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(57) Abrege(suite)/Abstract(continued):
applied to the patient's spinal chord region to address low back pain without creating unwanted sensory and/or motor side affects.

In other embodiments, modulation in accordance with similar parameters can be applied to other spinal or peripheral locations to
address other Indications. In particular embodiments, aspects of the foregoing modulation therapies may be implemented by

systems and devices that have simplified functionalities.
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DEVICES FOR CONTROLLING HIGH FREQUENCY SPINAL CORD
MODULATION FOR INHIBITING PAIN, AND ASSOCIATED
SYSTEMS AND METHODS, INCLUDING SIMPLIFIED
CONTROLLERS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority to U.S. Provisional Application
No. 61/176,868, filed May 8, 2009 and incorporated herein by reference. The present
application claims priority to U.S. Provisional Application No. 61/171,790, filed April 22,

2009 and incorporated herein by reference.
TECHNICAL FIELD

[0002] The present disclosure is directed generally to devices for controlling high
frequency spinal cord modulation for inhibiting pain, and associated systems and

methods, including simplified controllers.

BACKGROUND

'[0003] Neurological stimulators have been developed to treat pain, movement
disorders, functional disorders, spasticity, cancer, cardiac disorders, and various other
medical conditions. Implantable neurological stimulation systems generally have an
implantable pulse generator and one or more leads that deliver electrical pulses to
neurological tissue or muscle tissue. For example, several neurological stimulation
systems for spinal cord stimulation (SCS) have cylindrical leads that include a lead
‘body with a circular cross-sectional shape and one or more conductive rings spaced
apart from each other at the distal end of the lead body. The conductive rings operate
as individual electrodes and, in many cases, the SCS leads are implanted
percutaneously through a large needle inserted into the epidural space, with or without

the assistance of a stylet.

[0004] Once implanted, the pulse generator applies electrical pulses to the

electrodes, which in turn modify the function of the patient's nervous system, such as

1-
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by altering the patient's responsiveness to sensory stimuli and/or altering the patient's
motor-circuit output. In pain treatment, the pulse generator applies electrical pulses to
the electrodes, which in turn can generate sensations that mask or otherwise alter the
patient's sensation of pain. For example, in many cases, patients report a tingling or
paresthesia that is perceived as more pleasant and/or less uncomfortable than the
underlying pain sensation. While this may be the case for many patients, many other
patients may report less beneficial effects and/or results. Accordingly, there remains a

need for improved techniques and systems for addressing patient pain.
BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Figure 1A is a partially schematic illustration of an implantable spinal cord
modulation system positioned at the spine to deliver therapeutic signals in accordance

with several embodiments of the present disclosure.

[0006] Figure 1B is a partially schematic, cross-sectional illustration of a patient’s
spine, illustrating representative locations for implanted lead bodies in accordance with

embodiments of the disclosure.

[0007] Figure 2 is a bar chart illustrating pain reduction levels for patients over a
four day period of a clinical study, during which the patients received therapy in
accordance with an embodiment of the disclosure, as compared with baseline levels

and levels achieved with conventional spinal cord stimulation devices.

[0008] Figure 3 is a bar chart comparing the number of times patients receiving
therapy in accordance with an embodiment of the present disclosure during a clinical
study initiated modulation changes, as compared with similar data for patients receiving

conventional spinal cord stimulation.

[0009] Figure 4 is a bar chart illustrating activity performance improvements for

patients receiving therapy in accordance with an embodiment of the disclosure,

obtained during a clinical study.

[0010] Figure 5A is a bar chart comparing activity performance levels for patients

performing a variety of activities, obtained during a clinical study.
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[0011] Figures 5B and 5C are bar charts illustrating sleep improvement for
patients receiving therapy in accordance with embodiments of the disclosure, obtained

during a clinical study.

[0012] Figure 6A is a bar chart illustrating successful therapy outcomes as a
function of modulation location for patients receiving therapy in accordance with an

embodiment of the disclosure, obtained during a clinical study.

[0013] Figures 6B and 6C are flow diagrams illustrating methods conducted In

accordance with embodiments of the disclosure.

[0014] Figure 7A illustrates an arrangement of leads used during a follow-on

clinical study in accordance with an embodiment of the disclosure.

[0015] Figure 7B illustrates results obtained from a follow-on clinical study of

patients receiving therapy in accordance with an embodiment of the disclosure.

[0016] Figure 8 is a schematic illustration identifying possible mechanisms of
action for therapies in accordance with the present disclosure, as compared with an

expected mechanism of action for conventional spinal chord stimulation.

