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ABSTRACT (57) 

An electro-nerve Stimulator System includes a pulse genera 
tor for generating current pulses with a transcutaneous patch 
and percutaneous needle for delivering current pulses to 
Selected Stimulation sites. The Stimulator is a Small battery 
operated external device that allows adjustment of Stimula 
tion levels and interfaces, via a connector, to the trans 
percutaneous cable. The transcutaneous electrode is attached 
to the skin distal from the desired stimulated nerve site. A 
percutaneous needle is inserted close to the internal nerve 
Site. Stimulation current pulses are designed to flow between 
the transcutaneous electrode and the internal percutaneous 
needle. The field generated at the needle Site causes the 
nerve to fire. 
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ELECTRO-NERVE STIMULATOR SYSTEMS AND 
METHODS 

REFERENCE TO RELATED APPLICATION 

0001) This application claims the benefit of U.S. Provi 
sional Application No. 60/078,413, filed on Mar. 18, 1998 
and incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 Physical therapists, chiropractors, and other medi 
cal providers have used nerve and muscle Stimulation to 
treat a variety of ailments. These medical providers have 
used electronic muscle Stimulation (EMS) and transcutane 
ous electrical nerve stimulation (TENS) as a treatment for 
muscle and joint rehabilitation as well as chronic pain. 
Urologists and obstetrician/gynecologists have used a form 
of TENS for pelvic floor stimulation to treat incontinence 
and pelvic pain. In addition, medical providers have used a 
variety of implantable and percutaneous Stimulators to man 
age pain, to create local nerve blocks, and to treat inconti 
nence, Parkinson's disease, and multiple Sclerosis. 
0.003 Transcutaneous stimulators, i.e., stimulators which 
do not physically penetrate the skin Surface, are leSS invasive 
than percutaneous and implantable Stimulators. However, 
transcutaneous Stimulators often require higher current lev 
els than percutaneous and implantable Stimulators. Higher 
current levels can cause irritation and discomfort when used 
for extended periods. Also, Since transcutaneous Stimulators 
Stimulate on the Skin Surface, their target site usually covers 
a large area. Thus, transcutaneous Stimulators may not be 
highly effective for direct nerve stimulation. 
0004 More typically, providers use implantable stimula 
tors when there is a need for direct nerve Stimulation or 
continuous Stimulation. Implantable Stimulators can free a 
patient from the need for constant and frequent manual 
treatment. However, implantable Stimulators can cause mild 
discomfort, and often cause more Severe implant-Site pain. 
0005 Percutaneous stimulators provide direct nerve 
Stimulation without the invasiveness of an implant. How 
ever, traditional percutaneous Stimulators need to be in close 
proximity to a target nerve. Movement of the Stimulating 
needle can result in a loSS of the ability to Stimulate a target 
nerve. A medical provider often needs to re-insert and/or 
re-locate the percutaneous needle during treatment. In addi 
tion, the load impedance provided by Sub-cutaneous tissue is 
low. Such low impedance can result in unwanted or acci 
dental transmission of relatively high current levels. Such 
relatively high current levels can result in nerve and tissue 
damage. 

0006. It is an object of the invention to provide stimulator 
Systems and methods that provide the non-invasiveness of 
transcutaneous Systems with the effectiveness of percutane 
ous Systems. 

0007. It is another object of the invention to provide 
Systems and methods that are less likely to result in nerve 
and tissue damage. 
0008. It is yet another object of the invention to provide 
inexpensive and durable electro-nerve Stimulation Systems. 
0009. Other general and more specific objects of this 
invention will in part be obvious and will in part be evident 
from the drawings and the description which follow. 
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SUMMARY OF THE INVENTION 

