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A tissue modulation device, for treating at least one of obe-
sity, metabolic syndrome, and Type 2 diabetes in a patient, is
described. In some embodiments, the device includes a stor-
age module having computer-readable instructions for deliv-
ering an electrical stimulation pattern to a splanchnic nerve of
the patient. The stimulation pattern includes at least one on-
time. The on-time includes at least one of a suprathreshold
period and a subthreshold period. The splanchnic nerve is
selected from the group consisting of the greater splanchnic
nerve, the lesser splanchnic nerve, and the least splanchnic
nerve. The pattern is effective to ameliorate at least one atten-
dant condition of obesity, metabolic syndrome, and Type 2
diabetes in the patient. The attendant condition includes dys-
lipidemia, hypertension, hyperinsulinemia, hyperglycemia,
and/or insulin resistance.
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NERVE STIMULATION FOR TREATMENT
OF OBESITY, METABOLIC SYNDROME, AND
TYPE 2 DIABETES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority from and is a con-
tinuation of U.S. patent application Ser. No. 11/657,877, filed
Jan. 24, 2007, which is a continuation-in-part application of
U.S. patent application. Ser. No. 11/338,388, filed Jan. 24,
2006, and entitled “Neural Stimulation for Treatment of
Metabolic Syndrome and Type 2 Diabetes,” which is a con-
tinuation-in-part of U.S. patent application Ser. No. 10/920,
734, filed Aug. 18, 2004, and entitled “Dynamic Nerve Stimu-
lation for Treatment of Disorders,” which is a continuation-
in-part of U.S. patent application Ser. No. 10/785,726, filed
Feb. 24, 2004, and entitled “Splanchnic Nerve Stimulation for
Treatment of Obesity,” which is a continuation in part appli-
cation of U.S. patent application Ser. No. 10/272.430, filed
Oct. 16, 2002, and entitled “Wireless Electric Modulation of
Sympathetic Nervous System,” which is a continuation-in-
part application of U.S. patent application. Ser. No. 10/243,
612, filed Sep. 13, 2002, and entitled “Electric Modulation of
Sympathetic Nervous System.”

[0002] The 10/920,734 application also claims the priority
benefit of U.S. Provisional Patent Application No. 60/496,
437, filed Aug. 20, 2003.

[0003] The 10/272,430 and 10/243,612 applications claim
the priority benefit of five U.S. provisional patent applica-
tions: U.S. Provisional Patent Application No. 60/366,750,
filed Mar. 22, 2002; U.S. Provisional Patent Application No.
60/370,311, filed Apr. 5,2002; U.S. Provisional Patent Appli-
cation No. 60/379,605, filed May 10, 2002; U.S. Provisional
Patent Application No. 60/384,219, filed May 30, 2002; and
U.S. Provisional Patent Application No. 60/386,699, filed
Jun. 10, 2002.

[0004] Furthermore, the Ser. No. 10/785,726 application
claims the priority benefit of six U.S. provisional patent appli-
cations: U.S. Provisional Patent Application No. 60/450,534,
filed Feb. 25, 2003; U.S. Provisional Patent Application No.
60/452,361,filed Mar. 5,2003; U.S. Provisional Patent Appli-
cation No. 60/466,890, filed Apr. 30, 2003; U.S. Provisional
Patent Application No. 60/466,805, filed Apr. 30, 2003; U.S.
Provisional Patent Application No. 60/479,933, filed Jun. 19,
2003; and U.S. Provisional Patent Application No. 60/496,
437, filed Aug. 20, 2003;

[0005] The entireties of all of these priority applications are
hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0006] Obesity is an epidemic in the U.S. with a prevalence
of'about 20 percent. Annual U.S. healthcare costs associated
with obesity are estimated to exceed $200 billion dollars.
Obesity is defined as a body mass index (BMI) that exceeds
30 kg/m>. Normal BMI is 18.5-25 kg/m?, and overweight
persons have BMIs of 25-30. Obesity is classified into three
groups: moderate (Class 1), severe (Class II), and very severe
(Class III). Patients with BMIs that exceed 30 are at risk for
significant comorbidities such as diabetes, heart and kidney
disease, dyslipidemia, hypertension, sleep apnea, and ortho-
pedic problems.

[0007] Obesity results from an imbalance between food
intake and energy expenditure such that there is a net increase
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in fat reserves. Excessive food intake, reduced energy expen-
diture, or both may cause this imbalance. Appetite and satiety,
which control food intake, are partly controlled in the brain by
the hypothalamus. Energy expenditure is also partly con-
trolled by the hypothalamus. The hypothalamus regulates the
autonomic nervous system of which there are two branches,
the sympathetic and the parasympathetic. The sympathetic
nervous system generally prepares the body for action by
increasing heart rate, blood pressure, and metabolism. The
parasympathetic system prepares the body for rest by lower-
ing heart rate, lowering blood pressure, and stimulating diges-
tion. Destruction of the lateral hypothalamus results in hunger
suppression, reduced food intake, weight loss, and increased
sympathetic activity. In contrast, destruction of the ventrome-
dial nucleus of the hypothalamus results in suppression of
satiety, excessive food intake, weight gain, and decreased
sympathetic activity. The splanchnic nerves carry sympa-
thetic neurons that supply, or innervate, the organs of diges-
tion and adrenal glands, and the vagus nerve carries parasym-
pathetic neurons that innervate the digestive system and are
involved in the feeding and weight gain response to hypotha-
lamic destruction.

[0008] Experimental and observational evidence suggests
that there is a reciprocal relationship between food intake and
sympathetic nervous system activity. Increased sympathetic
activity reduces food intake and reduced sympathetic activity
increases food intake. Certain peptides (e.g. neuropeptide Y,
galanin) are known to increase food intake while decreasing
sympathetic activity. Others such as cholecystokinin, leptin,
enterostatin, reduce food intake and increase sympathetic
activity. In addition, drugs such as nicotine, ephedrine, caf-
feine, subitramine, dexfenfluramine, increase sympathetic
activity and reduce food intake.

[0009] Ghrelin is another peptide that is secreted by the
stomach that is associated with hunger. Peak plasma levels
occur just prior to mealtime, and ghrelin levels are increased
after weight loss. Sympathetic activity can suppress ghrelin
secretion. PYY is a hormone released from the intestine that
plays a role in satiety. PYY levels increase after meal inges-
tion. Sympathetic activity can increase PYY plasma levels.
[0010] Appetite is stimulated by various psychosocial fac-
tors, but is also stimulated by low blood glucose levels. Cells
in the hypothalamus that are sensitive to glucose levels are
thought to play a role in hunger stimulation. Sympathetic
activity increases plasma glucose levels. Satiety is promoted
by distention of the stomach and delayed gastric emptying.
Sympathetic activity reduces gastric and duodenal motility,
causes gastric distention, and can increase pyloric sphincter,
which can result in distention and delayed gastric emptying.
[0011] The sympathetic nervous system plays a role in
energy expenditure and obesity. Genetically inherited obesity
in rodents is characterized by decreased sympathetic activity
to adipose tissue and other peripheral organs. Catecholamines
and cortisol, which are released by the sympathetic nervous
system, cause a dose-dependent increase in resting energy
expenditure. In humans, there is a reported negative correla-
tion between body fat and plasma catecholamine levels.
Overfeeding or underfeeding lean human subjects has a sig-
nificant effect on energy expenditure and sympathetic ner-
vous system activation. For example, weight loss in obese
subjects is associated with a compensatory decrease in energy
expenditure, which promotes the regain of previously lost
weight. Drugs that activate the sympathetic nervous system,
such as ephedrine, caffeine and nicotine, are known to
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increase energy expenditure. Smokers are known to have
lower body fat stores and increased energy expenditure.
[0012] The sympathetic nervous system also plays an
important role in regulating energy substrates for increased
expenditure, such as fat and carbohydrate. Glycogen and fat
metabolism are increased by sympathetic activation and are
needed to support increased energy expenditure.

[0013] Animal research involving acute electrical activa-
tion of the splanchnic nerves under general anesthesia causes
a variety of physiologic changes. Electrical activation of a
single splanchnic nerve in dogs and cows causes a frequency
dependent increase in catecholamine, dopamine, and cortisol
secretion. Plasma levels can be achieved that cause increased
energy expenditure. In adrenalectomized anesthetized pigs,
cows, and dogs, acute single splanchnic nerve activation
causes increased blood glucose and reduction in glycogen
liver stores. In dogs, single splanchnic nerve electrical acti-
vation causes increased pyloric sphincter tone and decrease
duodenal motility. Sympathetic and splanchnic nerve activa-
tion can cause suppression of insulin and leptin hormone
secretion.

[0014] First line therapy for obesity is behavior modifica-
tion involving reduced food intake and increased exercise.
However, these measures often fail and behavioral treatment
is supplemented with pharmacologic treatment using the
pharmacologic agents noted above to reduce appetite and
increase energy expenditure. Other pharmacologic agents
that can cause these affects include dopamine and dopamine
analogs, acetylcholine and cholinesterase inhibitors. Pharma-
cologic therapy is typically delivered orally and results in
systemic side effects such as tachycardia, sweating, and
hypertension. In addition, tolerance can develop such that the
response to the drug reduces even at higher doses.

[0015] More radical forms of therapy involve surgery. In
general, these procedures reduce the size of the stomach
and/or reroute the intestinal system to avoid the stomach.
Representative procedures are gastric bypass surgery and
gastric banding. These procedures can be very effective in
treating obesity, but they are highly invasive, require signifi-
cant lifestyle changes, and can have severe complications.
[0016] Experimental forms of treatment for obesity involve
electrical stimulation of the stomach (gastric pacing) and the
vagus nerve (parasympathetic system). These therapies use a
pulse generator to stimulate electrically the stomach or vagus
nerve via implanted electrodes. The intent of these therapies
is to reduce food intake through the promotion of satiety and
or reduction of appetite, and neither of these therapies is
believed to affect energy expenditure. U.S. Pat. No. 5,423,872
to Cigaina describes a putative method for treating eating
disorders by electrically pacing the stomach. U.S. Pat. No.
5,263,480 to Wernicke discloses a putative method for treat-
ing obesity by electrically activating the vagus nerve. Neither
of these therapies increases energy expenditure.

[0017] Metabolic syndrome, also known as Syndrome X,
insulin resistance syndrome and dysmetabolic syndrome, is a
conglomeration of health risks that increase the chance of
developing heart disease, stroke and diabetes. Metabolic syn-
drome is not a disease in and of itself, but rather is a name
given to a cluster of metabolic disorders including high blood
pressure, high insulin levels, excess body weight and abnor-
mal cholesterol levels. Type 2 diabetes includes many of the
same conditions, signs and laboratory findings as metabolic
syndrome, and some experts thus do not draw a distinction
between these diseases or conditions, especially when frank
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hyperglycemia is observed in a patient. Each or these condi-
tions is considered to be a risk factor for certain other dis-
eases, however, combined together, these conditions indicate
a significantly higher likelihood of developing a life threat-
ening disease. According to some surveys, more than one in
five Americans has metabolic syndrome with a greater pre-
ponderance of the syndrome present in people of higher age.
[0018] Some medical professionals have questioned the
existence of metabolic syndrome as an adequately defined
condition, citing the need for additional research in order to
better quantify and define the symptoms and risks of the
various components of the disease. However, a more clear
definition of metabolic syndrome has emerged recently and
doctors have developed guidelines for diagnosing it.

[0019] The indicators of metabolic syndrome include obe-
sity, and particularly obesity around the waist. A waistline of
40 inches or more for men and 35 inches or more for women
would qualify. Another indicator is high blood pressure such
as a blood pressure of 130/85 mm Hg or greater. Yet another
factor is one or more abnormal cholesterol levels including a
high density lipoprotein level (HDL) less than 40 mg/dl for
men and under 50 mg/dl for women. A triglyceride level
above 150 mg/dl may also be an indicator. Finally, a resis-
tance to insulin is an indicator of metabolic syndrome which
may be indicated by a fasting blood glucose level greater than
100 mg/dl.

[0020] According to the American Heart Association, three
groups of people are often afflicted with metabolic syndrome.
The first group includes people with diabetes who can not
maintain a proper glucose level. The second group includes
people without diabetes who have high blood pressure and
also secrete large amounts of insulin to maintain glucose
levels (hyperinsulinemia). Finally, a third group includes
people who have survived a heart attack and have hyperin-
sulinemia without glucose intolerance.

[0021] Generally, the underlying cause of metabolic syn-
drome is believed to be insulin resistance wherein insulin
loses its ability to make one’s body cells absorb glucose from
the blood. When this happens, glucose levels remain high
after eating and the pancreas begins to excrete insulin in
response to the high glucose levels. The body reacts to this
situation by stimulating the pancreas to generate more and
more insulin in an effort to achieve a normal level of glucose
absorption. This may compensate for the insulin resistance
for a while, but eventually, the pancreas can not keep up the
levels of insulin necessary to maintain proper glucose absorp-
tion and, as a result, glucose accumulates in the body leading
to Type 2 diabetes. In this circumstance, onset of metabolic
syndrome occurs prior to the onset of Type 2 diabetes.
[0022] As the insulin resistance develops and glucose lev-
els rise, the health risks associated with the high insulin levels
begin to take effect. Consistently high levels of insulin and
glucose may cause a variety of negative effects such as dam-
age to the lining of arteries which can lead to heart attack or
stroke. These abnormal levels can also cause changes in the
ability of the kidneys to remove salt, leading to high blood
pressure, heart disease and stroke. Other consequences
include an increase in triglyceride levels, which can lead to an
increased risk of developing cardiovascular disease as well as
a slowing of insulin production, which can indicate the onset
of Type 2 diabetes, which in turn can cause heart attack,
stroke, as well as damage to the eyes, nerves or kidneys.
[0023] The cause of insulin resistance is not well under-
stood. Some researches believe that a combination of genetics
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and lifestyle including poor diet and low levels of regular
exercise may contribute to the insulin resistance. As such,
current treatment methods include addressing the lifestyle
and diet components of the cause, primarily to prevent the
onset of Type 2 diabetes, heart attack and stroke. Exercise and
weight control, including the development of greater muscle
mass helps modulate (or adjust) insulin/glucose levels. A diet
low in carbohydrates and alcohol may also help.

[0024] Medications may also be prescribed in order to treat
the individual risk factors that comprise metabolic syndrome.
For example, weight loss drugs such as sibutramine and orl-
istat to treat the obesity, insulin sensitizers such as thiazo-
lidinediones and metformin to treat the insulin resistance,
aspirin to reduce the threat of heart attack, diuretics, ACE
inhibitors, calcium channel blockers and beta blockers to treat
hypertension and medications such as niacin, statins and
fibrates to improve cholesterol levels may be prescribed.
Unfortunately, compliance is often a major shortcoming with
regard to such a treatment regimen. In general, any treatment
regimen that involves dramatic lifestyle changes and daily
medication runs the risk of low compliance. In addition, some
of'the medications discussed above may have significant side
effects that pose risks to the patient taking such medications.
[0025] What has been needed are systems and methods for
the treatment of metabolic syndrome or any of'its attendant or
contributing components that does not generate compliance
problems. What has also been needed are systems and meth-
ods for treating metabolic syndrome that avoid risky side
effects.

SUMMARY OF THE INVENTION

[0026] In certain embodiments, a method for treating at
least one of obesity, Type 2 diabetes, and metabolic syndrome
in a patient is disclosed. The method comprises providing a
pulse generator, the pulse generator having a programmable
stimulation pattern with a signal-on time that comprises a
subthreshold period and a suprathreshold period. The method
further comprises electrically activating a splanchnic nerve of
a patient with the pulse generator, using the stimulation pat-
tern, so as to ameliorate or eliminate an attendant condition of
obesity, metabolic syndrome, and Type 2 diabetes in the
patient. The attendant condition comprises at least one of
dyslipidemia, hypertension, hyperinsulinemia, hyperglyce-
mia, and insulin resistance, wherein the splanchnic nerve is
selected from the group consisting of the greater splanchnic
nerve, the lesser splanchnic nerve, and the least splanchnic
nerve.

