wo 2020/028759 A1 |0 0000 KO0 000 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual Propert J
(o wer Orgmiation 2 0 OO0 OO 0 OO A0

International Bureau % (10) International Publication Number

WO 2020/028759 Al

(43) International Publication Date
06 February 2020 (06.02.2020) WIRPOIPCT

(51) International Patent Classification: KR, KW KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
AG6IN 1/372 (2006.01) MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(21) International Application Number:
PCT/US2019/044811
(22) International Filing Date: (84) Designated States (unless otherwise indicated, for every
02 August 2019 (02.08.2019) kind of regional protection available): ARIPO (BW, GH,
(25) Filing Language: English GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

(26) Publication Language: English TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(30) Priority Data: EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
62/713,587 02 August 2018 (02.08.2018)  US MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK, SM,

TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,

(71) Applicant: BIOTRONIK SE & CO. KG [DE/DE]; Wo- KM, ML, MR, NE, SN, TD, TG).

ermannkehre 1, 12359 Berlin (DE).

(72) Inventors: JAROCH GONZALEZ, Yarisa; 3320 Sum- Published:
merlinn Drive, West Linn, Oregon 97068 (US). FRYER, — with international search report (Art. 21(3))
Alan; 1132 SE Harney Street, Portland, Oregon 97202
(US). KRAITER, Lauren; 9254 SW N Dakota Street,
Tigard, Oregon 97223 (US). FLAKNE, Dawn, 1526 SW
Coronado Street, Portland, Oregon 97219 (US).

(74) Agent: OPALKO, Bryan H., Buchanan Ingersoll &
Rooney PC, 501 Grant Street, Suite 200, Pittsburgh, Penn-
sylvania 15219 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,

(54) Title: REMOTE FOLLOW-UP OF NEUROSTIMULATION SYSTEM

FIG. 1 /

s P

o e

(57) Abstract: A method for remote programming a therapy device (1) for neurostimulation comprises: generating (S6) a stimulation
program for the therapy device (1) by means of a clinician programmer (2); transferring (S7) the stimulation program to a patient
programmer (3); loading (S8) the stimulation program on the therapy device (1) from the patient programmer (3); and increasing (S9)
a stimulation amplitude of the stimulation program by means of the patient programmer (3). An initial stimulation amplitude setting
of the stimulation program is limited to a minimal dose amplitude.
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Remote Follow-Up of Neurostimulation System

The mstant invention relates to a method for remote programming a therapy device for
neurostimulation as well as to a system for remote programmung a therapy device for
newrostimulation. In particelar; the stant invention relates to methods and systems that

facilitate a remote ollow-up of a therapy device for spinal cord stimulation (SCS).

BACKGROUND

CGenerally, an SCX therapy device, such as an implantable pulse generator {(IP{3} or a trial
stunulator, delivers electrival pulses via leads implanted m the epidural space in prder to
produce a pain-relieving effect. A stimulation program is defined as a set of stimulation
parameters, which may include wformation about the selected electrodes, as well as
therapy settings like frequency andior pattern of pulses, pulse width, and a range of
amplitudes, or a combination thereof, These program parameters are usually defined by a
user of @ chmician programmer (which could be, for example, & clinician or a company
representative). The clinician programmer may allow the user o create more than one
program option to make available o the patient. Then, the patient can use the patient
programier (sometimes also called patient remote) to select which program 1s active, and

to adjust the amplitude of the program within an allowed range.

In the following, some standard in-office SCS programming functions will be explained.
SCS therapy devices are primanly programumed via in-person follow~up sessions, During
such a so-called in-office follow-up, the user of the chincian programmer checks the status
of the therapy device {e. g, a trigl stimulator or an implantable device), The user of the
clinician programmer defines program parameters for one of more program ophions.

Usually, as parameters are changed on the clinician programmer, they tmmediately take

-1-
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effect on the therapy device. The user of the clinician programmer can set all parameters of
the therapy device, inchihing amplitude, polse width, frequency andior pattern of pulses,

and elecirode selection, i real-time.

Next, some standard in-home SCS functions will be explained. Existing SCS systems
altow the patient to control stimulation via the patient programmer. The SCS system allows
the patient 1o select the gctive program {(from a list of programs that were defined via the
clinician programmer) and adjust the stimulation amplitude within the allowed amplitude
range. The patient programmer also offers the ability to tumn stimulation completely off and

back on

Some commercially available SCS systems offer advanced stimulation control options to
the patient via the patient prograpumer for controlling stimulation, such as flequency, pulse
width, or the relative balance of amplitudes between concurrently rwaning stimulation

frains (called “areas” or “subprograms™) within the program.

A problem that exists with such conventional approaches to SCS programmiing is that at
least some patients require frequent or ongoing adjustment for optimization of the
stimulation thetapy. The patiemt programmer ased i the home setting bas two main
Hmiations m this respect: {1} The technical functionality of conventional patient
programmers I8 hmited such that the patient programwmer does not have as many
programming control options as a clinician programmer; and (2} SCS  patients  typically
do not have the know-how to perform more advanced programmung functions via the

patient programmer and therefore requirve a clinical expert to perform the adjusiments.

Hence, many presently available systems require that the patient travels to meet with a
clinical expert in order to recetve reprogramuming. For pain patients in particular, traveling
can be burdensome and challenging for patients. In some cases, patients choose to skip

reprogramming visits and as a result may have non-optimized stimalation therapy.

In order to provide some troubleshooting of stimulation programmmng without the patient

having to come to the chiie, some chinical experts will provide over-the-phone wstructions
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to the patient on changes that can be wade via the patiemt programmer. Some patient

programmers have more advanced stimulation parameters available,

The document US 10,124 177 B2 discloses a system for progranuning an implanted device
when a patient is remote from a clinician. The system includes a patient programmer, a
chmcian programmer, and a remote diagnostic server configured to facilitate secuore
comnunication between the patient programmer and the clintcian programmer, The rentote
diagnostic server is conhigured to imiiate a secure programming session between the
patient programumer and the clinician programmer, recetve a proposed stimulation program
from the chintcian programmer, transmit the proposed stmulation program to the patient
programmer, receive an indication from the patient programumer that the patient has
accepted the proposed stmulation program, and transmit an alert o the clinician
progranuner, the alert ndicating that the patient has accepted the proposed stimulation

program,

It is desirable to allow patients to be assisted remotely in order to {1} reduce the need for
traveling to in-person follow-up visits, and (2} encourage more frequent and long-term

optimization to ultimately achieve better patn relief onteomes.

By assisting patients remotely with programming changes, all advanced programming
functionality options can in principle be updated, but since the updates are set up by an
expert working remotely, the patient does not need to have the raining or expertise to work

with advanced programming.

