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Certain embodiments are directed to methods of treating a 
metabolic disease in a subject using a fully implantable 
electrical stimulation system to provide or administer a 
therapy. In certain aspects a stimulation lead is implanted 
proximally to a stomach acupoint, the stimulation lead being 
coupled to an implantable signal generator; and stimulating 
the acupoints using the signal generator to treat the meta 
bolic disease. 
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1. 

CHRONIC ELECTROACCUPUNCTURE 
USING IMPLANTED ELECTRODES 

PRIORITY CLAIM 

This application is a non-provisional application of and 
claims priority to U.S. Provisional Application Ser. No. 
61/683,449 filed Aug. 15, 2012, which is incorporated herein 
by reference in its entirety. 

STATEMENT REGARDING FEDERALLY 
FUNDED RESEARCH 

This invention was made with government Support under 
CA14995602 awarded by the National Institutes of Health. 
The government has certain rights in the invention. 

BACKGROUND 

In the United States, a majority of the population is 
overweight or obese. People who are overweight or obese 
are generally more prone to ailments such as high blood 
pressure, heart disease, stroke, and diabetes. 

To lose weight and combat the conditions associated with 
excess weight, many individuals partake in numerous meth 
ods and/or procedures to lose weight. For example, indi 
viduals attempt diets, undertake exercise routines or regi 
mens, purchase and use weight reduction equipment or 
weight reduction drugs, and the like. 

Acupuncture has long been used to treat anxiety, back 
pain, high blood pressure, and osteoarthritis. People are now 
turning to acupuncture as a treatment for weight loss. 
Acupuncture is the ancient Chinese art of inserting fine 
needles under the Surface of the skin into specific locations 
on the body to treat ailments and the like. 

Typically, acupuncture involves the insertion of flexible, 
filiform needles into the skin of a patient at specific regions 
known as acupoints and at depths sufficient to penetrate 
certain tissues, musculature or the like. Subsequent manipu 
lation of the needle ends that protrude from the skin (e.g., by 
manual twisting or vibration) stimulates the Subcutaneous 
tissue and/or intramuscular sensory nerves of the patient. 

Electroacupuncture is one variation of traditional acu 
puncture in which needles are temporarily inserted at spe 
cific acupoints along the body and then attached with clips 
to a device that generates electric pulses. The introduction of 
a mild current through the needles acts as a stimulus on the 
tissue and/or nerves in the vicinity of the needle. 

Although electroacupuncture using implantable elec 
trodes and an external pulse generator for acute treatment is 
known, there remains a need for a chronic or permanent 
means of providing stimulation to the acupoints or merid 
18S. 

SUMMARY 

In both traditional acupuncture and electroacupuncture 
(EA), needles are typically inserted into acupoints tempo 
rarily and removed after each application. In certain embodi 
ments described herein, stimulation leads or electrodes are 
placed at acupoints chronically or permanently. An acupoint 
is a location on the body that is the focus of acupuncture or 
acupressure. Several hundred acupoints are considered to be 
located along meridians (connected points across the 
anatomy which affect a specific organ or other part of the 
body). In certain aspects, the electrodes are fine needles 
embedded under the skin at appropriate locations. 
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2 
The term "chronically’ refers to provision or administra 

tion of a therapy or device for durations exceeding about 24 
hours with the expectation that the therapy will continue or 
the device will remain implanted for days, weeks, or months. 
The term “permanently refers to provision or administra 
tion of a therapy or device for durations exceeding about a 
year with the expectation that the therapy will continue or 
the device will remain implanted for 1 or more years. 

In one embodiment, the connecting wires of the chroni 
cally implanted stimulation leads or electrodes will be 
tunneled under the skin and connected to a pulse generator 
(stimulator), which can be chronically implanted at a loca 
tion of convenience (usually in the abdomen) under the skin. 
In certain aspects, the connection between the electrode and 
stimulator will be such that the stimulator will be implanted 
at the acupoint. Electrical stimulation can be performed via 
the implanted stimulation leads or electrodes using a built-in 
clock and programmer, or using an external Switcher, Such 
as a magnetic Switcher. Electrical stimulation can be 
monopolar, in which case the implanted pulse generator will 
serve as one electrode, or bipolar in which case two elec 
trodes placed at two different acupoints will form a circuit. 
Multiple-channel stimulation is also possible with the use of 
multiple stimulation leads or electrodes at different acu 
points. 

In another embodiment, the implanted Stimulation leads 
or electrodes are able to receive a remote signal from an 
external device. In this case, only the stimulation leads or 
electrodes will be permanently implanted. Electrical stimu 
lation can be performed using an external device that is 
placed on the skin surface of the implanted stimulation lead 
or electrode. An external stimulator is capable of coupling 
stimulation pulses it generates to implanted stimulation 
leads or electrodes and thereby delivering electrical current 
to the acupoints. 

In another embodiment, the implanted Stimulation leads 
or electrodes will serve as an object that receives magnetic 
field or microwave signals from an external device. The 
external device will generate microwaves or magnetic fields. 
The microwaves or magnetic fields generated by the external 
device can heat the implanted stimulation leads or electrodes 
to a certain degree and thereby delivering thermo-stimula 
tion to Surrounding tissues. 
The above mentioned technologies can be applied for 

treating chronic conditions including: metabolic conditions 
Such as obesity and diabetes; functional gastrointestinal 
diseases (such as gastroesophageal reflux, functional dys 
pepsia, irritable bowel syndrome); chronic gastrointestinal 
discomfort Such as chronic constipation, chronic diarrhea, 
chronic pain, chronic nausea and Vomiting not associated 
with chemotherapy; and chemotherapy-induced nausea and 
vomiting (CINV). In certain aspects CINV is specifically 
excluded. 

