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STIMULATION SYSTEMS AND RELATED
USER INTERFACES

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to U.S. Provisional
Application No. 62/757,576, filed on Nov. 8, 2018, which is
hereby incorporated by reference in its entirety. All publi-
cations, patent applications, and patents mentioned in this
specification are herein incorporated by reference in their
entirety to the same extent as if each individual document
was specifically individually indicated to be incorporated by
reference.

TECHNICAL FIELD

[0002] Embodiments this disclosure relate to systems,
methods, and associated graphical user interfaces for stimu-
lations of a body. Embodiments of this disclosure generally
relate to methods and devices (including systems) for the
stimulation of nerves and/or muscles, including a user
interface for use during the stimulation of muscles and/or
nerves. In embodiments, systems may restore, enhance,
and/or modulate of diminished neurophysiological functions
using electrical stimulation. Some embodiments provide
methods for mapping and selecting the electrodes proximate
to one or more target nerves. Non-limiting embodiments
include systems, electrode structures, electrode positions,
mapping methodologies, sensors arrangements, and associ-
ated graphical user interfaces for interfacing with systems
described herein.

BACKGROUND

[0003] Critical care patients, particularly those requiring
invasive mechanical ventilation (MV), are known to expe-
rience higher levels of diaphragm, lung, brain, heart, and
other organ injury. The respiratory muscles (e.g., diaphragm,
sternocleidomastoid, scalenes, pectoralis minor, external
intercostals, internal intercostals, abdominals, quadratus,
etc.) are known to rapidly lose mass and strength during MV.
The lungs suffer from ventilator-induced trauma, including
both high and low pressure injuries. Cognitive effects of MV
are believed to be caused by several factors, including
aberrant neuro-signaling and inflammatory responses. To
prevent these negative side effects, it is important to keep
patients on MV for as short a time as possible. However,
rapid respiratory muscle atrophy in MV patients makes it
challenging to transition many patients away from a depen-
dency on MV. Options are limited for strengthening the
respiratory muscles of critical care patients, particularly for
those that are on MV, so that they can quickly regain the
ability to breathe without external respiratory support.

SUMMARY

[0004] Embodiments of the present disclosure relate to,
among other things, systems, devices, and methods for
applying stimulation to one or more anatomical targets.
Embodiments of the systems, methods, and user interfaces
for the systems and methods described herein, may be used
with alternatives and/or supplements to MV, such as, for
example, stimulation of respiratory nerves and/or respiratory
muscles. Each of the embodiments disclosed herein may
include one or more of the features described in connection
with any of the other disclosed embodiments.

May 9, 2024

[0005] In one example, a system for stimulating body
tissue may comprise a user interface and a control unit
including a processor and a non-transitory computer read-
able medium storing instructions. The instructions, when
executed by the processor, may cause the processor to
identify an electrode combination and determine a threshold
charge for use in stimulating the body tissue, based at least
partially on input received via the user interface.

[0006] Any of the systems disclosed herein may include
any of the following features. The instructions stored in the
non-transitory computer readable medium may cause the
processor, when identifying the electrode combination, to
select a set of electrode combinations from a domain of
electrode combinations, stimulate from all selected electrode
combinations, and receive input on whether a requisite
stimulation was detected for each stimulation. The instruc-
tions stored in the non-transitory computer readable medium
may cause the processor, when identifying the electrode
combination, to individually select an electrode combination
from the set of electrode combinations which provided the
requisite stimulation, stimulate from the individually
selected electrode combination, and for each stimulation,
receive input on whether the requisite stimulation was
detected. Receiving input on whether the requisite stimula-
tion was detected may include prompting a user to provide
feedback via the user interface on whether the requisite
stimulation was detected. The instructions stored in the
non-transitory computer readable medium may cause the
processor, when determining a threshold charge, to deter-
mine a coarse threshold charge and a fine threshold charge.
Further, when identifying a coarse threshold charge, the
instructions stored in the non-transitory computer readable
medium may cause the processor to perform an electrode
sweep at a first charge, receive input on whether a requisite
stimulation was detected, and if the requisite stimulation
was detected, set the coarse threshold charge at a charge of
the most recent electrode sweep, or, if the requisite stimu-
lation was not detected, perform an electrode sweep at a
second charge greater than the first charge. When identifying
a fine threshold charge, the instructions stored in the non-
transitory computer readable medium may cause the pro-
cessor to select a charge level that corresponds to a deter-
mined coarse threshold, determine a domain of charges
based on the determined coarse threshold, deliver stimula-
tion at the charge level corresponding to the determined
coarse threshold, and receive input on whether the requisite
stimulation was detected. Systems for stimulating body
tissue described herein may include one or more stimulation
arrays supported on an intravenous catheter, and the body
tissue is a muscle that activates a lung or nerve that inner-
vates a muscle that activates a lung. The user interface may
include an anatomical indication window, one or more phase
buttons, and one or more stimulation level indication win-
dows.

[0007] An example system for stimulating body tissue
may comprise one or more sensors, a stimulation array, a
user interface, and a control unit including a processor and
a non-transitory computer readable medium. The sensors
may be configured to be affixed to, or inserted in, a body to
measure one or more physiological parameters of the body.
The non-transitory computer readable medium may store
instructions that, when executed by the processor, causes the
processor to assess a position of the stimulation array,
determine an electrode combination of the stimulation array
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for use in stimulating body tissue, and determine a threshold
charge for use in stimulating the body tissue.

[0008] Any of the systems or methods disclosed herein
may include any of the following features. The instructions
stored in the non-transitory computer readable medium may
cause the processor, when identifying the electrode combi-
nation, to select a set of electrode combinations form a
domain of electrode combinations, stimulate from all
selected electrode combinations, receive input on whether
requisite stimulation was detected during stimulation from
all selected electrode combinations, individually select an
electrode combination from the set of electrode combina-
tions which provided requisite stimulation, stimulate from
the individually selected electrode combination, and receive
input on whether the requisite stimulation was detected
during stimulation from the individually selected electrode
combination. The instructions stored in the non-transitory
computer readable medium may cause the processor, when
determining a threshold charge, to perform an electrode
sweep at a first charge, receive input on whether requisite
stimulation was detected, and if requisite stimulation was
detected, set the coarse threshold charge at the charge of the
most recent electrode sweep, or if requisite stimulation was
not detected, perform an electrode sweep at a second charge,
wherein the second charge is greater than the first charge.
One or more sensors of a system for stimulating body tissue
may include sensors configured to detect airway pressure,
airway flowrate, transpulmonary pressure, tidal volume,
blood gas levels, heart rate, breathing rate, impedance, lung
gas distribution, electromyographic activity, transdiaphrag-
matic pressure, or a combinations thereof. The instructions
stored in the non-transitory computer readable medium may
cause the processor to assist a user in determining if the one
or more stimulation arrays are correctly placed, relative to a
patient, and/or schedule a number of stimulations within a
set time interval. The stimulation array may include at least
two groups of electrodes. Identifying an electrode combi-
nation may include identifying an electrode combination for
each group of electrodes and identifying a threshold charge
may include identifying a threshold charge for each group of
electrodes. The instructions stored in the non-transitory
computer readable medium may cause the processor, when
prompted by a user, to terminate the delivery of stimulation
energy. The instructions stored in the non-transitory com-
puter readable medium may cause the processor to deter-
mine whether a stimulation would exceed a maximum
allowable charge.

[0009] In one example, a system for stimulating body
tissue may include a catheter, a user interface, and a control
unit. The catheter may include a plurality of electrodes. The
control unit may include a processor and a non-transitory
computer readable medium storing instructions that, when
executed by the processor, causes the processor to, based on
input received via the user interface, determine a coarse
threshold suitable for stimulating the body tissue, identify
and electrode combination from the plurality of electrodes,
and determine a fine threshold suitable for stimulating the
body tissue via the identified electrode combination. The
body tissue may be a phrenic nerve and the electrode
combination may be used to deliver stimulation to the
phrenic nerve.

[0010] Any of the systems or methods disclosed herein
may include any of the following features. The instructions
stored in the non-transitory computer readable medium may
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cause the processor to determine whether the catheter is
placed in a position, relative to a body, suitable for deliv-
ering stimulation to the body tissue. The instructions stored
in the non-transitory computer readable medium may cause
the processor, when prompted by a user, to schedule a
number of stimulations within a set time interval, where
each stimulation of the number of stimulations is delivered
via the identified electrode combination, and the number of
stimulations and the duration of the time interval are param-
eters adjustable via the user interface.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The accompanying drawings, which are incorpo-
rated in and constitute a part of this specification, illustrate
non-limiting embodiments of the present disclosure and
together with the description serve to explain the principles
of the disclosure.

[0012] FIG. 1 illustrates a schematic view of a system
including a GUI engine and an application engine, according
to various embodiments of the present disclosure;

[0013] FIG. 2 illustrates a schematic view of a graphic
user interface for placement mode operations, according to
one or more embodiments of the present disclosure;
[0014] FIG. 3 illustrates a schematic view of a graphic
user interface for mapping mode operations, according to
various embodiments;

[0015] FIG. 4 illustrates a schematic view of a graphic
user interface for therapy mode operations, according to one
or more embodiments;

[0016] FIG. 5 is a flowchart of a method according to an
embodiment of the present disclosure;

[0017] FIG. 6 illustrates the anatomy of selected tissues
and anatomical lumens in a patient, along with an exemplary
electrode array placed according to one or more embodi-
ments of the present disclosure;

[0018] FIG. 7 is a flowchart of a method according to an
embodiment of the present disclosure;

[0019] FIG. 8 is a flow chart of a method according to an
embodiment of the present disclosure; and

[0020] FIG. 9 is a flow chart of a method according to an
embodiment of the present disclosure.

DETAILED DESCRIPTION

[0021] Throughout the following description, specific
details are set forth to provide a more thorough understand-
ing to persons skilled in the art. The following description of
examples of the technology is not intended to be exhaustive
or to limit the system to the precise forms of any example
embodiment. Accordingly, the description and drawings are
to be regarded in an illustrative sense, rather than a restric-
tive sense.

[0022] Further aspects of the disclosures and features of
example embodiments are illustrated in the appended draw-
ings and/or described in the text of this specification and/or
described in the accompanying claims. It may be understood
that both the foregoing general description and the following
detailed description are exemplary and explanatory only and
are not restrictive of the invention, as claimed. As used
herein, the terms “comprises,” “comprising,” “including,”
“having,” or other variations thereof, are intended to cover
a non-exclusive inclusion such that a process, method,
article, or apparatus that comprises a list of elements does
not include only those elements, but may include other
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elements not expressly listed or inherent to such a process,
method, article, or apparatus. Additionally, the term “exem-
plary” is used herein in the sense of “example,” rather than
“ideal.”

[0023] As used herein, the term “proximal” means a
direction closer to an operator and the term “distal” means
a direction further from an operator. The term “approxi-
mately” or like terms (e.g., “about,” “substantially”) encom-
pass values within 10% of the stated value.

[0024] Reference will now be made in detail to examples
of the present disclosure described above and illustrated in
the accompanying drawings. Wherever possible, the same
reference numbers will be used throughout the drawings to
refer to the same or like parts.

Lung Control Unit (LCU)

[0025] Inone or more embodiments, a system may include
one or more stimulation arrays, such as for example, elec-
trode arrays, connected (e.g., via a wired or wireless con-
nection), to one or more circuits, processors, devices, sys-
tems, sub-systems, applications, units, or controllers. Each
stimulation array of the one or more stimulation arrays may
include one or more nodes for delivering stimulation (e.g.,
one or more electrodes for delivering stimulation). The one
or more stimulation arrays may be configured to be placed
on, or inserted into, a patient (e.g., a neck, torso, blood
vessel, etc., of the patient). In some embodiments, the one or
more stimulation arrays may be supported on a catheter
(e.g., a catheter configured for insertion into the patient, such
as, for example, an intravenous catheter).

[0026] One or more user interfaces, as described below,
may be used in combination with one or more systems,
catheters, apparatuses, stimulation arrays, and electrodes,
such as, for example, a Lung Control Unit (LCU). One
exemplary LCU architecture is shown in FIG. 1.

[0027] As shown in FIG. 1, an LCU 100 may include a
GUI engine 110 which may be in communication with an
application engine 150. The GUI engine 110 is primarily
responsible for interfaces to the user and is used for con-
figuring and monitoring system operation. A user interface
120 may be used to facilitate communication between a user
and the GUI engine 110 and may include, for example, one
of the user interfaces 120 described herein (e.g., placement
mode GUI 200, mapping mode GUI 300, or therapy mode
GUI 400). The GUI engine 110 may include an off-the-shelf
single board computer (SBC). The GUI engine 110 may
interface to one or more of a user interface 120, which may
include a touchscreen, a video monitor, a remote controller,
image display, tablet, smartphone, remote controller, and/or
a touch sensor. Any of the user interfaces may provide
visual, audible, or tactile information to the user. One or
more touchscreens and/or video monitors may be in com-
munication with the GUI engine 110 via, for example, a
video graphics array (VGA) connector. One or more touch
sensors may be in communication with the GUI engine 110
via, for example, a serial communication interface (e.g.,
RS-232). Other inputs to the GUI engine 110 may be
transmitted via USB connection 125 (e.g., inputs from
external communication tools, inputs from remote control
devices). GUI engine 110 may also output data (e.g., data
related to one or more stimulation parameters, one or more
physiological parameters of a patient, or one or more oper-
ating parameters of a stimulation engine 170) to one or more
other devices (e.g., a mechanical ventilator). In some
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embodiments, the GUI engine 110 may be in communica-
tion with a speaker 116 (e.g., a buzzer integrated into an
SBC) and may be configured to output audio via speaker
116. The GUI engine 110 may be in communication with a
mass storage device 112 (e.g., a solid-state drive (SSD)) via
a serial interface (e.g., a serial AT attachment (SATA), such
as, for example, a mini-SATA (m-SATA) interface).

[0028] The GUI engine 110 may be in two-way commu-
nication with an application engine 150 via a serial port
(e.g., an isolated serial port). The application engine 150
may include one or more microcontrollers that control the
stimulation and monitoring (e.g., an applications controller
and/or a system health monitor 160). An application con-
troller may control interfaces to a subject and therapy
delivery. For example, the application controller may con-
vert, modify, and/or translate signals or instructions from
application engine 150 to electrical signals (e.g., stimulation
pulses) delivered by stimulation engine 160. Accordingly,
the application controller may facilitate bidirectional com-
munication from the application engine 150 to the GUI
engine 110, bidirectional communication from the applica-
tion engine 150 to a system health monitor 160, stimulation
voltage and current measurements, and/or bidirectional
communication from the application engine 150 to the
stimulation engine 170. The application engine 150 and the
system health monitor 160 may be in communication via, for
example, an asynchronous serial interface (e.g., a universal
asynchronous receiver-transmitter (UART)) or general-pur-
pose input/output (GPIO). The application engine 150 may
interface with one or more voltage or current measuring
devices (e.g., a stimulation monitor 175) via an analog-to-
digital converter (ADC). The application engine 150 and the
stimulation engine 170 may be in communication via, for
example, a synchronous serial interface (e.g., a serial periph-
eral interface (SPI)) or GPIO.

