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Improved assemblies, systems, and methods provide an 
implantable pulse generator for prosthetic or therapeutic 
stimulation of muscles, nerves, or central nervous system 
tissue, or any combination. The implantable pulse generator 
is siZed and con?gured to be implanted subcutaneously in a 
tissue region. The implantable pulse generator includes an 
electrically conductive laser Welded titanium case. Control 
circuitry is located Within the case, and includes a primary 
cell or rechargeable poWer source, a receive coil for receiving 
an RF magnetic ?eld to recharge the rechargeable poWer 
source, and a microcontroller for control of the implantable 
pulse generator. Improved assemblies, systems, and methods 
also provide a stimulation system for prosthetic or therapeutic 
stimulation of muscles, nerves, or central nervous system 
tissue, or any combination. The stimulation system provides 
at least one electrically conductive surface, a lead connected 
to the electrically conductive surface, and an implantable 
pulse generator electrically connected to the lead. 
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IMPLANTABLE PULSE GENERATOR FOR 
PROVIDING FUNCTIONAL AND/OR 
THERAPEUTIC STIMULATION OF 
MUSCLES AND/OR NERVES AND/OR 
CENTRAL NERVOUS SYSTEM TISSUE 

RELATED APPLICATION 

[0001] This application claims the bene?t of US. Provi 
sional Patent Application Ser. No. 60/578,742, ?led Jun. 10, 
2004, and entitled “Systems and Methods for Bilateral Stimu 
lation of Left and Right Branches of the Dorsal Genital 
Nerves to Treat Dysfunctions, Such as Urinary Inconti 
nence,” and US. Provisional Patent Application Ser. No. 
60/599,193, ?led Aug. 5, 2004, and entitled “Implantable 
Pulse Generator for Providing Functional and/ or Therapeutic 
Stimulation of Muscles and/ or Nerves,” and US. Provisional 
Patent Application Ser. No. 60/680,598, ?led May 13, 2005, 
and entitled “Implantable Pulse Generator for Providing 
Functional and/or Therapeutic Stimulation of Muscles and/or 
Nerves and/or Central Nervous System Tissue,” Which are 
incorporated herein by reference. 

FIELD OF INVENTION 

[0002] This invention relates to systems and methods for 
providing stimulation of central nervous system tissue, 
muscles, or nerves, or combinations thereof. 

BACKGROUND OF THE INVENTION 

[0003] Neuromuscular stimulation (the electrical excita 
tion of nerves and/or muscle to directly elicit the contraction 
of muscles) and neuromodulation stimulation (the electrical 
excitation of nerves, often afferent nerves, to indirectly affect 
the stability or performance of a physiological system) and 
brain stimulation (the stimulation of cerebral or other central 
nervous system tissue) can provide functional and/or thera 
peutic outcomes. While existing systems and methods can 
provide remarkable bene?ts to individuals requiring neuro 
muscular or neuromodulation stimulation, many limitations 
and issues still remain. For example, existing systems often 
can perform only a single, dedicated stimulation function. 
[0004] A variety of products and treatment methods are 
available for neuromuscular stimulation and neuromodula 
tion stimulation. As an example, neuromodulation stimula 
tion has been used for the treatment of erectile dysfunction. 
Erectile dysfunction (ED) is often referred to as “impotency.” 
When a man has impotency, he cannot get a ?rm erection or 
keep his penis erect during intercourse. There are some com 
mon diseases such as diabetes, Peyronie’s disease, heart dis 
ease, and prostate cancer that are associated With impotency 
or have treatments that may cause impotency. And in some 
cases the cause may be psychological. 
[0005] A Wide range of options exist for the treatment of 
erectile dysfunction. Treatments include everything from 
medications, simple mechanical devices, psychological 
counseling, and surgery for both external and implantable 
devices. 
[0006] Both external and implantable devices are available 
for the purpose of neuromodulation stimulation for the treat 
ment of erectile dysfunction. The operation of these devices 
typically includes the use of an electrode placed either on the 
external surface of the skin, an anal electrode, or a surgically 
implanted electrode. Although these modalities have shoWn 
the ability to provide a neuromodulation stimulation With 
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positive effects, they have received limited acceptance by 
patients because of their limitations of portability, limitations 
of treatment regimes, and limitations of ease of use and user 
control. 
[0007] Implantable devices have provided an improvement 
in the portability of neuromodulation stimulation devices, but 
there remains the need for continued improvement. Implant 
able stimulators described in the art have additional limita 
tions in that they are challenging to surgically implant 
because they are relatively large; they require direct skin 
contact for programming and for turning on and off. In addi 
tion, current implantable stimulators are expensive; oWing in 
part to their limited scope of usage. 
[0008] These implantable devices are also limited in their 
ability to provide su?icient poWer Which limits their use in a 
Wide range of neuromuscular stimulation, and limits their 
acceptance by patients because of the need to surgically 
replace the device When batteries fail, or the need to fre 
quently recharge a rechargeable poWer supply. 
[0009] More recently, small, implantable microstimulators 
have been introduced that can be injected into soft tissues 
through a cannula or needle. Although these small implant 
able stimulation devices have a reduced physical siZe, their 
application to a Wide range of neuromuscular stimulation 
application is limited. Their micro siZe extremely limits their 
ability to maintain adequate stimulation strength for an 
extended period Without the need for frequent replacement, or 
for recharging of an internal rechargeable poWer supply (bat 
tery). Additionally, their very small siZe limits the tissue 
volumes through Which stimulus currents can ?oW at a charge 
density adequate to elicit neural excitation. This, in turn, 
limits or excludes many applications. 
[0010] It is time that systems and methods for providing 
neuromuscular stimulation address not only speci?c pros 
thetic or therapeutic objections, but also address the quality of 
life of the individual requiring neuromuscular and neuro 
modulation stimulation. 