[0027] Incertain embodiments, the method comprises pro-
gramming the stimulation pattern so as to keep the patient’s
blood pressure within safe limits. In certain embodiments, the
subthreshold period is zero or about zero seconds. In certain
embodiments, the stimulation pattern comprises a stimula-
tion intensity, and the stimulation intensity is between about
0.005 and about 5.0 mA-msec. In certain embodiments, the
stimulation pattern comprises a frequency, a pulse width, and
a current, the frequency is between about 0.1 Hz and about 50
Hz, the pulse width is between about 100 microseconds and
about 1 millisecond, and the current is between about 0.1 mA
and about 10 mA. In certain embodiments, the stimulation
pattern comprises an signal-on time and an off time, and the
off time is no less than the signal-on time. In certain embodi-
ments, the stimulation pattern comprises a substantially con-
tinuous signal-on time, wherein the signal-on time is com-
prised of at least one suprathreshold period and at least one
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subthreshold period. In certain embodiments, the subthresh-
old period is no less than the suprathreshold period. In certain
embodiments, the suprathreshold period is greater than the
subthreshold period. In certain embodiments, the method
further comprises providing a first electrical signal to the
splanchnic nerve at a first stimulation intensity during a first
portion of a first stimulation period, the stimulation period
comprises at least one on-time, the on-time comprises at least
one of a suprathreshold period and a subthreshold period;
applying a second electrical signal to the splanchnic nerve at
a second stimulation intensity during a second portion of the
first stimulation period; ceasing or substantially reducing the
applying of the second signal during a first no-stimulation
period; thereafter, applying a third electrical signal to the
splanchnic nerve at a third stimulation intensity during a first
portion of a second stimulation period, the stimulation period
comprises at least one on-time, the on-time comprises at least
one of a suprathreshold period and a subthreshold period;
applying a fourth electrical signal to the splanchnic nerve at a
fourth stimulation intensity during a second portion of the
second stimulation period; and ceasing or substantially
reducing the applying of the fourth signal during a second
no-stimulation period. In certain embodiments, the second
stimulation intensity is greater than the first stimulation inten-
sity. In certain embodiments, fourth stimulation intensity is
greater than the third stimulation intensity. In certain embodi-
ments, the second stimulation intensity is greater than the first
stimulation intensity, and the fourth stimulation intensity is
greater than the third stimulation intensity. In certain embodi-
ments, the third stimulation intensity is approximately equal
to the first stimulation intensity. In certain embodiments, the
duration of the first no-stimulation period is approximately
equal to the duration of the second no-stimulation period. In
certain embodiments, the duration of the first stimulation
period is approximately equal to the duration of the second
stimulation period. In certain embodiments, the duration of
the first portion of the first stimulation period is approxi-
mately equal to the duration of the second portion of the first
stimulation period. In certain embodiments, the duration of
the first portion of the second stimulation period is approxi-
mately equal to the duration of the second portion of the
second stimulation period. In certain embodiments, the
method comprises applying a first plurality of temporally
sequential electrical signals during a first plurality of respec-
tive stimulation periods, each of the first plurality of signals
having a stimulation intensity that is greater than the stimu-
lation intensity of the preceding signal, each stimulation
period comprises at least one on-time, the on-time comprises
at least one of a suprathreshold period and a subthreshold
period; thereafter, ceasing or substantially reducing electrical
stimulation to the splanchnic nerve during a first no-stimula-
tion period; thereafter, applying a second plurality of tempo-
rally sequential electrical signals during a second plurality of
respective stimulation periods, each of the second plurality of
signals having a stimulation intensity that is greater than the
stimulation intensity of the preceding signal, each stimulation
period comprises at least one on-time, the on-time comprises
at least one of a suprathreshold period and a subthreshold
period; and thereafter, ceasing or substantially reducing elec-
trical stimulation to the splanchnic nerve during a second
no-stimulation period. In certain embodiments, the method
comprises electrically stimulating the splanchnic nerve for a
first time and at a first stimulation intensity during a first
stimulation period, the stimulation period comprises at least
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one on-time, the on-time comprises at least one of a suprath-
reshold period and a subthreshold period; thereafter, electri-
cally stimulating the splanchnic nerve for a second time and
at a second stimulation intensity during the first stimulation
period, the second stimulation intensity being greater than the
first stimulation intensity; and thereafter, providing a second
period during which electrical stimulation at the splanchnic
nerve is absent or substantially less than the second stimula-
tion intensity. In certain embodiments, the attendant condi-
tion comprises dyslipidemia. In certain embodiments, the
dyslipidemia comprises decreased HDL. In certain embodi-
ments, the dyslipidemia comprises elevated triglycerides. In
certain embodiments, the dyslipidemia comprises elevated
LDL. In certain embodiments, the attendant condition com-
prises an elevated blood pressure. In certain embodiments,
the attendant condition comprises hyperglycemia. In certain
embodiments, the attendant condition comprises hyperin-
sulinemia. In certain embodiments, the attendant condition
comprises insulin resistance.

[0028] In certain embodiments, a method to increase lean
muscle mass of a patient is disclosed. The method comprises
electrically modulating a sympathetic nerve of a patient in a
stimulation pattern effective to increase a lean muscle mass of
the patient, wherein the stimulation pattern comprises at least
one on-time. The on-time comprises at least one of a suprath-
reshold period and a subthreshold period.

[0029] In certain embodiments, a splanchnic nerve of the
patient comprises the sympathetic nerve, wherein the
splanchnic nerve is selected from the group consisting of the
greater splanchnic nerve, the lesser splanchnic nerve, and the
least splanchnic nerve. In certain embodiments, the stimula-
tion pattern comprises a frequency, a pulse width, and a
current, the frequency is between about 0.1 Hz and about 50
Hz, the pulse width is between about 100 microseconds and
about 1 millisecond, and the current is between about 0.1 mA
and about 10 mA.

[0030] In certain embodiments, a method of stimulating a
splanchnic nerve in a mammal is disclosed. The method com-
prises firstly (1) electrically stimulating the splanchnic nerve
for a first time and at a first stimulation intensity during a first
stimulation period, the stimulation period comprises at least
one on-time, the on-time comprises at least one of a suprath-
reshold period and a subthreshold period, wherein the
splanchnic nerve is selected from the group consisting of the
greater splanchnic nerve, the lesser splanchnic nerve, and the
least splanchnic nerve. The method further comprises sec-
ondly (2) thereafter, electrically simulating the splanchnic
nerve for a second time and at a second stimulation intensity
during the first stimulation period, the second stimulation
intensity being greater than the first stimulation intensity. The
method further comprises thirdly (3) thereafter, providing a
second period during which electrical stimulation at the
splanchnic nerve is less than the first stimulation intensity.
[0031] In certain embodiments, the subthreshold period is
zero or about zero seconds. In certain embodiments, the
method comprises repeating steps 1-3. In certain embodi-
ments, a duration of the second period is configured to mini-
mize weight gain or maximize weight loss in the mammal
during the period. In certain embodiments, the method com-
prises electrically stimulating the splanchnic nerve at least
one additional time between the first time and the second time
during the first stimulation period. In certain embodiments,
the second stimulation intensity is about 1% to about
10,000% greater than the first stimulation intensity. In certain
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embodiments, the second stimulation intensity is about 2% to
about 1,000% greater than the first stimulation intensity. In
certain embodiments, the second stimulation intensity is
about 4% to about 500% greater than the first stimulation
intensity. In certain embodiments, the second stimulation
intensity is about 8% to about 100% greater than the first
stimulation intensity. In certain embodiments, the second
stimulation intensity is about 10% to about 50% greater than
the first stimulation intensity. In certain embodiments, the
second stimulation intensity is about 15% to about 30%
greater than the first stimulation intensity. In certain embodi-
ments, the second stimulation intensity is about 20% greater
than the first stimulation intensity. In certain embodiments,
the first stimulation intensity is about equal to the threshold
for skeletal muscle twitch in the mammal. In certain embodi-
ments, the mammal is a human. In certain embodiments, the
first time is between about 30 seconds and about 300 days. In
certain embodiments, the first time is between about one
minute and about 100 days. In certain embodiments, the first
time is between about five minutes and about 50 days. In
certain embodiments, the first time is between about 30 min-
utes and about 30 days. In certain embodiments, the first time
is between about one hour and about seven days. In certain
embodiments, the first time is between about four hours and
about four days. In certain embodiments, the first time is
between about six hours and about 36 hours. In certain
embodiments, the first time is between about 20 hours and
about 28 hours. In certain embodiments, the first time is about
24 hours. In certain embodiments, the second time is between
about 30 seconds and about 300 days. In certain embodi-
ments, the second time is between about one minute and
about 100 days. In certain embodiments, the second time is
between about five minutes and about 50 days. In certain
embodiments, the second time is between about 30 minutes
and about 30 days. In certain embodiments, the second time is
between about one hour and about seven days. In certain
embodiments, the second time is between about four hours
and about four days. In certain embodiments, the second time
is between about six hours and about 36 hours. In certain
embodiments, the second time is between about 20 hours and
about 28 hours. In certain embodiments, the second time is
about 24 hours. In certain embodiments, the first time is
approximately equal to the second time. In certain embodi-
ments, the second period is between about 30 seconds and
about 300 days. In certain embodiments, the second period is
between about one minute and about 100 days. In certain
embodiments, the second period is between about five min-
utes and about 50 days. In certain embodiments, the second
period is between about 30 minutes and about 30 days. In
certain embodiments, the second period is between about one
hour and about 15 days. In certain embodiments, the second
period is between about one day and about ten days. In certain
embodiments, the second period is between about two days
and about seven days. In certain embodiments, the second
period is between about three days and about five days. In
certain embodiments, the second period is about four days.

[0032] In certain embodiments, an implantable pulse gen-
erator programmed to modulate electrically a splanchnic
nerve in a mammal is disclosed. The implantable pulse gen-
erator comprises providing a first electrical signal to the
splanchnic nerve at a first stimulation intensity during a first
portion of a first stimulation period, the first stimulation
period comprises at least one on-time, the on-time comprises
at least one of a suprathreshold period and a subthreshold
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period, wherein the splanchnic nerve is selected from the
group consisting of the greater splanchnic nerve, the lesser
splanchnic nerve, and the least splanchnic nerve. The
implantable pulse generator further comprises providing a
second electrical signal to the splanchnic nerve at a second
stimulation intensity during a second portion of a first stimu-
lation period. The implantable pulse generator further com-
prises ceasing or substantially reducing the providing of the
second signal during a first no-stimulation period. The
implantable pulse generator further comprises thereafter pro-
viding a third electrical signal to the splanchnic nerve at a
third stimulation intensity during a first portion of a second
stimulation period, the second stimulation period comprises
at least one on-time, the on-time comprises at least one of a
suprathreshold period and a subthreshold period. The
implantable pulse generator further comprises providing a
fourth electrical signal to the splanchnic nerve at a fourth
stimulation intensity during a second portion of a second
stimulation period. The implantable pulse generator further
comprises ceasing or substantially reducing the providing of
the fourth signal during a second no-stimulation period.

[0033] In certain embodiments, the implantable pulse gen-
erator is configured such that the second stimulation intensity
is greater than the first stimulation intensity, and the fourth
stimulation intensity is greater than the third stimulation
intensity.

[0034] In certain embodiments, an implantable pulse gen-
erator programmed to modulate electrically a splanchnic
nerve in a mammal is disclosed. The implantable pulse gen-
erator comprises firstly (1) electrically stimulating the
splanchnic nerve for a first time and at a first stimulation
intensity during a stimulation period, the stimulation period
comprises at least one on-time, the on-time comprises at least
one of a suprathreshold period and a subthreshold period,
wherein the splanchnic nerve is selected from the group con-
sisting of the greater splanchnic nerve, the lesser splanchnic
nerve, and the least splanchnic nerve. The implantable pulse
generator further comprises secondly (2) thereafter, electri-
cally simulating the splanchnic nerve for a second time and at
a second stimulation intensity during the first stimulation
period, the second stimulation intensity being greater than the
first stimulation intensity. The implantable pulse generator
further comprises thirdly (3) thereafter, providing a second
period during which electrical stimulation at the splanchnic
nerve is absent or substantially less than the second stimula-
tion intensity.

[0035] In certain embodiments, the subthreshold period is
zero or about zero seconds. In certain embodiments, the
implantable pulse generator is further programmed to repeat
steps 1-3. In certain embodiments, the implantable pulse gen-
erator is further programmed such that the second stimulation
intensity is greater than the first stimulation intensity. In cer-
tain embodiments, the implantable pulse generator is further
programmed such that the second stimulation intensity is
about 20% greater than the first stimulation intensity. In cer-
tain embodiments, the implantable pulse generator is further
programmed such that the first time is between about four
hours and about four days. In certain embodiments, the
implantable pulse generator is further programmed such that
the second time is between about four hours and about four
days. In certain embodiments, the implantable pulse genera-
tor is further programmed such that the period is between
about two days and about seven days. In certain embodi-
ments, the implantable pulse generator is programmed in
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hardware to modulate the splanchnic nerve. In certain
embodiments, the implantable pulse generator is pro-
grammed in software to modulate the splanchnic nerve.

[0036] In certain embodiments, a tissue modulation device
for treating at least one of obesity, metabolic syndrome, and
Type 2 diabetes in a patient is disclosed. The device com-
prises a storage module having computer-readable instruc-
tions for delivering an electrical stimulation pattern to a
splanchnic nerve of the patient, wherein the stimulation pat-
tern comprises at least one on-time. The on-time comprises at
least one of a suprathreshold period and a subthreshold
period. The splanchnic nerve is selected from the group con-
sisting of the greater splanchnic nerve, the lesser splanchnic
nerve, and the least splanchnic nerve. The pattern is effective
to ameliorate at least one attendant condition of obesity, meta-
bolic syndrome, and Type 2 diabetes in the patient. The atten-
dant condition comprises at least one of dyslipidemia, hyper-
tension, hyperinsulinemia, hyperglycemia, and insulin
resistance.

[0037] In certain embodiments, the device comprises an
energy delivery module that is electrically coupled to the
storage module, wherein the energy delivery module is con-
figured to deliver electrical energy to the splanchnic nerve of
the patient according to the instructions. In certain embodi-
ments, an implantable pulse generator comprises the storage
module.

[0038] In certain embodiments, a tissue modulation device
is disclosed. The device comprises a storage module having
computer-readable instructions for delivering an electrical
stimulation pattern to a splanchnic nerve, wherein the stimu-
lation pattern comprises at least one on-time. The on-time
comprises at least one of a suprathreshold period and a sub-
threshold period. The splanchnic nerve is selected from the
group consisting of the greater splanchnic nerve, the lesser
splanchnic nerve, and the least splanchnic nerve. The pattern
is effective to result in an increase in the patient’s lean muscle
mass.

[0039] In certain embodiments, the device comprises an
energy delivery module that is electrically coupled to the
storage module, wherein the energy delivery module is con-
figured to deliver electrical energy to the splanchnic nerve of
the patient according to the instructions.

[0040] In certain embodiments, a tissue modulation device
for treating at least one of obesity, metabolic syndrome, and
Type 2 diabetes in a patient is disclosed. The device com-
prises means for storing computer-readable instructions for
delivering an electrical stimulation pattern to a splanchnic
nerve of the patient, wherein the stimulation pattern com-
prises atleast one on-time. The on-time comprises at least one
of a suprathreshold period and a subthreshold period. The
splanchnic nerve is selected from the group consisting of the
greater splanchnic nerve, the lesser splanchnic nerve, and the
least splanchnic nerve. The pattern is effective to ameliorate
at least one attendant condition of obesity, metabolic syn-
drome, and Type 2 diabetes in the patient. The attendant
condition comprises at least one of dyslipidemia, hyperten-
sion, hyperinsulinemia, hyperglycemia, and insulin resis-
tance.