[0029] The system health monitor 160 is primarily respon-
sible for ensuring the delivery of therapy is safe and meets
internal and external safety parameters. The system health
monitor 160 interfaces with the stimulation electronics, e.g.,
stimulation engine 170, including the means for providing
stimulation (e.g., one or more stimulation arrays, one or
more electrodes, or a catheter/needle including one or more
electrodes, or other stimulation device), for example, via
application engine 150. In some embodiments, the stimula-
tion monitoring unit 175 may monitor one or more aspects
of the delivered stimulation, such as, identity of stimulation
array (e.g., electrode(s) or electrode array(s)) delivering
stimulation, stimulation amplitude, stimulation pulse width,
stimulation frequency, stimulation duration, total charge
delivered, etc., and communicate these aspects to system
health monitor 160 (e.g., via application engine 150). Sys-
tem health monitor 160 may also monitor one or more
aspects of the patient’s health, such as, configured to detect
airway pressure, airway flowrate, transpulmonary pressure,
tidal volume, blood gas levels, heart rate, impedance, elec-
tromyographic activity, transdiaphragmatic pressure, and/or
breathing rate and timing, via one or more sensors config-
ured to monitor a physiological or other characteristic of the
patient. The one or more sensors, such as, for example,
sensors configured to detect airway pressure, airway flow-
rate, transpulmonary pressure, tidal volume, blood gas lev-
els, heart rate, breathing rate, impedance (e.g., sensors
configured for electrical impedance tomography), lung gas
distribution, electromyographic activity, transdiaphragmatic
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pressure, or a combination thereof, may be configured to be
affixed to a patient or inserted into a patient.

[0030] The stimulation engine 170 facilitates delivering
stimulation to one or more anatomical targets (e.g., lung-
accessories such as nerves and/or muscles related to respi-
ration) via, for example, a single electrode combination
(two, three, or more electrodes in a multi-polar configura-
tion) at a given point in time. The stimulation may be
delivered as a result of a request from the application
controller. As used herein, delivered stimulation may refer to
a finite number of stimulation pulses (in placement, map-
ping, or therapy modes) to be delivered to an anatomical
target via an individual electrode combination. In some
embodiments, the number and/or properties of stimulation
pulses in delivered stimulation may depend on the stimula-
tion duration, pulse frequency, stimulation frequency, stimu-
lation pulse width, stimulation amplitude (current), any of
which could be a selectable or programmable parameter via
user interface 120.

[0031] The stimulation engine 170 may control stimula-
tion timing and/or charge for delivered stimulation accord-
ing to parameters passed from the application engine 150
prior to the commencement of stimulation delivery. In
therapy mode, as described in greater detail below, the
application controller may instruct the stimulation engine
170 to deliver repeated stimulation upon request from the
user. In placement mode or mapping mode, the application
controller may instruct the stimulation engine 170 to deliver
multiple stimulation pulses, each consisting of a single
stimulation pulse or series of finite pulses to a given elec-
trode combination in order to achieve the stimulation deliv-
eries required for placement mode and mapping mode. The
frequency of the series of finite pulses in delivered stimu-
lation may be different in different modes, for example in
mapping or placement mode the frequency could be
approximately 1 Hz to approximately 4 Hz and in the
therapy mode the frequency could be approximately 8 Hz,
approximately 10 Hz, approximately 11 Hz, approximately
15 Hz, approximately 20 Hz, approximately 25 Hz, approxi-
mately 40 Hz or other similar frequency.

[0032] One or more stimulation arrays may include one or
more groups of electrodes. The electrodes may be config-
ured to deliver stimulation as monopolar, bipolar, tripolar, or
multipolar electrodes. As used herein, a stimulation being
transmitted by an electrode may refer to an electrical signal
being transmitted by a single electrode (anode) on the
catheter to the ground reference (cathode) that is placed
away from the anode to generate a larger electrical field
(monopolar electrical stimulation), an electrical signal being
transmitted from a anode electrode to cathode electrode on
the catheter (bipolar stimulation), or an electrical signal
being transmitted from one or more electrodes to one or
more other electrodes (multipolar electrical stimulation)
(e.g., from a cathode to two anodes, from two cathodes to an
anode, or from a cathode to three or more anodes). As any
of these electrode combinations and configurations are con-
templated, for clarity when referring to one or more pro-
cesses, methods, or modes of operation, such types of
electrical signal transmission may all be referred to as a
stimulation being transmitted by an electrode or an electrode
combination.

[0033] As described above, one or more embodiments
may include a computer system, such as, for example,
computer systems that include a processor, e.g., a central
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processing unit (CPU), a graphics processing unit (GPU), or
both. The processor may be a component in a variety of
systems. For example, the processor may be part of a
standard personal computer or a workstation. The processor
may be one or more general processors, digital signal
processors, application specific integrated circuits, field pro-
grammable gate arrays, servers, networks, digital circuits,
analog circuits, combinations thereof, or other now known
or later developed devices for analyzing and processing data.
The processor may implement a software program, such as
code generated manually (i.e., programmed).

[0034] A controller (e.g., application controller) may
include a processor that is generally configured to accept
information from one or more other components of an LCU
100, and process the information according to various algo-
rithms to produce control signals for controlling the other
components of LCU 100, such as, for example, stimulation
engine 170. For example, the processor may accept infor-
mation from the system and system components (e.g., user
interface 120 or system health monitor 160), process the
information according to various algorithms, and produce
information signals that may be directed to visual indicators,
digital displays, audio tone generators, or other indicators of,
e.g., a user interface, in order to inform a user of the system
status, component status, procedure status or any other
information that is being monitored by the system. The
processor may be a digital IC processor, analog processor or
any other suitable logic or control system that carries out the
control algorithms

[0035] Further, one or more computer systems (e.g., LCU
100) described herein may include a memory. The memory
may be a main memory, a static memory, or a dynamic
memory (e.g., mass storage device 112). The memory may
include, but is not limited to computer readable storage
media such as various types of volatile and non-volatile
storage media, including but not limited to random access
memory, read-only memory, programmable read-only
memory, electrically programmable read-only memory,
electrically erasable read-only memory, flash memory, mag-
netic tape or disk, optical media and the like. In one
implementation, the memory includes a cache or random-
access memory for the processor. In alternative implemen-
tations, the memory is separate from the processor, such as
a cache memory of a processor, the system memory, or other
memory. The memory may be an external storage device or
database for storing data. Examples include a hard drive,
compact disc (“CD”), digital video disc (“DVD”), memory
card, memory stick, floppy disc, universal serial bus
(“USB”) memory device, mass storage device 112, or any
other device operative to store data. The memory is operable
to store instructions executable by the processor. The func-
tions, acts or tasks illustrated in the figures (e.g., FIGS. 5,
and 7-9) or described herein may be performed by the
programmed processor executing the instructions stored in
the memory. The functions, acts or tasks are independent of
the particular type of instructions set, storage media, pro-
cessor or processing strategy and may be performed by
software, hardware, integrated circuits, firm-ware, micro-
code and the like, operating alone or in combination. Like-
wise, processing strategies may include multiprocessing,
multitasking, parallel processing and the like.

[0036] In some systems, a computer-readable medium
includes instructions or receives and executes instructions
responsive to a propagated signal so that a device connected
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to a network can communicate voice, video, audio, images,
or any other data over the network. Further, the instructions
may be transmitted or received over the network via a
communication port or interface. The communication port
or interface may be a part of the processor or may be a
separate component. The communication port may be cre-
ated in software or may be a physical connection in hard-
ware. The communication port may be configured to connect
with a network, external media, user interface 120, or any
other components in LCU 100, or combinations thereof. The
connection with the network may be a physical connection,
such as a wired Ethernet connection or may be established
wirelessly. Likewise, the additional connections with other
components of the LCU 100 may be physical connections or
may be established wirelessly.

[0037] While the computer-readable medium is shown to
be a single medium, the term “computer-readable medium”
may include a single medium or multiple media, such as a
centralized or distributed database, and/or associated caches
and servers that store one or more sets of instructions. The
term “computer-readable medium” may also include any
medium that is capable of storing, encoding, or carrying a set
of instructions for execution by a processor or that cause a
computer system to perform any one or more of the methods
or operations disclosed herein. The computer-readable
medium may be non-transitory, and may be tangible.

User Interface

[0038] Systems and methods described herein may fall
generally within three phases of operation: placement mode,
mapping mode, and therapy mode. User interface 120 may
change during each phase of operation or a user may be able
to select between and/or navigate between each phase of
operation. Arrangements of features of user interface 120 as
they apply to each phase of operation may be described
below, according to one or more embodiments. It should be
understood that features of a user interface 120 according to
one embodiment may be interchanged or used in combina-
tion with features of a user interface 120 according to one or
more other embodiments. Further, although one or more
buttons, zones, regions, displays, or other features of user
interfaces 120 are shown in FIGS. 2-4 to be rectangular in
shape, this is for clarity of illustration only. The one or more
buttons, zones, regions, displays, or other features of the
user interfaces 120 described herein may be of any shape
(e.g., circular, ovular, oblong, triangular, etc.), size, color,
orientation, or relative position.

[0039] Placement mode may be used just after the one or
more stimulation arrays (e.g., supported on a catheter or
other stimulation delivery system) has been inserted into, or
placed in proximity to, a patient or adjusted relative to the
patient. Placement mode may include executing a subset of
left side mapping operations (e.g., left coarse threshold
assessment, a coarse threshold assessment process 1100)
where the user can quickly check for, as an example,
contractions of one or more muscles associated with respi-
ration to verify placement of a stimulation catheter.

[0040] In some embodiments, placement mode may
include sensing the position of a catheter (e.g., a catheter
supporting one or more stimulation arrays) within the body
of a patient and providing feedback on such position to LCU
100. By way of non-limiting example, one or more sensors
(e.g., an electrode supported on the catheter), may be used
to detect a signal from the body (e.g., cardiac signals). Based
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on the characteristics of one or more detected signals, the
LCU 100 may determine an appropriate placement of the
catheter, relative to the body of the patient. During such
operations, one or more components of a user interface 120
(e.g., an anatomical indication window 230 of placement
mode GUI 200) may include a pictorial representation of the
catheter in the patient, such as, for example, color signals
(e.g. red, yellow, green) in select geographic shapes (e.g.
circle, rectangle, oval, etc.) indicating a proximity to a target
location. Additionally or in the alternative, sounds or other
cues may be used to indicate placement or movement of a
catheter.

[0041] Referring to FIG. 2, an exemplary user interface
120 for a user to interface with the LCU 100 during
placement mode is shown, e.g., a placement mode GUI 200.
Placement mode GUI 200 may be displayed on a touch-
screen display, or other display means that allows for
interactivity.

[0042] Placement mode GUI 200 may include a status bar
205, a notification box 210, an anatomical indication win-
dow 230, a stimulation indication window 240, one or more
phase buttons 250a, 25056, 250¢, and/or one or more action
buttons 260a to 260e. Status bar 205 may be placed along an
edge of placement mode GUI 200, such as, for example,
along the top edge of placement mode GUI 200. Status bar
205 may display information (e.g., via graphic, text, or a
combination thereof) related to the operation of the LCU
100. For example, status bar 205 may display information
relating to the phase of operation (e.g., placement mode),
date, time, parameters of stimulation, parameters of the
patient, parameters of another device (e.g., a mechanical
ventilator), session ID, LCU ID, or combinations thereof.
[0043] Notification box 210 may display information
relating to operations of the LCU 100, such as, for example,
a summary of stimulations recently delivered to a patient,
instructions to a user, or a summary of parameters of
stimulation. In some embodiments, notification box 210 is
the primary means of placement mode GUI 200 to commu-
nicate instructions to the user regarding placement mode
operations. For example, text or graphic instructions within
notification box 210 may include instructions for the user to
use LCU 100 through the placement mode phase of opera-
tions.

[0044] Anatomical indication window 230 may display
graphics or text indicative of one or more anatomical
structures, delivered electrical stimulation, or electrical
stimulation delivered to one or more anatomical structures.
For example, anatomical indication window 230 may
include one or more images or renderings of a patient, a
single lung, a pair of lungs, a diaphragm, one or two
hemi-diaphragms, one or more blood vessels (e.g., jugular
vein, subclavian vein, superior vena cava, subclavian artery,
aorta, carotid artery), one or more nerves (e.g., left phrenic
nerve, right phrenic nerve, vagus nerve, one or more cervical
nerves), one or more electrodes, one or more stimulation
arrays, a catheter supporting one or more stimulation arrays,
or a combination thereof. Anatomical indication window
230 may also include text indicative of one or more ana-
tomical structures, delivered electrical stimulation, or elec-
trical stimulation delivered to one or more anatomical struc-
tures, such as, for example, left and right side designations.
Various parts of anatomical indication window 230 may
light up, change color, or otherwise be indicated when
stimulation is being applied to one or more afferents of the
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indicated part. For example, during placement mode opera-
tions, stimulation may be delivered to nerves and/or muscles
that are connected to or associated with the left lung. During
the delivery of such stimulation to accessory anatomical
structures of the left lung, a left lung part of anatomical
indication window 230 (e.g., a left portion of the diaphragm
and/or the left lung) may light up, change color, or otherwise
be indicated. Similar indications may be made in anatomical
indication window 230 which represent the delivery or
placement of an electrode array or electrical stimulus to any
anatomical structure (e.g., stimulation affecting a right lung,
stimulation proximate to a vein, stimulation from an elec-
trode array positioned proximate a hemi-diaphragm).

[0045] Stimulation indication window 240 may provide
information to a user regarding one or more stimulation
parameters. In some embodiments, stimulation indication
window 240 includes one or more stimulation level indica-
tors 242a to 242f. For example, still referring to FIG. 2,
stimulation indication window 240 may include a plurality
of stimulation level indicators 242a, 242b, 242¢, 242d, 242e,
242f. Each stimulation level indicator 2424-f may include a
number or letter indicating an order of stimulation level
indicators 242a-f. For example, each stimulation level indi-
cator 242q-f may include a number or letter, and each
stimulation level indicator 242q-f may be arranged in
numerical or alphabetical order (e.g., stimulation level indi-
cator 242a may be labeled with a “1,” stimulation level
indicator 2425 may be labeled with a “2,” etc.; stimulation
level indicator 242f may be labeled with a “1,” stimulation
level indicator 242¢ may be leveled with a “2,” etc.; stimu-
lation level indicator 242a may be labeled with an “A,”
stimulation level indicator 2425 may be labeled with a “B,”
etc.; or stimulation level indicator 242f'may be labeled with
an “A,” stimulation level indicator 242¢ may be leveled with
a “B,” etc.). Although stimulation indication window 240 is
shown in FIG. 2 as including six stimulation level indicators
242a-f, this is only one example. Stimulation indication
window 240 may have any amount of stimulation level
indicators 242a-f suitable for placement operations.

[0046] Each stimulation level indicator 242a-f of stimu-
lation indication window 240 may represent a different value
of a stimulation parameter. For example, each stimulation
level indicator 242a-f may represent a different stimulation
amplitude, stimulation pulse width, stimulation frequency,
stimulation duration, stimulation charge, or electrode com-
bination delivering stimulation. For example, stimulation
level indicator 242a could represent stimulation with an
amplitude of 1 milliampere (mA), stimulation level indicator
242b could represent stimulation with a charge of 3 mA,
stimulation level indicator 242¢ could represent a stimula-
tion with a charge of 5 mA, etc. As stimulations are delivered
with varying stimulation parameters (e.g., stimulation deliv-
ered with increasing charge, stimulation delivered with
increasing pulse width, stimulation delivered from different
electrodes, etc.), the stimulation level indicator 242 which
corresponds to the stimulation parameter delivered, may be
highlighted, light up, change color, or otherwise indicated.
Referring to the previous example, if stimulation level
indicator 242a represents stimulation with a charge of 1 mA,
stimulation level indicator 2425 represents stimulation with
a charge of 3 mA, and stimulation level indicator 242¢
represents a stimulation with a charge of 5 mA, then, as a 1
mA charge is delivered, stimulation level indicator 242a will
become highlighted, light up, change color, or otherwise be
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indicated. As placement mode or another mode of operation
progresses, a stimulation with a charge of 3 mA may be
delivered and stimulation level indicator 2426 may then
become highlighted, light up, change color, or otherwise be
indicated.