SUMMARY

It is an object of the present invention to provide an improved method for remote
programming a therapy device and a corresponding system. For example, it is desirable 1o
enhance the safety during a remote follow-up procedure, e. g, by avoiding inadvertently

causing an uncomfortable or even pamnful patient expenience.
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According to a first aspect, a method for remote programming a therapy device for
nenrostimulation is provided. The method comprises: generating a stimulation program for
the therapy device by means of a chnician programmer; tansferring the stimulgtion
program ¢ a patient programmer; loading the stimulation program on the therapy device
from the patient programumer; and increasing a stimulation amplitude of the stimulation
program by means of the patient programmer. In one embodiment, an inital stimulation
amplitude setting of the stunulation program is linited, e.g., by the therapy device, to a

mmimal dose amplitnde.

The method may huther comprise a step of checking the validity and/or avthenticity of the
stimuiation progrant, e, by means of a secure communications path to the therapy
device. This step may be performed before the nutial amplitude seting is limited to the

mwintmal dose amplitude.

According to a second aspect, a systemy for remote programming a therapy device for
neurostimulation comprises: a therapy device being confipnred for providing electrival
stimulation pulses for newrostimulation; a clinician programumer being configured for
generating a stimulation program for the therapy device; a patient programmer being
configured for receiving the stimualation program, the therapy device being configured for
recetving the stimulation program froms the patient programuner. The clinician progranuney
may be configured for ensuring that a stimulation amplitude setting of the generated
stinndation program 1s limited to 2 minimal dose amplitnde. Fusther, the patient

progranuner may be configured so as to allow for adjusting the stimulation amplitude.

In the following, reference is made to both above-mentioned aspects of the invention.

For example, the mimimal dose amplitude referved to above may correspond to zero
amplitade or an amphitude close to zero. For example, the mmal dose ampliude may
have g value of 0.1 mV. In particular, the minumal dose amplitude may be such that safety
for the patient is guaranteed, © e, stimulations at the minimal dose amphitode do not caase

pati to the patient, for example.
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It should be noted that generating said stimulation program may comprise generating an
entirely new stomulation program or editing {updating) an existing one, It should also be
noted that the therapy device may ensure the amplitude 18 set © the minnmal dose in said

stinlation progrant.

Further, with regard to the system according to the second aspect, i should be noted that
the clinictan programmer may be configured to automatically eusure that a stimulation
amplitude seiting of the generated stimnddation program s hinmded to a mimmal dose
amplitude. In other words, for example, the chnician programmer may be pre-configured
such that it places certain restrictions on programming capabilities during a remote follow-
up session according to rules that limit the range of parameters available 1o any program
that iz edited doring remote follow-up, wherein the stimulation amplitude parameter{s) are

fimited o the nunmmal dose amplitede according to said mies.

Henee, the present invention ensures that remotely programmed amplitudes are at a lows-
dose until mcreased by the patient programwmer. By condrast, conventional systems and
methods provide that the clinician increases the amplhitude by means of the climcian
programnter and waits for patient feedback. However, if the remote comnection is lest
during this procedure, a case may oceur, wherein the patient is subject 1o stimulation at an
amplitude that lies outside of an acceptable range and that may potentially cause
discomfort or even pain. In that case the clinician wonld not receive any feedback and
would thus not be able to intervene. The present invention avoids such a simation by
luniting the iniptal grophitude 1o the minimal dose amplitude and thus transterring the

control over the subsequent amplitude adjustment {o the patient.

For example, in an embodiment, the method may finther comprise accepting the
transterred stimulation program by means of the patient programuner before it is loaded on
the therapy device. Correspondingly, the system may comprise a patient controller in the
form of the patient programmer that provides the means for the patient to accept updates.
Thus, the patient programmer may be used as 8 gateway that requires the patient to accept

betore proceeding with remote programming changes.

1
LA
¥
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In an embodiment, the therapy device is configured for performing a validity check on the
newly recetved stinulation program before loading the stimulation program. For example,
the validity check may comprise checking if the stimulation program has an ampliude at
mrmal dose. Thus, patient safety may be further enhanced by having the patient’s therapy
device check the authenticity, authorization and vahdity of the remotely edited programs,

including the amplitude being set to minimal dose.

Further, in an embodiment, the chinician programmer may be used to view the stimulation
amphtade in near regl-time, e g, to confirm the patient is properly adjusting the

amplitude,

In an embodiment, the stirnulation program is fransforred from the clinician programmer to
the patient programumer via & central service umit. Comespondingly, the svstem may
comprise such a central service uwmit being configured for facilitating communication
between the climetan programmer and the patient programmer. For example, this opens up
the possibility to use the same clinician progranmmer interface and/or another interface to a
service center to perform the remote programming as is used dunng m-person follow-ups.
The central service unit may also be configured for managing and controlling access rights
1o therapy devices according o a user’s log-in andfor for serving as a central data

repository. Such a central service wit may also be referred to as a service center.

In a variant embodiment of the first aspect, before the step of penerating the stimulation
program, the chinician programmer receives status mformation of the therapy device, For
exarmple, such information may be transferred from the therapy device to the clinician
programiner via the patient programmer and g service center, ¢.g., in the form of a central
service uni as described above. For example, the chimeian programmer may thus serve as
an nterface for a clinical expert to view statistical trends, a present status, and/or settings,

and/or to make changes to send to the patient’s system.
It 15 also within the scope of the nvention that the patient programmer andfor the therapy

device may allow for setting a new stimulation amplitude as a new defauli amplitude of the

stimulation program. For example, the patient may use the patient programmer to increase

-6 -
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the stimulation amplitude to an accepitable dose wmtil #t veaches an acceptable target
amplitude, which may then be saved as the new defavlt amplitude for the stinulation
program in the therapy device.

Summarizing, 1t is proposed to provide for system protections that ensure remotely
programmed amplitudes are at a low-dose until increased by the patient programmer. With
the instant wvention, contrel over the stmulation amplitude i thus wansterred to the
patient. After accepting the newly generated or updated stimulation program, the patient
may adjust (increase) the amplitude uaiil an acceptable dose is reached. During this follow-
up procedure the patient may be in contact (e g via telephone)} with the clinician who has
sent the new stimulation programy. The chaivian may thus receive immediate feedback
regarding the patient’s experience and condition. Furthermore, the clinician programmer
may be connected with the patient programmer {e.g. via a ceniral service wnit) and may
thus view the current stimulation amplitade in near real-time. The clinician mayv thus

supervise the adjastment and selection of a switable stimulation amplitude by the patient.