SUMMARY OF THE INVENTION 

[0011] The invention provides improved assemblies, sys 
tems, and methods for providing prosthetic or therapeutic 
stimulation of central nervous system tissue, muscles, or 
nerves, or muscles and nerves. 

[0012] One aspect of the invention provides a stimulation 
assembly siZed and con?gured to provide prosthetic or thera 
peutic stimulation of central nervous system tissue, muscles, 
or nerves, or muscles and nerves. The stimulation assembly 
includes an implantable pulse generator (IPG) attached to at 
least one lead and one electrode. The implantable pulse gen 
erator is implanted subcutaneously in tissue, preferably in a 
subcutaneous pocket located remote from the electrode. The 
electrode is implanted in electrical conductive contact (i.e., 
the electrode proximity to the excitable tissue alloWs current 
?oW from the electrode to excite the tissue/nerve) With at least 
one functional grouping of neural tissue, muscle, or at least 
one nerve, or at least one muscle and nerve. The lead is 
tunneled subcutaneously in order to electrically connect the 
implantable pulse generator to the electrode. 
[0013] Another aspect of the invention provides improved 
assemblies, systems, and methods for providing a universal 
device Which can be used for many speci?c clinical indica 
tions requiring the application of pulse trains to muscle and/or 
nervous tissue for therapeutic (treatment) or functional res 
toration purposes. 
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[0014] Most of the components of the implantable pulse 
generator are desirably sized and con?gured so that they can 
accommodate several different indications, With no or only 
minor change or modi?cation. 