[0047] Still referring to FIG. 2, a user interface 120 (e.g.,
placement mode GUI 200) may include one or more phase
buttons 250a, 2505, 250¢. In some embodiments, each phase
button 250a-c refers to a phase of operation. For example,
phase button 250a may be labeled as “Placement Mode” and
may correspond to placement mode, phase button 2505 may
be labeled as “Mapping Mode” and may correspond to
mapping mode, and phase button 250¢ may be labeled
“Therapy Mode” and may correspond to therapy mode.
Referring to the previous example, when the LCU 100 is in
placement mode, phase button 2504 of placement mode GUI
200 may be highlighted, lit up, of a different color phase
buttons 2505 and 250c¢, or otherwise indicated.

[0048] Each phase button 250a-c, when selected, may
cause the operation of LCU 100 to switch phases to the
corresponding phase, or vice versa (operating in a particular
mode switches highlighting, color indications, etc. of the
corresponding phase button 250a-c). For example, for an
LCU 100, operating in placement mode, when a user presses
phase button 2505, the LCU 100 may switch operation from
placement mode to mapping mode. When LCU 100 switches
phases of operation, the phase button 250a-c corresponding
to the new phase may be highlighted, lit up, of a different
color than other phase buttons 250, or otherwise indicated.
The switching of phases of operation, along with the switch-
ing of indicated phase button 250a-c, may, in some embodi-
ments, be functionally similar to a tabbed operation, where
each phase button 250a-c acts as a tab for its corresponding
phase of operation. In some embodiments, each phase button
250a-c is inactive while operations are being performed.
Stated another way, some operations of LCU 100 (e.g.,
operations that are a part of placement phase or mapping
phase) may lock-out other phases of operation, or prevent a
user from changing the phase of operation.

[0049] Still referring to FIG. 2, a user interface 120 (e.g.,
a placement mode GUI 200) may include one or more action
buttons 260a, 2605, 260c, 260d, and 206e. The one or more
action buttons 260 may allow a user to instruct the LCU 100
to begin, resume, pause, start, modify, or end one or more
processes related to stimulation. In one or more embodi-
ments, a user interface 120 (e.g., a placement mode GUI
200) may include one or more of: an “enable” action button,
a “start” action button, a “response” action button, a “retry”
action button, a “next” action button, a “stop” action button,
a “completion” action button, an “end session” action but-
ton, or a combination thereof. Various types, combinations,
and configurations of action buttons 260, according to one or
more embodiments, are described below.

[0050] Forexample, a user interface 120 (e.g., a placement
mode GUI 200) may include one or more action buttons
260a-f that enable a user to activate and/or deactivate the
LCU 100 system and/or user interface 120 (e.g., an “enable”
action button). For example, according to one or more
embodiments, one or more action buttons 260a-f may func-
tion as an enabling toggle switch, that varies in one of two
states. The two states may be represented by a color change,
an accent, or other modification that indicates the switch
(e.g., an “enable” action button) has changed states. In one
state of the toggle switch, the LCU 100 system is able to
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deliver stimulation, and the user interface 120 (e.g., place-
ment mode GUI 200) is able to accept commands. In the
other state of the toggle switch, the LCU 100 system is not
able to deliver stimulation and the user interface 120 is
blocked or inactivated from receiving input (e.g., input other
than the action button 260q-f functioning as the toggle
switch).

[0051] According to one or more embodiments, a user
interface 120 (e.g., a placement mode GUI 200) may include
one or more action buttons 260qa-fthat allow a user to start
the selected phase of operation (e.g., a “start” action button).
As described in greater detail herein, each phase of operation
(e.g., placement mode, mapping mode, or therapy mode)
may include one or more associated processes. In some
embodiments, a user interface 120 (e.g., a placement mode
GUI 200) may guide a user through one or more processes
related to stimulation, such as, for example, confirming
placement of one or more stimulation arrays. In some
embodiments, by pressing a “start” action button, one or
more components of the LCU 100 (e.g., a user interface 120
and/or one or more stimulation arrays), may be triggered to
begin one or more processes related to stimulation and/or
begin guiding the user through one or more processes related
to stimulation.

[0052] In some embodiments, a user interface 120 (e.g., a
placement mode GUI 200) may include one or more action
buttons 260a-fthat allow a user to indicate whether a desired
result of stimulation is occurring (e.g., a “response” action
button). For example, one or more processes related to
stimulation may require feedback from a user regarding
whether a result of stimulation is occurring. In some
embodiments, this result may be some type of indication that
a nerve and/or a muscle is being stimulated. According to
one or more embodiments, a user interface 120 (e.g., a
placement mode GUI 200) may prompt a user to confirm a
nerve and/or muscle is being stimulated, and the user may
confirm the stimulation via a “response” action button. In
some embodiments, a user interface 120 may have one
action button 260a-f for an affirmative response and another
action button 260q-f for a negative response. In other
embodiments, a user interface 120 may include an action
button 260a-f for affirmative responses only.

[0053] In some embodiments, a user interface 120 (e.g., a
placement mode GUI 200) may include one or more action
buttons 260a-f'that allow a user to progress to a subsequent
step of one or more processes related to stimulation (e.g., a
“next” action button). As described above, one or more
processes related to stimulation may include a user interface
120 (e.g., a placement mode GUI 200) prompting and/or
guiding a user through a series of steps (e.g., instances where
a user input is required). In some embodiments, a user
interface 120 may include a “next” action button that allows
a user to progress to a subsequent step of an ongoing
process. In addition or alternatively, a “next” action button
may allow a user to progress so a subsequent process of an
ongoing phase of operation (e.g., placement mode, mapping
mode, therapy mode).

[0054] According to one or more embodiments, a user
interface 120 (e.g., a placement mode GUI 200) may include
one or more action buttons 260qg-f that allow a user to
reiterate a previous step (e.g., a “retry” action button) of one
or more processes related to stimulation. As described
above, one or more processes related to stimulation may
include a user interface 120 (e.g., a placement mode GUI
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200) prompting and/or guiding a user through a series of
steps (e.g., instances where a user input is required). A user
may select the “retry” action button to repeat, redo, or
reiterate a previous step or series of steps of a process. For
example, one or more processes may include a stimulation
delivered, and a prompt for the user to respond whether a
nerve and/or muscle was stimulated. The user may select a
“retry” action button to redo the stimulation. In some
embodiments, a user can reiterate a process (e.g., a process
of mapping mode) by pressing the “retry” action button.
[0055] In some embodiments, a user interface 120 (e.g., a
placement mode GUI 200) may include one or more action
buttons 260a-f'that allow a user to end a phase of operation
(e.g., a “completion” action button). A user may select a
“completion” action button when a process or a sub-process
of a phase of operation is complete, or the user is done with
that process or sub-process. For example, selecting the
“completion” action button may trigger one or more com-
ponents of the LCU 100 (e.g., a user interface 120 or one or
more stimulation arrays) to stop a current process or current
step of a process. A user may select a “completion” action
button even when the current process is incomplete or
unsuccessfully completed. In some embodiments, a user
selecting a “completion” action button when a current
process is incomplete or unsuccessfully completed, will
trigger a notification to the user.

[0056] According to one or more embodiments, a user
interface 120 (e.g., a placement mode GUI 200) may include
one or more action buttons 260a-f that allow a user to stop
all processes being executed by LCU 100 (e.g., a “stop”
action button). For example, when a user selects a “stop”
action button, one or more components of LCU 100 (e.g.,
one or more stimulation arrays, user interface 120, system
health monitor 160) may cease current operations. In some
embodiments, one or more components of LCU 100 may
finish their current operation or current step of a process
before ceasing their operation. For example, for an LCU 100
operating in placement mode, one or more electrical pulses
may be emitted from one or more stimulation arrays. In
some embodiments, a user selecting a “stop” action button
would cause the one or more stimulation arrays to cease
transmitting electrical signals immediately. In other embodi-
ments, a user selecting a “stop” action button would cause
the one or more stimulation arrays to cease transmitting
electrical signals after the current pulse. A “stop” action
button may be configured to act as a type of safety enhance-
ment switch which, when selected, cuts power to one or
more components of an LCU 100 in contact with a patient.
[0057] Insome embodiments, a user interface 120 (e.g., a
placement mode GUI 200) may include one or more action
buttons 260a-f (e.g., an “end session” action button) that
allow a user to stop the current phase of operation and return
to a previous screen of the user interface 120 (e.g., a main
menu). For example, when a user selects an “end session”
action button, one or more processes may terminate and the
current phase of operation (e.g., placement mode, mapping
mode, or therapy mode) may end. The selection of an “end
session” action button may trigger the user interface 120 to
display a menu or other splash page that allows a user to
select a new phase of operation (e.g., placement mode,
mapping mode, or therapy mode).

[0058] Referring now to FIG. 3, an exemplary user inter-
face 120 for mapping mode is shown, e.g., a mapping mode
GUI 300. Similar to placement mode GUI 200, mapping
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mode GUI 300 may be displayed on a touchscreen display,
or other display means that allows for interactivity.

[0059] Mapping mode GUI 300 may include a status bar
305, a notification box 310, an anatomical indication win-
dow 330, one or more stimulation indication windows 340,
340', one or more progress bars 345, 345', one or more phase
buttons 350a-c, one or more action buttons 360a-g. Status
bar 305 may function similarly to status bar 205 of place-
ment mode GUI 200. For example, status bar 305 may
display information (e.g., via graphic, text, or a combination
thereof) related to the operation of the LCU 100.

[0060] Similarly, notification box 310 may function simi-
larly to notification box 210 of placement mode GUI 200.
For example, notification box 310 may display information
relating to operations of the LCU 100, such as, for example,
a summary of stimulations recently delivered to a patient,
instructions to a user, or a summary of parameters of
stimulation. Text or graphic instructions within notification
box 310 may include instructions for the user to use LCU
100 through the mapping mode phase of operations.
[0061] Anatomical indication window 330 may be func-
tionally similar to anatomical indication window 230. For
example, anatomical indication window 330 may display
graphics or text indicative of one or more anatomical
structures, delivered electrical stimulation, or electrical
stimulation delivered to one or more anatomical structures.
In one or more embodiments, anatomical indication window
330 may include one or more images or renderings of a
patient, a single lung, a pair of lungs, a diaphragm, one or
two hemi-diaphragms, one or more blood vessels (e.g.,
jugular vein, subclavian vein, superior vena cava, subclavian
artery, aorta, carotid artery), one or more nerves (e.g., left
phrenic nerve, right phrenic nerve, vagus nerve, one or more
cervical nerves), one or more electrodes, one or more
stimulation arrays, a catheter supporting one or more stimu-
lation arrays, or a combination thereof. Anatomical indica-
tion window 330 may also include text indicative of one or
more anatomical structures, delivered electrical stimulation,
or electrical stimulation delivered to one or more anatomical
structures, such as, for example, left and right side desig-
nations. Various parts of anatomical indication window 330
may light up, change color, or otherwise be indicated when
stimulation is being applied to one or more afferents of the
indicated part. For example, during mapping mode opera-
tions, during some processes, stimulation may be delivered
to nerves and/or muscles that are connected or associated
with the left lung while during other processes, stimulation
may be delivered to nerves and/or muscles that are con-
nected or associated with the right lung. During the delivery
of stimulation to the anatomical structures associated with
the left lung, a left lung part of anatomical indication
window 330 and/or a left hemi-diaphragm may light up,
change color, or otherwise be indicated. Similar indications
may be made in anatomical indication window 330 to the
right lung and/or right hemi-diaphragm parts when stimu-
lation is delivered to anatomical structures associated with
the right lung.

[0062] A mapping mode GUI 300 may include one or
more stimulation indication windows (e.g., stimulation indi-
cation window 340 and stimulation indication window 340").
Each stimulation indication window 340, 340" may provide
information to a user regarding one or more stimulation
parameters. According to one or more embodiments, such as
the one shown in FIG. 3, a first stimulation indication
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window 340 may correspond to a left side of a patient’s
anatomy, and a second stimulation indication window 340’
may correspond to a right side of a patient’s anatomy.

[0063] In some embodiments, each stimulation indication
window 340, 340' includes one or more stimulation level
indicators 342a-f, 3424'-f. For example, still referring to
FIG. 3, stimulation indication window 340 may include a
plurality of stimulation level indicators 342a-f, and stimu-
lation indication window 340' may include a plurality of
stimulation level indicators 3424'-f. Each stimulation indi-
cation window 340, 340" and its component stimulation level
indicators 342a-f, 3424'-f may be functionally similar to
stimulation indication window 240 and its component
stimulation level indicators 242a-f of placement mode GUI
200. For example, each stimulation level indicator 342a-f,
3424'-f'may include a number or letter and each stimulation
level indicator 342a-f, 3424'-f may be arranged in numerical
or alphabetical order within its stimulation indication win-
dow 340, 340" (e.g., stimulation level indicators 342a, 3424'
may be labeled with a “1”, stimulation level indicators 3425,
3425' may be labeled with a “2”, etc.; stimulation level
indicators 342/, 342f may be labeled with a “1”, stimulation
level indicators 342¢, 342¢' may be labeled with a “2”, etc.).
[0064] Although stimulation indication windows 340, 340"
are shown in FIG. 3 as including six stimulation level
indicators 342a-f, 342a'-f each, this is only one example.
Each stimulation indication window 340, 340' may indepen-
dently have any amount of stimulation level indicators
342a-f, 3424'-f, suitable for mapping. For example, stimu-
lation indication window 340 may include six stimulation
level indicators 342a-f and stimulation indication window
340' may include five stimulation level indications 3424'-¢'.
[0065] Each stimulation level indicator 342a-f, 3424'-f' of
each stimulation indication window 340, 340' may represent
a different value of a stimulation parameter. For example,
each stimulation level indicator 342a-f, 3424'-f' may repre-
sent a different stimulation amplitude, stimulation pulse
width, stimulation frequency, stimulation duration, stimula-
tion charge, or electrode combination delivering stimulation.
For example, stimulation level indicator 342a could repre-
sent stimulation from a most distal half of electrodes on one
stimulation array, stimulation level indicator 3424 could
represent stimulation from a the most proximal half of
electrodes on one stimulation array, stimulation level indi-
cator 342¢ could represent stimulation from a medial third of
electrodes on one stimulation array, stimulation level indi-
cator 3424' could represent stimulation from a most distal
half of electrodes on a second stimulation array, stimulation
level indicator 3425' could represent stimulation from a most
proximal half of electrodes on the second stimulation array,
stimulation level indicator 342¢' could represent stimulation
from a medial third of electrodes on the second stimulation
array, etc. As stimulations are delivered with varying stimu-
lation parameters (e.g., stimulation delivered with increasing
charge, stimulation delivered with increasing pulse width,
stimulation delivered from different electrodes, etc.), the
stimulation level indicator 342a-f, 3424'-f which corre-
sponds to the stimulation parameter delivered, may be
highlighted, light up, change color, or otherwise indicated.
[0066] Referring to the previous example, if stimulation
level indicator 342a represents stimulation from a most
distal half of electrodes on one stimulation array, stimulation
level indicator 3426 represents stimulation from a most
proximal half of electrodes on one stimulation array, stimu-
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lation level indicator 342¢ represents stimulation from a
medial third of electrodes on one stimulation array, then, as
stimulation is delivered from the most distal half of elec-
trodes on one stimulation array, stimulation level indicator
342a will become highlighted, light up, change color, or
otherwise be indicated. As mapping mode or another mode
of operation progresses, a stimulation may be delivered from
the most proximal half of electrodes on the stimulation array,
and stimulation level indicator 3426 may then become
highlighted, light up, change color, or otherwise be indi-
cated.