In certain embodiments, an electrical stimulation com 
prises a pulse train of 0.1, 0.2, 0.3, 0.4, 0.5, 1, 2, 3, 4, 5 
seconds on and 0.1, 0.2,0.3, 0.4,0.5, 1, 2, 3, 4, 5 seconds 
off with pulses of 0.1 to 1 ms, 1 to 200 Hz, and 0.1 mA to 
10 mA. In certain aspects stimulation is provided for 1, 2, 3, 
4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 
22, 23, 24 hours, or 1, 2, 3, 4, 5, 6, 7 days, weeks, months, 
years or longer. In certain aspects the therapy can be 
provided intermittently over 1 to 52 weeks, or 1, 2, 3, 4, 5, 
10 or more years (including all values and ranges there 
between). In other aspects electrical stimulation is provided 
on an as needed basis or during particular periods designated 
by a Subject, a treating physician, or other person. 
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Certain embodiments are directed to methods of treating 
a metabolic disease in a Subject using a fully implantable 
electrical stimulation system comprising: (a) positioning a 
stimulation lead proximally to a stomach acupoint of Zusanli 
(ST 36), Liangmen (ST21), and/or Tianshu (ST25), Zhong 
Wan (CV4) and/or Guanyuan (CV 12); (b) coupling the 
stimulation lead to an implantable signal generator, and (c) 
generating an electrical signal with the signal generator 
using the stimulation lead wherein the signal electrically 
stimulates the Subjects acupoints thereby treats the meta 
bolic disease. In certain aspects, the metabolic disease is 
diabetes or obesity. In further aspects, the electrical stimu 
lation reduces the postprandial glucose levels in the Subject 
and/or increases insulin sensitivity in the Subjects. 

Certain embodiments are directed to methods of treating 
a functional gastrointestinal disease in a Subject using a fully 
implantable electrical stimulation system comprising (a) 
positioning a stimulation lead proximally to a stomach 
acupoint of Zusanli (ST 36), Liangmen (ST21), and/or 
Tianshu (ST25), Zhong Wan (CV4) and/or Guanyuan (CV 
12); (b) coupling the stimulation lead to an implantable 
signal generator, and (c) generating an electrical signal with 
the signal generator using the stimulation lead wherein the 
signal electrically stimulates the Subject's acupoints thereby 
treats the functional gastrointestinal disease. In certain 
aspects, the functional gastrointestinal disease is gastroe 
sophageal reflux (GERD), functional dyspepsia, chronic 
intestinal pseudo-obstruction, diarrhea, constipation, irri 
table bowel syndrome, or fecal incontinence. In a further 
aspect, gastroparesis is specifically excluded. In certain 
aspects, the acupoint is ST36 and/or PC6. 

Other embodiments of the invention are discussed 
throughout this application. Any embodiment discussed with 
respect to one aspect of the invention applies to other aspects 
of the invention as well and vice versa. Each embodiment 
described herein is understood to be embodiments of the 
invention that are applicable to all aspects of the invention. 
It is contemplated that any embodiment discussed herein can 
be implemented with respect to any method or composition 
of the invention, and vice versa. Furthermore, compositions 
and kits of the invention can be used to achieve methods of 
the invention. 

The use of the word “a” or “an' when used in conjunction 
with the term “comprising in the claims and/or the speci 
fication may mean “one.” but it is also consistent with the 
meaning of “one or more,” “at least one.” and “one or more 
than one.” 

Throughout this application, the term “about is used to 
indicate that a value includes the standard deviation of error 
for the device or method being employed to determine the 
value. 
The use of the term 'or' in the claims is used to mean 

“and/or unless explicitly indicated to refer to alternatives 
only or the alternatives are mutually exclusive, although the 
disclosure Supports a definition that refers to only alterna 
tives and “and/or.” 
As used in this specification and claim(s), the words 

“comprising (and any form of comprising, Such as "com 
prise' and "comprises”), “having (and any form of having, 
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tain’) are inclusive or open-ended and do not exclude 
additional, unrecited elements or method steps. 

Other objects, features and advantages of the present 
invention will become apparent from the following detailed 
description. It should be understood, however, that the 
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detailed description and the specific examples, while indi 
cating specific embodiments of the invention, are given by 
way of illustration only, since various changes and modifi 
cations within the spirit and scope of the invention will 
become apparent to those skilled in the art from this detailed 
description. 

DESCRIPTION OF THE DRAWINGS 

The following drawings form part of the present specifi 
cation and are included to further demonstrate certain 
aspects of the present invention. The invention may be better 
understood by reference to one or more of these drawings in 
combination with the detailed description of the specifica 
tion embodiments presented herein. 

FIGS. 1A and 1B illustrate the acupuncture points (acu 
points) and meridians associated with the stomach. 

FIGS. 2A and 2B illustrate the placement of an implant 
able electrostimulation device. 

FIG. 3 provides a design of a general implantable pulse 
generator. 

FIG. 4 provides an illustration of an implantable device 
that can be used to synchronize the stimulation. 

FIG. 5 provides an illustration of memory in which 
multiple programs are employed. 

FIG. 6 provides an illustration of a synchronized training 
system. 

FIG. 7 provides an illustration of how electrostimulation 
at given stomach meridians affects food intake. 

DESCRIPTION 

I. Implantation of Stimulation Leads 
FIGS. 1A and 1B show the acupoints and meridians, as 

identified by Chinese acupuncture, of the stomach. There are 
45 stomach acupoints (ST1-45), some of which are of more 
interest relating to reduction of food intake, for example, but 
not limited to, ST 21, ST25, and ST36. ST21 is also referred 
to as Liangmen (Chinese name) or Beam Gate (English 
name). It is located 2 cun (cun is equivalent to the width of 
a person's thumb or knuckle) lateral to the AML level with 
CV12. ST25 is also referred to as Tianshu (Chinese name) 
or Celestial Pivot (English name). ST25 is located 2 cun 
lateral to the AML level with CV 8. ST36 is also referred to 
as Zusanli (Chinese name) or Leg Three Li (English name). 
ST36 is located 3 cun below ST35, one finger width lateral 
from the anterior border of the tibia. Other acupoints that 
may be of interest include Neiguan (PC6), Guangyaun (R4), 
and/or Quchi (LI11). 