[0041] In certain, embodiments, the device comprises
means for delivering electrical energy to the splanchnic nerve
of'the patient in the pattern according to the instructions, the
means for delivering electrical energy being electrically
coupled to the storage module.
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[0042] In certain embodiments, a tissue modulation device
is disclosed. The device comprises means for storing com-
puter-readable instructions for delivering an electrical stimu-
lation pattern to a splanchnic nerve of the patient, wherein the
stimulation pattern comprises at least one on-time. The on-
time comprises at least one of a suprathreshold period and a
subthreshold period. The splanchnic nerve is selected from
the group consisting of the greater splanchnic nerve, the
lesser splanchnic nerve, and the least splanchnic nerve. The
pattern is effective to result in an increase in the patient’s lean
muscle mass.

[0043] In certain embodiments, the device comprises
means for delivering electrical energy to the splanchnic nerve
of the patient in the pattern according to the instructions, the
means for delivering electrical energy being electrically
coupled to the storage module.

[0044] Incertain embodiments, a method to increase a con-
centration of HDL in a patient is disclosed. The method
comprises electrically modulating a sympathetic nerve of a
patient in a stimulation pattern, wherein the stimulation pat-
tern comprises at least one on-time. The on-time comprises at
least one of a suprathreshold period and a subthreshold
period. The pattern is effective to increase the concentration
of HDL of the patient.

[0045] In certain embodiments, a splanchnic nerve com-
prises the sympathetic nerve, wherein the splanchnic nerve is
selected from the group consisting of the greater splanchnic
nerve, the lesser splanchnic nerve, and the least splanchnic
nerve.

[0046] In certain embodiments, a method to decrease a
concentration of LDL in a patient is disclosed. The method
comprises electrically modulating a sympathetic nerve of a
patient in a stimulation pattern, wherein the stimulation pat-
tern comprises at least one on-time. The on-time comprises at
least one of a suprathreshold period and a subthreshold
period. The pattern is effective to decrease the concentration
of LDL in the patient.

[0047] In certain embodiments, a splanchnic nerve com-
prises the sympathetic nerve, wherein the splanchnic nerve is
selected from the group consisting of the greater splanchnic
nerve, the lesser splanchnic nerve, and the least splanchnic
nerve.

[0048] In certain embodiments, a method to decrease a
concentration of serum cholesterol in a patient is disclosed.
The method comprises electrically modulating a sympathetic
nerve of a patient in a stimulation pattern, wherein the stimu-
lation pattern comprises at least one on-time. The on-time
comprises at least one of a suprathreshold period and a sub-
threshold period. The pattern is effective to decrease the con-
centration of serum cholesterol in the patient.

[0049] In certain embodiments, a splanchnic nerve com-
prises the sympathetic nerve, wherein the splanchnic nerve is
selected from the group consisting of the greater splanchnic
nerve, the lesser splanchnic nerve, and the least splanchnic
nerve.

[0050] In certain embodiments, a method to reduce a con-
centration of serum triglycerides in a patient is disclosed. The
method comprises elecfrically modulating a sympathetic
nerve of a patient in a stimulation pattern, wherein the stimu-
lation pattern comprises at least one on-time. The on-time
comprises at least one of a suprathreshold period and a sub-
threshold period. The pattern is effective to reduce the con-
centration of serum triglycerides in the patient.
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[0051] In certain embodiments, a splanchnic nerve com-
prises the sympathetic nerve, wherein the splanchnic nerve is
selected from the group consisting of the greater splanchnic
nerve, the lesser splanchnic nerve, and the least splanchnic
nerve.

[0052] Incertain embodiments, a method to treat hyperten-
sion in a patient is disclosed. The method comprises electri-
cally modulating a sympathetic nerve of a patient in a stimu-
lation pattern, wherein the stimulation pattern comprises at
least one on-time. The on-time comprises at least one of a
suprathreshold period and a subthreshold period. The pattern
is effective to lower a blood pressure in the patient.

[0053] In certain embodiments, a tissue modulation device
for treating hypertension in a patient is disclosed. The device
comprises means for storing computer-readable instructions
for electrically modulating a splanchnic nerve of a patient in
a stimulation pattern, wherein the stimulation pattern com-
prises atleast one on-time. The on-time comprises at least one
of a suprathreshold period and a subthreshold period. The
splanchnic nerve is selected from the group consisting of the
greater splanchnic nerve, the lesser splanchnic nerve, and the
least splanchnic nerve. The pattern is effective to lower a
blood pressure in the patient.

[0054] Incertain embodiments, a method oftreating at least
one of obesity, metabolic syndrome, and Type 2 diabetes is
disclosed. The method comprises electrically modulating a
splanchnic nerve of a patient in a stimulation pattern that
ameliorates or eliminates an attendant condition of obesity,
metabolic syndrome, and Type 2 diabetes, without causing
significant net weight loss in a patient. The attendant condi-
tion comprises at least one of dyslipidemia, hypertension,
hyperinsulinemia, hyperglycemia, and insulin resistance. The
stimulation pattern comprises at least one on-time. The on-
time comprises at least one of a suprathreshold period and a
subthreshold period. The splanchnic nerve is selected from
the group consisting of the greater splanchnic nerve, the
lesser splanchnic nerve, and the least splanchnic nerve.

[0055] In certain embodiments, the stimulation pattern is
effective to result in an increase in the patient’s lean muscle
mass.

[0056] In certain embodiments, a tissue modulation device
for treating at least one of obesity, metabolic syndrome, and
Type 2 diabetes in a patient is disclosed. The device com-
prises means for storing computer-readable instructions for
delivering an electrical stimulation pattern to a splanchnic
nerve of the patient, wherein the stimulation pattern com-
prises atleast one on-time. The on-time comprises at least one
of a suprathreshold period and a subthreshold period. The
splanchnic nerve is selected from the group consisting of the
greater splanchnic nerve, the lesser splanchnic nerve, and the
least splanchnic nerve. The pattern is effective to ameliorate
at least one attendant condition of obesity, metabolic syn-
drome, and Type 2 diabetes in the patient, without causing
significant net weight loss. The attendant condition comprises
at least one of dyslipidemia, hypertension, hyperinsulinemia,
hyperglycemia, and insulin resistance.

[0057] In certain embodiments, the stimulation pattern is
effective to result in an increase in the patient’s lean muscle
mass.

[0058] These features of embodiments will become more
apparent from the following detailed description when taken
in conjunction with the accompanying exemplary drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0059] FIG. 1 is a diagrammatic view of an efferent auto-
nomic nervous system of a human.

[0060] FIG. 2 is a diagrammatic view of a sympathetic
nervous system anatomy.

[0061] FIG. 3 is an elevation view of the splanchnic nerves
and celiac ganglia.

[0062] FIG. 4 is a schematic view of an exemplary stimu-
lation pattern.
[0063] FIG. 5 is a schematic diagram of an exemplary

ramp-cycling treatment algorithm.

[0064] FIG. 6 shows a portion of the ramp-cycling treat-
ment algorithm of FIG. 5 in more detail.

[0065] FIG.7 shows amore detailed view of a portion of the
exemplary stimulation pattern of FIG. 6.

[0066] FIG. 8 shows the weight (as a seven-day roiling
average) and the current amplitude for canine subject *977
over the course of its 28-day, ramp-cycling therapy.

[0067] FIG.9 shows the food intake (as a seven-day rolling
average) and the current amplitude for canine subject *977
over the course of its 28-day, ramp-cycling therapy.

[0068] FIG. 10 shows the percent change (relative to day
one) in weight and food intake for canine subject *977 over
the course of its 28-day, ramp-cycling therapy.

[0069] FIG. 11 shows the weight (as a seven-day rolling
average) and the current amplitude for canine subject *202
over the course of its 28-day, ramp-cycling therapy.

[0070] FIG. 12 shows the food intake (as a seven-day roll-
ing average) and the current amplitude for canine subject 202
over the course of its 28-day, ramp-cycling therapy.

[0071] FIG. 13 shows the percent change (relative to day
one) in weight and food intake for canine subject *202 over
the course of its 28-day, ramp-cycling therapy.

[0072] FIG. 14 shows the weight (as a seven-day rolling
average) and the current amplitude for canine subject *554
over the course of its 28-day, ramp-cycling therapy.

[0073] FIG. 15 shows the food intake (as a seven-day roll-
ing average) and the current amplitude for canine subject’554
over the course of its 28-day, ramp-cycling therapy.

[0074] FIG. 16 shows the percent change (relative to day
one) in weight and food intake for canine subject *554 over
the course of its 28-day, ramp-cycling therapy.

[0075] FIG. 17 shows the sum of the percent change (rela-
tive to day one) in weight and food intake across the three
canine subjects over the course of 28-day, ramp cycling
therapy.

[0076] FIG. 18 shows the weight (as a seven-day rolling
average) and the current amplitude for canine subject 554, in
which both the maximum stimulation intensity, and the level
to which the stimulation intensity is decreased, are variable
parameters.

[0077] FIG. 19 shows the food intake (as a seven-day roll-
ing average) and the current amplitude for canine subject
’554, in which both the maximum stimulation intensity, and
the level to which the stimulation intensity is decreased, are
variable parameters.

[0078] FIG. 20 shows the percent change (relative to day
one) in weight and food intake for canine subject *554 over
the course its ramp-cycling therapy in which both the maxi-
mum stimulation intensity, and the level to which the stimu-
lation intensity is decreased, are variable parameters.

[0079] FIG. 21 shows the weight (as a seven-day rolling
average) and the current amplitude for canine subject 202, in
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which both the maximum stimulation intensity, and the level
to which the stimulation intensity is decreased, are variable
parameters.

[0080] FIG. 22 shows the food intake (as a seven-day roll-
ing average) and the current amplitude for canine subject
’202, in which both the maximum stimulation intensity, and
the level to which the stimulation intensity is decreased, are
variable parameters.

[0081] FIG. 23 shows the percent change (relative to day
one) in weight and food intake for canine subject *202 over
the course its ramp-cycling therapy in which both the maxi-
mum stimulation intensity, and the level to which the stimu-
lation intensity is decreased, are variable parameters.

[0082] FIG. 24 is a graphical representation showing food
intake changes versus baseline for test subjects.

[0083] FIG. 25 is a graphical representation showing total
body mass and fat body mass changes during a 90 day treat-
ment embodiment indicating an increase in lean body mass.
[0084] FIG. 26 is a graphical representation showing fat
and lean body mass change from a baseline measurement as
determined by a Dual Energy X-Ray. Absorptiometry
(DEXA) scan for two sets of test subjects and a control set.
[0085] FIG. 27 is a graphical representation showing
change in body fat as a percentage of total body mass for two
sets of test subjects and a control set as determined by DEXA
scanning.

[0086] FIG. 27A illustrates graphical data showing per-
centage change in total cholesterol, HDL cholesterol and
LDL cholesterol from baseline for canine test subjects.
[0087] FIG. 28 shows a ramp-cycling technique where the
maximum stimulation intensity is also a parameter that is
varied over the course of multiple stimulation time periods.
[0088] FIG. 29 shows a dynamic stimulation technique
where the stimulation frequency and stimulation duty cycles
are varied within a signal on-time.

[0089] FIG. 30 is a graph of known plasma catecholamine
levels in various physiologic and pathologic states.

[0090] FIGS. 31-33 are exemplary graphs of the effect of
splanchnic nerve stimulation on catecholamine release rates,
epinephrine levels, and energy expenditure, respectively.
[0091] FIG. 34 is a graphical view of known plasma ghrelin
levels over a daily cycle, for various subjects.

[0092] FIG. 35 is a graphical representation showing
plasma ghrelin levels before and after splanchnic nerve
stimulation.

[0093] FIG. 36 is a graphical representation of an embodi-
ment of an electrical signal waveform.
[0094] FIG. 37 is a graphical representation of an embodi-
ment of an electrical signal waveform.

[0095] FIG. 38 is a schematic lateral view of an electrode
assembly.
[0096] FIG. 39 is a perspective view of an embodiment of

an electric tissue modulation device including an implantable
pulse generator electrically coupled to a cuff electrode by an
elongate electric lead.

[0097] FIG. 40 shows a schematic view of an embodiment
of'an implantable pulse generator.

[0098] FIG. 41 is a diagrammatic view of an exemplary
catheter-type lead and electrode assembly.

[0099] FIG. 42 shows a wireless electrode embodiment.
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[0100] FIG. 43 is a cross sectional view of an exemplary
method for instrument placement for implantation of an elec-
trode assembly.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0101] The invention includes a method for treating obe-
sity, metabolic syndrome, Type 2 diabetes, or other disorders
by electrically activating the sympathetic nervous system
with an electrode on or near a nerve, or with a wireless
electrode inductively coupled with a radiofrequency field. In
some embodiments, obesity (or the other disorders men-
tioned above) can be treated by activating the efferent sym-
pathetic nervous system, thereby increasing energy expendi-
ture and reducing food intake. Stimulation can be
accomplished using a radiofrequency pulse generator and
electrodes implanted near, or attached to, various areas of the
sympathetic nervous system, such as the sympathetic chain
ganglia, the splanchnic nerves (greater, lesser, least), or the
peripheral ganglia (e.g., celiac, mesenteric). In some embodi-
ments, the obesity therapy will employ electrical activation of
the sympathetic nervous system that innervates the digestive
system, adrenals, and abdominal adipose tissue, such as the
splanchnic nerves or celiac ganglia. Afferent stimulation can
also be accomplished to provide central nervous system sati-
ety. Afferent stimulation can occur by a reflex arc secondary
to efferent stimulation. In some embodiments, both afferent
and efferent stimulation can be achieved.

[0102] This method of obesity treatment may reduce food
intake by a variety of mechanisms, including, for example,
general increased sympathetic system activation and increas-
ing plasma glucose levels upon activation. Satiety may be
produced through direct effects on the pylorus and duodenum
that cause reduced peristalsis, stomach distention, and/or
delayed stomach emptying. In addition, reducing ghrelin
secretion and/or increasing PY'Y secretion may reduce food
intake. The method can also cause weight loss by reducing
food absorption, presumably through a reduction in secretion
of digestive enzymes and fluids and changes in gastrointesti-
nal motility. Increased stool output, increased PYY concen-
trations (relative to food intake), and decreased ghrelin con-
centrations (relative to food intake) may be the result of
splanchnic nerve stimulation according to the stimulation
parameters disclosed herein.

[0103] This method of obesity treatment may also increase
energy expenditure by causing catecholamine, cortisol, and
dopamine release from the adrenal glands. The therapy can be
titrated to the release of these hormones. Fat and carbohydrate
metabolism, which are also increased by sympathetic nerve
activation, may accompany the increased energy expenditure.
Other hormonal effects induced by this therapy may include
reduced insulin secretion. Alternatively, this method may be
used to normalize catecholamine levels, which are reduced
with weight gain.

[0104] Electrical sympathetic activation for treating obe-
sity may be accomplished without causing a rise in mean
arterial blood pressure (MAP). This can be achieved by using
an appropriate stimulation pattern with a relatively short sig-
nal-on time (or “on period”) followed by an equal or longer
signal-off time (or “oft period”). In certain embodiments, this
may be achieved by using an appropriate stimulation pattern
with a continuous signal-on time, wherein the signal-on time
is comprised of a relatively short suprathreshold period, dur-
ing which the energy delivered to a nerve or nerve fiber group
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meets or exceeds a threshold for exciting that nerve or nerve
fiber group, followed by an equal or longer subthreshold
period, during which the energy delivered to the nerve or
nerve fiber is below the threshold. During activation therapy,
a sinusoidal-like fluctuation in the MAP can occur with an
average MAP that is within safe limits. Alternatively, an alpha
sympathetic receptor blocker, such as prazosin, can be used to
blunt the increase in MAP.

[0105] Electrical sympathetic activation for treating obe-
sity may be accomplished without permitting a regain of the
previously lost weight during the period in which the stimu-
lator is turned off. This can be achieved by using a stimulation
time period comprising consecutive periods in which each
period has a stimulation intensity greater than the preceding
stimulation period. In some embodiments, the stimulation
intensity during the first stimulation period is set at about the
muscle-twitch threshold. The consecutive stimulation peri-
ods are followed by a no-stimulation time period in which the
stimulator remains off. Subjects following treatment cycles
described by the above pattern have been found to exhibit
continued weight loss during the no-stimulation time period
in which the stimulator is dormant.

