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PATENT APPLICATION

MULTICHANNEL CLIP DEVICE AND METHODS OF USE

CROSS-REFERENCES TO RELATED APPLICATIONS
{6001} The present application claims the benefit of priority of U.S. Patent Application No.
15/000,979 filed on January 19, 2016 and U.S. Patent Application No. 15/001,145 filed on
January 19, 2016, now U.S. Patent No. 9,517,338 1ssued on December 13, 2016, the disclosures

of which are incorporated herein by reference in their entivety for all purposes.

[6062] This application 1s also related to U.S. Non-Provisional Patent Application Nos.
14/827,108, entitled “Electrorayographic Lead Positioning and Stimulation Titration in a Nerve
Stimulation System for Treatment of Overactive Bladder”; 14/827,095, entitled “Integrated
Electromyographic Clinician Programmer For Use With an Implantable Neurostimulator”; and
14/827,067, entitled “Systems and Methods for Newrostimulation Electrode Configurations
Based on Neural Localization,” each of which was filed August 14, 2015 and 15 assigned to the

same assignee and mncorporated herein by reference in its entirety for all purposes.
FIELD OF THE INVENTION

[8063] The present nvention relates to neurostimulation treatment systems and associated

devices, as well as methods of testing, implantation and configuration of such treatment systems.
BACKGROUND OF THE INVENTION

[B004]  Treatments with implantable neurostimutlation systems have become increasingly
common n recent years. While such systems have shown promise i treating a number of
conditions, effectiveness of treatment may vary considerably between patients. A number of
factors may tead to the very different outcomes that patients experience, and viability of
treatment can be difficult to determine before implantation. In many such applications, a
stimulation lead includes an array of electrodes to treat one or more target nerve structures. The

electrodes are often mounted together on a multi-electrode lead, and the lead implanted 1n tissue
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of the patient at a position that is intended to result in electrical coupling of the electrode to the
target nerve structure, typically with at least a portion of the coupling being provided via

intermediate fissues.

[6005] Sumulation leads may be placed transcutanecusly as part of the lead placement
procedure during which the stimulation lead may be tested for electrical contimuty and to venfy
accurate placement through impedance, EMG, patient response to stimulation, and the like,

before it is implanted permanently.

[0006] MNeurostimulation leads often include a plurality of electrodes that are individually
verified. The conventional approach in sacral neuromodulation therapy is to use a single-contact,
such as a “j-clip” or alligator clip, similar to those often used in electronics applications. The
single-contact clip is connected to one electrode to test one electrode channel at a time. For
stimulation leads having multiple electrodes, this one-at-a-time process must be repeated until
each channel has been verified. Repetitively performung verification adds needless time and
comaplexity to the medical procedure, consequently increasing procedure cost and length of
patient exposure to the procedure. Therefore, a need exists to provide apparatus and methods
that allow for verifying stiimulation leads with a plurality of electrodes without the repetitive

approach currently used.
BRIEF SUMMARY OF THE INVENTION

{6067} The present mvention generally relates to devices for testing and/or verification of
multiple electrical components and associated methods of use. In particular, the invention relates
to a multichannel chip device that faciditate rapid testing and/or verification of multiple
neurostirmulation electrodes of a neurostimulation tead with a programming device, the
neurostimulation lead being coupled with the programming device via the multichannel chip

device.

[6068] In one aspect, the mvention provides a multichannel clip for testing of a plurality of
electrical components of a first device. The clip can include a pair of opposing members that are
pivotally coupled so as to be movable between an open position and closed position. In the open
position, the opposing members are spaced apart to receive a contact portion of the first device

therebetween, the contact portion having contacts electrically coupled with the plurality of
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electrical components. In the closed position, the opposing members are positioned adjacent
each other to secure the contact portion of the first device therebetween. A plurality of electrical
contacts, such as a plurality of connector pins, are positioned on an inside surface between the
opposing members to electrically couple with the plurality of electrical contacts on the contact
portion of the first device secured between the opposing members in the closed position. The
clip can further include a stimulation cable having a plurality of conductors coupling the plurality
of electrical contacts of the clip to a proximal cable connector. The proximal cable connector
mcludes a plurality of connector contacts and configured for electrically coupling with a second
device, such as a testing or programming device. The plurality of conductors correspond to the
plurality of electrical contacts of the clip such that each of conductors provides a separate
channel between a respective elecirical component of the plurality and the second device to
allow testing of each of the plurality of electrical components of the tirst device with the second
device via the clip. In one aspect, the shmulation cable and associated proximal cable connector
are permanently and fixedly attached to the test-chip such that each component can be tested
without requuring separate attachment to the test device. In some embodiments, the proximal
connector can be configured according to a connector standard or type to facilitate connection

with a standard connector of a testing or programing device.

[B009]  In vanous embodiments, the multichannel clip mncludes a pair of opposing members
that define a pair of jaws that are biased toward the closed position by an urging member, such as
one or more springs. Each of the pair of opposing members can further include a handie along a
proximal portion thereof. At least one handle of the pair of opposing members can include a

gripping surface to facilitate manual actuation of the clip with a single hand of a user.

{8010} In vanous embodiments, the clip can include a connector holder disposed between the
pair of opposing members. The connector holder can include top and bottom portions that are
pivotally coupled such that the top and bottom portions engage the contact portion of the first
device when the opposing jaws are in the closed position. The connector holder can be molded
to correspond to a shape of the contact portion of the first device being secured within the clip.
The connector holder can be molded asymmetrically to only receive the contact portion of the
first device in a pre-determined orientation. The plurality of electrical contacts of the clip can be

positioned in an arrangement that corresponds to that of the electrical contacts on the contact
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portion of the first device. The electrical contacts can be defined by a plurality of pins that
extend through a plurality of holes in the connector holder to engage the plurality of electrical
contacts on the contact portion of the first device when secured between the pair of opposing
members in the closed position. The clip can further include a graphical representation viewable
by a user that indicates a desired position and/or orientation of the portion of the contact portion
of the first device within the clip to assist a user in placement of the contact portion of the first

device within the clip.

{0011] In another aspect, the multichannel clip includes a pair of jaws pivotally coupled and
movable between an open position in which a distal portion of each of the jaws are spaced apart
and a closed position in which the jaws secure a contact portion of the first device therebetween.
The contact portion of the first device includes a plurality of electrical contacts corresponding to
a plurality of electrical components of the first device. A plurality of electrical contacts are
positioned within the clip so as to electrically couple with the plurality of electrical contacts on
the contact portion of the first device when secured between the pair of jaws 1n the closed
position. The chip further mcludes a manually operable actuator for factlitating movement of the
pair of jaws between the closed position and the open position to facilitate removal of the contact
portion of the first device from the closed position. The chip can also include a stimulation cable
having a plurality of conductors electrically coupling the plurahity of electrical contacts to a
proximal cable connector. The proximal cable connector includes a plurality of connector
contacts and is configured for connection with a programming device. The plurality of
conductors correspond to the plurality of electrical contacts of the clip such that each of
conductors provides a separate channel between the plurality of electrodes of the first device and
the programming device. In various embodiments, the plurality of electrical contacts of the clip
are concurrently electrically coupled with the plurality of electrical contacts of the first device
portion when secured in the closed position and the stimulation cable. In various embodiments,
the proximal cable end connector 1s permanently and fixedly attached to the test-clip such that a
user can stimulate the plurality of electrodes concurrently, 1n a rapid sequence, or m varying
combinations with the programming device without adjusting any elecirical connections of the

clip between stimulations.
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{0012] In another aspect, the multichannel! clip includes a clip having a first portion and a
second portion movable relative each other between an open position in which the top and
bottom portions are spaced apart and a closed position in which the top and bottom portions are
urged towards each other. The open position 1s adapted for receiving a contact portion of a first
device, the portion having a plurality of electrical contacts corresponding to a plurality of
electrical components of the first device. The closed position 1s adapted for securing the contact
portion of the first device between the first and second portions. The clip includes a plurality of
electrical contacts positioned to electrically couple with the plurality of electrical contacts on the
contact portion of the first device when secured in the closed position. The clip further includes
a stimulation cable having a plurality of conduciors extending therethrough electrically coupling
the plurality of electrical contacts to a proximal cable connector. The proximal cable connector
ncludes a plurality of connector contacts and 1s configured for electrically coupling with a
second device to allow verification and/or testing of each of the plurality of electrical
components of the first device with the second device when coupled to the connector. The
manually operable actuation mechamsm s adapted to effect movement of the first and second
portions of the chip relative each other when in the closed position to facilitate release of the

contact portion of the first device from the clip.

[B013] In vet another aspect, the invention provides methods of vernifying and/or testing a
plurality of electrical components of a first device. In such methods, a user may secure a contact
portion of a first device between opposing members of the clip in the closed position so that a
plurality of connector contacts disposed along an inside surface between the opposing members
electrically couple with a plurality of electrical contacts of the first device that correspond to the
plurality of electrical components. A proximal cable connector of the clip can be connected to a
corresponding connector of a second device. The proximal cable connector can be a
multichannel connector having a plurality of connector contacts that correspond to and are
electrically coupled with the plurality of connector contacts disposed between the opposing
members via a plurality of electrical conductors such that the clip provides a separate channel
between each of the plurality of electrical components of the first device and the second device.
The clinician can then test and/or verify each of the plurality of elecirical components of the first
device with the second device via the multichannel clip closed on the contact portion of the first

device remains secured between opposing members and connected to the second device. In
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various embodiments, the second device comprises a programming device and the first device
comprises a neurostimulation device. Verifying and/or testing each of the plurality of electrical
components can include communicating, stimufating and/or measuring through the separate
channels provided by the multichannel clip, which can occur concurrently, in a particular
sequence or in varving combinations, as desired. In one aspect, multiplexing can utilize a pre-
determined programmable instruction stored on a readable memory accessed by the second

device.

{8014} [n another aspect, the invention provides a multichannel test clip for testing of a
neurostimulation lead. Such a test clip can include a pair of opposing members pivotally coupled
together, each member having a jaw along a distal portion thereof and a handle along a proximal
portion thereof. The pair of members are movable by manual articulation of the handles between
an open position in which opposing jaws are spaced apart to receive a proximal portion of the
neurostimulation lead and a closed position in which opposing jaws are adjacent one another.
The pair of opposing members are biased by an urging member towards the closed position so as
to secure the proximal end of the lead between opposing jaws when in the closed position. The
urging member can be a spring extending between opposing members. The clip further includes
a lead connector that 1s disposed along an inside of opposing jaws of the pair of opposing
members and that includes a plurality of electrical contacts, such as a plurality of contact pins,
arranged to electrically couple with a plurality of electrical contacts on the proximal end of the
lead when secured between the opposing jaws 1 the closed position. The plurality of electrical
contacts of the lead correspond to a plurality of neurostimulation electrodes on a distal portion of
the lead. The clip further includes a proximal cable connector having a plurality of connector
contacts that correspond to the plurality of electrical contacts of the lead connector. The
proximal cable connector is configured for electrically coupling with a corresponding connector
of a programming device. The clip further includes a stimulation cable having a plurality of
conductors extending therethrough that electrically couples corresponding electrical contacts of
the lead connector and the proximal connector to provide a separate channel between a
respective neurostimulation electrode of the fead and the programming device to allow testing of
each of the plurality of neurostimulation electrodes with the programming device. In various
embodiments, the stimulation cable and associated proximal cable connector are permanently

and fixedly attached to the test-clip. In various embodiments the proximal connector is
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configured according to a connector standard or type of connector, such as an ODU Mini-Snap

cylindrical connector plug.

