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An Optical Head-Mounted Display for Controlling an
Implantable Medical Device and Communication Accessory
Attachable Thereto

FIELD OF THE INVENTION
[0001] The present invention relates generally to implantable medical device systems,
and more particularly to external systems and methods for communicating with an

implantable medical device.

BACKGROUND

[0002] Implantable stimulation devices deliver electrical stimuli to nerves and tissues for
the therapy of various biological disorders, such as pacemakers to treat cardiac arrhythmia,
defibrillators to treat cardiac fibrillation, cochlear stimulators to treat deafness, retinal
stimulators to treat blindness, muscle stimulators to produce coordinated limb movement,
spinal cord stimulators to treat chronic pain, cortical and Deep Brain Stimulators (DBS) to
treat motor and psychological disorders, and other neural stimulators to treat urinary
incontinence, sleep apnea, shoulder subluxation, etc. The description that follows will
generally focus on the use of the invention within a Spinal Cord Stimulation (SCS) system,
such as that disclosed in U.S. Patent 6,516,227. However, the present invention may find
applicability with any Implantable Medical Device (IMD) or in any IMD system.

[0003] As shown in Figure 1, a SCS system includes an Implantable Pulse Generator
(IPG) 10 (hereinafter, and more generically, IMD 10), which includes a biocompatible device
case 12 formed of titanium for example. The case 12 typically holds the circuitry and battery
14 necessary for the IMD 10 to function. The IMD 10 is coupled to electrodes 16 via one or
more electrode leads 18 (two of which are shown). The proximal ends of the leads 18 are
coupled to the IMD 10 at one or more lead connectors 20 fixed in a header 22, which can
comprise an epoxy for example. In the illustrated embodiment, there are sixteen electrodes,
although the number of leads and electrodes is application specific and therefore can vary. In
an SCS application, two electrode leads 18 are typically implanted on the right and left side
of the dura within the patient’s spinal column. The proximal ends of the leads 18 are then
tunneled through the patient’s flesh to a distant location, such as the buttocks, where the IMD

case 12 is implanted, at which point they are coupled to the lead connectors 20.
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[0004] Cross sections of two examples of IMD 10, 10a and 10b, are shown in Figures 2A
and 2B. Both contain a charging coil 24 for wirelessly charging the IMD’s battery 14 using
an external charging device (not shown). (If battery 14 is not rechargeable, charging coil 26
can be dispensed with). Both IMDs 10a and 10b also contain control circuitry such as a
microcontroller 26, telemetry circuitry 28 (discussed further below), and various components
30 necessary for IMD operation, such as stimulation circuitry for forming therapeutic pulses
at the electrodes 16. The charging coil 24, battery 14, microcontroller 26, telemetry circuitry
28, and other components 30 are electrically coupled to a printed circuit board (PCB) 32.
[0005] Different in the two IMDs 10a and 10b are the telemetry antennas 34a and 34b
used to transcutaneously communicate data through the patient’s tissue 36 with devices
external to the patient. In IMD 10a (Fig. 2A), the antenna comprises a coil 34a, which can bi-
directionally communicate with an external device along a magnetic induction
communication link 38a, which comprises a magnetic field of typically less than 10 MHz
operable in its near-field to communicate at a distance of 12 inches or less for example.
Telemetry circuitry 28a is electrically coupled to the coil antenna 34a to enable it to
communicate via magnetic induction link 38a, and generally includes driver circuitry for
energizing the coil antenna 34a to transmit data and amplifier/filter circuitry for resolving
data received at the coil 34. Telemetry circuitry 28a generally also operates in accordance
with a modulation scheme (defining how data to be transmitted is modulated on the link 38a
and will be demodulated when received) and a communication protocol (defining the manner
in which the data is formatted). Telemetry circuitry 28a receives the data to be transmitted in
digital form from the microcontroller 26, and provides received digital data to the
microcontroller 26 for interpretation. A typical modulation scheme used by telemetry
circuitry 28a is Frequency Shift Keying (FSK), although other modulation schemes could
also be used. In Figure 2A, the external device would also contain communication means
(e.g.. a coil antenna; telemetry circuitry) compatible with the magnetic induction
communication link 38a and the protocol used by the IMD 10a, as explained subsequently.
[0006] In IMD 10b (Fig. 2B), short-range Radio Frequency (RF) communication
means—including short-range RF antenna 34b and compliant short-range RF telemetry
circuitry 28b—are provided that operate in accordance with a short-range RF communication
standard and its underlying protocols to bi-directionally communicate with an external device
along a short-range RF communication link 38b. Short-range RF communication link 38b
typically operates using far-field electromagnetic waves ranging from 10 MHz to 10 GHz or

so, and allows communications between devices at distances of about 50 feet or less. Short-
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range RF standards supported by short-range RF telemetry circuitry 28b and antenna 34b
include, for example, Bluetooth, BLE, NFC, Zigbee, WiFi (802.11x), and the Medical
Implant Communication Service or the Medical Device Radiocommunications Service (both
collectively referred to herein as “MICS” for short). Short-range RF antenna 34b can take
any number of well-known forms for an electromagnetic antenna, such as patches, slots,
wires, etc., and can operate as a dipole or a monopole. The external device in Figure 2B
would also contain short-range RF communication means compatible with short-range RF
link 38b and the standard/protocols used in IMD 10b, as explained subsequently.

[0007] Although both of antennas 34a and 34b in IMDs 10a and 10b are shown in
Figures 2A and 2B inside of case 12, they may also be placed within the IMD’s header 22, or
on the outside of the case 12. Although shown as exclusive in Figures 2A and 2B, an IMD
10 may have both of the different types of antennas 34a and 34b.

[0008] Different configurations for external devices used to communicate with IMDs
such as 10a and 10b exist in the prior art. Such external devices are typically used to adjust
the therapy settings the IMD 10a or 10b will provide to the patient (such as which electrodes
16 are active to issue pulses; whether such electrodes sink or source current (i.e., polarity);
the duration, frequency, and amplitude of pulses, etc.), which settings together comprise a
stimulation program for the patient. External devices can also act as receivers of data from
the IMD 10a or 10b, such as various data reporting on the IMD’s status and the level of the
IMD’s battery 14.

[0009] An external device having such functionality is shown in Figure 3 in the form of a
patient remote control 40. Remote control (RC) 40 is typically hand-held, portable, and
powered by a battery (not shown) within the RC’s housing 41, which battery may be a
primary battery or rechargeable. The RC 40 includes a Graphical User Interface (GUI) 43
similar to that used for a cell phone, including buttons 42 and a screen 44, and may have
other user interface aspects as well, such as a speaker. The RC 40 also includes within its
housing 41 communication means, including a coil antenna 49a and/or a short-range RF
antenna 49b, compatible with the link(s) 38a and/or 38b and the communication means used
in the IMDs 10a and/or 10b. Processing in the RC 40 is controlled via a microcontroller 46.
As described above with respect to the IMDs 10a and 10b, antennas 49a and 49b would be
associated with compliant telemetry circuitry, although such circuitry is not shown in Figure
3. RC 40 can include a port 45 on its housing 41, which may comprise a USB port for
example. See, e.g., U.S. Patent 8,498,716; 8,588,925.