In certain aspects, one or more stimulation leads or 
electrodes are positioned on or in a target tissue at a targeted 
acupoint, for example at ST21, ST 25, ST36, CV4, and/or 
CV12. In certain aspects, the stimulation leads or electrodes 
used herein are commercially available and can include any 
that are suitable for the application, such as those used with 
deep brain leads, percutaneous leads, paddle leads, patch 
electrodes, cuff electrodes, needle electrodes, etc. In certain 
aspects, needle electrodes or screw electrodes can be used. 

Techniques for implanting stimulation leads or electrodes 
are well known by those of skill in the art and may be 
positioned in various body tissues and in contact with 
various tissue layers; for example, deep brain, cortical, 
Subdural, Subarachnoid, epidural, cutaneous, transcutaneous 
and Subcutaneous implantation is employed in some 
embodiments. 

In certain embodiments, the stimulation leads or elec 
trodes are implanted Such that they are positioned or dis 
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posed near, or in communication with a target acupoint or 
meridian, for example, but not limited to ST21, ST25, ST36, 
CV4, and/or CV12. This implantation may be subcutaneous 
such that the stimulation lead or electrode is below the 
dermis and epidermis and within the Subcutaneous tissue or 
the implantation may be such that the stimulation lead or 
electrode is positioned on or above the fascia or under the 
fascia depending upon the desired stimulation. Furthermore, 
if muscular stimulation is more desirable, the stimulation 
leads or electrodes may be inserted into the muscle. Still 
further, the stimulation leads or electrodes may be inserted 
within the target acupoint or meridian Such that the stimu 
lation lead or electrode targets a specific nerve or nerve 
network within the acupoint or meridian. In certain aspects, 
the electrode is inserted at a depth of about 1, 2, 3, 4, 5, 6, 
7, 8, 9, or 10 mm depending on location(s). 

FIGS. 2A-2B illustrate example implantation of the 
stimulation system 200 for electrically stimulating ST36 or 
Zusanli acupoint or meridian to treat a chronic disorder. Such 
obesity, diabetes, pain, gastrointestinal disorders, etc. The 
stimulator 202 can be implanted in the patient’s abdomen. 
Alternatively, the stimulator 202 can be implanted in another 
location that the Surgeon may prefer, Such as the buttocks or 
chest. The stimulator 202 is connected to the connector 203 
that further connects to at least one stimulation lead or one 
electrode 204 at the end distal to the stimulator 202. The 
stimulation lead or electrode 204 is positioned to stimulate 
the ST36 point. If it is necessary, suture, staples, hooks, 
barbs or screws, can be used to anchor the stimulation lead 
or electrode to improve the electric contact with the tissue. 
Stimulation system 200 can be programmed to generate 
monopolar or bipolar stimulation depending upon the 
desired stimulation pattern. Still further, depending upon the 
desired pattern of stimulation, the stimulation lead or elec 
trode 204 may be a percutaneous lead comprising circular 
electrodes in which stimulation could be achieved in all 
directions. If the desired stimulation pattern is directional, 
then paddle leads or other electrodes that provide a direc 
tional stimulation may be used. In the case of monopolar 
stimulation, the stimulator itself may serve as an electrode. 

In general terms, the stimulation system 200 includes: (1) 
a stimulator 202 that can be an implantable pulse generating 
Source or electrical stimulation Source, and (2) one or more 
stimulation leads or electrodes 204 for stimulating the target 
site. In operation, both of these primary components are 
implanted in the person’s body, as discussed below. In 
certain embodiments, stimulator 202 is coupled to a stimu 
lation lead or electrode 204 via a connector 203. In certain 
other embodiments, stimulator 202 is directly coupled to 
stimulation lead or electrode 204. For example, such a 
stimulation system 200 may be a Bion R stimulation system 
manufactured by Advanced Bionics Corporation. Whether 
stimulator 202 is coupled directly or indirectly to stimulation 
lead or electrode 204, stimulator 202 controls the stimula 
tion transmitted to one or more stimulation leads or elec 
trodes 204 that is positioned at or in communication with a 
target site. A health professional, the patient, or another user 
of stimulator 202 may directly or indirectly input stimulation 
parameters to specify or modify the nature of the stimulation 
provided. 

Stimulator 202 can include an implantable pulse generator 
(IPG). In other embodiments, the stimulator 202 may 
include an implantable wireless receiver. The wireless 
receiver is capable of receiving wireless signals from a 
wireless transmitter located external to the person's body. A 
health professional, the patient, or another user of stimulator 
202 may use a controller located external to the person's 
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6 
body to provide control signals for operation of stimulator 
202. The controller provides the control signals to wireless 
transmitter, which transmits the control signals and power to 
the wireless receiver of stimulator 202, and stimulator 202 
uses the control signals to vary the stimulation parameters 
transmitted through stimulation lead or electrode 204. Thus, 
the external controller can be for example, a handheld 
programmer, to provide for programming the IPG. 

FIG. 3 provides a schematic of the basic design of 
stimulator 302, e.g., an implantable pulse generator (IPG). 
Stimulator 302 is typically enclosed in a titanium case. 
Electronic circuitry 305 is housed inside the case and usually 
includes a battery 307, a microprocessor 306, and a pro 
gramming interface 308. Programming of the stimulator can 
be achieved using traditional radio frequency (RF) commu 
nication 312. The blue tooth technology may also be used to 
program the implanted Stimulator or electrodes. The pro 
grammer 310 is an external device to interrogate the micro 
processor, collect information, and change the stimulation 
parameters. Any suitable commercially available stimulator 
can be modified according to the embodiments as described 
herein, such commercially available stimulators include the 
Eon R or Eon MiniR manufactured by St. Jude Medical 
systems (Plano, Tex.) and Synergy(R) manufactured by 
Medtronic, Inc. (Minneapolis, Minn.). These stimulators are 
fully implantable, externally programmable, and operate a 
variety of implantable leads and electrodes that are adapted 
for chronic or permanent implantation in the body. 