[0106] Electrical sympathetic activation for treating obe-
sity may also be accomplished without permitting a regain of
the previously lost weight during a subthreshold period. This
may be achieved by using a stimulation time period compris-
ing consecutive suprathreshold periods in which each period
has a stimulation intensity greater than the preceding suprath-
reshold stimulation period. In some embodiments, the stimu-
lation intensity during the first suprathreshold stimulation
period is set slightly above the muscle-twitch threshold. The
consecutive suprathreshold stimulation periods are followed
by a subthreshold time period.

[0107] Weight loss may be increased if the stimulation
patterns are adjusted to prevent the body from compensating
for the stimulation. In certain embodiments, this can be
achieved by changing the maximum stimulation intensity
reached during consecutive groups of stimulation periods,
even in the absence of a no-stimulation time period.

[0108] A dynamic stimulation technique using ramp-cy-
cling can be used on cranial nerves, the spinal cord, and/or
other peripheral nerves, including those in the autonomic
system and other motor and sensory nerves.

[0109] Electrical sympathetic activation can be titrated to
the plasma level of catecholamines achieved during therapy.
This would allow the therapy to be monitored and safe levels
of increased energy expenditure to be achieved. The therapy
can also be titrated to plasma ghrelin levels or PYY levels.
[0110] As used herein, electrical “modulation” of a nerve
(or nerve fiber) can include excitation (elicitation of one or
more action potentials), inhibition, or a combination of these.
Electrical “activation” generally includes excitation, but can
also include inhibition and/or periods of little or no energy
delivery to the nerve (or nerve fiber). Electrical modulation
(inhibition or activation) of the sympathetic nerves can also
be used to treat other eating disorders such as anorexia or
bulimia. For example, inhibition of the sympathetic nerves
can be useful in treating anorexia. Electrical modulation of
the sympathetic nerves may also be used to treat gastrointes-
tinal diseases such as peptic ulcers, esophageal reflux, gas-
troparesis, and irritable bowel. For example, stimulation of
the splanchnic nerves that innervate the large intestine may
reduce the symptoms of irritable bowel syndrome, character-
ized by diarrhea. Pain may also be treated by electric nerve
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modulation of the sympathetic nervous system, as certain
pain neurons are carried in the sympathetic nerves. This
therapy may also be used to treat type II diabetes. These
conditions can require varying degrees of inhibition or stimu-
lation.

[0111] Attendant or contributing conditions of obesity,
metabolic syndrome, and Type 2 diabetes can include, but are
not limited to, obesity, dyslipidemia, hypertension, hyperin-
sulinemia, elevated plasma glucose levels, hyperglycemia,
insulin resistance, a decreased lean muscle mass fraction of
total body mass, an increased visceral or abdominal fat frac-
tion of total body mass, or high blood pressure. Dyslipidemia
can include, but is not limited to, elevated levels of total
cholesterol, elevated levels of triglycerides, elevated levels of
LDL, or decreased levels of HDL. One of ordinary skill in the
art will understand that ameliorating or treating an attendant
or contribution condition of Type 2 diabetes can be equivalent
to ameliorating or treating an attendant condition of meta-
bolic syndrome.

[0112] As discussed above, the indicators or attendant or
contributing conditions of metabolic syndrome include obe-
sity, and particularly obesity around the waist. A waistline of
40 inches or more for men and 35 inches or more for women
would qualify. Another attendant or contributing condition is
high blood pressure such as a blood pressure of 130/85 mm
Hg or greater. Yet another attendant or contributing condition
is one or more abnormal cholesterol levels including a high,
density lipoprotein level (HDL) less than 40 mg/dl for men
and under 50 mg/dl for women. A triglyceride level above 150
mg/dl may also be an indicator. Finally, a resistance to insulin
is an indicator of metabolic syndrome which may be indi-
cated by a fasting blood glucose level greater than 100 mg/dl.
As such, treatment of one, two, three or more of these indi-
cators of metabolic syndrome may be effective in treatment of
metabolic syndrome as it is the conglomeration of several or
all of these conditions that results in metabolic syndrome.
[0113] Neural stimulation has been used for treatment of
various medical conditions including pain management,
tremor and the like. Neural stimulation has also been shown to
be useful in treating obesity in mammals as well as for regu-
lating certain hormone levels. Embodiments are directed to
systems and methods of neural stimulation or modulation
including activation and inhibition for treating metabolic syn-
drome or its attendant or contributing conditions either indi-
vidually or in combination. Certain embodiments disclosed
herein are directed to systems and methods of neural stimu-
lation or modulation. The modulation of nerve tissues such as
autonomic nerve tissue including central and peripheral, sym-
pathetic and parasympathetic, may be used to achieve a
desired physiological result or treatment of various medical
conditions. Specific nerve tissue such as the splanchnic nerve,
vagus nerve, stellate ganglia and the like may be modulated in
order to achieve a desired result.

[0114] Thehuman nervous system is a complex network of
nerve cells, or neurons, found centrally in the brain and spinal
cord and peripherally in the various nerves of the body. Neu-
rons have a cell body, dendrites and an axon. A nerve is a
group of neurons that serve a particular part of the body.
Nerves can contain several hundred neurons to several hun-
dred thousand neurons. Nerves often contain both afferent
and efferent neurons. Afferent neurons carry signals back to
the central nervous system and efferent neurons carry signals
to the periphery. A group of neuronal cell bodies in one
location is known as a ganglion. Electrical signals are con-
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ducted via neurons and nerves. Neurons release neurotrans-
mitters at synapses (connections) with other nerves to allow
continuation and modulation of the electrical signal. In the
periphery, synaptic transmission often occurs at ganglia.
[0115] The electrical signal of a neuron is known as an
action potential. Action potentials are initiated when a voltage
potential across the cell membrane exceeds a certain thresh-
old. This action potential is then propagated down the length
of'the neuron. The action potential of a nerve is complex and
represents the sum of action potentials of the individual neu-
rons in it.

[0116] Neurons can be myelinated and unmyelinated and
of large axonal diameter and small axonal diameter. In gen-
eral, the speed of action potential conduction increases with
myelination and with neuron axonal diameter. Accordingly,
neurons are classified into type A, B and C neurons based on
myelination, axon diameter, and axon conduction velocity. In
terms of axon diameter and conduction velocity, A is greater
than B which is greater than C.

[0117] Theautonomic nervous system is a subsystem ofthe
human nervous system that controls involuntary actions of
the smooth muscles (blood vessels and digestive system), the
heart, and glands, as shown in FIG. 1. The autonomic nervous
system is divided into the sympathetic and parasympathetic
systems. The sympathetic nervous system generally prepares
the body for action by increasing heart rate, increasing blood
pressure, and increasing metabolism. The parasympathetic
system prepares the body for rest by lowering heart rate,
lowering blood pressure, and stimulating digestion.

[0118] Thehypothalamus controls the sympathetic nervous
system via descending neurons in the ventral horn of the
spinal cord, as shown in FIG. 2. These neurons synapse with
preganglionic sympathetic neurons that exit the spinal cord
and form the white communicating ramus. The preganglionic
neuron will either synapse in the paraspinous ganglia chain or
pass through these ganglia and synapse in a peripheral, or
collateral, ganglion such as the celiac or mesenteric. After
synapsing in a particular ganglion, a postsynaptic neuron
continues on to innervate the organs of the body (heart, intes-
tines, liver, pancreas, etc.) or to innervate the adipose tissue
and glands of the periphery and skin. Preganglionic neurons
of'the sympathetic system can be both small-diameter unmy-
elinated fibers (type C-like) and small-diameter myelinated
fibers (type B-like). Postganglionic neurons are typically
unmyelinated type C neurons.

[0119] Several large sympathetic nerves and ganglia are
formed by the neurons of the sympathetic nervous system as
shown in FIG. 3. The greater splanchnic nerve (GSN) is
formed by efferent sympathetic neurons exiting the spinal
cord from thoracic vertebral segment numbers 4 or 5 (T4 or
T5) through thoracic vertebral segment numbers 9 or 10 or 11
(T9, T10, or T11). The lesser splanchnic (lesser SN) nerve is
formed by preganglionic fibers sympathetic efferent fibers
from T10 to T12 and the least splanchnic nerve (least SN) is
formed by fibers from T12. The GSN is typically present
bilaterally in animals, including humans, with the other
splanchnic nerves having a more variable pattern, present
unilaterally or bilaterally and sometimes being absent. The
splanchnic nerves run along the anterior lateral aspect of the
vertebral bodies and pass out of the thorax and enter the
abdomen through the crus ofthe diaphragm. The nerves runin
proximity to the azygous veins. Once in the abdomen, neu-
rons of the GSN synapse with postganglionic neurons prima-
rily in celiac ganglia. Some neurons of the GSN pass through
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the celiac ganglia and synapse on in the adrenal medulla.
Neurons of the lesser SN and least SN synapse with post-
ganglionic neurons in the mesenteric ganglia.

[0120] Postganglionic neurons, arising from the celiac gan-
glia that synapse with the GSN, innervate primarily the upper
digestive system, including the stomach, pylorus, duodenum,
pancreas, and liver. In addition, blood vessels and adipose
tissue of the abdomen are innervated by neurons arising from
the celiac ganglia/greater splanchnic nerve. Postganglionic
neurons of the mesenteric ganglia, supplied by preganglionic
neurons of the lesser and least splanchnic nerve, innervate
primarily the lower intestine, colon, rectum, kidneys, bladder,
and sexual organs, and the blood vessels that supply these
organs and tissues.

[0121] In the treatment of obesity, some embodiments of
treatment involve electrical activation of the greater splanch-
nic nerve of the sympathetic nervous system. Unilateral acti-
vation may be utilized, although bilateral activation may also
be utilized. The celiac ganglia can also be activated, as well as
the sympathetic chain or ventral spinal roots.

[0122] Electrical nerve modulation (nerve activation,
stimulation, and/or inhibition) is accomplished by applying
an energy signal (pulse) at a certain frequency to the neurons
of'a nerve (nerve stimulation). The energy pulse causes depo-
larization of neurons within the nerve above the activation
threshold resulting in an action potential. The energy applied
is a function of the current (or voltage) amplitude and pulse
width or duration. Activation or inhibition can be a function of
the frequency of the energy signal, with low frequencies on
the order of 1 to 50 Hz resulting in activation of a nerve for
some embodiments and high frequencies greater than 100 Hz
resulting in inhibition of a nerve for some embodiments.
Inhibition can also be accomplished by continuous energy
delivery resulting in sustained depolarization. Different neu-
ronal types may respond to different energy signal frequen-
cies and energies with activation or inhibition.

[0123] Each neuronal type (i.e., type A, B, or C neurons)
has a characteristic pulse amplitude-duration profile (energy
pulse signal or stimulation intensity) that leads to activation.
The stimulation intensity can be described as the product of
the current amplitude and the pulse width. Myelinated neu-
rons (types A and B) can be stimulated with relatively low
current amplitudes, on the order of 0.1 to 5.0 milliamperes,
and short pulse widths, on the order of about 50 microseconds
to about 200 microseconds. Unmyelinated type C fibers typi-
cally require longer pulse widths on the order of about 300
microseconds to about 1,000 microseconds and higher cur-
rent amplitudes for stimulation. Thus, in certain embodi-
ments, the stimulation intensity for efferent activation of a
nerve may be in the range of about 0.005 mAmp-msec to
about 5.0 mAmp-msec. In certain embodiments, the stimula-
tion intensity for efferent activation of a nerve may be in the
range of about 0.001 mAmp-msec to about 10.0 mAmp-
msec.

[0124] The greater splanchnic nerve also contains type A
fibers. These fibers can be afferent and sense the position or
state (contracted versus relaxed) of the stomach or duode-
num. Stimulation of A fibers may produce a sensation of
satiety by transmitting signals to the hypothalamus. They can
also participate in a reflex arc that affects the state of the
stomach. Activation of both A and B fibers can be accom-
plished because stimulation parameters that activate efferent
B fibers will also activate afferent A fibers. Activation of type
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C fibers may cause both afferent an efferent effects, and may
cause changes in appetite and satiety via central or peripheral
nervous system mechanisms.

[0125] Various stimulation patterns, ranging from continu-
ous to intermittent, may be utilized for various embodiments.
In certain embodiments, information related to a stimulation
pattern may be stored in a storage module. For example,
stimulation pattern data may be stored in volatile memory,
such as random access memory (“RAM”), or in non-volatile
memory, such as a hard disk drive or flash drive.

[0126] With intermittent stimulation of nerves, an energy
signal is delivered to a nerve or nerve tissue for a period of
time at a certain frequency during the signal on-time as shown
in FIG. 4. The signal on-time may be followed by a period of
time with no energy delivery, referred to as a signal-oft time.
In certain embodiments, the signal on-time comprises a
suprathreshold period, during which the energy delivered to a
nerve or nerve fiber group (containing one or more nerve
fibers) meets or exceeds a threshold for exciting (i.e., eliciting
an action potential from) that nerve or nerve fiber group. In
certain embodiments, the signal on-time comprises a sub-
threshold period, during which the energy delivered to the
nerve or nerve fiber is below a threshold for exciting (i.e.,
eliciting an action potential from) that nerve (or nerve fiber
group). Such a subthreshold period may comprise a period of
no (or about zero) energy delivery, or an amount of energy
greater than zero but less than that needed for exciting the
nerve (or fiber). On average, the energy or power delivered to
anerve during a subthreshold period is greater than zero, even
if there is one or more brief periods of zero-energy delivery. In
certain embodiments as described herein using a signal-on
time and signal-off time, a signal-on time may consist of a
continuous or nearly continuous suprathreshold period. Con-
sequently, as described herein, the effects of certain embodi-
ments that use a signal-on time and signal-off time may be
accomplished using properly configured subthreshold and
suprathreshold periods during a continuous or nearly continu-
ous signal-on time.

[0127] The ratio of the signal on-time to the sum of the
signal on-time plus the signal off time is referred to as the duty
cycle and it can, in some embodiments, range from about 1%
to about 100%. The ratio of the suprathreshold period to the
sum of the suprathreshold period plus the subthreshold period
may also be referred to as a duty cycle and it can, in some
embodiments, range from about 1% to about 100%. “Duty
cycle” in the first definition above may be clarified as the ratio
of'the suprathreshold period to the sum of the suprathreshold
period plus the subthreshold period (i.e., the total on-time)
plus the oft-time (i.e., the ratio of the suprathreshold period to
the sum of the on-time and off-time). Such a duty cycle can,
in some embodiments, also range from about 1% to about
100%. Peripheral nerve stimulation is commonly conducted
at nearly a continuous, or 100%, duty cycle. However, an
optimal duty cycle for splanchnic nerve stimulation to treat
obesity may be less than 75% in some embodiments, less than
50% in some embodiments, or even less than 30% in certain
embodiments. This may reduce problems associated with
muscle twitching as well as reduce the chance for blood
pressure or heart rate elevations caused by the stimulation
energy. The on-time may also be important for splanchnic
nerve stimulation in the treatment of obesity. Because some
of the desired effects of nerve stimulation may involve the
release of hormones, on-times sufficiently long enough to
allow plasma levels to rise are important. Also, gastrointesti-
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nal effects on motility and digestive secretions take time to
reach a maximal effect. Thus, an on-time of approximately 15
seconds, and sometimes greater than 30 seconds, may be
used.

[0128] Superimposed on the duty cycle and signal param-
eters (frequency, on-time, mAmp, and pulse width) are treat-
ment parameters. Therapy may be delivered at different inter-
vals during the day or week, or continuously. Continuous
treatment may prevent binge eating during the off therapy
time. Intermittent treatment may prevent the development of
tolerance to the therapy. A desirable intermittent therapy
embodiment may be, for example, 18 hours on and 6 hours
off, 12 hours on and 12 hours off, 3 days on and 1 day off, 3
weeks on and one week off or a another combination of daily
or weekly cycling. Alternatively, treatment may be delivered
at a higher interval rate, say, about every three hours, for
shorter durations, such as about 2 minutes to about 30 min-
utes. The treatment duration and frequency may be tailored to
achieve a desired result. Treatment duration for some
embodiments may last for as little as a few minutes to as long
as several hours. Also, splanchnic nerve activation to treat
obesity may be delivered at daily intervals, coinciding with
meal times. Treatment duration during mealtime may, in
some embodiments, last from 1 hour to about 3 hours and start
just prior to the meal or as much as an hour before.