0010. In one aspect, the present invention is directed to 
transcutaneous-percutaneous electro-nerve Stimulator Sys 
tems and methods that are minimally invasive and that are 
effective in direct nerve Stimulation. A System according to 
one aspect of the invention includes a pulse generator, a 
transcutaneous electrode electrically coupled to the pulse 
generator, and a percutaneous electrode electrically coupled 
to the pulse generator and having an end for insertion into a 
patient's body. The pulse generator produces pulses which 
couple between the transcutaneous electrode and the percu 
taneous needle. The transcutaneous electrode is positioned 
proximate to the Selected Stimulation site on the Surface of 
the Skin. Preferably, the transcutaneous electrode is posi 
tioned distal from the Stimulation Site. The percutaneous 
electrode is inserted through the skin in proximity to an 
internal Stimulation site, preferably in proximity to the nerve 
to be stimulated. The pulses from the pulse generator 
traverse the internal Stimulation site by passing between the 
transcutaneous electrode and the internal percutaneous elec 
trode. 

0011. In another aspect of this invention, the transcuta 
neous electrode allows for maximum current dispersion at 
the application site. In one embodiment, an internal layer of 
the electrode is coated with a high conductive metal, Such as 
Silver, to disperse the Stimulating current quickly over the 
entire electrode Surface. 

0012. In another aspect of this invention, since the direc 
tion of the electric field can reduce the required intensity, the 
System includes a mechanism to assure a particular polarity 
of the Stimulating current. According to this aspect of the 
invention, the System has a transcutaneous electrode that is 
fixedly attached to the first lead wire. In addition, the first 
and Second lead wires are combined at one end into a single 
cable for interfacing with the pulse generator. The cable is 
"keyed' to interface with the pulse generator So that the 
transcutaneous electrode is always positive and the percu 
taneous electrode is always negative. In other words, the 
cable can be plugged into the pulse generator in only one 
way. 

0013 In another aspect of this invention, the electrical 
circuit of the pulse generator has an. AC coupled current 
pulse output, and includes an element for measuring the 
amount of current delivered directly to the patient. Patient 
Stimulators are Safest when the output circuitry is AC 
coupled. AC coupled circuits guarantee that no net DC 
current will pass to the body. Traditional stimulators have 
accomplished an AC coupled output using a current trans 
former. A System according to one embodiment of the 
present invention includes circuitry which creates an AC 
coupled output without the need for a current transformer by 
using a DC blocking capacitor in conjunction with the 
following circuit features: a pulse shaping circuit, a DC-DC 
Step up Voltage Source, a Switching circuit, and a current 
Sense/Stimulation adjustment feedback control. 
0014. In another aspect of this invention, the circuitry 
includes a discharge path for the DC blocking capacitor 
which has an optimal discharge time-constant to accommo 
date the desired pulse width, duty cycle, and expected load 
range of the output pulse. A capacitor can Serve as a DC 
block yet pass current pulses with Sufficiently fast rise and 
fall times. However, after a number of pulses the capacitor 
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can become charged if a discharge path is not provided. This 
accumulated charge Voltage effectively Subtracts from the 
available Supply Voltage So little or no pulse energy is 
delivered to the load. The discharge path in this circuitry is 
preferably designed to minimize droop during the output 
pulse yet assure full discharge by the time of the next pulse 
arrives. 

0.015. In another aspect of this invention, the pulse gen 
erator circuitry includes the option of an active or passive 
discharge configuration. In the passive configuration, a 
discharge resistor can be included in the output circuit 
parallel to the DC blocking capacitor and output load. In the 
active configuration, a transistor type Switch can be used to 
discharge the blocking capacitor. The Switch can momen 
tarily discharge the capacitor when the output pulse is not 
active. 