FIG. 4 shows an example of an implantable device that 
can be used to determine a breathing frequency and adjust 
therapy or administer therapy. For example, the device may 
include, processor 406, memory 420, generator 422, sensing 
module 423, telemetry module 424, and HRV (heart rate 
variable) algorithm module 421. Although HRV module 421 
is shown to be a part of processor 406 in FIG. 4, in other 
examples, HRV module 421 and processor 406 may be 
separate components and may be electrically coupled, e.g., 
via a wired or wireless connection. 
Memory 520, as shown in FIG. 5, may include any 

Volatile or non-volatile media, such as a random access 
memory (RAM), read only memory (ROM), non-volatile 
RAM (NVRAM), electrically erasable programmable ROM 
(EEPROM), flash memory, and the like. Memory 520 may 
store instructions for execution by processor 306 or 406 
(FIGS. 3 and 4 respectively) and information defining 
therapy delivery for the patient, such as, but not limited to, 
therapy programs or therapy program groups, information 
associating therapy programs with breathing rates, thresh 
olds or other information used to detect breathing rates 
based on biosignals (such as heart rate variability or detec 
tion of R-R intervals (i.e., the interval from the peak of one 
QRS complex to the peak of the next as shown on an 
electrocardiogram; it is used to assess the ventricular rate), 
and any other information regarding therapy of the patient. 
Therapy information may be recorded in memory 520 for 
long-term storage and for retrieval by a user. As described in 
further detail with reference to FIG. 5, memory 520 may 
include separate memories for storing information, such as 
separate memories for therapy programs 530, and breathing 
rate or HRV information 531. In certain aspect, other infor 
mation can be stored such as patient information. 

In addition to electrical stimulation, other forms of stimu 
lation can be used, for example magnetic or microwaves. 
Magnetic stimulation can be provided by internally 
implanted probes or by externally applied directed magnetic 
fields, for example, U.S. Pat. Nos. 6,592,509; 6,132,361; 
5,752.911; and 6.425,852, each of which is incorporated 
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herein in its entirety. It is envisioned that the microwaves or 
magnetic field generated by the external device will heat the 
implanted leads and provide thermal stimulation to the 
tissues. 

Synchronized Electroacupuncture. In certain embodi 
ments the stimulation is synchronized with breathing using 
a paired-timing system or biofeedback. For example, the 
Subject synchronizes or uses a system to synchronize breath 
ing according to the stimulation frequency of the pulse 
generator to increase Vagal activity. Furthermore, it may be 
of interest to use a stimulation system that includes a 
processor that determines the patient’s breathing frequency 
such that the stimulation can be synchronized with the 
patient’s breathing or heart rate. The synchronization may 
occur with either the stimulation or the biological activity as 
the driver (independent variable). In other words, the stimu 
lation may be prompted by the detection of breathing 
frequency or heart rate. Alternatively, the patient may be 
instructed to inhale or exhale in response to detecting 
stimulation. In certain aspects the stimulatory signals are 
synchronized to the breathing. In other aspects, the breathing 
is synchronized to the stimulatory signals. 

With reference to FIG. 6, the synchronized stimulation 
system 640 comprises a sensor 641, a timing control system 
642 and the stimulation system 602. The timing control 
system 642 generally provides the simultaneous nature of 
the pairing. The stimulation and the trigger are simultaneous 
in that they occur at the same time, that is, there is at least 
Some overlap in the timing. In some embodiments, the 
stimulation may lead the start of the trigger, while in other 
embodiments the stimulation may follow the start of the 
trigger. In many cases, the stimulation is shorter in duration 
than the trigger, Such that the stimulation occurs near the 
beginning of the trigger. The control system 642 can be 
manual or included in a closed loop type system. In a manual 
control system, the control 642 receives timing instructions 
from a manual input 641 and provides timing instructions to 
the stimulation system 602, so that the stimulation and 
trigger occur simultaneously. 

In a closed loop timing control system, the closed loop 
timing control system includes control system 642 that 
receives timing instructions from the sensor (see sensor 423 
of FIG. 4) (such as an ECG sensor) and provides timing 
instructions to the stimulation system 602, so that the 
stimulation and trigger occur simultaneously. 

In certain embodiments the timing controller 642 may 
comprise an ECG amplifier and software algorithm to derive 
heart rate variability (HRV) from ECG and to calculate 
power spectrum of the HRV signal. 
II. Methods to Treat Gastrointestinal Conditions and/or 
Eating Disorders 

Embodiments herein provide a novel method of treating 
gastrointestinal conditions and/or eating disorders by stimu 
lating tissue associated with the stomach meridians or acu 
points, for example, but not limited to ST21, ST25, and/or 
ST36. Other acupoints that may be stimulated include, but 
are not limited to, Neiguan (PC6), Guangyaun (R4), and/or 
Quchi (LI11). 