[0067] A user interface 120 (e.g., a mapping mode GUI
300) may include one or more progress bars 345, 345'. Each
progress bar 345, 345' may provide a textual or pictorial
indication of the progress of one or more methods related to
stimulation. For example, in one or more embodiments
where stimulation indication window 340 corresponds to the
left side of a patient’s anatomy, progress bar 345 may
indicate the overall progress of completing mapping opera-
tions (described in greater detail below) of the left side of a
patient’s anatomy. Similarly, where stimulation indication
window 340" corresponds to the right side of a patient’s
anatomy, progress bar 345' may indicate the overall progress
of completing mapping operations (described in greater
detail below) of the right side of a patient’s anatomy. In
some embodiments, a progress bar 345, 345' may indicate
the progress of one or more processes or sub-processes that
are a part of mapping operations. Portions of a length of the
progress bar 345, 345' may light up, or otherwise be indi-
cated progressively. For example, a first portion of a length
of progress bar 345, 345' may be lit up after a first process
of mapping operations is complete, and a second portion of
a length of the progress bar 345, 345', adjacent to the first
portion of a length of the progress bar 345, 345' may be lit
up after a second process of mapping operations is complete.

[0068] Still referring to FIG. 3, a user interface 120 (e.g.,
mapping mode GUI 300) may include one or more phase
buttons 3504, 3505, 350c¢ Similar to phase buttons 250a-c of
placement mode GUI 200, in some embodiments, each
phase button 350a-c may refer to a phase of operation. For
example, phase button 350a may be labeled as “Placement
Mode” and may correspond to placement mode, phase
button 3505 may be labeled as “Mapping Mode” and may
correspond to mapping mode, and phase button 350¢ may be
labeled “Therapy Mode” and may correspond to therapy
mode. Referring to the previous example, when in the LCU
100 is in mapping mode, phase button 3505 of mapping
mode GUI 300 may be highlighted, lit up, of a different color
than phase buttons 3504 and 350¢, or otherwise indicated.

[0069] Each phase button 350a-¢c may be functionally
similar to phase buttons 250a-c of placement mode GUI
200. For example, when selected, phase buttons 350a-c may
cause the operation of LCU 100 to switch phases to the
corresponding phase or vice versa (operating in a particular
mode switches highlighting, color indications, etc. of the
corresponding phase button 350a-c). For example, for an
LCU 100, operating in mapping mode, when a user presses
phase button 350¢, the LCU 100 may switch operation from
mapping mode to therapy mode. When LCU 100 switches
phases of operation, the phase button 350a-c corresponding
to the new phase may be highlighted, lit up, of a different
color than other phase buttons 350a-c, or otherwise indi-
cated.
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[0070] Still referring to FIG. 3, a user interface 120 (e.g.,
a mapping mode GUI 300) may include one or more action
buttons 360a, 3605, 360c, 3604, 360e, 3607, 360g. The one
or more action buttons 360a-g may allow a user to instruct
the LCU 100 to begin, resume, pause, start, modify, or end
one or more processes related to stimulation. In one or more
embodiments, a user interface 120 (e.g., a mapping mode
GUI 300) may include one or more of: an “enable” action
button, a “start” action button, a “response” action button, a
“retry” action button, a “next” action button, a “stop” action
button, a “completion” action button, an “end session”
action button, or a combination thereof The functions of
various types of action buttons 360a-g, are described above
in relation to action buttons 260a-¢ of placement mode GUI
200.

[0071] Referring now to FIG. 4, an exemplary user inter-
face 120 for therapy mode is shown, e.g., a therapy mode
GUI 400. Similar to placement mode GUI 200 and mapping
mode GUI 300, therapy mode GUI 400 may be displayed on
a touchscreen display, or other display means that allows for
interactivity. In some embodiments, a user interface 120
may include placement mode GUI 200, mapping mode GUI
300, and therapy mode GUI 400.

[0072] Therapy mode GUI 400 may include a status bar
405, a notification box 410, an anatomical indication win-
dow 430, one or more stimulation intensity windows 441,
441' one or more stimulation intensity adjustment keys
442a,b, 4424’5, one or more therapy parameter windows
445a-d, one or more therapy parameter adjustment keys
446a-d, 446a'-d', one or more phase buttons 450a-c, one or
more action buttons 460a-e¢, one or more timed therapy
status windows (e.g., delivered therapy status window 475
and scheduled therapy status window 470), or a combination
thereof.

[0073] Still referring to FIG. 4, status bar 405 may func-
tion similarly to status bar 205 of placement mode GUI 200
or status bar 305 of mapping mode GUI 300. For example,
status bar 405 may display information (e.g., via graphic,
text, or a combination thereof) related to the operation of the
LCU 100.

[0074] Further, notification box 410 may function simi-
larly to notification box 210 of placement mode GUI 200 or
notification box 310 of mapping mode GUI 300. For
example, notification box 410 may display information
relating to operations of the LCU 100, such as, for example,
a summary of stimulations recently delivered to a patient,
instructions to a user, or a summary of parameters of
stimulation. Text or graphic instructions within notification
box 410 may include instructions for the user to use LCU
100 through the therapy mode phase of operations.

[0075] Anatomical indication window 430 may be func-
tionally similar to anatomical indication window 230 or
anatomical indication window 330. For example, anatomical
indication window 430 may display graphics or text indica-
tive of one or more anatomical structures, delivered electri-
cal stimulation, or electrical stimulation delivered to one or
more anatomical structures. In one or more embodiments,
anatomical indication window 430 may include one or more
images of a patient, a single lung, a pair of lungs, a
diaphragm, one or two hemi-diaphragms, one or more blood
vessels (e.g., jugular vein, subclavian vein, superior vena
cava, subclavian artery, aorta, carotid artery), one or more
nerves (e.g., left phrenic nerve, right phrenic nerve, vagus
nerve, one or more cervical nerves), one or more electrodes,
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one or more stimulation arrays, a catheter supporting one or
more stimulation arrays, or a combination thereof. Anatomi-
cal indication window 430 may also include text indicative
of one or more anatomical structures, delivered electrical
stimulation, or electrical stimulation delivered to one or
more anatomical structures, such as, for example, left and
right side designations. Various parts of anatomical indica-
tion window 430 may light up, change color, or otherwise be
indicated when stimulation is being applied to one or more
afferents of the indicated part. For example, during therapy
mode operations, stimulation may be delivered to nerves
and/or muscles that are connected or associated with the left
lung and/or the right lung. During the delivery of stimulation
to the anatomical structures associated with the left lung and
left hemi-diaphragm, a left lung part of anatomical indica-
tion window 430 and/or a left hemi-diaphragm may light up,
change color, or otherwise be indicated. Similar indications
may be made in anatomical indication window 430 to the
right lung and/or right hemi-diaphragm parts when stimu-
lation is delivered to anatomical structures associated with
the right lung.

[0076] Still referring to FIG. 4, a therapy mode GUI 400
may include one or more stimulation intensity windows 441,
441'. Each stimulation intensity window 441, 441' may
provide a numerical, textual, or pictorial indication of the
stimulation intensity being delivered to one or more ana-
tomical targets. For example, stimulation intensity window
441 may provide an indication of the stimulation intensity
being delivered to one or more anatomical targets on the left
side of the patient and stimulation intensity window 441'
may provide an indication of the stimulation intensity being
delivered to one or more anatomical targets on the right side
of the patient. In some embodiments, a stimulation intensity
window 441, 441' may display the charge of stimulation
being delivered (e.g., an amplitude, a pulse width, a charge,
or a percentage of the set fine threshold). In the example
shown in FIG. 4, stimulation intensity window 441' indicates
that 100% of the fine threshold is being delivered to one or
more afferents of right-side respiratory structures, and
stimulation intensity window 441 indicates that 95% of the
fine threshold is being delivered to one or more afferents of
left-side respiratory structures.

[0077] A therapy mode GUI 400 may also include one or
more stimulation intensity adjustment keys 442q,b, 442a"b'.
For example, the therapy mode GUI 400 may include one or
more stimulation intensity adjustment keys 442qa,b, 442a',6'
that correspond to each stimulation intensity window 441,
441'. The stimulation adjustment keys 442a,b, 442a’,b' may
allow a user or other healthcare professional to adjust the
intensity of stimulation being delivered. For example, stimu-
lation intensity adjustment key 442a may increase the inten-
sity of stimulation delivered to one or more muscles and/or
nerves associated with left-side respiratory structures (e.g.,
increase the intensity to greater than 95% of the set fine
threshold) and stimulation intensity adjustment key 44254
may decrease the intensity of stimulation delivered to one or
more muscles and/or nerves associated with left-side respi-
ratory structures (e.g., decrease the intensity to less than
95% of the set fine threshold). Stimulation adjustment keys
4424q' and 4424' may similar adjust the intensity of stimu-
lation delivered to one or more muscles and/or nerves
associated with right-side respiratory structures.

[0078] In addition to one or more stimulation intensity
windows 441, 441", a therapy mode GUI 400 may include
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one or more therapy parameter windows 445a-d. Each
therapy parameter window 445a, 44556, 445¢, and 445d may
display one or more properties related to delivered stimu-
lation. For example, a therapy mode GUI 400 may include
one or more therapy parameter windows 445a-d that display
one or more of: stimulation amplitude, stimulation pulse
width, stimulation frequency, pulse frequency, stimulation
timing, number of stimulation pulses to be delivered in set
a time interval, duration of time interval within which a set
number of stimulation pulses are to be delivered.

[0079] A therapy mode GUI 400 may also include one or
more therapy parameter adjustment keys 446a-d, 446a'-d'.
For example, the therapy mode GUI 400 may include one or
more therapy parameter adjustment keys 446a-d, 446a'-d
that correspond to each stimulation parameter window 4454-
d. The therapy parameter adjustment keys 446a-d, 446a'-d'
may allow a user or other healthcare profession to adjust the
parameters of stimulation being delivered. For example,
therapy parameter window 4454 may described a number of
stimulation pulses to be delivered in set a time interval.
Therapy parameter adjustment key 446a may increase the
number of stimulation pulses delivered to one or more
muscles and/or nerves associated (e.g., increase the number
to greater than 10) and therapy parameter adjustment key
4464' may decrease the number of stimulation pulses deliv-
ered to one or more muscles and/or nerves associated (e.g.,
decrease the number to less than 10). Stimulation adjustment
keys 4465 and 4465', 446¢ and 446¢', 446d and 4464 may
similarly adjust the parameters of stimulation indicated in
the corresponding stimulation parameters windows 4455,
445¢, and 445d.

[0080] Still referring to FIG. 4, a therapy mode GUI 400
may include one or more timed therapy status windows. For
example, as described in greater detail below, a user or
healthcare professional may program an LCU 100 in therapy
mode to deliver a set number of stimulations over a given
time interval. The user interface 120 (e.g., therapy mode
GUI 400) may include one or more timed therapy status
windows that indicate the status of the timed stimulation
delivery. For example, therapy mode GUI 400 may include
a delivered therapy status window 475 that displays or
otherwise indicates how many stimulations have been deliv-
ered over the time interval. In some embodiments, therapy
mode GUI 400 may also include a scheduled therapy status
window 470 that indicates how many prescribed (e.g.,
programmed) stimulations have yet to be delivered.

[0081] Still referring to FIG. 4, a user interface 120 (e.g.,
therapy mode GUI 400) may include one or more phase
buttons 450a, 4505, 450¢). Similar to phase buttons 250 of
placement mode GUI 200 and phase buttons 350 of mapping
mode GUI 300, in some embodiments, each phase button
450 refers to a phase of operation. For example, phase button
450a may be labeled as “Placement Mode” and may corre-
spond to placement mode, phase button 4505 may be labeled
as “Mapping Mode” and may correspond to mapping mode,
and phase button 450¢ may be labeled “Therapy Mode” and
may correspond to therapy mode. Referring to the previous
example, when in the LCU 100 is in therapy mode, phase
button 450¢ of therapy mode GUI 400 may be highlighted,
lit up, of a different color than other phase buttons 4504 and
4505, or otherwise indicated.

[0082] Each phase button 450 may be functionally similar
to phase buttons 250 of placement mode GUI 200 or phase
buttons 350 of mapping mode GUI 300. In some embodi-
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ments, when selected, a phase button 450 may cause the
operation of LCU 100 to switch phases to the phase corre-
sponding to the selected phase button 450. For example, for
an LCU 100, operating in therapy mode, when a user presses
phase button 4504, the LCU 100 may switch operation from
therapy mode to placement mode. When LCU 100 switches
phases of operation, the phase button 450 corresponding to
the new phase may be highlighted, lit up, of a different color
than other phase buttons 450, or otherwise indicated.
[0083] Still referring to FIG. 4, a user interface 120 (e.g.,
a therapy mode GUI 400) may include one or more action
buttons 460 (e.g., action buttons 460a, 4605, 460c, 460d,
460¢). The one or more action buttons 460 may allow a user
to instruct the LCU 100 to begin, resume, pause, start,
modify, or end one or more processes related to stimulation.
In one or more embodiments, a user interface 120 (e.g.,
therapy mode GUI 400) may include one or more of: an
“enable” action button, a “start” action button, a “response”
action button, a “retry” action button, a “next” action button,
a “stop” action button, a “completion” action button, an “end
session” action button, or a combination thereof. The func-
tions of various types of action buttons 460a-¢, are described
above in relation to action buttons 260a-¢ of placement
mode GUI 200.

Placement Mode

[0084] An LCU 100 may be operated in placement mode,
and, in some embodiments, a user may operate the LCU 100
through a placement mode GUI 200. Placement mode, may
be used to confirm placement of one or more stimulation
arrays. For example, a user or healthcare professional may
place one or more stimulation arrays on or in a patient. A
user may then initiate placement mode via, for example,
selecting a phase button 2504a-c corresponding to placement
mode. In some embodiments, a user may navigate to a
placement mode via one or more menus of a user interface
120. As described above, selection of a phase button 250a-¢
corresponding to placement mode may cause the user inter-
face 120 to display a placement mode GUI 200. A user may
then start one or more processes of placement mode by
selecting an action button 260a-e of placement mode GUI
200.

[0085] Inone or more embodiments, placement mode may
include one or more processes for confirming placement of
one or more stimulation arrays. After a user initiates place-
ment mode (e.g., via an action button 260 of placement
mode GUI 200), LCU 100 may induce one or more stimu-
lation arrays to generate a stimulation pulse. For example,
each electrode of one or more stimulation arrays may emit
a stimulation pulse. In some embodiments, an LCU 100 may
include multiple stimulation arrays (e.g., a stimulation array
of electrodes), but less than the full complement of stimu-
lation arrays may be used in placement mode (e.g., an LCU
100 may include a distal stimulation array and a proximal
stimulation array, and may only use the proximal stimulation
array in placement mode). Generally, one or more stimula-
tion arrays (e.g., each electrode of one or more stimulation
arrays) may generate stimulation pulses of increasing charge
until the LCU 100 (e.g., via system health monitor 160) or
a user detects that a nerve, muscle, or other anatomical
stimulation target has been stimulated. Pulses emitted from
various electrodes (or electrode combinations), each pulse
having the same charge, may be referred to as an electrode
sweep. In some embodiments, an electrode sweep includes
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each electrode of the one or more stimulation arrays emitting
a stimulation, where each stimulation has the same charge.