0016. In another aspect of this invention, the electrical 
output circuit has the frequency and pulse width fixed to a 
value optimal for a given application. The electrical output 
circuit only allows a user to adjust the Stimulation current 
threshold. Thus the electrical output circuit prevents the user 
from Setting the parameters to values that are Sub-optimal or 
even harmful while making the device easier to use. 
0.017. In another aspect of this invention, the percutane 
ous electrode can be in the form of a needle having a portion 
coated or insulated to allow for more precise Stimulation 
points. In one embodiment, a portion of the needle Shaft is 
covered or coated with an electrically-insulating material, 
while the needle tip is exposed to permit electrical contact 
with the patient's tissue. 
0.018. In another aspect of this invention, the pulse gen 
erator is battery powered and is Small enough to be com 
fortably worn or carried by the patient. For example, the 
pulse generator can be Small enough to be worn around a leg 
or other body extremity using a Small wrap Similar to a blood 
preSSure cuff. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019. These and other features and advantages of the 
present invention will be more fully understood by reference 
to the following detailed description in conjunction with the 
attached drawings in which like reference numerals refer to 
like elements and in which: 

0020 FIG. 1 is a schematic illustration of the compo 
nents of a electro-nerve Stimulation System according to one 
embodiment of the invention; 
0021 FIG. 1A is a schematic illustration of a pulse 
generator of the electro-nerve stimulation system of FIG. 1 
according to one embodiment of the invention; 
0022 FIG. 1B is a schematic illustration of a pulse 
generator of the electro-nerve stimulation system of FIG. 1 
according to a Second embodiment of the invention; 
0023 FIG. 2 is a block diagram of the circuitry of the 
pulse generator of FIG. 1; 
0024 FIG. 2A is a schematic diagram of the blocking 
capacitor and a passive discharge circuit of the pulse gen 
erator of the electro-nerve stimulation system of FIG. 1; 
0.025 FIG. 2B is a schematic diagram of the blocking 
capacitor and an active discharge circuit of the pulse gen 
erator of the electro-nerve stimulation system of FIG. 1; 
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0026 FIG. 3 is the output current waveform from the 
stimulation system of FIG. 1; 
0027 FIG. 4 shows a cross-sectional view of the trans 
cutaneous electrode of FIG. 1; and 
0028 FIG. 5 shows a cross-sectional view of the percu 
taneous needle of FIG. 1. 

DETAILED DESCRIPTION 

0029 FIG. 1 shows one embodiment of a combined 
transcutaneous-percutaneous Stimulator System according to 
the invention. The System 11 includes a pulse generator 10, 
a first lead wire 16 electrically coupled to the pulse generator 
10, a transcutaneous electrode 14 electrically coupled to the 
first lead wire 16, a second lead wire 18 electrically coupled 
to the pulse generator 10, and a percutaneous electrode 
needle 12 electrically coupled to the second lead wire 18. 
0030 Apulse generator 10 according to one aspect of the 
invention is illustrated in FIG. 1A and includes an electri 
cally isolating housing 13 for electronic components and 
connector ports 22, 23 for the first and second lead wires 16, 
and 18, respectively. Alternatively, the lead wires can be 
combined into a single cable at one end for interfacing with 
a single interface on the pulse generator. The pulse generator 
10 can include an On/Off Switch and an intensity control 20. 
0031 Referring again to FIG. 1, according to one 
embodiment of the invention, the pulse generator 10 is a 
Small hand-held, battery operated pulse generator that pro 
duces Small current pulses which pass between a transcuta 
neous electrode 14 and a percutaneous needle 12. The 
electrode 14 is positioned down-stream, i.e., distal, from 
the selected stimulation site 15 on the Surface of the skin. 
The percutaneous electrode needle 12 is inserted through the 
skin at a location and to a depth that brings the tip in close 
proximity to a nerve or nerves to be Stimulated. Current 
pulses traverse the internal Stimulation site by passing from 
the transcutaneous electrode 14 to the internal percutaneous 
electrode needle 12, as indicated by arrow i in FIG. 1. 
0032) Advantageously, the current density and Subse 
quent electric field intensity generated between the Surface 
electrode and the percutaneous needle is greater than that 
generated by traditional percutaneous Stimulators. A greater 
electric field intensity makes site location for the transcuta 
neous electrode and percutaneous needle easier. Further 
more, the load impedance through the Surface of the skin is 
much higher than the internal impedance. This relatively 
high load impedance lessens the likelihood of damage to 
tissue and nerves due to high current pulses. The transcu 
taneous electrode also creates a capacitive interface which 
attenuates harmful DC currents. Moreover, the system, 
according to one embodiment of the invention, has only one 
percutaneous needle, which lessens the invasiveness of the 
nerve Stimulation procedure. 
0033. The system 11 of the present invention is particu 
larly Suited for the treatment of urinary urge incontinence in 
accordance with the following exemplary procedure. The 
transcutaneous electrode 14 is placed on a patient's skin 
distal to the selected stimulation site 15. The percutaneous 
needle 12 is then positioned to penetrate the patient's skin 
and is advanced into proximity with the stimulation site 15. 
The pulse generator 10 is then activated to generate current 
pulses. The current pulses from the pulse generator 10 
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traverse the internal stimulation site 15 by passing from the 
transcutaneous electrode 14 to the percutaneous needle 15. 
0034) Those skilled in the art will appreciate that the 
nerve Stimulation System of the present invention is effective 
not only for the treatment of urge incontinence, but can also 
be effective for both nerve and muscle stimulation to treat 
other numerous conditions, including, for example, muscle 
and joint rehabilitation, chronic pain, Parkinson's disease, 
and multiple Sclerosis. In addition, the System can be used to 
manage pain and create local nerve blocks, as well as in any 
other application in which it is desirable to provide electrical 
nerve and/or muscle Stimulation. 