For example, in accordance with the present invention, rvemote programming for
neurostimulation systems may include the ability o perform the following functions
without the patient coming in to the clinic: Checking the status of the patient’s system and
statistics collected over time (e, g, implanted lead mtegrity, present stimulation settings,
and diagnostic trends related to pain or system use): and tatoring the svstem to the
patient’s needs, which may include: changing seitings o parameters, making new
stimulation options agvailable, changing existing stimulation  options, or removing
stumulation options. The proposed solution may lead to mcreased patient satisfaction and

betier patient outcomes.

All aspects and featares of the embodiments described above and in the following can be

combined with each other unless explicitly stated otherwise.
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The various features and advantages of the present invention may be more readily

understood with reference to the following detailed description and the emboduments

shown in the drawings. Herein,

Fig.

Fig.

Fig.

Fia

e

[

schematically and exemplanly illustrates a system for remote programming
a therapy device for neurostimulation in accordance with one or more

embodiments;

schematically and exemplarily illusirates steps of a method for remote
programming a therapy device for neurostimulation in accordance with one

or more embodiments;

schematically and exemplarily dlustrates shows an embodiment of ap
mterface of the chimcian programmer in edit mode (upper part) and in

patient view mode (lower part);

schematically and exemplartdy illustrates shows another embodiment of the
imterface of the clinician programmier with a combined edit mode and

patient view mode;

schematically and exemplarily tlustrates shows an embodiment of an

interface of the patient programmer for adapting the amphitude; and

schematically and exemplarily llustrates shows an embodiment of an
interface of the clinitian programumer in edit mode with two sub-programs
{upper part} and an embodiment of an interface of the patient programiver

for adapting the amplitude {lower right part).

Fig. 1 shows schematically and exemplarily components of a svstem § mvolved in remote

follow-np In accordance with one or more embodiments of the present invention. In order

to cuable remetely checking a svstem status and providing updates o stimulation
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programs, the svstem 8 may comprise several components 1-3, The system components 1-

4 amd their respective roles will be deseribed m the followmg,

The system 5 comprises a therapy device 1, which can be, for example, an wuplantable
stimulation device and/or an external stimynlation device {such as implantable spinal cord
stimulator andfor a spinal cord stmulation tnial stimdator). The therapy device I may store
at least one stimulation progranys), and/or provide therapeutic stimulation via maplanted

feads andfor a sensing capability.

Further, a progranmmng interface in the form of a clinician programmer 2 s provided. For
example, the clintcian programmer 2 may be used o remotely query and view s system
statos, make changes to stimulstion parameter settings on the basis of a user’s {e. @
climician expert like physician or company represenfative) input, and tansmit those
seltings. For example, in an embodiment, the clinician programmer 2 can be the same
chmcian programmer that is used in-clinic to program the therapy device 1. In other
embodiments, the clinician programmer 2 can be a mobile device Hike a smart phone or a
tablet compuater, or a desktop computer, which may be equipped with a specific software

application (App}.

The system & further includes a patient programmer 3 that may be used as an interface for
the patieni to accept remoie programmung {ransnussions and control 2 newly available
stimulation program. I an embodiment, the patient progranymer 3 can be 3 mobile devics
like a smart phone or a tablet computer, which may be equipped with a specific software
application (App). In other embodiment, the patient programmer 3 can be a patient device

espectally made for communication with the therapy device L.

As a further componest, the system § may comprise a central service unit 4 that may, for

example, fulfill one or more of the following functions:

a.  serve ax a central data repository;

b, manage access rights and control access to therapy device 1, e g, according 1o a
user's log-in;

¢.  facilitate communication 1o therapy device 1 via the patient programaner 3.

.
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For example, by providing such a central service unit 4, the remuote follow-up service is not

restricied to the use of a single clinician programmer 2.

In one embodiment, the central service unit 4 can be a cloud-based service center. In
another embodiment, the central service umt 4 can compnise a server, server farm, or

stimilar.

Fig. 2 shows an exemplary overview of steps for execnting remote programmung according
to the mvention and embodiments thereof, wherein a work flow for a remote follow-up use
case iy exemplanly and schematically tHustrated i the form of a block diagram. As an
axemplary embodiment, the following describes the invention from the perspective of the

clinical workflow that would be executed by a clinical expert and the patient.

A first step 81 may provide for an authorization by the physician and the patient. For
example, prior to any remote follow-up taking place, the responsible physician may
authorize the potential remote follow~up for a particudar patieni. The physician and patient
may enter electronic documentation of hiw'her anthorization to allow the remote follow-up
via an iterface on the chimcian programmer 2, patient programmer 3, or other interface.
For example, the chinician programmer 2 could include a “terms and conditions™ statement
for the physician and patient to review and 2 place to enter a signature vig a touch screen
interface. This integrated authorization functionality is beneficial to ensure that physician
and patient education has occurred and for company liability protection. By collecting the
authorization electromically, the clinician programmer 2 could send the authorization
information to the central service unit 4. Then the central service unit 4 would in tom
check that the authonzation i3 complete before allowang any remote followwgp to fake
place. Alternatively, the clinician programmer 2 could check with the central service unit 4
that the authorization is complete, and only allow the user to turn on remote follow-up

functionaliy if the authorization is completed.

As a further step S2, m-clinic programming {(also referred to as m~-office programming)

miay be carnied out. For example, prior to any remote follow-up taking place, the clinical
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expert may conduct inwoffice programming using the climician progranoer 2. The clinical
expert may st up one or more initial stimulation programs in the therapy device that will
be available to the patient on the patient programmer 3. Additionally, the clintcal expert
may use the clinician programmer 2 to program a setting tor remote follow-up to “ON”
The option to tum on or off remote follow-up functionality may be one of the settings
programmable via the clinician programmer 2 that ave specific to the interrogated therapy
device 1. Optionally, the chimcian programmer 2 could perform a check of central service
unit 4 data to ensare that an authonzation s on file with the central service unit 4 before it
altows the therapy device | remote follow-up functionality to be turned on. For exanple,
either before or at the tirae that the remote follow-up functionality 18 tumed on in the
therapy device 1, the clinician programmer may requive that the user defines a patient
group for the therapy device 1. The clinician progranimer 2 user may assign the patientio a
defined patient group, which in twrm may limit the chinician programmer 2 users who can

access the patient vig future remote follow-up proceduores.