[0086] As described previously, LCU 100 may detect
stimulation of an anatomical target (via, e.g., one or more
sensors in communication with system health monitor 160).
Alternatively or in addition, a user may detect stimulation of
an anatomical target (e.g., based on a physical response or
appearance of a patient) and indicate via one or more action
buttons 260a-¢ of a user interface 120 (e.g., placement mode
GUI 200) that stimulation occurred. A user may also indicate
that stimulation of the anatomical target did not occur (e.g.,
was not detected) via one or more action buttons 260a-e
(e.g., a “response” action button or a “next” action button).
If stimulation of an anatomical target cannot be detected
during an electrode sweep, LCU 100 may increase the
charge of the electrode sweep. In placement mode, like other
operations of LCU 100, the LCU 100 may end the process
(and/or prevent stimulation from being delivered) if a pre-
determined maximum charge is exceeded. The pre-deter-
mined maximum charge may be set by the LCU 100
manufacturer or a user of the LCU 100. If stimulation of the
anatomical target cannot be detected without exceeding the
pre-determined maximum charge, then placement has failed.
If placement fails, the user may adjust the position of one or
more stimulation arrays in relation to the patient and/or retry
placement mode operations.

[0087] FIG. 5 shows an exemplary flow of a placement
mode of an LCU 100, according to one or more embodi-
ments. In the exemplary placement mode method 1000
shown in FIG. 5, diamond regions (e.g., steps 1003 and
1006) represent decision points (e.g., a decision by the LCU
100 or a user) while rectangular regions (e.g., steps 1001,
1002, 1004, 1005, 1007, 1008) represent other inflection or
action/step points of the method. One or more components
of placement mode GUI 200 (e.g., notification box 210) may
provide instructions or other guidance for the user, to guide
the user through one or more methods of placement mode,
for example, placement mode method 1000.

[0088] Still referring to FIG. 5, a placement mode method
1000 may begin based on an input from a user via user
interface 120, for example, a placement mode GUI 200 (step
1001). LCU 100 may then perform an electrode sweep using
a plurality of electrodes (e.g., one or more electrode groups)
of one or more stimulation arrays (step 1002). As described
above, one or more indications may be made in anatomical
indication window 230 that indicate stimulation is being
delivered and/or one or more targets of delivered stimula-
tion. For example, the stimulation may target afferents of
one or more lung-accessories (e.g., nerves or muscles asso-
ciated with lung movement, such as, for example, a phrenic
nerve, a diaphragm, or a respiratory accessory muscle) and
anatomical indication window 230 may include an indica-
tion that one or more lung-accessories is being stimulated
(e.g., one or more lung or diaphragm pictograms may be
indicated). One or more stimulation level indicators 242a-f'
of stimulation indication window 240 may also be indicated
as stimulation is delivered. In some embodiments, more
stimulation level indicators 242a-f are indicated as the
charge of the electrode sweep is increased. For example, in
an initial electrode sweep, only stimulation level indicator
242a of stimulation indication window 240 may be indi-
cated. Each time the charge of the electrode sweep is
increased, another stimulation level indicator 242a-f of
stimulation indication window 240 (e.g., stimulation level
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indicator 242b) may be indicated. Once placement is con-
firmed, the most recently indicated stimulation level indi-
cator 242a-f (e.g., stimulation level indicator 242¢) may be
indicated in a different manner (a different color, intensity,
font, etc.), as to signal at what level of stimulation the
requisite stimulation of one or more anatomical targets was
achieved.

[0089] Referring again to FIG. 5, after an LCU 100
performs an electrode sweep, it may receive input on
whether the requisite stimulation of anatomical target
occurred (step 1003). As used herein, requisite stimulation
may refer to a stimulation sufficient to cause a desired
physiological result. In some embodiments, requisite stimu-
lation for placement mode may include stimulation sufficient
to cause contraction of a diaphragm or other lung-accessory.
LCU 100 may receive input on whether the requisite stimu-
lation of anatomical target occurred from one or more
sensors in contact with the patient and in communication
with system health monitor 160. In other embodiments,
LCU 100 may receive input on whether the requisite stimu-
lation of anatomical target occurred from a user (e.g., via a
user interface 120, such as, for example, a placement mode
GUI 200). In some embodiments, a user may indicate
requisite stimulation of an anatomical target occurred via
one or more action buttons 260a-¢ (e.g., a “response” action
button or a “next” action button). In some embodiments, a
user may select a “retry” action button which may induce the
LCU 100 to repeat the most recent electrode sweep at the
current charge level (step 1002). If an LCU 100 receives
input that a requisite stimulation of an anatomical target was
not detected, it may increase the charge of the electrode
sweep (step 1005). If LCU 100 receives input that a requisite
stimulation of an anatomical target was detected, it may
progress to confirming placement success (step 1004). Con-
firmation of placement success may include displaying a
notification to the user (e.g., a pop-up window or via
notification box 210, anatomical indication window 230, or
stimulation indication window 240) that one or more stimu-
lation arrays are correctly placed.

[0090] Still referring to FIG. 5, after the charge of the
electrode sweep is increased (step 1005), the LCU 100 may
determine whether the charge of the electrode sweep
exceeds the pre-determined maximum charge (step 1006). If
the charge of the electrode sweep does not exceed the
pre-determined maximum charge, LCU 100 may proceed
with the next electrode sweep (step 1002). If, LCU 100
determines the charge of the electrode sweep would exceed
the pre-determined maximum charge (step 1006), then the
LCU 100 may confirm placement failure (step 1007). Con-
firmation of placement failure may include displaying a
notification to the user (e.g., a pop-up window or via
notification box 210) that placement has failed. Such a
notification may instruct a user to alter placement of one or
more stimulation arrays relative to the patient. After place-
ment fails, LCU 100 may reset the electrode sweep charge
to the charge level of the initial electrode sweep (e.g., the
charge associated with stimulation level indicator 242a) or
another charge level below the pre-determined maximum
charge (step 1008). After the electrode sweep charge is reset,
a user may have an option to retry one or more methods of
placement mode. For example, a user may be able to, via one
or more action buttons 260a-e of placement mode GUI 200,
retry method 1000 of placement mode after repositioning
one or more stimulation arrays.
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[0091] An electrode sweep may include, for example, an
electrical signal emitted from one or more of: each electrode
of LCU 100, each electrode associated with one or more
stimulation arrays, each electrode in a group of electrodes,
a representative set of electrodes of a group of electrodes, a
domain of electrode combinations, or a set of electrode
combinations selected from the domain of electrode com-
binations. In some embodiments, a starting electrode sweep
of a placement mode method 1000 may be delivered (e.g.,
delivered from each electrode or electrode combination
involved in the electrode sweep) with a current of approxi-
mately 0.5 mA to approximately 3 mA and a pulse width of
approximately 100 microseconds (us) to approximately 1
millisecond (ms). For example, a starting electrode sweep of
placement mode method 1000 may be delivered with a
current of 0.5 mA, 0.7 mA, 1.0 mA, 1.5 mA, 2.0 mA, 2.5
mA, or 3.0 mA. Further, a starting electrode sweep of
placement mode method 1000 may be delivered with at a
pulse width of 100 ps, 125 ps, 150 us, 175 ps, 200 ps, 225
us, 250 us, 275 ps, 300 ps, 350 ps, 400 ps, 450 ps, 500 ps,
600 ps, 700 ps, 800 ps, 900 ps, or 1 ms. According to one
or more embodiments, for each electrode sweep, each elec-
trode involved in the electrode sweep emits a stimulation
with the programmed charge in series (e.g., consecutively,
not concurrently). Each electrode sweep may have a dura-
tion of approximately 0.1 ms to approximately 2.0 s, such as,
for example, 0.1 ms, 0.2 ms, 0.5 ms, 1.0 ms, 5.0 ms, 10 ms,
15 ms, 20 ms, 25 ms, 40 ms, 50 ms, 60 ms, 75 ms, 90 ms,
01s,03s,055,07s5,095s,10s,1.25s,1.50s,1.75 s,
or 2.0 s.

[0092] Each increase in electrode sweep charge may be at
a consistent, constant interval, inconsistent, differing inter-
vals, variable intervals, or arbitrary increments, and may
occur as an increase in amplitude and/or an increase in pulse
width. For example, each increase in electrode sweep charge
may include an amplitude increase of approximately 0.5 mA
to approximately 5 mA, such as, for example, 0.5 mA, 1.0
mA, 1.5 mA, 2.0mA, 2.5 mA,3.0mA, 3.5 mA, 4.0mA, 4.5
mA, or 5.0 mA. In some embodiments, an increase in
electrode sweep charge includes an increase in pulse width,
such as, for example, 25 ps, 50 ps, 75 us, 100 ps, 125 ps, 150
us, 175 us, 200 ps, A manufacturer or user of LCU 100 may
set a pre-determined maximum charge. A pre-determined
maximum charge for one phase of operation (e.g., placement
mode) may be different than a pre-determined maximum
charge for another phase of operation (e.g., mapping mode).
For example, LCU 100 may be programmed in terms of
maximum current, maximum pulse width, maximum charge,
or a combination thereof. In some embodiments, a pre-
determined maximum charge (e.g., a pre-determined maxi-
mum charge for placement mode) may include a maximum
current of approximately 3 mA to approximately 20 mA,
such as, for example, 3 mA, 5 mA, 7 mA, 10 mA, 13.5 mA,
17 mA, or 20 mA; a maximum pulse width of approximately
300 ps to approximately 1 ms, such as, for example, 300 s,
500 ps, 750 us, or 1 ms; and/or a maximum charge of
approximately 1.0 microCoulombs (uC) to approximately
20 uC, such as, for example 1.0 uC, 5 uC, 10 puC, 15 uC, or
20 uC.

Mapping Mode

[0093] In mapping mode, the application controller may
iteratively deliver stimulation to the electrode combinations
of a catheter (e.g., an intravenous catheter) or other stimu-
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lation delivery system. The application controller may fur-
ther request user feedback in order to identify suitable
stimulation parameters (e.g., left electrode combination,
right electrode combination, threshold current) for therapy.
In other embodiments, the application controller may
receive feedback from sensors including, for example, sen-
sors configured to monitor airway pressure, airway flowrate,
tidal volume, transpulmonary pressure, blood gas levels
(e.g., blood O, levels or blood CO, levels), heart rate,
breathing rate and timing, impedance (e.g., sensors config-
ured for electrical impedance tomography), lung gas distri-
bution electromyographic activity, or transdiaphragmatic
pressure, via system health monitor 160. In another embodi-
ment, the application controller may receive feedback from
another medical device such as a mechanical ventilator,
respiratory support device, extra-corporeal membrane oxy-
genation (ECMO) system, heart rate or respiratory monitor,
etc., for example, via system health monitor 160. The LCU
100 may deliver a limited number of pulses to various
combinations of portions of a stimulation array (e.g. elec-
trode combinations) on the stimulation device (e.g. cath-
eter). When an electrode combination in proximity to a
nerve (such as, for example, a phrenic nerve) is activated, it
causes brief contractions (e.g., twitches) of a subject’s
muscle (such as, for example, a diaphragm). As described
herein, one or more components of LCU 100 (e.g., user
interface 120) may interactively guide a user to activate
mapping phase and gather feedback in order to identify
suitable electrode combinations, threshold charges, or both,
for use in therapy mode.

[0094] One exemplary arrangement of stimulation arrays
and anatomical targets is shown in FIG. 6. Although FIG. 6
shows a suitable arrangement of one or more stimulation
arrays, including at least 18 electrodes positioned in two
groups, in relation to various anatomical structures, it is
merely one example for the purposes of illustrating the
function of an LCU 100 operating in mapping mode. Any
suitable configuration of one or more stimulation arrays,
such that electrodes are in proximity to nerves and/or
muscles associated with breathing, may be used with the
systems and methods described herein. For example,
embodiments of the present disclosure may be used in
combination with one or more systems, catheters, appara-
tuses, and electrodes described in U.S. Pat. Nos. 9,242,088,
9,333,363, 9,776,005, and/or 10,039,920, the disclosures of
which are hereby incorporated by reference.

[0095] FIG. 6 shows parts of a circulatory system, includ-
ing a left subclavian vein 512, a superior vena cava 510, and
a heart 505. These parts of the circulatory system may be
proximate to one or more nerves, such as, for example, a left
phrenic nerve 520 and a right phrenic nerve 522. In some
embodiments, one or more stimulation arrays may be placed
in or near vasculature (e.g., a part of the circulatory system)
and/or proximate to one or more nerves (e.g., a left phrenic
nerve 520 and a right phrenic nerve 522). The one or more
stimulation arrays may include one or more electrode
groups, where each group of electrodes is configured to be
placed near an anatomical stimulation target. For example,
as shown in FIG. 6, a first group of electrodes 530a-1 may
be positioned proximate a left phrenic nerve 520, and a
second group of electrodes 530'a-f may be positioned proxi-
mate a right phrenic nerve 522. Each electrode group may
include one or more electrodes (e.g., the second group of
electrodes 530' shown in FIG. 6 includes electrodes 530'a,
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530'6,530'c, 530'd, 530'e, and 530'f). Various parts shown in
FIG. 6 and their reference numerals may be referred to in the
discussion below. For example, parts of FIG. 6 may be
referred to in relation to processes of an LCU 100 in
mapping mode, and the methods shown in FIGS. 7-9.
However, it should be understood that this is merely one
exemplary arrangement of electrodes and anatomical stimu-
lation targets, and that the methods described below may be
used in conjunction with any arrangement of stimulation
arrays near anatomical stimulation targets.

[0096] Inone or more embodiments, a mapping mode may
include one or more processes for selecting, identifying,
and/or determining one or more stimulation parameters
(e.g., determining one or more stimulation parameters that
will be used in therapy mode). For example, processes of
mapping mode may determine a threshold charge (e.g., an
amplitude, pulse width, or both) of stimulation and which
electrode 530a-/, 530'a-f or electrode combination to use to
deliver stimulation (e.g., deliver stimulation during therapy
mode).

[0097] In at least one embodiment, a mapping mode may
include at least three general processes: (1) coarse threshold
assessment, (2) electrode identification, and (3) fine thresh-
old assessment. In embodiments where one or more stimu-
lation arrays include more than one group of electrodes,
these processes may be performed for each group of elec-
trodes. For example, a mapping mode for an LCU 100
including at least two groups of electrodes may include: (1)
a first coarse threshold assessment (e.g., including a left
electrode sweep), (2) a second coarse threshold assessment
(e.g., including a right electrode sweep), (3) a first electrode
identification, (4) a first fine threshold identification, (5) a
second electrode identification, and (6) a second fine thresh-
old identification. In some embodiments, the first group of
electrodes and associated processes of a mapping mode
(e.g., a first coarse threshold assessment, a first electrode
identification, and a first fine threshold identification) may
be associated with a left-most anatomical target (e.g, a
proximal anatomical target), where the second group of
electrodes and associated processes of a mapping mode
(e.g., a second coarse threshold assessment, a second elec-
trode identification, and a second fine threshold identifica-
tion) may be associated with a right-most anatomical target
(e.g, a distal anatomical target). References to a first process
or a second process are explanatory and not meant to denote
a preferred order of operation. In some embodiments, an
electrode group near a right-most anatomical target may be
used in one or more processes of mapping mode before an
electrode group near a left-most anatomical target are used
in one or more processes of mapping mode.