0035. The current intensity required to produce a desired 
result, e.g., Symptomatic relief to a patient, can vary at least 
in part, based on the direction of the electric field. Thus, the 
System 11 can include a mechanism to assure a particular 
polarity of the Stimulating current. This can be accomplished 
by pre-attaching the transcutaneous electrode 14 to the first 
lead wire 16 and combining the first and Second lead wires 
16, 18 into a single cable 17 at one end for interfacing with 
the pulse generator 10, as illustrated in FIG. 1B. Addition 
ally, the cable 17 can be keyed to prevent plugging the 
cable in backwards. With these Safeguards, during a current 
pulse, current flows from the transcutaneous electrode to the 
percutaneous 10 needle. 
0.036 The pulse generator 10 preferably has an AC 
coupled current pulse output and can include an element for 
measuring the amount of current delivered directly to the 
patient. Patient Stimulators are safest when the output cir 
cuitry is AC coupled. AC coupled circuits ensure that no net 
DC current will pass to a patient’s body. Traditional stimu 
lators have often accomplished AC coupling using current 
transformers. However, a transformer is often large and 
heavy. The StreSS caused by a transformer on a circuit board 
and internal Supporting Structures can cause circuit failures. 
The transformer output circuit usually measures primary 
current and does not actually measure the delivered Second 
ary current. 

0037. With reference to FIG. 2, one embodiment of this 
invention includes circuitry which creates an AC coupled 
output without the need for a current transformer by using a 
DC blocking capacitor 40 in conjunction with the following 
circuit features: a current control 30 preferably including a 
pulse shaping circuit, a step-up DC-DC voltage converter 
38, a Switching circuit 37, and a current Sense/Stimulation 
adjustment feedback control 46. As a result, the pulse 
generator 10 is a current Source. A controller 44, Such as a 
MAX773 integrated circuit, available from Maxim Inte 
grated Products of Sunnyvale, Calif., controls the operation 
of the pulse generator 10, including Serving as a feedback 
controller for the DC-DC converter 38 and driving a low 
voltage detector 32. A low voltage indicator 34 and On/Off 
indicator 36 are also driven by controller 44. The sense/ 
Stimulation adjustment feedback control 46 can measure 
actual current delivered to the patient's skin. In addition, the 
patient intensity control adjust 20 allows the patient to adjust 
the delivered current. 