{00158]  In vanious embodiments, the multichannel clip includes a pair of opposing members,
each member having a jaw along a distal portion thereof and a handle along a proximal portion
thereof. At least one of the handles of the pair of opposing members can include a gripping
surface to facilitate manual actuation of the pair of opposing member by manually pressing of
the gripping surface with a single hand of a user. The gripping surface can be defined as a thumb
depression and can include a plurality of tactile gripping features to facilitate manual articulation

of the clip.

{8016} [n various embodiments, the multichannel clip includes a connector holder disposed
between opposing members that define the opposing jaws that receive a proximal contact portion
of the neurostimulation lead. The connector holder can include top and botiom portions that are
pivotally coupled so that the top and bottom portions engage the proximal end of the lead when
in the closed position. One or both of the top and bottom members can mclude a groove for
receiving the proximal portion of the neurostimulation lead, the proximal portion of the
neurostimulation lead being substantially cylindrical. The groove can be defined so that the
proximal end of the lead has a pre-deternuned onentation withuin the lead connector, for example,
the lead can be msertable from only one side such that each channel corresponds to a pre-
determuned neurostimulation electrode of the lead when the clip 1s closed on the proximal end of
the lead. In vanous embodiments, the clip includes a graphical representation viewable by a user
that indicates a desired position and/or orientation of the proximal end of the lead within the chip

so as to assist a user in placement of the proximal end of the lead within the chip.

{6617} In vanous embodiments, the multichannel clip i1s adapted for use with a four electrode
neurostimulation lead, the plurality of electrical contacts including four electrical contacts
corresponding to four separate channels for testing of the four electrode neurostimulation lead

with the programing device.

{6018] In another aspect, the multichannel test clip includes a pair of jaws that are pivotally
coupled and movable between an open position in which a distal portion of each of the jaws are

spaced apart and a closed position in which the jaws secure a proximal end of the

-3
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neurostimlation lead positioned therebetween. The proximal end of the lead includes a plurality
of electrical contacts corresponding to a plurality of neurostimulation electrodes on a distal
portion of the lead. A plurality of electrical contacts posttioned within the chip so as to
electrically couple with the plurality of electrical contacts on the proximal end of the lead when
secured between the pair of jaws in the closed position. The clip can mnclude a manually
operable actuator for facilitating movement of the pair of jaws between the closed position and
the open position to factlitate removal of the lead from the closed position. The clip can further
mnclude a stimulation cable having a plurality of conductors extending therethrough electrically
coupling the plurality of elecirical contacts to a proxamal cable connector. The proximal cable
end connector includes a plurality of connector contacts and is configured for connection with a
programnuing device, the plurality of conductors corresponding to the plurality of electrical
contacts of the clip such that each of conductors provides a separate and independent channel

between a respective distal neurostimulation electrode of the lead and the programmung device.

[B019] In another aspect, the multichannel clip includes a first portion and a second portion
movable relative each other between an open position 1 which the top and bottom portions are
spaced apart and a closed position n which the top and bottom portions are urged towards each
other. The open position 15 adapted for receiving a proximal end of the neurostimulation lead
having a plurahity of electrical contacts corresponding to a plurality of neurostimulation
electrodes on a distal portion of the lead. The closed position s adapted for securing the
proximal end of the lead between the first and second portions. The clip includes a plurality of
electrical contacts positioned so as to electrically couple with the plurality of electrical contacts
on the proximal end of the lead when secured between the first and second portions in the closed
posttion. The clip can further include a stimulation cable having a plurality of conductors
extending therethrough electrically coupling the plurality of electrical contacts to a proximal
cable connector. The proximal cable connector includes a plurality of connector contacts and is
configured for electrically coupling with a programming device to allow vernification and/or
testing of each of the distal neurostimulation electrodes with the programnung device when
coupled to the connector. In various embodiments, the clip includes a manually operable
actuation mechanism that effects movement of the first and second portions relative each other
when in the closed position to facilitate release of the proximal portion of the neurostimulation

lead from the chip.
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{0028]  Such devices and methods allow for more accurate and objective positioning,
programming, and configuration of implantable neurostimulation electrode leads. The present
mvention has particular application to sacral nerve stimulation treatment systems configured to
treat bladder and bowel dysfunctions. It will be appreciated however that the present invention
may also be utilized in various other treatment system, or in non-medical applications. Further
areas of applicability of the present disclosure will become apparent from the detailed
description provided heremafter. It should be understood that the detailed description and
specific examples, while indicating various embodiments, are intended for purposes of

llustration only and are not intended to necessarily it the scope of the disclosure.
BRIEF DESCRIPTION OF THE DRAWINGS

{6021} FIG, 1 schematically illustrates a nerve stimulation system, which includes a
multichannel chip coupling a clhimcian programmer with a neurostimulation lead, in accordance

with various embodiments.

[0022] FIG. 2 schematically llustrates nerve stimulation system, which includes a chimcian
programmer and a patient remote used in positioning and/or programming of both a trial
neurostimulation system and a permanently implanted neurostimulation system by use of a

raultichannel clip, in accordance with various embodiments.

[8023] FIG. 3 shows an example of a neurostimulation system having a partly iraplanted
stimudation lead that is coupled with a multichannel clip device to testing of newrostimulation

electrodes in situ, in accordance with various embodiments.

[6024] FIG. 4 shows an example of a neurostimulation system having an implantable
neurostimulation system having a neurostimuiation lead suitable for use with a multichannel clip,

in accordance with vartous embodiments.
[B025] FIGS. SA-5D show several views of a multichannel clip 1 accordance with various
embodiments.

[0026] FIGS. 6A-6B show detail view of a lead connector of 8 multichannel clip adapted for
connecting to a neurostimulation lead and a proxamal connector of the clip adapted for

connecting with a clinician programmer, in accordance with various ersbodiments.

fel
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{0027] FIGS. 7A-7C dlustrate  schematic of testing setup configurations, in accordance with

various embodiments.

{0028] FIGS. 8A-1,8A-2, 8A-3 and 8B schematically iHustrate workflows for using a
clinician programmer in placing the neurostimulation leads and programming the implanted

neurostimutlation lead, in accordance with aspects of the invention

{6029} FIG. 9 schematically illustrates a nerve stimulation system setup for neural
localization and lead implantation that utilizes a control unit with a stimulation clip, ground
patches, two electromyography sensor patch sets, and ground patch sets connected during the
operation of placing a trial or permanent neurostimulation system, in accordance with various

embodiments.

[6030] FIG, 10 iHustrate differing positions of the neurostimulation lead relative the targeted
nerve during placement of the lead and FIGS, 11A-11L illustrate curves of R-values of the
electrodes used to determine distance of the electrodes from the target nerve to facilitate

placement of the lead, in accordance with various embodiments.

[6031] FIGS. 12A-128B illustrate a graphical user interface display of a clinician programmer
during an alternative electromyography assisted neurostiroulation lead placement procedure, in

accordance with various embodiments..

[0032] FIGS. 13 illustrate a graphical user interface display of a clinician programmer during
an alternative electromyography assisted neurostimulation lead placement procedure, in

accordance with various embodiments.

[6033] FIGS. 14-16 lustrate methods of using a multichannel clip in accordance with

embodiments of the imvention.
DETAILED DESCRIPTION OF THE INVENTION

[0034] The present invention relates to devices, systems and methods of testing and/or
verifying electrical components of a first device with a second device. In particular, the
mvention relates to a multichannel clip adapted for connecting a plurality of electnical
components of a first device to a second device for testing of the electrical components via

multiple separate channels provided by the clip.

10
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{0G358]  In vanious embodiments, the invention relates to a multichannel clip adapted for
coupling multiple neurostimulation electrodes of an implantable lead with a clinician
programming device to enable multichannel lead continuation verification and testing
stimulation of the neurostimulation electrodes. In one aspect, an object of the invention is to
enable multichannel lead continuity verification and test stimulation during the lead placement

procedure.

[6036] In vanous embodiments, the multichannel clip is adapted for use in testing and/or
veritfication of an implantable neurostimulation lead by an external programming or testing
device coupled to the lead via the multichannel clip. In certain aspects, the multichannel clip 15
configured with multiple channels extending between a first connector coupled with the first
device and a second connector coupleable with the second device through which the electrical
components can be stimulated and measured individually, concurrently or in a rapid sequence.
Such a configuration allows for rapid testing and/or vernification of the electrical components by
the second device 1n any number of ways, as desired by the user. For example, by use of a such
a test clip, the electrical components can be tested and/or verifyimng mdividually m a rapid
sequence, concurrently or i any combination, as desired. In addition, the entire testing or
vertfication procedure can be readily repeated by use of such a chip without requiring modifying
of the clip between each procedure such that an iterative process, such as placement of the lead,
can be performed more quickly and efficiently and with improved accuracy, since the integrity of
the channels between the electrical components and the second device remain wnchanged during

the 1terative process.

{8637]  In one aspect, the multichannel clip is a spring loaded clip having a plurality of contact
points arranged s0 as to correspond with elecirical contacts on the proximal end ot a
neurostinulation lead when secured within the chip. In various embodiments, the number of
contact points correspond to the number of neurostimulation leads provided on the lead. In
another aspect, the spring loaded clip is in communication with a programming device or other
stnilar apparatus that performs continuity and/or test stimulation verification. Communication

may be by direct wired connection or may optionally be performed wirelessly.

{0038] In a further aspect, a multichannel chip in accordance with various embodiments allows

testing and verification of a plurality of electrodes (including test sumulation) to be performed by

11
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using multiplexing, by using multiple independent channels, or by using a single programmer
channel. Such a configuration allows a clinician to deliver stimulations and/or measure
associated electrical characteristics of electrical components coupled to a testing/programming

device in a rapid sequence, concurrently, or in varying combinations, as destred.

{0039] In a further aspect, the test clip is positionable over a proximal end of a
neurostimulation lead having certain conditions to be verified. Multichannel clip 15 in a state of
communication with a programming device. Once connection is established between the
stimulation lead and programmer via the test clip, evaluation may proceed. Evaluation can
mclude basic electrical continuity for each electrode, electrode positioning evaluation (via
impedance, EMG, patient responses, and the like), and test siimulation to establish usetul

therapeutic parameters.

[0040] In a further aspect, such systems can utilize stimulation system software configured to
recognize, test, and evaluate the plurality of electrodes, mcluding stimulation parameters,
without the need to position the test clip beyond s initial placement 1n contact with the proximal
end of the stimulation lead. Such software can be embedded 1n a memory of circuity on board
the clip or can be readily accessed by a programmung device based on a unique identifier {e.g.
make, model) associated with the multichannel clip, which can be readily accessed by the

programming device upon electrical connection with the clip.

I System Overview

o

[0041] FIG. 1 depicts an overview of a system 100 that allows for improved testing or
vertfication of neurostimulation electrodes 10 a neuwrostimulation treatment system, i accordance
with various embodiments. System 100 includes a neurostimulation lead 30 having a plurality of
neurcstimulation electrodes 40 on a distal portion that are each electrically coupled with a
chinician programming device 60 through a separate channel of multichannel chip 10, As
described herein, mudtichannel clip 10 can be referred to a test clip, simulation chip, or
stimulation cable. Multichannel test clip 10 includes multiple conductors (not shown) extending
between a lead connector 24 adapted for coupling with neurostimulation lead 30 and a proximal

connector 26 adapted for coupling with a clinician programming device 60.