A further step S3 may consist in an iniftation of contact: The patient may use the patient
progranuner 3 as usual during home wse. If the patient experiences an issue or question
related to the SCS svstem, the patient and clinical expert may connect verbally and/or
visually 1o discuss the isspe. The system 5 may provide a means of verbal andfor visual
communication between the clipician programmer 2 and the patient programmer 3, o
between d personal phone and either the patient programmer 3 or the clinician programumer
2. Video comununication may be tncluded. The interface of the clinictan programmer 2
used by the chmcal expert may provide g pre-remote checklist or decision-making tool 1o
aid 1 determining whether the suuation descnibed by the patient would be appropriate fo
try to address with remwote follow-up. For example, the interface of the clinician
progranumer 2 may provide a means for the clinical expert to pull up past data records on

in-office or remote follow-ups.

In a further step S4, the clinical expert may go through the pre-remote checklist: If the
clintcal expert determiunes that the patient’s issue is approprigte 10 try to address with
remote follow-up, the clineal expert may review a checklist of conditions with the patient

prior to proceeding with g remwote follow-up session. The interface of the chinician
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programmer 2 used by the chinical expert may provide an electronic checklist or tool to aid
in determining whether the patient and SCS syvstem mieet all criteria for proceading with

remote follow-up.

Optionally, the interface may require the clinician programmer 2 aser to confirmy/check off
each of the checklist items andfor input information specific to the patient situation/status
before it allows the user to proceed with a remote programming session, Optionally, the
nterface may reguire a second factor authentication betore allowing the remote follow-ap
to occur, For example, the second factor authentication may be done using biometrics,

codes delivered by SMS, Trmmaction Authentication Numbers, tme-based one time factor

algorithms, etc,

As a further step 85, a remote interrogation may be carried out: The clindcal expert may
nse the clinician programmer 2 1o select the patient device from a list of patient devices
that the chnical expert has permission {o view {e. g., according to the patient group(s) that
the chimical expert has been assigned access). Optionally, the chnician progranuymer 2 may
send a message via the central service vntl 4 (which may also be referred to as service
center 4} to the patient programmer 3 that the patient must accept before the clinician
progranumer 2 15 allowed remiote access o the patient’s 8CS system. Then, the climecal
expert may establish a remote connection o the patient’s SCS system via the clinician
programumer 2. However, in some embodiments, the geceptance by the patient may not be
necessary, since the clinteal expert is already avnthorized to view the patient information
remetely, and patient information may be continuously synchronized with the central

service unit 4.

For example, in an embodiment, the information may be constantly synchronized on the
central service unit 4, i. e, for each change the patient has made in the therapy device 1,
the patient programmer 3 immediately synchronizes the status to the central service unit 4.
Likewise, the clinician programmer 2 can be synchromized, either immediately in real-time

or upon demand by the user (such as clicking a “refresh”™ bution).
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In another embodiment, the clinician programmer 2 may be used to send a message via the
central service unit 4 to the patient programmer 3, which (if needed) may request a present
update from the therapy device 1 and sends this information back to the clinician

programmer 2 via the central seyvice unit 4.

In another embodiment, the climcian programmer 2 may be used to send a message
directly to the patient programmer 3, which (if needed) may request a present update from

the therapy device 1 and sends this mformation back to the clinictan programmer 2.

In any variant, the clinical expert may review information such as, & g

a.  Lead status information (lead impedances and relative lead position)

b, Whether stimulation is ON or OFF

¢. Preseatly active program patameters

d.  Other programs and associated parameters that are available {o the patient

The present battery statas of the therapy device |

f. Other statas information about the therapy device 1 (such as if it 13 in MR mode)

g.  Other statistics collected by the therapy device 1 {such as historical stimulation use,
activity tracking, posture tracking, et¢.)
g Other mformation input by the patient via the patient programmer 3 or othanwvise

collected by the patient programmer 3 (such as pain survey responses, Notes,

miedication tracking etc.)

In a further step S6, remote adjustments may be performed: The chatcal expert may use the

o

clinicign programmer 2 to modify parameters of an exasting stimulation program or create
a new stimaolation program. For example, parameter modifications may be displayed
focally on the chinician programmer 2 but may not vet be transouttad to the patient’s SCS

system. For example, the parameters modified on the clinician programmer 2 may include:

a.  Frequencv or other stimulation timing parameters
b, Palse widih

¢.  Elecrrode configuration
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d. Balasce of amphitudes between subprograms

e.  Program name

However, tt may be provided that during remote follow-up # iy not possible 1o edit the
program amplitade because the amplitude is fixed at minimal dose for any remotely edited

program.

A farther step S7 may consist in a trapsmission of update(s): Once all parameter changes
are complete for an edited stimulation program, the clinical expert may transmit the edited
program. {{t should be noted that 1t may be provided that no changes take place in the
patient’s therapy device 1 wtil later steps are completed.) The clinician programmer 2 then
may package data about the new stimulation program and send it via the service center 4 1o
the appropriate patient programumer 3. For example, the transmission of entire programs as
a batch rather than incrementally may ensure that parameters are consistent and that
network latencies do not result in a partial programming. This may be considered both a

safety factor and a nsability advantage for both the patient and clinician,

A further step S8 may consist in patient acceptance: After the updates are transmitted by
the clinical expert, the patient may receive a message on the patient progranmymer 3 that the
patient is asked to accept the new program. The clinical expert may remain on the phone
with the patient to assist with any questions during this process. For example, the patient
may chick “Accept” to the message. At this time, the program data sent from the clinician
progranumer may be sent to the therapy device 1. The therapy device 1| may perform a
vahdity check on the newly received program data before loading the new program. In an
advantageous vanant, the therapy device 1 may check to ensure that the newly received

program has an amplitude at minimal dose for safety purposes.

A further step 89 may consist in providing remote programming status to the clinician. For
example, as soon as the therapy device 1 i3 updated, the central service unit 4 may be
updated 1o reflect these new permanent parameters in the therapy device 1. Each tme the
patient makes subsequent parameter updates {as described below), the therapy device 1

may be updated, and the central service umt’s 4 copy of therapy device paraneters may be
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autoratically updated.

An amplitude adiastment may be performed 1 a further step 310 The patient may increase
the amplitude of the updated stimulation program as the patient nommally would ony the
patient programmer 3, Optionally, the patient programmer 3 may inclade prompts to aid
the patient with this process. The chimeal expert may use the clinician programmer 2 {o
view the amplitude in near real-time to confirm that the patient 15 properly adjusting the
amplitude. Once the patient reaches a target amplitade, the patient may have the option to
use the patient progravuuer 3 for setting this amplitude as the new default amplitude for

the stimulation program.

A further step S11 may relate to reporting: The clinical expert may nse the clinician
progranumer 2 o save the final stmulation program mformation after the remote follow-up
s complete. The clinical expert may be able to store and export a record of the
programming to produce a report of the programmed parameters, which can be delivered to
or accessed by the following physictan. Additionally or alternatively, the record of the
programming changes may be antomatically saved in the central service unit 4 as well,

such that it 1s avatlable for future query.