0.038. The pulse generator 10 can include a discharge 
path in the form of a discharge circuit 42 for the DC blocking 
capacitor 40. The discharge circuit 42 has an optimal dis 
charge time-constant to accommodate the desired pulse 
width, duty cycle, and expected load range of the output 
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pulse. A capacitor, Such DC blocking capacitor 40, can Serve 
as a DC block yet pass current pulses with Sufficiently fast 
rise and fall times. However, after a number of pulses the 
capacitor can become charged if a discharge path is not 
provided. This accumulated charge Voltage effectively Sub 
tracts from the available Supply Voltage So little or no pulse 
energy is delivered to the load. The discharge path in this 
embodiment minimizes droop during the output pulse yet 
assure full discharge by the time of the next pulse arrives. 
0039 The discharge circuit 42 can be provided in an 
active or passive discharge configuration. In the active 
configuration, a transistor type Switch 112, Such as 
BSS123LT available from Motorola, Inc., is used to dis 
charge the blocking capacitor 140, as illustrated in FIG.2B. 
The Switch 140 can momentarily discharge the capacitor 
when the output pulse is not active. During active discharge, 
discharge circuit 42 can be controlled by controller 44 
through electrical connection 43 (FIG. 2). 
0040. In the passive configuration, a discharge resistor 
102 is included in the output circuit parallel to the DC 
blocking capacitor and acroSS output load 103 through the 
percutaneous electrode, as illustrated in FIG. 2A. During 
passive discharge, discharge circuit 42 is coupled (shown as 
dashed line 45 in FIG. 2) to percutaneous needle 12 as well 
as to transcutaneous electrode 14. Controller 44 does not 
interact with discharge circuit 42 in the passive discharge 
configuration and connection 43 need not be present. 
0041. The pulse generator 10, through the current sense/ 
stimulation adjustment feedback control 46, can have the 
frequency and pulse width fixed to a value optimal for a 
given application and only allow the user adjustment of the 
stimulation current threshold. This prevents the user from 
Setting the parameters to values that are Sub-optimal while 
making the device easier to use when compared to Stimu 
lators that allow adjustment of both frequency and pulse 
width. 

0042. The pulse generator 10 is preferably battery pow 
ered through battery 24 and is preferably Small enough to be 
comfortably worn or carried by the patient. For example, the 
pulse generator can be Small enough to be worn around a leg 
or other body extremity using a Small wrap Similar to a blood 
preSSure cuff. Further , the pulse generator can be Small 
enough to be hand held, belt-mounted, or pocket size. 
0043. With reference to FIG.3, a preferred output wave 
form 48 produced by a pulse generator according to one 
embodiment of the invention has a pulse width 52 of 
100-300 sec, a pulse intensity 50 of 1-10 mA, and a pulse 
cycle time 56 of 20-80 msec. It will be appreciated that a 
pulse generator 10 according to one embodiment of the 
invention can provide other waveforms, having different 
pulse widths, pulse cycle times, or pulse intensities, to 
achieve a therapeutic result. 

0044) With reference to FIG. 4, the transcutaneous elec 
trode 14 according to one embodiment of the invention is 
designed for maximum signal dispersion by having the 
internal contact layer 64 coated with a high conductive 
material, Such as Silver. Traditional electrodes, used in 
monitoring applications, do not have a highly conductive 
internal layer. The absence of a highly conductive internal 
layer is less important for high input impedance monitoring 
circuits since they experience Small current flow. For larger 
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current level Stimulators, however, hot spots can result if the 
electrode is constructed out of low conductivity materials. 
004.5 Thus, in a preferred embodiment, the transcutane 
ous electrode is constructed to have high conductivity, e.g., 
to avoid “hot spots.”FIG. 4 shows a transcutaneous elec 
trode 14 with an attached lead wire 16 and including a series 
of layers including non-conductive foam 60, pressure Sen 
sitive adhesive 62, silver 64, carbon film 66, and biocom 
patible hypoallergenic hydrogel 68. These layers are pressed 
or Sandwiched together to form transcutaneous electrode 14. 
0046) With reference to FIG. 5, the illustrated percuta 
neous electrode needle 12 is constructed out of medical 
grade Stainless Steel or other biocompatible metal. The 
needle diameter is preferably small (less than 0.24 mm) 
which minimizes trauma during insertion. Part of the 
extended needle can consist of a metal or plastic handle 70, 
e.g., to provide a Secure grip for the user, while minimizing 
the risk of shock to the user. 