[0010] Shown on the screen 44 in Figure 3 are various options provided by the GUI 43
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and selectable by a patient to control his IMD 10 (e.g. the stimulation program it is executing)
or to monitor his IMD 10. Just a few typical options are depicted for simplicity that enable
the patient to: start or stop stimulation; increase or decrease the amplitude of the stimulation
pulses; check IMD monitoring information, such as the battery 14 level, operating status of
the IMD, or other data telemetered from the IMD; etc.

[0011] External devices such as the RC 40 of Figure 3 were historically built by the
manufacturers of IMDs, and thus were generally dedicated to communicate only with such
IMDs. As such, dedicated RC 40 is not freely programmable by a patient, but is instead
limited to the IMD functionality provided by the manufacturer. (However, the microcode
operating in the RC’s microcontroller 46 may be upgraded from time to time in manners
specified by the manufacturer). However, there are many user-programmable commercial
mobile devices, such as cell phones, that can provide GUIs and have inherent communication
means suitable for functioning as a wireless external controller for an IMD.

[0012] Figures 4A and 4B show an example of a mobile device 50 configured for use as
an external controller for an IMD, as described in commonly-owned U.S. Patent Application
Publications 2015/0073498 and 2015/0231402. The mobile device 50 may be a commercial,
multipurpose, consumer device, such as a cell phone, tablet, personal data assistant, laptop or
notebook computer, or like device—essentially any mobile, hand-holdable device capable of
functioning as a wireless external controller for an IMD. Examples include the Apple iPhone
or iPad, Microsoft Surface, Nokia Lumia devices, Samsung Galaxy devices, and Google
Android devices for example.

[0013] As shown in Figure 4A, the mobile device 50 includes a GUI 53 with a screen 54,
which may also receive input if it is a touch screen. The mobile device 50 may also have
buttons 52 (e.g., a keyboard) for receiving input from the patient, a speaker 56, and a
microphone 58. Mobile device 50 further includes a battery within its housing 51 (not
shown) which battery may be a primary battery or rechargeable. Mobile device 50 can also
include a USB port 55 and an audio port 57. Mobile device 50 further includes at least one
short-range RF antenna 59, and would include telemetry circuitry compliant with that
antenna(s) (not shown). Mobile device 50 may further include longer-range cellular
communication means as is well known. Processing in the mobile device 50 is controlled by
a microcontroller 61.

[0014] Shown on the screen 54 is a typical home screen GUI 53 provided by the mobile
device 50 when first booted or reset. A number of applications (“apps™) 60 may be present

and displayed as icons on the mobile device home screen GUI 53, which the patient can
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select and execute. One of the applications (icons) displayed in Figure 4A is a Medical
Device Application (MDA) 70, which may reside as microcode in the mobile device 50°s
microcontroller 61 or which may otherwise be stored in the mobile device’s memory. When
MDA 70 is executed by the patient, the microcontroller 61 will configure the mobile device
50 for use as an external controller to communicate with an IMD. Figure 4B shows the GUI
73 provided by the MDA 70 after it is executed, which includes options selectable by a
patient to control his stimulation program or monitor his IMD, similar to what was described
earlier with respect to the GUI 43 of the dedicated RC 40 of Figure 3.

[0015] The MDA 70, like other applications 60 selectable in the mobile device 50, may
have been downloaded using traditional techniques, such as from an Internet server or an
“app store.” Although not strictly necessary, MDA 70 is logically developed and provided by
the manufacturer of the IMD, and may be made available in different versions to work with
different mobile device operating systems (e.g., i0S, Android, Windows, etc.). One skilled
in the art will understand that MDA 70 comprises instructions that can be stored in the mobile
device 50 or in an Internet server on non-transistory machine-readable media, such as
magnetic, optical, or solid-state discs, integrated circuits, memory sticks, tapes, etc.

[0016] While using a mobile device 50 as an external controller for an IMD has potential
utility, it cannot be guaranteed that a typical general-purpose mobile device will have built-in
communication means that will allow for direct wireless communication with the IMD 10.
For example, the mobile device 50 may completely lack magnetic induction communication
capable of communicating on link 38a, and hence may be incapable of directly
communicating with the IMD 10a (Fig. 2A) and its telemetry coil 34a. A mobile device 50 is
likely to have built-in short-range RF communication means in addition to its normal cellular
communication ability, such as WiFi and Bluetooth communication means. However, such
short-range RF communication means may not be compatible with the short-range RF
communication means provided in IMD 10b (Fig. 2B) and its short-range telemetry antenna
34b.

[0017] The inventors propose solutions to such compatibility problems in the context of
an external controller system for an IMD having improved patient convenience when

compared to traditional mobile devices.

SUMMARY
[0018] A system is disclosed, comprising: a non-transitory machine-readable medium

upon which are stored instructions for a medical device application (MDA) executable by an
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external device, which can be an optical head-mounted display (OHMD) wearable by a
patient, in which the MDA when executed on the external device is configured to: provide a
Graphical User Interface (GUI) on the external device to control and/or monitor a medical
device of the patient; and a communication accessory, comprising: at least one housing; a
battery within the housing; an antenna; transceiver circuitry within the at least one housing, in
which the antenna and transceiver circuitry are powered by the battery; and a connector, in
which the connector is configured for connection to a port on the external device, in which
the antenna is configured to be controlled by the GUI via the connector to wirelessly control
and/or monitor the medical device.

[0019] In the system, the antenna of the accessory may be within the at least one housing,
and the accessory’s connector may comprise a Universal Serial Bus (USB) connector. The
accessory may further comprise USB interface circuitry coupled to the connector. The
battery of the accessory may be rechargeable.

[0020] The accessory’s antenna may comprise a coil antenna, in which the coil antenna
wirelessly controls and/or monitors the medical device via magnetic induction and in
accordance with a modulation and/or demodulation scheme, which may comprise Frequency
Shift Keying. The accessory may further comprise a cable separating the connector and the
housing.

[0021] The accessory’s antenna may also comprise an RF antenna, in which the RF
antenna wirelessly controls and/or monitors the medical device via a short-range RF
communication standard, which comprises MICS.

[0022] The MDA when executed may be configured to provide on the GUI a stimulation
program provided to the medical device by the patient, in which the GUI is configured to
receive the patient’s input to adjust the stimulation program. The GUI may be configured to
receive the patient’s input via one or more of touching the external device, receiving the
patient’s voice, or sensing the patient’s gestures.

[0023] The system may further comprise the external device itself, in which the medical
device application is stored in a non-transitory machine-readable medium of the external
device. The system may also further comprise the medical device itself, which may comprise
an implantable pulse generator.