[0098] In some embodiments, a device or system config-
ured for a mapping mode may proceed through each of the
three general processes in the sequential order described
herein (e.g., coarse threshold assessment, electrode identi-
fication, and fine threshold assessment). In other embodi-
ments, a device or system configured for a mapping mode
may proceed through all three general processes in a differ-
ent order. In still other embodiments, one or more processes
may be performed without performing the other processes of
a mapping mode (e.g., performing either all stages corre-
sponding to the left side, all stages corresponding to the right
side, all stages corresponding to electrode identification, or
all stages corresponding to threshold identification).
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[0099] As described previously, electrodes 530a-/, 530'a-f
may represent electrodes or electrode combinations for
monopolar, bipolar, or tripolar electrical stimulation. As
used herein, a stimulation being transmitted by an electrode
530a-/, 530'a-f may refer to an electrical signal being
transmitted by a single electrode on the catheter to a ground
reference that is at a distance from the anode to generate the
large electrical field (monopolar electrical stimulation), an
electrical signal being transmitted from a anode electrode to
cathode electrode on the catheter (bipolar electrical stimu-
lation), or an electrical signal being transmitted from one or
more electrodes to one or more other electrodes (multipolar
electrical stimulation) (e.g., from a cathode to two anodes,
from two cathodes to an anode, or from a cathode to three
or more anodes). As any of these electrode combinations and
configurations are contemplated, for clarity when referring
to one or more processes of mapping mode operations, such
types of electrical signal transmission may all be referred to
as a stimulation being transmitted by an electrode combi-
nation. For example, referring to FIG. 6, in some embodi-
ments, a process of mapping mode may include a stimula-
tion delivered between electrode 530c¢ and 530i. In
describing one or more processes of mapping mode below,
this may be referred to as a stimulation delivered by elec-
trode 530c¢ or a stimulation delivered by electrode combi-
nation 530c and 530:.

[0100] In a coarse threshold assessment process (e.g., a
process including a left electrode sweep or a right electrode
sweep), a series of stimulations are repeated with different
amplitudes, pulse widths, or charges to determine a coarse
threshold of a level of stimulation suitable or desired for
therapy. In some embodiments, a coarse threshold assess-
ment may be performed for each group of electrodes 530a-/,
530'a-f of the one or more stimulation arrays. For example,
a first coarse threshold assessment for the first group of
electrodes 530qa-/, proximate a left phrenic nerve 520; and a
second coarse threshold assessment for the second group of
electrodes 530'a-f, proximate a right phrenic nerve 522.
[0101] A user may then initiate mapping mode via, for
example, selecting a phase button 250, 350, 450 correspond-
ing to mapping mode. In some embodiments, a user may
navigate to mapping mode via one or more menus of a user
interface 120. As described above, selection of a phase
button 250, 350, 450 corresponding to mapping mode may
cause the user interface 120 to display a mapping mode GUI
300. A user may then start one or more processes of mapping
mode by selecting an action button 360 of mapping mode
GUI 300.

[0102] After a user initiates mapping mode (e.g., via an
action button 360a-g of mapping mode GUI 300), LCU 100
may guide a user through one or more processes of mapping
mode, such as for example, one or more coarse threshold
assessments, one or more electrode identification (e.g., one
or more electrode combination identifications), and/or one
or more fine threshold identification (e.g., of a level of
stimulation suitable or desired for therapy).

[0103] FIG. 7 shows an exemplary flow of a coarse
threshold assessment process of mapping mode of an LCU
100, according to one or more embodiments. In the exem-
plary mapping mode coarse threshold assessment process
1100 shown in FIG. 7, diamond regions (e.g., steps 1103 and
1106) represent decision points (e.g., a decision by the LCU
100 or a user) while rectangular regions (e.g., steps 1101,
1102, 1104, 1105, 1107, 1108) represent other inflection or
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action/step points of the method. One or more components
of mapping mode GUI 300 (e.g., notification box 310) may
provide instructions or other guidance for the user, to guide
the user through one or more methods or processes of
mapping mode, for example, coarse threshold process 1100,
electrode identification process 1200, or fine threshold pro-
cess 1300.

[0104] Still referring to FIG. 7, a mapping mode process,
such as, for example, coarse threshold assessment process
1100 may begin based on an input from a user via user
interface 120, for example, a mapping mode GUI 300 (step
1101). LCU 100 may then perform an electrode sweep using
a plurality of electrodes disposed on one or more stimulation
arrays (step 1102). As described above, one or more indi-
cations may be made in anatomical indication window 330
that indicate stimulation is being delivered and/or indicate
one or more targets of delivered stimulation. For example,
the stimulation may target afferents of one or more lung-
accessories (e.g., nerves or muscles associated with lung
movement, such as, for example, a left phrenic nerve 520, a
right phrenic nerve 522, a diaphragm, or a respiratory
accessory muscle) and anatomical indication window 330
may include an indication that one or more lung-accessories
is being stimulated (e.g., one or more lung or diaphragm
pictograms may be indicated). One or more stimulation level
indicators 342a-f, 3424'-f* of stimulation indication window
340, 340' may also be indicated as stimulation is delivered.
In some embodiments, more stimulation level indicators
342a-f, 3424'-f are indicated as the charge of the electrode
sweep is increased. For example, in an initial electrode
sweep, only stimulation level indicator 342a of stimulation
indication window 340 may be indicated. Each time the
charge of the electrode sweep is increased, another stimu-
lation level indicator 342a-f, 342a'-f* of stimulation indica-
tion window 340, 340' (e.g., stimulation level indicator
3425H) may be indicated.

[0105] As alluded to above, an electrode sweep may
include, for example, an electrical signal emitted from each
electrode of LCU 100, an electrical signal emitted from each
electrode associated with one or more stimulation arrays, an
electrical signal emitted from each electrode in a group of
electrodes, an electrical signal emitted from a representative
set of electrodes of a group of electrodes, an electrical signal
emitted from a domain of electrode combinations, or an
electrical signal emitted from a set of electrode combina-
tions selected from the domain of electrode combinations. In
some embodiments, a starting electrode sweep of a coarse
threshold assessment process 1100 may be delivered (e.g.,
delivered from each electrode or electrode combination
involved in the electrode sweep) with a current of approxi-
mately 0.5 mA to approximately 3 mA and a pulse width of
approximately 100 microseconds (us) to approximately 1
millisecond (ms). For example, a starting electrode sweep of
coarse threshold assessment process 1100 may be delivered
with a current 0of 0.5 mA, 0.7 mA, 1.0 mA, 1.5 mA, 2.0 mA,
2.5 mA, or 3.0 mA. By way of further example, a starting
electrode sweep of coarse threshold assessment process
1100 may be delivered with at a pulse width of 100 pus, 125
us, 150 ps, 175 ps, 200 ps, 225 ps, 250 ps, 275 us, 300 ps,
350 ps, 400 ps, 450 ps, 500 ps, 600 ps, 700 us, 800 ps, 900
us, or 1 ms. Each electrode sweep may have a duration of
approximately 0.1 ms to approximately 2.0 s, such as, for
example, 0.1 ms, 0.2 ms, 0.5 ms, 1.0 ms, 5.0 ms, 10 ms, 15
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ms, 20 ms, 25 ms, 40 ms, 50 ms, 60 ms, 75 ms, 90 ms, 0.1
5,035,055,0.75,09s,10s,1.255,1.50s,1.755s,0r2.0
.
[0106] Each increase in electrode sweep charge may be at
a consistent, constant interval, inconsistent, differing inter-
vals, variable intervals, or arbitrary increments, and may
occur as an increase in amplitude and/or an increase in pulse
width. For example, each increase in electrode sweep charge
may include an amplitude increase of approximately 0.5 mA
to approximately 5 mA, such as, for example, 0.5 mA, 1.0
mA, 1.5 mA, 2.0mA, 2.5 mA,3.0mA, 3.5 mA, 40mA, 4.5
mA, or 5.0 mA. In some embodiments, an increase in
electrode sweep charge includes an increase in pulse width,
such as, for example, 25 ps, 50 ps, 75 ps, 100 ps, 125 ps, 150
us, 175 ps, 200 ps.

[0107] Insomeembodiments, such as embodiments where
one or more stimulation arrays include a plurality of groups
of electrodes, stimulation indication window 340 (e.g.,
including stimulation level indicators 342a-f) may corre-
spond to methods, processes, and stimulations associated
with a left-most, or most proximal, anatomical stimulation
target or group of electrodes; and stimulation indication
window 340' (e.g., including stimulation level indicators
3424'-f) may correspond to methods, processes, and stimu-
lations associated with a right-most, or most distal, anatomi-
cal stimulation target or group of electrodes.

[0108] Once a process of mapping mode is completed,
such as, for example, a coarse threshold is confirmed, an
electrode 530 (or electrode combination) is identified, or a
fine threshold is confirmed, the most recently indicated
stimulation level indicator 342 (e.g., stimulation level indi-
cator 342¢") may be indicated in a different manner, as to
signal at what level of stimulation the requisite stimulation
of one or more anatomical targets was achieved.

[0109] In mapping mode, like other operations of LCU
100, the LCU 100 may end the current process (and/or
prevent stimulation from being delivered) if a pre-deter-
mined maximum charge is exceeded. The pre-determined
maximum charge may be set by the LCU 100 manufacturer
or a user of the LCU 100. If requisite stimulation of the
anatomical target cannot be detected without exceeding the
pre-determined maximum charge, then mapping has failed.
If mapping fails, the user may adjust one or more stimulation
arrays in relation to the patient, retry placement mode
operations, and/or retry mapping mode operations.

[0110] Referring again to FIG. 7, after an LCU 100
performs an electrode sweep, it may receive input on
whether the requisite stimulation of anatomical target
occurred (step 1103). As noted above, requisite stimulation
may refer to a stimulation sufficient to cause a desired
physiological result. In some embodiments, requisite stimu-
lation for mapping mode may include stimulation sufficient
to cause contraction of a diaphragm or other lung-accessory.
LCU 100 may receive input on whether the requisite stimu-
lation of anatomical target occurred from one or more
sensors in contact with the patient and in communication
with system health monitor 160. In other embodiments,
LCU 100 may receive input on whether the requisite stimu-
lation of anatomical target occurred from a user (e.g., via a
user interface 120, such as, for example, a mapping mode
GUI 300). In some embodiments, a user may indicate
requisite stimulation of an anatomical target occurred via
one or more action buttons 360a-g (e.g., a “response” action
button or a “next” action button). In some embodiments, a
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user may select a “retry” action button which may induce the
LCU 100 to repeat the most recent electrode sweep at the
current charge level (step 1102).

[0111] If an LCU 100 receives input that a requisite
stimulation of an anatomical target was not detected, it may
increase the charge of the electrode sweep (step 1105). If
LCU 100 receives input that a requisite stimulation of an
anatomical target was detected, it may progress to setting the
coarse threshold and/or confirming a coarse threshold
assessment (step 1104). Confirmation of a coarse threshold
assessment may include displaying a notification to the user
(e.g., a pop-up window or via notification box 310, ana-
tomical indication window 330, or stimulation indication
window 340) that a coarse threshold was identified. Further,
setting coarse threshold may include saving information
regarding a coarse threshold for use in one or more other
processes or modes.

[0112] Still referring to FIG. 7, after the charge of the
electrode sweep is increased (e.g., the amplitude and/or
pulse width of the component stimulation pulses of the
sweep are increased) (step 1105), the LCU 100 may deter-
mine whether the charge of the electrode sweep exceeds the
pre-determined maximum charge (step 1106).

[0113] If the charge of the electrode sweep does not
exceed the pre-determined maximum charge, LCU 100 may
proceed with the next electrode sweep (step 1102). If LCU
100 determines the charge of the electrode sweep exceeds
the pre-determined maximum charge (step 1106), then the
LCU 100 may confirm coarse threshold assessment failure
(step 1107). Confirmation of coarse threshold assessment
failure may include displaying a notification to the user (e.g.,
a pop-up window or via notification box 310, anatomical
indication window 330) that coarse threshold assessment has
failed. Such a notification may instruct a user to alter
placement of one or more stimulation arrays relative to the
patient, reperform one or more processes of placement
mode, and/or retry coarse threshold assessment (e.g., coarse
threshold assessment process 1100). After coarse threshold
assessment fails, LCU 100 may reset the electrode sweep
charge to the charge level of the initial electrode sweep (e.g.,
the charge associated with stimulation level indicator 342q)
or another charge level below the pre-determined maximum
charge (step 1108). After the electrode sweep charge is reset,
a user may have an option to retry one or more methods or
processes of mapping mode. For example, a user may be
able to, via one or more action buttons 360 of mapping mode
GUI 300, retry process 1100 of mapping mode.

[0114] A manufacturer or user of LCU 100 may set a
pre-determined maximum charge. As explained above, a
pre-determined maximum charge for one phase of operation
(e.g., mapping mode) may be different than a pre-determined
maximum charge for another phase of operation (e.g.,
therapy mode). For example, LCU 100 may be programmed
in terms of maximum current, maximum pulse width, maxi-
mum charge, or a combination thereof. In some embodi-
ments, a pre-determined maximum charge (e.g., a pre-
determined maximum charge for mapping mode) may
include a current of approximately 3 mA to approximately
20 mA, such as, for example, 3 mA, 5 mA, 7 mA, 10 mA,
13.5 mA, 17 mA, or 20 mA; a pulse width of approximately
300 ps to approximately 1 ms, such as, for example, 300 s,
500 ps, 750 ps, or 1 ms; and/or a charge of 1.0 microCou-
lombs (uC) to 20 puC, such as, for example 1.0 uC, 5 uC, 10
nC, 15 pC, or 20 pC.
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[0115] In some embodiments, after a coarse threshold is
set (e.g., step 1104 of exemplary coarse threshold assess-
ment process 1100), an LCU 100 or a user operating an LCU
100, may initiate one or more processes for electrode
identification. For example, a user may initiate a process for
electrode identification via one or more action buttons 360
of' a mapping mode GUI 300.

[0116] Referring to FIG. 8, one or more electrode identi-
fication processes (e.g, electrode identification process
1200) may be used to identify an electrode 530 or combi-
nation of electrodes 530 (e.g., an electrode combination), of
the one or more stimulation arrays, that are best configured
to deliver stimulation to one or more anatomical targets, are
configured to deliver requisite stimulation at a lower charge
than other electrodes 530 or electrode combinations, are
closest to one or more anatomical targets, or a combination
thereof. For example, a user (e.g., a healthcare professional)
may, after placing one or more stimulation arrays on or in a
patient and performing placement mode operations, perform
an electrode identification process to identify which elec-
trodes should be used for therapy mode operations.

[0117] In an electrode identification process (e.g., left
electrode identification, right electrode identification, elec-
trode identification process 1200), stimulation may be deliv-
ered to a series of electrodes 530 or combinations of
electrodes 530 (e.g., electrode combinations) while physi-
ological responses are observed (e.g., by a healthcare pro-
fessional, a user, or system health monitor 160), to determine
an optimal electrode combination for therapy mode. In some
embodiments, the stimulation delivered during an electrode
identification process may have a charge equal to the set
coarse threshold.

[0118] FIG. 8 shows an exemplary flow of an electrode
identification process of mapping mode of an LCU 100,
according to one or more embodiments. In the exemplary
mapping mode electrode identification process 1200 shown
in FIG. 8, diamond regions (e.g., steps 1203, 1204, 1206,
1207, 1208, 1211, and 1213) represent decision points (e.g.,
a decision by the LCU 100 or a user) while rectangular
regions (e.g., steps 1201, 1202, 1205, 1209, 1210, 1212)
represent other inflection or action/step points of the pro-
cess.

