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a system for managing pain in a patient comprises an electric 
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associated with a first area of the patient and a second elec 
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coupled to the electrode device and having a computer-oper 
able medium programmed to change the waveform parameter 
applied to the first electrode and automatically set the wave 
form parameter applied to the second electrode based on a 
relationship between a first therapy range and a second 
therapy range of the waveform parameter. 

20 Claims, 9 Drawing Sheets 

  

Boston Scientific Corporation Exhibit 1001
Boston Scientific Corporation, and Boston Scientific Neuromodulation Corporation v. Nevro Corporation

Page 1 of 21



US 9,002.461 B2 
Page 2 

(56) References Cited 2003/0093 134 A1 5/2003 Bradley 
2003/O153959 A1 8, 2003 Thacker et al. 

U.S. PATENT DOCUMENTS 2003. O195582 A1 10, 2003 Mann 
2004O167584 A1 8, 2004 Carroll et al. 

6,308, 102 B1 10/2001 Sieracki et al. 2005, OO60.001 A1 3/2005 Singhal et al. 
6,353,762 B 1 3/2002 Baudino et al. 2005, OO60.007 A1 3, 2005 Goetz 
6,381,496 B1 4/2002 Meadows et al. 2005.0245987 A1 11/2005 Woods et al. 
6,440,090 B1 8, 2002 Schallhorn 2006/O195159 A1 8/2006 Bradley et al. 
6,516,227 B1 2/2003 Meadows et al. 2006, O259.099 A1 11, 2006 Goetz et al. 
6,587,727 B2 7/2003 Osorio et al. 2008, 0046036 A1 2/2008 King et al. 
6,609,030 B1 8, 2003 Rezai et al. 2008. O183256 A1 7/2008 Keacher 
6,622,048 B1 9, 2003 Mann 2008/0234791 A1 9, 2008 Arleet al. 
6,947,792 B2 9, 2005 Ben-Haim et al. 2009 OO18617 A1 1/2009 Skelton et al. 
7,020,523 B1 3, 2006 Lu et al. 2009, O112282 A1 4/2009 Kast et al. 
7,050,856 B2 5/2006 Stypulkowski 2009/O125079 A1 5/2009 Armstrong et al. 
7,110,821 B1 9, 2006 ROSS 2009,0281599 A1 11/2009 Thacker et al. 
7,127,296 B2 10/2006 Bradley 2009/0326608 A1 12/2009 Huynh et al. 
7,174,215 B2 2/2007 Bradley 2010.0049280 A1 2/2010 Goetz 
7,239,920 B1 7/2007 Thacker et al. 2010, 0125314 A1 5/2010 Bradley et al. 
7,239,926 B2 7, 2007 Goetz 2010, 0131034 A1 5, 2010 Gliner et al. 
7,242.984 B2 7/2007 DiLorenzo 2010/02743 12 A1 10, 2010 Alataris et al. 
7,263.402 B2 8, 2007 Thacker et al. 2010/0274314 A1 10, 2010 Alataris et al. 
7,266.412 B2 9/2007 Stypulkowski 2011 OO29040 A1 2/2011 Walker et al. 
7,343,200 B2 3/2008 Litvak et al. 2011/0040351 A1 2/2011 Butson et al. 
7.463,927 B1 12/2008 Chaouat 2011/0093.051 A1 4/2011 Davis et al. 
7,747,330 B2 6, 2010 Nolan et al. 2012,0083,857 A1 4/2012 Bradley et al. 
7,945,330 B2 5, 2011 Gliner et al. 2012/0116476 A1 5/2012 Kothandaraman 
7,957,797 B2 6/2011 Bourget et al. 2012/013.0448 A1 5, 2012 Woods et al. 
7,957,809 B2 6/2011 Bourget et al. 2012,0265271 A1 10, 2012 Goetz 
7,957,814 B2 6, 2011 Goetz et al. 
8,016,776 B2 9/2011 Bourget et al. OTHER PUBLICATIONS 

1987 R 3: East International Search Report and Written Opinion, International 
8.498,710 B2 7, 2013 Walker et al. Application No. PCT/US 10/043569, Applicant: Nevro Corporation, 
8,712,535 B2 4/2014 Walker et al. mailed Sep. 28, 2010, 15 pages. 

Boston Scientific Corporation Exhibit 1001
Boston Scientific Corporation, and Boston Scientific Neuromodulation Corporation v. Nevro Corporation

Page 2 of 21



U.S. Patent Apr. 7, 2015 Sheet 1 of 9 US 9,002.461 B2 

is 

if 

FG. A 

  

Boston Scientific Corporation Exhibit 1001
Boston Scientific Corporation, and Boston Scientific Neuromodulation Corporation v. Nevro Corporation

Page 3 of 21



US 9,002.461 B2 Sheet 2 of 9 Apr. 7, 2015 U.S. Patent 

© ---- 

* 

------ ----- «---- ------~~ ~~~~ ~~~~ ~~~~ ~~~~ ~~~~ ~~Á.| 

1 

  

Boston Scientific Corporation Exhibit 1001
Boston Scientific Corporation, and Boston Scientific Neuromodulation Corporation v. Nevro Corporation

Page 4 of 21



U.S. Patent Apr. 7, 2015 Sheet 3 of 9 

Change evei of a waveforn, parameter 
appie to a first eiectrosia initiated at 

a first area of the patient 

Set eve of the wavefort parameter 
applied to a second electiode at a 

second area of the patient based it a 
relationship between a first therapy 
range and a second therapy range 

22 

FG, 2 

US 9,002.461 B2 

    

  

Boston Scientific Corporation Exhibit 1001
Boston Scientific Corporation, and Boston Scientific Neuromodulation Corporation v. Nevro Corporation

Page 5 of 21



U.S. Patent Apr. 7, 2015 Sheet 4 of 9 

Determine correlation of electrode(s) 
and areas of the patient 

elivering the eiectrica wavefort to at 
east one electrode at a Corresponding 

area of the patient 

viodulating a waveform paratheter of 
the Wavefor; applied to the eiectrode 

etermining a feve of the waveforn 
parameter at which the patient initially 

perceives the application of the 
electica waveforn 

Deteriaining a levei of the waveforn 
parameter at which the patient 
perceives an in desirable effect 

FG, 3A 

30 

32 

33: 

US 9,002.461 B2 

300 

    

  

Boston Scientific Corporation Exhibit 1001
Boston Scientific Corporation, and Boston Scientific Neuromodulation Corporation v. Nevro Corporation

Page 6 of 21



U.S. Patent Apr. 7, 2015 Sheet 5 Of 9 US 9,002.461 B2 

32 

Apply electrica waveform to eiectrodes 322 
at different areas of the patient 

Record waveform parameter levels 
applied to different electrodes at 332 

different areas of the patient 

Detenine at east Cie if the Sei Sati 
thesioid or the therapeutic threshold 342 

from the usage data 

Referrine the disconfort threshoid 352 
frin the usage data 

Oetirii; the ther of the Sensation 
threshold of the therapeutic threshoid - 36 

from the usage data 

  

    

  

    

  

  

Boston Scientific Corporation Exhibit 1001
Boston Scientific Corporation, and Boston Scientific Neuromodulation Corporation v. Nevro Corporation

Page 7 of 21



U.S. Patent Apr. 7, 2015 Sheet 6 of 9 US 9,002.461 B2 

1 incremait 

-- 

2/3 of increment 

FG, 4 

  

  

Boston Scientific Corporation Exhibit 1001
Boston Scientific Corporation, and Boston Scientific Neuromodulation Corporation v. Nevro Corporation

Page 8 of 21



U.S. Patent Apr. 7, 2015 Sheet 7 Of 9 US 9,002.461 B2 

() 

F.G. 