[0024] Another system disclosed comprises an external device, which can be an optical
head-mounted display (OHMD), comprising: a programmable Graphical User Interface
(GUI) to allow the patient to control and/or monitor the medical device; and a port; and a

communication accessory, comprising: at least one housing; a battery within the housing; an
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antenna; transceiver circuitry within the at least one housing, in which the antenna and
transceiver circuitry are powered by the battery; and a connector, in which the connector is
configured for connection to the port on the external device, in which the antenna is
configured to be controlled by the GUI via the connector to wirelessly control and/or monitor
the medical device.

[0025] The accessory may be and operate as described above, and its connector may
comprise a Universal Serial Bus (USB) connector, while the port of the external device
comprises a USB port. The accessory may further comprise USB interface circuitry coupled
to the connector, and the external device may further comprise USB interface circuitry
coupled to the port. The USB interface circuitry coupled to the connector may comprise
master USB circuitry, and the USB interface circuitry coupled to the port may comprise slave
USB circuitry.

[0026] The external device in the system may further comprise a display portion for
rendering the GUI in a manner viewable by the patient, which display portion may be
proximate to an eye of the patient. The GUI may be configured to receive the patient’s input
via one or more of touching the external device, receiving the patient’s voice, or sensing the
patient’s gestures. The external device further comprises a touch pad, in which the GUI is
configured to receive the patient’s touch at the touch pad. The system may again further

comprise the medical device, which may comprise the implantable pulse generator.

BRIEF DESCRIPTION OF THE DRAWINGS
[0027] Figure 1 shows an Implantable Medical Device (IMD) in accordance with the
prior art.
[0028] Figures 2A and 2B respectively show cross sections of an IMD having a coil
telemetry antenna and an RF telemetry antenna, in accordance with the prior art.
[0029] Figure 3 show a dedicated remote control (RC) for communicating with an IMD,
in accordance with the prior art.
[0030] Figure 4A shows a graphical user interface (GUI) of a mobile device, and Figure
4B shows a GUI of a Medical Device Application (MDA) on the mobile device for
communicating with an IMD, in accordance with the prior art.
[0031] Figure 5A shows an Optical Head-Mounted Display (OHMD) with a connectable
IMD communication accessory for use as an external controller for an IMD having a coil
telemetry antenna in Figure 2A, and Figure 5B shows the accessory in cross section with

respect to the IMD, in accordance with an example of the invention.
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[0032] Figure 6 shows relevant circuity and software modules operable in the OHMD and
in the accessory of Figure SA, in accordance with an example of the invention.

[0033] Figures 7A-7C show different configurations for the accessory of Figure 5A, in
accordance with examples of the invention.

[0034] Figure 8 shows manners in which the OHMD the accessory of Figure 5A can be
worn by a patient having an IMD having a coil telemetry antenna as in Figure 2A, in
accordance with examples of the invention.

[0035] Figure 9 shows an example of a Graphical User Interface (GUI) rendered on the
OHMD by a Medical Device Application to allow a patient to control and/or monitor his
IMD, in accordance with an example of the invention.

[0036] Figure 10A shows an OHMD with a connectable IMD communication accessory
for use as an external controller for an IMD having a short-range RF telemetry antenna as in
Figure 2B, and Figure 10B shows the accessory in cross section, in accordance with an
example of the invention.

[0037] Figure 11 shows relevant circuity and software modules operable in the OHMD
and in the accessory of Figure 10A, in accordance with an example of the invention.

[0038] Figure 12 shows manners in which the OHMD and accessory of Figure 10A can
be worn by a patient having an IMD having a short-range RF telemetry antenna, in

accordance with examples of the invention.

DETAILED DESCRIPTION
[0039] The inventors disclose Optical Head-Mounted Displays (OHMDs) for use as
external controllers for Implantable Medical Devices (IMDs) such as an Implantable Pulse
Generators (IPGs). OHMDs offer advantages as IMD external controller beyond mobile
devices such as cell phones, as they can be freely and continually worn by a patient, and
hence used to immediately control and/or monitor a patient’s IMD, unlike a mobile phone
which must be specifically handled and accessed by the patient. However, like mobile
devices, an OHMD may lack the communication means necessary to directly communicate
with communication means in the IMD. To address this issue, examples of accessories
coupleable to a port (e.g., a Universal Serial Bus, or USB) on an OHMD are disclosed. Such
accessories include a housing containing a communication antenna and transceiver circuitry
to enable direct communications with the IMD. The accessories further include a battery for
powering the antenna and transceiver circuitry. When the accessory is coupled to the

OHMD, a patient may continually control and/or monitor his IMD via a Graphical User
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Interface of the OHMD in a relatively hands-free manner and as he wears the OHMD for
other purposes, and without the need of carrying and specifically handling and accessing
additional hardware.

[0040] Figure 5A shows a first example of a system for communicating with an IMD 10a
having a coil antenna 34a (Fig. 2A). The system includes an OHMD 150 and an IMD
communication accessory 100. In this example, the OHMD 150 comprises a Google Glass™
OHMD, developed by Google, Inc. of Mountain View, California, but is not so limited, and
can include other OHMD:s in existence or developed in the future. OHMD 150 is configured
to be wearable much like a pair of standard eyeglasses, and includes nose pads 154 and a
frame 152 that also serves as the temples supported by the wearer’s ears. Lenses (e.g.,
corrective or sunglasses lenses) may be affixed to the frame 152, but are not shown in Figure
5A. OHMD 150 may also be worn in conjunction with a wearer’s normal eyeglasses.

[0041] Plastic affixed to the frame 152 generally defines a rearward housing 156 and a
forward housing 158 on the OHMD 150°s right temple. Plastic also defines a pass-through
portion 160, which as well as defining a space for the wearer’s right ear, also provides for the
passing of wires between the two housings 156 and 158. The rearward housing 156 holds a
rechargeable battery (not shown). A bone-conduction audio transducer 164 in the rearward
housing 156 protrudes through the plastic and presses over the right ear to permit the wearer
to hear sounds provided by the OHMD’s user interface, which is explained further below.
OHMD 150 could also include a more-traditional audio speaker as well. A USB port 182 is
also included on the rearward housing 156, but could occur elsewhere as well.

[0042] The forward housing 158 supports the OHMD 150°s main electronics, such as its
microprocessor, and movement sensors providing input to a motion detector module in the
electronics, including a three-axis accelerometer and a three-axis gyroscope. Also included
in the forward housing 158 is a touch sensor (not shown), which allows the outer surface of
the forward housing to operate as a touch pad 166. The touch pad 166 is sensitive to the
wearer’s touch across the two-dimensional expanse (X and Y) of the outer surface of the
foreword housing 158, and can additionally be pressed (“tapped™) similar to a button. The
underside of the forward housing 158 additionally includes a microphone 168 for the receipt
of voice input in addition to inputs receivable by the touch pad 166. The electronics of the
OHMD 150 preferably includes a voice detection module for interpretation of spoken voice
inputs received at microphone 168.