[0015] Technical features of the implantable pulse genera 
tor device may include one or more of the folloWing: a pri 
mary poWer source and/or a rechargeable secondary poWer 
source for improved service life, Wireless telemetry for pro 
gramming and interrogation, a single or limited number of 
stimulus output stage(s) for pulse generation that are directed 
to one or more output channels, a lead connection header to 
provide reliable and easy connection and replacement of the 
lead/electrode, a programmable microcontroller for timing 
and control of the implantable pulse generator device func 
tions, and poWer management circuitry for e?icient recharg 
ing of the secondary poWer source, and the distribution of 
appropriate voltages and currents to other circuitry, all of 
Which are incorporated Within a small composite case for 
improved quality of life and ease of implantation. 
[0016] In one embodiment, the poWer management cir 
cuitry (through the use of logic and algorithms implemented 
by the microcontroller) communicates With an external con 
troller outside the body through the Wireless telemetry com 
munications link. The poWer management may include oper 
ating modes con?gured to operate the implantable pulse 
generator at its most e?icient poWer consumption throughout 
the storage and operation of the implantable pulse generator. 
These modes selectively disable or shut doWn circuit func 
tions that are not needed, The modes may include, but are not 
limited to IPG Active, IPG Dormant, and IPG Active and 
Charging. 
[0017] In one embodiment, the poWer management cir 
cuitry may also he generally responsible for recovery of 
poWer from a radio-frequency (RF) magnetic ?eld applied 
externally over the implantable pulse generator, for charging 
and monitoring the optional rechargeable battery. The e?i 
cient recharging of the secondary poWer source (rechargeable 
battery) is accomplished by adjusting the strength of the RF 
magnetic ?eld generated by the externally mounted implant 
able pulse generator charger in response to the magnitude of 
the voltage recovered by the implantable pulse generator and 
the poWer demands of the implantable pulse generator’s bat 
tery. 
[0018] In one embodiment, the Wireless telemetry may 
alloWs the implantable pulse generator to Wirelessly interact 
With a clinician programmer, a clinician programmer deriva 
tive, a patient controller, and in an alternative embodiment, an 
implantable pulse generator charger, for example. The Wire 
less telemetry alloWs a clinician to transmit stimulus param 
eters, regimes, and other setting to the implantable pulse 
generator before or after it has been implanted. The Wireless 
telemetry also alloWs the clinician to retrieve information 
stored in the implantable pulse generator about the patient’s 
usage of the implantable pulse generator and information 
about any modi?cations to the settings of the implantable 
pulse generator made by the patient. The Wireless telemetry 
also alloWs the patient controller operated by the user to 
control the implantable pulse generator, both stimulus param 
eters and settings in the context of a therapeutic application, 
or the real-time stimulus commands it the case of a neural 
prosthetic application. In addition, the Wireless telemetry 
alloWs the operating program of the implantable pulse gen 
erator, i.e., the embedded executable code Which incorporates 
the algorithms and logic for the operation of the implantable 
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pulse generator, to be installed or revised after the implant 
able pulse generator has been assembled, tested, steriliZed, 
and perhaps implanted. This feature could be used to provide 
?exibility to the manufacturer in the factory and perhaps to a 
representative of the manufacturer in the clinical setting. In 
one embodiment, the Wireless telemetry alloWs the implant 
able pulse generator to communicate With the recharger (im 
plantable pulse generator charger) during a battery recharge 
in order to adjust the recharging parameters if necessary, 
Which provides for an e?icient and effective recharge. 
[0019] In one embodiment, the assemblies, systems and 
methods may provide a clinician programmer incorporating 
technology based on industry-standard hand-held computing 
platforms. The clinician programmer alloWs the clinician or 
physician to set parameters in the implantable pulse generator 
(IPG) relating to the treatment of the approved indication. The 
clinician programmer uses the Wireless telemetry feature of 
the implantable pulse generator to bi-directionally commu 
nicate to the implantable pulse generator. In addition, addi 
tional features are contemplated based on the ability of the 
clinician programmer to interact With industry standard soft 
