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PATIENT CONTROL FOR IMPLANTABLE MEDICAL BEVICE

Backsround
A targeted eclectrical stironlation of a nerve shows great promise in a
number of therapies. In one example, such stimulation is implomented via an
10 immplantable medical device, such as but not limited o, 2o implantable pulse

generaior.

Brief Description of the Drawings

The accompanying drawings are included to provide a further
15 understanding of examples and arc incorporated in and constitute a part of this
specification.  The drawings illustrate examples and together with the
description serve to explain principles of examples. Other examples and many
of the mtended advantages of cxamples will be readily appreciated as they
become better understood by reference to the following detailed deseription.
20 The elemeunts of the drawings are not necessanily to scale relative to cach other.
Like reference numerals designate corresponding similar parts.
Figure 1 is a block diagram schematically illustrating a troatiment system,
according to one example of the present disclosure,
Figure 2 is a diagram schematically tllustrating an at least partially
25  implantable stimulation system relative to a patient, according to an example of
the present disclosure,
Figure 3A is a block diagram schematically illustrating an input portion of
a patent remote control, according to one example of the present disclosure.
Figure 3B is a block diagram schematically illustrating an output portion
30 of apatent remwote control, according 1o one example of the present disclosure.
Figure 3C is a block diagram schematically illustrating an output portion
of a patent remoete condrol, according to one example of the present disclosure.
Figure 3D is a block diagram schematically llustrating an output portion

ot a patent remnote control, according to one example of the present disclosure.

(%]
L



WO 2015/021348 PCT/US2014/050272

[N

o

Figure 4A is a diagram including a perspective view schematically
illustrating a patient control, according o one example of the presert disclosure.
Figure 4B 15 a sectional view as taken along lines 4B—4B in Figure 44,
according to one example of the present disclosure.
Figure 4C 15 a diagram schematically illustrating an array of shapes for an
10 input of a patient remote control, according to one example of the present
disclosure.
Figure 4D is a side view schematically tllustrating a profile of a paticut
remote control, according to one example of the present disclosure.
Figure 4E is a diagram fncluding a top view schematically iHustrating an
15 input of a patient romote control, according to one example of the present
disclosure.
Figure 5 is a block diagram schematicaily illustrating a comnmunications
module, according to one example of the present disclosure,
Figure 6A 15 & block diagram of a patient management system, according
20 to one example of the present disclosure.
Figure 6B 15 a block diagram of a conirol portion, according to one
example of the present disclosure.
Figure 7 s a flow diagram of a patient management protocol, according to

one example of the present disclosure,

Detailed Deseription

In the followmg Detailed Description, reference is made to the
accompanying drawings, which form a part hereof, and i which is shown by
way of illustration specific examples in which the invention may be practiced.

30 In this regard, directional terminology, such as “top,” “bottom,” “front,” “back,”
“leading,” “irailing,” ctc., is vsed with reference to the oriemtation of the
Figure(s) being described. Because componenis of examples can be positioned
n a number of different orientations, the directional terminology is used for

purposes of illustration and is in no way Hmiting. It is to be understood that
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L

other examples may be utilized and structural or logical changes may be made
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5 without departing from the scope of the present disclosure. The following
detailed description, therefore, is not to be taken in a Hmiting seose.

At lcast some examples of the present disclosure are directed to a patient
remote control for an implantable medical device and/or a related patient
management system.  In some examples, the patient remote control forms part of

10 an at least partially implantable nerve stimulation system for treating obstructive
sleep apnea. However, it will be understood that the patient remote control and/or
patient management system are applicable o tmuplantable medical devices other
than for treating obstructive sleep apnea.  In some cxamples, such other
mplementations include therapies, such as but not limited to, central sleep apunea,
complex sleep apnea, cardiac disorders, and respiratory disorders.
These examples, and other exanples, are fusther described in association
with at least Figures 1-7.
Figure | 15 a block diagram schematically illustrating a treatment system
10, according to one cxample of the present disclosure. As shown in Figure 1,
20 treatment system 10 includes an implantabie medical device 16 and a patient
remote control 18 in sclective communication with the implantable medical device
16. In some cxamples, the implantable medical device 16 performs diagnostic
and/or therapeutic fimctions in a patient’s body while the patient remote control
{8 countrols at lcast some functions of the implantable medical device 16. Other
25 {functions are pre-programmed imto the implantable medical device 16 andfor
controllable via a separate care/physician controller {(not shown). In some
cxamples, pationt remote control 18 includes at lcast some of substantially the
same features and attributes as the patient remote control 200, 250 (Figs 3A-3D,
4A-4E, 5), with or without at least some of the features of a patient management
30 system like that described in association with Figures 6A, 68, 7.

While system 10 is applicable to many different types of implantable
medical devices, in one example the tmplantable medical device 16 comprises an
implantable pulse generator of a system to treat obstructive sleep apnea via nerve

stimulation.  Accordingly, Figure 2 schematically ttiustrates an at icast partially

(98]
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mplantable stimulation systerm, according to an cxample of the present
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5 disclosure. As illustrated in Figure 2, in some examples system 21 inciudes an
implantable pulse generator (IPG) 35 and a stumulation lead 32 clectrically
coupled with the PG 35 via a connector {(not shown) positioned within 2
connection port of the PG 35, In some examples, the PG 35 is sorgically
positioned within a pectoral region of a patient 20, The lead 32 includes a

10 stimulation clectrode portion 45 and extends from the [PG 35 so that the
stimlation electrode portion 45 is positioned in contact with a desired nerve,
such as the bypoglossal nerve 33 of the patient 20, to cnable stimulation of the
nerve 33, as described below in detall.  In some examples, the stimulation
electrode portion 45 comprises a selftsizing cuft such as described in US.

I5 8,340,785 to Bonde et al.  In some examples, lead 32 mchudes features and
aitributes af least consistent for use in an implantable stimulation system as
described in U5, Patent No. 6,572,543 to Christopherson et al., and which is
meorporated herein by reference in its entirety.

In some examples, the system 21 comprises an additional lead 37

20 incloding at least one sensor portion 40 (electrically coupled to the PG 35 and

extending from the PG 35) positioned in the patient 20 for sensing respiratory

gffort. The sensor portion 40 detects respiratory effort incloding respiratory

pattemns (e.g., inspiration, cxpiration, vespiratory pause, ctc.) in order to irigger

activation of an clectrode portion fo stimulate a target nerve. Accordingly, with

25 tlas arvangement, the [PG 35 (Figare 1) receives sensor waveforms from the

respiratory sensor portion 40, thereby enabling the PG 35 to deliver clectrical

stimoulation synchronously with inspiration {or synchronized relative o another

aspect of the respiratory cycle) according to a therapeutic treatment regimen in

accordance with examples of the present disclosure. It s also understood that

30 the respiratory sensor portion 40 is powered by the 1PG 35 and the IPG 35 also
contains nternal circuitry to accept and process the signal from the lead 37.

In some examples, the sensor portion 40 is a pressure sensor. In one

cxample, the pressure sensor in this example detects pressure in the thorax of the

patient. o some cxamples, the sensed pressure could be a combination of

(98]
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thoracic pressure and cardiac pressure {e.g., biood flow).
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In some cxamples, the respiratory sensor portion 40 comprises a bio-
impedance sensor o7 pair of bio-tmpedance sensors and can be located in regions
other than the pectoral region. In one aspect, such an impedance sensor is
configured to sense a bio-impedance signal or pattern whereby the control unit
evaluates respiratory patierns within the bio-impedance signal.  For bio-
10 ampedance sensing, in one example, electric current will be mjected through an
clectrode portion within the body and an electrically conduetive portion of a case
of the IPG 35 (Figure 3A) with the voltage being scnsed between two spaced
apart clectrode portions (or alse between one of the electrode portiens and the
electrically conductive portion of the case of IPG 35) to compute the impedance.
In some gxamples, system 21 alse comprises additional sensors to further obtam
physiclogic data associated with respiratory functions. For example, systern 21
may inchude various sensors (¢.g., sensors 47, 48, 49 in FIG. 1) distributed about
the chest arca for measuring a trans-thoracic bio-impedance signal, an
clectrocardiogram {ECQ) signal, or other respiratory-associated signals.