  

Boston Scientific Corporation Exhibit 1001
Boston Scientific Corporation, and Boston Scientific Neuromodulation Corporation v. Nevro Corporation

Page 9 of 21



U.S. Patent Apr. 7, 2015 Sheet 8 of 9 US 9,002.461 B2 

8. 

Reiivering an eiectrica wavefoi in at a first eve 
of the pararieter to a first tiectrode at the first 
area and a second ieve of the paiarete to a 

SECO?, &ect foie at the Sectic area 

Changing the first evei of the parameter / 620 

Setting the second eval of the parameter based 
of a satio of the first therapy range to the second 83 

therapy rage 

elivering the electrica wavefon at the first 
level of the parameter to the first electrode and 

at the second evei of the paraineer to the 
Seco elect?. 

F.G. 6 

  

Boston Scientific Corporation Exhibit 1001
Boston Scientific Corporation, and Boston Scientific Neuromodulation Corporation v. Nevro Corporation

Page 10 of 21



U.S. Patent Apr. 7, 2015 Sheet 9 Of 9 US 9,002.461 B2 

7. 

Seiecting at east two areas for inked nodulation of the 
waveform paramater incil. iiiga first area having a first therapy 
Paige fir the wavefoil pajaiete aid a secoid 3: ea having a - 7 

second therapy range for the waveform parameter 

Determiting a scaig factor of the waveform parameter based 
on a relationship between the first and second therapy fanges No 720 

Delivering an eiectrica waveform at a first evet of the 
wavefrin parameter to a first electrode iocated at the first area 
and at a second eve of the wavefor parameter to a second 1 73. 

electrife ocated at the secoid a fea 

Changing the first eve of the waveform parameter to an c 
updated first eve y 4. 

Setting the second level of the waveform paramater based of s (ksar 
the seating factor to a in tipiated Second eve 75 

Delivering the electrica wavefort at the Lipated first level of 
the wavefort parameter to the first eiectrosie and at the 

updated second level of the waveform paratheter to the second N- 760 
elect de 

FG, 7 

  

  

  

  

Boston Scientific Corporation Exhibit 1001
Boston Scientific Corporation, and Boston Scientific Neuromodulation Corporation v. Nevro Corporation

Page 11 of 21



US 9,002,461 B2 
1. 

LINKED AREA PARAMETERADJUSTMENT 
FOR SPINAL CORD STIMULATION AND 
ASSOCATED SYSTEMIS AND METHODS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a continuation of U.S. patent applica 
tion Ser. No. 13/914,494, filed Jun. 10, 2013, entitled 
LINKED AREA PARAMETER ADJUSTMENT FOR SPI 
NAL CORD STIMULATION AND ASSOCIATED SYS 
TEMS AND METHODS, which is a continuation of U.S. 
patent application Ser. No. 12/510,930, filed on Jul. 28, 2009, 
entitled LINKED AREA PARAMETER ADJUSTMENT 
FOR SPINAL CORD STIMULATION AND ASSOCIATED 
SYSTEMS AND METHODS. 

TECHNICAL FIELD 

The present technology is directed generally to spinal cord 
stimulation for managing pain, and associated systems and 
methods related to adjusting the amplitude, duty cycle and/or 
other parameters of the electrical waveform applied to the 
patient. 

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 or bands spaced apart 
from each other at the distal end of the lead body. The con 
ductive rings operate as individual electrodes and, in many 
cases, the SCS leads are implanted percutaneously through a 
large needle inserted into the epidural space either with or 
without the assistance of a stylet. 
Once implanted, the pulse generator applies electrical sig 

nals via the electrodes to modify the function of the patients 
nervous system, such as altering the patient’s responsiveness 
to sensory stimuli and/or altering the patient's motor-circuit 
output. In pain treatment, the electrical signals can generate 
sensations which mask or otherwise alter the patient's sensa 
tion 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. 
Although 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 improving the tech 
niques and systems for addressing patient pain. 
One particular challenge of implementing neurological 

stimulators to manage pain is that multiple parts or regions of 
the patient’s body contribute to the pain perceived by the 
patient, and the individual contributions of the various 
regions vary over time. For example, patients generally expe 
rience different levels of back pain and/or lower extremity 
pain because of exertion, stress, movement (e.g., walking, 
bending, twisting, etc.), position (e.g., standing, sitting, etc.), 
and other factors. Patients accordingly change the parameters 
of the electrical waveform in some or all of the affected 
regions on an ongoing basis to effectively manage the pain. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a partially schematic illustration of an implant 
able spinal cord stimulation system positioned at the spine to 
delivertherapeutic signals inaccordance with an embodiment 
of the present technology. 
FIG.1B is a partially schematic illustration of a lead having 

electrode contacts that form elements of one or more therapy 
circuits associated with different areas of the patient that are 
modulated in accordance with methods of the present tech 
nology. 

FIG. 2 is a flow diagram illustrating a process for managing 
pain using linked area parameter modulation. 

FIG. 3A is a flow diagram illustrating a routine for deter 
mining a therapy range of a waveform parameter associated 
with an area for use in the technology. 

FIG. 3B is a flow diagram illustrating another routine for 
determining the therapy range of a waveform parameter asso 
ciated with an area for use in the technology. 

FIGS. 4 and 5 are schematic illustrations of waveforms 
showing implementations of methods for linked area param 
eter modulation in accordance with the technology. 

FIG. 6 is a flow diagram illustrating a process for managing 
pain using linked area modulation in accordance with another 
embodiment of the technology. 

FIG. 7 is a flow diagram illustration another process for 
managing pain using linked area parameter modulation in 
accordance with a different embodiment of the technology. 

DETAILED DESCRIPTION 

The invention herein described can be implemented in 
numerous ways, including as a process, a method, a routine, 
a device, an apparatus, a system, a composition of matter, an 
electrical waveform, a computer readable or operable 
medium such as a computer readable storage medium or a 
computer network wherein program instructions that are sent 
over optical or electronic communication links. In this speci 
fication, these implementations, or any other form that the 
invention may take, may be referred as present technology or 
invention. 
The present technology is directed generally to spinal cord 

stimulation (SCS) systems and methods for managing pain in 
a patient using an electrical waveform (e.g., electrical sig 
nals). Specific details of certain embodiments of the disclo 
Sure are described below with reference to changing one or 
more parameters of the electrical waveform applied to differ 
ent areas of the patient using a spinal cord stimulator. The 
disclosed systems and methods, however, may be used in the 
context of other stimulators and/or other patient conditions. 
Accordingly, some embodiments of the technology can have 
configurations, components, or procedures different than 
those described in this section, and other embodiments may 
eliminate particular components or procedures described 
below. A person of ordinary skill in the relevant art, therefore, 
will understand that the technology may have other embodi 
ments with additional elements and/or other embodiments 
without several of the features shown and described below 
with reference to FIGS. 1A-7. 
Overview 

