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(57) ABSTRACT 

According to one embodiment, a combined electrical and 
chemical stimulation lead adapted for implantation proxi 
mate target nerve tissue in a person for combined electrical 
and chemical stimulation of the target nerve tissue, includes 
a lead body. One or more electrodes located along the lead 
body and adapted to be positioned proximate the target nerve 
tissue and to deliver electrical stimulation pulses transmitted 
through the lead to the target nerve tissue. One or more 
infusion ports located along the lead body and adapted to be 
positioned proximate the target nerve tissue and to deliver 
chemical stimulation pulses transmitted through the lead to 
the target nerve tissue. The lead is adapted to provide 
combined electrical and chemical stimulation of the target 
nerve tissue using the one or more electrodes and the one or 
more infusion ports. 
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SYSTEM, METHOD, AND COMBINED 
ELECTRICAL AND CHEMICAL STIMULATION 
LEAD FOR STIMULATION OF A PERSON’S 

NERVE TISSUE 

RELATED APPLICATIONS 

[0001] This application is a continuation of US. applica 
tion Ser. No. 10/750,788 ?led Jan. 2, 2004, entitled “System 
and Method for Stimulation of a Person’s Brain Stem,” 
Which claims the bene?t of US. Provisional Application No. 
60/438,053 ?led Jan. 3, 2003. 

[0002] This application is also related to US. application 
Ser. No. (Attorney’s Docket 02-044 Conl 
(065274.0135)), ?led , entitled “System, Method, 
and Resilient Neurological Stimulation Lead for Stimulation 
of a Person’s Nerve Tissue,” Which is also a continuation of 
US. application Ser. No. 10/750,788. 

TECHNICAL FIELD 

[0003] This invention relates generally to electrical stimu 
lation leads and infusion catheters for medical applications 
and in particular to a system, method, and combined elec 
trical and chemical stimulation lead for stimulation of a 
person’s nerve tissue. 

BACKGROUND 

[0004] Stimulation may be applied to target nerve tissue in 
the brain or spinal cord to treat a variety of clinical condi 
tions. According to one technique, a set of efficacious 
neurological stimulation parameters are determined, the set 
of parameters is entered into the system, and the system is 
used to stimulate, either electrically or chemically, the target 
nerve tissue according to the set of parameters to treat a 
condition. 

[0005] For electrical stimulation, typically, an implanted 
pulse generator (IPG) transmits a pulse of ef?cacious elec 
trical energy to an implanted electrical stimulation lead 
according to the set of parameters and, in response to the 
pulse, the electrodes of the implanted stimulation lead 
deliver the electrical energy to the target nerve tissue to treat 
the condition. For chemical stimulation, typically, an 
implantable drug pump transmits a pulse of ef?cacious drugs 
through a catheter according to the set of parameters and, in 
response to the pulse, infusion ports of the implanted cath 
eter deliver the chemical dose to the target nerve tissue to 
treat the condition. 

[0006] HoWever, there exists a certain population of 
patients With conditions that are intractable to standard 
therapies. For example, some patients With neurodegenera 
tive diseases or trauma such as cerebral infarct or spinal cord 
injury may experience pain or undesirable movements such 
as spasticity or dyskinesia that are not responsive to stimu 
lation of the cortex or spinal cord. As another example, some 
patients With chronic pain in multiple locations may not 
obtain full relief using previous stimulation techniques. 
Alternative stimulation methods are desirable to treat the 
population of patients With conditions that are intractable to 
standard therapies. 

SUMMARY OF THE INVENTION 

[0007] The neurological stimulation system and the asso 
ciated electrical stimulation leads, infusion catheters, and 
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methods of the present invention may reduce or eliminate 
certain problems and disadvantages associated With prior 
techniques for stimulating nerve tissue. 