20 I some examples, system 21 includes other Udernal or external seosors
such as blood oxygenation sensors and/or acoustic sensors, for detecting snoring,
cardiac activity, respivatory airflow, ete. In some examples, such sensors include
sensors for detecting body activity, body position/posture, otc.  In some
examples, various combinations of physiologic sensors arc employed.

25 In some examples, the sensing and stimulation system 21 for treating
obstructive sleep apnea is a totally iplantable system which provides
therapeutic solutions for patients diagnosed with obstructive sleep apneca.
However, in some examples, one or more components of the system are not
mplanted 0 a body of the patient. A few non-limiting examples of such non-

30 implanted components include external sensors {respiration, impedance, ¢ic.), an

external processing unit, or an ocxternal power source.  Of course, it is further

anderstood  that the implanted portion(s} of the system provides a

comnnunication pathway to cnable (ransmission of data and/or controls signals

both to and from the mplanted portions of the system relative to the external
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S5 portions of the system. The communication pathway includes a radiofrequency
(RF) elemetry link or other wireless connnunication protocols.

Whether partially implantable or totally implantable, the system s
designed to stimulate the hypoglossal nerve during some portion of the repeating
respiratory cycle o thereby prevent obstroctions or occlusions in the upper

16 awrway during sleep.
Figure 3A 18 a block diagram schematically illostrating a patient remote
control 200, according to one cxample of the present discloswre. In some
cxamples, patient remote control 200 includes at least some of substantially the
same features and atiributes of patient remote control 18, as previously described
n association with at least Figure 1.
As shown in Figure 3A, in some examples the patient remote control 260
ncludes a first input 202, a sccond mput 204, and a third input 206, In some
examples, each of the first, second, and third inputs 202, 204, 206 have a unigue
size, shape, location, and topographical profile that differs from the other
20 respective inputs. With this arrangemend, a paticot can quickly and effectively
distinguish between the three different inputs using tactile senses (e.g. touching)
and/or visual sensimg. Use of tactile sense to distinguish between the three
differcnt inputs increases the usability of the system when it is used in the sleep
enviromnent which is often dark or dimly ht Further examples of these

25 characteristics of the first, second, thivd inputs are described later in association
with at least Figures 4A-4B.

Fach of the first, second, and third wmputs 202, 204, 206 is assigoed a
particular function or functions arranged in & complementary manner. In some
examples, one of the respective inputs can mmplement an “on” function, while

30 another respective input can implement an “off” fonction, and the remaining
respoctive input can implement an increase/decrease function.  In some
examples, at least one of the inputs 202, 204, 206 is a physical button activatable
viz finger pressure.  In some cxamples, at least one of the mpuis is a8 touch-

screen type bution, which generally does not move vader finger {(ov stylus}
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5 pressure but which s nooetheless activatable via finger contact and/or finger
pressure.

In addition, n some examples, a fivst side 201 of patient remote control
200 includes at least one output 218, as shown in Figure 3¢, In some examples,
cutput 210 ncludes an indication an “on” or “off” status of the patient control

16 210 while in some examples, output 210 indicates other a statas of other
fonctions. In one aspect, output 210 is implemented via one element or multiple
ciements. In some gxamples, output 210 is implemeonted as a light provided via
a LED or other light source. Tn some exanyples, output 210 is co-located with or
closely adjacent one of the fivst, second, or third inputs 202, 204, 206.

In some examples, a second side 207 (e.g. a back side) of patient remote
control 200 includes a display 210, which in general torms, provides for display
of information relating to at least some of the functions of first, second, and third
mputs 202, 204, 206. In one aspect, the display 210 includes static components,
such as a light that is in cither an on statc or an off state, and/or dynamic
20 components, such as a blinking light.

In some cxamples, display 210 includes a scale fimetion 212 for
indicating a scale of nput values. In some examples, scale fimetion 212 is
implemented via an array 230 of light indicators 232, as shown n Figure 3D. In
one aspect, the light indicators 232 arc arranged in pairs 2344, 2348, 234C,

25 234D, 234E. In some examples, each Hght indicator 232 is made of a light
emitting diode (LED). At keast one implementation of the scale function 212 via
array 230 of indicators 2372 is further described later in association with at fcast
Figure 3D.

Figiwe 4A is a perspective view of a patient remote control 250,

30 according to one example of the prosent disclosure, which provides one cxample
unplementation of the patient remote control 200 of Figures 3A-3C. Figare 48
is a partial sectional side view of patient remote control 250 of Figure 4A.

As shown in Figore 4A, patient remote condrol 250 includes a housing

251 having a first end 253 and opposite sccond end 255, as well as opposite

(98]
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sides 257A, 2578, a top surface 258 and opposite, back surface 259, In some
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5 cxamples, housing 251 further includes opposite end portions 270A, 2708 and
opposite side portions 2724, with bousing 251 having a thickness (T1), length
(L.1), and width (W1).

As further shown in Figure 4A, patient remote control 250 inclodes a
first input 262, sccond input 264, and third input 266, In some examples, first

10 input 262 and second input 264 ave cach arranged as a recessed activatable

button, which can either be implemented as a button defining a recess or as a

generally flat button movable within a separate recess defined in top portion 258

of housing 251 of the patient remote comdrol 250, 1n some examples, third input

266 1s mterposed between the first and second puts 262, 264 and in some

examples, is ratsed from top surface 258 of housing 251, as shown in Figure 4A.

While Figure 4A shows third input 266 as nultiple clements 2674, 2678, in

some cxamples third jnput 266 comprises a single eloment.

In some exampies, at least one of the first, second, third inputs is located
on a face or portion {e.g. 270A, 2708, 272A, 2721} other than top surface 258 of
20 housing 251.

In some examples, first input 262 comprises an “on” button for placing
the patient control in an “on” state, which mehudes automatic transmission of a
request to the taplantabic medical device {e.g. 16 in Fig. 1} to start therapy, In
some examples, fivst tput 262 also functions as a “pause” buiton, the pressing

25 of which pauses an active therapy and re-pressing causes resumption of active
therapy.

I some examoples, second input 264 comprises an “off” button for
transmitting a request to the implantable medical device to terminate a therapy
session.

30 In some examples, third input 266 comprises an increase portion 267A
and decrease portion 2678, which enable a pationt to increasc or decrease an
intensity of therapy, respectively, and which mehides transmits a request to the
implantable medical device {c.g. 16 i Fig. 1} to increase or decrease the

intensity of therapy, respectively.



WO 2015/021348 PCT/US2014/050272

o

As shown in Figures 4A-48, the third inpuwt 266 is mierposed between
the longitudinally spaced apart, respective first and second inputs 262, 264, with
third input 2646 being raised from top surface 258 of housing 251, Tn one aspect,
this arrangement separates the first “ow/pause” input 262 and the second “off”
nput 264 into scparate and distinct locations on the housing 251, thercby
10 inhibiting accidental or inadvertent engagement of the first and second nputs
262, 264.