12
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{0042]  In this embodiment, multichannel test clip 10 is a four-channel stimulation clip adapted
for use in testing and/or vertfication of a four electrode neurostimulation lead 30.
Neurostimulation lead 30 includes four neurostimulation electrodes 40 on a distal portion of the
lead and a deployable anchor 32 disposed on the lead just proximal of the electrodes so as to
anchor neurostimulation electrodes 40 1n a target tissue of a patient once lead placement 1s

determined. Typically, anchor 32 is not deployed until after lead 30 is placed.

{0043] Lead connector 24 1s adapted to clip onto a proximal portion of lead 30 having four
electrical contacts, each corresponding to a different electrode of the distal neurostimulation
electrodes 40. Proximal connector 26 15 adapted to couple with a testing or programming device,
such as chinician programmer 60, Fach of lead connector 24 and proximal connector 26 includes
four corresponding electrical contacts electrically coupled via separate conductors that define
four separate channels. The four channels can extend through a stiimulation cable 20 of
multichannel clip 10 so as to improve ease of use of and flexibility of movement during a lead
placement procedure when multichannel clip 10 electnically couples neurostimulation fead 30 to

clinician programmer 60.
I, Application in Neuromodulation System Configuration

[6044] Such devices, system and methods are particularly useful in testing and/or verification
of neurostimulation electrodes of a neurostimulation lead in sifw with a clinician programming
device, as shown n Figure 1. These devices and methods are especially apphicable to sacral
nerve stimulation treatment systems configured to treat bladder dysfunctions, mncluding
overactive bladder (“OAB”), as well as fecal dysfunctions and relieve symptoms associated
therewith. Such treatments benefit greatly from precise positioning of the neurostimulation lead
to target siimulation of the sacral nerve. For ease of description, multichannel clips are described
for use in configuring neurostimulation systems for treatment of OAB. It will be appreciated
however that the present invention may also be utilized for testing and/or verification in systems
suited for a vaniety of neuromodulation uses, such as bowel disorders (e.g., fecal incontinence,
fecal frequency, fecal urgency, and/or fecal retention), the treatment of pain or other indications,

such as movement or affective disorders, as will be appreciated by one of skill in the art.
{8045} Sacral Neuromodulation (SNM] is an established therapy that provides a safe, effective,

reversible, and long-lasting treatment option for the management of urge incontinence, urgency-
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frequency, and non-obstructive urinary retention. SNM therapy involves the use of mild
electrical pulses to stimulate the sacral nerves located in the lower back. Electrodes are placed
next to a sacral nerve, usually at the 83 level, by inserting the electrode leads into the
corresponding foramen of the sacrum. The electrodes are mserted subcutaneously and are
subsequently attached to an implantable pulse generator (IPG). The safety and effectiveness of
SNM for the treatment of OAB, including durability at five years for both urge incontinence and
urgency-frequency patients, is supported by muluple studies and 1s well-documented. SNM has
also been approved to treat chronic fecal incontinence m patients who have failed or are not

candidates for more conservative treatments.
A. Implantation of Neuromeodulation System

[6046] The spinal cord 1s a long, thin bundle of nerves and support cells that extend from the
brainstem along the cervical cord. Upon exating the spinal cord, the nerve fibers split into
multiple branches that innervate various muscles and organs transmitting impulses of sensation
and control between the brain and the organs and muscles. Since certain nerves may include
branches that innervate certain organs, such as the bladder, and branches that innervate certain
muscles of the leg and foot, stimulation of the nerve at or near the nerve root near the spinal cord
can stimulate the nerve branch that mnervate the targeted organ, which may also result in muscle
responses assoctated with the stimulation of the other nerve branch. By monitoring for certain
muscle responses, either visually, through the use of EMG as described or both, the physician

can determine whether the targeted nerve 18 being stimulated.

{8047} In one such example treatment, the neurostimulation lead s advanced through the
foramen ontil the neurostimulation electrodes are positioned at the anterior sacral nerve root,
while the anchoring portion of the lead proximal of the simulation electrodes are generally
disposed dorsal of the sacral foramen through which the lead passes at or near one of the 51-85
nerves of the lower sacrum. The S3 sacral nerve 1s of particular interest for treatment of bladder

related dysfunction, and in particular OAB.

[8048] Currently, SNM qualification has a trial phase, and is followed if successful by a
permanent implant. The trial phase is a test siimulation peniod where the patient 1s allowed to
evaluate whether the therapy is effective. Typically, there are two techniques that are utilized to

perform the test sttmulation. The first is an office-based procedure termed the Percutaneous
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Nerve Evaluation (PNE) and the other is a staged {rial.

[{8049] In the PNE, a foramen needle is typically used first to identify the optimal stimulation
location, usually at the 83 level, and to evaluate the ntegnity of the sacral nerves. Motor and
sensory responses are used to verify correct needle placement. A temporary stimulation lead (a
5 unipolar electrode) is then placed near the sacral nerve under local anssthesia and is then
connected to an external pulse generator (EPG) taped onto the skin of the patient during a trial
phase. The stimulation level can be adjusted to provide an optimal comfort level for the
particular patient. If the PNE tnal is positive, the temporary trial lead is removed and a

permanent quadri-polar tined lead is implanted along with an IPG under general anesthesia.

10 |00S8} A staged trial involves the implantation of the permanent guadri-polar tined stimulation
lead mnto the patient from the start. It also requires the use of a foramen needle to 1dentify the
nerve and optimal sttmulation location. The lead 1s implanted near the 83 sacral nerve and 15
connected to an EPG via a lead extension. Thas procedure 1s performed under fluoroscopic
guidance in an operating room and under local or general anesthesia. The EPG 15 adjusted to

i5  provide an optimal comfort level for the patient and the patient monitors his or her voiding for up
o two weeks. If the patient obtains meaningful symptom improvement, he or she 1s considered a
suttable candidate for permanent implantation of the IPG under general anesthesia, typically in

the upper buttock area, as shown in FIGS. T and 3A.
B. EMG Assisted Neurostimulation Lead Placement

20 [0051] While conventional sacral nerve stimulation approaches have shown efficacy m
treatment of bladder and bowel related dysfunctions, there exists a need to improve positioning
of the newrostimulation leads and consistency between the trial and permanent implantation
positions of the lead as well as to improve methods of programming. Neurostimulation relies on

consistently delivering therapeutic stimulation from a pulse generator, via one or more

3
V4]

neurostimulation electrodes, to particular nerves or targeted regions. The neurostimulation
electrodes are provided on a distal end of an implantable lead that can be advanced through a
tunnel formed in patient tissue. It 15 desirable for the physician to confirm that the patient has
desired motor and/or sensory responses before implanting an IPG. For at least some treatments
(including treatments of at least some forms of urinary and/or fecal dysfunction), demonstrating

30  appropriate motor responses may be highly beneficial for accurate and objective lead placement.
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{0052] Placement and calibration of the neurostimulation electrodes and implantable leads
sufficiently close to specific nerves can be beneficial for the efficacy of treatment. Accordingly,
aspects and embodiments of the present disclosure are directed to aiding and refining the
accuracy and precision of neurostimulation electrode placement. Further, aspects and
embodiments of the present disclosure are directed to aiding and refining protocols for setting
therapeutic treatment signal parameters for a simulation program implemented through

implanted neurostimulation electrodes.

{8053} Prior to implantation of the permanent device, patients may undergo an initial testing
phase to estimate potential response to treatment. As discussed above, PNE may be done under
local anesthesia, using a test needle to identify the appropriate sacral nerve(s) according to a
subjective sensory response by the patient. Other testing procedures can involve a two-stage
surgical procedure, where a quadri-polar tined lead 1s 1mplanted for a testing phase (Stage 1) to
determune if patients show a sufficient reduction in symptom frequency, and if appropriate,
proceeding to the permanent surgical implantation of a neuwromodulation device. For testing
phases and permanent implantation, determining the location of lead placement can be dependent

on subjective qualitative analysis by etther or both of a patient or a physician.

[6054] Determination of whether or not an implantable lead and neurostimulation electrode 15
located in a desired or correct location can be accomplished through use of electromyography
(“EMG™), also known as surface electromyography. EMG provides an objective and
quantitative means by which to standardize placement of implantable leads and neurostimulation

electrodes, reducing the subjective assessment of patient sensory responses.

{B085]  In some approaches, positional titration procedures may optionally be based in parton a
paresthesia or pain-based subjective response from a patient. In contrast, EMG triggers a
measureable and discrete muscular reaction. As the efficacy of treatment often relies on precise
placement of the neurostimulation electrodes at target tissue locations and the consistent,
repeatable delivery of neurostimulation therapy, using an objective EMG measurement can
substantially improve the utility and success of SNM treatment. The measureable muscular

reaction can be a partial or a complete muscular contraction, including a response below the

trigeering of an observable motor response depending on the stimulation of the target muscle.

iE. Example System Setups
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{0086] FIG. 2 schematically illustrates example nerve stimulation svstem setups, which
mcludes a setup for use in a trial neurostimulation system 200 and a setup foruse ina
permanently implanted neurostimulation system 300, in accordance with various embodiments.
The EPG 80 and IPG 50 are each compatible with and wirelessly communicate with a clinician
programmer (CP) 60 and a patient remote 70, which are used in positioning and/or programming
the trial neurostimulation system 200 and/or permanently implanted system 300 after a
successful trial. As discussed above, the system utilizes a cable set and EMG sensor patches in
the trial system setup 200 to factlitate lead placement and neurostimulation programming. CP
can include specialized software, specialized hardware, and/or both, to aid in lead placement,
programming, re-programming, stimulation control, and/or parameter setting. This approach

also allows for an almost seamless transition between the trial systern and the permanent system.

[B087] In one aspect, the CP 60 1s used bv a physician to adjust the settings of the FPG and/or
IPG while the lead 1s implanted within the patient. The CP can be a tablet computer used by the
clinician to program the IPG, or to control the EPG duning the trial period. The CP can also
melude capability to record stimulation-induced electromyograms to facilitate lead placement

and programming,

[6058] In another aspect, the CP 60 has a control anit which can include a microprocessor and
specialized computer-code nstructions for implementing methods and systems for use by a
physician i deploying the treatment system and setting up treatment parameters. The CP
generally includes a graphical user interface, an EMG module, an EMG input that can couple to
an EMG output stimulation cable, an EMG stimulation signal generator, and a stimulation power
source. The stimulation cable can further be configured to couple to any or all of an access
device (e.g., a foramen needle), a treatment lead of the system, or the like. The EMG input may
be configured o be coupled with one or more sensory patch electrode(s) for attachment to the
skin of the patient adjacent a muscle (e.g., a muscle enervated by a target nerve). Other
connectors of the CP may be configured for coupling with an electrical ground or ground patch,
an electrical pulse generator (e.g., an EPG or an [PG), or the like. As noted above, the CP can
mclude a module with hardware and computer-code to execute EMG analysis, where the module
can be a component of the control unit microprocessor, a pre-processing unit coupled to or in-

line with the stimulation and/or sensory cables, or the like.

