For this, the controlling means comprises con-
trol feedback signals, which are stored in a separate storage
means. If the control signals, the respective expected feed-
back signals, and the obtained real-time feedback signals
match to each other, no change is done by the controlling
means. If the comparison reveals that an adjustment is
necessary, such adjustment is done by the controlling means
and than applied to the neurostimulator (e.g., implant).
[0127] Note that the example control and estimation rou-
tines included herein can be used with various neuromodu-
lation and/or neurostimulation system configurations. The
control methods and routines disclosed herein may be stored
as executable instructions in non-transitory memory and
may be carried out by the control unit in combination with
the various sensors, actuators, and other system hardware.
The specific routines described herein may represent one or
more of any number of processing strategies such as event-
driven, interrupt-driven, multi-tasking, multi-threading, and
the like. As such, various actions, operations, and/or func-
tions illustrated may be performed in the sequence illus-
trated, in parallel, or in some cases omitted. Likewise, the
order of processing is not necessarily required to achieve the
features and advantages of the example embodiments
described herein, but is provided for ease of illustration and
description. One or more of the illustrated actions, opera-
tions and/or functions may be repeatedly performed depend-
ing on the particular strategy being used. Further, the
described actions, operations and/or functions may graphi-
cally represent code to be programmed into non-transitory
memory of the computer readable storage medium in the
control unit, where the described actions are carried out by
executing the instructions in a system including the various
hardware components in combination with the electronic
control unit.

[0128] It will be appreciated that the configurations and
routines disclosed herein are exemplary in nature, and that
these specific embodiments are not to be considered in a
limiting sense, because numerous variations are possible.
The subject matter of the present disclosure includes all
novel and non-obvious combinations and sub-combinations
of the various systems and configurations, and other fea-
tures, functions, and/or properties disclosed herein.

[0129] The following claims particularly point out certain
combinations and sub-combinations regarded as novel and
non-obvious. These claims may refer to “an” element or “a
first” element or the equivalent thereof. Such claims should
be understood to include incorporation of one or more such
elements, neither requiring nor excluding two or more such
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elements. Other combinations and sub-combinations of the
disclosed features, functions, elements, and/or propetties
may be claimed through amendment of the present claims or
through presentation of new claims in this or a related
application. Such claims, whether broader, narrower, equal,
or different in scope to the original claims, also are regarded
as included within the subject matter of the present disclo-
sure.

1. An active closed-loop medical system, comprising:

at least one implantable medical device;

at least one non-implanted component; and

at least a controller for controlling the implantable medi-

cal device, wherein the implantable medical device, the
non-implanted component and the controller are con-
nected for data exchange, wherein the implantable
medical device, the non-implanted component and the
controller form in the active state a closed-loop system
where the implantable medical device is controlled by
the controller on the basis of the signals exchanged
with the non-implanted component.

2. The active closed-loop medical system according to
claim 1, wherein the implantable medical device comprises
or is a neurostimulator or a component of a neurostimulator,
wherein the neurostimulator is an Epidural Flectrical Stimu-
lation (EES) neurostimulator.

3. The active closed-loop medical system according to
claim 1, wherein the non-implanted component and the
controller are connected at least partially wirelessly and/or
by means of a wired connection.

4. The active closed-loop medical system according to
claim 1, wherein the controller is configured such that the
signals exchanged with the controller from the non-im-
planted component and/or the implantable medical device
are processed in real-time.

5. The active closed-loop medical system according to
claim 1, wherein the controller is at least partially arranged
extracorporeal.

6. The active closed-loop medical system according to
claim 1, wherein the non-implanted component comprises or
is a sensor for sensing physiological data of a patient to
which the at least one implantable medical device is
implanted in, wherein the sensor is configured to acquire
signals related to physiological data including one or more
of kinetics, kinematics, muscular activity, neural activity,
neural activity correlates, and body temperature.