Ware and netWorks to provide a level of care that improves the 
quality of life of the patient and Would otherWise be unavail 
able. Such features, using subsets of the clinician program 
mer softWare, might include the ability of the clinician or 
physician to remotely monitor and adjust parameters using 
the Internet or other knoWn or future developed networking 
schemes. A clinician programmer derivative (or perhaps a 
feature included in the IPG charger) Would connect to the 
patient’s computer in their home through an industry standard 
netWork such as the Universal Serial Bus (USB), Where in 
turn an applet doWnloaded from the clinician’s server Would 
contain the necessary code to establish a reliable transport 
level connection betWeen the implantable pulse generator and 
the clinician’s client softWare, using the clinician program 
mer derivative as a bridge. Such a connection may also be 
established through separately installed softWare. The clini 
cian or physician could then vieW relevant diagnostic infor 
mation, such as the health of the unit or its current ef?cacy, 
and then direct the patient to take the appropriate action. Such 
a feature Would save the clinician, the patient and the health 
care system substantial time and money by reducing the num 
ber of of?ce visits during the life of the implant. 
[0020] Other features of the clinician programmer, based 
on an industry standard platform, might include the ability to 
connect to the clinician’s computer system in his or hers 
of?ce. Such features may take advantage of the Conduit con 
nection employed by Palm OS based devices. Such a connec 
tion then Would transfer relevant patient data to the host 
computer or server for electronic processing and archiving. 
With a feature as described here, the clinician programmer 
then becomes an integral link in an electronic chain that 
provides better patient service by reducing the amount of 
paperWork that the physician’s of?ce needs to process on each 
o?ice visit. It also improves the reliability of the service since 
it reduces the chance of mis-entered or mis-placed informa 
tion, such as the record of the parameter setting adjusted 
during the visit. 
[0021] Other features and advantages of the inventions are 
set forth in the folloWing speci?cation and attached draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 is a vieW of a stimulation assembly that 
provides electrical stimulation to central nervous system tis 
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sue, muscles and/or nerves inside the body using a general 
purpose implantable pulse generator. 
[0023] FIGS. 2A and 2B are front and side vieWs of the 
general purpose implantable pulse generator shoWn in FIG. 1, 
Which is poWered by a primary battery. 
[0024] FIGS. 2C and 2D are front and side vieWs of an 
alternative embodiment of a general purpose implantable 
pulse generator shoWn in FIG. 1, Which is poWered using a 
rechargeable battery. 
[0025] FIG. 3 is a vieW shoWing hoW the geometry of the 
implantable pulse generator shoWn in FIGS. 2A and 2B aids 
in its implantation in a tissue pocket. 
[0026] FIG. 4A is a vieW shoWing an alternative embodi 
ment of the implantable pulse generator shoWn in FIGS. 2C 
and 2D, the alternative embodiment having a rechargeable 
battery and shoWn in association With a transcutaneous 
implantable pulse generator charger (battery recharger) 
including an integral charging coil Which generates the RF 
magnetic ?eld, and also shoWing the implantable pulse gen 
erator charger using Wireless telemetry to communicate With 
the implantable pulse generator. 
[0027] FIG. 4B is an anatomic vieW shoWing the transcu 
taneous implantable pulse generator charger (battery 
recharger) as shoWn in FIG. 4A, including a separate, cable 
coupled charging coil Which generates the RF magnetic ?eld, 
and also shoWing the implantable pulse generator charger 
using Wireless telemetry to communicate With the implant 
able pulse generator. 
[0028] FIG. 4C is a perspective vieW of the implantable 
pulse generator charger of the type shoWn in FIGS. 4A and 
4B, With the charger shoWn docked on a recharge base With 
the charging base connected to the poWer mains. 
[0029] FIG. 5A is an anatomic vieW shoWing the implant 
able pulse generator shoWn in FIGS. 2A and 2B in association 
With an external programmer that relies upon Wireless telem 
etry, and shoWing the programmer’s capability of communi 
cating With the implantable pulse generator up to an arm’s 
length aWay from the implantable pulse generator. 
[0030] FIG. 5B is a system vieW of an implantable pulse 
generator system incorporating a clinician programmer 
derivative and shoWing the system’s capability of communi 
cating and transferring data over a netWork, including a 
remote netWork. 