[y
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{B089]  In other aspects, the CP 60 allows the clinician to read the impedance of each electrode
contact whenever the lead is connected o an EPG, an [PG or a CP to ensure reliable connection
is made and the lead is intact. This may be used as an 1nitial step in both positioning the lead and
in programming the leads to ensure the electrodes are properly functioning. The CPis
configured to operate in combination with an EPG when placing leads in a patient body as well
with the IPG during programming. The CP can be electronically coupled to the EPG during test
simulation through a specialized cable set or through wireless communication, thereby allowing
the CP to configure, modify, or otherwise program the electrodes on the leads connected to the
EPG. The CP may also include physical on/off buttons to turn the CP on and off and/or to tum

stimulation on and off.

[6060] Once the neurostimulation lead 1s placed and a temporary or permanent system 1s in
place, electrical pulses generated by the EPG and IPG are delivered to one or more targeted
nerves via one or more neurostimulation electrodes at or near a distal end of each of one or more
leads. The leads can have a variety of shapes, can be a variety of sizes, and can be made from a
vartety of matenals, which size, shape, and matenals can be tallored to the specific treatment
apphication. While in this embodiment, the lead is of a suitable size and length to extend from
the TPG and through one of the foramen of the sacrum to a targeted sacral nerve, m various other
applications, the leads may be, for example, implanted in a peripheral portion of the patient’s
body, such as in the arms or legs, and can be configured to deliver electrical pulses to the
peripheral nerve such as may be used to relieve chronic pain. It is appreciated that the
neurostimulation leads may vary according o the nerves being targeted and that the multichannel

clip described herein can be modified as needed for use with a particular lead.

{6061} FIG. 3 schematically llustrates an example of multichannel clip 10 coupled with a
partly implanted neurostimulation lead 30 extending through the 83 foramen for stimulation of
the S3 sacral nerve with neurostimulation electrodes 40. Once coupled to neurostimulation lead
30, multichannel clip 10 can be connected to clinician programmer {not shown) to facilitate
testing and/or verification to ensure proper placement of lead 30 at the targeted sacral nerve.
Such placement can be verified by measuring and/or observing EMG responses during
stimulation of each neuwrostimulation electrodes 40, as described in further detail below. Cnce

the lead is placed by use of multichannel clip 10, the neurostimulation lead can be connected to

18



16

15

3
V4]

WO 2017/127578 PCT/US2017/014188

an BEPG for use in a tnal or an IPG implanted in a lower back region and connected to a

neurostimulation lead extending through the 83 foramen for stimulation of the $3 sacral nerve.
IV, Example Multichannel Clip Devices

{8062} FIG. SA-5C show detail views of an example multichannel clip 10 and its various
components, shown also in an exploded view in FIG. 5D, Multichannel! clip 10 includes a lead
connector 24 having multiple connector contacts 25 that are each electrically coupled to
corresponding connector contacts 27 in a proximal connector 26 through separate channels. In
this embodiment, multichannel clip 10 15 a four-channel stimulation chip. Multichannel clip 10
typtcally mcludes a spring loaded clip with a lead connector 24 is disposed along an mnside of a
pair of jaws of the clip. Lead connector 24 includes four electrical connector contacts 25 that are
electrically coupled through four separate channels to four corresponding connector contacts 27
in proximal connector 26. Lead connector 24 1s adapted for electrically coupling to electrical
contacts on a proximal portion of neurostimulation lead 30 that correspond 1o a set of multiple
neurostimulation electrodes 40 on a distal portion thereof, while proximal connector 26 1s

adapted for connecting 1o a testing or programming device, such as a chimcian programmer 60

[0063] In this embodiment, multichannel clip 10 includes a pair of opposing members 12, 14
that are pivotally coupled to one another at a pivotal coupling 15 and a lead connector 24
disposed along an inside surface between opposing members 12, 14, Movable members can
melude a top member 12 and a bottorm member 14, each member having a proximal portion
defining a handle and distal portion defining a jaw on opposite sides of the pivotal coupling 135
The pair of opposing members 12, 14 are manually operable between a closed position in which
distal opposing jaws are moved towards each other so as to securely engage a portion of the lead
30 within chip 10 and an open position in which distal opposing jaws are spaced apart 50 as to
receive the portion of the lead 30 within lead connector 24, An urging member, such as spring
17, extending between movable members 12, 14 urges the opposing distal jaw portions toward
the closed position with sufficient force to retain the lead 30 grasped within clip 10 and maintain
electrical connectivity between electrical contacts of the lead 30 and lead connector 24.
Manually pressing together proximal portions of movable members 12, 14 increases separation
of distal portions of members 12, 14 so as to receive the proximal portion of lead 30 therein

within lead connector 24. One or both of movable members 12, 14 can include a distal portion
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that 1s adapted to itmprove ease of use in manually operating the clip. For example, in this
embodiment, an enlarged handle portion of top member 12 includes a thumb gripping surface 16

having a thumb depression and a ring of tactile gripping dots (e.g. textured, rubberized).

[6064] Lead connector 24 includes multiple connector contacts 25 arranged to electrically
couple with multiple electrical contacts on a proximal portion of lead 30 when secured between
opposing members 12, 14 of clip 10. The electrical contacts on the proximal portion of lead 30
correspond to the distal neurostimulation electrodes 40. The multiple connector contacts are
positioned and arranged so as to concurrently couple with the respective corresponding electrical
contacts on the lead 30 so as to establish multiple channels concurrently through which
stimulations can be delivered 1n any sequence or combination, as desired for testing or
vertfication. In this embodiment, connector contacts of lead connector 24 extend from a printed
circuit board (PCB) assembly 23 disposed within a portion of bottom member 14, PCB

assernbly 23 can be coupled to bottom member 14 by an adhesive disk 29

[8065] Proxamal connector 26 includes multiple electrical connector contacts 27 corresponding
to the multiple channels provided by clip 10. In this embodiment, proximal connector 26 1s
configured to readily connect directly to chnician programmer 60 via a connector receptacle 66,
as shown 1n Figure 6B. Proximal connector 26 1s configured as a circular connector plug having
multiple connector pins contacts 27 that are configured o be received within a corresponding
connector receptacle 66 of the chimcian programmer.  Advantageously, proximal connector 26
can be configured in accordance with an accepted standard to allow for ready connection with a
corresponding standard connector type of the clinician programmer (e.g. ODU Mini-Snap).
While a cylindrical connector plug is depicted here, 1t 15 appreciated that proximal connector 26
could be configured according to various other standards (e.g. USB, etc.) or non-standard
connector types. In some embodiments, proximal connector 26 can include an adapter to allow
for ready connection between differing types of connectors in various testing and/or

programming devices, as desired.

[0066] In this embodiment, each of the connector contacts 27 is coupled to corresponding
connector contacts of a PCB assembly 23 through multiple corresponding conductors {e.g. wires)
20. Typically, corresponding conductors 20 are insulated wires that extend to connector 26

through a stimulation cable 20. In vanious embodiments, stimulation cable 20 extends a short
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distance (e.g. ranging from 11012 inches) so as to aliow the clinician freedom to move the
clinician programmer 60 relative the proximal portion of the lead 30 secured within multichannel
clip 10, This s particularly useful in a testing or verification process that may necessitate
adjustment of the neurostimulation lead 30 while the clinician views testing or verification data
displayed on a handheld clinician programmung device 60 or is observed by a clinician. Such is
the case in a lead placement procedure. Clip 10 can include a ferrule 22 where stimulation cable
20 exits the bottom member 14 so as to stitfen the portion of shmulation cable 20 and better
withstand stresses and fatigue associated with repeated movement of the proximal connector 26

relative the clip 10.

[8067] In this embodiment, multichannel clip 10 further includes a connector holder 13
between the distal portions of movable members that defines a receptacle of lead connector 24 in
which the proximal portion of lead 30 1s received and defines and supports the components of the
lead connector 24, as detailed further below in FIG. 6A. Connector holder 13 1s disposed along
an instde between the distal jaw portions of the opposing members 12, 14 and can mclude
corresponding top and bottom members that are pivotally coupled. PCB assembly 23 can be
secured to a bottom member of connector holder 13, In one aspect, connector holder 13 can be

configured to fittingly receive a particular lead 30

[B068] FIGS. 6A-6B show detail views of each of the lead connector 24 within connector
holder 13 and proximal connecior 26 as well as the corresponding connecting portions of the
lead 30 and the programming device 60. The lead connector 24 1s shown without the pair of
opposing members 12, 14 and associated components for improved visibility of connector holder
13. While each of the connectors in this embodiment illustrate four electrical contacts that
correspond to four separate channels for testing and/or verification of a lead having four
neurostimulation electrodes, 1t is appreciated that the respective could be configured to define
any number of channels. For example, clip 10 could be configured to define fewer channels,
such as two or three channels, or configured to define more channels, such as five channels or

more, as needed for a particular application.

{6069] In some embodiments, clip 10 could be configured with multiple lead connectors
electrically coupled to a single proximal connector, so as to be suitable for use in testing and/or

verification of a neurostimulation system having multiple leads.
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{B076]  As can be seen in FIG. 6A, lead connector 24 is configured to recetve a proximal
connection portion 34 of neurostimulation lead 30, which includes four electrnical contacts 35,
Hach electrical contact 35 corresponds to a different electrode of the distal neurostimulation
electrodes 40. In this embodiment, each of the neurostimulation electrical contacts 35 is defined
as a cyvlindrical electrode band having a concave outside surface that facilitates engagement with
corresponding electrical contacts within clip 10, as well as contacts in a header portion of an [PG
or EPG. Lead connector 24 can be defined with a receptacle that receives proximal connection
portion 35, In this embodiment, connector holder 13 includes an upper jaw 13a and a lower jaw
13b that are movably connected by a pivotal coupling 13d. Upper jaw 13a operably engages
with top opposing member 12 and lower jaw 13b engages with bottom opposing member 14,
respectively, such that when movement of distal jaw portions of movable members 12, 14 toward
one another causes upper and lower jaws 13a, 13b to clamp or clip onto the portion of lead 30
when received within lead connector 24, In some embodiments, upper jaw 13a 1s attached to top
member 12 while lower jaw 13b 15 attached to lower member 13b such that separating distal
portions of movable members 12, 14, n turn, separates upper and lower jaws 13a, 13b to allow
placement of lead 30 within lead connector 24, While connector holder 13 ts depicted as a
separate component coupled to the pair of opposing members, it is appreciated that the connector

holder could be incorporated into the pair of opposing members in some embodiments.