Still referring to both Figs. 1 and 2, the following describes an overview of the sequence of
technical steps used to provide a remote follow-up in accordance with one or more
embediments with some additional details on the functions of sach component -4 of the

system 3.

As stated above, the service center 4 {1, ¢, the central service unit 4) may provide a means
of registering clinician programumer 2 nsers and conirolling their access to remote follow-

up.

The clintcian programmer 2 or other interface may allow the physician andéor patient 1o
electronicaily provide consent for future participation in remote follow-up. For example,
the clinician programmer 2 may have a means of turning on or off the ability to perform

future remote ollow-ups that can only be accessed during in-person programming. The

]
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therapy device 1 then stores this setting. Before a remote follow-up, the climician
programmer 2 mayv require 3 user fog-in and eptionally additional authentication steps
betore allowing access {o remote Tollow-up. The service center 4 may provide support for

user authentication and anthorization.

Duwring remote follow-up, the clinician programmer 2 may commaunicate with the service
cemter 4 order to display a list of therapy devices 1 that the logged-in user has
permission to perform remote follow-ups on, and allow the user to select a therapy device

1 for performing remote follow-up.

The patient programmer 3 may thea receive data from the therapy device | and update
stored data in the service center 4 with the most recent mformation from the therapy device
1. For example, in some embodiments, the therapy device 1 may package and send data to
the patient programmer 3. Altematively or additionally, the patient programmer 3 may
send data directly. For example, the patient programmer 3 may have an option for the
patient to manually resynchronize data with the service center 4 or manually turn on and
off synchronizing with the service center 4. In a preferred embodiment, the therapy device
2

1 and patient programmer 3 are continuously synchronized with the service center 4,

without any action required by the patient.

The clinician progranmumer 2 mayv receive data from the service center 4 (Le, the central
servive unit 4} to display the status of the SCS system, such as léad mitegrity mformation,
battery status, presently used programs, and other statistics avatlable from the therapy

device 1.

Further, the clinician programmer 2 provides an terface for the user to edit stunulation
parameter seftings within an existing program or a newly created program and then
transniit the updated parameter settings via the service center 4 and the patient programmer
3 to the therapy device 1. The chinician programmer 2 may have programmng rules and
calculations that are applied when the user inputs program adjustments. For example, the
clinician programmer 2 may place certain restrictions on programming capabilinies during

the remote follow-up session according to rules that may be configurable. For example, the
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clintcian programmer 2 could Hmit the range of parameters available to any program that is
edited during remote follow-up. Thus, for example, the stimulation amplitade may be fixed
at minimal dose for any remotely edited program.

The chinictan programumer 2 may reflect (and store) the program parameter changes tocally,
and then, after the nser transmits the apdated program, the clinician programmer 2 may
send the updated program information to the service center 4. The service center 4 may
then send an authentic and valid program updaie to the therapy device 1 via the patient

progranzmer 3,

For example, the clinician programmer 2 may comununicate with the service center 4 over
a secure channel using Transport Layer Security {TLS), Access mayv be authorized, e g,
using a token based svetem (such as OAuwth2) that puts the climician progranuner 2 in
regalar commumication with the service center 4 for the communication of follow-up
records and technical commumication. For example, this same communication channel may
be used to send remote programming commands and ensure that they are transmitted

securely to the service center 4.

In an embodiment, the service center 4 may be responsible for mapping patient
programuners 3 1o the appropriate patient. For example, the service center 4 may matntain a
secure communications to cach patient programmer 3. All conumunnication may use 8 TLS
channel, for example. Access may be awvthorized using a token based approach using

3

programunied credentials unigue to ecach patient programmer 3 Agam the patient
programmer 3 may be in regular commmuncation with the service center to 4 ensure that the
service center 4 can collect user data and that any changes the patient makes to thew

stimulation program i3 synchromized.
The service center 4 may also maintain a secure channel to the therapy device 1. This may
enswre that all messages are sent confidentially, are authentic and are infegrity protected

even i the event of a compronuse of the patient programumer 3,

The patient programmer 3 may receive the transmitted program update from the service
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center 4 and may provide the patient with a message that the patient i3 prompted to accept.

Once the patient acvepts, the pasent prograpuner 3 may send the program update

information to the therapy device L

The therapy device | may load a newly transmitted program. For example, after
acceplance by the patient occurs, the remotely sent program may take full effect just as any
other permanently stored program in the therapy device 1. In an embodiment, the therapy
device 1 checks the authenticity, authorization and/or validity of the received program
information. Additionally, the therapy device 1 may ensure that anv remotely edited

program has an amphitode at minimam dose settings.

The patient prograromer 3 may be configured 1o read and display the updated program
information, Further, the pattent programmer 3 may be used as usual to adjust the
stimulation amplitude or other patient-accessible settings. Importantly, the patiend
programiner 3 can be used to save a new starting amplhitude since remotely edied programs

are mnitially limited to mintmal dose amplitude settings,

The patient progranmumer 3 mav synchronize the therapy device 1 programming information
hack to the service center 4, from where the up-to-date programming information can be
read by the clinician programamer 2. For example, the clinician progranmmer 2 may have a
means of refreshing displayed information to reflect the present state of the patient
programmer 3 and therapy device 1, so that the user of the clinician programmer 2 can

contine 1o see changes made by the patient during the remote follow-up session.

For example, it should be noted that the methad for remote programming g therapy device
1 does not necessarly comprise all steps §1-811 of the exemplary embodiment described
above. Instead, as the skilled person will appreciate, the method mayv comprise only a
subset of said steps i various combinations in some embodiments. Of course, the method

may also comprise additional steps.

Further, it should be noted that the method steps S1-S11 described above with reference to

Figs. 1 and 2 may be carried out using the system 5 of Fig. 1. Thus, what has been



1

20

30

WO 2020/028759 PCT/US2019/044811

deseribed above with regard to the method for remote programming a thevapy device 1
may analogousty apply to the system § and 1t componeats 1-4 descrtbed above, and vice

Versd.

In the following, further embodiments of the method and system for ensuring patient safety

darmg remote changes to stumulation parameters are described.

During remote progranuming safety 18 achieved by ensuring that the therapeutic dose of
remote programming 1s set to a very low level magnitude (the so-called munimal dose
amplitude, eg. zero or close to zere hike 0.1 mV) and that the patient is required io
ncrament the magaitude to the appropriate therapentic level This allows the patient o
discontinue therapy increases if they feel discomfort. This safety feature is guaranteed by
the svatem design such that even in the event of a seourity valnerability an attacker cannot

bypass this protection mechanism.