During the trial period and the course of the SCS therapy 
itself, the patients typically change the parameters of the 
waveforms applied to different areas along the spinal cord to 
optimize the therapy. For example, if the patient experiences 
leg and/or back pain that varies over time, patient position, 
and other factors, the patient inputs change commands via a 
patient programmer that causes the pulse generator to 
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increase or decrease one or more parameters of the electrical 
waveform. In most SCS systems, the amplitude is the param 
eter that can be modulated by the patient. Current SCS sys 
tems and processes, however, use complex devices with mul 
tiple settings to change the amplitude across multiple areas. 
Conventional systems usually include a manual mode in 
which the patient experimentally determines a suitable com 
bination of areas and the amplitudes to apply to those areas. 
Because patients typically perform this on a trial-and-error 
basis, it is often only marginally effective and time consum 
ing. Conventional systems may also include a linked mode in 
which the amplitudes of the waveform applied to one or more 
areas are tied together so that the patient merely adjusts the 
amplitude. Conventional linked mode systems adjust the 
amplitudes equally across each area, but this can be ineffec 
tive because different areas typically have different maximum 
amplitude thresholds above which the patient experiences 
increased pain levels. As a result, existing linked mode sys 
tems are limited because the amplitude can only be adjusted 
to the extent that the stimulation does not exceed the level of 
the area having the lowest maximum amplitude threshold. 
Certain aspects of the present technology simplify this pro 
cess and enhance the ability to quickly change the amplitude 
or other waveform parameter across a plurality of areas. 

In some embodiments, the present technology includes an 
electrode device having a plurality of electrodes including at 
least a first electrode associated with a first area of the patient 
and a second electrode associated with a second area of the 
patient. The first area has a first therapy range for a waveform 
parameter, and the second area has a second therapy range for 
the waveform parameter. The electrode device may be con 
figured to be implanted into a patient. The technology further 
includes a power Supply, a waveform generator configured to 
generate the waveform and a computer readable medium 
operatively coupled to the waveform generator. In some 
embodiments, the technology further includes an implantable 
device configured to be coupled to the electrode device and 
the implantable device includes the power supply, the wave 
form generator configured to generate the waveform, and the 
computer-operable medium operatively coupled to the wave 
form generator. 
The technology can include delivering an electrical wave 

form at a first level of the waveform parameter to a first 
electrode located at the first area and at a second level of the 
waveform parameter to a second electrode at the second area. 
The technology can further include changing the first level of 
the waveform parameter to an updated first level, setting the 
second level of the waveform parameter based on the scaling 
factor to an updated second level, and delivering the electrical 
waveformat the updated first level of the waveform parameter 
to the first electrode and at the updated second level of the 
waveform parameter to the second electrode. In the various 
embodiments, this can include changing the first level of the 
waveform parameter, automatically setting the second level 
of the waveform parameter based on a ratio or other relation 
ship between the first therapy range and the second therapy 
range, and delivering the electrical waveform to the first elec 
trode and at the first level to the second electrode at the second 
level. 

In some embodiments the computer-operable medium is 
programmed to change the waveform parameter applied to 
the first electrode and automatically set the parameter for the 
waveform applied to the second electrode based on a relation 
ship between the first therapy range and the second therapy 
range (e.g., a therapy range ratio or other scaling factor). For 
example, when a change command is received by the implant 
able device, the computer-operable medium can be pro 
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4 
grammed to (a) change the waveform parameter applied to 
the first electrode by a first increment and (b) set the wave 
form parameter applied to the second electrode by a second 
increment in direct proportion to a therapy range ratio of the 
first therapy range to the second therapy range. In a different 
example, when a set of change commands is received, such as 
by the implantable device, the computer-operable medium is 
programmed to (a) change the waveform parameter applied to 
the first electrode by a change increment for each change 
command received by the implantable device and (b) set the 
waveform parameter applied to the second electrode accord 
ing to a best-fit approximation of the therapy range ratio. In 
this latter example the computer-operable medium can be 
programmed to set the waveform parameter applied to the 
second electrode either by changing the parameter applied to 
the second electrode by the same amount as the first electrode 
or by holding the parameter applied to the second electrode 
constant when the patient inputs a change command. 

In some embodiments, the technology further includes 
determining and/or receiving a scaling factor of the waveform 
parameter based on a relationship between the first and the 
second therapy ranges. The computer-operable medium can 
be programmed to receive a predetermined scaling factor of a 
waveform parameterbased upon a relationship between a first 
therapy range for the waveform parameter at a first area of the 
patient and a second therapy range for the waveform param 
eter at a second area of the patient. Alternatively, the com 
puter-operable medium can automatically calculate the Scal 
ing factor based upon the first and second therapy ranges. 

In some embodiments, the technology further includes 
delivering an electrical waveform at a first level of the wave 
form parameter to the first electrode located at the first area of 
the patient and at a second level of the waveform parameter to 
the second electrode, and delivering an updated first level to 
the first electrode and delivering an updated second level of 
the waveform parameter to the second electrode. In one par 
ticular example, the computer program is programmed to 
change the level of the waveform parameter applied to the 
first electrode implanted at the first area of the patient to an 
updated first level, automatically set the second level of the 
waveform parameter based on a ratio or other relationship 
between the first therapy range and the second therapy range 
to an updated second level, and deliver the electrical wave 
form at the updated first level to the first electrode and at the 
updated second level to the second electrode. 

In some embodiments, the computer-operable medium is 
programmed to prevent the waveform parameter applied to 
the first area from exceeding a first maximum and/or prevent 
ing the waveform parameter applied to the second area from 
exceeding a second maximum. 
The waveform parameters for the foregoing technology 

can include the amplitude, impedance, Voltage, pulse width, 
frequency, duty cycle and other parameters. For example, the 
waveform parameter can include the power delivered via the 
first electrode and/or the second electrode over a given period 
of time. 
Representative Systems and Methods 

In the following discussion, FIGS. 1A-1B illustrate a rep 
resentative implementation of a system 100 implanted in the 
spinal cord region of a patient 190, and FIGS. 2-7 illustrate 
representative components of system, methods, routines, 
associated circuits, and/or waveforms for managing pain 
across multiple areas of a patient. FIG. 1A schematically 
illustrates the treatment system 100 arranged relative to the 
general anatomy of the patient’s spinal cord 191 to provide 
relief from chronic pain and/or other conditions. The system 
100 can include a waveform generator 101, which may be 
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implanted subcutaneously within the patient 190 and coupled 
to an electrode device 109 (e.g., a signal delivery element). In 
a representative example, the electrode device 109 includes a 
lead or lead body 110 that carries features or elements for 
delivering therapy to the patient 190 after implantation. The 
waveform generator 101 can be connected directly to the lead 
body 110, or it can be coupled to the lead body 110 via a 
communication link 102 (e.g., an extension). 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 body 110 can include one or more electrodes or 
electrical contacts that direct electrical signals into the 
patient’s tissue. In other embodiments, the electrode device 
109 can include devices other thana lead body (e.g., a paddle) 
that also direct electrical signals and/or other types of signals 
to the patient 190. 

The waveform generator 101 can transmit electrical signals 
(i.e., waveforms) to the electrode device 109 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 “stimulate” and “stimulation” refer generally 
to signals that have either type of effect on the target nerves, 
and the terms “electrical signals' and “electrical waveforms' 
are used interchangeably. The waveform generator 101 can 
include a machine-readable medium (e.g., computer-oper 
able medium or computer-readable medium) programmed or 
otherwise containing instructions for generating and trans 
mitting Suitable therapy waveforms. The waveform 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 managing pain across 
multiple areas can be performed by computer-executable 
instructions contained on computer-operable media, e.g., the 
processor(s) 107 and/or memory(s) 108. The waveform gen 
erator 101 can include multiple portions, elements, and/or 
Subsystems (e.g., for directing signals in accordance with 
multiple signal delivery parameters) contained in a single 
housing, as shown in FIG. 1A, or contained in multiple hous 
ings. In any of these embodiments, the waveform generator 
101 and/or other implanted components of the system 100 
can include elements for detecting and responding to patient 
movement, impedance changes or other variables. 