[0031] FIG. 5C is a perspective graphical vieW of one pos 
sible type of patient controller that may be used With the 
implantable pulse generator shoWn in FIGS. 2A and 2B. 
[0032] FIG. 6 is a block diagram of a circuit that the 
implantable pulse generator shoWn in FIGS. 2A and 2B can 
incorporate. 
[0033] FIG. 7 is an alternative embodiment of the block 
diagram shoWn in FIG. 6, and shoWs an alternative block 
circuit diagram that an implantable pulse generator having a 
rechargeable battery may utiliZe. 
[0034] FIG. 8 is a circuit diagram shoWing a possible circuit 
for the Wireless telemetry feature used With the implantable 
pulse generator shoWn in FIGS. 2A and 2B. 
[0035] FIG. 9 is a circuit diagram shoWing a possible circuit 
for the stimulus output stage and output multiplexing features 
used With the implantable pulse generator shoWn in FIGS. 2A 
and 2B. 

[0036] FIG. 10 is a graphical vieW ofa desirable biphasic 
stimulus pulse output of the implantable pulse generator for 
use With the system shoWn in FIG. 1. 
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[0037] FIG. 11 is a circuit diagram shoWing a possible 
circuit for the microcontroller used With the implantable 
pulse generator shoWn in FIGS. 2A and 2B. 
[0038] FIG. 12 is a circuit diagram shoWing one possible 
option for a poWer management sub-circuit Where the sub 
circuit includes MOSFET isolation betWeen the battery and 
charger circuit, the poWer management sub-circuit being a 
part of the implantable pulse generator circuit shoWn in FIG. 
7. 

[0039] FIG. 13 is a circuit diagram shoWing a second pos 
sible option for a poWer management sub-circuit Where the 
sub-circuit does not include MOSFET isolation betWeen the 
battery and charger circuit, the poWer management sub-cir 
cuit being a part of the implantable pulse generator circuit 
shoWn in FIG. 7. 
[0040] FIG. 14 is a circuit diagram shoWing a possible 
circuit for the VHH poWer supply feature used With the 
implantable pulse generator shoWn in FIGS. 2A and 2B. 
[0041] The invention may be embodied in several forms 
Without departing from its spirit or essential characteristics. 
The scope of the invention is de?ned in the appended claims, 
rather than in the speci?c description preceding them. All 
embodiments that fall Within the meaning and range of 
equivalency of the claims are therefore intended to be 
embraced by the claims. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0042] The various aspects of the invention Will be 
described in connection With providing stimulation of central 
nervous system tissue, muscles, or nerves, or muscles and 
nerves for prosthetic or therapeutic purposes. That is because 
the features and advantages that arise due to the invention are 
Well suited to this purpose. Still, it should be appreciated that 
the various aspects of the invention can be applied to achieve 
other objectives as Well. 

I. Stimulation Assembly 

[0043] A. System OvervieW 
[0044] FIG. 1 shoWs an assembly 10 for stimulating a cen 
tral nervous system tissue, nerve, or a muscle, or a nerve and 
a muscle for therapeutic (treatment) or functional restoration 
purposes. The assembly includes an implantable lead 12 
coupled to an implantable pulse generator or IPG 18. The lead 
12 and the implantable pulse generator 18 are shoWn 
implanted Within a tissue region T of a human or animal body. 

[0045] The distal end of the lead 12 includes at least one 
electrically conductive surface, Which Will in shorthand be 
called an electrode 16. The electrode 16 is implanted in elec 
trical conductive contact With at least one functional grouping 
of neural tissue, muscle, or at least one nerve, or at least one 
muscle and nerve. The implantable pulse generator 18 
includes a connection header 14 that desirably carries a plug 
in receptacle for the lead 12. In this Way, the lead 12 electri 
cally connects the electrode 16 to the implantable pulse gen 
erator 18. 