It is an objective to come up with a simple way to restrict the impact of cybersecurity
vulnerabilities so that they do pot bave unacceptable risk on patient safety while not
making the system overly complex. A particular challenge is that the ultimate asset that
needs to be secured is the therapy device has himited compute power and this needs to be
factored inte the solution. Thus the approach of the system design 13 1o do a defense and
depth approach but then to enforce a constramnt on the system that the final amplitade of

stinndation can oaly be programmad by the patient and ot through remote interfaces,

The system employs a fundamental safety paradigm thal ensares new remote programs or
changes to gny existing program result in the magaitade of the energy betny set to zero or
effectively zero {eg 0.1 mV) and that the system ensures this i3 done as close to the
therapy device as possible. Ideally the therapy device does this as pant of accepting
incoming commands or creates an interface which does not allow direct programming of

amplitudes.

The system S comprises a chinician programmer 2, a service center 4, a patient programmer

3 and g therapy device 1 as shown in Fig. 1
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‘The chinician programmer 2 may be responsible for one or more of the following aspects:

Allowing the user {e.g. a clinician) to enable/disable the remote programming
feature {only during an in-clinic follow-up).

Allowing the user to select a patient that they are authorized to remotely program.
Presenting the user mterface for the service center 4 to guthenticate the user with
second factor authentication.

Pulling the therapy device’s 1 latest state information from the service center 4
during a remote Programiming session,

Allowing the user 1o addmodify a patient’s therapeutic program but changed
programs are restricted to 8 non~editable zero amphitude (low dose). This is more
of a usability feature than a control at this level.

Definition of the therapeutic program also includes a maximam amplitude Hmut that
is defined by the user.

Only allowing the user to transmit a therapeuntic program if the patient programmer
3 has an active conpection to the service center 4 and to the therapy device 1.
Relaying the configured therapeutic program to the service center 4 afler the user is

done making changes.

The service center 4 may be responsible for one or more of the following aspects:

Authenticating clinician users to log-in to the clinician programmer 2.
Authenticating clinician users via second factor authentication using the chinician
progranmer 2,

Access control to ensure clinicians have access to the appropriate patients.
Receiving programs from a clinictan programmer 2 and routing to the appropriate
patient programmer 3.

Notifying the clinician programumer 2 that i cannot conumunicate with the patient
progranuer 3.

Relaving patient programmer 3 to therapy device 1 connectivity and status
information to the chinician programmer 2.

Notifying the clinictan programumer 2 gbout the programs’ Hansnussion progress,

-0 -
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The patient programmer 3 may be responsible for one oy more of the following aspects:

Recerving programs from the service center 4 over a secure link

Prompting the patient as to whether they wonld ke to have remotely transmited
programs 1o be installed imto their therapy device L.

Relaying the program to the therapy device 1 if the patient accepts the request.
Notfving the service center 4 1f the patient rejects the request and discarding the
request.

Interrogating the therapy device 1, pertadically or on centain events, and forwarding
data to the service center 4.

After recetving successful confirmation from the therapy device | that programs were
installed, allowing the patient 1o activate them and configure the amplitude as needed

{up o a clintcian-specified maximum),

The therapy device 1 may be responsible for one or more of the following aspects:

Receiving programs from the service center 4 over a secure link.

Ensuring the program{s} was/were sent from a valid sender using crvptographic
controls.

Ensuring that the starting amplitude for the itial program is set to the minmimal dose
amphitude {see below).

Installing the received programs if valid.

Rejecting them if mvalid.

Sending a confirmation o the patient prograrumer 3 that it has accepted or rejected the

remote progranys).

The therapy device is a complex device with a large number of programs with each

program containing a set of N sub-programs (N being a natural number) resulting in a large

number of potential inconsistencies and errors that could cause the device to behave

mcorrectly. To protect against this, an option could be to architect a system with parameter

rules processing in the therapy device but this would result in a significant amount of

processing complexity over traditional solutions in this space. Also, some parameter

setfings may make logical sense and pass standard checks but still result in harm when

targeted to a specific patient making this solution mmpossible in practice.  For example,

- 21 -



1

20

30

WO 2020/028759 PCT/US2019/044811

amplitude ranges that ave required to give adequate therapy i some patients can causg pain
i others, Thus, there is not a general set of parameter ranges that make sense or are

effectively safe for all patients.

The amount of energy delivered to the patient may be a fonction of the frequency, pulse
width, electrode configuration andfor pulse amplitude. The present approach limits the
starting amplhitude for all therapies 1o ¢ minimal dose amplitude {zero or a very low value
fike 0.1 mV) and reguires the patient {o then increment the amphiude to a desired level
conununicated to them from the clinician, As the patient 15 1 control of incrementing the
anplitude he/she can control the dose in discrete increments and stop if discomfort i3 felt.
There is clinical data to support that {1) patients will feel sensation from stimudation prior
to discomfort, and {2} patients will perceive discomfort prior o any damaging effect from
stimulation. Therefore, the approach of starting the amplitade at the minunal dose
amplitude and relying on the patient to increase it ensures safety even in the event of a
malicious programming. A malicious programming attempt could be fargeted at multiple
attack surfaces in the system. For mstance, a hacker with snfficient technical knowledge
could bypass controls on the programming interface {(web or application}) to send a
malicious set of parameters to the therapy device or could mampulate progranuming
conimands m ttansit to the therapy device. Having a simple mechamism in the therapy

device as described heretn, protects from multiple different avenues of attack.

In order to ensure a program is valid, including having a zero (or very low} starting
amplitnde, a program that s sent remotely will arrive to the patient programmer in a
manner that allows the therapy device to identify the program has been sent through the
remote programiming channel. When the therapy device recetves a new or updated program
via the remote programming chaunel, the therapy device may decrypt and/or miegrity
check the contents of the program using cryptographic functions that are unique to the
remote channel, One way to accomplish this may be to ensure all communication to a
therapy device 1s routed through a secure service center. The service center may have
factory shared credentials unique 1o cach therapy device that may be used with encryption
andfor authentication algorithms to protect each message. The therapy device may check

the propram contents against a set of rules, at feast including the zero amplitude rule, 1o
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enswre that the program contenis received are appropriste to those allowed via the remote
channel. It the program centents do not pass the check, the therapy device will actively
reject the program {meaning it will not be sllowed to be written o working memery of the
therapy device}. If the program contents received pass the check, the therapy device may

write the program to #ts working memaory.