[0129] Efferent modulation of the GSN may be used to
control gastric distention/contraction and peristalsis. Gastric
distention or relaxation and reduced peristalsis can produce
satiety or reduced appetite for the treatment of obesity. These
effects may be caused by activating efferent B or C fibers at
moderate to high intensities, such as about 1.0 mA to about
5.0 mA current amplitude and about 0.15 to about 1.0 milli-
second pulse width and higher frequencies of about 10 Hz to
about 20 Hz. Gastric distention may also be produced via a
reflex arc involving the afferent A fibers. Activation of A
fibers may cause a central nervous system mediated reduction
in appetite or early satiety. These fibers may be activated at the
lower range of stimulation intensity, for example about 0.05
msec to about 0.15 msec pulse width and about 0.1 to about
1.0 mA current amplitude and higher range of frequencies
given above. Contraction of the stomach can also reduce
appetite or cause satiety. Contraction can be caused by acti-
vation of C fibers in the GSN. Activation of C fibers may also
play a role in centrally mediated effects. Activation of these
fibers is accomplished at higher stimulation intensities, for
example about 5 to about 10 times those of B and A fibers and
lower frequencies of less than or equal to about 10 Hz.
[0130] Electrical activation of the splanchnic nerve can also
cause muscle twitching of the abdominal and intercostal
muscles. Stimulation at higher frequencies, for example, fre-
quencies greater than about 15 Hz, reduces the muscle activ-
ity, and muscle twitching is least evident or completely
habituates at even higher frequencies, for example, frequen-
cies of about 20 Hz to about 30 Hz. During stimulation at an
energy signal frequency from about 20 Hz to about 30 Hz, a
short contraction of the muscles is observed followed by
relaxation, such that there is no additional muscle contraction
for the remainder of the stimulation. This may be due to
inhibitory neurons that are activated with temporal summa-
tion.

[0131] The muscle-twitching phenomenon may also be
used to help guide the stimulation intensity used for embodi-
ments oftherapy to be applied to the patient. Once a threshold
of muscle twitching is reached, activation of at least the A
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fibers has occurred. Increasing the current amplitude beyond
the threshold to activate the A fibers increases the severity of
the muscle contraction and can increase discomfort. Deliver-
ing a therapy with an energy signal substantially at the thresh-
old for muscle twitching, and not substantially higher than the
threshold for muscle twitching, helps ensure that the comfort
of the patient is maintained, particularly at higher energy
signal frequencies.

[0132] Once this threshold is reached the pulse width of the
energy signal may be increased 1.5 to 2.5 times longer,
thereby increasing the total charge delivered to the nerve,
without significantly increasing the severity of the muscle
twitching. By increasing the pulse width at the current, acti-
vation of B-fibers is better ensured. Hence, with an electrode
placed in close contact with the nerve, a pulse width between
about 0.10 msec and about 0.15 msec and a frequency of
about 1 Hz, the current amplitude can be increased until the
threshold of twitching is observed which indicates activation
of'A fibers. This will likely occur between 0.25 mA and about
2.5 mA of current, depending on how close the electrode is to
the nerve. It should be noted that patient comfort can be
achieved at current amplitudes slightly higher than the muscle
twitch threshold, or that effective therapy can be delivered at
current amplitudes slightly below the muscle twitch thresh-
old, particularly at longer pulse widths.

[0133] Habituation to the muscle twitching may also occur,
such that the muscle twitching disappears after a certain time
period of treatment. This allows the stimulation intensity to be
increased to as much as about 10 times or more than the signal
intensity threshold of muscle twitching. This can be done
without causing discomfort to the patient and ensures activa-
tion of the C fibers. It was previously thought that high stimu-
lation intensities would result in the perception of pain, but
this does not appear to be seen in experimental settings. The
stimulation intensity of the muscle twitch threshold can also
be used to guide therapy in this instance, because the twitch
threshold may vary from patient to patient depending on the
nerve and contact of the electrode with the nerve. Once the
threshold of muscle twitching is determined, the stimulation
intensity defined by current multiplied by pulse width, may be
increased to about 5 times to about 10 times the intensity of
muscle twitch threshold. Habituation may occur by stimulat-
ing at the muscle twitch threshold for up to about 24 hours.

[0134] Increasing the stimulation intensity after habitua-
tion occurs at a first signal intensity level, may bring back the
muscle activity and require another period of habituation at
the new higher signal intensity level. Thus, the stimulation
intensity can be increased in a stepwise manner, allowing
habituation to occur at each step until the desired intensity is
achieved at about 5 times to about 10 times the original signal
intensity threshold for muscle twitch. This may be of interest
if intermittent treatment frequency is used, as the habituation
process up to the desired stimulation intensity would have to
occur after each interval when the device is off. The device
may be programmed to allow a prolonged ramp up of inten-
sity over about several hours to about several days, allowing
habituation to occur at each signal intensity level. This is not
the same as the rapid rise in current amplitude that occurs at
the beginning of each on-time during stimulation. This may
be built or programmed directly into the pulse generator or
controlled/programmed by the physician, who can take into
account patient variability of habituation time. In some
embodiments, the device may be configured to sense muscle
twitching. One way to do this is to implant the implantable
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pulse generator (IPG) over the muscles that are activated. The
IPG can then electrically or mechanically sense the twitching
and increase the stimulation intensity as habituation occurs.

[0135] Efferentelectrical activation of the splanchnic nerve
can cause an increase in blood pressure, for example, the
mean arterial blood pressure (MAP), above a baseline value.
A drop in MAP below the baseline can follow this increase.
Because a sustained increase in MAP is undesirable, the
stimulation pattern can be designed to prevent an increase in
MAP. One strategy would be to have a relatively short signal
on-time followed by a signal-off time of an equal or longer
period. Another strategy would be to have a continuous signal
on-time comprised of a relatively short suprathreshold period
followed by an equal or longer subthreshold period. This
would allow the MAP to drop back to or below the baseline.
The subsequent signal on-time would then raise the MAP, but
it can start from a lower baseline. In this manner a sinusoidal-
like profile of the MAP can be set up during therapy delivery
that would keep the average MAP within safe limits.

[0136] During stimulation the MAP may rise at a rate of
about 0.1 mmHg/sec to about 1.0 mmHg/sec depending on
frequency of the stimulation signal, with higher frequencies
causing a more rapid rise. An acceptable transient rise in
MAP would be about 10-20% of a patient’s baseline. Assum-
ing a normal MAP of 90 mmHg, a rise of about 9 mm Hg to
about 18 mm Hg over baseline would be acceptable during
stimulation. Thus a stimulation on-time of approximately 9
seconds to about 54 seconds may be acceptable for some
embodiments. The off-time would be greater than the on-time
or greater than approximately 60 seconds. Habituation may
also occur with the blood pressure changes. This may allow
the on-time to be increased beyond about 60 seconds, after
habituation has occurred.

[0137] Insomeembodiments, a strategy for treating obesity
using splanchnic nerve stimulation includes the stimulation
of A fibers. The pulse width of the stimulation signal may be
set to about 0.05 msec to about 0.15 msec and the current can
be increased to about 0.1 mA to about 0.75 mA until the
threshold of muscle twitching is reached. Other parameters
may include a frequency range of about 20 Hz to about 30 Hz
and an on-time of less than about 60 seconds with a duty cycle
of about 20% to about 50%. Once habituation to the rise in
MAP occurred the on-time can be increased to greater than
about 60 seconds.

[0138] In certain embodiments, a strategy for treating obe-
sity by electrical activation of the splanchnic nerve involves
stimulating the B and A fibers. This strategy involves stimu-
lating the nerve at intensities of about 2 times to about 3 times
the muscle twitch threshold prior to any habituation. The
pulse width may be set to a range of about 0.15 msec to about
0.25 msec with the pulse current increased, allowing appro-
priate habituation to occur, to achieve the desired level above
the original muscle twitch threshold. Representative param-
eters for some embodiments may be the following: current
amplitude of about 0.75 mA to about 2.0 mA, pulse width of
about0.15 msec to about 0.25 msec, frequency ofabout 10 Hz
to about 20 Hz, on-time less than about 60 seconds, and an
off-time greater than about 60 seconds.

[0139] These parameters result in gastric relaxation and
reduced peristalsis causing early satiety and activation of
distention receptors in the stomach that would send satiety
signals back to the central nervous system in a reflex manner.
Because the effect of gastric relaxation is sustained beyond
the stimulation period, in some embodiments the off-time
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may be about 0.5 times to about 2.0 times longer than the
on-time. This would reduce MAP rise. Once habituation to
the MAP rise occurs, the on-time may be increased to greater
than about 60 seconds, but the duty cycle for some embodi-
ments may be less than about 50%.

[0140] Sometimes it may be desirable to activate all fiber
types (A, B and C) of the splanchnic nerve. This can be done
by increasing the stimulation intensity to stimulation signal
intensity levels of about 8 times to about 12 times the muscle
twitch threshold prior to habituation. The pulse width may be
set to a level of about 0.25 msec or greater for some embodi-
ments. Representative parameters for such a stimulation sig-
nal may include: current amplitude greater than about 2.0
mA, pulse width greater than about 0.25 msec, frequency of
about 10 Hz to about 20 Hz, on-time less than about 60
seconds, and an off-time greater than about 60 seconds. Simi-
larly, the on-time can be reduced to a longer period, keeping
the duty cycle between about 10% and about 50%, once
habituation occurred in this parameter.

[0141] It should be noted that the current amplitude of a
stimulation signal may also vary depending on the type of
energy delivery module (such as an electrode) used. A helical
electrode that has intimate contact with the nerve will have a
lower amplitude than a cylindrical electrode that may reside
millimeters away from the nerve. In general, the current
amplitude used to cause stimulation is proportional to 1/(Ra-
dial Distance From Nerve)®. The pulse width can remain
constant or can be increased to compensate for the greater
distance. The stimulation intensity would be adjusted to acti-
vate the afferent/efferent B or C fibers depending on the
electrodes used. Using the muscle twitching threshold prior to
habituation can help guide therapy, given the variability of
contact/distance between the nerve and electrode.

[0142] Weight loss induced by electrical activation of the
splanchnic nerve may be amplified by providing dynamic
nerve modulation or stimulation. Dynamic stimulation refers
to changing the values of stimulation signal intensity, stimu-
lation frequency and/or the duty cycle parameters during
treatment. The stimulation intensity, stimulation frequency
and/or duty cycle parameters may be changed independently,
or they may be changed in concert. One parameter may be
changed, leaving the others constant; or multiple parameters
may be changed approximately concurrently. The stimulation
intensity, stimulation frequency and/or duty cycle parameters
may be changed at regular intervals, or they may be ramped
up or down substantially continuously. The stimulation inten-
sity, stimulation frequency and/or duty cycle parameters may
be changed to preset values, or they may be changed to
randomly generated values. In some embodiments, the
changes in the stimulation signal parameters are altered
through an automated process, for example, a programmable
pulse generator. When random changes in the stimulation
signal parameter or parameters are desired, those changes
may be generated randomly by a pulse generator. One advan-
tage of dynamic stimulation is that the patient’s body is
unable, or at least less able, to adapt or compensate to the
changing simulation than to a constant or regular pattern of
stimulation.

[0143] Weight loss induced by electrical activation of the
splanchnic nerve may be improved by providing intermittent
therapy, or intervals of electrical stimulation followed by
intervals of no stimulation. Data shows that after an interval of
stimulation, weight loss can be accelerated by turning the
stimulation signal off. This is directly counter to the notion
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that termination of therapy would result in a rebound phe-
nomenon of increased food intake and weight gain. This data
also indicates that a dynamic, or changing, stimulation inten-
sity (e.g., increasing or decreasing daily) produces a more
pronounced weight loss than stimulation at a constant inten-
sity. This intermittent therapy, coupled with a dynamic or
changing stimulation intensity, is called the ramp-cycling
technique, and ramp cycling is one subset of the dynamic
stimulation techniques described herein. Given these find-
ings, several dosing strategy embodiments are described
below.

[0144] These treatment algorithm embodiments are
derived from studies involving canines. The muscle twitch
threshold using a helical electrode is determined after
adequate healing time post implant has elapsed which is
typically about 2 to about 6 weeks. In certain embodiments,
this threshold may range from about 0.125 mA-msec to about
0.5 mA-msec. The stimulation intensity is increased daily
over about 1 to about 2 weeks, allowing some or complete
habituation of muscle twitching to occur between successive
increases, until an intensity of about 8 times to about 10 times
the signal intensity of the muscle twitch threshold is achieved,
for example about 1.0 mA-msec to about 5.0 mA-msec. In
certain embodiments, the stimulation intensity and/or the
stimulation frequency is increased until an intensity of about
2 times the signal intensity of the muscle twitch threshold is
achieved. In certain embodiments, the stimulation intensity is
increased until an intensity of about 4 times the signal inten-
sity of the muscle twitch threshold is achieved. In certain
embodiments, the stimulation intensity is increased until an
intensity of about 6 times the signal intensity of the muscle
twitch threshold is achieved. During this period, a rapid
decline in body weight and food intake is generally observed.

[0145] After the initial weight loss period, a transition
period is observed over about 1 to about 4 weeks in which
some lost weight may be regained. Subsequently, a sustained,
gradual reduction in weight and food intake occurs during a
prolonged stimulation phase of about 4 weeks to about 8
weeks. After this period of sustained weight loss, the stimu-
lation may be terminated, which is again followed by a steep
decline in weight and food intake, similar to the initial stimu-
lation intensity ramping phase. The post-stimulation weight
and food decline may last for about 1 week to about 4 weeks,
after which the treatment algorithm may be repeated to create
atherapy cycle, or intermittent treatment interval, that results
in sustained weight loss. The duty cycle during this intermit-
tent therapy may range from about 20% to about 50% with
stimulation on-times of up to about 15 seconds to about 60
seconds. This intermittent therapy not only increases the
weight loss effectiveness, but also extends the battery life of
an implanted device or reduces energy consumption for a
non-implanted pulse generator.

[0146] In another intermittent therapy treatment algorithm
embodiment, therapy cycling occurs during about a 24 hour
period. In this algorithm, the stimulation signal intensity is
maintained atabout 1 times to about 3 times the muscle twitch
threshold for a period of about 12 hours to about 18 hours. In
certain embodiments, the stimulation signal intensity may be
increased gradually (e.g., each hour) during a first stimulation
interval. In certain embodiments, the stimulation signal inten-
sity may be increased at other intervals during a first stimu-
lation interval. The stimulation is subsequently terminated or
reduced to a subthreshold level for about 6 hours to about 12
hours. In certain embodiments, the stimulation signal inten-
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sity may be gradually decreased during a second interval back
to a signal intensity substantially at the muscle twitch thresh-
old level. Due to this sustained or accelerating effect that
occurs even after cessation of stimulation, the risk of binge
eating and weight gain during the off period or declining
stimulation intensity period is minimized.

[0147] Certain embodiments utilize the ramp-cycling
therapy or the ramp-cycling technique. One embodiment of
the ramp-cycling technique is shown schematically in FIGS.
5-7. FIG. 5 has a longer time scale than FIG. 6, which in turn
has a longer time scale than FIG. 7. FIG. 5 shows the main
features of one embodiment of the ramp-cycling technique.
Eachperiod of the cycle includes a stimulation time period (or
stimulation period) and a no-stimulation time period (or no-
stimulation period). The stimulation time period may be
referred to as a first time period, an interval of electrical
stimulation, an interval of stimulation, a stimulation intensity
ramping phase, or a stimulation interval. In certain embodi-
ments, the stimulation time period may include on-times,
off-times, suprathreshold periods, and subthreshold periods.
The no-stimulation time period may be referred to as a second
time period, an interval in which the device is off or delivering
low power, an interval of no stimulation, or a declining stimu-
lation intensity period. In certain embodiments, the no-stimu-
lation time period may include one or more subthreshold
periods. The stimulation time period and no-stimulation time
period should not be confused with the stimulation on-time,
signal on-time (or on-period or on-time), or the signal off-
time (or off-period or off-time) which are terms describing
the parameters of the duty cycle and shown in FIGS. 6 and 7.
The stimulation time period further comprises portions or
consecutive intervals.