[0119] Still referring to FIG. 8, a mapping mode process,
such as, for example, electrode identification process 1200,
may begin based on an input from a user via user interface
120, for example, a mapping mode GUI 300 (step 1201).
LCU 100 may then select a set of electrodes or a set of
electrode combinations from a domain of electrodes or
electrode combinations (step 1102). In one or more embodi-
ments, a domain of electrodes may refer every electrode of
a group of electrodes (e.g., a group of electrodes of one or
more stimulation arrays). A domain of electrode combina-
tions may refer to every possible electrode combination of a
group of electrodes, every possible electrode combination
out of available group of electrodes for bipolar electrical
stimulation, every possible electrode combination out of
available group of electrodes for tripolar electrical stimula-
tion, or a listing of electrode combinations that are stored,
programmed, or otherwise accessed by LCU 100 (e.g., a
lookup table stored in a memory accessible by the LCU 100,
such as, for example mass storage device 112). In some
embodiments, an LCU 100 may have access to a list of likely
electrode combinations. The list of most likely electrode
combinations may include electrode combinations for
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monopolar, bipolar, tripolar, and other multipolarelectrical
stimulation, such as, for example, combinations of elec-
trodes that are proximate to each other and/or combinations
of electrodes where the path of stimulation from a cathode
to an anode is parallel to an anatomical target (e.g., a pair of
electrodes that form a line parallel to a target nerve).

[0120] In some embodiments, selecting a set of electrode
combinations from a domain of electrode combinations (step
1202) includes selecting half of the electrode combinations
from the domain of electrode combinations (e.g., electrodes
530a, 5305, 530¢, 530g, 530/, and 530/). In other embodi-
ments, selecting a set of electrode combinations from a
domain of electrode combinations includes selecting less
than half of the electrode combinations from the domain of
electrode combinations (e.g., electrodes 530a, 53056, 530g,
and 530/). After a set of electrode combinations is selected,
LCU 100 may stimulate from each electrode combination of
the selected set of electrode combinations and may wait for
input (e.g., from a sensor in communication with system
health monitor 160 or via user interface 120) on whether
requisite stimulation was detected (step 1203).

[0121] As described above, one or more indications may
be made in anatomical indication window 330 that indicate
stimulation is being delivered and/or indicate one or more
targets of delivered stimulation. For example, the stimula-
tion may target afferents of one or more lung-accessories
(e.g., nerves or muscles associated with lung movement,
such as, for example, a left phrenic nerve 520, a right phrenic
nerve 522, a diaphragm, or a respiratory accessory muscle)
and anatomical indication window 330 may include an
indication that one or more lung-accessories is being stimu-
lated (e.g., one or more lung or diaphragm pictograms may
be indicated). One or more stimulation level indicators
342a-f, 3424'-f" of stimulation indication window 340, 340’
may also be indicated as stimulation is delivered. In some
embodiments, more stimulation level indicators 342a-f,
3424'-f" are indicated as electrode combinations are tested.
For example, in an initial stimulation of electrode identifi-
cation process 1200, only stimulation level indicator 342a of
stimulation indication window 340 may be indicated. Each
time another set or subset of electrode combinations deliver
stimulation, another stimulation level indicator 342a-f of
stimulation indication window 340 (e.g., stimulation level
indicator 3426) may be indicated.

[0122] Referring again to FIG. 8, after an LCU 100
stimulates from each electrode combination of the selected
set of electrode combinations, it may receive input on
whether the requisite stimulation of anatomical target
occurred (step 1203). As noted above, requisite stimulation
may refer to a stimulation sufficient to cause a desired
physiological result. In some embodiments, requisite stimu-
lation for mapping mode may include stimulation sufficient
to cause contraction of a diaphragm or other lung-accessory.
LCU 100 may receive input on whether the requisite stimu-
lation of anatomical target occurred from one or more
sensors in contact with the patient and in communication
with system health monitor 160. In other embodiments,
LCU 100 may receive input on whether the requisite stimu-
lation of anatomical target occurred from a user (e.g., via a
user interface 120, such as, for example, a mapping mode
GUI 300). In some embodiments, a user may indicate
requisite stimulation of an anatomical target occurred via
one or more action buttons 360a-g (e.g., a “response” action
button or a “next” action button). In some embodiments, a
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user may select a “retry” action button which may induce the
LCU 100 to repeat the stimulation from each electrode
combination of the selected set of electrode combinations.

[0123] If an LCU 100 receives input that a requisite
stimulation of an anatomical target was not detected, LCU
may then determine whether each electrode combination of
the domain of electrode combinations had been selected at
some point in the electrode identification process 1200 (step
1208). If each clectrode combination of the domain of
electrode combinations had been selected and delivered
stimulation, but no requisite stimulation was detected, the
LCU 100 may confirm electrode identification failure (step
1209). Confirmation of electrode identification failure may
include displaying a notification to the user (e.g., a pop-up
window or via notification box 310, anatomical indication
window 330, or stimulation identification window 340) that
electrode identification has failed. Such a notification may
instruct a user to alter placement of one or more stimulation
arrays relative to the patient, reperform one or more pro-
cesses of placement mode or mapping mode (e.g., coarse
threshold assessment process 1100).

[0124] If, at step 1208 of electrode identification process
1200, the L.CU determines that not every electrode combi-
nation of the domain of electrode combinations had been
selected, it may select a different set of electrode combina-
tions of the domain of electrode combinations (step 1202).
In embodiments where the first selected set of electrode
combinations from the domain of electrode combinations
was half of the domain of electrode combinations (e.g.,
electrodes 530a, 5305, 530c¢, 530g, 5304, and 530i), the
second selected set of electrode combinations from the
domain of electrode combinations may include the other half
of the domain of electrode combinations (e.g., electrodes
530d, 530¢, 530f, 5307, 530k, and 530/). According to one or
more embodiments, after the initial selection of a set of
electrode combinations from the domain of electrode com-
binations (e.g., electrodes 530a, 5305, 530g, and 53047),
subsequent selections of sets of electrode combinations from
the domain of electrode combinations may include electrode
combinations that had not previously delivered stimulation
as part of the electrode identification process 1200 (e.g.,
530c, 530d, 530i, and 530)).

[0125] If, at step 1203 of electrode identification process
1200, LCU 100 receives input that a requisite stimulation of
an anatomical target was detected, it may progress to nar-
rowing the selected set of electrode combinations. For
example, after determining a selected set of electrodes that
deliver requisite stimulation (e.g., electrodes 530a, 5305,
530c, 530g, 5304, and 530:), LCU 100 may determine
whether the number of electrode combinations of the set is
less than or equal to n (step 1204), where n is an integer
greater than or equal to 2, that may be set, programmed, or
adjusted by an LCU 100 manufacturer, user, or healthcare
professional. By way of non-limiting example, n may be set
02,3,4,5,6,7,8,9,10,11, 12, 13, 14, or 15. If the number
of electrode combinations in the set is greater than n, LCU
100 may select a subset of electrode combinations from the
selected set of electrode combinations (step 1205) (e.g.,
electrodes 5306, 530c¢, and 530i).

[0126] The efficiency and/or thoroughness of an electrode
identification may be adjusted by the selection of n. For
example, for relatively small values of n, an electrode
identification process may be quicker than electrode identi-
fication processes with large values of n. Larger values of n
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may result in more time-intensive electrode identification
processes, however, large n-value processes may be able to
identify electrode combinations which are able to be used at
lower fine thresholds than the quicker small n-value pro-
cesses.

[0127] After LCU 100 selects a subset of electrode com-
binations from the selected set of electrode combinations
(e.g., electrodes 5305, 530c, and 5307) (step 1205), LCU 100
may deliver stimulation from each electrode combination of
the subset of electrode combinations (step 1206). After LCU
100 delivers stimulation from each electrode combination of
the subset of electrode combinations, it may receive input on
whether the requisite stimulation of anatomical target
occurred (step 1206). If, at step 1206 of electrode identifi-
cation process 1200, LCU 100 receives input that a requisite
stimulation of an anatomical target was detected, it may
progress to narrowing the selected subset of electrode com-
binations. For example, after determining a selected subset
of electrodes deliver requisite stimulation (e.g., electrodes
5305, 530c¢, and 530i), LCU 100 may determine whether the
number of electrode combinations of the subset is less than
or equal to n (step 1204). If the number of electrode
combinations in the subset that was found to deliver requi-
site stimulation is greater than or equal to n, LCU 100 may
then continue to narrow down the subset, for example, by
selecting a smaller subset of electrodes from the subset of
electrodes found to deliver requisite stimulation (e.g., 530c¢
and 530i) (step 1205).

[0128] If, at step 1206 of electrode identification process
1200, LCU 100 receives input that a requisite stimulation of
an anatomical target was not detected, it may determine
whether each electrode combination of the set of electrode
combinations has been selected as part of a subset (step
1207). If each electrode of the set of electrode combinations
has not been selected as part of a subset, then LCU 100 may
select another subset of electrode combinations from the set
of electrode combinations initially found to deliver requisite
stimulation (e.g., electrodes 530a, 530g, and 530/) (step
1205). In some embodiments, the second selected subset
may exclusively include electrode combinations not selected
in the first subset. In other embodiments, the first subset and
second subset may each have some of the same electrode
combinations (e.g., a first subset of electrodes 5305, 530c¢,
and 530:; and a second subset of electrodes 5305, 530/, and
530i). For example, the second subset may include half of
the electrode combinations that were in the first subset (e.g.,
the distal most half or the proximal most half). According to
one or more embodiments, LCU 100 may have access to a
lookup table or other reference that informs LCU 100 which
electrode combinations should be grouped together in sub-
sets.

[0129] Returning to step 1207 of electrode identification
process 1200, if each electrode of the set of electrode
combinations has been selected as part of a subset, then LCU
100 may confirm failure of electrode identification (step
1209). As described above, confirmation of electrode iden-
tification failure may include displaying a notification to the
user (e.g., a pop-up window or via notification box 310,
anatomical indication window 330, or stimulation identifi-
cation window 340) that electrode identification has failed.
Such a notification may instruct a user to alter placement of
one or more stimulation arrays relative to the patient,
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reperform one or more processes of placement mode or
mapping mode (e.g., coarse threshold assessment process
1100).

[0130] If, at step 1204 of electrode identification process
1200, LCU 100 determines that the number of electrode
combinations is less than or equal to n (e.g., if n=3, and a set
of electrode combinations including electrodes 53056, 530c,
and 530; was found to cause requisite stimulation), LCU 100
may progress to individually testing electrode combinations.
For example, LCU 100 may individually select an electrode
combination (e.g., electrode 530c) from the smallest set
(e.g., the smallest subset) of electrode combinations which
provided requisite stimulation (e.g., electrodes 53056, 530c,
and 530i) (step 1210).

[0131] After individually selecting an electrode combina-
tion (e.g., electrode 530c¢) from the smallest set of electrode
combinations that provided requisite stimulation e.g., elec-
trodes 5304, 530¢, and 5307), LCU 100 may deliver stimu-
lation from the individually selected electrode combination
(step 1211). After LCU 100 delivers stimulation from the
individually selected electrode combinations, it may receive
input on whether the requisite stimulation of anatomical
target occurred (step 1211). If, at step 1211 of electrode
identification process 1200, LCU 100 receives input that a
requisite stimulation of an anatomical target was not
detected, it may determine whether each electrode combi-
nation of the smallest set of electrode combinations (e.g., the
set or subset including n or less electrode combinations)
(e.g., electrodes 5306, 530¢, and 530i) has been individually
selected (step 1213).

[0132] If, at step 1211 of electrode identification process
1200, LCU 100 receives input that a requisite stimulation of
an anatomical target was detected, it may confirm electrode
identification (step 1212). Confirmation of electrode identi-
fication may include displaying a notification to the user
(e.g., a pop-up window or via notification box 310, ana-
tomical indication window 330, or stimulation indication
window 340) that an electrode or electrode combination was
identified. Further, confirming electrode identification may
include saving information regarding the identified electrode
or electrode combination for use in one or more other
processes or modes.

[0133] In some embodiments, after completing an elec-
trode identification process (e.g., left electrode identifica-
tion, right electrode identification, electrode identification
process 1200), an LCU 100 may begin a fine threshold
assessment, a more precise determination of the threshold
amount of charge that is appropriate or desired for stimula-
tion. A user may initiate a fine threshold assessment via user
interface 120 (e.g., via one or more action buttons 360a-g of
a mapping mode GUI 300). Generally, a fine threshold
assessment may include using a coarse threshold as a
starting point, and by stimulating one or more anatomical
targets with the one or more identified electrode combina-
tions (e.g., one or more electrode combinations identified via
one or more electrode combination identification processes
1200), assessing the lowest charge of stimulation that
induces the desired physiological response.

[0134] FIG. 9 shows an exemplary flow of a fine threshold
assessment process of mapping mode of an LCU 100,
according to one or more embodiments. In the exemplary
mapping mode fine threshold assessment process 1300
shown in FIG. 9, diamond regions (e.g., steps 1303, 1304,
and 1307) represent decision points (e.g., a decision by the
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LCU 100 or a user) while rectangular regions (e.g., steps
1301, 1302, 1104, 1105, 1107, and 1108) represent other
inflection points or actions/steps of the method.

[0135] Still referring to FIG. 9, a mapping mode process,
such as, for example, fine threshold assessment process
1300, may begin based on an input from a user via user
interface 120, for example, a mapping mode GUI 300 (step
1301). LCU 100 may then select a charge level that corre-
sponds to the set coarse threshold (step 1302). In some
embodiments, the charge level that corresponds to the set
coarse threshold is less than the coarse threshold. For
example, if a coarse threshold is identified as 1.0 mA current
with a 300 us pulse width, the selected charge of step 1302
may have an amplitude less 1.0 mA and/or a pulse width
shorter than 300 ps. An LCU 100 may have access to a
lookup table, formula, or other reference that identifies
charge levels by corresponding coarse thresholds.

[0136] After LCU 100 selects a charge level that corre-
sponds to the set coarse threshold, it may deliver stimulation
at that charge (e.g., via the electrode combination identified
in an electrode identification process 1200) (step 1303). As
described above, one or more indications may be made in
anatomical indication window 330 that indicate stimulation
is being delivered and/or indicate one or more targets of
delivered stimulation. For example, the stimulation may
target afferents of one or more lung-accessories (e.g., nerves
or muscles associated with lung movement, such as, for
example, a left phrenic nerve 520, a right phrenic nerve 522,
a diaphragm, or a respiratory accessory muscle) and ana-
tomical indication window 330 may include an indication
that one or more lung-accessories is being stimulated (e.g.,
one or more lung or diaphragm pictograms may be indi-
cated). One or more stimulation level indicators 342a-f,
3424'-f of stimulation indication window 340, 340" may also
be indicated as stimulation is delivered. In some embodi-
ments, more stimulation level indicators 342a-f, 3424'-f" are
indicated as the charge of the stimulation is adjusted. For
example, in an initial stimulation, only stimulation level
indicator 3424 of stimulation indication window 340 may be
indicated. Each time the charge of the stimulation is
increased or decreased, another stimulation level indicator
342a-f of stimulation indication window 340 (e.g., stimula-
tion level indicator 3425) may be indicated.