Optionally, the patient programiner itself may additionally check the contents of the
program agamst a set of rules to determine if the program s valid, including having a

starting amplitude with a minumal dose amplitude,

In one embodiment, 8 patient may have a therapeutic program consisting of a single sub-
program. In this case, the clinician programmer needs to send a single zero {or low)
amplitude down to the therapy device and then the patient can use the patient programmer
o ramp the amplitude to the desired fevel. In this case, the zero amplitude rule wonld be
verifying that the stimulation amplitade equals zero. Optionally, the user of the clinician
progranuner ¢an set a maximwm amplitude for the program that the patient will not be
allowed to exceed. Meanwhile, the clinician programmer provides the ability for the vser
to view the presemt active parameters as controfled by the patient on the patient
programmer. This could be done in the form of a “refresh” batton to toggle between
editing mode and patient-view mode. O, the clinician progranuner could have a built-in
real-time display of the patient parameters {which could include a view of the patient

programmer screen self). These options are shown in Figure 3 and Figure 4.

Alternatively, the design could send a final target amplitide which the therapy device uses
for mformational purposes {such as bemg displayved on the patient programmer as an
indicator of the desived target amplitude) and the therapy device starts the stinndation at
the minimal dose amplitude. Again, commands from the patient programmer are used to
ramp the stimulation to the desived safe and comfortable levell An example of the user
interface on the patient programmer in the case that of target amplitade is shown in Figore

3.

In another embodiment, a therapeutic program may comprise multiple sub-programs. in
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this case, a vector of amplitudes (comprising one amplitude for each sab-program) needs in
be wansmitted o the therapy device and the sohution for ramping the amplitudes to the
target amplitudes must take into account that all amplitudes have © be zero {or low)
initiatly but that the clinician needs to be able to set the relative amphitudes between the
sub-programs to control patient comiort and therapy success. Por instance at the target
stimulation level, a first sub-program on a first set of electrodes {e.g. elecirodes A and B)
may need to be gt 3 mA whereas g second sub-program on a second set of electrodes {e.g
electrodes B and C) may need to be 2 mA. Thus the system design needs to:
-~ start the gmphitude values at zevo,
have the amplitudes ramp up to the desired values i an incremental fashion such that
the patient can feel an increase in stunulation over a number of steps, and

enswre the relative difference w the target amphiudes is as the clinician desires.

Various approaches can achieve this, such as (but not lunited to}:

{1} Sending the final target amplitudes from the clinicign programmer and having the
therapy device caleulate starting amplitades to use for stimulation that start at zero and
mcrament in a monotonic manner so that all amplitudes reach their respective target values
at the same time. The ramp can be linear or in g ratio fashion. An example would be
determining the stimulation delivered as a ratio of strenyth times the final value. Strength
starts at zere and is not programmable. Here no explicit zero amplitude rule 1 needed as
the remote user does not have the ability to program the starting amplitude.

(2) Sending values less than zero, where the highest amplitude is set to zero and the others
are negative offsets. The design then ensures that negative values result in no stimualation
being delivered. The amplitudes of the sub-programs are then incremented in a linear
fashion. As they become positive they become active and therapy is debvered. An
tlustration of this bebavior is shown i Figwe 6. In the case shown, the user of the
clinicign programmer defines the target subprogram gmplimudes, and the clinician
progranumer converts these to offset values. These offset values are used to determine each
subprogram gmplitude relagive to the amplitude displaved on the screen. Here the zervo
amplitnde programnung rule would enforce all starting amplitndes are less than or equal to

FLID.
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Also, the therapy device may maintain muliiple connections with one or more external
devicel{s} and each one mav have a different level of accesy or trust such that the therapy
device can allow some selected commands on some interfaces and not on others. In the
example system shown in Fig. 2, the therapy device has theee external connection types:
A chmician programmer connection which s duration linuted but allows access to all
commands.
A patient programumer connection which i1s a long-tenm connection baot only allows
access to limited set of commands. Example imitations would be that #t cannot change
the maximum stimulation amplitade but can increment the amplitade up to this point.
—~ A remote programiming connection which is long term which allows new programs 1o
occur but ensures that they have zero amplitude. This connection also dees not allow

usage of any commands to merement amplivde of the device.

I the case of chinician programmer of patient programmer connection, such connections
miay be established dyvnamicatly, This means using a pairing process which may combine
physical proximity along with a combination of cryptographic measures 10 ensure security,
Many solutions are possible, for example application of a magnet for ensuring proximity
and then mutual crvptographic anthentication and key agreement using certificates and
algorithms such as Diffie-Hellman. The result is the sharing of one or more symmetric

kevs that are unique and specific 1o the type of connection,

I the case of the remote progranuning connection it is possible to pre-share one of more
symmetrie keys to establish a secure channel at the factory between a service center and a
therapy device. [t would alse be possible to pre-share certificates and have the service
center and the therapy device perform mutual anthentication and key agreements to derive
synunetric keve on a as needed basts. Again, this key 15 specific to the remote
progranuning connection and all remote programming must be pass an cryptographic
integrity check to prove they came over the coarrect channel and ihat they have not be

tamperad with.

Thus gach connection may be subject to an awthentication technique prioy to making the

connection and then thereafter all commumcation is protected by security controls and

¥
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credentials unique to each connection.

A combination of these access rules and the zero amplitude spproach may result in a
defense n depth architecture where an attacker would need to compromise multiple sub-
s systems in order to resalt in harm to the patient via the remote programming interface.
For mstance, they would need to first send a program to the therapy device using a remote
programining connection that passes all cryptographic controls, At this the system would
be i unexpected state but still no harm to the patient has occurred. They would then need
to compromise the specific patient programmer assoctated with that patient to send

w o commands to merement the amphiude.

In one embodiment, a system for safely starting a therapy program is provided. The system
may comprise:

a chimcian programumer {or a web-based user interface)} which 1s configured to create a

13 program {e.g. by creating a new program from scratch or by modifying an existing
programy;
~ & therapy device {e.g. an Implantable medical device like a neurostimulator )
comprising a processor, wherein the processor 1s configured to execute the program;
—~ @ service center {e.g. a remots servery
0 - apatient progranimer {or refay device); and

~ @ comumunication network that i configured to communicate the program from the
clinigian programmer to the therapy device, e.g via the service cenjer andfor via the

atient pro STEmmes.
i £

25 The patient programmer may be configured to
~  be operated by the patient;
receive at least program installation instructions from the service center; andfor
~  ransmit the program installation instractions to the therapy device,
wherein the program mstallation instructions, when execuied by the processor, comprise

3 instructions to install the program on the therapy device.