In some embodiments, the waveform generator 101 
receives power from an external power source 103. The exter 
nal power source 103 can transmit power to the implanted 
waveform 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 implant 
able waveform generator 101. The external power source 103 
can be portable and rechargeable for ease of use. 

In another embodiment, the waveform generator 101 can 
receive power from an internal power source in addition to or 
in lieu of the external power source 103. For example, the 
implanted waveform generator 101 can include a battery that 
is either non-rechargeable or rechargeable to provide the 
power. When the internal power Source includes a recharge 
able 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., conven 
tional wall power). 

In some cases, an external programmer 105 (e.g., a trial 
stimulator) can be coupled to the electrode device 109 during 
a trial procedure before implanting the waveform generator 
101. A practitioner (e.g., a physician and/or a company rep 
resentative) can use the external programmer 105 to vary the 
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6 
stimulation parameters provided to the electrode device 109 
in real time, and select optimal or particularly efficacious 
parameters. During the trial period, the practitioner can also 
vary the position of the electrode device 109. After the posi 
tion of the electrode device 109 and initial signal delivery 
parameters are established using the external programmer 
105, the trial period continues for a limited time period by 
providing the therapy to the patient 190 via signals generated 
by the external programmer 105. In a representative applica 
tion, the patient 190 receives the trial therapy for one week. If 
the trial therapy is effective or shows the promise of being 
effective, the practitioner then replaces the external program 
mer 105 with the implanted waveform generator 101. The 
practitioner can optionally replace or reposition the electrode 
device 109 at the same time. The waveform parameters are 
initially based on the experience of the trial period, but these 
parameters can be further adjusted 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) 
at any time. Generally, the patient 190 has control over fewer 
parameters than the practitioner. For example, the capability 
of the patient programmer 106 may be limited to starting/ 
stopping the waveform generator 101 and adjusting the 
stimulation amplitude applied to one or more areas adjacent 
the electrode device 109. 

In any of the foregoing embodiments, the waveform 
parameters can be modulated during portions of the therapy 
regimen across one or more of the areas adjacent the electrode 
device 109. For example, the frequency, amplitude, pulse 
width, duty cycle, 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 neural population, and/or patient accommodation or 
habituation. In accordance with the present technology, one 
or more sets of areas adjacent to the signal delivery element 
109 are linked together for the purpose of modulating one or 
more of the waveform parameters based on a scaling factor 
between the individual areas in each set. As explained in more 
detail below, the level of a waveform parameter applied to 
each area in a linked pair can be modulated based upon a 
Scaling factor between the corresponding areas. 

FIG. 1B illustrates a representative lead 110 that can be 
connected to the waveform generator 101. The lead 110 can 
have any suitable number of contacts C positioned along its 
length L for delivering electrical therapy to the patient. For 
purposes of illustration, the lead 110 can have 11 contacts C 
(identified individually as contacts C1, C2 ... C11). In opera 
tion, one or more of the contacts C is cathodic and another one 
or more of the contacts C is anodic. The contacts C can be 
individually addressable so that any contact C or combination 
of contacts C can operate as a cathode, and any contact C or 
combination of contacts C can operate as an anode. The 
contacts C can be electrically grouped in any of a wide variety 
of combinations, and individual contacts C can perform dif 
ferent functions (e.g., cathodic functions and/or anodic func 
tions) at different times during the course of a therapy regi 
men. In any of these embodiments, each contact C may be 
coupled with a corresponding conductor 111 to the waveform 
generator 101. The conductors 111 may have one or more 
connection points along their lengths (e.g., at a junction with 
the waveform generator 101, and optionally at a junction with 
an extension). Accordingly, the circuit for a given pair of 
contacts C includes the contacts C, the patient tissue T 
between the contacts, the individual conductors 111, connec 
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tion points along the conductors 111, and connection points 
between the conductors 111 and the waveform generator 101. 

FIG. 2 illustrates an overall process in accordance with a 
specific embodiment of the technology for managing pain in 
a patient using an electrical waveform. In this embodiment, 
the patient has a first area which has a first therapy range for 
a waveform parameter and a second area which has a second 
therapy range for the waveform parameter. The method 200 
can include changing the level of the waveform parameter 
applied to a first electrode located at the first area of the 
patient (block 210), and automatically setting the level of the 
waveform parameter applied to a second electrode located at 
the second area of the patient (block 220). The level of the 
waveform parameter applied to the second electrode is auto 
matically set by the computer-operable medium based on the 
magnitude of the change of the waveform parameter applied 
to the first electrode and a relationship between the first 
therapy range and the second therapy range (block 220). The 
waveform parameter, for example, can be the amplitude, 
pulse width, duty cycle, frequency, power or other variable. 
The relationship between the first therapy range and the sec 
ond therapy range can be a scaling factor that compensates for 
different sensation, therapy and pain thresholds between the 
first and second areas. The method 200 accordingly links the 
level of the waveform parameter applied to the second area of 
the patient to the level of the waveform parameter applied to 
the first area of the patient based on the relationship between 
the first and second therapy ranges for the waveform param 
eter. 

The method 200 is not limited to linking the adjustment of 
the level of a single waveform parameter across different 
areas of the patient, but rather the method 200 can include 
linking changes in the levels of a set of parameters of the 
waveform applied to one area of the patient to the levels of the 
same set of parameters of the waveform applied to another 
area of the patient based on the scaling factor. The method 200 
is also not limited to linking the adjustment for the level of just 
the first and second areas of the patient, but rather the method 
200 can include linking the level of the waveform parameter 
to any number of areas of the patient’s body in addition to, or 
in lieu of linking the waveform parameter applied to the first 
and second electrodes located at the first and second areas of 
the patient. The use of “first and “second throughout is 
accordingly inclusive of additional like features, and thus 
unless otherwise expressly stated the use of “first and “sec 
ond' throughout does not exclude any additional like or simi 
lar features. In several embodiments, the method 200 includes 
changing the level of the waveform parameter applied to the 
first electrode and concurrently setting the level of the wave 
form parameter applied to the second electrode, but in other 
embodiments there can be a delay between changing the level 
of the waveform parameter applied to the first electrode and 
setting the level of the waveform parameter applied to the 
second electrode. 
The different areas of the patient can be sites relative to the 

patient’s spinal cord. For example, the first and second areas 
can be located adjacent to the patient's spinal cord Such that 
the electrical waveform applied to the first area affects a first 
population of neurons while the waveform applied to the 
second area affects a second population of neurons. The first 
and second neuron populations can be completely distinct 
from each other, or in other situations there can be some 
overlap among the different neuron populations. 
The different areas of the patient are generally associated 