[0148] In some embodiments of the ramp-cycling version
of intermittent therapy, the stimulation time period comprises
at least two portions having different stimulation intensities.
The portions may also be referred to as consecutive intervals.
In certain embodiments, the stimulation intensity of each
portion may be greater than the stimulation intensity of the
previous portion. The multiple portions of such an embodi-
ment are represented by the stimulation time period’s step-
like structure as shown in the embodiment in FIG. 5. In certain
embodiments, the increase in stimulation intensity is approxi-
mately continuous over the entire stimulation time period,
rather than increasing in a stepwise manner. In some embodi-
ments, the stimulation intensity during the no-stimulation
time period is about zero (e.g. the pulse generator is inactive)
asis shown in FIG. 5. In certain embodiments, the stimulation
intensity during the no-stimulation time period is substan-
tially reduced from the maximum stimulation intensity
applied during the stimulation time period. In certain embodi-
ments, the stimulation intensity during the no-stimulation
period is ramped down through at least two portions of the
no-stimulation period. In certain embodiments, a decrease in
stimulation intensity, if any, is approximately continuous over
the entire no-stimulation time period, rather than decreasing
in single or multiple steps.

[0149] A single cycle of ramp-cycling therapy includes a
stimulation time period and a no-stimulation time period. In
some embodiments of the ramp-cycling technique, a single
cycle may be repeated without changing any of the treatment
parameters, the duty cycle parameters or the signal param-
eters of the original cycle. In certain embodiments the treat-
ment parameters, and/or the duty cycle parameters and/or the
signal parameters may be changed from cycle to cycle. In
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certain embodiments, a single cycle of ramp-cycling therapy
comprises one to many suprathreshold periods and subthresh-
old periods.

[0150] Setting the stimulation signal parameters to particu-
lar values may inhibit substantial regain of lost weight for a
relatively long time following the stimulation period. Indeed,
weight and food intake may even continue to decline during
the no-stimulation period, in which the stimulator is turned
off. If the stimulation intensity is increased daily by about
20% over a period of several weeks until it is equal to about 8
times to about 10 times the signal intensity of muscle twitch
threshold, and if the stimulator is subsequently turned off,
then there is a period of about several days thereafter in which
there is no rebound increase in weight or food intake.

[0151] In certain intermittent therapy treatment algorithm
embodiments, ramp-cycling therapy occurs during a period
of about ten days to about two months. In this algorithm, the
stimulation intensity during one portion of the stimulation
time period is initiated and maintained at the muscle twitch
threshold for about 24 hours. The stimulation intensity (cur-
rent (mAmp) multiplied by pulse width (mSec)) is increased
by about 20% each day thereafter (i.e. during each subsequent
portion of the simulation time period) until the stimulation
intensity is about 8 times to about 10 times the muscle twitch
threshold. After about 24 hours of stimulation at about 8 times
to about 10 times the muscle twitch threshold, the stimulator
is turned off during the no-stimulation time period of between
about one-half day to about seven days. Utilizing a stimula-
tion period of about 24 hours permits habituation of the
muscle twitch, which reduces the discomfort experienced by
the subject. Turning the stimulator off during the no stimula-
tion time period on the order of days avoids a sustained
increase in the MAP, reduces the likelihood that the subject
develops a tolerance to the therapy, and preserves the stimu-
lator’s battery life.

[0152] In certain embodiments, a stimulation intensity
increase of about 20% from one portion of the stimulation on
period to the next portion is achieved by increasing the pulse
width by about 20%. In certain embodiments, the stimulation
intensity increase of about 20% is achieved by changing both
the current and pulse width such that the product of the new
values is about 20% greater that the product of the previous
day’s values for those parameters. In certain embodiments,
the stimulation intensity increase of about 20% is achieved by
increasing both the current and pulse width such that the
product of the new values is about 20% greater that the prod-
uct of the previous day’s values for those parameters. In
certain embodiments, the stimulation intensity increase of
about 20% is achieved by increasing the current amplitude of
the stimulation signal by about 20%.

[0153] In certain embodiments, the stimulation intensity
increase of about 20% in a 24-hour period is achieved by an
approximately continuous change in either the current ampli-
tude, pulse width, or both. In certain embodiments, the stimu-
lation signal intensity increase of about 20% in a 24 hour
period is achieved by changing the current amplitude, pulse
width, or both, at irregular intervals within each 24-hour
period. In certain embodiments, the stimulation signal inten-
sity increase of about 20% in a 24-hour period is achieved by
changing the current amplitude, pulse width, or both, at regu-
lar intervals within each 24-hour period. In certain embodi-
ments, the stimulation intensity increase of about 20% in a
24-hour period is achieved by changing the current ampli-
tude, pulse width, or both, at regular intervals and in a step-
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wise manner within each 24-hour period. In certain embodi-
ments, stimulation intensity increase of about 20% in a 24
hour period is achieved by changing the current amplitude,
pulse width, or both, once during each 24-hour period. In
certain embodiments, the stimulation intensity increase of
about 20% in a 24 hour period is achieved by increasing the
current amplitude once during each 24 hour period.

[0154] In certain embodiments, the stimulator is turned off
in the cycle for between about 1 day and about 10 days. In
certain embodiments, the stimulator is turned off for between
about 1 day and about 5 days. In certain embodiments, the
stimulator is turned off for about 3 days.

[0155] Certain embodiments include a method for treating
a medical condition, the method comprising electrically acti-
vating a splanchnic nerve in a mammal for the stimulation
time period, wherein the first time period comprises a plural-
ity of consecutive intervals. During each of the plurality of
consecutive intervals, the splanchnic nerve in the mammal is
electrically activated according a stimulation pattern config-
ured to result in net weight loss in the mammal during each
interval. The stimulation pattern includes a signal on-time (on
period or on-time) and a signal-off time (off period or off
time) in a duty cycle. The on period includes a stimulation
intensity and a frequency. In certain embodiments, the on
period includes a suprathreshold period and a subthreshold
period. The stimulation intensity includes a current amplitude
and a pulse width. The method further includes reducing or
ceasing the electrical activation of the splanchnic nerve for a
no-stimulation time period, such that the mammal loses net
weight during the no-stimulation period. In certain embodi-
ments, the no-stimulation time period includes a subthreshold
period.

[0156] In one embodiment, the duration of the stimulation
time period is about ten days. In certain embodiments the
duration of the stimulation time period is about 1 day to about
50 days. In certain embodiments the duration of the stimula-
tion time period is about 4 hours to about 100 days. In some
embodiments, there are ten consecutive intervals in the stimu-
lation time period. In certain embodiments, there are about 3
intervals to about 50 intervals in the stimulation time period.
In certain embodiments there are about 2 intervals to about
5000 intervals in the stimulation time period. In some
embodiments, the duration of each consecutive interval is
about 24 hours. In certain embodiments, the duration of each
consecutive interval is about 12 hours to about 7 days. In
certain embodiments, each consecutive interval is 1 minute to
about 50 days.

[0157] Inone embodiment, the duration of the on period is
approximately equal to the duration of the interval, and the
duration of the off period is approximately zero seconds. In
some embodiments, the ratio of the on period to the off period
is about 0.75 to about 1.5. In certain embodiments, the ratio is
greater than about 0.75. In some embodiments, the ratio is
greater than about 1.5. In certain embodiments, the ratio of
the on period to the off period is greater than about 3. In
certain embodiments, the ratio of the on period to the off
period is about 0.75 or less, while in certain embodiments the
ratio is about 0.5 or less. In certain embodiments, the ratio of
the on period to the off period is about 0.3 or less. In certain
embodiments, the on period is about two minutes or less. In
some embodiments, the on period is about one minute or less.
In certain embodiments, the on period is about one minute or
less, and the off period is about one minute or more. In some
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embodiments the on period is greater than about 15 seconds
but in certain embodiments, the on-time is greater than about
30 seconds.

[0158] Inoneembodiment, the duration of the suprathresh-
old period is approximately equal to the duration of the inter-
val, and the duration of the subthreshold period is approxi-
mately zero seconds. In some embodiments, the ratio of the
suprathreshold period to the subthreshold period is about 0.75
to about 1.5. In certain embodiments, the ratio is greater than
about 0.75. In some embodiments, the ratio is greater than
about 1.5. In certain embodiments, the ratio of the suprath-
reshold period to the subthreshold period is greater than about
3. In certain embodiments, the ratio of the suprathreshold
period to the subthreshold period is about 0.75 or less, while
in certain embodiments the ratio is about 0.5 or less. In certain
embodiments, the ratio of the suprathreshold period to the
subthreshold period is about 0.3 or less. In certain embodi-
ments, the suprathreshold period is about two minutes or less.
In some embodiments, the suprathreshold period is about one
minute or less. In certain embodiments, the suprathreshold
period is about one minute or less, and the subthreshold
period is about one minute or more. In some embodiments the
suprathreshold period is greater than about 15 seconds but in
certain embodiments, the on-time is greater than about 30
seconds.

[0159] In some embodiments the combined on period and
off period cycle is repeated continuously within the interval.
In certain embodiments the combined on period and off
period cycle is repeated intermittently within the interval. In
certain embodiments, the combined on period and off period
cycle is repeated irregularly within the interval. In some
embodiments the combined suprathreshold period and sub-
threshold period cycle is repeated continuously within the
interval. In certain embodiments the combined suprathresh-
old period and subthreshold period cycle is repeated intermit-
tently within the interval. In certain embodiments, the com-
bined suprathreshold period and subthreshold period cycle is
repeated irregularly within the interval. In some embodi-
ments, the frequency of the stimulation signal is about 15 Hz
or greater to minimize skeletal twitching. In some embodi-
ments the frequency of the stimulation signal is about 20 Hz
or greater. In some embodiments the frequency of the stimu-
lation signal is about 30 Hz or greater. In some embodiments,
the frequency is varied within each interval, but in certain
embodiments the frequency remains constant within each
interval. In some embodiments the frequency is varied from
interval to interval, but in certain embodiments the frequency
remains constant.

[0160] In some embodiments the stimulation intensity of
the signal is varied within each interval during the stimulation
time period, but in certain embodiments, the stimulation
intensity remains constant within each interval during the
stimulation time period. In some embodiments the stimula-
tion intensity is varied from interval to interval during the
stimulation time period. In some embodiments the stimula-
tion signal intensity is increased from interval to interval
during the stimulation time period. In some embodiments the
stimulation intensity of the first interval during the stimula-
tion time period is set at about the muscle twitch threshold. In
some embodiments the first interval is set below the muscle
twitch threshold, while in certain embodiments the first inter-
val is set above the muscle twitch threshold.

[0161] In some embodiments the stimulation intensity is
increased by about 20% from interval to interval during the
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stimulation time period. In some embodiments the stimula-
tion intensity is increased by about 15% to about 25% from
interval to interval. In certain embodiments, the stimulation
intensity is increased by about 1% to about 15% from interval
to interval. In certain embodiments, the stimulation intensity
is increased by about 25% to about 40% from interval to
interval. In certain embodiments the stimulation intensity is
increased by about 40% to about 100% from interval to inter-
val.

[0162] In some embodiments the stimulation signal inten-
sity is varied by changing the current amplitude. In some
embodiments the stimulation intensity is varied by changing
the pulse width. In some embodiments, the stimulation signal
intensity is varied by changing the electrical potential. In
some embodiments the stimulation intensity is varied by
changing any combination of the current amplitude, the pulse
width, and the electrical potential or voltage.

[0163] In some embodiments the no-stimulation time
period is about 4 days. In some embodiments the no-stimu-
lation time period is about 1 day to about 7 days. In some
embodiments the no-stimulation time period is about 18
hours to about 10 days. In some embodiments the no-stimu-
lation time period is about 1 hour to about 50 days. In some
embodiments the no-stimulation time period is more than
about 50 days. In some embodiments the no-stimulation time
period is less than about 1 day. In some embodiments the
no-stimulation time period is less than about 6 hours. In
certain embodiments, the second time period is less than
about 1 hour.

[0164] The following three ramp-cycling algorithm
embodiments were tested for their efficacy. Each experiment
lasted for 28 days. The first algorithm used daily, stepwise
increases in the current amplitude of the stimulation signal to
increase the stimulation intensity during the stimulation time
period. The stimulation intensity was so increased for 9 con-
secutive days within the stimulation time period. On the 10th
day, the no-stimulation time period began. During the no
stimulation time period the stimulator was turned off and
remained off for 4 days. The above cycle was then repeated.
[0165] The second of the three ramp-cycling algorithms
used daily, stepwise increases in the current amplitude to
increase the stimulation intensity during the stimulation time
period. The stimulation intensity was so increased for 9 con-
secutive days. On the 10th day, the no-stimulation time period
began. During the no-stimulation time period the stimulator
was turned off and remained off for 3 days. That cycle was
then repeated.

[0166] The third of the three ramp-cycling algorithms used
daily, stepwise increases in the current amplitude to increase
the stimulation intensity during the stimulation time period.
The stimulation intensity was so increased for 9 consecutive
days. On the 10th day, the no-stimulation time period began.
In this case, the stimulation intensity was reduced to a non-
zero threshold value during the no-stimulation time period.
The cycle was then repeated. This algorithm did not contain a
no-stimulation time period where the stimulator was turned
off.

[0167] The results of some ramp-cycling algorithm
embodiments are given in FIGS. 8-10. FIG. 8 shows the
current amplitude and weight (calculated as a seven day roll-
ing average) plotted against time in days for the dog in the
28-day study utilizing a first ramp-cycling algorithm. The
data show that the animal’s weight continued to decrease
during the four-day period (the no-stimulation period) in
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which the stimulator was turned off. FIG. 9 shows the current
amplitude and food intake (calculated as a seven day rolling
average) plotted against time in days for the same dog. The
data show that the animal’s food intake decreased during the
stimulation time period and showed only a modest upward
trend during the four days during the no-stimulation time
period in which the stimulator was turned off. FIG. 10 shows
the percent change in weight and food intake as a function of
time in days. These data reflect the net change in the magni-
tude of the parameter referenced to the value on the first day.
These values are not calculated as a rolling average. The data
demonstrate the general trend of weight decrease even over
the four-day no-stimulation time period in which the stimu-
lator was inactive. The data also exhibit a significant reduc-
tion in food intake over the initial cycle followed by an
approximately constant and modest increase thereafter.

[0168] The results of other ramp-cycling algorithm
embodiments are given in FIGS. 11-13. FIG. 11 shows the
current amplitude and weight (calculated as a seven day roll-
ing average) plotted against time in days for a different dog in
a 28-day study. The data shows that the animal’s weight
decreased during the stimulation time period, and showed
only a modest increase, if any, during the three-day no-stimu-
lation time period in which the stimulator was turned off. FIG.
12 shows the current amplitude and food intake (calculated as
a seven day rolling average) plotted against time in days for
the same dog. The data show that the animal’s food intake
decreased during the stimulation time period but exhibited an
upward trend during the three-day no-stimulation time period
in which the stimulator was turned off. Even though the food
intake partially rebounded, the animal did not experience a
substantial regain of the weight lost. FIG. 13 shows the per-
cent change in weight and food intake as a function of time in
days. These data reflect the net change in the magnitude of the
parameter referenced to the value on the first day. These
values are not calculated as a rolling average. The data dem-
onstrate the initial trend of weight decrease even over the
three-day period no-stimulation period in which the stimula-
tor is inactive, followed by modest increase in weight over the
subsequent cycles. The data also exhibit an erratic pattern for
food intake over the several cycles, although the initial cycle
shows the expected continuous reduction in food intake.