[0008] According to one embodiment, a combined elec 
trical and chemical stimulation lead adapted for implantation 
proximate target nerve tissue in a person for combined 
electrical and chemical stimulation of the target nerve tissue, 
includes a lead body. One or more electrodes located along 
the lead body and adapted to be positioned proximate the 
target nerve tissue and to deliver electrical stimulation 
pulses transmitted through the lead to the target nerve tissue. 
One or more infusion ports located along the lead body and 
adapted to be positioned proximate the target nerve tissue 
and to deliver chemical stimulation pulses transmitted 
through the lead to the target nerve tissue. The lead is 
adapted to provide combined electrical and chemical stimu 
lation of the target nerve tissue using the one or more 
electrodes and the one or more infusion ports. 

[0009] According to another embodiment, a neurological 
stimulation system is provided for stimulating nerve tissue 
in a person. The system includes a combined electrical and 
chemical stimulation lead adapted for implantation proxi 
mate target nerve tissue in the person. The lead includes a 
lead body, one or more electrodes located along the lead 
body and adapted to be positioned proximate the target nerve 
tissue and to deliver electrical stimulation pulses transmitted 
through the lead to the target nerve tissue, and one or more 
infusion ports located along the lead body and adapted to be 
positioned proximate the target nerve tissue and to deliver 
chemical stimulation pulses transmitted through the lead to 
the target nerve tissue. The lead is adapted to provide 
combined electrical and chemical stimulation of the target 
nerve tissue using the one or more electrodes and the one or 
more infusion ports. The system includes an electrical 
stimulation source adapted for implantation into the person 
and operable to generate the electrical stimulation pulses for 
transmission through the lead to the electrodes to cause the 
electrodes to deliver the electrical stimulation pulses to the 
target nerve tissue. The system also includes a chemical 
stimulation source adapted for implantation into the person 
and operable to supply the chemical stimulation pulses for 
transmission through the lead to the infusion ports to cause 
the infusion ports to deliver the chemical stimulation pulses 
to the target nerve tissue. 

[0010] According to another embodiment, a method is 
provided for stimulating nerve tissue in a person. The 
method includes implanting a combined electrical and 
chemical stimulation lead proximate target nerve tissue in 
the person. The lead includes a lead body, one or more 
electrodes located along the lead body and adapted to be 
positioned proximate the target nerve tissue and to deliver 
electrical stimulation pulses transmitted through the lead to 
the target nerve tissue, and one or more infusion ports 
located along the lead body and adapted to be positioned 
proximate the target nerve tissue and to deliver chemical 
stimulation pulses transmitted through the lead to the target 
nerve tissue. The lead is adapted to provide combined 
electrical and chemical stimulation of the target nerve tissue 
using the one or more electrodes and the one or more 

infusion ports. The method includes implanting an electrical 
stimulation source into the person, the electrical stimulation 
source operable to generate electrical stimulation pulses for 
transmission through the lead to the electrodes to cause the 
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electrodes to deliver the stimulation pulses to the target 
nerve tissue, and implanting a chemical stimulation source 
into the person, the chemical stimulation source operable to 
supply the chemical stimulation pulses for transmission 
through the lead to the infusion ports to cause the infusion 
ports to deliver the chemical stimulation pulses to the target 
nerve tissue. The method also includes using the electrical 
stimulation source to generate the electrical stimulation 
pulses for transmission through the lead to the electrodes to 
cause the electrodes to deliver the stimulation pulses to the 
target nerve tissue, and using the chemical stimulation 
source to supply the chemical stimulation pulses for trans 
mission through the lead to the infusion ports to cause the 
infusion ports to deliver the chemical stimulation pulses to 
the target nerve tissue. The electrical and chemical stimu 
lation sources provide combined electrical and chemical 
stimulation of the target nerve tissue. 