- 26 -
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The processor of the therapy device may be configured to
—~  mantain one or more separate secure comuunication chammels depending on external
actors wishing to communicate with the therapy device (e g clinician programmer via
a Iocal session, patient progranumer, remote programming via the communication
$ network);
~ pecgive a program from the communication astwork via a communication channel
{(e.g a remote programming connection);
~  decrypt and integrity check the contents of the program;
evaluate that the commands received of the program are appropriate to those allowed
10 via a remote channel and actively reject commands that are not appropriate; and/or
execute the program (or multiple programs) with a minimal dose amplitude {e.g. zero

bad

amplitude or a similar effectively low therapeutic dose like 0.1 mV).

It may only be possible to increment the amplitude of the program over the patient
13 programymer interface.  This allows the patient to increment the parameters in a manner
such that the patient can react on feeling discomfort and that the relative amphtudes of the

sub-programs at the target values are as the climician desired,

The chinician programuner (or web-based user interface) may have the abiliy for the user
W o
—~ define a maximum amplitude for a program;
define offsets between sub~program amplindes;
~  define amplitudes for the program or subprograms; andfor
view {e.g. in real time) the present parameters that ave active in the therapy device and

25 conttrolled by the patient programmer.

The patient programumer may have the ability to
check the suttability of a remotely received program;

~  guide the user to merement the amplitade 1o a target amplitude; and/or

3 - maintain offsets between subprogram amplitudes.
~ 37 -
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CLAIMS
i A method for remote programmung a therapy device (1) for newostimulation,

b

L

comprising:

generating {56} a stimulation program for the therapy device (1) by means of a

chnician programmer (2);

~  transferring (S7) the stimulation program to a patient programumer {3);

- loading (88) the stimulation program on the therapy device {1) from the patient
progranymer (3);

- increasing {59} a stimulation amplitude of the stimulation program by means of
the patient programmaer {3);

wherein an mitial stimulation amplitude setting of the stimudation program s

Honted to a minimal dose amplitude.

The method of clamm 1, wherein the therapy device {1) performs 8 vahdily check on

the newly received stimulation program before loading the stimulation program.

The methed of clann 2, wherein the validity check comprises checking 4t the

stimulation program has an smplitude at minimal dose.

The method of one of the preceding claims, wherein the clinician programmer (2} is

used to view the stimulation amplitude in near real-time.

The method of one of the preceding claims, wherein the method further comprises
accepting the transferred stimulation program by means of the patient programmer

(3) before it is Ioaded on the therapy device (1},
The method of one of the preceding claims, wherein the stimulation program is

gransferred (87Y from the chimcian programmer (2) to the patient programmer (3}

via g ceniral service unit {(4).

-9 .



3

24

i

WO 2020/028759 PCT/US2019/044811

9.

$43

[R5

The method of one of the preceding claims, wherein before generating (S6) the
stimulation program the clinician progranmyer {23 receives {53) status information

of the therapy device (1),

A system (5} for remote programming a therapy device (1) for neurostimalation,

the system (3} comprising:

~ & therapy device (1) being configured for providing electrical stimlation pulses
for neurostimulation;

- g clinician programmer {2} being configured for generating {56} a stimulation
program for the therapy device (1)

~ g patient programmer (3) being configured for receiving (87) the stimulation
program, the therapy device (1) being configured for loading (S8} the
stimulation program from the patient programmer (3},

wherein the clinician programmer {2) is configured for ensuring that a stimulation

amplitude setting of the generated stimulation program is fimited to a munimal dose

amplitude.

The system (5) of claim 8, further comprising a central service umit {4) being
configured for facilitating compiunication between the clinician programmer (2)

and the patient programmer {3}

The svstem (5) of claim 9, wherein the ceniral service unit {4) 13 configured for

serving as g central data repository,

The system (5} of one of claims & to 10, wherein the therapy device (1) is
configured for performing a validity check on the newly received stimulation

program before loading the stimulation program.

The systens (5} of claim 11, wherein the validity check comprises checking if the

stiutation program has an amplitude at a minimal dose.
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13.
14.
15.
1

The system (5) of one of claims 8§ 1o 12, wherewn the patient programmer (3} allows

tor adjusting the stimulation amplitede.

The system (5) of one of claim 13, wherein the patient programmer (3} and/or the
therapy device (1) allows for setting a new stimulation amplitude as a new default

amplitude of the stmulation program.

The system (5} of claum 13 to 14, wherein the chinician programmer (2) allows for

viewing the stimulation amphtoade in near real-time.
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Clinician Programmer - Edit Mode

Stimulation: ON {fixed)
Active progrant Program #1 {fixed)
Frogram ampiitude: 0 mA (fixed)
Max amplitude: 10.0 mA
Electrodes: (11 (-1 (}
Pulse width: 200 us
Frequency: 50 Hz

Transmit

 Refresh (ose edits) |

Cliniclan Programmer - Patient View

Stimulation: ON
Active program: Program #1
Program amplitude: 2.0 mA
Max amplitude; 10.0 mA
Electrodes: (+} (-1 {} {)
Pulse width: 200 us
Frequency. 80 Hz

Transmit

Refresh
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Clinician Programmer - Edit Mode + Patient View

Stimulation: ON {fixed)
Active program: Program #1 (fixed) ,‘ y
Program amplitude: 0 mA (fixed) Poflant Ramoth View
Max amplitude: 10.0 mA i?f”ﬁ“fam' ON
Electrodes: (+) (-} () { vlive program:
Pulse width: 200 us Program #1
Frequency: 50 Hz Program amplituds:
20 mA
Transmit Refresh
FIG. 4
Patient Remote Patiant Remote
Stimulation: ON Stimulation: ON
Active program: Active program:
Program #1 Program #1
Program ampilitude: Program ampiitude:
@ 2.0 mA 35mA (+
Keep increasing to 3.5 Target amplitude
mA uniess you fesl reached !
discomfort...
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Clinician Programmer-Edit Mode, 2 subprograms with offset target amplitudes

Program parameters:
Active program: Program #1 {fixed)
Program amplitude: & mA (fixed)

Max overall amplitude: 10.0 mA

Transmit

) Fatient Remote
Patient Remote {Subprogram 1 [Subprogram 2 | T T
Display actual amplitude {actual amplitude | Stimulation: ON
Amplitude {Target 1.0) {Target: 1.5
g i g g ; Active prograny
% 5 % Program #1
0.3 g 83
04 8 0.4 ‘
0.5 0 0.5 Program amplitude:
8.8 841 0.6 )
8.7 8.2 8.7 '
0.8 8.3 0.8
0.9 8.4 )
i 05 1. ,
14 0.8 1. Keep increasing fo 1.5
14 21 ,§§ mA unless you feel
14 0.3 1.4 discomfort..
13 1 1.5
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