Certain embodiments of the present invention involve a 
method of treating a gastrointestinal disorder comprising the 
steps of Surgically implanting a stimulation lead or elec 
trode having a proximal end and a stimulation portion, 
wherein after implantation the stimulation portion is in 
communication with a predetermined site; coupling the 
proximal end of the stimulation lead or electrode to a signal 
generator, and generating a signal with the signal generator 
to modulate the predetermined site thereby treating the 
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chronic disorder, Such as obesity, diabetes, functional gas 
trointestinal diseases (e.g., gastroesophageal reflux, func 
tional dyspepsia, irritable bowel syndrome, constipation and 
chronic diarrhea), chronic pain, chronic nausea and vomit 
ing, and/or chemotherapy-induced emesis. The predeter 
mined sites include, but are not limited to the stomach 
acupoints and associated meridian(s) that are known by 
those of skill in the art, more particularly, ST21, ST25, 
ST36, Neiguan (PC6), Guangyaun (R4), and/or Quchi 
(LI11). 
The gastrointestinal disorders or conditions contemplated 

by the present invention include gastrointestinal altered 
motility, sensitivity and secretion disorders in which one or 
more of the symptoms and conditions affect the gastroin 
testinal tract from the mouth to the anus. Gastrointestinal 
disorders include, but are not limited to, heartburn, bloating, 
postoperative ileus, abdominal pain and discomfort, early 
Satiety, epigastric pain, nausea, vomiting, burbulence, regur 
gitation, intestinal pseudoobstruction, anal incontinence, 
gastroesophageal reflux disease, irritable bowel syndrome, 
ulcerative colitis, Crohn's disease, menstrual cramps, pan 
creatitis, spastic and interstitial cystitis and ulcers and the 
visceral pain associated therewith. One with skill in the art 
is aware that any functional gastrointestinal disorder, includ 
ing but not limited to those associated with gastric motility, 
is appropriate for treatment with the method described 
herein. 
The present invention is also appropriate for treating a 

variety of eating disorders and conditions, including com 
pulsive eating, anorexia nervosa, and bulimia nervosa. For 
example, it is contemplated that the method of stimulation as 
described may be used to treat a patient for obesity, binge 
eating, or compulsive overeating. A stimulator as described 
herein can be implanted in the patient. The stimulator may 
be turned “on, thus activating the electrical stimulation to 
the appropriate tissue, by the patient when feelings of hunger 
are present. Alternatively, it is contemplated that the patient 
may use the stimulation in a continuous manner. Still further, 
an external handheld device (a patient programmer”) can 
be used by the patient to wirelessly communicate with the 
implanted stimulator system to initiate the electrical stimu 
lation at an appropriate time. Thus, in a treatment of obesity, 
the stimulation reduces food intake and/or increases Satiety. 

Still further, a reduction in a subject’s body mass index 
(BMI) can be used as an indicator of reduction of food intake 
or as a treatment of obesity. BMI is calculated as body 
weight per height in meters squared (kg/m). “Obesity” 
refers to a condition whereby an otherwise healthy subject 
has a BMI greater than or equal to 27 or 30 kg/m (per the 
definition of obesity in some Asian countries and the USA, 
respectively), or a condition whereby a subject with at least 
one obesity-related disease has a BMI greater than or equal 
to 27 kg/m. A BMI of about 27 kg/m is considered to be 
in the 85th percentile for BMI. Thus, a subject that is greater 
than or equal to the 85th percentile for BMI can be consid 
ered obese. 
The use of a stimulation method may further mediate 

orexigenic/anorexigenic hormones thereby involving the 
reward system via the dopaminergic pathways. For example, 
it is known that anorexigenicforexigenic hormones play a 
role in food intake, and these hormone levels are altered by 
electroacupunture. Thus, stimulation of the stomach merid 
ian points may alter the levels of ghrelin, neuropeptide Y. 
cholecystokinin (CCK), polypeptide Y (PYY). For example, 
stimulation will reduce orexigenic hormones, such as ghre 
lin and NPY, and increase anorexigenic hormones, such as 
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CCK and PYY. Furthermore, stimulation of the stomach 
acupoints may help restore balance to the dopamine system. 

Yet further, the stimulation method provided herein is 
administered to a subject having or at high risk of having 
diabetes mellitus. Thus, it is envisioned that the method of 
stimulating a preferred acupoint or meridian may be used to 
reduce or ameliorate the causes or symptoms of diabetes 
mellitus. The stimulation can modulate at least one symptom 
of diabetes mellitus, for example, decrease blood glucose or 
modulate blood insulin levels. 

Risk factors for type I diabetes include islet-cell antibod 
ies. Risk factors for type 2 or gestational diabetes include 
inactivity, obesity, siblings with diabetes, and history of 
diabetes during pregnancy. One of skill in the art can 
determine the patients who would potentially benefit from a 
therapeutic stimulation to reduce circulating glucose levels. 

In one embodiment, the stimulation is administered in an 
effective amount to decrease, reduce, inhibit or abrogate 
high glucose, or to reduce total body weight, glycosylated 
hemoglobin (Hb A1c), or blood pressure or to modulate 
(positively or negatively) blood insulin levels. In the case of 
a diabetic condition, Successful reduction of hyperglycemia 
may be manifested by the fasting plasma glucose level 
falling below 126 mg/dL, the 2-hour plasma glucose level 
during an oral glucose tolerance test (OGTT) falling below 
200 mg/dL, or a random plasma glucose determination 
reading below 200 mg/dL in a symptomatic individual. In 
the case of a pre-diabetic condition, a Successful reduction 
of hyperglycemia by may be manifested by the fasting 
plasma glucose falling below 110 mg/dL and/or the 2-hour 
plasma glucose on the OGTT falling below between 140 
mg/dL. 

Glycohemoglobin (or glycosylated hemoglobin) is mea 
Sured to monitor or accurately record blood glucose levels, 
and it is not influenced by acute changes in blood glucose or 
by the interval since the last meal. Glycohemoglobin is 
formed when glucose reacts non-enzymatically with the 
hemoglobin A molecule and is composed of several frac 
tions, the major one being HbAlc. Total glycohemoglobin 
(HbA1) and Hb A1c (expressed as the percentage of total 
hemoglobin) vary in proportion to the average level of 
glucose over the lifespan of the red blood cell (RBC), 
thereby providing an index of glycemic control. 