Moreover, as funther show in Figores 4A-48, first input 262 is spaced
apart from first end 253 by a relatively short distance D4, while second mput
264 is spaced apart from first end 253 by a relatively long distance D7.
Accordingly, a user will be able to immediately differentiate the identity of the
two respective inputs 262, 264 based on their relative locations on top surface
258 of bousing 251, Morcover, second npui 264 is spaced apart from second
end 255 by a distance D33, which is a multiple (3x, 4x, 5x) of the distance D4, to
further facilitate the user differentiating an identity of the second input 264
20 relative to fivrst input 262, which is much closer to its adjacent first end 253,

In some examples, as further shown in Figure 4B, first fnput 262 has a
different topographical aspect, i.e. depth (H2) which is substantially greater (e.g.
2%, 3%, 4x) a depth (H3) of sccond input 264, further differentiating an identity

of the respective inputs 262, 264 relative to cach other. Moreover, with both

2
(9]

first and second inputs 262, 264 being recessed relative to top surface 258 of
housing 251, these inputs have topographical aspects which are significantly
ditferend than the topographical aspect of third nput 266, which is raised from
the top surtface 258 of housing 251 by a height (H1) and interposed between the
respective recessed nputs 262, 264

30 In some oxamples, all of the first, second, and third inputs 262, 264, 266
arc aligned along a single clongate oriemtation {represenied by v) which i
centered on the housing 251 along the lateral axis/orientation (represented by x).
However, in some examples, at least one of the respective inpuis 262, 264, 266

has an “off-axis” location that is closer to one of the fust side 2724 or the

(98]
(@21

sccond side 2728 of housing. This arvangement further differentiates an identity
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5 of such input because of its non-aligned position relative to the other foputs. In
one cxample, second mput 264 has an off axis Jocation in which second input is
closer to one of the respective opposite sides 2724, 2728,

In some examples, sccond mput 264 has a different size and/or shape
than first input 262. In one exampic, as shown in Figure 4A, second input 264

10 occupies a differently sized area than first input 262 and presents a more

clongated rectangular shape, which is oriented generally to parallel 2

longitudinal axis A of housing 251, In this way, an identity of the sccond mput

264 is turther differentiated from the identity of the first input 262, In one

aspect, the arca of first input 262 is characterized by its length L2 and width W2

while the area of second input 264 is characterized by its length L3 and width

W3. While Figure 4A depicts first input 262 as having a substantially large

arca than secound tuput, in some examples, second input 264 has a substantially

larger area than first mput 262, In cither case, these distinetions further
contribute to the tactile signature or identity of cach of the respective inputs.

20 H will be understood, of course, that the first, second and third inputs,
262, 264, 266 are not hmited to rectangular shapes, and can exhibit other
shapes/orientations, such as but not Hmited to an polygon shape 282, triangular
shape 284, and circolar shape 286, as illusirated in Figure 4C. Accordingly, in
some examples, upon providing at least one of the inputs 262, 264, 266 with one

25 of these non-rectangular shapes, the ideuntities of the respective inputs 262, 264,
266 are further differentiated for tactile and visual senses of the user.

I some cxamples, as seen in the side profile view of Figure 4D, the
patient remote control 250 inchudes a housing 251 that has generally flat bottom
surface 259 and a generally sloped or tapered top surface 253, such that one of

30 the respective inputs {c.g. first input 262 will have a relatively small height near
first end 253 (having a height H4) and one of the other respective joputs {e.g.
second mput 264) will have a relatively large height near second end 255
{having a height HS). This arrangement further differentiates the identity (via

tactile and visual scusesy of the respective fnputs 262, 264 while simultancoushy

(98]
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mducing a proper orientation of the patient’s hand relative to the housing 251
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S5 such that the first ioput 262 will naturally become oriented adjacent the
fingertips of the patient.
In one aspect, when any number of these multiple featuves is combined
together, the identitics of the first input 262, sccond input 264, and third input
266 arc quickly and effectively distinguished from one another by the tactile
10 senses and/or visual senses. Consequently, the presentation of first mput 262 of
having a different size, shape, topographical profile, and relative location on
housing 251 as compared to second input 264 (and third nput 244) signtficantly
enhances user operation of patient rersote contrel 230 1o low-lighting settings
and/or by those with vision impairments.

Some later described examples provide for a user operation in which one
of the inputs {c.g. 262, 264, 266 m Fig. 4A) is activated via a finger press and
then the patient remote control 250 is moved over an implanted medical device
{e.g. 16 in Fig. 1, 35 in Fig. 2) to allow transmission of the activated request.

However, by strategically differentiating an identity of the first, second, thied
20 inpuis {according to at least the examples associated with Figures 4A-4C), one
mode of user operation inclades placing the patient remote control 250 on the
body over the meplanted medical device, and then activating a desired function
via a finger press of one of the mputs {c.g. 262, 264, 266) such that the patient
remote control 250 is already positioned for fransmission of the request to the
25 implanted medical device. In particular, with the first input 262 having a unique
focation (first end 253 of housing 251), vuique dopth {deeper recess), unique
clevation (duc to sleped profile of top surface 258 of housing 251), unigue
size/shape, etc., a user can use a single hand and fingertips to readily orient the
patient remote control 250 on the body {e.g. pectoral region) without having
30 direct sight of the top surface 258 of the housing and is still able {o confidently
engage a respective first, second, and third input as desired.  As previously
noted, in some examples, the patient remote control 250 employs andible signals
to confirm activation of one of the inpuis and/or confums transmission of a

equest via an activated input such that the user can hear confumation of a

(98]
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deployed function while still holding the patient remote control 250 over their
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5  body ncar the mmplanted medical device.  In combination, these features
significantly cuhance operation of the paticot remote control 250 i low-lighting
scttings and/or for those with visual impairments.

In one example, when patients awake doring sleep they will typically

want to pause therapy for a pertod vntil they have fallen back asleep. With that

10 in mind, when the first input 262 embodies an “on/pause” function, the first

input 262 provides a large, deeply recessed, and centrally located target so that

right or eft-handed patients can quickly and imunediaiely locate the pause button
embodied n first mput 262,

In contrast, when the second input 264 is embodied as an “off” button, its
location away from the first input 262 (and third input 266) and its recessed
profile helps a patient avoid accidentally cngaging the off button during the
night. Moreover, when one doees desire to engage the “off” buiton, the relative
smaller size of the second input 264 alse aids in a quick identification of the
“off” bution relative to the on/pause bution. In some cxamples, the area of the
20 “off” bution {c.g. in this example, second input 264) is generally equal to or

smaller than an arca of a thumb print of the patient, further fmmediately
indicating to the use that thelr thamb or finger is placed over the seccond input
264 because of the sharp conirast in size (as well as depth of recess, location,

shape, eic.) relative to the first input 262, such some examples in which the first

2
(9]

mput 262 s larger than a size of a patient’s thumb print.