with different areas of pain perceived by the patient. Refer 
ring to FIG. 1B, for example, any of the electrodes C1-C11 
can be associated with individual areas of the patient to apply 
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8 
energy to different populations of neurons that control or are 
otherwise involved in the transmission of pain signals asso 
ciated with different regions of the patient. The method 200 
can further include locating more than one electrode at each 
individual area of the patient. For example, electrodes C1-C4 
can be located at a first area A of the patient, electrodes 
C5-C8 can be located adjacent to a second area A of the 
patient, electrode C9 can be located adjacent to a third area As 
of the patient, and electrode C10 can be located at a fourth 
area A of the patient. In other embodiments, only a single one 
of the electrodes C1-C11 can be located and/or activated at a 
single area of the patient. The configuration of areas A-A- 
shown in FIG.1B is merely one example, and a person skilled 
in the art of implementing SCS systems will understand that 
the number of areas and the number of electrodes per area 
varies and are not limited to those shown in FIG. 1B. 
The method 200 links the modulation of at least one wave 

form parameter across two areas of the patient. For example, 
two or more of the different areas of the patient A-A can be 
linked together in one or more sets in which a scaling factor is 
applied to changes of a waveform parameter between the 
different areas of a set. In one embodiment, areas A and A 
can be linked together to define a first area set in which a 
Scaling factor S is applied to the waveform parameter applied 
to each of the areas A and A. Similarly, the third area A and 
the fourth area A can be linked together in a second area set 
in which a scaling factor S is applied to the waveform param 
eter applied to the third and fourth areas A and A either in 
addition to, or in lieu of applying the Scaling factor S to areas 
A and A. FIG. 1B further illustrates that the second area A 
and the third area A can be linked together in a third area set 
to which a scaling factor S is applied to the waveform param 
eter applied to areas A and A. Any number of different 
combinations of areas and Scaling factors may be imple 
mented for controlling the waveform parameters among the 
different areas of one or more area sets. 

Several embodiments of the method 200 are particularly 
useful for controlling pain perceived in different regions of 
the back and/or lower extremities (e.g., legs, buttocks, foot). 
Referring to U.S. Patent Application No. 61/176,868, filed on 
May 8, 2009, now expired, which is incorporated herein by 
reference, the electrodes can be located adjacent to vertebral 
bodies T9-T12, and more specifically along vertebral bodies 
T10-T11, for treating back and lower extremity pain. In other 
embodiments, however, the electrodes can be located adja 
cent to other vertebral bodies for treating other types of pain 
or other conditions. 
The Scaling factor can be based on a relationship between 

the therapy ranges of the waveform parameter for the indi 
vidual areas of the patient. The therapy range for a given area 
can be the range of the waveform parameter that provides the 
desired pain control without inducing discomfort (e.g., sharp 
pain, adverse muscle effects, or other unwanted effects). For 
example, the lower limit of a therapy range for a given area 
can be based on the level of the waveform parameter at a 
sensation threshold and/or a therapeutic threshold associated 
with the particular area. The upper limit of the therapy range 
for the particular area can be based on a level of the waveform 
parameter at a discomfort threshold. The “sensation thresh 
old can be the level or range of the waveform parameter at 
which the patient initially senses the electrical waveform 
applied to the specific area. The “therapeutic threshold can 
be the level or range of the waveform parameter at which the 
patient experiences a therapeutic effect, such as relieving 
pain, associated with the corresponding area. The sensation 
and therapeutic thresholds can be the same or similar levels of 
the waveform parameter. The “discomfort threshold’ can be 
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the level or range of the waveform parameter that induces 
pain, unwanted muscle effects, or other undesirable effects 
associated with the corresponding area. The lower limit of the 
therapy waveform may be set slightly above the sensation 
threshold and/or the therapeutic threshold to provide a margin 
that ensures the patient receives the desired therapy. Con 
versely, the upper limit of the therapy range can be less than 
the discomfort threshold to provide a margin that ensures that 
the patient does not experience discomfort. 

The method 200 can further include setting a maximum 
level for the waveform parameter at each of the areas of the 
patient. For example, the method 200 can further include 
setting a first maximum of the waveform parameter for the 
first area and setting a second maximum of the waveform 
parameter for the second area. The first and second maxi 
mums of the waveform parameter can be less than the first and 
second discomfort thresholds, respectively. The method 200 
can further include preventing the first or second levels of the 
waveform parameter from exceeding the first or second maxi 
mums, respectively, so that the electrical waveform does not 
induce undesirable side effects in any of the linked areas. 
The therapy ranges for the individual areas of the patient 

can be determined during the trial period and/or throughout 
the therapy after final implantation. FIG. 3A is a flowchart 
illustrating an embodiment of a routine for determining the 
therapy range of the waveform parameter associated with an 
area of the patient. As described above, the electrodes are 
implanted in the patient and the electrical waveforms are 
generated by a waveform generator to determine whether the 
electrical signals provide a therapeutic effect for the specific 
patient. The embodiment of the routine 300 illustrated in FIG. 
3A includes determining a correlation between the electrodes 
and the areas of the patient (block 310), delivering the elec 
trical waveform to at least one electrode at a corresponding 
area of the patient (block 320), and modulating a waveform 
parameter applied to the electrode (block 330). The correla 
tion between the electrodes and the areas of the patient can be 
determined by applying the electrical waveform to one or 
more electrodes either individually or in various combina 
tions with each other and recording the corresponding areas 
where the patient perceives a sensation, a therapeutic effect, 
or discomfort. Based on the modulation of the waveform 
parameter, the method 300 further includes determining a 
level of the waveform parameter at which the patient per 
ceives the application of the electrical waveform (block 340) 
without discomfort and determining a level of the waveform 
parameter at which the patient perceives an undesirable effect 
(block 350). The level of the waveform parameter at which 
the patient perceives the application of the electrical wave 
form (block 340) without discomfort can correspond to the 
sensation threshold and/or the therapeutic threshold, and the 
level of the waveform parameter at which the patient per 
ceives an undesirable effect (block 350) can correspond to the 
discomfort threshold. As described above, the lower and 
upper limits of the therapy range can be based on these thresh 
olds. 
The therapy ranges can also be determined based on a 

patient usage history during the trial period and/or after final 
implantation of the pulse generator. FIG. 3B illustrates a 
routine 312 for determining the therapy range in accordance 
with an embodiment of the technology. In this embodiment, 
the routine 312 includes applying an electrical waveform to 
electrodes at different areas of the patient (block 322). The 
electrical waveform can be applied to one or more electrodes 
at the individual areas of the patient to determine the therapy 
ranges for the corresponding areas as explained above. The 
routine 312 further includes recording the waveform param 
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10 
eter levels applied to the different electrodes at the different 
areas of the patient (block 332) over time. The usage history 
of the waveform parameter can be recorded in the onboard 
memory of the implantable device and then downloaded via a 
wireless communication link to an external programmer dur 
ing recharging or at other times. The routine 312 further 
includes determining at least one of the sensation threshold or 
the therapeutic threshold from the usage data (block 342) and 
determining the discomfort threshold from the usage data 
(block 352). The routine 312 can optionally including deter 
mining the other of the sensation threshold or the therapeutic 
threshold from the usage data (block 362) in addition to the 
threshold determined at block 362. The sensation threshold, 
discomfort threshold and/or therapeutic threshold deter 
mined from the usage data can remain static throughout the 
therapy, or the routine can further include updating one or 
more of these thresholds on a continuous or periodic basis 
(block 372). 
The various thresholds at blocks 342, 352 and 362 can be 