Treatment regimens may vary as well, and often depend 
on the health and age of the patient. Obviously, certain types 
of disease will require more aggressive treatment, while at 
the same time, certain patients cannot tolerate more taxing 
regimens. The clinician will be best suited to make such 
decisions based on the known efficacy and toxicity (if any) 
of the therapeutic regimens. 
The therapeutic system is Surgically implanted in the 

predetermined sites as described in the above sections. One 
of skill in the art is cognizant that a variety of electrodes or 
electrical stimulation leads may be utilized in the present 
invention. It is desirable to use an electrode or lead that 
contacts or conforms to the target site for optimal delivery 
of electrical stimulation. 

According to one embodiment, the target site is stimulated 
using stimulation parameters such as, pulse width of about 
0.1, 1, 10, 50, 100, 200, or 300 to about 200, 300, 400, or 500 
microseconds. In one embodiment, the pulse width is about 
1, 10, 20, 30, 40, or 50 to about 50, 60, 70, 80, or 90 
microseconds. The frequency can be about 1, 10, 20, 30, 40, 
50 to about 20, 30, 40, 50, 100, 200 Hz, or about 1, 25, 50, 
75, 100, or 125 to about 100, 125, 150, 175, or 200 Hz. The 
voltage can be about 0.5, 1, 2, 3, 4, or 5 to about 4, 5, 6, 7, 
8, 9, or 10 volts, or about 1 to about 10 volts. It is known in 
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10 
the art that the range for the stimulation parameters may be 
greater or Smaller depending on the particular patient needs 
and can be determined by the health professional. In other 
aspects, the stimulation can be in the form of pulse trains. A 
pulse train can include a 0.1, 0.2,0.3, 0.4,0.5, 1, 2, 3, 4, or 
5 second on period (including all values and ranges there 
between) and a 0.1, 0.2,0.3, 0.4,0.5, 1, 2, 3, 4, or 5 second 
off period of 0.1, 0.2, 0.3, 0.4,0.5,0.6, 0.7, 0.8, 0.9, 1 ms 
(including all values and ranges there between); 1, 2, 3, 4, 5, 
6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 50, 100, 
200 Hz (including all values and ranges there between); and 
0.1, 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 mA (including all values 
and ranges there between) pulses. In certain aspects, stimu 
lation parameters are: train on-time of 0.1s, off-time of 0.4 
s (or any splits of 0.5 s by on-time and off-time, such as or 
0.4 s-on and 0.1 s-off, 0.3 s-on and 0.2 s-off, 0.2 s-on and 
0.3s-off, or 0.1 s-on and 0.4s-off), 100 Hz, 0.1-10 mA. 
Outcomes for patients treated by the methods and systems 

as described herein may be tested by standard stomach 
emptying tests, such as radioactive meal digestion, for 
example as described in U.S. Pat. No. 6,548,043. Gastric 
motility may be tested by an antro-duodenal motility study, 
in which a thin tube (one-eighth inch in diameter) is passed 
through the nose, down the esophagus, through the stomach 
and into the duodenum, the first part of the small intestine. 
Sensors in the tube measure the amount of pressure gener 
ated when the muscles of the stomach and intestine contract 
and Squeeze tightly around the tube. The greater the con 
traction of the muscles, the greater the pressure sensed by 
the tube. Contractions are recorded at rest for up to several 
hours and for one or two hours after a meal. Other contem 
plated tests to study patient outcomes include upper gastro 
intestinal X-rays, gastric emptying breath tests, and electro 
gastrograms. 

Patient outcomes may also be tested by health-related 
quality of life (HRQL) measures, which extend beyond 
traditional measures of mortality and morbidity, to include 
Such dimensions as physiology, function, Social activity, 
cognition, emotion, sleep and rest, energy and vitality, health 
perception, and general life satisfaction. (Some of these are 
also known as health status, functional status, or quality of 
life measures.) 

For purposes of this invention, beneficial or desired 
clinical results include, but are not limited to, alleviation of 
symptoms, alleviation of pain, diminishment of extent of 
disease, stabilized (i.e., not worsening) state of disease, 
delay or slowing of disease progression, amelioration or 
palliation of the disease state, and remission (whether partial 
or total), whether objective or subjective. 
III. Examples 
The following examples as well as the figures are 

included to demonstrate preferred embodiments of the 
invention. It should be appreciated by those of skill in the art 
that the techniques disclosed in the examples or figures 
represent techniques discovered by the inventors to function 
well in the practice of the invention, and thus can be 
considered to constitute preferred modes for its practice. 
However, those of skill in the art should, in light of the 
present disclosure, appreciate that many changes can be 
made in the specific embodiments which are disclosed and 
still obtain a like or similar result without departing from the 
spirit and scope of the invention. 

Example 1 

Chronically Implanted Electrodes at Acupoints 

The feasibility study was performed in 9 regular rats and 
3 diet induced obese (DIO) rats. Under anesthesia, the skin 
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above the ST36 point was cut open slightly. The isolation of 
the tip end of a cardiac pacing wire (5 mm in length, serving 
as stimulation electrode) was peeled and the entire 5 mm 
exposed wire was inserted Straightly into the acupoint under 
the assistance of a guide needle (26 gauge). The connecting 5 
isolated wire was first fixed on the muscle layer by a purse 
sting Suture and then tunneled Subcutaneously to and exited 
at the back of the neck. The placement of electrodes at the 
bilateral was the same. After both electrodes are placed, the 
cut-open skin above the acupoints was closed with Sutures. 
The rats were housed in the regular cage and given regular 
food/water, and observed for a period of 2 weeks. The proper 
placement of electrodes after two weeks was confirmed by 
the measurement of impedance below 1500S2 and by elec 
trical stimulation via the implanted electrodes: slight muscle 
contractions were noted at the acupoint when electrical 
current was delivered similar to EA with the insertion of a 
needle. No adverse events or unusual behaviors were 
observed during the two-week period. Two weeks later, the 20 
animals were sacrificed under anesthesia and the skin above 
ST36 was cut open and the placement of the electrodes was 
visually examined. No displacement or inflammation was 
noted. 
The efficacy study on food intake was performed in 6 of 25 