[0043] The forward housing 158 also includes a display portion 170 proximate to the
wearer’s right eye including an LED array 172 powered by the OHMD’s microprocessor.
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Images 174 created by the LED array 172 are directed to a prism 176 containing a polarizing
beam-splitter that directs the images 174 to the wearer’s right eye. In this manner, the user is
able to perceive the images 174 generated by the OHMD 150 and output by the display
portion 170, which images 174 are provided slightly to the right of the wearer’s center of
vision, thus allowing the wearer to see the real world and the images on the display portion
170 simultaneously. As discussed further below, the display portion 170 can be used, in
conjunction with a Medical Device Application (MDA) 192 (Fig. 6), to render an MDA
Graphical User Interface (GUI) 195 (Fig. 9) allowing a patient to control and/or monitor his
IMD.

[0044] OHMD 150 may further include bi-directional short-range RF communication
means, which like the mobile device 50 described earlier preferably includes one or more
antennas 178 and telemetry circuitry (not shown) compliant with Bluetooth and Wi-Fi
communication standards for example. The antenna 178 is shown located in the forward
housing 158, but could be present elsewhere.

[0045] A first example of IMD communication accessory 100 is shown in Figures 5A and
5B in perspective and cross-sectional views respectively. As shown, the accessory 100
comprises a housing 102 formed of hard plastic for example. A printed circuit board (PCB)
114 (Fig. 5B), which may be secured inside the housing 102 in a variety of well-known ways,
is provided to integrate various circuitry 120 in the accessory 100, which circuitry 120 is
discussed subsequently. Also preferably located in housing 102 and coupled to the circuitry
120 are a battery 112 and a communication coil (antenna) 116. A removable battery cover
104 may provide access to the battery 112 allowing it to be replaced if it is a primary battery.
If battery 112 is rechargeable, a battery cover 104 may not be necessary, and instead battery
112 may be recharged by providing power at port 106 (e.g., a USB port) on the housing 102.
The battery 112 provides the power to allow for communications along magnetic induction
communication link 38a as well as to power the circuitry 120, as explained further below.
Although communication coil (antenna) 116 is shown within the housing 102, it may also be
positioned outside or on the external surface of the housing 102. Moreover, although it is
preferred that the accessory 100 have its own battery 112 as discussed further below, this is
not strictly necessary, and instead the accessory 100 may receive power from the OHMD 150
(e.g., its battery; not shown).

[0046] A cable 108 (Fig. 5A) couples the electronics in the housing 102 to a USB
connector 110, which connects to the USB port 182 on the OHMD 150. USB port 182 may
also be used for other purposes, such as to recharge the OHMD 150 battery (not shown).

10
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Although port 182 and connector 110 in this example are configured and operate pursuant to
a USB protocol, this is not strictly necessary, and other non-USB configurations and
protocols could be used as well.

[0047] The IMD communication accessory 100 can completely lack a user interface,
because the accessory 100 can leverage the user interface provided by the OHMD 150, as
explained further below. That being said, additional user interface elements (e.g., audio or
visual indicators, switches) could be provided with the accessory 100 as well. For example,
the housing 102 may include one or more user interface elements to indicate when the
communication coil 116 is active; to indicate the quality of the communication link 38a; to
indicate the status of the battery 112, etc.

[0048] Figure 6 shows circuitry used in the IMD communication accessory 100 and the
OHMD 150. As shown, the OHMD 150 includes control circuitry (e.g., a microcontroller
190), and a Medical Device Application (MDA 192). The functionality of MDA 192 is
discussed in further detail later, but is generally similar to the MDA 70 discussed earlier
(Figs. 4A & 4B) and allows a patient to control and/or monitor his IMD. MDA 192 may
comprise one of many applications executable in the OHMD 150, and again may have been
downloaded to the OHMD 150 using the OHMD’s built-in telemetry circuitry (e.g.,
Bluetooth or Wi-Fi). MDA 192, like MDA 70, again comprises instructions that can be
stored in machine-readable media in the OHMD 150 (or in the control circuitry 190) or on an
Internet server for download.

[0049] The USB port 182 of the OHMD 150 is coupled to USB interface circuitry 194,
and is likely programmed to operate as a slave in accordance with USB protocols. Use of
slave USB interface circuitry 194 in OHMD 150 allows the OHMD to be controlled by
another computer device, such as a personal computer, which can operate as a master to
control USB communications at port 182.

[0050] In recognition of the possible nature of the OHMD 150 as a USB slave, the IMD
communication accessory 100 preferably includes programmable USB interface circuitry 122
operating as a master to control communications on cable 108 when accessory’s connector
110 is connected to port 182 on the OHMD 150. An algorithm 126 associated with the
master USB circuitry 122 in the accessory 100 can operate to handshake with the OHMD 150
along USB data lines Datat+ and Data-. Algorithm 126 may further cause the OHMD to
execute MDA 192 to automatically render its MDA GUI 195 (Fig. 9), thus allowing the
patient immediate access to this GUI to communicate with his IMD 10a once the accessory

110 has been connected. Alternatively, the MDA 192 may run in the background on the
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OHMD 150 to detect the accessory 100 and to automatically render the MDA GUI 195 at that
time. Note that USB interface circuitries 194 and 122 could also be programmed into control
circuitry (e.g., 190) operable in the OHMD 150 and accessory 100. Moreover, whether the
OHMD 150 or accessory 100 acts as master or slave can be changed.

[0051] Once communication between the OHMD 150 and the IMD communication
accessory 100 is established, and the MDA GUI 195 rendered, the patient may use the MDA
GUI 195 to communicate data to and from his IMD 10a via the communication coil 116 in
the accessory. In this regard the accessory 110 includes transceiver circuitry 130 operable in
accordance with the communication modulation/demodulation scheme and protocol used by
the IMD 10a on magnetic induction communication link 38a, for example Frequency Shift
Keying as described earlier. The transceiver circuitry 130 is preferably powered by the
battery 112 in the accessory 100. Power for the transceiver circuitry 130 could alternatively
come from the battery (Vbatl) operable in the OHMD 150 via power supply line Vdc, but
this is not preferred as the battery in the OHMD 150 may not have a sufficient capacity for
FSK communications along link 38a. Note that battery 112 in the accessory 100 may
comprise a rechargeable battery, and thus accessory 110 may include battery recharging
circuitry 132 to allow the battery 112 to be recharged as necessary, via port 106 for example.
[0052] Although not shown, the IMD communication accessory 100 may also include
control circuitry, such as a microcontroller, although this is not strictly necessary as USB
interface circuitry 122 and transceiver 130 alone can be sufficient for the transmission and
reception of data to and from the IMD 10a. If necessary, well-known simple clocking
circuitry (e.g., a crystal or ring oscillator, a phase locked loop, etc.) could be used to generate
a clock signal (CLK) for the USB and transceiver circuitries 122 and 130.