{6671} In vanous embodiments, the receptacle of connector 24 is defined within connector
holder 13, which also supports vanous other components of connector 24. Receptacle can be
defines as a groove 3¢ within one or both of upper and lower jaws 13a, 13b dimensioned to
receive the proximal connection portion 35 of lead 30. Connector holder can further include a
plurality of holes 13d disposed within the receptacle through which the plurality of connector
contacts 25 extend into the groove receptacle so as to electrically engage corresponding electrical
contact bands on the proximal portion of lead 30 when clipped within lead connector 24. PCB
assembly 23 can be coupled to an underside of lower connector holder 13b. While connector
holder 13, along with PCB assernbly 23 defines lead connector 24, the pair of movable members
12, 14 provides a clamping force via urging member 17 sufficient to engage electrical contacts
35 of lead 30 with electrical contacts 25 within lead connector and to retain proximal connecting
portion 34 of lead 30 within lead connector 24. Retention of tead 30 within lead connector 24

can be provided in part by engagement of the electrical contacts 25 within the concave recess of
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the elsctrical contacts 35. In various other embodiments, additional retention features, such as
color, or interfacing features (e.g. pins and holes) can be used to provide further retention of

proximal connecting portion 34 within lead connector 24,

{8072} Ascan be seen in Figure 6B, proximal connector 26 can be defined as a cylindrical
connector plug with multiple electrical contact pins 27 adapted to be recetved within a
corresponding cylindrical connector receptacle 66 of the testing/programmung device 60. In this
embodiment, proximal connector 26 is configured as an ODU Mini-Snap cylindrical connector
plug with at least four elecirical connector pins that correspond to the four channels provided by
clip 10, This type of connector utilizes a snap feature to retain the connector plug within the
connect receptacle 66 and maintain the integrity of the electrical connection during testing and/or

programoung,.

[8073] In various embodiments, each of lead connector 24 and proximal connector 26 are
permanently and fixedly attached to the conductors 21 that define the multiple channels through
the clip. Such a configuration provides a more robust and dependable electrical connection as
compared to conventional methods that require manually connecting J-clips or alligator to
electrical contacts of the lead, which could inadvertently become detached when the
programming device is handled by the chmcian. Such a configuration further improves ease of
use as 1t does not require repeated adjustment and separate attachment of each electrical
connection. Mamtaining consistency and integrity of the electrical connection and improving
ease of use 1s particularly important in methods where electrode testing and vernification must be

repeated multiple times, as 1s the case during a lead placement procedure.

{0074] In one aspect, a body of clip 10 can be formed of a suitable electrically insulating
material, for example a polymeric material, so as to ensure the conductive channels provided by

clip 10 remain separate from one another.

{8075} In yet another aspect, the lead connector 24 can be defined so that the proximal portion
of the lead only fits in a pre-determined orientation. In this embodiment, the receptacle s
defined to receive the proximal portion of the lead 30 in a single orientation, as shown by the
arrow in Figure 5B, Such a configuration helps ensure that the channels provided by stimulation
clip 10 correspond to certain pre-deternuned neurostimulation electrodes of lead 30. For

example, in this embodiment, by configuring lead connector 24 to interface with the proximal
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portton of lead 30 in only one orientation, this ensures that pin #1 of a four pin proximal
connector corresponds to neurostimulation lead #1 of lead 30. It 15 appreciated that such a pre-
determined ortentation would depend on the particular configurations of the device being

coupled via the multichannel clip.

{0076] In various embodiments, multichannel clip 10 includes a graphical indicator 11 to assist
the clinician in connecting the proximal portion of the lead within lead connector 24 in the
proper location and orientation within clip 10. In this embodiment, graphical indicator 11 1s
shown as a graphical representation of the proximal portion 34 of lead 30 on an outer surface of
top opposing member 12 so as to readily viewable by the clinician during attachment to the lead
30. 1t can be appreciated, however, that various other graphical indicators can be used, including

but not himited to a marking, text, arrows, or lights.

[8077] While a pivoting forcep-type clip is described above, 1t 15 appreciated that such a
maultichannel clip could encompass alternative designs. For example, in an alternative
embodiment, clip 10 could include an outer housing with an interior spring-loaded member that
securely engages the proximal portion upon imsertion of the lead 30 within the housing. A
movable lever or button may load the spring-loaded member to displace the member and aliow
removal of the proximal portion of the lead, which can remain loaded until a subsequent
msertion of another lead release the spring loaded member. In vet another alternative
embodiment, multichannel chip could inclade a manual fastener that secures the proxamal portion

of lead in place within lead connector.

{8078} FIGS. 7A-7C illustrate schematics of setups with which multichannel clip 10 can be
used. FIG. 7A illustrates use of a multichannel test chip 10 electrically coupling a multiple
electrical components of a first device 38 with a second device 68 for testing, verification, or
programming of the elecirical components by use of the second device. The first device could
melude any device having multiple electrical components for which testing is desired, which
could include devices used in any number of applications, including but not limited to
electronics, PCRB fabrication, computing, industrial, lighting, geological, biological, and various
research applications. The second device 68 could nclude various test devices suitable for
connection with such a clip, preferably a device contigured for rapid delivery and/or

measurement of electrical signals, such as in a sequencing or multiplexing operation. In some
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embodiments, the second device can further include capability for providing a data output to the
user. Such a test clip 10 can include any of the features and capabilities described herein as

desired for particuiar devices being tested or for particular applications.

[6879] 7B iilustrates use of a multichannel test clip 10 electrically coupling a neurostimulation
lead 30 and a clinician programming device 60, as described previously. Such a configuration is
particularly useful during initial testing or verification of an implanted neurostimulation lead
during a lead placement procedure, but can also be used in an electrode characterization,

programming or re-programming procedure, as desired.

[6080] FIG. 7C schematically illustrates a block diagram of the configuration of the CP 60 and
associated interfaces and internal components. As described above, CP 60 1s typically a tablet
computer with software that runs on a standard operating system. The CP 60 includes a
communtcation module, a stimulation module and an EMG sensing module. The
communication module communicates with the IPG and/or EPG 1n the medical implant
communtcation service frequency band for prograrmming the IPG and/or EPG. As seen in the
figure, CP 60 includes a connector by which a multichannel clip (e.g. 4 channel stim chip) can be
attached. While this configuration reflects CP as a portable user interface display device, such as
a tablet computer, 1t is appreciated that the CP may be mcorporated into various other types of
computing devices, such as a laptop, desktop computer, or a standalone termmal for useina

medical facility.
V. Example Use of MultiChannel Clip in Lead Placement
A, Workflows for Lead Placement with CP

[B081] FIGS. 8A-1, 8A-2, 8A-3 and 8B illustrate schematics of the workflow used in ead
placement and programmuing of the newostimulation system using a CP with EMG assist,
accordance with various embodiments. FIG. 8A-1, 8A-2 and 8A-3 schematically illustrates a
detailed overview of the use of a CP having a graphical user interface for fead placement and
subsequent programming, which may mclude mitial programming and reprogramming. FIG. 8B
dlustrates a CP graphical user interface screen representation schematic of workflow that

includes the various setups and connections associated with each step.

B. Neurestimulation Lead Placement with EMG
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{0082] Placement of the neurostimulation lead requires localization of the targeted nerve and
subsequent positioning of the neurostimulation lead at the target location. Typically, neural
localization of the targeted nerve 1s performed by use of a foramen needle that is positioned at
various locations and stimulated until an neuromuscular response is observed that is indicative of

stimulation at the targeted nerve location.

{8083} In certain embodiments, EMG can be used to improve the accuracy and resolution of
neural localization with the foramen needle as well as to improve consistency and ease of
performing each of neural localization and lead placement, as well as subsequent programming
of the implanted neurostimulation system. EMG sensors are placed on the patient in a manner so
as to record neuromuscular responses associated with a desired muscle movement. The key
responses indicative of well-placed sacral nerve stimulation for urinary and fecal dysfunctions
are the “big toe response” and the “anal bellows.” The big toe response is the plantar flexion of
the big toe. Such an approach 1s made feasible by integration of EMG recording, display and
analysis with the CP, which 1s operatively coupled with the neurostimulation lead and used
during lead placement and subsequent programming. [n another aspect, automation of these
aspects within the CP can further reduce the duration and complexity of the procedure and
mmprove consistency of outcomes. For example, astomation of electrode threshold
deternunations based on EMG responses can provide rapid feedback during tead placement and
to identity optimal programming parameters. These advantages are further realized by use of a
multichannel clip that allows test stimulations to be repeated or sequenced in a fairly rapid
fashion. 1t is understood that some test stimufations may require a certain brief period of time
before a characteristic or a neuromuscular response can be recorded. Regardless, use of a
multichannel clip allows for testing and verification in a manner considerably faster than a

clinician could manually connect each individual electrical contact by a j-clip or alligator clip.

{8084} FIG. 9 dllustrates a system setup for neural localization and lead placement using EMG
response, as described above. As can be seen, several cable sets are connected to the CP 60,
The stimulation cable set consists of one stimulation nuni-clip 3 and one ground patch 3. Itis
used with a foramen needle 1 to locate the sacral nerve and verify the integrity of the nerve via
test sumulation. Another stimulation cable set with four stimulation channels 2 1s used to venify

the lead position with a tined stimulation lead 20 duning the staged trial. Both cable sets are
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sterilizable as they will be in the sterile field. A total of five over-the-shelf sensing electrode
patches 4 (e.g., two sensing electrode pairs for each sensing spot and one common ground patch)
are provided for EMG sensing at two different muscle groups (e.g., perineal musculature and big
toe) stmultaneously during the lead placement procedure. This provides the clinician with a
convenient all-in-one setup via the EMG integrated CP. Typically, only one electrode set (e g,
two sensing electrodes and one ground patch) i1s needed for detecting an EMG signal on the big
toe during an mitial electrode configuration and/or re-programming session. Placement of the
EMG patches on the patient for detection of an EMG waveform are shown in FIGS. 17A and
178, which illustrate patch placement for detection of big toe response and anal bellow response,

respectively.

[6085] In one aspect, the EMG signal 1s used to evaluate placement quality and programming
quality based on stmulation amplitude to evoke a response. The EMG responses are measured
based on one of several approaches for guantifying the compound muscle action potential
(CMAP). In other embodiments, stimulation automatically mnereases until an EMG response s
observed. While this electrode configuration and programming 1s typically conducted while the
neurostimulation lead 1s attached to an EPG or IPG, it can also be performed by stimulating the
neurcstimulation lead with the CP via a multichannel clip, m accordance with aspects of the

mvention.

[6086] After neural localization is complete, the neurostimulation lead 15 advanced to the target
location identified during neural localization with the foramen needle. Typically, a
neurostimulation lead mmclude multiple electrodes along a distal portion of the lead, as can be
seen i FIG. 4, such that there are various differing positions along which the lead can be placed
at or near the target location. For example, as shown in FIGS. 10, the lead can be advanced “too
deep” beyond the targeted nerve, can be placed “too shallow.” In another example, the lead can
be tilted or angled such that the distal or proximal electrodes are spaced too far away from the
target nerve. The neurostimulation lead can be re-positioned along various differing paths within
the three-dimensional space of the implantation site to an optimal location and alignment by
advancing or retracting the lead along the insertion axis and/or steering the lead in a lateral
direction from the insertion axis as needed.  While it is desirable for all four electrodes to be 1n

an optimal location, three out of four electrodes being 1n acceptable proxinuty fo the target nerve
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to deliver neurostimulation therapy is generally acceptable. Determining an actual location of
the lead, however, can be difficult and time-consuming using conventional methods of manualily
adjusting the stimulation on each electrode separately and relying on observation of the muscle
responses after each stimulation. Fluoroscopy 1s an often used tool to venify lead position against
anatomical landmarks, however, this approach is not very effective since nerves are not visible

under fluoroscopy.

