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SELECTIVE HIGH FREQUENCY SPINAL 
CORD MODULATION FOR INHIBITING PAIN 

WITH REDUCED SIDE EFFECTS, AND 
ASSOCIATED SYSTEMS AND METHODS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present application is a continuation of US. applica 
tion Ser. No. 13/245,450, ?led Sep. 26, 2011, now US. Pat. 
No. 8,170,675, Which is a continuation ofofU.S. application 
Ser. No. 12/765,747 (“the ’747 Application”), ?led Apr. 22, 
2010 and incorporated herein by reference. The ’747 appli 
cation claims priority to the following applications: U.S. Pro 
visional Application No. 61/176,868, ?led May 8, 2009 and 
incorporated herein by reference; and US. Provisional Appli 
cation No. 61/171,790, ?led Apr. 22, 2009 and incorporated 
herein by reference. 

TECHNICAL FIELD 

The present disclosure is directed generally to selective 
high frequency spinal cord modulation for inhibiting pain 
With reduced side effects, and associated systems and meth 
ods. 

BACKGROUND 

Neurological stimulators have been developed to treat 
pain, movement disorders, functional disorders, spasticity, 
cancer, cardiac disorders, and various other medical condi 
tions. Implantable neurological stimulation systems gener 
ally 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. 
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 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 bene?cial effects and/or results. 
Accordingly, there remains a need for improved techniques 
and systems for addressing patient pain. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a partially schematic illustration of an implant 
able spinal cord modulation system positioned at the spine to 
deliver therapeutic signals in accordance With several 
embodiments of the present disclosure. 

FIG. 1B is a partially schematic, cross-sectional illustra 
tion of a patient’s spine, illustrating representative locations 
for implanted lead bodies in accordance With embodiments of 
the disclosure. 
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FIG. 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. 

FIG. 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. 

FIG. 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. 

FIG. 5A is a bar chart comparing activity performance 
levels for patients performing a variety of activities, obtained 
during a clinical study. 

FIGS. 5B and 5C are bar charts illustrating sleep improve 
ment for patients receiving therapy in accordance With 
embodiments of the disclosure, obtained during a clinical 
study. 

FIG. 6A is a bar chart illustrating successful therapy out 
comes as a function of modulation location for patients 
receiving therapy in accordance With an embodiment of the 
disclosure, obtained during a clinical study. 

FIGS. 6B and 6C are How diagrams illustrating methods 
conducted in accordance With embodiments of the disclosure. 

FIG. 7A illustrates an arrangement of leads used during a 
folloW-on clinical study in accordance With an embodiment 
of the disclosure. 

FIG. 7B illustrates results obtained from a folloW-on clini 
cal study of patients receiving therapy in accordance With an 
embodiment of the disclosure. 

FIG. 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 cord stimulation. 

FIG. 9 is a partially schematic illustration of a lead body 
con?gured in accordance With an embodiment of the disclo 
sure. 

FIGS. 10A-10C are partially schematic illustrations of 
extendible leads con?gured in accordance With several 
embodiments of the disclosure. 

FIGS. 11A-11C are partially schematic illustrations of 
multi?lar leads con?gured in accordance With several 
embodiments of the disclosure. 

DETAILED DESCRIPTION 

1.0 Introduction 

The present technology is directed generally to spinal cord 
modulation and associated systems and methods for inhibit 
ing pain via Waveforms With high frequency elements or 
components (e. g., portions having high fundamental frequen 
cies), generally With reduced or eliminated side effects. Such 
side effects can include unWanted motor stimulation or block 
ing, and/ or interference With sensory functions other than the 
targeted pain. Several embodiments also provide simpli?ed 
spinal cord modulation systems and components, and simpli 
?ed procedures for the practitioner and/or the patient. Spe 
ci?c 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 
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described below With reference to modulating the dorsal col 
umn, 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 embodi 
ments can have con?gurations, components or procedures 
different than those described in this section, and other 
embodiments may eliminate particular components or proce 
dures. A person of ordinary skill in the relevant art, therefore, 
Will understand that the disclosure may include other embodi 
ments With additional elements, and/or may include other 
embodiments Without several of the features shoWn and 
described beloW With reference to FIGS. 1A-11C. 

In general terms, aspects of many of the folloWing embodi 
ments 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 stan 
dard SCS techniques. It is expected that the techniques 
describedbeloW With reference to FIGS. 1A-11C can produce 
more effective, more robust, less complicated and/or other 
Wise more desirable results than can existing spinal cord 
stimulation therapies. 

FIG. 1A schematically illustrates a representative treat 
ment 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 1 01, Which may be implanted subcutaneously 
Within a patient 190 and 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 FIG. 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 signals 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. 
The pulse generator 101 can transmit signals (e. g., electri 

cal 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 gener 
ally 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 con 
taining instructions for generating and transmitting suitable 
therapy signals. The pulse generator 101 and/or other ele 
ments 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 
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4 
executable instructions contained on computer-readable 
media, e.g., at the processor(s) 107 and/or memory(s) 108. 
The pulse generator 101 can include multiple portions, ele 
ments, and/or subsystems (e.g., for directing signals in accor 
dance With multiple signal delivery parameters), housed in a 
single housing, as shoWn in FIG. 1A, or in multiple housings. 
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 in?uence the 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 FIG. 
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 communicat 
ing With the pulse generator 101. The sensors 112 can provide 
inputs that depend on or re?ect patient state (e.g., patient 
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 fur 
ther details are included in co-pending U.S. application Ser. 
No. 12/703,683, ?led on Feb. 10, 2010 and incorporated 
herein by reference. 

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 electromag 
netic induction (e.g., RF signals). For example, the external 
poWer source 103 can include an external coil 104 that com 

municates 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. 

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 
include 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). 

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 to implanting the 
pulse generator 101. For example, a practitioner (e.g., a phy 
sician 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 ef?cacious parameters. These param 
eters can include the position of the signal delivery element 
110, as Well as the characteristics of the electrical signals 
provided to the signal delivery element 110. In a typical 
process, the practitioner uses a cable assembly 120 to tempo 
rarily connect the external programmer 105 to the signal 
delivery device 110. The cable assembly 120 can accordingly 
include a ?rst 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 e?icacy 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 modu 


