the regular rats. After acclimation to 2 hrs/day food intake, 
the animals were subjected to a three 2x2 crossover study 
(1st 2 weeks (wk): crossover for control and EA 1; 2nd wk: 
crossover for control and EA2; 3rd wk: crossover for control 
and EA3). The daily food intake during these 4 treatment 
regimens is presented in FIG. 7 and it is seen that while all 
methods of EA reduced food intake in comparison with the 
control (no EA), EA3 (0.5 ms, 15 Hz, 10 mA) was more 
potent than EA2 (0.5 ms, 15 Hz, 6 mA) and EA1 (0.5 ms. 
15 Hz, 6 mA, 2 s-on and 3 s-off). It can also be noted that 
the animals ate more (during control) in the 3rd test period 
than the 1st test period because they were growing and got 
bigger. 

From the above studies, the following has been observed: 40 
daily EA during feeding using chronically implanted elec 
trodes significantly reduces food intake in both regular and 
DIO rats; chronic EA using implanted electrodes at ST36 is 
feasible and does not cause adverse reactions; and the 
impedance is substantially lower when the electrodes are 45 
placed at ST36; the measure may be used to accurately place 
electrodes at acupoints. 
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EA Effects on Glucose 

Electroacupuncture via chronically implanted electrodes 
has a hypoglycemic effect in rodent models of diabetes. 
Stimulation electrodes were chronically implanted at acu 
points (CV 12 and CV 14) in regular (N=6), diet-induced 
obese (DIO, N=12), and Zucker diabetic fatty (ZDF, N=8) 
rats. The oral glucose tolerance test (OGTT) was performed 
in conscious state with EA and sham-EA with following 
parameters: A: train-on of 2 s, train-off of 3 s, 0.5 ms, 15 Hz, 
6 mA: B: same as A except 10 mA. It was found that: (1) In 
regular rats, the blood glucose increase after oral glucose 
was not altered with EA of parameter A, but was attenuated 
with EA of parameter B (60% vs. 44%, P=0.03). 2). EA of 65 
parameter B also attenuated the postprandial glucose 
increase in both DIO rats (47% vs. 35%, P=0.005) and ZDF 
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rat (152% vs. 132%, P=0.02). These data suggest that EA 
can reduce postprandial glycemia in obese and diabetic rats. 

Example 3 

EA Effects on Insulin Resistance 

Electroacupuncture improves high fat diet-induced insu 
lin resistance (IR) in mice. Intraperitoneal Glucose Toler 
ance Testing (IPGTT) and Insulin Tolerance Testing (ITT) 
were preformed in control mice fed with regular chow (N=6) 
and mice fed with high-fat diet (N=6) with sham-EA (no 
stimulation) or EA via needles inserted at CV4 and CV 12. 
It was found: (1). The glucose level in the high fat diet group 
was higher than the control mice at baseline (186.5-20 
mg/dl vs. 259.8 +13 mg/dl) and every time point after 
glucose injection (348.5+18.9 vs. 429.5+28.3 mg/dl at 30 
min, 3.07.2+9.2 vs. 481.3+14.5 mg/dl at 90 min, all P-0.05). 
(2). EA at CV4 and CV12 reduced postprandial glucose 
level in the high fat diet mice. The absolute % change of 
glucose was reduced by 38% at 90 min and 42% at 120 min 
with EA (P=0.03 vs. sham-EA. (3). EA increased the insulin 
sensitivity in the high fat diet mice. The absolute % change 
of glucose in the ITT was reduced by 34% at 15 min, 68% 
at 60 min and 71% at 120 min (all P-0.02) with EA. 

Example 4 

EA Effects on Emesis 

Electroacupuncture via chronically implanted electrodes 
reduces cisplatin-induced emesis. 

Methods: Adult male Sprague Dawley(R) rats were adapted 
to be single-housed in wire bottom cages with access to 
food, kaolin, and water from 6:00 PM-10:00 AM daily. Rats 
were randomized to receive intraperitoneal injection with 
either saline (n-3) or cisplatin 6-10 mg/Kg). Daily kaolin 
intake was observed for 30 days. Rats underwent EA surgery 
for the placement of 2 pairs of electrodes at bilateral PC6 
and ST36 acupoints. Following recovery, rats underwent 3 
days of 1-3 hour adaptation in Bollman's cages. While 
restrained, rats received either Sham EA (electrodes 
implanted but no stimulation was given) or EA (on bilateral 
PC6 and ST36) for 2 successive days, each. The frequency 
of EA was either 10 or 20 Hz, and its duration lasted for 1 
or 3 hours. Pulse width was maintained at 0.6 ms and its 
amplitude was from (0.4-2.0 mA). Following sham EA or 
EA, rats were placed in the wire bottom cages with access 
to food, kaolin and water. Average kaolin intake was 
observed for the following 24 hrs after sham EA or EA for 
2 consecutive days. 

Results: (1) Cisplatin treatment increased kaolin intake 
exponentially over 30 days: 0.01+0.0; 0.19+0.1; 1.70+0.5; 
2.88+0.5 and 3.73+0.5 for pre-treatment day 1 and post 
treatment days 1, 10, 20 and 30, respectively (ps0.01 for 
each vs. pre-treatment intake). In contrast, saline-treated rats 
hardly ate any kaolin: intake varied from 0.00-0.06 g at all 
times. (2) EA with 10 Hz frequency was effective in reduc 
ing kaolin intake when given for 3 hrs, not 1 hour; while EA 
with 20 Hz frequency was effective when given for 1 or 3 hrs 
(see table 1). 

Conclusion: Chronic EA is effective in reducing pica in a 
rodent model of CINV. 
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TABLE 1. 