[6087] In one aspect, the system provides improved lead placement by determining lead
position of a multi-electrode lead relative the target nerve with EMG using an electrode
sweeping process. This system connects the lead to the CP with a multichannel clip {e.g. a four-
channel clip). The clip allows the system to energize each electrode in rapid succession without
requiring separate attachment and detachment on each electrode with a J-clip or alligator shp,
such as 1s used in convention methods. This aspect 1s advantageous since utilization of a J-clip
or alligator clip to make contacts to tightly pitched electrode 1s difficult and tume consunung and
could potentially result in movement of the tead durning testing. Thus, use of a clip as described

here facilitates fine tumng of lead placement that would prove difficult without such a chip.

[BO88] In the sweeping process, the system 1dentifies a principal electrode. This may be a
default selection by the system or sefected by the physician using the CP. The stimulation of the
principal electrode 1s adjusted unti] an adequate motor response with a maximum amplitude
CMAP 1s obtamed at which point the stimulation level or amplitude 1s recorded. The gsystem
then sweeps through all the remaining electrodes of the lead with the same stimulation level and
records the EMG responses from each electrode. Typically, the sweeping process is performed
rapidly. For example each contact can be stimulated individually at the same stimulation level
for 1 second such that the entire sweeping cycle can be conducied in about 4-5 seconds for a
four-electrode lead. The system can determine responses for each electrode that can be used to
indicate the relative distances of each electrode from the target nerve, which may also be
recorded for subsequent use in programming of the EPG or IPG. There are several options as to
how this sweeping process can be used to facilitate fine tuning of lead placement, including the

following two options.

{8089} Option 1: In one approach, the EMG response value for each electrode can be

indicated on a graphical user interface display of the clinician programmer. For example, the
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response value can be indicated by color coding the electrodes on the display (see FIG. 14D} or
by bars or boxes displaved next to each electrode on the Electrode Status Indicator 64 (see FIG.
12A). These indicators readily communicate the robustness of the EM( response achieved at
each electrode to the clinician. In one aspect, each electrode may be assigned an R-value, where
the R-value s a unit-less number, derived from each electrode’s EMG peak CMAP amplitude
recorded during the sweeping process, and normalized relative to that of the principal electrode
selected by the clinician. In some embodiments, an R-value > 0.5 1s deemed a “good” location
(e.g. color coded green; R-value of 1 or higher is preferable); an electrode with an R-value that is

3

0.25 <r < 0.5 is deemed “not ideal” (e.g. color coded yellow); and an electrode with an R-value

that 1s r < 0.25 15 deemed not acceptable {e.g. color coded red).

[6090] Option 2: In another approach, the response value 1s 1llustrated 1n terms of the distance
to the target nerve determuned based on the relative response value of each electrode. In one
aspect, the R-values may be converted to relative distance which allows for ready mterpretation
of a relative position of the electrode to the target nerve. Examples of these R-value and distance

curves in regard to differing positions of the leads are desceribed m FIGS. 10-11L as follows.

[B091]  FIG. 10 dlustrates initial placement of the neurostimulation lead 20 along the path, the
fead 20 including four neurostimulation electrodes 40, electrode #0-3, from electrode #0, the
distal most electrode to electrode #3, the proximal most electrode. In one aspect, the “optimal
iead position” for newrostimulation treatment is one in which each of the neurostimulation
electrodes 40 are adjacent the targeted nerve {&.g. 83 sacral nerve) along the electrode portion 40.
If the lead is not advance far enough, the lead position is “too shallow” such that only the more
proximal electrodes (e.g. 0, 1) are adjacent the targeted nerve. If the lead is advanced too far, the
lead position 1s “too deep” such that only the more proximal electrodes (e.g. 2, 3) are adjacent

the targeted nerve and the more distal electrodes have been advanced beyond the target location.

{6092} The axial position of the lead refative the target nerve can be reflected using the R-
values for each electrode obtained during sweeping. If the lead is too shallow, the R-value curves
obtained may resemble FIG. 11 A if the R-values were keyed off of electrode #3, the most
proximal electrode. This curve is converted to the distance curve shown in FIG. 11B, which
indicates that elecirodes #3 and #2 are unacceptably far from the target nerve. In response to this

curve, in some cases, combined with fluoroscopy 1mages (showing the relative position of lead
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and anatomic landmarks), the physician may determine and/or the system may suggest o the
physician, such as by indicator on the CP, to insert the lead deeper. The sweeping process can be
repeated and new R-value and distance curves obtained until distance curves indicate a more
optimal position of the lead, such as that shown i FIG. 11C for example. If the lead is
positioned “too deep”, the R-value curves obtained may resemble that in FIG. 11D if the R-
values were keved off of electrode #3. The R-value curve converts to the distance curve shown
m F1G. 11E, which indicates that electrodes #0 and #1 are unacceptably far from the target
nerve. In response to this curve, in some cases, combined with fluoroscopy 1mages (showing the
relative position of lead and anatonuc landmarks), the physician may determine and/or the
system may suggest to the physician, such as by indicator on the CP, to pull the lead back. The
sweeping process can then be repeated and new R-value and distance curves obtained until
distance curves ndicate a more optimal position of the lead, such as that shown 1 FIG. 11F for

example.

[B093] I the lead 15 too shallow, the R-value curves obtained may resemble FIG. 11G 1f the
R-values were keyed off of electrode #0, the most distal electrode. This curve 1s converted to the
distance curve shown m FIG. 11H, which indicates that electrodes #3 and #2 are unacceptably
far from the target nerve. In response to this curve, 1n some cases, combined with fluoroscopy
images (showing the relative position of lead and anatomic landmarks), the physician may
determine and/or the system may suggest to the physician, such as by indicator on the {P, to
msert the lead desper. The sweeping process can be repeated and new R-value and distance
curves obtained until distance curves indicate a more optimal position of the lead, such as that
shown in FIG. 111 for example. If the lead is positioned “too deep”, the R-value curves obtained
may resemble that in FIG. 11]J 1f the R-values were keyed off of electrode #0. The R-value curve
converts to the distance curve shown in FI1G. 11K, which indicates that electrodes #2 and #3 are
unacceptably close from the target nerve. In response to this curve, in some cases, combined
with fluoroscopy images (showing the relative position of fead and anatomic landmarks), the
physician may deternune and/or the system may suggest to the physician, such as by indicator on
the CP, to pull the lead back. The sweeping process can then be repeated and new R-value and
distance curves obtained unti] distance curves indicate a more optimal position of the lead, such
as that shown in FIG. 11L for example. Generally, the shape of the curves FIGS. 11A-L provide

a visual representation that aid 1o optimal lead placement. Optimal lead placement comprises R-
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vales in a similar range and/or robust EMG responses at reasonable stimulation amplitudes. For
example, similar R-values but low EMG responses at high stimulation amplitudes alert the
clinician that the lead needs to be re-positioned closer to the target nerve region. The
combination of R-values, trial and error, and fluoroscopic imaging aid in optimal lead

positioning, such as axial and/or lateral adjustments of the lead.

{8094} [n some embodiments, the R-value and/or distance curves may be determined by the
system and used to communicate a suggestion to the clinician, such as with the CP, as to whether
the lead should be advanced, retracted or steered. In other embodiments, the R-values and/or the
associated curves may be displayed on a graphical user interface of the CP so as to provide a
visual indicator of the robustness of each electrode and/or 1ts relative location. In one aspect, a
suitable lead position 1s one m which at least three ot the four electrodes are disposed adjacent to

and along the targeted nerve.

[6095]  In vanious embodiments, as shown in Figure 12A-12B for example, a graphical user
interface of the CP 60 can be used to display electrode testing and/or verification results to a
clinician during an initial lead placement procedure, 1n accordance with various embodiments,
The CP 60 interface can mclude EMG waveform displays 61 used to monitor a desired
neurcmuscular response, an Amphitude display 66 and an Flectrode Status Indicator 64, which
during lead placement includes a representation of the electrode portion of the lead 20. The
EMG waveform display 61 mncludes two waveform displays, an Anal Bellows EMG display 62,
which is coupled with EMG 1 patch, and a Big Toe EMG display 63 coupled with EMG 2
patches adhered on the patient’s foot. In this procedure, the EMG signal is used to evaluate
placement quality based on stimulation amplitude to evoke a response. In some embodiments,
the user selects the amplitude and presses “stimulate,” after which each electrode 1s stimulated
for one second. The user determines if the response amplitudes are acceptable. In other
embodiments, the system automatically increases until a self-determined level s reached or until
a pre-determined EMG response 1s recorded. In some embodiments, amplitude adjustment can
be done in auto-adjusting increments, as described previously. The system may provide a
suggestion as to a direction to move the lead if the responses are unacceptable. In various
embodiments, the responsiveness of each electrode may be graphically represented, for example

by bars or boxes to the right of each electrode in the graphical representation of the lead in the
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Electrode Status Indicator 64. In this example, boxes to right of each contact represent the EMG
value {e.g., peak value) for that contact as follows: open square (<50uV), 1 closed square (50-
100uV}, 2 closed squares (100-150uV}, and 3 closed squares (150+uV). A visual indicator that
the more distal electrodes (electrode #0 1) have sub-optimal EMG peak values may
communicate to the clinician that the lead needs to be pulled back proximally until at least three
of the four electrodes, preferably all electrodes, have acceptable EMG peak values (e.g. 3 closed

square at 156+uV).

[8096] After selection of a principal electrode, the CP performs a test stimulation on the 4-
channel lead via the multichannel chip, which 1s typically a quick check across all electrodes of
the lead (e.g., sweep). In one aspect, the CP records the EMG waveform displays 62 and 63 and
the amplitude threshold reading for each selected electrode during this test stimulation. From
this test stimulation, the CP 60 may display the suitability of each electrode for neurostimulation
in the electrode status display 64 on the user display of the CP, for example, by a color coding or
other suitable indicator. The electrode may be marginal or unsuitable for use as a cathode based
on either or both of the amplitude threshold being too high or based on lack of response n the
EMG. Another mdicator can be provided on the user display of the CP that communicates to the
climician that the fead needs to be advanced distally. After adjustment of the lead by the
clinician, the process can be repeated until at least three of the four electrodes have green
indications to denote optimal positioning. Clearly, a method that relies on an iterative process
for fine-tuning placement of the neurostimulation lead is advanced by use of a multichannel clip
that allow the relative positions of the electrodes relative the target tissue area to be deternmined

and/or verified in a relatively rapid manner.
. Validation of Lead Placement

{8097] In another aspect, the CP can validate lead placement by testing for stimulation
thresholds for each electrode of the four channel lead. The CP increases the stimulation level of
the selected electrode and records the magnitude of the EMG response, which can appears in the
EMG waveform displays 61 on the graphical user interface of the CP 60. The stimulation 15
mcreased until a pre-determined or desired EMG response threshold is reached, at which point
the amplitude is recorded and displayed on the electrode status display 64 next to the subject

electrode. Optionally, the response for each electrode can be characterized at this time and
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recorded for use in subsequent programming. The above process is repeated for each electrode.
If the threshold amplitude 18 outside a suitable range of amplitude thresholds, the amplitude may
be designated as marginal or unsuitable for use as a cathode in neurostimulation. Designations
may be made by visual mdicators, such as color coding {e.g. green, orange, red) to indicate

suitability of the selected electrode for use as a cathode in a neurostimulation treatment.

{8098} In one aspect, the CP 60 connects to the EPG/IPG and establishes communication,
which may be indicated on the graphical user interface as well. The CP can obtain and review
EPG/IPG device info and record the stimulation levels on the EPG/IPG and/or associate the
EPG/IPG with the recorded stimulation levels. The graphical user interface may include a
Threshold Detail Display that displays a summary of EMG motor responses, as well as recorded

sensory responses and amplitude thresholds.