[0053] Figure 7A shows an alternative IMD communication accessory 110a for
communicating with IMD 10a via magnetic induction communication link 38a (Fig. 2A) in
which the electronics and the communication coil 116 are separated. Specifically, two
housings 102a and 102b are provided, with housing 102b containing only the communication
coil 116, and with housing 102a containing battery 112 and other circuitry 120 such as the
USB interface circuitry 122, the transceiver circuitry 130, and the battery recharge circuitry
132. Such separation also separates the cable, with cable portion 108b appearing between the
two housings 102a and 102b, and cable portion 108a appearing between housing 102a and
the connector 110. Circuitry housing 102a may include the battery cover 104 and charging
port 106 referred to earlier. Coil housing 102b may be formed of a more-comfortable

deformable material such as silicone in this example.
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[0054] The charging coil accessory 100a of Figure 7A is beneficial because it removes
accessory electronics from the area extent of the communication coil 116, which electronics
can otherwise potentially interfere with communication on magnetic induction
communication link 38a. Other examples of charging coil assemblies providing this same
benefit are shown in Figures 7B and 7C. In accessory 100b of Figure 7B, the battery 112 is
in the same housing 102 as the communication coil 116, but moved to the side of the coil. In
this regard, a larger PCB 114 is provided for supporting and electrically coupling the battery
112, circuitry 120, and the communication coil 116. Housing 102 may include a hole 117 in
the center of the communication coil 116. Although not shown, the housing 102 may again
include a battery cover (like 104, Fig. 5A) to permit access to the battery 112. Port 106 may
again be provided to allow for recharging of the battery 112 in the accessory 100a.

[0055] The IMD communication accessory 100¢ of Figure 7C incorporates the battery
112 and electronics 120 in a different housing 102a than the housing 102b for the
communication coil 116, similar to accessory 100a of Figure 7A. However, the housings
102a and 102b can connect via a port 115a and connector 115b instead of by a flexible cable
(compare 108b in Fig. 7A). Housing 102b can again comprise a hole 117. The port 115a and
connector 115b allow the housings 102a and 102b to click together for mechanical
robustness, such that such housings will touch to form an integrated battery/coil structure.
However, this is not strictly necessary, and instead a cable can be used to couple 115a and
115b. Note that 115a could alternatively comprise a connector, and 115b a port. Again,
housing 102a may include a battery cover for permitting access to the battery 112. Port 115a
may be used to recharge the battery 112.

[0056] Figure 8 shows how the use of the OHMD 150 and the IMD communication
accessory 100 convenience a patient having an IMD 10a with a magnetic-induction telemetry
communication coil 34a (Fig. 2A). Because magnetic induction communications along
communication link 38a are relatively short distance (e.g., about 12 inches), it is useful to
position the accessory’s housing 102 and its charging coil 116 proximate to the location
where IMD 10a is implanted in the patient.

[0057] Convenient manners in which this can occur are shown for both a Spinal Cord
Stimulation (SCS) IMD patient 175 having an IMD 10a implanted in the upper buttocks, and
a Deep Brain Stimulation (DBS) IMD patient 175” having an IMD 10a implanted under the
collar bone. The SCS IMD patient 175 can for example put the housing 102 of the accessory
100 in his back pants pocket 176, and fish cable 108 under the back of his shirt 178 and up
through his shirt collar, where he can then connect USB connector 110 to the USB port 182
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on his OHMD 150. The DBS patient 175° can for example put the housing 102 of the
accessory 100 in his front shirt pocket 177, and fish cable 108 (perhaps through shirt 178) to
where the connector 110 can again be coupled to port 182. The length of cable 108 can be
made differently in each of the accessories depending on its application and the size of the
patient to make the cable 108 less noticeable.

[0058] These illustrations of how the accessory 100 can be wom by the patient are merely
examples; carrying belts or harnesses for housing 102 worn over or under the patient’s
clothing can be used as well, and perhaps in manners that better hide the cable 108.
Regardless, note that the housing 102 of the accessory 100 need not be perfectly aligned with
the implanted location of the IMD 10a, but merely close enough to allow for reliable
magnetic induction (e.g., FSK) communications. In either case, the patient 175 or 175
utilizing the disclosed system retains full mobility and the ability to continually control
and/or monitor his IMD 10a via the OHMD 150 that he is already wearing, and presumably
using for other reasons.

[0059] Figure 9 shows an example of the MDA GUI 195 rendered by the MDA 192 in
the OHMD 150, which the patient can use to control and/or monitor his IMD. In the example
illustrated, the patient can control inter alia various waveform parameters, such as the
amplitude (A), duration (D), and frequency (F) of the stimulation pulses provided by his
IMD. Other aspects of IMD control, such as selection of particular electrodes 16 and their
polarities, are not shown for simplicity. As one example of IMD monitoring using the MDA
GUI 195, electrode impedance is also provided by the MDA GUI 195, as explained below.
[0060] The MDA GUI 195 rendered in the example of Figure 9 comprises a series of
cards 200. In this example, the patient can only view one card at a time, but may navigate
between cards and enter new stimulation parameter values using the touch pad 166 (Fig. 5A)
on the OHMD 150. Voice inputs and user gestures can also be used for navigation and data
entry as explained further below.

[0061] The first card 200 in the MDA GUI 195 illustrates and allows control of the
waveform parameters A, D, and F of the patient’s current stimulation program, i.e., Program
1, which stimulation programs can read by MDA 192 as stored in memory in the OHMD 150
or in the IMD 10a or 10b. This first card 200 may be the first presented to the patient via the
MDA GUI 195, or may be a card that is later arrived at starting from an initial home screen of
the MDA GUI 195. Shown in this first card is a cursor 202, which at present highlights the
amplitude parameter A used in Program 1.

[0062] In this example, the cursor 202 is moved by swiping up and down on the touch
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pad 166, while parameter values are increased or decreased by swiping forward or backward
on the touch pad 166. Upon review of the first card 200, the patient wishes to increase the
amplitude for Program 1, which is already highlighted by the cursor 202 and currently set to
2.2 mA. Thus, the patient swipes forward on the touch pad 166 to increase this value by a set
amount or increment, and so is now adjusted to 2.4 mA. Such changes implemented at the
MDA GUI 195 are sent immediately to the IMD 10 as a command. Specifically, the OHMD
150’s microcontroller 190 sends the updated amplitude data to its USB port 182, which is
sent via connector 110 and the data lines in the cable 108 to the IMD communication
accessory 100, and ultimately to its transceiver circuitry 130. The transceiver circuitry 130
modulates it and drives communication coil 116 appropriately for wireless transmission of
the data on magnetic induction link 38a.