[0137] Referring still to FIG. 9, after an LCU 100 delivers
stimulation, it may receive input on whether the requisite
stimulation of anatomical target occurred (step 1303). As
noted above, requisite stimulation may refer to a stimulation
sufficient to cause a desired physiological result. In some
embodiments, requisite stimulation for mapping mode may
include stimulation sufficient to cause contraction of a
diaphragm or other lung-accessory. LCU 100 may receive
input on whether the requisite stimulation of anatomical
target occurred from one or more sensors in contact with the
patient and in communication with system health monitor
160. In other embodiments, LCU 100 may receive input on
whether the requisite stimulation of anatomical target
occurred from a user (e.g., via a user interface 120, such as,
for example, a mapping mode GUI 300). In some embodi-
ments, a user may indicate requisite stimulation of an
anatomical target occurred via one or more action buttons
360a-g (e.g., a “response” action button or a “next” action
button). In some embodiments, a user may select a “retry”
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action button 360a¢-g which may induce the LCU 100 to
repeat the most recent stimulation at the current charge level
(step 1303).

[0138] If an LLCU 100 receives input that a requisite
stimulation of an anatomical target was not detected, it may
increase the charge of the stimulation (step 1306). Each
increase or decrease in stimulation sweep charge may be at
a consistent, constant interval, inconsistent, differing inter-
vals, variable intervals, or arbitrary increments or decre-
ments, and may occur as an increase or decrease in ampli-
tude and/or an increase or decrease in pulse width. For
example, each adjustment in stimulation charge may include
an amplitude adjustment (either increase or decrease) of
approximately 0.1 mA to approximately 5 mA, such as, for
example, 0.1 mA, 0.2 mA, 0.3 mA, 0.4 mA, 0.5 mA, 1.0
mA, 1.5 mA, 2.0mA, 2.5 mA,3.0mA, 3.5 mA, 40mA, 4.5
mA, or 5.0 mA. In some embodiments, an adjustment in
stimulation charge includes an increase or decrease in pulse
width, such as, for example, 25 ps, 50 ys, 75 ps, 100 ps, 125
us, 150 ps, 175 ps, 200 ps.

[0139] In a fine threshold assessment process 1300 of
mapping mode, like other operations of LCU 100, the LCU
100 may end the current process (and/or prevent stimulation
from being delivered) if a pre-determined maximum charge
is exceeded. In some embodiments, the maximum charge for
a fine threshold assessment process 1300 is the set coarse
threshold (e.g., a coarse threshold identified in a coarse
threshold assessment process 1100). After charge is
increased (step 1306), an LCU 100 may determine whether
the maximum charge is exceeded. If after increasing the
charge of stimulation, the maximum charge is exceeded, fine
threshold assessment may be confirmed and the fine thresh-
old assessment process may end (step 1308).

[0140] If, at step 1303 of a fine threshold assessment
process 1300, LCU 100 receives input that a requisite
stimulation of an anatomical target was detected (step 1303),
it may progress to determining whether there is a charge of
a domain of charges that is less than charge that resulted in
an indication of requisite stimulation (step 1304). In some
embodiments, an LCU 100 may determine a domain of
charges based on a coarse threshold assessment. For
example, for each potential coarse threshold charge, the
LCU 100 may be able to access, lookup, or otherwise recall
a corresponding domain of potential fine threshold charges.
In some embodiments, the maximum for a given domain of
potential charges is less than or equal to the corresponding
coarse threshold assessment.

[0141] IfLCU 100 determines that there is a charge of the
domain of charges that is less than the charge of requisite
stimulation detected (step 1304), LCU 100 may reduce the
charge of stimulation (step 1305). After the charge of
stimulation is reduced, LCU 100 may stimulate at the
reduced charge (e.g., via the electrode combination identi-
fied in an electrode identification process 1200) and receive
input on whether requisite stimulation was detected (step
1303). If LCU 100 determines that there is not a charge of
the domain of charges that is less than the charge that
included requisite stimulation (step 1304), LCU 100 may
confirm fine threshold assessment (step 1308).

[0142] Confirmation of a fine threshold assessment may
include displaying a notification to the user (e.g., a pop-up
window or via notification box 310, anatomical indication
window 330, or stimulation indication window 340) that a
fine threshold was identified. Further, confirming a fine
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threshold may include saving information regarding the fine
threshold for use in one or more other processes or modes.
In some embodiments, when a charge of stimulation exceeds
the maximum charge, leading to confirmation of fine thresh-
old assessment (step 1308), the fine threshold may be set at
the maximum charge or a charge below the maximum
charge that was found to be requisite stimulation.

[0143] As described above, one or more progress bars 345,
345' may track, display, or otherwise indicate progress or
status of mapping mode, or one or more processes of
mapping mode. For example, progress bar 345 may indicate
the progress of mapping mode operations on the left side of
patient’s anatomy while progress bar 345' may indicate the
progress of mapping mode operations on the right side of a
patient’s anatomy. In some embodiments, one or more
segments of a progress bar 345 may change color, become
filled-in, or otherwise be indicated each time a stimulation is
delivered and/or an input is received by the LCU 100. In
some embodiments, one or more segments of a progress bar
345 may change color, become filled-in, or otherwise be
indicated only when a mapping mode process (e.g., a coarse
threshold assessment process 1100, an electrode identifica-
tion process 1200, or a fine threshold assessment process
1300) has been completed.

Therapy Mode

[0144] In therapy mode, one or more stimulation arrays
may deliver stimulation to one or more therapeutic anatomi-
cal targets. In some embodiments, stimulation may be deliv-
ered via an electrode combination identified in an electrode
identification process (e.g., electrode identification process
1200). Stimulation may be delivered at a charge equal to the
set fine threshold (e.g., a fine threshold set as part of a fine
threshold assessment process 1300). One or more other
parameters of the stimulation (e.g., electrode combinations,
pulse width, amplitude) may have been determined during
one or more mapping mode processes and/or selected based
on user input.

[0145] A user may adjust one or more parameters of
stimulation via, for example, stimulation intensity adjust-
ment keys 442a,b, 442a',b' or stimulation parameters adjust-
ment keys 446a-d, 4464'-d. For example, a stimulation
intensity may be set to 100% of the set fine threshold (as
indicated in a stimulation intensity window 441'). As a
patient is weaned off respiratory support, a user or healthcare
professional may want to reduce the intensity of stimulation.
Stimulation intensity adjustment keys 442q,b, 4424', b' may
be used to reduce the intensity of stimulation to a lower
percentage of the set fine threshold

[0146] In some embodiments, a user or healthcare profes-
sional may, via therapy mode GUI 400, prescribe, program,
or set a number of therapeutic stimulations to be delivered
over a set time interval. The exact parameters of this timed
stimulation delivery may be monitored and/or adjusted via
stimulation parameter windows 445a-d, stimulation param-
eter adjustment keys 446a-d, 4464'-d', one or more action
buttons 460a-e, delivered therapy status window 475, and/or
scheduled therapy status window 470. For example, one or
more stimulation parameter windows 445aq-d (e.g., stimula-
tion parameter window 445q), may display how many
stimulations are to be delivered within the set time interval.
In some embodiments, stimulation adjustment key 446a
would allow a user to increase the number of stimulations
(e.g., to more than 10) to be delivered within the set time
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interval and stimulation adjustment key 4464' would allow
a user to decrease the number of stimulations (e.g., to fewer
than 10) to be delivered within the set time interval. By way
of another example, one or more stimulation parameter
windows 445a-d (e.g., stimulation parameter window 4454)
may display how the time interval (e.g., in second, minutes,
or hours) over which the number of stimulations (e.g.,
shown in stimulation window 4454) will be delivered. In this
example, stimulation adjustment key 4464, when selected,
would increase the time interval, and stimulation adjustment
key 4464, when selected, would decrease the time interval.

[0147] In addition to timing and delivery of timed stimu-
lation delivery, stimulation parameter windows 445a-d may
display one or more other parameters of stimulation, such as,
for example, stimulation amplitude, stimulation pulse width,
stimulation charge, stimulation frequency. The stimulation
adjustment keys 446a-d, 446a'-d may allow a user to adjust
the one or more stimulation parameters displayed in stimu-
lation parameter windows 445a-d. For example stimulation
adjustment keys 446a and 446a' may adjust the stimulation
parameter shown in stimulation parameter window 445a,
stimulation adjustment keys 4465 and 4465’ may adjust the
stimulation parameter shown in stimulation parameter win-
dow 4455, stimulation adjustment keys 446¢ and 446¢' may
adjust the stimulation parameter shown in stimulation
parameter window 445¢, and stimulation adjustment keys
446d and 446d' may adjust the stimulation parameter shown
in stimulation parameter window 445d.

[0148] Further technical modes of the LCU may include
data retention and management, touchscreen calibration,
date and time adjustment, software and FPGA version
information tracking, internal communication logging,
cloud data communication/access/storage/sharing, and
WiFi/RFID/etc. interface. In some embodiments, these tech-
nical modes are not accessible by a general permissions user.
According to one or more embodiments, these technical
modes may be accessed via user interface 120.

1-20. (canceled)
21. A system for stimulating body tissue, the system
comprising:
a catheter including a first group of electrodes configured
to deliver stimulation to a first nerve;

a user interface; and

a control unit including a processor and a non-transitory
computer readable medium storing instructions that,
when executed by the processor, causes the processor
to, based on input received via the user interface:
determine a first coarse threshold suitable for stimulat-
ing the first nerve;

identify a first electrode combination from the first
group of electrodes, wherein the first electrode com-
bination is used to deliver stimulation to the first
nerve; and

determine a first fine threshold suitable for stimulating
the first nerve via the first electrode combination.

22. The system of claim 21, wherein the first fine thresh-

old is:

greater than or equal to approximately 1.0 uC and less
than or equal to approximately 20 uC; or

greater than or equal to approximately 0.5 mA and less
than or equal to approximately 20 mA.
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23. The system of claim 21, wherein identifying the first
electrode combination includes:

selecting a set of electrode combinations;

stimulating from each electrode combination of the set of

electrode combinations; and

for each stimulation from an electrode combination,

receiving an input via the user interface or at least one
sensor, the input corresponding to whether a requisite
stimulation was detected from the stimulation.

24. The system of claim 23, wherein identifying the
electrode combination further includes:

determining a group of electrode combinations, wherein

for each electrode combination of the group of elec-
trode combinations, a corresponding input was
received that indicated the requisite stimulation was
detected;

selecting a discrete electrode combination from the group

of electrode combinations;

stimulating from the discrete electrode combination;

for the stimulation of the discrete electrode combination,

receiving feedback on whether the requisite stimulation
was detected; and

based on the feedback, selecting one or more electrode

combinations from the group of electrode combina-
tions.

25. The system of claim 24, wherein each electrode
combination of the group of electrode combinations is
selected based on an order of electrode combinations, and
the order is determined based on a composition of the group
of electrode combinations.

26. The system of claim 21, wherein the catheter further
includes a second group of electrodes configured to deliver
stimulation to a second nerve, and the instructions stored in
the non-transitory computer readable medium further cause
the processor to, based on input received via the user
interface:

determine a second coarse threshold suitable for stimu-

lating the second nerve;

identify a second electrode combination from the second

group of electrodes, wherein the second electrode com-
bination is used to deliver stimulation to the second
nerve; and

determine a second fine threshold suitable for stimulating

the second nerve via the second electrode combination.

27. The system of claim 26, wherein the instructions
stored in the non-transitory computer readable medium
further cause the processor to:

schedule first therapeutic stimulations to be delivered to

the first nerve, via the first electrode combination,
within a set time interval;

schedule second therapeutic stimulations to be delivered

to the second nerve, via the second electrode combi-
nation, within the set time interval; and

based on a signal received via the user interface, terminate

delivery of stimulation energy;

wherein the first therapeutic stimulations are delivered at

a first charge, greater than or equal to the first fine
threshold; and

the second therapeutic stimulations are delivered at a

second charge greater than or equal to the second fine
threshold.

28. The system of claim 27, wherein while the first and
second therapeutic stimulations are being delivered, the user
interface includes:
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one or more stimulation intensity windows;

one or more stimulation intensity adjustment keys;

one or more therapy parameter windows;

one or more therapy parameter adjustment keys;

one or more timed therapy status windows; or

a combination thereof.

29. A system for stimulating tissue, the system compris-
ing:

a catheter including a first group of electrodes configured

to deliver stimulation to a first nerve of a patient;

a user interface; and

a control unit including a processor and a non-transitory

computer readable medium storing instructions that,

when executed by the processor, cause the processor to:

assist a user in determining if the catheter is correctly
placed, relative to the patient;

determine a coarse threshold suitable for stimulation of
the first nerve; and

determine a fine threshold suitable for stimulation of
the first nerve.

30. The system of claim 29, wherein assisting the user in
determining if the catheter is correctly placed includes:

performing an electrode sweep at a first charge;

prompting the user, via the user interface, to input whether
a requisite stimulation was detected;

receiving input from the user, via the user interface, as to
whether the requisite stimulation was detected; and

either (a) communicating to the user that the catheter is
correctly placed, based on the requisite stimulation
being detected; or (b) performing an electrode sweep at
a second charge greater than the first charge, based on
the requisite stimulation not being detected.

31. The system of claim 29, wherein the catheter further
includes a second group of electrodes configured to deliver
stimulation to a second nerve.

32. The system of claim 31, wherein the instructions
stored in the non-transitory computer readable medium
further cause the processor to:

determine a second coarse threshold suitable for stimu-

lation of the second nerve; and

determine a second fine threshold suitable for stimulation

of the second nerve.

33. The system of claim 29, further comprising at least
one sensor configured to detect airway pressure, airway
flowrate, blood gas levels, heart rate, breathing rate, tidal
volume, transpulmonary pressure, impedance, lung gas dis-
tribution, electromyographic activity, transdiaphragmatic
pressure, or a combination thereof.

34. A system for stimulating tissue, the system compris-
ing:

a stimulation array;

a user interface; and

a control unit including a processor and a non-transitory

computer readable medium storing instructions;
wherein, during a first mode of operation:
the user interface includes:
an anatomical indication window;
a stimulation indication window including a plurality
of stimulation level indicators; and
an action button; and

21
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instructions stored on the non-transitory computer
readable medium, when executed by the processor,
cause the processor to identify an electrode combi-
nation, determine a threshold charge for stimulating
tissue, or both; and

during a second mode of operation:
the user interface includes:
a plurality of therapy parameter windows; and
aplurality of therapy parameter adjustment keys; and

instructions stored on the non-transitory computer
readable medium, when executed by the processor,
cause the processor to schedule a number of stimu-
lations.

35. The system of claim 34, wherein the anatomical
indication window is a first anatomical indication window,
the stimulation indication window is a first stimulation
indication window, and during the first mode, the user
interface further includes a second anatomical indication
window, a second stimulation indication window, or both.

36. The system of claim 34, wherein, during the second
mode of operation, the user interface further includes a
second anatomical indication window, a second action but-
ton, a notification box, one or more timed therapy status
windows, or a combination thereof.

37. The system of claim 34, wherein during one or more
modes of operation, the user interface includes a plurality of
phase buttons.

38. The system of claim 37, wherein each phase button
corresponds to a mode of operation;

during the first mode of operation, the phase button
corresponding to the first mode of operation is indi-
cated; and

during the second mode of operation, the phase button

corresponding to the second mode of operation is
indicated.

39. The system of claim 34, wherein the instructions
stored in the non-transitory computer readable medium
further cause the processor to:

determine whether a stimulation would exceed a maxi-

mum allowable charge; and

based on a determination that a stimulation would exceed

a maximum allowable charge, terminate delivery of
stimulation energy.

40. The system of claim 34, wherein, during a third mode
of operation:

the user interface includes:

a second anatomical indication window;

a second stimulation indication window including a

plurality of stimulation level indicators; and

a second action button; and
instructions stored on the non-transitory computer readable
medium, when executed by the processor, cause the proces-
sor to assist a user in determining if the stimulation array is
correctly placed, relative to a patient.
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