Meanwhile, m some examples, the third Input 266 includes two eloments
267A, 2678 which embody an mcrease and decrease function, respectively. As
previously noted, the third input 266 has a vaised profile relative to top surface
258 of housing 251 {and raised relative to the recessed first input 262}, In one
30 aspect, this raised profile prevents accidental activation when patienis intend to
press the owpause button (1.c. first fnput 262) and/or facilitate identification of
third tuput 266, Moreover, when the third input 266 is embodied as two separate
adjacent clements 207A, 2678 (instead of a single element), the user is able to

further differentiate the thivd input 266 from the first and second npuis 262, 264,

(98]
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which are cach embodied in a single button configuration. In some examples,
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S5 the third nput 266 inchudes a surface coating and/or material different than the
material/coating used for the first input 266 buttens to further differentiate the
third input 266 from the first input 262
In some examples, as shown in Figure 4E, the third input 266 is
implemented as two separate cloments 269A, 2698, which are shaped and
10 arranged to at least partially suwround the first input 262, which aids the patient
in discerning the wdentity/location of the first input 262. While the separate
clements 269A, 2698 m Figure 4E have a generally L-shaped configuration, it
will be understood that such clements can have other shapes suitable to fully or
partially surround a periphery of first input 262. Moreover, in some examples,
the third input 266 is tmplemented m more than two separate elements, which
together partially surround or felly surround the periphery of the first input 262,
In some cxamples, the housing 251 includes a light color to enhance
visibility of the device in a dark room.
In some cxamples, the third input 266 cnables a patient to adjust the
20 strength of therapy, at least within a pre-set range sct by a physician, sct as a
factory default, and/or automatically determined via a protocol of a patient
management system. Moreover, n some examples, the third input 266 enables
the patient to provide input to an avtomatic titration protocol.
In ong aspect, the pre-set range of sclectable strengths is a therapeutic
25 range, in which the sclectable strengths provide an acceptable therapy response.
In general terms, when such therapy involves nerve stimulation (soch as for
treating obstructive sleep apnea) patients will decrease stimulation strength to
enhance comfort and patients will increase stimulation strength to increase
therapy effectivencss such as if they notice snoring or mercased daytime
30 sleepiness.  In some examples, control of stimulation sirength includes control
of stunulation parameters such as voltage, currend, pulse width, rate, and the
stimulation clectrode configuration. In some examples, one of the elements
267A of the third put 266 of patient remote control 230 corresponds to an

increase bution while the other clement 2678 corresponds 1o a decrease button.
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b In some examples, the display 210 of a patient remote control 200 in
Figs. 2A-3B, 250 in Figs. 4A-4B) informs a patient how many stimulation steps
they have available to them and, where the currently selected stinuilation
strength 1s relative to a maximom or minimum value. In particolar, as shown
Figure 3B, display 210 includes a scale component 212 by which indications of

10 stimulation strength are automatically scaled based on the range of values

available to the patient. For example, as previously noted n association with

Figure 3D, one such scaled display 210 comprises a lincar array 230 of

indicators 232 arranged in 5 groups of 2 LEDs, to provide a total of ten hight

mdicators.  Accordingly, if the patient has 5 stimulation strength settings
available, then the LEDs will reflect (vie being ht or wunlit) an increase and

decrease i groups of 2. However, in examples in which the patient has 10

stinwation strength settings available, theo the LEDs (via being lit or unlit) will

merease and decrease one at a time.  In another example, if the patient had 3

stimulation strength settings, then the LEDs will illuminate 3 or 4 at a time.

20 Morcover, the display 210 15 configured such that cach control step is
reflected via blinking at an appropriate LED following an amplitude increase or
decrease. If an increase is requested, then the LED associated with 3 new
ampiitude step would blink and then become solid. Conversely, if a decrease is
requested, then the LED associated with the new amplitude step would blink and

25 then turn off. In this way, the patient will understand the size and direction of
cach control step.

T one aspect, examples 1n which display 210 is implemented via array(s)
of LEDs tend to generate less electrical noise than scereen-type displays, which
makes an LED-based display 210 more condocive for uvse i sensitive

30 applications such as low power and inductive telemotry communications with
unplantable medical devices, hike 1IPG 35 in Figure 2. Morecover, eniploying
LED arrays in display 210 provides for superior longevity and ruggeduess as
compared to screen-type displays, which typically have shorter life cycies, use

more battery power, and are more susceptible to breakage, such as if a patient

(98]
(@21

control were dropped, stepped on, etc.
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b In some examples, paticnt remote controf (200 in Figs. 3A-3C; 250 in
Figs. 4A-4C) includes output 220 (Fig. 3C) on a first side 201 on which the
respective inputs 262, 264, 266 are located. In general terms, output 220
indicates a status of operation of an mplanted medical device {e.g. implantable
pulsc generator) associated with paticut remote control 250, In some examples,

10 output 220 is a hight-based indicator, which can be hit, unlit, or operate in a
bhinking mode. In some examples, when Hit or flashing, the output 220 displays
ditferent colors to indicaic different states of operations of the remote patient
condrol and/or implanted medical device,  For example, one color {c.g. green)
can be used to indicate that therapy is “on’” or “paused”, while another color

(e.g., yellow or red) can be wsed to  indicaie that the therapy is “off”

Meanwhile, m some examples, in combination with one of the respective

differcut colors, flashing of the output 220 is used to differentiate ov/off and/or
on/pause.

In onc aspect, output 220 overcomes scveral challenges that might

20 otherwise be faced by a patient.  First, because telemetry communications with

an implanted device are often short range, in order to transmit a command from

the patient remote control to the implanted device (o.g. implantable pulse

generator), the patient remote control is placed on the body divectly over a

location of the implanted device.  However, in the case of traditional

25 button/controller configurations, this placement on the body typically makes it

difficult for the patient to confirm which buttons of a patient remote control are

being pressed because they cannot sce which buttons are being pressed.

However, by providing a visual indication via output 220 in examples of the

present disclosure, a patient is informed with confirmations of which buttons

30 were pressed and/or the state of operation of the paticnt control.  Morcover,

when output 220 is combined with the unique configuration of fust, sccond, and

third inputs 262, 264, 266 (as described in some examples of the present

disclosure}, which provide tactile and visual cues regarding the identitics of the

respective inputs, a patient becomes well-equipped to discern the operation of
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S the patient contro] before and afier manipulation of the inputs 262, 264, 266 of
the pationt control.
Moreover, n some examples, the patient control 1s designed so that when

<

patients turn therapy “on”, therapy {c.g. nerve stimudation) does not immediately

begin.  Instead therapy is delayed for a period of time and/or until the IPG
1o detects sleep and/or obstructive respiratory events.  In some nstances, a shovt
burst of therapy (e.g. nerve stimulation) is applied to notify the patient that
therapy has been turned “on”, but that burst can be missed by the patient. In
other instances, when a patient turns off their therapy or pauses their therapy,
they can feel that therapy has stopped, but it may not be clear to the patient if
therapy is paused or off.

In any of these situations, the output 220 provides imformation to the
paticnt regarding the state of operation of the implanted medical device (e.g.
nnplantable pulse generator).

In some cxamples, a display indicator of output 220 is also designed to
20 produce a low-level light that would not be disturbing when in a dark room, but

would be sufficient to provide ambient feedback as to the therapy status when
not directly observed. For instance, the display indicator of outpot 220 would
illuminate the subject’s hand {and some surrovnding space) when the paticnt

holds the device. Moreover, upor placement of the paticnt remote confrol on a

2
wn

nightstand, the output 220 would cause a lampshade or wall to similarly
ilhuninated ontil the indicator of output 220 times ouwt. In some examples, the
light intensity is selected to provide feedback in a dark or dimly it sleep
environment; in other examples the light intensity is sutomatically adjusted
based on the ambient Hght levels such that higher intensity light is used in a
30 more brightly it room and a lower imtensity Hght is used in a more dimly lit
TOOTa.

In some examples, output 220 is co-located with first input 262 on top
surface 258 of housing 251, In onc aspect, this location increases the case of the

patient secing the illumination from output 220 when the paticot remote control
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250 1s placed over the body for communication with the implanted medical
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5 device. In some examples, output 220 is located clsewhere on housing 220, It
will be understand that output 220 1s not Hmited 1o its shape and/or size, except
for being complementary with a shape/size/location of other inputs 262, 264,
266 on housing 251, In some examples, outpot 220 at least partially surrounds
the first input 262 and may be juxtaposed i close proximity to portions of the
10 thard input 266, By doing so, the illumination from output 220 helps to highlight
the location of the first input 262 (e.g. owpause function), which facilitates
initiating or pausing therapy in a low-lighting environument.