[0046] The implantable pulse generator 18 is siZed and 
con?gured to be implanted subcutaneously in tissue, desir 
ably in a subcutaneous pocket P, Which can be remote from 
the electrode 16, as FIG. 1 shoWs. Desirably, the implantable 
pulse generator 18 is siZed and con?gured to be implanted 
using a minimally invasive surgical procedure. 
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[0047] The surgical procedure may be completed in a num 
ber of steps. For example, once a local anesthesia is estab 
lished, the electrode 16 is positioned at the target site. Next, a 
subcutaneous pocket P is made and siZed to accept the 
implantable pulse generator 18. The pocket P is formed 
remote from the electrode 16. Having developed the subcu 
taneous pocket P for the implantable pulse generator 18, a 
subcutaneous tunnel is formed for connecting the lead 12 and 
electrode 16 to the implantable pulse generator 18. The lead 
12 is routed through the subcutaneous tunnel to the pocket site 
P Where the implantable pulse generator 18 is to be implanted. 
The lead 12 is then coupled to the implantable pulse generator 
18, and both the lead 12 and implantable pulse generator 18 
are placed into the subcutaneous pocket, Which is sutured 
closed. 
[0048] As FIGS. 2A and 2B shoWs, the implantable pulse 
generator 18 includes a circuit 20 that generates electrical 
stimulation Waveforms. An on-board, primary battery 22 
desirably provides the poWer. In an alternative embodiment, 
the battery may be a rechargeable battery. The implantable 
pulse generator 18 also desirably includes an on-board, pro 
grammable microcontroller 24, Which carries embedded 
code. The code expresses pre-programmed rules or algo 
rithms under Which the desired electrical stimulation Wave 
forms are generated by the circuit 20. The implantable pulse 
generator 18 desirably includes an electrically conductive 
case 26, Which can also serve as the return electrode for the 
stimulus current introduced by the lead/ electrode When oper 
ated in a monopolar con?guration. 
[0049] According to its programmed rules, When sWitched 
on, the implantable pulse generator 18 generates prescribed 
stimulation Waveforms through the lead 12 and to the elec 
trode 16. These stimulation Waveforms stimulate the central 
nervous system tissue, muscle, nerve, or both nerve and 
muscle tissue that lay in electrical conductive contact (i.e., 
Within close proximity to the electrode surface Where the 
current densities are high) With the electrode 16, in a manner 
that achieves the desired therapeutic (treatment) or functional 
restoration result. As previously discussed, erectile restora 
tion is just one example of a functional restoration result. 
Additional examples of desirable therapeutic (treatment) or 
functional restoration indications Will be described in greater 
detail in section II. 
[0050] The assembly 10 may also include additional opera 
tive components, such as but not limited to, a clinician pro 
grammer, a clinician programmer derivative, a patient con 
troller, and an implantable pulse generator charger, each of 
Which Will be discussed later. 

[0051] B. The Implantable Pulse Generator 
[0052] Desirably, the siZe and con?guration of the implant 
able pulse generator 18 makes possible its use as a general 
purpose or universal device (i.e., creating a platform technol 
ogy), Which can be used for many speci?c clinical indications 
requiring the application of pulse trains to central nervous 
system tissue, muscle and/or nervous tissue for therapeutic 
(treatment) or functional restoration purposes. Most of the 
components of the implantable pulse generator 18 are desir 
ably siZed and con?gured so that they can accommodate 
several different indications, Without major change or modi 
?cation. Examples of components that desirably remain 
unchanged for different indications include the case 26, the 
battery 22, the poWer management circuitry 40, the micro 
controller 24, much of the softWare (?rmware) of the embed 
ded code, and the stimulus poWer supply. Thus, a neW indi 
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cation may require only changes to the programming of the 
microcontroller 24. Most desirably, the particular code is 
remotely embedded in the microcontroller 24 after ?nal 
assembly, packaging, and steriliZation of the implantable 
pulse generator 18. 
[0053] Certain components of the implantable pulse gen 
erator 18 may be expected to change as the indication 
changes; for example, due to differences in leads and elec 
trodes, the connection header 14 and associated receptacle(s) 
for the lead may be con?gured differently for different indi 
cations. Other aspects of the circuit 20 may also be modi?ed 
to accommodate a different indication; for example, the 
stimulator output stage(s), sensor(s) and/or sensor interface 
circuitry. 
[0054] In this Way, the implantable pulse generator 18 is 
Well suited for use for diverse indications. The implantable 
pulse generator 18 thereby accommodates coupling to a lead 
12 and an electrode 16 implanted in diverse tissue regions, 
Which are targeted depending upon the therapeutic (treat 
ment) or functional restoration results desired. The implant 
able pulse generator 18 also accommodates coupling to a lead 
12 and an electrode 16 having diverse forms and con?gura 
tions, again depending upon the therapeutic or functional 
effects desired. For this reason, the implantable pulse genera 
tor can be considered to be general purpose or “universal.” 

l. Desirable Technical Features 

[0055] The implantable pulse generator 18 can incorporate 
various technical features to enhance its universality. 