determined by having the patient provide an input when the 
patient perceives a sensation, a therapeutic effect or an unde 
sirable effect associated with the waveform. The patient 
inputs can be correlated with the levels of the waveform 
parameter to provide a series of data points for determining 
each of the sensation, therapeutic and/or discomfort thresh 
olds. In a different embodiment, the thresholds can be based 
on an assessment of the patients habits. For example, the 
lower limits of the therapy range can be determined by iden 
tifying the lower range of waveform parameter levels consis 
tently used by the patient because such usage would indicate 
that the patient does not perceive the waveform or a therapeu 
tic effect below such levels. The discomfort threshold may be 
assessed by ascertaining the levels of the waveform parameter 
at which the patient rapidly reduces the magnitude of the 
parameter and/or the upper range of waveform parameter 
levels used by the patient. A rapid reduction of the magnitude 
of the waveform parameter may be indicative of an acute 
increase in pain or other undesirable effects, whereas the 
upper range would indicate the patient perceives discomfort 
above such levels. The therapeutic threshold also may be 
determined by identifying the levels at which the waveform 
parameters are maintained for extended periods of time 
because this would indicate that the electrical waveform is 
providing the desired therapeutic effect for controlling or 
otherwise managing the patient’s pain. 
The actual linked modulation based on the relationships 

between the therapy ranges can be executed in a number of 
different ways. For example, one embodiment of the method 
200 changes the level of the waveform parameter applied to 
the first area by a first increment and automatically changes 
the level of the waveform parameter applied to the second 
area by a second increment in direct proportion to the ratio of 
the first therapy range to the second therapy range. The ratio 
of the first therapy range to the second therapy range can be 
less than 1:1, equal to 1:1, or greater than 1:1 depending upon 
the sizes of the individual ranges. The ratio can have a positive 
value when the waveform parameter levels in different areas 
are positively correlated, and a negative value when the wave 
form parameter levels are negatively correlated. A negative 
correlation can exist, for example, when the patient experi 
ences a stronger than desired stimulation in one area, and a 
weaker than desired stimulation in another area. In Such 
instances, the scale factor can include the ratio described 
above, optionally modified by patient input. 
When the amplitude is the waveform parameter being 

modulated, the ratio of the first therapy range for the first area 
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of the patient to the second therapy range for the second area 
of the patient can be defined by the equation: 

A p - AT 
Ratio = 

A2p - A2T 

In this equation, A is the amplitude at which the patient 
experiences pain at the first area, A is the amplitude at which 
the patient experiences a therapeutic effect at the first area, 
A is the amplitude at which the patient experiences pain at 
the second area, and A is the amplitude at which the patient 
experiences a therapeutic effect at the second area. In this 
embodiment, the change in the level of the waveform param 
eter applied to the second area is the product of the magnitude 
of the first increment that the waveform parameter was 
changed at the first area and the ratio of the first therapy range 
to the second therapy range. 

FIG. 4 illustrates in a specific example of setting the wave 
form parameter applied to the second electrode in direct pro 
portion to the therapy range ratio. The example shown in FIG. 
4 is for purposes of illustration and is not limiting in any way. 
In this example, if the first area of the patient has a pain 
threshold (A) of 6 mA and a therapy threshold (A) of 3 
mA, and if the second area of the patient has a pain threshold 
(A) of 7 mA and atherapy threshold(A) of 5 mA, then the 
first therapy range is 3 mA and the second therapy range is 2 
mA. This results in a therapy range ratio of 3:2 based on the 
equation above. As a result, for every first increment that the 
waveform parameteris changed at the first area A, the second 
increment that the waveform parameter is changed at the 
second area A is two-thirds of the first increment. If the 
therapy range ratio of the first therapy range to the second 
therapy range is 2:1, then the second increment is 50% of the 
first increment. 

FIG. 5 illustrates another example of implementing an 
embodiment of the method 200 in which the levels of the 
waveform parameter are modulated to achieve a best-fit 
approximation of the relationship between the first and sec 
ond therapy ranges. In this embodiment, each time the wave 
form parameter applied to the first electrode is changed by an 
incremental amount, the waveform parameter applied to the 
second electrode is set by either (a) changing the waveform 
parameter applied to the second area by the same incremental 
amount or (b) holding the waveform parameter applied to the 
second area constant. For example, when the therapy range 
ratio of the first therapy range to the second therapy range is 
3:2 as described above, then the level of the waveform param 
eter applied to the second electrode is changed by two of the 
incremental amounts for every three incremental amounts 
that the level of the waveform parameter is changed at the first 
electrode. Stated differently, each time the patient pushes a 
button to increase or decrease the waveform parameter, the 
waveform parameter for the first electrode is changed by a full 
increment, but the waveform parameter is changed at the 
second area only every two out of three times that the patient 
pushes the button. FIG. 5 illustrates this point for the example 
ofatherapy ratio of 3:2 at timest, t and ts. More specifically, 
when the patient pushes a button or otherwise inputs a change 
command using the patient programming at time t, the level 
of the parameter is increased by a first increment 1.0 at both 
the first area A and the second area A. This provides the best 
fit for a 3:2 therapy ratio because the direct proportional 
increase at the second area A would be approximately 0.67 
Such that applying an incremental change of 1.0 to area A is 
closer to the therapy ratio than holding the value constant. At 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
time t, the patient inputs another command to increase the 
waveform parameter by another full increment at area A to 
2.0, but the value of the waveform parameter applied to area 
A is held constant. This is because after two increases of the 
incremental value applied to area A, the direct proportional 
value of the waveform parameter for area A would be 1.33 
Such that holding the waveform parameter applied to the 
second area constant at 1.0 provides a better fit than increas 
ing the waveform parameter applied to the second electrode 
to 2.0. At timets, the patient enters another input to change the 
waveform parameters such that the level of the waveform 
parameter associated with the first area A is increased to 3.0 
and the level of the waveform parameter associated with the 
second area A is increased to 2.0. The foregoing examples 
using the ratio of 3:2 are merely for illustration, and it will be 
appreciated that the actual ratio of the first therapy range to 
the second therapy range can be any ratio depending upon the 
values for the first and second therapy ranges. 
The method 200 can further include preventinga waveform 

parameter applied to the first area from exceeding a first 
maximum and preventing the waveform parameter applied to 
the second area from exceeding a second maximum. Because 
each area of the patient may have a different maximum for the 
waveform parameter, the method 200 can include determin 
ing a first maximum for the waveform parameter associated 
with the first area and determining a second maximum for the 
waveform parameter associated with the second area above 
which application of the waveform causes discomfort at 
either or both of the areas. By preventing the waveform 
parameter from exceeding one or both of the first and/or 
second maximums, the patient will not exceed the pain 
threshold of one area while trying to increase the amplitude 
applied to another area. 

FIG. 6 is a flowchart illustrating a method 600 in accor 
dance with another embodiment of the technology. In this 
embodiment, the method 600 includes delivering an electrical 
waveform at a first level of the waveform parameter to a first 
electrode at the first area and at a second level of the waveform 
parameter to a second electrode at the second area (block 
610). The method 600 further includes changing the first level 
of the parameter (block 620) and setting the second level of 
the parameter based on a ratio of the first therapy range to the 
second therapy range (block 630). The electrical waveform is 
then delivered at the first level of the parameter to the first 
electrode and at the second level of the parameter to the 
second electrode (block 640). 