[0063] In a next card of the OHM GUI 195, the patient has swiped backward on the touch
pad 166, which decreases the amplitude value back to 2.2 mA, which new value will again be
telemetered to the IMD 10 via the accessory 100. A downward swipe moves the cursor 202
to the duration parameter (D), which is currently set to 100 ms, but which can also be
similarly adjusted. A forward swipe increases its value to 110 ms which new value is again
sent to the IMD 10. Two upward swipes at this point places the cursor 202 on the stimulation
program, which too can be changed. For example a forward swipe brings up the waveform
parameters for Program 2, which new parameters would also be sent to the patient’s IMD 10
and can be adjusted.

[0064] A tapping action on the touch pad 166 can also be used to provide different
navigation or control capabilities in the MDA GUI 195. In the example shown a “double
tap”—two quick successive taps—changes the stimulation parameters accessible for the
current program, and specifically allows the patient to change an advanced stimulation setting
for the current program, namely the duty cycle.

[0065] After that parameter is changed (not shown), another double tap might allow the
patient to monitor IMD parameters, such as electrode impedances as just one example. When
this card is selected, the MDA GUI 195 can command the IMD 10 via the accessory 100 to
run an electrode impedance test, or to otherwise provide electrode impedance data already
taken and stored recently by the IMD 10. The IMD can then telemeter such data to the
communication coil 116 in the accessory 110 via link 38a. The accessory transceiver 130
will demodulate the received data, and transmit it to the OHMD 150 via the cable 108. The
MDA 192 can in turn render the received data value in the MDA GUI 195 as shown. Again,
this is merely one example of IMD monitoring enabled by MDA GUI 195, and other IMD
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data can be similarly monitored as well.

[0066] Figure 9 merely provides a simple non-limiting example of an MDA GUI 195 for
the MDA 192 operating in the OHMD 150 in conjunction with the IMD communication
accessory 100. The data displayed and controlled, the manner in which it is presented, the
organization of the data on cards 200 or other GUI structures, the manners of selection and
control of the MDA GUI 195, can be changed to suit the environment at hand. If the OHMD
150 comprises the Google Glass device previously mentioned, the development of MDA GUI
195 is facilitated by the Google Glass Developers Kit, which is available at
https://developers.google.com/glass/. An XML programming language may be used to
program a GUI such as MDA GUI 195 of the OHMD 150.

[0067] The input interface of the MDA GUI 195 is preferably not limited to touch inputs
such as enabled by the touch pad 166. One or more buttons on the OHMD 150 may be used
as well both for MDA GUI 195 navigation and for data entry or adjustment. Additionally,
navigation and data entry and adjustment can also be spoken by the user and received by the
OHMD 150’s microphone 168, and processed by the OHMD 150’s voice detection module.
Voice input may therefore be used by the MDA GUI 195 to form a command to be
transmitted to the IMD 10. For example, the patient upon reviewing the first card 200 in
Figure 9 may change the amplitude by speaking “OK, Glass. Increase amplitude,” or
“Amplitude equals 2.4,” which command can be transmitted to the IMD 10 for action as
discussed previously. The patient may also navigate the MDA GUI 195 using voice inputs,
such as by speaking “next value,” next card,” “Program 2,” etc.

[0068] The motion detectors in the OHMD 150 (accelerometers and/or gyroscopes)
additionally allow for input to the MDA GUI 195 via user gestures. For example, instead of
swiping right and left, or up and down on the touch pad 166 to navigate or enter data, user
input could similarly be effected by the user turning his head to the right or left, or up and
down.

[0069] Nor preferably is the MDA GUI 195 limited to providing viewable graphical
outputs (using the display portion 170 and LED array 172 for example). Other user-
discernable outputs can be audibly rendered as part of the MDA GUI 195 using the OHMD
150’s audio transducer 164 or speaker. For example, the patient might instruct (by touch,
voice, or gesture) the OHMD 150 to provide an audible summary of the stimulation
parameters, which may prompt the MDA GUI 195 to audibly broadcast “Amplitude equals
2.2; duration equals 100; frequency equals 40; cathodes equal E6 and E7; anodes equal ES.”

Such audibly-rendered information is particularly useful if the information is not presently
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being display by the MDA GUI 195 on the display portion 170, on a card 200 for instance.
Audible presentation to the user can also include monitoring information transmitted from the
IMD 10. For example, electrode impedances once received by the MDA 192 can be spoken
to the patient by the MDA GUI 195, for example “Electrode E1 = X; Electrode E2 =Y,” etc.,
or “Electrode impedances within limits.” A vibratory motor or other tactile means of output
in the OHMD 150 can also be used to provide information to the patient via MDA GUI 195.
[0070] If the patient’s IMD uses short-range RF communication means, such as IMD 10b
(Fig. 2B) with its short-range RF antenna 34b, then the IMD communication accessory used
with the OHMD 150 can be configured differently. For example, a patient’s IMD 10b may
include medical-device-specific short-range RF communication means, such as an antenna
34b and telemetry circuitry 28b compliant with the MICS standard. OHMD 150 wouldn’t
normally be configured to handle this sort of short-range RF telemetry, and hence the
accessory would in this instance be configured to convert IMD communication to this format.
[0071] Such an IMD communication accessory 250 is shown in Figure 10A and in Figure
10B in cross section, and generally comprises a “dongle” or “stick” with a USB connector
260 coupleable to the USB port 182 on the OHMD 150. The accessory 250 can contain
many of the same basic components as the accessory 100 introduced earlier, including a
housing 252, a PCB 264, a battery 262, an optional battery cover 254, and various circuitry
270. Battery 262 may again be rechargeable, although this isn’t shown. Circuitry 270,
shown in detail in Figure 11, again includes master USB interface circuitry 112 and algorithm
126, which can operate as before. Communication circuitry though has changed to handle
MICS communications via a MICS-compliant short-range RF antenna 266 and transceiver
circuitry 280 in the housing 252 compliant with communication with the IMD 10b on
communication link 38b. Antenna 266, like antenna 34b in the IMD 10b, can comprise a
patch, slots, wire, etc., and can operate as a dipole or a monopole. Further, antenna 266 may
also be positioned outside or on the external surface of the housing 252. Moreover, although
it is preferred that the accessory 250 have its own battery 262, this is not strictly necessary,
and instead the accessory 250 may receive power from the OHMD 150 (e.g., its battery; not
shown).

[0072] Again, battery 262 in the housing 252 can power the transceiver circuitry 280 and
antenna 266, and therefore the IMD communication accessory 250 doesn’t need to rely on the
OHMD 150 for power, and won’t drain the OHMD’s battery (Vbatl).