0047. In another aspect of the invention, the needle 
preferably can be coated with Teflon or similar insulative 
material 72 except for an exposed tip area 74. This allows for 
a higher field density at the tip for more precise operation. 
The exposed needle tip area should have a Sufficiently large 
Surface area So as not to create too high a local current field 
that may cause irritation or pain. For example, the needle tip 
can have a terminal portion (exposed tip) 74 which extends 
between 0.5 and 10 mm and preferably 2.0 mm from the 
needle tip. 
0048. It will thus be seen that the objects set forth above, 
among those made apparent from the preceding description, 
are officially attained. Since certain changes may be made in 
the above constructions without departing from the Scope of 
the invention, it is intended that all matter contained in the 
above description and shown in the accompanying drawings 
be interpreted as illustrative and not in a limiting Sense. 
0049. It is also to be understood that the following claims 
are intended to cover all generic and Specific features of the 
invention described herein, and all Statements of the Scope 
of the invention which as a matter of language might be the 
to fall therebetween. 

0050 Having described the invention, what is claimed as 
new and Secure by letters patent is: 

1. An apparatus for electro-nerve Stimulation, the appa 
ratus comprising: 

a pulse generator, 

a transcutaneous electrode electrically coupled to the 
pulse generator for delivering pulses from the pulse 
generator to a patient's skin, and 

a percutaneous electrode electrically coupled to the pulse 
generator and having an end for insertion into a 
patient's body in proximity to an internal Stimulation 
Site to receive pulses from the transcutaneous electrode. 

2. The apparatus of claim 1, wherein the transcutaneous 
electrode includes a layer of a highly conductive metal. 

3. The apparatus of claim 2, wherein the highly conduc 
tive metal is silver. 

4. The apparatus of claim 1, wherein the pulse generator 
is a current Source and generates current pulses. 
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5. The apparatus of claim 1, wherein the pulse generator 
includes a DC blocking capacitor electrically coupled to the 
transcutaneous electrode. 

6. The apparatus of claim 5, wherein the pulse generator 
further includes a discharge path for the DC blocking 
capacitor. 

7. The apparatus of claim 6, wherein the discharge path 
includes an active circuit. 

8. The apparatus of claim 7, wherein the active circuit 
includes a Switch for providing a momentary discharge path 
acroSS the DC blocking capacitor and a Switch activation 
means for activating the Switch in Synchronization with the 
current pulses. 

9. The apparatus of claim 8, wherein the discharge path 
includes a passive circuit. 

10. The apparatus of claim 9, wherein the passive circuit 
includes a resistor electrically coupled to the DC blocking 
capacitor to provide a discharge path for the DC blocking 
capacitor. 

11. The apparatus according to claim 10, wherein the DC 
blocking capacitor has a Selected capacitance and the resis 
tor has a Selected resistance Such that the time constant of the 
resistor coupled to the capacitor results in discharge of the 
capacitor between the pulses without causing Substantial 
degradation of the pulses. 

12. The apparatus of claim 5, wherein the pulse generator 
further comprises 

a battery for providing current, 

oscillator circuit means electrically coupled to the battery 
for providing current pulses, 

pulse Shaping means electrically coupled to the oscillator 
circuit means for Shaping the current pulses from the 
Oscillator circuit means, 

DC-DC Step up Voltage means electrically coupled to the 
battery and the DC blocking capacitor for changing a 
DC voltage provided by the battery, and 

feedback control means electrically coupled to the per 
cutaneous needle and to the pulse shaping means for 
adjusting the current. 