[0017] Figure 9 is a partially schematic illustration of a lead body configured in

accordance with an embodiment of the disclosure.

[0018] Figures 10A-10C are partially schematic illustrations of extendible leads

configured in accordance with several embodiments of the disclosure.

[0019] Figures 11A-11C are partially schematic illustrations of multifilar leads

configured in accordance with several embodiments of the disclosure.

[0020] Figures 12A-12B illustrate patient-operated remote control devices in

accordance with particular embodiments of the disclosure.

[0021] Figures 13A-13E illustrate practitioner-operated devices in accordance with

particular embodiments of the disclosure.
DETAILED DESCRIPTION

1.0 Introduction

[0022] The present technology is directed generally to spinal cord modulation ana

associated systems and methods for inhibiting pain via waveforms with high frequency

-3-
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elements or components (e.g., portions having high fundamental frequencies),
generally with reduced or eliminated side effects. Such side effects can include
unwanted motor stimulation or blocking, and/or interference with sensory functions
other than the targeted pain. Several embodiments also provide simplified spinal cord
modulation systems and components, and simplified procedures for the practitioner
and/or the patient. Specific details of certain embodiments of the disclosure are
described below with reference to methods for modulating one or more target neural
populations (e.g., nerves) or sites of a patient, and associated implantable structures
for providing the modulation. Although selected embodiments are described below
with reference to modulating the dorsal column, dorsal horn, dorsal root, dorsal root
entry zone, and/or other particular regions of the spinal column to control pain, the
modulation may in some instances be directed to other neurological structures and/or
target neural populations of the spinal cord and/or other neurological tissues. Some
embodiments can have configurations, components or procedures different than those
described In this section, and other embodiments may eliminate particular components
or procedures. A person of ordinary skill in the relevant art, therefore, will understand
that the disclosure may include other embodiments with additional elements, and/or
may include other embodiments without several of the features shown and describea

below with reference to Figures 1A-13E.

[0023] In general terms, aspects of many of the following embodiments are
directed to producing a therapeutic effect that includes pain reduction in the patient.
The therapeutic effect can be produced by inhibiting, suppressing, downregulating,
blocking, preventing, or otherwise modulating the activity of the affected neural
population. In many embodiments of the presently disclosed techniques, therapy-
induced paresthesia is not a prerequisite to achieving pain reduction, unlike standara
SCS techniques. It is expected that the techniques described below with reference to
Figures 1A-13E can produce more effective, more robust, less complicated and/or

otherwise more desirable results than can existing spinal cord stimulation therapies.

[0024] Figure 1A schematically illustrates a representative treatment system 100
for providing relief from chronic pain and/or other conditions, arranged relative to the
general anatomy of a patient's spinal cord 191. The system 100 can include a pulse

generator 101, which may be implanted subcutaneously within a patient 190 and
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coupled to a signal delivery element 110. In a representative example, the signal
delivery element 110 includes a lead or lead body 111 that carries features for
delivering therapy to the patient 190 after implantation. The pulse generator 101 can
be connected directly to the lead 111, or it can be coupled to the lead 111 via a
communication link 102 (e.g., an extension). Accordingly, the lead 111 can include a
terminal section that is releasably connected to an extension at a break 114 (shown
schematically in Figure 1A). This allows a single type of terminal section to be used
with patients of different body types (e.g., different heights). As used herein, the terms
lead and lead body include any of a number of suitable substrates and/or support
members that carry devices for providing therapy signais to the patient 190. For
example, the lead 111 can include one or more electrodes or electrical contacts that
direct electrical signals into the patient's tissue, such as to provide for patient relief. In
other embodiments, the signal delivery element 110 can include devices other than a
lead body (e.g., a paddle) that also direct electrical signals and/or other types of signals
to the patient 190.

[0025] The pulse generator 101 can transmit signals (e.g., electrical signals) to the
signal delivery element 110 that up-regulate (e.g., stimulate or excite) and/or down-
regulate (e.g., block or suppress) target nerves. As used herein, and unless otherwise
noted, the terms "modulate” and "modulation" refer generally to signals that have either
type of the foregoing effects on the target nerves. The pulse generator 101 can include
a machine-readable (e.g., computer-readable) medium containing instructions for
generating and transmitting suitable therapy signals. The pulse generator 101 and/or
other elements of the system 100 Can include one or more processors 107, memories
108 and/or input/output devices. Accordingly, the process of providing modulation
signals and executing other associated functions can be performed by computer-
executable instructions contained on computer-readable media, e.g.,, at the
procéssor(s) 107 and/or memory(s) 108. The pulse generator 101 can include multiple
‘portions, elements, and/or subsystems (e.g., for directing signals in accordance with
multiple signal delivery parameters), housed in a single housing, as shown in Figure

1A, or in multiple housings.