In some cxamples, paticnt remote control 250 further inchades auxibiary
alerts (e.g. tones or vibration) to supplement the manner/type of mformation
communication via the display indicator of cutput 220, In some examples, such
alerts arc produced in association with at least some functions of a
communications module, such as but not Iimited to, compwunications module
400 as further described later in association with at least Figure 5.

In gencral terms, patient remoie control 250 exchanges mformation with
20 an wmplamable device (MDY 16 regarding basic functions such as therapy

miensity {c.g. stimulation strength), on/offpause, ete.  However, In some
examples the patient remote control 230 also obtains information regarding
various IMD settings and data such as, but not limited to, therapeutic intensity
range, serial number, and date of last configuration by a physician. Because
25 these values do not change quickly they do not need to be updated each time the
patient remote control 250 communicates with the IMD 16, In one aspect, this
information provides a foundation from which accurate fecdback may be
provided to the patient regarding stimulation strength and more effective therapy
metrics, such as but not Hmnited to, the therapy protocol further deseribed later in

30 association with at least Figure 7.
As previously noted, because communications to/from an implantable
medical device 16 often involve short-range communications due to low power
constraints, operation of such communications {¢.g. telometry link) between the

patient remote control 250 and the implantable medical device 16 is generally
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himited to a small window of relative positions/spacing.
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With this in mind, some examples of the present disclosure provide a
patient remoie control having a conuwnunications module tailored to this
situation.  Figure 5 is a block diagram schematically illustrating one such
commumnications module 400 of a patient remote control 18, 258, according to
one exampic of the present disclosure.

16 As shown in Figure 5, among other basic features typical of a patient
remote control, commumications moduie 400 includes a retry function 402,

In some cxamples, the retry function 402 operates in cooperation with an
alert oode array 410 and/or alert type array 430, It will be understood that in
some examples, the alert mode array 410 and/or alert type array 430 support
other functions of communications module 400 and/or other functions of the
paticnt remote control 250, such as providing notifications associated with basic
operation of the foputs 262, 264, 266 relative to an implantable medical device.
It will be onderstood that in at least some examples, the notifications llustrated

(13

in association Figure 5 are not communicated as “alerts” such that no mminent
20 action or negative consequence is necessarily associated with the occurrence of
the notification.
In some examples, the retry function 402 of the patient remote control
250 automatically retransmits {c.g. retries) a communication to an implantable
medical device, such as a conunand until a confirmation is successtully retrieved
25 from the implantable medical device, at which point the patient remote control
250 provides a notification to the patient. In some examples, such notifications
arc provided via one of sudible indicator function 412 {c.g. tones, beeps, etc.},
visual indicator fumetion 414 (e.g. hights), and vibration indicator function 416 of
alert mode array 410, or via a combination of these modalitics.
30 In some examples, cach notification falls into one of several classes. As
shown in Figure 5, the alert type arvay 430 provides a success indicator function
432 and a failore tndicator fumction 434 by which the conununications module
400 communicaies to the patient a successfol implementation of a command by

the implantable medical device and a failed implementation of a comumand by
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the implantable medical device, vespectively.  In addition, hmit indicator
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5 function 436 communicales to the patient that a requesied command was not
implemented because of an existing Hunit for the particular conunand requested.
For example, if the patient pressed the third input 266 in an attempt to increase
therapy intensity {e.g. stimulation strength) but the requested amount exceeds a
limit set by the physician, then the lmit indicator function 436 provides a

10 notification to the patient of the existence of the hnit.

In providing the different types of alerts (e.g. success, failure, limit), any
one of the different modes (e.g. audible, visual, vibration) of notification can be
emploved, as well as various combinations of more than one mode.

With this arrangement provided via communications module 400, the
patient remote control 250 epables a patient to select a command and then wave
the patient remote control 250 over the location of the body hosting the
unplanted medical device instead of the patient using ao alternate technique of
holding the patient remote control 230 over the location of body hosting the
implanted medical device while selecting a command via the patient remote
20 control 250, This arrangement makes commuunications with the implanted

medical device easier for the patient, and also allows the patient to periodically
manipulate the patient remote control 250 info a position more favorable to look
at output 220 or display 210 of patient romote control 250 regarding an
ndication of the operational state of the implanted medical device.

25 In some examples, the retry function 402 is configured to send a
commnand as an absolute command (as opposed to a relative command) to ensure
that certain types of commands (e.g. an increase therapy intensity command) are
not successively sent upon cach retry. Otherwise, the therapy intensity could be
increased far bovond the requested level of increase (but still subject to a safety

30 Hmit). However, in some examples, the retry function 220 permits multiple
retrics ot transmissions of a single “on” or of a single “off”, because multiple
retries will merely result in multiple executions by the implantable medical
device of the same command, without 2 change in the ultimaie action taken by

the inplented medical device. Tn some examples, the patient remwote control 250
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1s equipped to set a therapy intensity {c.g. stimulation strength) at a particular
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S nomerical lovel via the patient remote control 250 in cooperation with a display

device 540, as further described later in association with at least Figure 6A.

In some examples, the patient remote control 250 allows a patient to use
third input 266 to scroll through options in a relative range of provided therapy

10 intensity adjustments and once the patient achicves the desired level displayed

{e.g. via display 210 in Fig. 38, 3D), the patient waves the patient remote control

250 over the wnplanted medical device.  In one aspect, the automatic retry

fonction 240 woplements an absolute level command that correspends to the

level of therapy ntensity displayed in display 210 that was just selected, and
then changes the target level as the pationt continues to toggle through the
options.

As noted above, in at least some instances, in addition to sending
commands to the implantable medical device, the patient remote control 250
retrieves data from the implanted medical device. In some exampices, such data
20 retrieval is performed fo provide accurate fecdback and metrics to the patient,

with such feedback/metrics being viewable via a display device 540 coupled 10
the patient remote control 250, as further described later in association with at
lcast Figure 6A and with such fecdback/inetrics employed in a therapy protocol
(Figure 7}, in some examples.

25 With this in mind, the patient remote control 256 forms part of a larger
patient management system 400, as shown in Figure 6A in which a display
device 540 {c.g. smoariphene, tablet, computer, efc.) is in conununication with the
patient vemote control 230, as further described below.

Figwe 6A is a block diagram schematically illustrating a patient

30 management systom 500, according to one example of the present disclosure,

Among other components, the patient anagement system 530 tnchudes a
patient remote control 510 having at least some of substantially the same
features and attributes as paticnt remote conirol 250 as previously described in

association with at least Figures 4A-5, and includes an implantable medical
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device 512 having at least some of substantially the same features and attributes
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5 as implantable medical device 16, as previously described in association with at
least Figure 1 and throughout the proserd disclosure.

As shown in Figure 6A, the patient remote control 510 is n selective

wireless comnumication with the implantable medical device 512 1o

send/receive conunands/data when the patient remote control S10 s placed

10 sufficiently close proximity to the implantable medical device (IMD) 510, In

some examples, the patient remote control 250 retrieves data from IMD 510 ona

periodic basis {instead of countinuously) o prevent unnecessary delay in more

primary comumunications botween the patient remote control 250 and IMD 510,

In some examples, the patient remote control 250 s configured to retrieve data

from the IMD 510, such as when therapy is turned off. By collecting the IMD

data at such opportunities, the patient remote confrol 250 can retrigve data from

the IMD 510 about therapy performance over the last night as well as a new
therapy range that might have been selected by an IMD titration protocol during
the previous night.

20 In some exaroples, the paticnt remote control 250 retrieves data from the
MDD 510 when the patient remote control 2530 attempts to select an absolute
amplitude value that the IMD 518 rejects as out of the therapy range. In thig
scenario, the IMD 510 returns information to the pationt remote control 250
indicating an accepiable amplitude value or indicating that the requested

25 amplitude value is too high, In some examples, such notifications are provided
via the limit function 436 of alert type array 430 of communications module 400
of Figure 5.