[0011] Particular embodiments of the present invention 
may provide one or more technical advantages. Certain 
embodiments alloW the electrical stimulation lead or infu 
sion catheter to be implanted using any number of tech 
niques, such as percutaneous insertion, insertion through an 
open craniotomy, or insertion through a burr hole formed in 
the skull. Certain embodiments provide electrical stimula 
tion leads or infusion catheters con?gured for optimal per 
formance and stability When implanted on, in, or near nerve 
tissue. For example, certain embodiments may use a resilient 
spiral matrix lead having a spiral natural position, adapted to 
be straightened for insertion through an introducer to a 
desired position on, in, or near the brain stem, and adapted 
to curl into its spiral natural position to alloW stimulation of 
a broader area than Would be possible using a conventional 
“in-line” lead and also to press against surrounding tissue 
after insertion to stabiliZe and maintain the lead in its desired 
position. As another example, certain embodiments may use 
a resilient sheet matrix lead having a sheet-like natural 
position, adapted to be rolled upon itself similar to a scroll 
for insertion through an introducer to a desired position on, 
in, or near the brain stem, and adapted to unroll to its 
sheet-like natural position after insertion for stimulation of 
a broader area than Would be possible using a conventional 
“in-line” lead. Certain embodiments alloW a medication or 
other chemical to be delivered to target nerve tissue using an 
implanted infusion pump and catheter for chemical stimu 
lation of the target nerve tissue in the brain stem, in 
conjunction With or independent from any electrical stimu 
lation of the target nerve tissue in the brain stem. 

[0012] Certain embodiments may provide all, some, or 
none of these advantages. Certain embodiments may pro 
vide one or more other advantages, one or more of Which 

may be apparent to those skilled in the art from the ?gures, 
descriptions, and claims included herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] For a more complete understanding of the present 
invention and features and advantages thereof, reference is 
noW made to the folloWing description taken in conjunction 
With the accompanying draWings, in Which: 

[0014] FIGS. 1A-1B illustrate example electrical stimu 
lation systems for implantation into a person’s body for 
electrical stimulation of target nerve tissue in the brain stem; 
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[0015] FIGS. 2A-2I illustrate example electrical stimula 
tion leads that may be used for implantation in or near a 
person’s brain stem for electrical stimulation of target nerve 
tissue in the brain stem; 

[0016] FIG. 3A illustrates example placement of the elec 
trical stimulation system shoWn in FIGS. 1A-1B Within a 
person’s body; 

[0017] FIG. 3B illustrates example placement of an 
implantable medical device for neurological stimulation of 
target nerve tissue in the brain stem; 

[0018] FIG. 4 is a cross-section of a portion of a person’s 
head illustrating an example location of an electrical stimu 
lation lead for electrical stimulation of target nerve tissue in 
the brain stem; 

[0019] FIG. 5 illustrates steps of an example method for 
determining the location for an electrical stimulation lead 
and implanting the electrical stimulation system of FIGS. 
1A-1B into a person’s body; 

[0020] 
[0021] FIG. 7 illustrates a number of example stimulation 
programs, each of Which includes a number of stimulation 

sets; 

FIG. 6 illustrates an example stimulation set; 

[0022] FIG. 8 illustrates example execution of a sequence 
of stimulation sets Within an example stimulation program; 

[0023] FIGS. 9A-9E illustrate an example method for 
percutaneous implantation of an electrical stimulation sys 
tem in or near a person’s brain stem; 

[0024] FIG. 10 illustrates steps of an example method for 
implanting an electrical stimulation lead in or near a per 
son’s brain stem using a percutaneous approach; 

[0025] FIG. 11 illustrates steps of an example method for 
implanting an electrical stimulation lead in or near a per 
son’s brain stem through an open craniotomy; 

[0026] FIG. 12 illustrates steps of an example method for 
implanting an electrical stimulation lead in or near a per 
son’s brain stem through a burr hole formed in the skull; 

[0027] FIGS. 13A-13B illustrate an example spiral matrix 
electrical stimulation lead; 

[0028] FIG. 14 illustrates an example spiral matrix elec 
trical stimulation lead situated in the dural layer of the brain 
stem; 

[0029] FIGS. 15A-15H illustrate other example electrical 
stimulation leads; 

[0030] FIG. 16A-16C illustrates the coiling features of an 
example electrical stimulation lead; 

[0031] FIGS. 17A-17B illustrate example guide Wires for 
inserting an electrical stimulation leads; 

[0032] FIGS. 18A-18B illustrate an example holloW guide 
Wire With a retractable blade for inserting an electrical 
stimulation lead; 

[0033] FIGS. 19A illustrates an example holloW guide 
Wires for inserting a micro electrical stimulation lead; 

[0034] FIGS. 19B illustrates an example holloW guide 
Wires through Which a corkscreW probe may be passed; 






