13. An apparatus for electro-nerve Stimulation, the appa 
ratus comprising: 

a pulse generator having a first lead interface and a Second 
lead interface, 

a first lead wire having a first end and a Second end, the 
first end being electrically coupled to the first lead 
interface of the pulse generator, 

a transcutaneous electrode electrically coupled to the 
second end of the first lead wire for delivering current 
pulses from the pulse generator to a patient's skin, 

a Second lead wire having a first end and a Second end, the 
first end being electrically coupled to the Second lead 
interface of the pulse generator, and 

a percutaneous electrode having a first end electrically 
coupled to the Second end of the Second lead wire, and 
having a Second end for insertion into a patient's body 
in proximity to an internal Stimulation site to receive 
pulses from the transcutaneous electrode. 
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14. The apparatus of claim 13, wherein the transcutaneous 
electrode is fixedly coupled to the second end of the first lead 
WC. 

15. The apparatus of claim 13, wherein the transcutaneous 
electrode is removably and replaceably coupled to the 
Second end of the first lead wire. 

16. The apparatus of claim 14, wherein the first end of the 
first lead wire and the first end of the second lead wire are 
configured to prevent concurrent coupling of the first lead 
wire to the Second lead interface and of the Second lead wire 
to the first lead interface. 

17. A percutaneous electrode for electro-nerve Stimula 
tion, comprising: 

an electrically-conductive shaft member having a first end 
configured to receive nerve Stimulating pulses and 
having a Second end configured for insertion into a 
patient's body in proximity to an internal Stimulation 
Site, the Second end of the Shaft member terminating in 
an electrically conductive tip portion, and a portion of 
the Second end of the shaft member proximate the tip 
portion being coated with an electrically-insulating 
layer to prevent Substantial passage of pulses to tissue 
Surrounding the Stimulation site. 

18. The percutaneous electrode of claim 17, wherein the 
tip portion has a length of between about 0.5 mm to about 
10 mm. 

19. The percutaneous electrode of claim 17, wherein the 
tip portion has a length of about 2 mm. 

20. The percutaneous electrode of claim 17, wherein the 
insulting layer is formed from a synthetic resin polymer. 

21. The percutaneous electrode of claim 17, further com 
prising a handle portion coupled to the first end of the shaft 
member for allowing manipulation of the needle by a user. 

22. A method for electro-nerve Stimulation, comprising 
the Steps of: 

providing an apparatus for electro-nerve Stimulation, the 
apparatus including 
a pulse generator, 
a transcutaneous electrode electrically coupled to the 

pulse generator for delivering pulses from the pulse 
generator to a patient's skin, and 
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a percutaneous electrode electrically coupled to the 
pulse generator and having an end for insertion into 
a patient's body in proximity to an internal Stimula 
tion, 

placing the transcutaneous electrode on a patient's skin 
distal to the Stimulation Site, 

penetrating the skin of a patient with the percutaneous 
electrode, and 

advancing the percutaneous electrode into proximity with 
the Stimulation Site, and 

activating the generator to generate pulses that traverse 
the internal Stimulation site between the transcutaneous 
electrode and the percutaneous electrode. 

23. A kit for use with a pulse generator for electro-nerve 
Stimulation, the kit comprising: 

a first lead wire having a first end and a Second end, the 
first end being electrically coupled to the first lead 
interface of the pulse generator, 

a transcutaneous electrode electrically coupled to the 
second end of the first lead wire for delivering current 
pulses from the pulse generator to a patient's skin, 

a Second lead wire having a first end and a Second end, the 
first end being electrically coupled to the Second lead 
interface of the pulse generator, and 

a percutaneous electrode having a first end electrically 
coupled to the Second end of the Second lead wire, and 
having a Second end for insertion into a patient's body 
in proximity to an internal stimulation site to receive 
pulses from the transcutaneous electrode. 

24. A kit for use with a pulse generator for electro-nerve 
Stimulation, the kit comprising: 

a transcutaneous electrode electrically coupled to the 
pulse generator for delivering pulses from the pulse 
generator to a patient's skin, and 

a percutaneous electrode electrically coupled to the pulse 
generator and having an end for insertion into a 
patient's body in proximity to an internal Stimulation 
Site to receive pulses from the transcutaneous electrode. 

k k k k k 