In ome illustration of the preceding scenario, when the command
requested via input 266 to set a new therapy level as an absolute amplitude valoe

30 fails, the patient remote control 510 determines that the information stored in the
paticnt remiote control 510 regarding the therapy range is out of date and
retrigves more current data from the implantable medical device 512, This
current datz now stored in the patient remote control 510 mchides upper and

lower allowable therapy intensity lindts, such that when the pationt attempts
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such increascs and decreases in therapy levels via thivd input 266, patient remote
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5 control 510 sends absolute comumsnds imstead of relative increment and
decrement comomands.  For example, supposing the pationt remote control 516
retrieved the updated range from the implantable medical device 512, with the
range being 2.1 to 2.4 and the corrent amplitude at 2.2, When the patient pushes
the increase button of third input 266, the patient remote control will send the 2.3

10 command (an absolute amplinide value) to the implantable medical device 512

instead of a relative ncrement conmmand.

In some cxamples, mmplantable wmedical device 512 comprises an
implantable pulse generator for treating obstructive sleep apnea (520) via nerve
stimulation, but m some cxamples, the implantable medical device 510 s
configured for other therapeutic modalities (522},

In addition, as further shown in Figure 6A, in some examples the patient
managenerd system SO0 includes an external sensor 530, such as but not lintted
to, an external oxygen saturation sensor 332 and/or acoustic sensor 534, both of
which arc available in the sleep environment of the patient.

20 In one aspect, external sensor 530 provides objective feedback to the
mplantable medical device S10 and/or other conponents {e.g. a therapy
manager) of the patient management systemn 500 to facilitate providing
efficacious therapy. In some examples, the sensor 530 communicates wirelessly
(as represented via W) or via a wired connection (as represented via R) such as

25 via USB modalities. Wireless communication includes, but is not lmited to,
various wireless comnmumication protocols such as Bluetooth, Near Ficld
Covmumunication (NFC), otc.

In some examples, patient remote control S10 18 in selective
commmnication with a display device 540 via a wireless (W) or wired (R}

30 counecction, as shown in Figure 6A. In one aspect, such wircless communication
includes additional more powerful wircless modalities, such as WIFI, GSM, cte.
In some examplies, display device 540 includes a user interface 542 and a
therapy manager 550, Some familiar cxamples of suitable display devices

inchude a mobile/smart phone, tablet, notebook computer, desktop computer, cte.
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In some cxamples, display device 540 inchudes vser interface 542, such
as but not limited to, a graphical user interface for cnabling inputs {e.g.
keyboard, stylas) and display of information, thereby providing for access to and
operation of therapy manager 550.

In general torms, display device 540 hosis a therapy manager S50 to
provide a tool by which a patient can become mformed abowt details of their
therapy provided via the implanted medical device 512 and related functioning
of the patient remote control 518, In onc aspect, the therapy manager 556 is
accessible via user interface 542, Accordingly, among other potential features,
m some examples, therapy manager 550 includes a goals function 552, 2 usage
function 554, and an IMD data function 556.

In general torms, the goals function 532 tracks and commumicaics
therapy goals to the patient. In some cxamples, as further described later in
association with at least Figure 7, the goals fumction 352 also communicates
positive reinforcement regarding success in meeting goals and/or encouragement
for improvement on unmet goals. In some examples, such goal-related
mfonnation is communicated via email status updates, private tweets, SMS
messaging (e.g. text messaging), game-like interfaces, trends, graphs, reports,
and recorded or live messages from care providers/managers {e.g. clinician,
nurse, physician cte.)

In some examples, usage function 554 commmmicates details regarding
times of use, duration of use cach day, mumber of days used within a week, eic.
regarding the manner of use of the therapy system by the paticnt.

In some instances, the patient remote control S10 captures data divectly
from on operation of the inputs 262, 264, 266 of the patient remote control {e.g.
250 i Fig. 4A-48). For example, such dats might include therapy usage time,
based on when the therapy is turmed on and turned off via taputs 262, 264, as
well as pause times and the times of the day in which the therapy is wtilized. In
some instances, the usage function 554 tracks adjustments in therapy intensity,

such as implemented via thivd fnput 266 of paticnt remote condrel 250, 510,

PCT/US2014/050272
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In some examples, the therapy manpager S50 includes an IMD data
fonction 556 to convounicate information tracked and stored by the IMD 510,
In examples in which the IMD 510 1s adapted for treating obstructive sleep
apnea, such data might be tracked via usage function 554 and include
information regarding a tracked apunea-hypopuea index (AHD), sleep quality,
10 such as a frequency, volume, intensity of awakenings, ete. This information is
conveyed to the display device 540 via the patient remote control $10.

For instance, the therapy history parameter reports trends in the
frequency, volure, stimulation strength of stimulation over one or more periods
of time {e.g. day, week, month, ctc.). Other potentially data reportable via the
therapy history parameter inchudes trends in the frequency, volume, intensity ete.
of awakenings and apnea-hypopnea index (AHIL In some cxamples, via a
separate programmer 560, a physician or carc manager deternines which type
and volume of infonnation is available to the patient.

Via the user interface 542, these metvics are displayed in a positive and
20 cngaging manner that recoguizes the positive aspects of the patient behavior,

trends use/strengthvbehavior over time, and provides goals and recommendations
for how the patient can tmprove their sleep quality and/or therapeutic outcome,
as further described later in association with at least Figure 7.
Providing such therapy information via a user interface 542, the patient
25 management system 500 increases the likelihood of patient engagement m
therapy, which in turn, promotes positive impressions of the therapy and
likewise can tmprove therapy adherence. Therapy adherence is directly related
to the effectiveness of the therapy. Lack of patient adherence is a recognized
probiem with other sieep therapics such as CPAP and mandibular advancement.
30 In some examples, the therapy information provided via the therapy
manager 550 of display device 540 is coramunicated to a physician programmer
560 via the cloud 570 {(c.g. internet-based communication network) or even
directly via short-range wireless (W) communication or wired (R)

commmunication when the physician progranuncr 560 happens to be co-located
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with the display device 540. As shown in Figure 64, the physician programmer
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5 560 mchudes s therapy manager 562 which inchudes at least some features in
common with the therapy manager 550 of display device 540, thereby cunabling
the physician (or other care manager) 10 manage the care of the patient. Upon
receiving such patient information at programmer 560, the physician performs
actions fike sctting goals for the patient viewable in the patient user interface

10 5472, sending messages to the patient to encourage or praise the patient, and/or
determining a need for a patient office visit t¢ address any use or performance
issues. In some cxamples, the patient management system S00 includes a web-
based portal {e.g user interface 572} 1o perform such analysis and/or
communications.