[0169] The results of a third ramp-cycling algorithm are
given in FIGS. 14-16. FIG. 14 shows the current amplitude
and weight (calculated as a seven day rolling average) plotted
against time in days for a third dog in a 28-day study. The data
shows that the animal’s weight decreased over the course of
several cycles, although there was a delay in the animal’s
weight-loss response to the stimulation. In this animal’s pro-
tocol, the non stimulation time period did not include a time
in which the stimulator was completely turned off, rather, the
stimulation intensity was reduced to a threshold level during
the no-stimulation time period prior to the next ramp-up or
stimulation time period. FIG. 15 shows the current amplitude
and food intake (calculated as a seven day rolling average)
plotted against time in days for the same dog. The animal’s
food intake showed a modest decrease over the course of the
treatment, but it also exhibited a delay in its response. FIG. 16
shows the percent change in weight and food intake as a
function of time in days. These data reflect the net change in
the magnitude of the parameter referenced to the value on the
first day. These values are not calculated as a rolling average.
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The data demonstrate that, following a delay in responding,
there is a net decrease in weight and food intake over time
using this algorithm.

[0170] FIG. 17 is a plot of the pooled data for the three
canine subjects. The graph shows the total percent change in
weight and food intake as a function of time in days for the
three dogs. This data reflects the net change in the magnitude
of'the parameter referenced to the value on the first day. These
values are not calculated as a rolling average. The data indi-
cates that there is an overall weight decrease using ramp-
cycle algorithms, and that there is an initial decrease in food
intake followed by a modest rebound after multiple cycles.
[0171] Shown in FIGS. 18-23 are the results obtained by
employing a dynamic stimulation technique with ramp
cycling where both the maximum stimulation intensity, and
the level to which the stimulation intensity was decreased,
were experimental variables. FIG. 20 shows the current
amplitude and weight (calculated as a seven day rolling aver-
age) plotted against time in days for canine subject *554. The
stimulation intensity was increased over a period of days by
increasing the current amplitude. The stimulation intensity
was then reduced in a single step down to a threshold value.
This pattern was repeated for several cycles (approximately
days 5 through 48). Following those cycles, the stimulation
intensity was again increased back up to match the first series’
maximum stimulation intensity; however, over the next sev-
eral cycles, the stimulation intensity was not reduced down to
the initial threshold level, but rather reduced to a level
between the maximum stimulation intensity and the threshold
stimulation intensity (approximately days 49 through 74).
After several cycles of the abbreviated ramp, the stimulation
pattern was changed again such that the maximum stimula-
tion intensity was reduced to a relatively low value and the
stimulation intensity decrease lowered the stimulation inten-
sity down to the threshold value (approximately days 75
through 105). Thereafter, the entire pattern was reinitiated
(beginning at approximately day 107).

[0172] The data shows that, while the overall trend towards
weight loss demonstrated the efficacy of the embodiment, the
animal’s weight plateaued or began to increase, modestly,
after approximately 10 days of both the high-end abbreviated
ramp cycles (days 49 through 74) and the low-end abbrevi-
ated ramp cycles (days 75 through 105). This suggests that
after extended periods of approximately constant stimulation
intensity the body compensates for the stimulus, and the
effects of the stimulation on weight are reduced or eliminated.
This may mean that it is desirable to alternately activate and
deactivate the groups of nerve fibers at intervals sufficiently
separated in time to prevent such compensation. Conse-
quently, an embodiment of the dynamic stimulation tech-
nique that may be desirable involves changing the stimulation
intensity frequently enough, and substantially enough, to pre-
vent compensation.

[0173] Similar features are observed in the data plotted in
FIG. 21 for canine subject number *202. FIG. 21 shows the
current amplitude and weight (calculated as a seven day roll-
ing average) plotted against time in days for canine subject
’202. The stimulation intensity was increased over a period of
days by increasing the current amplitude. The stimulation
intensity was then reduced in a single step down to a threshold
value. This pattern was repeated for several cycles (approxi-
mately days 1 through 56). Following those cycles, the stimu-
lation pattern was altered such that the maximum stimulation
intensity in the new pattern was set to a value considerably
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lower than the maximum stimulation intensity of the previous
group of cycles. Within the new pattern, the stimulation-
intensity decrease after each maximum changed the stimula-
tion intensity to the same threshold value as for the previous
group of cycles (approximately days 56 through 105). There-
after, the entire pattern was reinitiated (beginning at approxi-
mately day 106).

[0174] Once again, the data shows that, while the overall
trend towards weight loss demonstrated the efficacy of the
embodiment, the animal’s weight plateaued or began to
increase after approximately 1042 days of the low-end,
abbreviated ramp cycles (approximately days 56 through
105). When the maximum stimulation intensity was
increased back up to the high value (approximately days 106
through 112) the rebound was halted, and the trend towards
weight loss became more pronounced. This data, like the data
for canine subject 554, supports the hypothesis that weight
loss is amplified by preventing the body from compensating
for the stimulation. This data also supports the hypothesis that
one techniques for preventing the body from compensating
for the stimulation that may be desirable is to change the
maximum and/or minimum stimulation intensities of the
ramp cycles at appropriate intervals, and optionally to do so in
a manner such that one or more of the groups of nerve fibers
(A, B and/or C fibers) are activated during one group of ramp
cycles (e.g. days O through 56 in FIGS. 18 and 21) and
deactivated during the next group of ramp cycles (e.g. the B
and C fibers during days 77 through 105 in FIGS. 18 and 21).

[0175] Additional support for the hypothesis described
above may be found in FIGS. 19, 20, 22 and 23. FIGS. 19 and
22 show the current and daily food intake (calculated as a
seven day rolling average) plotted against time in days for
canine subjects *554 and *202, respectively, during the same
studies described in the context of FIGS. 18 and 21. Similarly,
FIGS. 20 and 23 show the weight and daily food intake
plotted against time in days for canine subjects *554 and *202,
respectively, during those studies. The data of FIGS. 20 and
23 reflect the net change in the magnitude of the given param-
eters relative to that parameter’s value on the first day; they are
not calculated as rolling averages. The data shows that the
trend in each animal’s food intake substantially tracked the
changes in the animal’s weight over the course of the experi-
ment. Like the weight data, the food intake data for canine
subject *554 shows that the animal’s food intake plateaued or
began to increase after approximately 10 days of both the
high-end abbreviated ramp cycles (approximately days 49
through 74 of FIGS. 19 and 20) and the low-end abbreviated
ramp cycles (approximately days 75 through 105 of FIGS. 19
and 20). Similarly, the food intake data for canine subject
*202 shows that the animal’s food intake plateaued or began to
increase after approximately 10-12 days of the low-end,
abbreviated ramp cycles (approximately days 56 through 105
of FIGS. 22 and 23). While the food intake data shows higher
variability, they, too, suggest that weight loss using a ramp
cycling technique may be amplified by changing the maxi-
mum and/or minimum stimulation intensities of the ramp
cycles at appropriate intervals, and optionally to do so in a
manner such that one or more of the groups of nerve fibers are
alternately activated and deactivated.

[0176] The weight loss indicated in the data discussed
above may be useful in the treatment of metabolic syndrome
based on a variety of modalities. For example, obesity is a
known contributing factor for hypertension. It follows that
weight reduction in a patient not only treats the metabolic
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syndrome’s and/or Type 2 diabetes’ attendant or contributing
condition of obesity directly, but also indirectly treats further
attendant or contributing conditions of obesity, metabolic
syndrome and/or Type 2 diabetes, such as hypertension.
[0177] Inaddition to a reduction in weight and food intake,
modulation of sympathetic nerves may be useful in improv-
ing the composition of body tissue. For example, modulation
of peripheral nerves may be used to lower the percentage of
body fat and increase the percentage of lean body or lean
muscle mass. For example, a stimulation treatment embodi-
ment was carried out using 9 obese canine models divided
into three groups or sets including a Dose 1 group (n=3), a
Dose 2 group (n=3) and a Control group (n=3). Dosing
parameters were established and the effects of the treatment
were observed with regard to food intake, body mass and
body composition. For this particular embodiment, the dos-
ing for the Dose 1 group included a continuous stimulation
embodiment with a frequency of about 20 Hz, a duty cycle of
about 50% and a pulse width of about 500 microseconds. The
dosing for the Dose 2 group was the same as the Dose 1 group
except that the frequency used for nerve stimulation was 10
Hz. After 90 days of treatment, food intake was reduced by
10.8% per day in the Dose 1 group. Animals in the Control
group increased food intake by 11.7% per day as shown in
FIG. 24. FIG. 24 is a graphical representation showing per-
cent daily food intake change versus baseline for test subjects
including mean plus standard deviation value.

[0178] In certain embodiments, electrically activating a
splanchnic nerve of a patient using a stimulation pattern may
ameliorate or eliminate an attendant conditions of obesity,
metabolic syndrome, and/or Type 2 diabetes in a patient. For
example, attendant conditions such as dyslipidemia, hyper-
tension, hyperinsulinemia, hyperglycemia, and insulin resis-
tance may be affected. In certain embodiments, the stimula-
tion pattern may ameliorate or eliminate an attendant
condition of obesity, metabolic syndrome, and/or Type 2 dia-
betes without producing a significant net loss in total body
weight. For example, in certain embodiments, lean muscle
mass increases in a proportion approximately equal to or
greater than an amount of fat mass that is lost. Such improve-
ments in the attendant conditions of obesity, metabolic syn-
drome, and Type 2 diabetes occur due to, or at least accom-
pany, an increase in the lean muscle mass of a patient,
irrespective of the patient’s loss of fat mass, as is well known
to those of skill in the art.

[0179] Total body mass increased from a baseline period in
all groups, but a smaller increase was observed in the treated
animals as shown in FIG. 25 which is a graphical represen-
tation showing total body mass and fat body mass changes
during a 90 day treatment embodiment showing mean values
plus standard deviation and indicating an increase in lean
body mass. Dual Energy X-Ray Absorptiometry (DEXA)
scanning is a process which measures body composition
including percentage of lean, fat and bone. DEXA scanning
of the test groups showed that the total mass increase in the
treated animals was predominantly due to an increase in lean
body mass as depicted in FIGS. 25 and 26. FIG. 26 is a
graphical representation showing fat and lean body mass
change including mean value plus standard deviation from a
baseline measurement as determined by a DEXA scan for two
sets of test subjects and a control set.

[0180] The fat contribution to total body mass increase was
only 35% in Dose 1 animals versus 72% in Control group
animals. Consequently, the total percentage body fat declined
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in a dose dependent manner with Dose 1 showing the greatest
decline as shown in FIG. 27. FIG. 27 is a graphical represen-
tation showing change in body fat as a percentage of total
body mass including mean value plus standard deviation for
two sets of test subjects and a control set as determined by
DEXA scanning. Growth trends showed a sharp decline in
body mass during stimulation ramping, and after a 1 month
transition period, sustained reduction in weight gain relative
to Control group animals. When stimulation was initially
terminated, another sharp decline in food intake and body
mass was observed, followed by a gradual return to baseline
after 3 weeks.

[0181] These results indicate the ability of treatment
embodiments to increase the lean tissue including lean
muscle mass in a subject. Lean muscle tissue is believed to be
a positive factor in the moderation of insulin levels, modera-
tion of glucose levels and reduction in hypertension. As such,
an increase in lean muscle mass may increase the ability of a
subject suffering from metabolic syndrome to regulate insu-
lin levels and alleviate at least some of the symptoms of
insulin resistance associated with metabolic syndrome. An
increase in lean muscle mass may also be helpful in reducing
hypertension which is a attendant or contributing condition of
metabolic syndrome.

[0182] Metabolic syndrome may also be treated by modu-
lation of lipid levels in a patient which may include treatment
of'cholesterol (high density lipoproteins and low density lipo-
proteins) and triglyceride with a general reduction of low
density lipoproteins (LDLs) and/or an increase in high den-
sity lipoproteins (HDLs) levels or a reduction in triglyceride
levels of a patient. FIG. 27A illustrates graphical data show-
ing percentage change in total cholesterol, including HDL
cholesterol and LDL cholesterol levels from baseline for
canine test subjects. More specifically, the graph illustrates a
percentage change in lipid profile of canine test subjects over
a30 day period. A control group included 5 animals having no
treatment and a treated group included 5 animals which were
administered a 30 day treatment dosage that included a ramp
cycling stimulation embodiment. The ramp cycling stimula-
tion included a treatment signal having frequency of about 20
Hz and a pulsewidth of about 500 microseconds. The treat-
ment signal had an initial current of about 0.5 mA, increasing
daily by 0.5 mA for 7 days to a current of about 3.5 mA, and
then repeating for another 7 days. As can be seen from FIG.
27 A, the results of the treatment embodiment show an overall
reduction in total cholesterol and a significant reduction in
LDL cholesterol showing a statistically significant overall
improvement in at least a portion or portions of the lipid
profile of the test subjects.

[0183] A method for treating metabolic syndrome may
include stimulation of a nerve or nerves of the sympathetic
nervous system for improving at least a portion of a lipid
profile of a patient, and more specifically, stimulation of the
splanchnic nerve of a patient in order to reduce LDLs,
increase HDLs, decrease triglycerides or any combination
thereof. Another treatment embodiment may include modu-
lation of a nerve or nerves of the sympathetic nervous system
to improve a patient’s lipid profile generally.

[0184] It may also be possible to titrate a treatment algo-
rithm or pattern to maintain a desired lipid profile or choles-
terol level. For example, a level of HDL cholesterol may be
measured by any suitable variety of methods or otherwise
sensed by sensor. The level of HDL may then be communi-
cated to a processor of a pulse generator which may compare
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the measured or sensed level to a predetermined target level
and select treatment energy parameters or patterns which are
configured to adjust the level to the target level. Such an
arrangement may be controlled by a feedback loop or the like.
[0185] In certain embodiments of dynamic stimulation
using the ramp-cycling technique, the stimulation intensity is
initially set to a value approximately equal to the muscle
twitch threshold. The stimulation intensity is then increased
at regular intervals until the chosen maximum stimulation
intensity is achieved, which may fall in a range of about 8
times to about 10 times the muscle twitch threshold. In some
embodiments, the stimulation intensity is increased in regular
increments and at regular intervals. In certain embodiments,
the stimulation intensity is increased by about 10% to about
20% of'the value of the previous stimulation intensity until the
desired maximum stimulation intensity is attained. Once the
desired maximum stimulation intensity is attained, the stimu-
lation intensity is reduced in a single step to the muscle twitch
threshold. Alternatively, the maximum stimulation intensity
is reduced to the muscle twitch threshold through a plurality
of stepwise decreases. In certain embodiments, the stimula-
tion intensity is reduced to a value that is lower than the
maximum stimulation intensity and higher than the muscle
twitch threshold. For some embodiments, this pattern of
increases and decreases is repeated, indefinitely.

[0186] Insomeembodiments, this pattern of increasing the
stimulation intensity to about 8 times to about 10 times the
muscle twitch threshold and reducing the stimulation inten-
sity back down to about the muscle twitch threshold is
repeated for a period of about 1 week to about 4 months.
Following that period of about 1 week to about 4 months, the
pattern is changed such that the maximum stimulation inten-
sity for the next week to several months is set to about 2 times
to about 4 times the muscle twitch threshold, rather than about
8 times to about 10 times the muscle twitch threshold. Fol-
lowing the second period of about 1 week to about 4 months,
where the maximum stimulation intensity is set to a value
equal to between about 2 times to about 4 times the muscle
twitch threshold, the first cycle is re-instituted whereby the
maximum peak intensity is set again to about 8 times to about
10 times the muscle twitch threshold for about 1 week to
about 4 months. A schematic diagram of this embodiment is
shown in FIG. 28. The overarching pattern of changes to the
maximum stimulation intensity may then be repeated regu-
larly or in a random pattern.