a. Small, Composite Case 

[0056] According to one desirable technical feature, the 
implantable pulse generator 18 can be sited small enough to 
be implanted (or replaced) With only local anesthesia. As 
FIGS. 2A and 2B shoW, the functional elements of the 
implantable pulse generator 18 (e.g., circuit 20, the micro 
controller 24, the battery 22, and the connection header 14) 
are integrated into a small, composite case 26. As can be seen 
in FIGS. 2A and 2B, the implantable pulse generator 18 may 
comprise a case 26 having a small cross section, e.g., 5 mm to 
10 mm thick><(45 mm to 60 mm Wide)><(45 mm to 60 mm 
long). The overall Weight of the implantable pulse generator 
18 may be approximately tWenty to thirty grams. These 
dimensions make possible implantation of the case 26 With a 
small incision; i.e., suitable for minimally invasive implanta 
tion. Additionally, a larger, but similarly shaped IPG might be 
required for applications With more stimulus channels (thus 
requiring a large connection header) and or a larger internal 
battery. 
[0057] FIGS. 2C and 2D illustrate an alternative embodi 
ment of an implantable pulse generator 68 utiliZing a 
rechargeable battery 72. The rechargeable implantable pulse 
generator 68 shares many features of the primary cell 
implantable pulse generator 18. Like structural elements are 
therefore assigned like numerals. As can be seen, the case 76 
de?nes a small cross section; e.g., (5 mm to 10 mm thick)><(l5 
mm to 25 mm Wide)><(40 mm to 50 mm long). These dimen 
sions make possible implantation of the case 76 With a small 
incision; i.e., suitable for minimally invasive implantation. 
[0058] The case 26 of the implantable pulse generator 18 is 
desirably shapedWith a smaller end 30 and a larger end 32. As 
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FIG. 3 shows, this geometry allows the smaller end 30 of the 
case 26 to be placed into the skin pocket P ?rst, With the larger 
end 32 being pushed in last. 
[0059] Desirably, the case 26 for the implantable pulse 
generator 18 comprises a laser Welded titanium material. This 
construction offers high reliability With a loW manufacturing 
cost. The clam shell construction has tWo stamped or succes 
sively draWn titanium case halves that are laser Welded 
around the circuit assembly and battery 22 With feed-thrus. 
Typically, a molded plastic spacing nest is used to hold the 
battery 22, the circuit 20, and perhaps a poWer recovery 
(receive) coil together and secure them Within the titanium 
case. 

[0060] The implantable pulse generator 18 shoWn in FIGS. 
2A and 2B includes a clam-shell case 26 having a thickness 
that is selected to provide adequate mechanical strength The 
implantable pulse generator 18 may be implanted at a target 
implant depth of not less than ?ve millimeters beneath the 
skin, and not more than ?fteen millimeters beneath the skin, 
although this implant depth may change due to the particular 
application, or the implant depth may change over time based 
on physical conditions of the patient. 
[0061] In an alternative embodiment utiliZing a recharge 
able battery, the thickness of the titanium for the case is 
selected to provide adequate mechanical strength While bal 
ancing the greater poWer absorption and shielding effects to 
the loW to medium frequency magnetic ?eld 54 used to tran 
scutaneously recharge the implantable rechargeable battery 
72 With thicker case material (the competing factors are poor 
transformer action at loW frequencies4due to the very loW 
transfer impedances at loW frequenciesiand the high shield 
ing losses at high frequencies). The selection of the thickness 
ensures that the titanium case alloWs adequate poWer cou 
pling to recharge the secondary poWer source (described 
beloW) of the rechargeable pulse generator 68 at the target 
implant depth using a loW frequency radio frequency (RF) 
magnetic ?eld 52 from an implantable pulse generator 
charger 34 mounted on the skin (see FIGS. 4A and 4B). 