In some examples, in addition to guiding a patient toward successfol
engaging their therapy, therapy manager 550, 562 is configured to automatically
titrate the 1M therapy settings based on IMID data 556 and the paticnt’s use of
the patient remote control 510, with such adjusted or titrated settings being
commnunicated to the IMD 512 and/or cven patient remote control 510, In one
20 aspect, the user interface 542 does not necessarily conununicate to the patient all

of the more techmical aspects of the therapy.,  With this arrangement, a patient’s
improved engagement of implanted treatment system is coupled with an
automatic titration of the therapy parameters.
In some cxamples, a therapy manager (c.g. 550, 562) is stored 1 2
25 memory of the display device 540, physician programmer 360, cloud computing
resource 570, ete. In some examples, a therapy manager incloding all or part of
the functions and features of therapy meanager 550 1 stored in a memory of
patient remote control 510, Regardless of the location of the therapy manager
(or portions thereof), in some examples, the therapy manager forms part of
30 and/or s supported by a control portion 590, which is firther described below m
association with at least Figure 6B, The control portion 590 can be housed in
whole, or in part, in display device 540, physician prograpmmer 560, cloud
computing resource S7{, and/or patient remote control 510,

With this in mind, in some examples a patient remote control for an
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mplantable medical device comprises a therapy manager to at least partially
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5 manpage a therapy applicd via the implantable medical device, whercin the
therapy manager inciudes 2 blood oxygenation sensor function 557 as shown
Figure 6A to track and store patient blood oxygenation data, such as obtained via
a blood oxygen sensor 532 (e.g. pulse oximeter} worn by the patient. As in other
examples, the patient remote control includes at least first and second nputs to

10 activate and terminate therapy, as well as at least some of the other
mputs/functions consistent with the examples of a patient remote control in the
present disclosure, In some examples, this therapy manager also includes a usage
function to track and store information on patient use of the patient remote
control to implement therapy via the tmplantable medical device.

In this example, the patient remote control forms part of a systemn further
comprising a pulse oximeter {ropresented by oxygen sensor 532} selectively
couplable to the patient remote comtrol 510 to provide the patient blood
oxygenation data to the blood oxygenation sensor function 537 in Fig. 6A. In
some examples, the therapy manager is configured to automatically modify 2
20 therapy parametor, or automatically provide indications to meodify a therapy

parameter, based on at least the patient blood oxygenation data {per sensor

function 557). In some examples, the therapy parameter inchudes at least one of

3 stimulation amplitude, 2 stimulation pulse width, a stimulation rate, a

stinwdation duty cycle, a patient control amplitude funit, a patient control puise
25 width limit, a stimulation limit, and a patient control rate limit,

In some examples, the therapy manager is configered to calculate an
oxygen desaturation index (as represerded via 0D 358} iu Figure 6A based on
the patient blood oxygenation data.  In some examples, the therapy manager is
configured to automatically modify a therapy parameter, or automatically

30 provide indications to modify the therapy parameter, if the oxygen desaturation
ndex (0D 55%) exceeds a threshold.  ¥n some examples, the therapy manage
is configured to automatically modify a therapy parameter, or automatically
provide indications to modify the therapy parameter, if the oxygen desaturation

index (O] 558) falls below a threshold.
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In some exanples, the therapy manager is configured to communicate to

a cloud computing resource 570 at least ove of the paticnt blood oxygenation
data, the therapy parameter, or a modification to the therapy parameter for
storage and access by at least one of a clinician (e.g. physician, care manager,
etc.) and a paticnt.
16 Figure 6B is a block diagram schematically illustrating onc control
portion $90, according to one example of the present disclosure. In some
cxamples, control portion 590 includes a controller 592, a memory 594, and 2
user interface 542/572.

In general terms, controller 592 of control portion 590 compriscs at least
one processor 593 and associated memories that are in communication with
memory 594 fo generate control signals directing operation of at least some
components of the systems and components described throughout the present
disclosure. In some examples, these gencrated control signals include, but are
not Himited to, operation of therapy managers 550/562, user interface 342, 572
20 and the various components, modules, etc. of the paticnt manageroent system

500, In some examples, a control portion 590 (or portions thereof) is present in
mplantable medical device S12 and/or patient remote control S10.
In particolar, in response to or based upon commands recetved via a user
wterface 542/572 and/or machine readable instructions (including sofiware),
25 controller 592 genervates control signals in accordance with at least some of the
previously described examples and/or later described examples of the present
disclosure. In some examples, controller 592 is embodied in a general purpose
computer while in other examples, controller 392 1s embodied in the various ion
writing assemblies described throughout the present disclosure,
30 For purposes of this application, in reference to the controller 592, the
term “processor’” shall mean a presently developed or futare developed processor
{or processing resources) that excoutes sequences of machine readable
instructions (such as buot not limited to software) contained in & memory. In

some examples, execution of the sequences of machine readable instructions,
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such as those provided via memory 594 of control portion 590 cause the
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5 processor to perform actions, such as operating controler 592 to perform
imaging while preventing corrosion as generally desceribed in (or consistent with}
at least some examples of the present disclosure.  The machine readable
instructions may be loaded in a random access memory (RAM) for execution by
the processor from their stored location in a read ondy memory (ROM), 3 mass

10 storage device, or some other persistent storage (e.g., non-transitory tangible
medivnn or non-velatile tangible medium, as represented by memory 594, In
some examples, memory 594 compriscs a computer readable tangible medivm
providing non-volatile storage of the machine readable instructions executable
by a process of controller 592, In other examples, hard wired circuitry may be
used in place of or in combination with maching readable instructions (including
software) to implement the functions described. For example, controller 5§92
may be cmbodied as part of at least one application-specific integrated circuit
(ASIC). In at least some examples, the controller 592 is not Hnuted to any
specific combination of bardware circuitry and machine readable instructions
20 {including softwarc), nor limited to any particular souwrce for the machine
readable instructions executed by the controller 592.

In some examples, user interface 542/572 comprises a vser interface or
other display that provides for the simultancous display, activation, and/or
operation of at least some of the various components, functions, features, and of

25 control portion 590 and/or therapy managers, as described throughout the
present disclosure. In some examples, at least some portions or aspects of the
user miterface 542/572 are provided via a graphical user interface (GU1).

Figare 7 is a flow diagram schematically illustrating a therapy
management protocol 701, according to one example of the present disclosure.

30 Insome cxamples, protocol 701 operates as part of a therapy manager 550, 562
within the patient managoment system of Figure 6A.  As shown in Figure 7,
protocol 701 inchudes a general function of tracking baseline wmetrics (at 710),
which includes maintaining over time a history of patient therapy metrics to

provide a baseline from which to evaluate and adjust currend therapy. As shown

(98]
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at 712, the baseline metrics are maintained via periodic updates of new data,
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S Protocol 701 further includes adjusting therapy goals per therapy metrics,
as shown at 720, In one aspect, this adjustment inchudes identifying trends in the
therapy metrics, as at 724, In some examples, the wend identification is
performed for impnediate past behavior, such as i the last week or last day. In
some examples, the trend identification is performed according to longer term

10 behavior, such as the last month, last three months, ete. T identifying and

evaluating trends, the protocol qoeries at 730 whether an improvement has

occurred due {o the therapy. If the answer is YES, then the protocol 701

imploments a change, such as decreasing a weighted value for a goal (at 7328}

or deleting a goal (at 734B). On the other hand, if the answer is NO, then the

protocol 701 implements a change, such as increasing a weighted value of a goal

(at 732A} or adding a goal {at 734A). Such goals might include, but arc not

limited to, a number of nights/week that therapy was used, an “on” duration for

any given nmight, a decrease in AHI, an increase in therapy intensity, qualitative
rating re day time alertness, ¢tc.

20 Once the protoce) conpletes these queries and adjustments in view of
multiple goals and trends, at 740 the protocol 701 includes analyzing the
adjusted goals. In some examples, such analysis includes identifying goal(s) for
which the paticnt should receive positive reinforcement, as at 750, In some
examples, such analysis includes dentifying goal(s) for which the patient should

25 receive encouragement to make improvements, as at 752,

Once this analysis is complete, using pre-established messaging available
via goals function 552 of therapy manager 5350 (or other therapy manager), the
protocol 701 meludes informing the patient (760} and/or the physician (764) of
the goals along with the respective positive reinforcement and/or encouragement

30 for improvement. In some examples, soch communications inclade
recommendations and/or tools on how best 1o achieve such goals.