[0026] The pulse generator 101 can also receive and respond to an input signal

received from one or more sources. The input signals can direct or influence the
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manner in which the therapy instructions are selected, executed, updated and/or
otherwise performed. The input signal can be received from one or more sensors 112
(one is shown schematically in Figure 1 for purposes of illustration) that are carried by
the pulse generator 101 and/or distributed outside the pulse generator 101 (e.g., at
other patient locations) while still communicating with the pulse generator 101. The
sensors 112 can provide inputs that depend on or reflect patient state (e.g., pati‘ent
position, patient posture and/or patient activity level), and/or inputs that are patient-
independent (e.g., time). In other embodiments, inputs can be provided by the patient
and/or the practitioner, as described in further detail later. Still further details are
included in co-pending U.S. Application No. 12/703,683, filed on February 10, 2010

and incorporated herein by reference.

[0027] In some embodiments, the pulse generator 101 can obtain power to
generate the therapy signals from an external power source 103. The external power
source 103 can transmit power to the implanted pulse generator 101 using
electromagnetic induction (e.g., RF signals). For example, the external power source
103 can include an external coil 104 that communicates with a corresponding internal
coil (not shown) within the implantable pulse generator 101. The external power

source 103 can be portable for ease of use.

[0028] In another embodiment, the pulse generator 101 can obtain the power to
generate therapy signals from an internal power source, in addition to or in lieu of the
external power source 103. For example, the implanted pulse generator 101 can
ihclude a non-rechargeable battery or a rechargeable battery to provide such power.
When the internal power source includes a rechargeable battery, the external power

source 103 can be used to recharge the battery. The external power source 103 can In

turn be recharged from a suitable power source (e.g., conventional wall power).

[0029] In some cases, an external programmer 105 (e.g., a trial modulator) can be
coupled to the signal delivery element 110 during an initial implant procedure, prior {o
implanting the pulse generator 101. For example, a practitioner (e.g., a physician
and/or a company representative) can use the external programmer 105 to vary the
modulation parameters provided to the signal delivery element 110 in real time, and
select optimal or particularly efficacious parameters. These parameters can include

the position of the signal delivery element 110, as well as the characteristics of the

-6-
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electrical signals provided to the signal delivery element 110. In a typical process, the
practitioner uses a cable assembly 120 to temporarily connect the external programmer
105 to the signal delivery device 110. The cable assembly 120 can accordingly include
a first connector 121 that is releasably connected to the external programmer 105, and
~a second connector 122 that is releasably connected to the signal delivery element
110. Accordingly, the signal delivery element 110 can include a connection element
that allows it to be connected to a signal generator either directly (if it is long enough) or
indirectly (if it is not). The practitioner can test the efficacy of the signal delivery
element 110 in an initial position. The practitioner can then disconnect the cable
assembly 120, reposition the signal delivery element 110, and reapply the electrical
modulation. This process can be performed iteratively until the practitioner obtains the
desired position for the signal delivery device 110. Optionally, the practitioner may
move the partially implanted signal delivery element 110 without disconnecting the
cable assembly 120. Further details of suitable cable assembly methods and
associated techniques are described in co-pending U.S. Application No. 12/562,892,
filed on September 18, 2009, and incorporated herein by reference. As will be
discussed in further detail later, particular aspects of the present disclosure can

advantageously reduce or eliminate the foregoing iterative process.

[0030] After the position of the signal delivery element 110 and appropriate signat
delivery parameters are established using the external programmer 105, the patient
190 can receive therapy via signals generated by the external programmer 105,
generally for a limited period of time. In a representative applicatioh, the patient 190
receives such therapy for one week. During this time, the patient wears the cable
assembly 120 and the external programmer 105 outside the body. Assuming the triai
therapy is effective or shows the promise of being effective, the practitioner then
replaces the external programmer 105 with the implanted pulse generator 101, and
programs the pulse generator 101 with parameters selected based on the experience
gained during the trial period. Optionally, the practitioner can also replace the signal
delivery element 110. Once the implantable pulse generator 101 has been positioned
within the patient 190, the signal delivery parameters provided by the pulse generator
101 can still be updated remotely via a wireless physician's programmer (e.g., a
physician's remote) 111 and/or a wireless patient programmer 106 (e.g., a patient
remote). Generally, the patient 190 has control over fewer parameters than does the

_7-
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practitioner. For example, the capability of the patient programmer 106 may be limited
to starting and/or stopping the pulse generator 101, and/or adjusting the signal

amplitude.