FIG. 7 illustrates a method 700 in accordance with yet 
another embodiment of the technology. In this embodiment, 
the method 700 includes selecting at least two areas for linked 
modulation of the waveform parameter including a first area 
having a first therapy range for the waveform parameter and a 
second area having a second therapy range for the waveform 
parameter (block 710). The method 700 further includes 
determining a scaling factor of the waveform parameterbased 
on a relationship between the first and second therapy ranges 
(block 720). The method 700 continues by delivering an 
electrical waveformat a first level of the waveform parameter 
to a first electrode located at the first area and at a second level 
of the waveform parameter to a second electrode located at 
the second area (block 730). The method 700 further includes 
changing the first level of the waveform parameter to an 
updated first level (block 740) and setting the second level of 
the waveform parameter to an updated second level based on 
the scaling factor and the magnitude of the change of the first 
level of the waveform parameter (block 750). The electrical 
waveform is then delivered at the updated first level of the 
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waveform parameter to the first electrode and at the updated 
second level of the waveform parameter to the second elec 
trode (block 760). 

In any of the foregoing embodiments, the computer-oper 
able medium of the system 100 can be programmed to 
execute any or all of the embodiments of the methods 
described above. Additionally, the system 100 can further 
comprise a memory containing a history of patient usage 
patterns of the waveform applied to the first and second elec 
trodes, and the computer-operable medium can be pro 
grammed to determining whether the first area of the patient 
is linked to the second area of the patient. In still additional 
embodiments, the computer-operable medium can be pro 
grammed to determine whether the first area of the patient is 
not linked to the second area of the patient, and in Such 
circumstances to change the first waveform parameter 
applied to the first electrode and set the second waveform 
parameter applied to the second electrode independently of 
each other. 
Any of the foregoing methods and systems can include 

further embodiments for adapting the linked modulation of 
the waveform parameter to the position of the patient. For 
example, the system 100 can further comprise a memory 
including a first ratio of the first therapy range to the second 
therapy range associated with a first patient position and a 
second ratio of the first therapy range to the second therapy 
range associated with a second patient position. The system 
can further comprise a position detector, and the computer 
operable medium can be programmed to change the wave 
form parameter applied to the first electrode and set the wave 
form parameter applied to the second electrode based on (a) 
the first ratio when the position detector indicates that the 
patient is in the first patient position or (b) the second ratio 
when the position detector indicates that the patient is in the 
second patient position. The position detector can comprise 
an accelerometer, or the position detector can comprise an 
impedance detector. 

Several embodiments of the systems, methods and routines 
of the technology described above can simplify and enhance 
the ability to change a waveform parameter across several 
areas of the patient. For example, the patient can merely 
increase or decrease the intensity of the waveform parameter 
and the systems and methods automatically adjust the wave 
form parameter across the different areas without being lim 
ited by the area with the lowest pain threshold or the highest 
therapeutic threshold. As explained above, existing linked 
mode systems that do not provide scaling between the various 
areas are limited to increasing the intensity of the waveform 
parameter so that it does not exceed the pain threshold level of 
the area having the lowest pain threshold. Many embodiments 
of the present technology avoid or mitigate Such a limitation 
because the Scaling factor allows the intensity of the param 
eter to be increased differently across the areas depending on 
the different pain thresholds. This enables some areas to 
receive more intense stimulation that would otherwise cause 
pain in areas with lower pain thresholds. Several embodi 
ments of the technology also maintain the relative levels of 
the waveform parameter over a long period of time to provide 
more consistent results. Existing linked mode systems 
change the intensity of the waveform parameter at different 
areas by equal increments for each change command and 
merely prevent the waveform parameter from exceeding an 
upper limit at each area, but these systems then allow the 
waveform parameter to be decreased from their maximums 
by equal increments when the patient inputs the change com 
mands. Several embodiments of the technology avoid or miti 
gate this problem because the scaling factor enables the wave 
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form parameter to be changed by different amounts at 
different areas. Therefore, several embodiments of the tech 
nology simplify the ongoing modulation of waveform param 
eters and enhance the efficacy of managing pain. 
From the foregoing, it will be appreciated that specific 

embodiments of the invention have been described hereinfor 
purposes of illustration, but that various modifications may be 
made without deviating from the spirit and scope of the inven 
tion. Accordingly, the invention is not limited except as by the 
appended claims. 
We claim: 
1. A system for managing pain in a patient using an elec 

trical waveform, comprising: 
an electrode device configured to be implanted into a 

patient and including a plurality of electrodes having at 
least a first electrode associated with a first area of the 
patient and a second electrode associated with a second 
area of the patient, wherein the first area has a first 
therapy range for a waveform parameter and the second 
area has a second therapy range for the waveform 
parameter, and 

an implantable device configured to be coupled to the 
electrode device, the implantable device including a 
power Supply, a waveform generator configured togen 
erate a waveform, and a computer-operable medium 
operatively coupled to the waveform generator, the com 
puter-operable medium being programmed to change 
the waveform parameter applied to the first electrode 
and automatically set the waveform parameter applied to 
the second electrode based on a relationship between the 
first therapy range and the second therapy range. 

2. The system of claim 1, wherein the computer-operable 
medium is programmed to limit the waveform parameter 
applied to the first electrode to within the first therapy range 
and to limit the waveform parameter applied to the second 
electrode to within the second therapy range. 

3. The system of claim 1, wherein: 
the waveform parameter comprises the amplitude of the 

waveform, the first therapy range comprises a first 
amplitude range between (a) a sensation threshold and/ 
or a therapeutic threshold and (b) a discomfort threshold 
for the first area, and the second therapy range comprises 
a second amplitude range between (a) a sensation 
threshold and/or a therapeutic threshold and (b) a dis 
comfort threshold for the second area; 

the relationship between the first therapy range to the sec 
ond therapy range comprises a ratio of the first amplitude 
range to the second amplitude range; 

the system further comprises a patient input device having 
a controller that generates a change command and a 
transmitter configured to transmit the change command 
to the implantable device; and 

the computer-operable medium is programmed to (a) 
change the amplitude of the waveform applied to the first 
electrode by a first amplitude increment and (b) set the 
amplitude of the waveform applied to the second elec 
trode by a second amplitude increment in direct propor 
tion to the ratio of the first amplitude range to the second 
amplitude range, in response to the change command 
being received by the implantable device. 

4. The system of claim 1, wherein: 
the waveform parameter comprises the amplitude of the 

waveform, the first therapy range comprises a first 
amplitude range between (a) a sensation threshold and/ 
or a therapeutic threshold and (b) a discomfort threshold 
for the first area, and the second therapy range comprises 
a second amplitude range between (a) a sensation 
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threshold and/or a therapeutic threshold and (b) a dis 
comfort threshold for the second area; 

the relationship between the first therapy range and the 
second therapy range comprises a ratio of the first ampli 
tude range to the second amplitude range; 5 

the system further comprises a patient input device having 
a controller that generates a change command and a 
transmitter configured to transmit the change command 
to the implantable device; and 

the computer-operable medium is programmed to (a) 10 
change the amplitude of the waveform applied to the first 
electrode by a first change increment for each change 
command received by the implantable device and (b) set 
the amplitude of the waveform applied to the second 
electrode according to a best-fit approximation of the 15 
ratio of the first amplitude range to the second amplitude 
range, in response to a set of change commands being 
received by the implantable device. 

5. The system of claim 4, wherein the computer-operable 
medium is programmed to set the amplitude of the waveform 20 
applied to the second electrode by changing the amplitude 
applied to the second electrode by the first change increment 
or holding the amplitude applied to the second electrode 
constant for each change command received by the implant 
able device. 25 

6. The system of claim 1, further comprising a memory 
containing a history of patient usage patterns of the waveform 
applied to the first and second electrodes, and wherein the 
computer-operable medium is further programmed to calcu 
late a ratio of the first parameterrange to the second parameter 30 
range based on the history of patient usage patterns. 