[8099] In order to confirm correct lead placement, it 1s desirable for the physician to confirm
that the patient has both adequate motor and sensory responses before transitioning the patient
into the staged trial phase or implanting the permanent IPG. However, sensory response is a
subjective evaluation and may not alwavs be available, such as when the patient 1s under general
anesthesia. Experiments have shown that demonstrating appropriate motor responses 1S
advantageous for accurate placement, even if sensory responses are available. As discussed
above, EMG 1s a tool which records electrical activity of skeletal muscles. This sensing feature
provides an objective criterion for the chnician to determine 1f the sacral nerve stimulation
results in adequate motor response rather than relving solely on subjective sensory criteria. EMG
can be used not only to venty optimal lead position during lead placement, but also to provide a
standardized and more accurate approach to determine electrode thresholds, which in tum
provides quantitative information supporting electrode selection for subsequent determinations
of electrode recommendation and programming, discussed m further detail below. Using EMG
to verify activation of motor responses can further improve the lead placement performance of
less experienced operators and allow such physicians to perform lead placement with confidence
and greater accuracy. Advantageously, as the positioning and programming functionality are
mtegrated in many embodiments of the chinician programmer, at least some of the validation
thresholds may be correlated to the subsequent stimulation programuning, so that (for example)

positioning s validated for a particular programmung protocol to be used with that patient.
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Regardiess, stimulation programming protocols may employ EMG data obtained during lead
positioning or validation to more efficiently derive suitable neurostimulation treatment

parameters for that patient.

[{80108] FI1G. 13 depicts a graphical user interface display of the CP 60 that allows the chinician
to select whether the CP 1s connected to neurostimulation lead 30 via multichannel test clip or
wirelessly through the IPG or EPG coupled to the lead 30, The physician can also confirm this
by viewing the device info in subsequent screens displayed on the CP. In various figures and
sections herein, multichannel clip 10 is referred to as Stim Clip or Stim Cable, which appears in

the user interface in of CP in Figure 13
V1. Example Methods of Use

{60101] FIGS. 14-16 ilustrate example methods of using a multichannel clip in accordance with
embodiments of the invention. As described i FIG. 14, the methods herein can apply to
coupling electrical components of various differing types of devices to a single test device to
allow rapid testing of multiple components without requiring a user to separately attach electrical
contacts for each component to a probe or test device. Such methods herein are particularly
advantageous when used in testing or verifying of multiple neurostimulation electrodes of an
implanted neurostimulation lead that 1s performed in site with a clinician programmer, as
described 1 the method of FIG. 14, in particular during a lead placement procedure, as detailed

in the method of FIG. 16,

[80102] FIG. 14 depicts a method of testing, venfying or programming a first device having
multiple electrical components. The method includes steps of. Electrically connecting a distal
connector of a multichannel clip with a portion of a first device having multiple electrical
contacts corresponding to multiple electrical components of the device 110, Electrically
connecting a proximal connector of the multichannel clip with a corresponding connector of a
second device configured for testing and/or programming 120 and Performing a testing,
verification or programming procedure of the multiple electrical components with the second
device by delivering stimulation individually to the multiple electrical components via multiple
separate channels provided by the multichannel clip electrically coupling the first and second

devices 130.
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{B0103] FIG. 15 depicts a method of testing, vertfying or programming multiple
neurostimulation elecirodes of an implanted lead in situ with a clinician programmer device viaa
multichannel test chip in accordance with various embodiments. The method includes steps of’
Electrically connecting a lead connector of a multichannel clip with a proximal portion of an
implantable neurostimulation lead having multiple electrical contacts corresponding to multiple
neurostimulation electrodes on a distal portion of the lead 210, Electrically connecting a
proximal connector of the multichannel clip with a corresponding connector of a testing or
programming device 220, and Performing a testing, verification or programming procedure of
the implanted neurostimulation lead 1o situ by delivening stimulation individually to multiple
neurostimulation electrodes of the lead via multiple separate channel provided by the

maultichannel clip coupled to each of the lead and the device 230,

[00104] FIG. 16 depicts a method of placing a neurostimulation lead in a patient with a clinician
programmer electrically coupled with the lead via a multichannel clip in accordance with various
embodiments. The method includes steps of Implanting a neurostimulation fead in a patient so
that a plurality of newrostimuldation lead are positioned near a target tissue 310, Connecting &
proximal portion of the lead with a lead connector of a multichannel chip such that a plurahity of
electrical contacts on the proximal portion of the lead, which correspond to the distal
neurostimulation electrodes, electrically couple with connector contacts of the connector 320,
Connecting a proximal connector of the multichannel clip to a corresponding connector of a
clinician programmer device, thereby establishing multiple separate channels between each of
the distal nevrostimulation leads and the clinician programmer 330, Delivering stimulation to
multiple neurostimulation electrodes in situ with the clinician programmer via the multiple
channels of the clip without modifying the connections of the chip 340, Adjusting a position of
the implanted neurostimulation lead based on a characteristic of one or more of the stimulations
of each of the multiple neurostimulation electrodes measured by the clinician programmer and/or
observed by the clinician 350, and Delivering stimulation to multiple neurostimulation electrodes
in situ with the clinician programmer via the multiple channels of the clip without modifying the

connections of the clip to verify lead placement or assess need for further adjustment 360,

[001905] In the foregoing specification, the invention 1s described with reference to specific

embodiments thereof, but those skilled in the art will recognize that the invention is not limuted
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thereto. Various features and aspects of the above-described invention can be used mdividually
or jointly. Further, the invention can be utilized in any number of environments and applications
beyond those described herein without departing from the broader spirit and scope of the
specification. The specification and drawings are, accordingly, to be regarded as illustrative
rather than restrictive. It will be recognized that the terms “comprising,” “including,” and

“having.” as used herein, are specifically intended to be read as open-ended terms of art.
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WHATIS CLAIMED IS:

1. A multichannel clip for testing of a plurality of electrical components of a
first device, the clip comprising:

a pair of opposing members that are pivotally coupled so as to be movable
between an open position and closed position such that, in the open position, the opposing
members are spaced apart o receive a contact portion of the first device therebetween, the
contact portion having contacts electrically coupled with the plurality of electrical components
and, inn the closed position, the opposing members are positioned adjacent each other to secure
the contact portion of the first device therebetween;

a plurality of electrical contacts positioned on an inside surface between the
opposing members so as o electrically couple with the plurality of electrical contacts on the
portion of the first device secured between the opposing members in the closed position; and

a stimulation cable having a plurality of conductors extending therethrough
electrically coupling the plurality of electrical contacts of the clip to a proximal cable connector,
the proximal cable connector having a plurality of connector contacts and configured for
electrically coupling with a second device,

wheremn the plurality of conductors correspond to the plurality of electrical
contacts of the clip such that each of conductors provides a separate channel between a
respeciive electrical component of the plurality and the second device s0 as to allow testing of
each of the plurality of electrical components of the first device with the second device via the

clip.

2. The multichannel clip of claim 1, wherein the stimulation cable and

associated proximal cable connector are permanently and fixedly attached to the test-clip.

2

3. The multichannel clip of any of the preceding claims, wherein the plurality

of connector contacts comprise a plurality of pins.

4. The multichannel clip of claim 3, wherein the proximal cable connector
and the plurality of pins disposed within are configured in accordance with a connector standard

compatible for connection with the second device.

)
3
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5. The multichannel clip of any of the preceding claims, wherein the

proximal connector is configured according to a connector standard.

6. The multichannel clip of any of the preceding claims, wherein the
opposing members define a pair of jaws that are biased toward the closed position by one or

more springs.

7. The multichannel clip of any of the preceding claims, wherein each of the
pair of opposing members includes a handle, wherein at least one handle of the pair of opposing
members includes a gripping surface to facilitate manual actuation of the clip with a single hand

of a user.

8. The multichannel clip of any of the preceding clamms, further comprising:

a connector holder disposed between the pair of opposing members.

9. The multichannel clip of claim 8, wherein the connector holder includes
top and bottom portions that are pivotally coupled such that the top and bottom portions engage

the portion of the first device when the opposing members are in the closed position.

10. The multichannel clip of claim 9, wherein the connector holder 1s molded

to correspond to a shape of the contact portion of the first device being secured within the clip.

11 The multichannel clip of claim 10, wherein the connector holder s molded
asymmetrically so as to only receive the portion of the first device in a pre-determined

orientation.

12, The multichannel clip of any of the preceding claims, further including:
a graphical representation viewable by a user that indicates a desired position
and/or orientation of the portion of the contact portion of the first device within the clip to assist

a user in placement of the portion of the first device within the clip.

13 The multichannel clip of any of the preceding claims, wheremn the first
device 15 a neurostimulation device and the electrical components are neurostimulation

electrodes of the neurostimulation device.



LW b2

(¥

3]

SWwW

Uy

WO 2017/127578 PCT/US2017/014188

14. The multichannel clip of any of the preceding claims, wherein the plurality
of electrical contacts of the clip are defined by a plarality of electrical pins mounted on a printed

circuit board disposed within one of the pair of opposing members.

15. The multichannel clip of claim 14, wherein a connector holder disposed
between the pair of opposing members includes a plurality of openings through which the
plurality of electrical pins extend s0 as to engage the plurality of electrical contacts on the
contact portion of the first device when secured between the pair of opposing members 1n the

closed position.

16. The multichannel clip of any of the preceding claims, wherein the plurality
of electrical contacts of the clip are positioned in an arrangement that corresponds to that of the

electrical contacts on the contact portion of the first device.

17. A multichanne! clip for use in testing of a plurality of electrodes in a first
device, the clip comprising:

a pair of jaws pivotallv coupled and movable between an open position in which a
distal portion of each of the jaws are spaced apart and a closed position in which the jaws secure
a contact portion of the first device therebetween, the portion having a plurality of electrical
contacts corresponding to a plurality of electrodes of the first device;

a plurality of electrical contacts positioned within the clip so as to electrically
couple with the plurality of electrical contacts on the contact portion of the first device when
secured between the pair of jaws n the closed position;

a manually operable actuator for facilitating movement of the pair of jaws
between the closed position and the open position to facilitate removal of the contact portion of
the first device from the closed position; and

a stimulation cable having a plurality of conductors extending therethrough
electrically coupling the plurality of electrical contacts to a proximal cable connector, wherein
the proxamal cable connector includes a plurality of connector contacts and is configured for
connection with a programming device, wherein the plurality of conductors correspond to the
plurality of electrical contacts of the clip such that each of conductors provides a separate

channel between the plurality of electrodes of the first device and the programming device.
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18. The multichannel clip of claim 17, wherein the plurality of electrical
contacts of the clip are concurrently electrically coupled with the plurality of electrical contacts
of the first device portion when secured in the closed position and wherein the stimulation cable
and proximal cable end connector are permanently and fixedly attached to the test-clip such that
a user can stimulate the plurality of electrodes concurrently or in a rapid sequence with the
programming device without adjusting any electrical connections of the clip between

stimulations.