Kaolin intake 

EA Parameters Sham EA EA P value (t-test) 

10 Hz for 1 hr (n = 7) 4.16 - 1.1 4.28 1.2 0.4 
10 Hz for 3 hrs (n = 6) 5.73 - 0.9 3.33 - 0.7 OOOO4 
20 Hz for 1 hr (n = 7) 5.86 - 0.9 3.88 O.6 O.OO7 
20 Hz for 3 hrs (n = 8) 5.51 - 1.1 3.08 O.6 O.OOS 

Example 5 

Synchronized Electroacupuncture 

In addition to regular EA, there is a biofeedback system 
to synchronize a subjects breathing according to the stimu 
lation frequency (trains/min) of the pulse generator Such that 
Vagal activity is increased. The system is composed of the 
following: an ECG amplifier, a microstimulator, a software 
algorithm to derive an heart rate variability (HRV) signal 
from the ECG and to calculate power spectrum of the HRV 
signal, and a biofeedback system. A special Software pack 
age is used and composed of followings: (1) an HRV system. 
The ECG signal from the amplifier is processed for the 
detection of R-R intervals and an HRV signal is displayed; 
2) a biofeedback training system that displays two signals: 
(a) the HRV signal obtained from the subject and (b) a 
sinusoidal wave generated based on the frequency (trains/ 
min) of the stimulator output that is used as a target. The 
subject is asked to breathe in whenever electrical stimulation 
is sensed and to breathe in such a way that the HRV signal 
displayed on the PC is as closely matched to the target signal 
as possible. 
A study has been performed in 6 healthy volunteers to test 

the hypothesis that SEA is more effective than EA in 
enhancing Vagal tone. Each subject underwent two sessions. 
In one session, the ECG was recorded at baseline and during 
the conventional EA: the protocol of the second session was 
the same except EA was replaced by SEA that was per 
formed by setting the frequency at a rate of 10-12 trains/min, 
dependent on Subjects, and asking the Subject to breathe in 
whenever he/she sensed electrical stimulation. SEA was 
performed using a microstimulator via bilateral ST36 using 
the following parameters: train-on of 2 s, train-off of 4 s, 
pulse frequency of 25 Hz, width of 0.5 ms, amplitude of 2-6 
mA (depending on the sensation of the subject: felt tolerable 
sensation). In comparison with baseline, Vagal activity (HF) 
was significantly increased with SEA (0.32+0.05 vs. 
0.60+0.07, P=0.025, almost a 100% increase) but not with 
EA (0.46+0.07 vs. 0.45+0.09, P=0.4). Concurrently, SEA 
but not EA reduced sympathetic activity from 0.68+0.05 to 
0.40+0.07 (P<0.03), and the sympathovagal balance from 
2.70+0.80 to 0.80+0.20 (P=0.05). The variation in heart rate 
is relatively irregular at baseline and during EA but regular 
and “sinusoidal during SEA. From this study the inventors 
learned that conventional EA does not improve Vagal tone 
under normal conditions although it has been shown to 
increase Vagal activity in various disease models. 
The invention claimed is: 
1. A method of reducing food intake in a subject using an 

implantable electrical stimulation system comprising: 
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permanently implanting a stimulation electrode at a first 

location, wherein the stimulation electrode is in com 
munication with a stomach acupoint; 

permanently implanting a signal generator at a second 
location and connecting the stimulation electrode and 
the signal generator using a connector; and 

reducing food intake by stimulating the stomach acupoint 
in the subject in need of a reduced food intake via the 
implanted stimulation electrode that is in communica 
tion with the stomach acupoint and coupled to the 
permanently implanted signal generator, wherein 
stimulating the acupoint reduces the Subjects food 
intake. 

2. The method of claim 1 wherein the electrical stimula 
tion system delivers pulses on a Substantially continuous 
basis. 

3. The method of claim 1, wherein the electrical signal is 
a pulse train of 0.1-2 seconds on and 0.1-3 seconds off. 

4. The method of claim 3, wherein the pulse train com 
prises a pulse of 0.1 to 1 ms. 

5. The method of claim 3, wherein the pulse train com 
prises a pulse of 1-300 Hz. 

6. The method of claim 3, wherein the pulse train com 
prises a pulse of 0.1 to 10 mA. 

7. The method of claim 1, wherein the stomach acupoint 
is Zusanli (ST 36), Liangmen (ST21), or Tianshu (ST25). 

8. The method of claim 7 further comprising stimulating 
one or more of Neiguan (PC6), Guangyaun (R4), and Quchi 
(LI11). 

9. The method of claim 7 wherein the stomach acupoint 
is Zusanli (ST36). 

10. The method of claim 1 wherein the stimulation 
electrode comprises an implantable needle. 

11. The method of claim 1 wherein the stimulation 
electrode comprises a percutaneous lead, a paddle lead or a 
patch electrode. 

12. The method of claim 1, wherein stimulation is elec 
trical. 

13. The method of claim 1, wherein stimulation is mag 
netic. 

14. The method of claim 1, wherein stimulation is micro 
WaV. 

15. The method of claim 1, wherein the stimulatory signal 
is synchronized in response to the Subject's breathing. 

16. The method of claim 1, wherein breathing is synchro 
nized in response to the stimulatory signal. 

17. A method of treating diabetes or obesity in a subject 
using an implantable electrical stimulation system compris 
1ng: 

stimulating a permanently implanted Stimulation elec 
trode that is in communication with one or more 
stomach acupoints in a Subject that is diabetic or obese 
selected from the group consisting of Zusanli (ST36), 
Liangmen (ST21), Tianshu (ST25), Zhong Wan (CV4) 
and Guanyuan (CV12) and is coupled to a permanently 
implanted signal generator positioned at a location 
other than the acupoint; 

wherein stimulating the stimulation electrode treats dia 
betes or obesity. 

18. The method of claim 1, wherein the signal generator 
is implanted in the Subjects abdomen. 

k k k k k 