[0073] Because short-range RF communications enabled by accessory 250 occur at

longer distances, the accessory 250 can merely be mechanically coupled to and hang from the
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USB port 182 on the OPHM 150. That is, a longer cable (compare 208; Fig. 5A) is not
needed to bring the accessory 250 and its antenna 266 close to the location where the IMD
10b is implanted. This is shown in Figure 12, and given the range of short-range RF
communications on link 38b, such coupling of the accessory 250 to the OHMD 150 will
allow for patient monitoring and control wherever the IMD 10b is implanted. Implant
locations for both an SCS IMD 10b and a DBS 10b are shown in Figure 12. As such, the
IMD communication assembly 250 has the benefit of being cableless, and thus less noticeable
when connected to the OHMD 150 than the magnetic induction-based accessory 100
disclosed earlier. Again, which of accessories 100 or 250 is best used with the OHMD 150
ultimately depends on the communication means used in the IMD 10a or 10b.

[0074] Aside from differences in the physical configuration and communication means
used, the IMD communication accessory 250 can function like accessory 100, with the MDA
192 generating an MDA GUI 195 (Fig. 9) to allow a patient to control and/or monitor his
IMD 10b.

[0075] The disclosed systems may be useful in controlling and monitoring the operation
of a more generic medical device, which medical device need not be implanted within a
patient. For example, the OHM 150 and either of IMD communication accessories 100 or
250 may be used to control an External Trial Stimulator (ETS). As described in U.S. Patent
Application Publication 2014/0358194, an ETS can be used to mimic operation of an IMD 10
during a trial period while the IMD leads 18 (Fig. 1) are implanted in the patient, but before
implantation of the IMD case 12. The ETS during such a trial period is typically carried or
worn by the patient, and couples to the exposed leads 18 via lead extensions (not shown). As
the ETS can also mimic the communication means present in the to-be implanted IMD, the
OHMD 150 and accessory 100/250 can control and/or monitor the ETS, which is useful in a
clinical setting. The OHMD 150 and accessory 100/250 can also be used to control and/or
monitor other external pulse generators, such as transcutaneous pulses generators (e.g.,
transcutaneous electrical nerve stimulators (TENS)), or other external medical devices more
generally.

[0076] Microcontroller control circuitry operable in the OHMD 150 and in either of the
accessories 100 or 250 (if necessary) can comprise for example Part Number MSP430,
manufactured by Texas Instruments, which is described in data sheets at http://www.ti.com/
Isds/ ti/ microcontroller/ 16-bit msp430/ overview.page? DCMP = MCU other& HQS =
msp430. However, other types of control circuitry may be used in lieu of a microcontroller

as well, such as microprocessors, FPGAs, DSPs, or combinations of these, etc.
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WHAT IS CLAIMED IS:

3.

A system, comprising:

a non-transitory machine-readable medium upon which are stored instructions for
a medical device application (MDA) executable by an external device
wearable by a patient, wherein the MDA when executed on the external device
is configured to:

provide a Graphical User Interface (GUI) on the external device to control
and/or monitor a medical device of the patient; and

a communication accessory, comprising:

at least one housing;

a battery within the housing;

an antenna,

transceiver circuitry within the at least one housing, wherein the antenna
and transceiver circuitry are powered by the battery; and

a connector, wherein the connector is configured for connection to a port
on the external device,

wherein the antenna is configured to be controlled by the GUI via the

connector to wirelessly control and/or monitor the medical device.

The system of claim 1, wherein the antenna is within the at least one housing.

The system of claims 1 or 2, wherein the connector comprises a Universal Serial Bus

(USB) connector.

4.

The system of claim 3, wherein the accessory further comprises USB interface

circuitry coupled to the connector.

6.

The system of any of claims 1-4, wherein the battery is rechargeable.

The system of any of claims 1-5, wherein the antenna comprises a coil antenna, and

wherein the coil antenna wirelessly controls and/or monitors the medical device via magnetic

induction and in accordance with a modulation and/or demodulation scheme.
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7. The system of claim 6, wherein the modulation and/or demodulation scheme

comprises Frequency Shift Keying.

8. The system of claims 6 or 7, wherein the accessory further comprises a cable

separating the connector and the housing.

9. The system of any of claims 1-8, wherein the antenna comprises an RF antenna, and
wherein the RF antenna wirelessly controls and/or monitors the medical device via a short-

range RF communication standard.

10. The system of claim 9, wherein the communication standard comprises MICS.

11.  The system of any of claims 1-10, wherein the MDA when executed is configured to
provide on the GUI a stimulation program provided to the medical device by the patient, and
wherein the GUI is configured to receive the patient’s input to adjust the stimulation

program.

12. The system of claim 11, wherein the GUI is configured to receive the patient’s input
via one or more of touching the external device, receiving the patient’s voice, or sensing the

patient’s gestures.

13. The system of any of claims 1-12, further comprising the external device, wherein the
medical device application is stored in a non-transitory machine-readable medium of the

external device.

14. The system of any of claims 1-13, further comprising the medical device.

15. The system of claim 14, wherein the medical device comprises an implantable pulse
generator.

16. The system of any of claims 1-15, wherein the external device comprises an Optical

Head-Mounted Display (OHMD).
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17. A system, comprising:
an external device, comprising:
a programmable Graphical User Interface (GUI) to allow the patient to
control and/or monitor the medical device; and
a port; and
a communication accessory, comprising:
at least one housing;
a battery within the housing;
an antenna,
transceiver circuitry within the at least one housing, wherein the antenna
and transceiver circuitry are powered by the battery; and
a connector, wherein the connector is configured for connection to the port
on the external device,
wherein the antenna is configured to be controlled by the GUI via the

connector to wirelessly control and/or monitor the medical device.

18. The system of claim 17, wherein the antenna is within the at least one housing.

19.  The system of claims 17 or 18, wherein the connector comprises a Universal Serial

Bus (USB) connector and the port comprises a USB port.

20. The system of claim 19, wherein the accessory further comprises USB interface
circuitry coupled to the connector, and wherein the external device further comprises USB

interface circuitry coupled to the port.

21. The system of claim 20, wherein the USB interface circuitry coupled to the connector
comprises master USB circuitry, and wherein the USB interface circuitry coupled to the port

comprises slave USB circuitry.

22. The system of any of claims 17-21, wherein the battery is rechargeable.

23. The system of any of claims 17-22, wherein the antenna comprises a coil antenna, and

wherein the coil antenna wirelessly controls and/or monitors the medical device via magnetic

induction and in accordance with a modulation and/or demodulation scheme.
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24, The system of claim 23, wherein the modulation and/or demodulation scheme

comprises Frequency Shift Keying.

25. The system of claims 23 or 24, wherein the accessory further comprises a cable

separating the connector and the housing.

26. The system of any of claims 17-25, wherein the antenna comprises an RF antenna,
and wherein the RF antenna wirelessly controls and/or monitors the medical device via a
short-range RF communication standard.

27. The system of claim 26, wherein the communication standard comprises MICS.

28.  The system of any of claims 17-27, wherein the external device further comprises a

display portion for rendering the GUI in a manner viewable by the patient.

29. The system of any of claims 17-28, wherein the display portion is proximate to an eye

of the patient.
30. The system of any of claims 17-29, wherein the GUI is configured to receive the
patient’s input via one or more of touching the external device, receiving the patient’s voice,

or sensing the patient’s gestures.