b. Primary PoWer Source 

[0062] According to one desirable technical feature, the 
implantable pulse generator 18 desirably possesses an inter 
nal battery capacity su?icient to alloW a service life of greater 
than three years With the stimulus being a high duty cycle, 
e.g., virtually continuous, loW frequency, loW current stimu 
lus pulses, or alternatively, the stimulus being higher fre 
quency and amplitude stimulus pulses that are used only 
intermittently, e.g., a very loW duty cycle. 
[0063] To achieve this feature, the primary battery 22 of the 
implantable pulse generator 18 desirably comprises a primary 
poWer source; most desirably a Lithium Ion battery 22. Given 
the average quiescent operating current (estimated at 8 [1A 
plus 35 [1A for a Wireless telemetry receiver pulsing on tWice 
every second) and a seventy percent ef?ciency of the stimulus 
poWer supply, a 1.0 Amp-hr primary cell battery can provide 
a service life of less than tWo years, Which is too short to be 
clinically or commercially viable for this indication. There 
fore, the implantable pulse generator 18 desirably incorpo 
rates a primary battery, e. g., a Lithium Ion battery. Given 
representative desirable stimulation parameters (Which Will 
be described later), a Lithium Ion battery With a capacity of at 
least 30 mA-hr Will operate for over three years. Lithium Ion 
implant grade batteries are available from a domestic sup 
plier. A representative battery provides 3 5 mA-hr in a package 
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con?guration that is of appropriate siZe and shape to ?t Within 
the implantable pulse generator 18. 
[0064] The implantable pulse generator 18 desirably incor 
porates circuitry and/or programming to assure that the 
implantable pulse generator 18 Will suspend stimulation, and 
perhaps fall-back to only very loW rate telemetry, and even 
tually suspends all operations When the primary battery 22 
has discharged the majority of its capacity (i.e., only a safety 
margin charge remains). Once in this dormant mode, the 
implantable pulse generator may provide limited communi 
cations and is in condition for replacement. 
[0065] In an alternative embodiment, the rechargeable 
implantable pulse generator 68 desirably possesses a 
rechargeable battery capacity su?icient to alloW operation 
With recharging not more frequently than once per Week for 
many or most clinical applications. The battery 72 of the 
rechargeable implantable pulse generator 68 desirably can be 
recharged in less than approximately six hours With a recharg 
ing mechanism that alloWs the patient to sleep in bed or carry 
on most normal daily activities While recharging the battery 
72 of the rechargeable implantable pulse generator 68. 
[0066] The poWer for recharging the battery 72 of the 
rechargeable implantable pulse generator 68 is provided 
through the application of a loW frequency (e.g., 30 kHZ to 
300 KHZ) RF magnetic ?eld 52 applied by a skin or clothing 
mounted recharger 34 placed over the implantable pulse gen 
erator (see FIGS. 4A and 4B). In one possible application, it 
is anticipated that the user Would Wear the recharger 34, 
including an internal magnetic coupling coil (charging coil) 
35, over the rechargeable implantable pulse generator 58 to 
recharge the rechargeable implantable pulse generator 68 (see 
FIG. 4A). Alternatively, the recharger 34 might use a separate 
magnetic coupling coil (charging coil) 35 Which is placed 
and/or secured on the skin or clothing over the rechargeable 
implantable pulse generator 68 and connected by cable to the 
recharger 34 (circuitry and battery in a housing) that is Worn 
on a belt or clipped to the clothing (see FIG. 4B). 
[0067] The charging coil 35 preferably includes a predeter 
mined construction, e. g., 200 turns of six strands of #36 
enameled magnetic Wire, or the like. Additionally, the charg 
ing coil mean diameter is preferably about 50 millimeters, 
although the diameter may vary. The thickness of the charg 
ing coil 35 as measured perpendicular to the mounting plane 
is to be signi?cantly less than the diameter, e.g., tWo to ?ve 
millimeters, so as to alloW the coil to be embedded or lami 
nated in a sheet to facilitate placement on or near the skin. 
Such a construction Will alloW for e?icient poWer transfer and 
Will alloW the charging coil 35 to maintain a temperature 
beloW 41 degrees Celsius. 
[0068] The recharger 34 preferably includes its oWn inter 
nal batteries Which may be recharged from the poWer mains, 
for example. A charging base 39 may be included to provide 
for convenient docking and recharging of the system’s opera 
tive components, including the recharger and the recharger’s 
internal batteries (see FIG. 4C). The implantable pulse gen 
erator recharger 34 does not need to be plugged into the poWer 
mains While in use to recharge the rechargeable implantable 
pulse generator 68. 
[0069] Desirably, the rechargeable implantable pulse gen 
erator 68 may be recharged While it is operating and Will not 
increase in temperature by more than tWo degrees Celsius 
above the surrounding tissue during the recharging. It is desir 
able that the recharging of the battery 72 requires not more 
than six hours, and a recharging Would be required betWeen 






