19. A multichannel clip for use in testing of a plurality of electrical
components of a first device, the clip comprising:

a chip having a first portion and a second portion movable relative each other
between an open position in which the top and bottom portions are spaced apart and a closed
position in which the top and bottom portions are urged towards each other, the open position
being suitable for receiving a contact portion of a first device, the portion having a plurality of
electrical contacts corresponding to a plurality of electrical components of the first device, and
the closed position being suitable for securing the contact portion of the first device between the
first and second portions;

a plurality of electrical contacts positioned so as to electrically couple with the
plurality of electrical contacts on the contact portion of the first device when secured between the
first and second portions n the closed position; and

a stimulation cable having a plurality of conductors extending therethrough
electrically coupling the plurality of electrical contacts to a proximal cable connector, wherein
the proximal cable connector includes a plurality of connector contacts and is configured for
electrically coupling with a second device so as to allow verification and/or testing of each of the
plurality of electrical components of the first device with the second device when coupled to the

connector.

20. The multichannel clip of claim 19, further comprising:
a manually operable actuation mechanism that effects movement of the first and
second portions of the clip relative each other when 1n the closed position so as to facilitate

release of the contact portion of the first device from the clip.
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21 A method of verifving and/or testing a plurality of electrical components
of a first device, the method comprising:

providing a multichannel clip having opposing members movable between an
open posttion and a closed position;

securing a contact portion of a first device between opposing members of the clip
in the closed position, wherein the clip includes a plurality of connector contacts disposed along
an inside surface between the opposing members so as to electrically couple with a plurality of
electrical contacts of the first device that correspond to the plurality of electrical components;

connecting a proximal cable connector of the clip to a corresponding connector of
a second device, wherein the proximal cable connector 1s a multichannel connector having a
plurality of connector contacts that correspond to and are electrically coupled with the plurality
of connector contacts disposed between the opposing members via a plurality of electrical
conductors such that the clip provides a separate channel between each of the plurality of
electrical components of the first device and the second device; and

verifying and/or testing each of the plurality of electrical components of the first
device with the second device via the multichannel clip closed on the contact portion of the first

device remains secured between opposing members and connected to the second device.

22, The method of claim 21, wherein verifying and/or testing each of the
plurality of elecirical components comprises communicating, stimulating and/or measuring

fa=b il

through the separate channels provided by the multichannel clip.

23. The method of any of claims 21-22, wherein the communicating,
stimulating and/or measuring through the separate channels occurs concurrently.

~5

24. The method of any of claims 21-23, wherein verifying and/or testing each
of the plurality of electrical components comprises multi-plexing through the separate channels

with the second device.

25, The method of any of claims 21-24, wherein multi-plexing through the
separate channels with the second device utilizes a pre-determined programmable instruction

stored on a readable memory accessed by the second device.
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26. The method of any of claims 21-25, wherein verifying and/or testing
comprises communicating with a third device communicatively coupled with the multichannel

chip.

27. The method of claim 26, wherein the second device comprises a power
source and/or measuring device and the third device comprises a control device and/or

programming device.

28. The method of any of claims 21-27, further comprising:
manually actuating an actuation mechanism of the clip to effect removal of the

portion of the first device from the opposing members of the clip.

29. The method of any of claims 21-28, wherein verification and/or testing of
each of the plurality of electrical components of the first device s carried out without re-

positioning or re-adjusting the multichannel clip.

30. A multichannel test clip for testing of a neurostimulation lead, the test clip
COmprising;

a pair of opposing members pivotally coupled together, each member having a

jaw along a distal portion thereof and a handle along a proximal portion thereof, the pair of

members being movable by manual articulation of the handles between an open position 1n
which opposing jaws are spaced apart to receive a proximal portion of the neurostimulation lead
and a closed position in which opposing jaws are adjacent one another, wherein the pair of
opposing members are biased by an urging member towards the closed position so as to secure
the proximal end of the lead between opposing jaws when n the closed position;

a lead connector disposed along an mside of opposing jaws of the pair of
opposing members and having a plurality of electrical contacts arranged so as to electrically
couple with a plurality of electrical contacts on the proximal end of the lead when secured
between the opposing jaws in the closed position, wherein the plurality of electrical contacts of
the lead correspond to a plurality of neurostimuliation electrodes on a distal portion of the lead;

a proximal cable connector having a plurality of connector contacts that

correspond to the plurality of electrical contacts of the lead connector, the proximal cable
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connector being configured for electrically coupling with a corresponding connector of a
programming device; and

a stimulation cable having a plurality of conductors extending therethrough and
electrically coupling corresponding electrical contacts of the lead connector and the proximal
connector so as to provide a separate channel between a respective neurostimulation electrode of
the lead and the programming device to allow testing of each of the plurality of neurostimulation

electrodes with the programming device.

31 The multichannel test clip of claim 30, wherein the stimulation cable and

associated proximal cable connector are permanently and fixedly attached to the test-clip.

32. The multichannel test clip of any of claims 30-31, wherein the plurality of
contacts comprise a plurality of pins disposed configured in accordance with a connector
standard or type that 1s compatible for connection with the programmuing device, such as an ODU

Mini-Snap cylindrical connector plug.

33, The multichannel test clip of any of claims 30-32, wherein the opposing
jaws are biased toward the clarmped position by a spring extending between respective handles of

the pair of opposing members.

34 The multichannel test clip of any of claims 30-33, wherein the opposing
jaws further include a connector holder disposed inside the opposing jaws and dimensioned to

receive the proximal end of the neurostimulation lead theremn.

3S. The multichannel test clip of any of claims 30-34, wherein the connector
holder includes top and bottom portions that are pivetally coupled such that the top and bottom
portions engage the proximal end of the lead when the opposing jaws are in the closed position
and mcludes a groove for receiving the proximal portion of the neurostimulation lead, the
proximal portion of the neurostimulation lead being substantially cylindrical, optionally the
groove is defined such that the proximal end of the lead 1s insertable from only one side such that
each channel corresponds to a pre-determined neurostimudation electrode of the lead when the

clip 1s closed on the proximal end of the lead.

36. The multichannel test clip of any of claims 30-35, further including:

o
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a graphical representation viewable by a user that indicates a desired position
and/or orientation of the proximal end of the lead within the clip so as to assist a user in

placement of the proximal end of the lead within the clip.

37. The multichannel test clip of any of claims 30-36, wherein the clip is
adapted for use with a four electrode neurostimulation fead, the plurality of electrical contact
comprising four electrical contacts corresponding to tour separate channels for testing of the four

electrode neurostimulation lead with the programing device.

38. A multichannel! test clip for use in testing a neurostimulation lead, the test
clip comprising:

a pair of jaws pivotally coupled and movable between an open position in which a
distal portion of each of the jaws are spaced apart and a closed position in which the jaws secure
a proximal end of the neurostimulation lead positioned therebetween, the proximal end of the
lead having a plurality of electrical contacts corresponding to a plurality of neurostimulation
electrodes oo a distal portion of the lead;

a plurality of electrical contacts positioned within the chip so as to electrically
couple with the plurality of electrical contacts on the proximal end of the lead when secured
between the pair of jaws 1n the closed position;

a manually operable actuator for facilitating movement of the pawr of jaws
between the closed position and the open position to facilitate removal of the lead from the
closed position; and

a stimulation cable having a plurality of conductors extending therethrough
electrically coupling the plurality of electrical contacts to a proximal cable connector, wherein
the proximal cable end connector includes a plurality of connector contacts and is configured for
connection with a programming device, wherein the plurality of conductors correspond to the
plurality of electrical contacts of the clip such that each of conductors provides a separate and
independent channel between a respective distal neurostimulation electrode of the lead and the

programuming device.

39. The multichannel test clip of claim 38, wherein the plurality of electrical
contacts of the clip are concurrently electrically coupled with the plurality of elecirical contacts

of the neurostimulation lead when secured in the closed position and wherein the stimulation
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cable and proximal cable end connector are permanently and fixedly attached to the test-clip
such that a user can stimulate the plurality of neurostimulation leads concurrently or in a rapid
sequence with the programming device without adjusting any electrical connections of the clip

between stimulations.

40, A muldtichannel test clip for use in testing of 3 neurostimulation lead, the
test clip comprising!

a chip having a first portion and a second portion movable relative each other
between an open position in which the top and bottom portions are spaced apart and a closed
position in which the top and bottom portions are urged towards each other, the open position
being suitable for receiving a proximal end of the neurostimulation lead having a plurality of
electrical contacts corresponding to a plurality of neurostimulation electrodes on a distal portion
of the lead, and the closed position being suitable for securing the proximal end of the lead
between the first and second portions;

a plurality of electrical contacts positioned so as to electrically couple with the
plurality of electrical contacts on the proximal end of the lead when secured between the first and
second portions i the closed position; and

a stimulation cable having a plurality of conductors extending therethrough
electrically coupling the plurality of electrical contacts to a proximal cable connector, wherein
the proximal cable connector includes a plurality of connector contacts and is configured for
electrically coupling with a programming device so as to allow verification and/or testing of each
of the distal neurostimulation electrodes with the programming device when coupled to the

connector.

41. The multichannel test clip of claim 40, further comprising:
a manually operable actuation mechanism that effects movement of the first and
second portions relative each other when m the closed position so as to facilitate release of the

proximal portion of the neurostimulation lead from the clip.
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Electrically connecting a distal connector of a multichannel clip
with a portion of a first device having multiple electrical contacts //
corresponding to mulkltiple electrical componenis of the device

110

N4
Electrically connecting a proximal connector of the multichannel 120
clip with a cormresponding connector of a second device /

configured for testing and/or programming

N
Performing a festing, verification or programming procedure of
the multiple electrical components with the second device by
delivering stimulation individually 1o the multiple electrical /
components via multiple separate channels provided by the
multichannel clip electrically coupling the first and second devices
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Electrically connecting a lead connector of a multichannel clip /210

with a proximal portion of an implantable neurostimulation lead
having multiple electrical contacls corrasponding to multiple
neurostimulation electrodes on a distal portion of the lead

220

Electrically connecting a proximal connector of the multichannei //
clip with a corresponding connector of g testing or programiming
device

Y
Performing a testing, verification or programming procedure of
the implanted neurostimulation lead in situ by delivering
stimuiation individually to multiple neurostimulation electrodes of //
the lead via multiple separate channel provided by the
multichannel clip coupled to each of the lead and the device

230
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310

implanting a neurostimulation lead in a patient so that g plurality /
of neurostimulation lead are positioned near a target tissue

N

Connecting a proximal portion of the lead with & lead connector

of & multichannel clip such that a plurality of electrical contacts on 320

the proximal poriion of the lead, which correspond io the distal /

neurostimulation electrodes, electrically couple with connector
contacts of the connector

\d
Connecting a proximal connector of the multichannel clip to a 230
corresponding connector of a clinician programmer device,
thereby establishing multiple separate channels between each of
the distal neurostimulation leads and the clinician programimer

/
Delivering stimulation to multiple neurostimulation electrodes in f?;éiﬁ
situ with the clinician programmer via the multiple channels ofthe

clip without modifying the connections of the clip

N4
Adjusting a position of the implanted neurostimuiation lead based 250
on a characteristic of one or more of the stimulations of each of //
the muitiple neurostimulation electrodes measured by the
clinician programmer and/or observed by the clinician

A
Delivering stimulation to multiple neurostimulation electrodes in 360
situ with the clinician programmer via the multiple channels of the
olip without modifying the connections of the clip to verify lead
placement or assess need for further adjusiment
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