In this way, the patient management system will serve to integrate
therapy metrics collected from the patient programmer, patient expericnee and

physician or care giver feedback for overall steep health management. In some

(98]
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examples, a master therapy manager of the patient management system performs
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S automated analysis of therapy metrics (o provide patients with relevant feedback
via their patient user interface and with some actionable parameters being

prepared for transnission o the patient control to guide therapy.

Although specific examples have beeu ithustrated and described herein, 1t

will be appreciated by those of ordinary skill n the art that a variety of alternate

10 and/or equivalent implementations may be sebstituted for the specific examples
shown and described without departing from the scope of the present disclosure.

This application is intended to cover any adaptations ot variations of the specific

gxamples discussed herein.
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WHAT IS CLAIMED IS:

i. A patient remote control for an implantable medical device, comprising:

a housing containing circuitry and including a top surface;

a first clectronic input defining a first recess relative to the top surface,
having a first size, and having a first shape; and

a second electronic input defining a second recess relative to the top surface,
having a sccond size substantially less than the first size, and having a sccond shape
different than the first shape,

wherein at lcast one of the respective first and second inputs provides an
“on” function and the other respective first and sccond input provides an “oft”

function.

2, The patient remote control of claim 1, wherein the implantable medical

device comprises an implantable pulse gencrator for treating obstructive sleep

apnea.
3. The patient remote control of claim 1, wherein the circuitry includes a

communication module to wireless communicate with at least the implantable

medical device.

4. The patient remote control of claim I, wherein the housing has a generally
flat bottom surface and the top surface is sloped from a first end having a first
elevation to a second end having a second elevation greater than the first clevation,
with the first mput being adjacent the first end and the second input being closer to

the second end than the first input.
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S. The patient remote control of claim |, comprising:

a third electronic input raised relative to the top surface and interposed
between the first input and the second nput, having a third size different than the
first and sccond sizes, and having a third shape different than the first and second

shapes.

6. The patient remote control of claim 5, whercin the sccond input is spaced
apart from the third input by a first distance and the first input is spaced apart from
the third input by a sccond distance, wherein the first distance is substantially

greater than the second distance.

7. The patient remote control of claim 5, wherein the first input and the third
mput are generally centered along a central longitudinal axis of the housing
extending between the first and second ends of the housing, and the sccond input is

aligned parallel to but spaced laterally apart from the central longitudinal axas.

&. The patient remote control of claim S, wherein the third input comprises two
clements spaced apart from cach other and arranged fo at least partially surround the
first 1nput, and one of the two clements provides an increase stimulation function

and the other respective element provides a decrease stimulation function,

9. The patient remote control of claim |, comprising:

a first display element at least partially surrounding the first input, wherein
the first display clement provides ithumination in a first color to represent an on state
of the implantable medical device and in a second color to represent an off state of

the implantable medical device.
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0. The patient remote control of claim 1, wherein the housing includes a
bottom surface opposite the top surface, and comprising:

a display on the bottom surface and including a lincar array of visual
indicators indicative of a relative stimulation strength setting in which an increased
numiber of active visual indicators corresponds to a relatively higher intensity of

stimulation.

1. The paticnt remote controb of claim 1, wherein the first shape of the first
input 18 generally rectangular, and the first size of the first input comprises a first
arca larger than an arca of an average patient’s thumb print, and the sccond size of
the sceond nput comprises a sccond arca gencrally equal to or less than the arca of

the average patient’s thumb print.

i2. A paticnt remote control including:

af least one input;

a communications module to wirelessly communicate with an implantable
medical device, including sending at least one command identified via the at least
one nput and receiving a confirmation from the implantable medical device when
the at least one command is accepted,

wherein the communications module includes a retry function to periodically
repeat sending the at least one command until the confirmation is received, and
wherein the retry function is configured to produce a notification regarding the at

least one cormmand.

13. The patient remote control of claim 12, wherein the notification is
communicated according to a type including at least one of a success indication

function, a failure indication function, and a limit indication function.
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14. The patient remote control of claim 12, wherein the notification is
communicated according to a mode including at least one of an audible indication

function, a visual indication function, and a vibration indication function.

is. The patient remote control of claim 12, wherein the commmunications module
operates according to a low power, short range wircless communication protocol
and the retry function repeats the at least one command for a frequency and number
of iterations sufficient to cnable positioning of the patient remote control, relative to
a body in which the implantable medical device is implanted, after the at least one

command is initiated,

i6. A patient management system associated with an implantable medical
device, the system comprising:
a display device in selective communication with a patient remote control,
the display device including:
a graphical user interface; and
a therapy wanager, including a processor fo oxecufe machine
readable instructions, stored in a nown-volatile memory, to facilitate patient
engagement via:
a usage function to track at least details regarding use of the
patient remote control in therapy; and
a goals function to communicate at least one therapy goal via

the user interface based on at least the usage function.

i7. The patient management systern of claim 16, wherein the goals function
mchides a weighting component to associate a weight with the at least one goal,
whercin an amplitude of the weight is based on the degree to which a patient is

adhering to the at least one goal.
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i8. The patient management system of claim 17, wherein the goals function
inclades a feedback component to commumicate to the patient, relative to the at least
one goal, at least one of a positive reinforcement conumunication and an encourage

mmprovement communication.

19, The patient management system of claim 16, wherein the implantable
medical device comprises an implantable pulse generator for treating obstructive

sleep apnea via nerve stimulation,

20. The patient management system of claim 16, wherein the display device

includes a physician programmer.

21, The paticnt management system of claim 16, wherein the display device

includes a paticnt-controlled device.

22. A patient remote control for an implantable medical device, comprising:

a therapy manager to at least partially manage a therapy applied via the
mmplantable medical device; and

a first ioput to inutiate the therapy and a second input to terminate the
therapy,

wherein the therapy manager inclndes a blood oxygenation sensor function

to track and store patient blood oxygenation data.

23. The patient remote control of claim 22, wherein the therapy manager
inclades a usage function to track and store information on patient use of the patient

remote control to implement therapy via the iroplantable medical device.

24. The patient remote control of claim 22, wherein the patient remote control

forms part of a system further comprising a pulse oximeter sclectively couplable to
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the patient remote control to provide the blood oxygenation data to the blood

oxygenation sensor function.

25. The patient remote control of claim 22, wherein the therapy manager is
configured to modify a therapy parameter, or provide indications to modify a

therapy parameter, based on at least the patient blood oxygenation data.

26. The patient remote control of claim 25 wherein the therapy manager is
configurcd to calculate an oxygen desaturation index (ODI) based on the patient

blood oxygenation data,

27. The patient remote control of claim 26, wherein the therapy manager is
configured to modify a therapy parameter, or provide indications to modify a

therapy parameter, if the oxygen desaturation index cxceeds a threshold.

28. The patient remote control of claim 26, wherein the therapy rmanager is
configured to modify a therapy parameter or provide indications to wodify a therapy

parameter if the oxygen desaturation index falls below a threshold.

29, The patient remwote control of claim 25, wherein the therapy parameter
inclades at least one of a stimuilation amplitude, a stimulation pulse width, a
stimulation rate, a stimutlation duty cycle, a patient control amplitude Himit, a pationt

control pulse width limit, a stimulation Himit and a patient control rate Hmit.

30. The patient remote control of claim 22, wherein the therapy comprises a

sleep apnea therapy.
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31. The patient remote control of claim 303, wheretn the implantable medical
device comprises an implantable pulse generator for the treatinent of obstructive

sleep apnea

32. The patient remote control of claim 25, wherein the therapy manager is
configured to communicate to a cloud resource at least one of the patient blood
oxygenation data, the therapy paramcter, or @ modification to the therapy parameter

for storage and access by at least one of a chinician and a patient.
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