31.  The system of any of claims 17-30, wherein the external device further comprises a

touch pad, and wherein the GUI is configured to receive the patient’s touch at the touch pad.

32.  The system of any of claims 17-31, further comprising the medical device.

33. The system of claim 32, wherein the medical device comprises an implantable pulse
generator.
34, The system of claims 17-33, wherein the external device comprises an Optical Head-

Mounted Display (OHMD).

22



PCT/US2016/015308
1/9

WO 2016/148778

(Lie Jorid) (Lie JoLid)

ge 94nbi4 vZ 9inbi4H
‘\Ingom\ ‘\lmm;
¥Cy 0g d8C oc ¥,
R N N . N Q¢
0z
ce \ ape’ \>»

(Lie Jorid)
L 81nbi4
w_\/
CIEEEEEEE RN NFEE R R SRR EEE om_
ge've | /
T aIT SITE TS TT o [T A T1355 | v sby 4T oL

//©_\



PCT/US2016/015308

WO 2016/148778

2/9

(ue soud) (ue Joud)
gy 2inbi4 V¥ a4nbi4
85
r N e~ 4 )
Vaw 13 ;Lo
€5 —H b
Y £ | ]
gL elep anli "W._mw\so._n [ )00(Q I"
o) Ssalppy
p——— Kieneq I — I
) anl _
_H ssayD auouyd I
wns d r _
asealoo( whs dais _h B1oU Y Jepusie) H_
wins ) ===
ooy | | wisveis 65 _H e __ Py
0L Yaw A M
el
. — 96 e — //vm
J/

AN

> A

LG ~Gg

H— 09

1974

(Lie JoLid)
£ ainbi4

0]o elep aii
NENTE]
smessant] | g
s
ssealnaq | | Wis dois
Tns
owmo.woc_ whs Lels
1%

ov\\

4%

cy



PCT/US2016/015308

WO 2016/148778

3/9

gs a.nbi4
20l ——4
- “.WNM om/ mwm/ @N/wmw 02

c0l

801

901

ol

VG 91nbiH




PCT/US2016/015308

WO 2016/148778

4/9

aNo 2
1
A cel
ableyosy
_.m_
Zlegn - K_V
ocl
40X
oLl giedn - »
AT ——>»

c0l

\

oo_\\A

9 a.inbi4
0cl
:\kW 901 <\w9
ocl aNo
by |
IPA
Zcl 114
(Joysew) Aupnouio -ejeq
soeleul SN Vel Z8l
+eed \\o:
1 1
| |
6l
(ene)s)
Ainouio
vjwv oI
asn
z6l “— 061
vaw on
0SL P |_|:mp>




WO 2016/148778 PCT/US2016/015308

5/9

Figure 7C

102b

@©
o
o
o

110

Figure 7B

Figure 7A




PCT/US2016/015308

WO 2016/148778

6/9

g 9.1nbi4




PCT/US2016/015308

WO 2016/148778

7/9

swyo geolL = €4

6 94nbi4

sw
LL =8wWi] uQ 9jaA2 Aang

suiyo = L r— e
4o 0s¢ =¢3 dey ZH ¢ 0 = "bauy 91942 A3ng dey
. SWYo 00r =kl arog |0 T
oouepodu] wbog_._oﬁmw 4 A °aned
) ZH 0¥ = (4) Aouanbaiy ZH 0¥ = (4) Aouonba.y
sw 00} = (@) uoneing: f sw 04} = (@) uoneing; N
Vi 'z = (v)epnyjdidy | odims * VW'Z'Z = (v) opnjiidiiy |  sadims”
Jweiboid| pJemio Jweiboid| pisemdn
OM |
adims
pJemumoq
(991
ZH 0¥ = (4) Aouanbaiyg ZH 0¥ = (4) Aouonba.y ped
reeeeen S 00) = () UOBEING | oo SW Q04 = (@) uoneIng mcosev
P vywzz=(v)opmydwyi " odms || VW pZ = (v) spmydwiy " oqms
[ Uieiboig | piemyoeg | uieiboid pJemio
g6l ¥

ZH ¢ = (4) Aoudnbo.i4
sw oy = (g) uoneing
vuw #°L = (v) spnydwy

7 Weiboig o\iw

adims
pJemio-

ZH 0¥ = (4) Aoudnbo.i4
sw 00} = (g) uoneing
v y'z = (v) spnydwy

[ weiboid:

00¢
N

ZH 0¥ = (4) Aoudnbo.i4
sw 004 =.(q) uoneing

vw 2°Z = (v) apnyjdury’

\ T tieiboid

20z —




PCT/US2016/015308

WO 2016/148778

8/9

N

99¢

08¢
40X

N

ocl
ob|y

(4osew) Apnouio

ccl

N\ zean T soepsluUl gSN
aNoD $V 0L2— | ONO
e
\o_o> A°T4
c9e eda || 0oz
H e m\.
CIedA +eied \
[ |
| E— 8l
—~—
14512
(enejs)
Ll Aynouio
2inbi4 vjwv soepaUI
asn
c6l «—> 061l
o5 —7 van on
I_IEMQ>

g0l 94nbiH




PCT/US2016/015308

WO 2016/148778

9/9

4

L 8inbi4




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/015308

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61N1/372
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

A61IN

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

cited in the application
the whole document

the whole document

the whole document

X US 2012/215285 Al (TAHMASIAN SAMUEL [US] 1-34
ET AL) 23 August 2012 (2012-08-23)
paragraphs [0018] - [0039]; figures 3, 5B

A US 2015/073498 Al (KOTHANDARAMAN SRIDHAR 1-34
[US]) 12 March 2015 (2015-03-12)

A US 2011/004275 A1l (CARBUNARU RAFAEL [US] 1-34
ET AL) 6 January 2011 (2011-01-06)

A US 2014/304773 Al (WOODS THOMAS F [US] ET 1-34
AL) 9 October 2014 (2014-10-09)

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

4 April 2016

Date of mailing of the international search report

14/04/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Smit, Jos

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2016/015308
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2012215285 Al 23-08-2012 AU 2012254144 Al 29-08-2013
CA 2827418 Al 15-11-2012
EP 2678073 Al 01-01-2014
JP 2014511142 A 12-05-2014
US 2012215285 Al 23-08-2012
US 2015182754 Al 02-07-2015
WO 2012154247 Al 15-11-2012
US 2015073498 Al 12-03-2015 CA 2923451 Al 12-03-2015
US 2015073498 Al 12-03-2015
WO 2015034742 Al 12-03-2015
US 2011004275 Al 06-01-2011 US 2011004275 Al 06-01-2011
US 2014052215 Al 20-02-2014
US 2014358190 Al 04-12-2014
US 2015151133 Al 04-06-2015
US 2014304773 Al 09-10-2014  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - wo-search-report
	Page 34 - wo-search-report