7. The active closed-loop medical system according to
claim 6, wherein the sensor is configured and arranged to
produce feedback signals and wherein the feedback signals
are acquired by a real-time monitoring component as a part
of the controller and are neural signals, including cortical
signals recorded from a sensory, motor, sensorimotor or
pre-motor cortex.

8. The system according to claim 7, wherein the feedback
signals acquired by the real-time monitoring component are
both neural signals and signals providing features of motion
of the subject.

9. The active closed-loop medical system according to
claim 1, wherein the active closed-loop medical system
further comprises at least one implanted sensor as a part of
the implantable medical device for sensing physiological
data of a patient to which the at least one implantable
medical device is implanted.

10. The active closed-loop medical system according to
claim 1, further comprising a voice control module config-
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ured to receive and process voice based commands that set
control signals for controlling the implantable medical
device, wherein the control signals include signals to stand,
walk, sit, stand up, move arms, and/or move alternate parts
of a body of a patient in which the implantable medical
device is implanted.

11. The active closed-loop medical system according to
claim 1, further comprising extracorporeal communication
means, wherein the extracorporeal communications means
comprises a receiver, which is wireless or wired connected
in the active state with the non-implanted component.

12. The active closed-loop medical system according to
claim 11, wherein the implantable medical device has an
intracorporal data transmission unit comprising a data trans-
mission coil, wherein the receiver also comprises a data
transmission coil and wherein the receiver and the intrac-
orporal data transmission unit are transcutaneously con-
nected by means of a coil-to-coil, or inductive coupling,
communication connection provided by the data transmis-
sion coil of the receiver and the intracorporal data transmis-
sion unit.

13. The active closed-loop medical system according to
claim 11, wherein the receiver is connected in the active
state with the non-implanted component via one or more of
a wireless radio-frequency link, wherein the wireless radio-
frequency link is Bluetooth or WiFi and a wireless ultra-
sound link.

14. The active closed-loop medical system according to
claim 1, wherein communication between components of
the active closed-loop medical system is either uni-direc-
tional or bi-directional and/or established via a wireless
radio-frequency link and/or a via wireless ultrasound link.

15. The active closed-loop medical system according to
claim 1, further comprising a brain and/or neural signal
receiving module, where brain and/or neural signals may be
received, and wherein the brain and/or neural signal receiv-
ing module is connected to the controller such that the brain
and/or neural signals are at least partially used for control-
ling the implantable medical device.

16. The active closed-loop medical system according to
claim 1, further comprising a tapping signal control module
configured to receive and process signal based tapping
commands that set specific control signals of closed-loop
processing of the system, including to stand, walk, sit, stand
up, move arms of a patient in which the implantable medical
device is implanted, and/or move an alternate part of a body
of the patient.

17. The active closed-loop medical system according to
claim 1, further comprising an augmented reality module in
communication with the controller and configured to pro-
vide a virtual environment or partial virtual environment to
a patient in which the implantable medical device is
implanted and provide movement commands to the control-
ler.

18. A method for an active, closed-loop medical system,
comprising:

sending stimulation control signals to an implantable

medical device implanted within a subject via a con-
troller;

stimulating the subject via the implantable medical
device, according to the sent stimulation control sig-
nals;
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during stimulation the subject, obtaining motion feedback
signals via one or more sensors in electronic commu-
nication with the controller;

processing the obtained motion feedback signals at the

controller; and

updating the stimulation control signals based on the

processed motion feedback signals.

19. The method of claim 18, wherein the stimulation
control signals are determined based on command signals
received from one or more of a voice control module and a
tapping signal control module.

20. An active closed-loop medical system, comprising:

an implantable medical device including a neurostimula-

tor;

a non-implanted component including one or more exter-

nal sensors; and

a controller electronically connected for data exchange

with the implantable medical device and the non-

implanted component and including memory with

computer readable instructions for:

sending stimulation control signals to the implantable
medical device;

receiving motion feedback signals measured by the
non-implanted component during stimulation of a
subject in which the implantable medical device is
implanted according to the sent stimulation control
signals; and

updating the stimulation control signals based on the
received motion feedback signals.
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