[0031] In any of the foregoing embodiments, the parameters in accordance with
which the pulse generator 101 provides signals can be modulated during portions of
the therapy regimen. For example, the frequency, amplitude, pulse width and/or signal
delivery location can be modulated in accordance with a preset program, patient and/or
physician inputs, and/or in a random or pseudorandom manner. Such parameter
variations can be used to address a number of potential clinical situations, including
changes in the patient's perception of pain, changes in the preferred target neurai

population, and/or patient accommodation or habituation.

[0032] Certain aspects of the foregoing systems and methods may be simplified or
eliminated in particular embodiments of the present disclosure. For example, in at
least some instances, the therapeutic signals delivered by the system can produce an
effect that is much less sensitive to lead location and signal delivery parameters (e.g.,
amplitude) than are conventional stimulation systems. Accordingly, as noted above,
the trial and error process (or parts of this process) for identifying a suitable lead
location and associated signal delivery parameters during the lead implant procedure
can be eliminated. In addition to or in lieu of this simplification, the post-lead implant
trial period can be eliminated. In addition to or in lieu of the foregoing simplifications,
the process of selecting signal delivery parameters and administering the signals on a
long-term basis can be significantly simplified. Further aspects of these and other

expected beneficial results are discussed in greater detail below.

2.0 Representative Therapy Parameters

[0033] Nevro Corporation, the assignee of the present application, has conducted
a multi-site clinical study during which multiple patients were first treated with
conventional spinal chord stimulation (SCS) techniques, and then with newly developead
techniques that are disclosed further below. This study was followed up by a further
clinical study focusing on the newly developed techniques, which confirmed and
expanded on results obtained during the initial study. Multiple embodiments of the

newly developed techniques, therapies and/or systems are referred to as presently
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disclosed techniques, therapies, and/or systems, or more generally as presently

disclosed technologies.

2.1. Initial Comparison Study

[0034] Prior to the initial clinical study, selected patients were identified as
suffering from primary chronic low back pain (e.g., neuropathic pain, and/or nociceptive
pain, and/or other types of pain, depending upon the patient), either alone or in
combination with pain affecting other areas, typically the patient's leg(s). In all cases,
the low back pain was dominant. During the study, the patients were outfitted with two
- leads, each implanted in the spinal region in a manner generally similar to that shown
in Figure 1A. One lead was implanted on one side of the spinal cord midline 189, and
the other lead was implanted on the other side of the spinal cord midline 189. Figure
1B is a cross-sectional illustration of the spinal cord 191 and an adjacent vertebra 195
(based generally on information from Crossman and Neary, "Neuroanatomy,” 1995
(published by Churchill Livingstone)), along with the locations at which leads 110 were
implanted in a representative patient. The spinal cord 191 is situated between a
ventrally located ventral body 196 and the dorsally located transverse process 198 and
spinous process 197. Arrows V and D identify the ventral and dorsal directions,
‘respectively. The spinal cord 191 itself is located within the dura mater 199, which also
surrounds portions of the nerves exiting the spinal cord 191, including the dorsal roots
193 and dorsal root ganglia 194. The leads 110 were positioned just off the spinal cord
midline 189 (e.g., about 1 mm. offset) in opposing lateral directions so that the two

leads 110 were spaced apart from each other by about 2 mm.

[0035] Patients with the leads 110 located as shown in Figure 1B initially had the
leads positioned at vertebral levels T7-T8. This location is typical for standard SCS
treatment of low back pain because it has generally been the case that at lower
(inferior) vertebral levels, standard SCS treatment produces undesirable side effects,
and/or is less efficacious. Such side effects include unwanted muscle activation and/or
pain. Once the leads 110 were implanted, the patients received standard SCS
treatment for a period of five days. This treatment included stimulation at a frequency
of less than 1500 Hz (e.g., 60-80 Hz), a pulse width of 100-200 ysec, and a duty cycle
of 100%. The amplitude of the signal (e.g., the current amplitude) was varied from

about 3 mA to about 10 mA. The amplitude was initially established during the implant

.9-
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procedure. The amplitude was then changed by the patient on an as-desired basis

during the course of the study, as is typical for standard SCS therapies.