7. The system of claim 1, further comprising a memory 
containing a history of patient usage patterns of the waveform 
applied to the first and second electrodes, and wherein the 
computer-operable medium is further programmed to deter- 35 
mine whether the first area of the patient is linked to the 
second area of the patient. 

8. The system of claim 7, wherein the computer-operable 
medium is programmed to change the first waveform param 
eter applied to the first electrode and set the second waveform 40 
parameter applied to the second electrode independently of 
each other, in response to the computer-operable medium 
determining that the first area of the patient is not linked to the 
second area of the patient. 

9. The system of claim 1, wherein the computer-operable 45 
medium is further programmed to decouple control of the 
waveform parameter applied to the first and second electrodes 
when the waveform parameter exceeds a maximum value for 
one of the first or second areas. 

10. The system of claim 1, wherein the electrode device 50 
includes at least one additional electrode associated with an 
additional area of the patient having an additional therapy 
range for the waveform parameter, and wherein computer 
operable medium is further programmed to change the wave 
form parameter applied to the additional electrode based on a 55 
ratio of the additional therapy range to the first therapy range 
and/or the second therapy range. 

11. A system for managing pain in a patient using an 
electrical waveform, comprising: 

an electrode device configured to be implanted into a 60 
patient and including a plurality of electrodes having at 
least a first electrode associated with a first area of the 
patient and a second electrode associated with a second 
area of the patient, wherein the first area has a first 
therapy range for a waveform parameter and the second 65 
area has a second therapy range for the waveform 
parameter; 

16 
an implantable device configured to be coupled to the 

electrode device, the implantable device including a 
power Supply, a waveform generator configured togen 
erate the waveform, and a computer-operable medium 
operatively coupled to the waveform generator, the com 
puter-operable medium being programmed to change 
the waveform parameter applied to the first electrode 
and automatically set the waveform parameter applied to 
the second electrode based on a relationship between the 
first therapy range and the second therapy range; and 

a patient input device having a controller that generates a 
change command and a transmitter configured to trans 
mit the change command to the implantable device, and 
wherein the relationship between the first therapy range 
and the second therapy range comprises a ratio of the 
first therapy range to the second therapy range. 

12. The system of claim 11, wherein the computer-oper 
able medium is programmed to (a) change the waveform 
parameter applied to the first electrode by a first increment 
and (b) set the waveform parameter applied to the second 
electrode by a second increment in direct proportion to the 
ratio of the first therapy range to the second therapy range, in 
response to the change command being received by the 
implantable device. 

13. The system of claim 11, wherein the computer-oper 
able medium is programmed to (a) change the waveform 
parameter applied to the first electrode by a change increment 
for each change command received by the implantable device 
and (b) set the waveform parameter applied to the second 
electrode according to a best-fit approximation of the ratio of 
the first therapy range to the second therapy range, in response 
to a set of change commands being received by the implant 
able device. 

14. The system of claim 13, wherein the computer-oper 
able medium is programmed to set the waveform parameter 
applied to the second electrode by changing the parameter 
applied to the second electrode by the change increment or 
holding the parameter applied to the second electrode con 
stant for each change command received by the implantable 
device. 

15. The system of claim 11, wherein: 
the waveform parameter comprises the power of the wave 

form, the first therapy range comprises a first power 
range between (a) a sensation threshold and/or a thera 
peutic threshold and (b) a discomfort threshold for the 
first area, and the second therapy range comprises a 
second power range between (a) a sensation threshold 
and/or a therapeutic threshold and (b) a discomfort 
threshold for the second area; 

the system further comprises a patient input device having 
a controller that generates a change command and a 
transmitter configured to transmit the change command 
to the implantable device; and 

wherein the computer-operable medium is programmed to 
(a) change the power of the waveform applied to the first 
electrode by a first power increment and (b) set the 
power of the waveform applied to the second electrode 
by a second power increment in direct proportion to a 
ratio of the first power range to the second power range, 
in response to the change command being received by 
the implantable device. 

16. The system of claim 11, wherein: 
the waveform parameter comprises the power of the wave 

form, the first therapy range comprises a first power 
range between (a) a sensation threshold and/or a thera 
peutic threshold and (b) a discomfort threshold for the 
first area, and the second therapy range comprises a 
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second power range between (a) a sensation threshold 
and/or a therapeutic threshold and (b) a discomfort 
threshold for the second area; 

the system further comprises a patient input device having 
a controller that generates a change command and a 
transmitter configured to transmit the change command 
to the implantable device; and 

wherein the computer-operable medium is programmed to 
(a) change the power of the waveform applied to the first 
electrode by a first change increment for each change 
command received by the implantable device and (b) set 
the power of the waveform applied to the second elec 
trode according to a best-fit approximation of the ratio of 
the first power range to the second power range, in 
response to a set of change commands being received by 
the implantable device. 

17. The system of claim 16, wherein the computer-oper 
able medium is programmed to set the power of the waveform 

10 

15 

applied to the second electrode by changing the power 20 
applied to the second electrode by the first change increment 
or holding the power applied to the second electrode constant 
for each change command received by the implantable 
device. 

18. A system for managing pain in a patient using an 25 
electrical waveform, comprising: 

an electrode device configured to be implanted into a 
patient and including a plurality of electrodes having at 
least a first electrode associated with a first area of the 
patient and a second electrode associated with a second 
area of the patient, wherein the first area has a first 

30 

18 
therapy range for a waveform parameter and the second 
area has a second therapy range for the waveform 
parameter, 

an implantable device configured to be coupled to the 
electrode device, the implantable device including a 
power Supply, a waveform generator configured togen 
erate a waveform, and a computer-operable medium 
operatively coupled to the waveform generator, the com 
puter-operable medium being programmed to change 
the waveform parameter applied to the first electrode 
and automatically set the waveform parameter applied to 
the second electrode based on a relationship between the 
first therapy range and the second therapy range; 

a memory including a first ratio of the first therapy range 
and the second therapy range associated with a first 
patient position and a second ratio of the first therapy 
range and the second therapy range associated with a 
second patient position; and 

a position detector; wherein 
the computer-operable medium is programmed to change 

the waveform parameter applied to the first electrode 
and set the waveform parameter applied to the second 
electrode based on (a) the first ratio when the position 
detector indicates that the patient is in the first patient 
position or (b) the second ratio when the position detec 
tor indicates that the patient is in the second patient 
position. 

19. The system of claim 18, wherein the position detector 
comprises an accelerometer. 

20. The system of claim 18, wherein the position detector 
comprises an impedance detector. 

k k k k k 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 9,002.461 B2 Page 1 of 1 
APPLICATIONNO. : 14/226644 
DATED : April 7, 2015 
INVENTOR(S) : Andre B. Walker et al. 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below: 

In the Drawings 

On sheet 9 of 9, in Figure 7, Reference Numeral 760, line 1, delete “upated and insert -- updated --, 
therefor. 

In the Specification 

In column 11, line 27, delete “(AP) and insert -- (AT) --, therefor. (Second Occurrence) 

Signed and Sealed this 
Second Day of February, 2016 

74-4-04- 2% 4 
Michelle K. Lee 

Director of the United States Patent and Trademark Office 

Boston Scientific Corporation Exhibit 1001
Boston Scientific Corporation, and Boston Scientific Neuromodulation Corporation v. Nevro Corporation

Page 21 of 21