[0036] After the patient completed the standard SCS portion of the study, the
patient then received modulation in accordance with the presently disclosed
techniques. One aspect of these techniques included moving the leads 110 inferiorly,
so as to be located at vertebral levels T9, T10, T11, and/or T12. After the leads 110
were repositioned, the patient received therapeutic signals at a frequency of from about
3 kHz to about 10 kHz. In particular cases, the therapy was applied at 8 kHz, 9 kHz or
10 kHz. These frequencies are significantly higher than the frequencies associated
with standard SCS, and accordingly, modulation at these and other representative
frequencies (e.g., from about 1.5 kHz to about 100 kHz) is occasionally referred to
herein as high frequency modulation. The modulation was applied generally at a duty
cycle of from about 50% to about 100%, with the modulation signal on for a period of
from about 1 msec. to about 2 seconds, and off for a period of from about 1 msec. to
about 1.5 seconds. The width of the applied pulses was about 30-35 usec., and the
amplitude generally varied from about 1 mA to about 4 mA (nominally about 2.5 mA).
Modulation in accordance with the foregoing parameters was typically applied to the

patients for a period of about four days during the initial clinical study.

[0037] Figures 2-6A graphically illustrate summaries of the clinical results obtainea
by testing patients in accordance with the foregoing parameters. Figure 2 is a bar chart
illustrating the patients’ Visual Analog Scale (VAS) pain score for a variety of
conditions. The scores indicated in Figure 2 are for overall pain. As noted above,
these patients suffered primarily from low back pain and accordingly, the pain scores
for low back pain alone were approximately the same as those shown in Figure 2.
- Each of the bars represents an average of the values reported by the multiple patients
involved in this portion of the study. Bars 201 and 202 illustrate a baseline pain level of
8.7 for the patients without the benefit of medication, and a baseline level of 6.8 with
medication, respectively. After receiving a lead implant on day zero of the study, and
initiating high frequency modulation in accordance with the foregoing parameters,
patients reported an average pain score of about 4.0, as represented by bar 203. Over
the course of the next three days, (represented by bars 204-213) the patients recorded

pain levels in a diary every morning, midday and evening, as indicated by the

-10-
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correspondingly labeled bars in Figure 2. In addition, pain levels were recorded daily
by the local center research coordinator on case report forms (CRFs) as indicated by
the correspondingly labeled bars in Figure 2. During this time period, the patients’
average pain score gradually decreased to a reported minimum level of about 2.2
(represented by bars 212 and 213).

[0038] For purposes of comparison, bar 214 illustrates the pain score for the same
patients receiving standard SCS therapy earlier in the study. Bar 214 indicates that the
average pain value for standard SCS therapy was 3.8. Unlike the results of the
presently disclosed therapy, standard SCS therapy tended to produce relatively flat
patient pain results over the course of several days. Comparing bars 213 and 214, the
clinical results indicate that the presently disclosed therapy reduced pain by 42% when

compared with standard SCS therapy.

[0039] Other pain indices indicated generally consistent results. On the Oswestry
Disability Index, average scores dropped from a baseline value of 54 to a value of 33,
which is equivalent to a change from “severe disability” to “moderate disability”.
Patients’ global improvement scores ranked 1.9 on a scale of 1 (“very much improved”)

to 7 ("very much worse”).

[0040] In addition to obtaining greater pain relief with the presently disclosea
therapy than with standard SCS therapy, patients experienced other benefits as well,
described further below with reference to Figures 3-5C. Figure 3 is a bar chart
illustrating the number of times per day that the patients initiated modulation changes.
Results are illustrated for standard SCS therapy (bar 301) and the presently disclosed
therapy (bar 302). The patient-initiated modulation changes were generally changes in
the amplitude of the applied signal, and were initiated by the patient via an external
modulator or remote, such as was described above with reference to Figure 1A
Patients receiving standard SCS therapy initiated changes to the signal delivery
parameters an average of 44 times per day. The initiated changes were typically
triggered when the patient changed position, activity level, and/or activity type, and then
experienced a reduction in pain relief and/or an unpleasant, uncomfortable, painful,
unwanted or unexpected sensation from the therapeutic signal. Patients receiving the
presently disclosed therapy did not change the signal delivery parameters at all, except

at the practitioners' request. In particular, the patients did not change signal amplitude
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‘to avoid painful stimulation. Accordingly, Figure 3 indicates that the presently disclosed
therapy is significantly less sensitive to lead movement, patient position, activity level
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