[0187] One advantage of these embodiments is that, during
the pattern, different fiber types may be activated. In the
cycles where the maximum peak intensity is between about 8
times to about 10 times the muscle twitch threshold, there is
a progressive activation of fibers beginning with the A fibers
and concluding with the C fibers. In the cycles where the
maximum peak intensity is between about 2 times and about
4 times the muscle twitch threshold, the C fibers are not
activated. Therefore, different fibers are activated for both
short periods and long periods, thereby preventing compen-
sation.

[0188] In addition, this allows for different nerve tissue to
be stimulated by the same electrode by using a different
stimulation or modulation signal. This may be used to achieve
a different physiological result for each signal. For example,
afirst stimulation signal may be used to stimulate or modulate
the splanchnic nerve to treat a first attendant or contributing
condition of metabolic syndrome and a second stimulation
signal may be used to treat a second attendant or contributing
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condition of metabolic syndrome. A third stimulation signal
could be used to treat a third attendant or contributing condi-
tion of metabolic syndrome and so on. In addition, stimula-
tion signals which are the same, similar or different may be
used to stimulate different nerve tissues or nerves to achieve
different physiological outcomes or treatments. For example,
a stimulation signal may be applied with a particular treat-
ment algorithm to the splanchnic nerve, such as those dis-
cussed above, to treat a metabolic syndrome attendant or
contributing condition such as obesity, and specifically,
lipolysis of abdominal or visceral fat. Reduction of abdomi-
nal or visceral fat may also be facilitated by increased energy
expenditure or metabolic rate as a result of peripheral nerve
stimulation, and for some embodiments, stimulation of the
splanchnic nerve. A second stimulation signal or treatment
algorithm may be applied to other nerve tissue or nerves such
as the vagus nerve and used to treat a second attendant or
contributing condition of metabolic syndrome.

[0189] With regard to additional stimulation treatment pat-
terns, some embodiments of treating a patient by modulation
of at least a portion of a sympathetic nervous system of a
patient may include activating a splanchnic nerve of the
patient with a first electrical signal during an activation inter-
val and inhibiting nerve transmission of the splanchnic nerve
of the patient with a second electrical signal during an inhi-
bition interval. The activation and inhibition may be carried
out at different times relative to each other. For some embodi-
ments, the modulation includes a plurality of activation inter-
vals and a plurality of inhibition intervals. Each activation
interval is alternated with an inhibition interval in order to
reduce tolerance to the modulation by the sympathetic ner-
vous system of the patient. Tolerance to the modulation may
include habituation, compensation, tachyphylaxis as well as
other mechanisms. In some cases, the length of the activation
intervals may be substantially equal to the length of the inhi-
bition intervals. In certain embodiments, the length of the
activation intervals may be greater than the length of the
inhibition intervals. For example, in some embodiments, the
length of the activation intervals is about 1.5 times to about 10
times greater than the length of the inhibition intervals. Such
embodiments of stimulation patterns may be used to treat
metabolic syndrome, obesity, or any of the attendant or con-
tributing conditions of metabolic syndrome.

[0190] In addition to the desirability of the ramp-cycling
subset of dynamic stimulation, it may also be desirable to
alter the stimulation frequency and/or the duty cycle instead
of, or concurrent with, the intermittent therapy based on
changes to the stimulation intensity. Changes to the stimula-
tion frequency and/or the duty cycle may operate to optimize
the activation of a given subset of fibers. During periods
where the stimulation intensity is at arelatively low value, and
thus large fibers are selectively activated, one may use rela-
tively high stimulation frequencies and higher-valued duty
cycles. In some embodiments, the stimulation frequency is
about 20 Hz to about 30 Hz, and the stimulation duty cycle is
set to about 30% to about 50%. During periods where the
stimulation intensity is at a relatively high value, and thus
small fibers are selectively activated, it may be desirable to
use relatively low stimulation frequencies and relatively
lower-valued duty cycles. In some embodiments, the stimu-
lation frequency may be about 10 Hz to about 20 Hz, and the
stimulation duty cycle is set to about 20% to about 30%.

[0191] It may also be desirable to alter the stimulation duty
cycle and stimulation frequency during each stimulation
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intensity interval. Thus, for a given value of the stimulation
intensity, the stimulation duty cycle or stimulation frequency,
or both, may be varied according to a preselected pattern or
they may be varied randomly. In some embodiments, the
stimulation duty cycle may be varied between about 1% and
about 100%. In certain embodiments, the stimulation duty
cycle may be varied between about 5% and about 50%. In
certain embodiments, the stimulation frequency may be var-
ied between about 1 Hz and about 500 Hz. In certain embodi-
ments, the stimulation frequency may be varied between
about 2 Hz and about 100 Hz. In yet certain embodiments, the
stimulation frequency may be varied between about 5 Hz and
about 30 Hz.

[0192] Incertain embodiments, the changes in the stimula-
tion duty cycle may be accomplished by fixing the signal
on-time to a certain duration (e.g. about 15 seconds to about
60 seconds), and the signal-off time may be varied from about
15 seconds to about 5 minutes. In certain embodiments, the
fixed signal on-time would be a suprathreshold period, as
described above. This may be accomplished randomly or
through a preset pattern such as 50%, 33%, 25%, 20%, 10%
that repeats upward and/or downward indefinitely. In certain
embodiments, the on-time may comprise both suprathreshold
and subthreshold periods. In certain embodiments, the
suprathreshold period would be longer than the subthreshold
period. In certain embodiments, to substantially reduce the
likelihood of nerve damage, the average stimulation duty
cycle, as calculated over the entire treatment interval, should
not be significantly higher that about 50%. In certain embodi-
ments, the stimulation frequency may be varied during each
on-time within the intervals where the stimulation duty cycle
is varied. This may also be done randomly or in a pattern. The
pattern may be one where the stimulation frequency is
increased or decreased in a stepwise manner through the
frequencies 30 Hz, 20 Hz, 15 Hz, 10 Hz. This pattern may
repeat indefinitely. A schematic representation of one pos-
sible stimulation frequency pattern, coupled with one pos-
sible duty cycle pattern, at one possible stimulation intensity,
is shown in FIG. 29, which is itself an enlargement of a
portion of FIG. 28.

[0193] It is noted that those of skill in the art may use the
term “duty cycle” to mean different things in different con-
texts. For example, where the signal on-time is set to a fixed
value, as described above, one might refer to the duty cycle as
being “longer” or “shorter,” depending on the length of the off
time. This reflects the use of the term duty cycle to mean the
total period for one signal on/off cycle. If there is any ambi-
guity, one of ordinary skill in the art will understand from the
context or the units provided whether the quantity being
referred to is the total time, or the ratio of the signal on-time
to the sum of the signal on-time plus the signal off time, the
definition primarily used herein.

[0194] Similarly, in certain embodiments, for example,
where the suprathreshold period is set to a fixed value, as
described above, one might refer to the duty cycle as being
“longer” or “shorter,” depending on the length of the sub-
threshold period. This reflects the use of the term duty cycle to
mean the total period for one suprathreshold/subthreshold
period cycle. Ifthere is any ambiguity, one of ordinary skill in
the art will understand from the context or the units provided
whether the quantity being referred to is the total time, or the
ratio of the suprathreshold period to the sum of the suprath-
reshold period plus the subthreshold period, the definition
primarily used herein.
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[0195] Because branches of the splanchnic nerve directly
innervate the adrenal medulla, electrical activation of the
splanchnic nerve results in the release of catecholamines
(epinephrine and norepinephrine) into the blood stream. In
addition, dopamine and cortisol, which also raise energy
expenditure, may be released as a result of stimulation of the
splanchnic nerve. Catecholamines can increase energy
expenditure by about 15% to 20%. By comparison, subitra-
mine, a pharmacologic agent used to treat obesity, increases
energy expenditure by approximately only 3% to 5%.
[0196] Human resting venous blood levels of norepineph-
rine and epinephrine are approximately 25 picograms/milli-
liter (pg/ml1) and 300 pg/ml, respectively, as shown in FIG. 30.
Detectable physiologic changes such as increased heart rate
occur at norepinephrine levels of approximately 1,500 pg/ml
and epinephrine levels of approximately 50 pg/ml. Venous
blood levels of norepinephrine may reach as high 2,000 pg/ml
during heavy exercise, and levels of epinephrine can reach as
high as 400 to 600 pg/ml during heavy exercise. Mild exercise
produces norepinephrine and epinephrine levels of approxi-
mately 500 pg/ml and 100 pg/ml, respectively. It may be
desirable to maintain catecholamine levels somewhere
between mild and heavy exercise during electrical sympa-
thetic activation treatment for obesity.

[0197] Inanesthetized animals, electrical stimulation of the
splanchnic nerve has been shown to raise blood catechola-
mine levels in a frequency dependent manner in the range of
about 1 Hz to about 20 Hz, such that rates of catecholamine
release/production of about 0.3 pg/min to about 4.0 pg/min
can be achieved. These rates are sufficient to raise plasma
concentrations of epinephrine to as high as about 400 pg/ml to
about 600 pg/ml, which in turn can result in increased energy
expenditure from about 10% to about 20% as shown in FIGS.
31-33. During stimulation, the ratio of epinephrine to nore-
pinephrine may be about 65% to about 35%. One can change
the ratio by stimulating at higher frequencies. In some
embodiments this may be desirable to alter the energy expen-
diture and/or prevent a rise in MAP.

[0198] Energy expenditure in humans ranges from approxi-
mately 1.5 kcal/min to 2.5 kcal/min. A 15% increase in this
energy expenditure in a person with a 2.0 kcal/min energy
expenditure would increase expenditure by 0.3 kcal/min.
Depending on treatment parameters, this may result in an
additional 100 to 250 keal of daily expenditure and 36,000 to
91,000 kcal of yearly expenditure. One pound of fat is 3500
kcal, yielding an annual weight loss of 10 to 26 pounds.
[0199] Increased energy expenditure is fueled by fat and
carbohydrate metabolism. Postganglionic branches of the
splanchnic nerve innervate the liver and fat deposits of the
abdomen. Activation of the splanchnic nerve may result in fat
metabolism and the liberation of fatty acids, as well as gly-
cogen breakdown and the release of glucose from the liver.
Fat metabolism coupled with increased energy expenditure
can result in a net reduction in fat reserves. The splanchnic
nerve innervates the abdominal or visceral fat deposits. As
such, proper stimulation or other modulation of the splanch-
nic nerve may be effective in reducing abdominal fat.
Abdominal fat is believed to play a role in mediating the
inflammatory processes associated with hormonal activity of
metabolic syndrome. As such, a reduction of abdominal fat
may reduce the levels of hormones secreted by abdominal fat,
such as Leptin.

[0200] Insome embodiments, it may be desirable to titrate
obesity therapy to plasma ghrelin levels. In humans, venous

Sep. 23,2010

blood ghrelin levels range from approximately 250 pg/ml to
greater than about 700 pg/ml as shown in FIG. 34. Ghrelin
levels rise and fall during the day with peak levels typically
occurring just before meals. Ghrelin surges are believed to
stimulate appetite and lead to feeding. Surges in ghrelin may
be as high as about 1.5 to about 2.0 times that of basal levels.
The total ghrelin production in a 24 hour period is believed to
berelated to the energy state of the patient. Dieting that results
in a state of energy deficit is associated with a higher total
ghrelin level in a 24 hour period. Splanchnic nerve stimula-
tion has been shown to eliminate or substantially reduce
ghrelin surges or spikes. In a canine model, ghrelin levels
prior to splanchnic nerve stimulation showed a midday surge
ofalmost 2.0 times basal levels. After one week of stimulation
at 20 Hz, on-time of approximately 60 seconds, off-time of
approximately 120 seconds, and a peak current intensity of' 8
times the muscle twitch threshold, this midday surge was
almost eliminated as shown in FIG. 35. In addition, it
increased the total ghrelin production in a 24 hour period,
reflecting an energy deficient state (baseline area under the
curve=64.1x104, stimulation area under the curve=104.1x
104). Splanchnic nerve activation, in the treatment of obesity,
can be titrated to reduce ghrelin surges and attain the desired
energy deficit state for optimal weight loss. Reductions in
food intake comparable to the increases in energy expenditure
(i.e. 100 to 250 kcal/day) can yield a total daily kcal reduction
01200 to 500 per day, and 20 to 50 pounds of weight loss per
year.

[0201] As discussed above, one of the attendant or contrib-
uting conditions of metabolic syndrome is obesity, often with
the patient having excess white adipose tissue in the abdomi-
nal area. Some studies have concluded that white adipose
tissue (WAT) does not function merely as a passive energy
storage depot for the body, but functions as an active compo-
nent of the endocrine system by secreting a variety of active
substances, including adipokines such as tumor necrosis fac-
tor o (TNF-a) and adiponectin. It has also been found that
indicators of systemic inflammation are present in obese
patients, often with an elevated level of TNF-a, which is an
inflammatory adipokine. TNF-a is also believed to be a sig-
nificant cause or contributing factor in insulin resistance, a
primary factor in development of metabolic syndrome. It
follows that metabolic syndrome may be treated by reducing
inflammatory adipokines such as TNF-a, which may in turn
reduce insulin resistance in a patient suffering from metabolic
syndrome.

[0202] The splanchnic nerve innervates the abdomen,
including WAT of the abdomen. This suggests that modula-
tion of the secretion of adipokines may be achieved by stimu-
lation or modulation of sympathetic nerves, and specifically,
modulation of the splanchnic nerve. In certain embodiments,
metabolic syndrome is treated by reducing insulin resistance
in a patient by stimulation of at least one sympathetic nerve in
order to reduce WAT of the abdominal region and thereby
decreasing secretion of inflammatory adipokines, such as
TNF-a, from WAT of the abdomen. In certain embodiments,
metabolic syndrome is treated by modulation or stimulation
of'a sympathetic nerve to directly reduce secretion of inflam-
matory adipokines, such as TNF-.alpha. In certain embodi-
ments, metabolic syndrome is treated by modulation of a
sympathetic nerve in order to increase secretion of anti-in-
flammatory adipokines, such as adiponectin, from WAT of the
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abdomen. The modulation or stimulation of the sympathetic
nerves may be carried out by any of the devices or methods
discussed herein.

[0203] Inaddition, as discussed above, some embodiments
of treatment of test subjects by stimulation of sympathetic
nerves have produced and increase in lean muscle mass and
certain embodiments of treatment by stimulation of sympa-
thetic nerves have been discussed which increase the meta-
bolic rate of patients. This suggests that such treatment
embodiments may simulate physical exercise to some degree
along with at least some of the benefits of physical exercise.
Some recent findings regarding the benefits of physical exer-
cise conclude that physical exercise results in the release or
up-regulation of some positive factors or hormones such as
interleuken-6 (IL-6). IL.-6 has been shown to reduce levels of
TNF-c and have an anti-inflammatory effect. As such, meta-
bolic syndrome may be treated by reducing insulin resistance
in a patient by stimulation of at least one sympathetic nerve in
order to stimulate secretion or increased secretion of anti-
inflammatory hormones such as 1[.-6. The modulation or
stimulation of the sympathetic nerves may be carried out by
any of the devices or methods discussed herein.

[0204] Itmay also be possible to titrate the peripheral nerve
stimulation algorithm or pattern to achieve desired levels of
catecholamines, ghrelin, cholesterol, adipokines etc. by sens-
ing levels and adjusting treatment algorithms or patterns. As
discussed above with regard to cholesterol levels, a level of
catecholamine or other level may be measured by any suitable
variety of methods or otherwise sensed by sensor. The level of
catecholamine may then be communicated to a processor of a
pulse generator which may compare the measured or sensed
level to a predetermined target level and select treatment
energy parameters or patterns which are configured to adjust
the level to the target level. Such an arrangement may be
controlled by a feedback loop or the like.

[0205] In one embodiment a helical electrode design with
platinum iridium ribbon electrodes is used. The electrodes
encircle all or a substantial portion of the nerve. A balanced
charge biphasic pulse may be delivered to the electrodes,
resulting in a bidirectional action potential to activate both
efferent and afferent neurons. However, utilizing a waveform
that is asymmetrical between the positive and negative phase
deflections can create a unidirectional action potential, result-
ing in anodal block without incidental afferent fiber activa-
tion. Thus, whereas a typical biphasic waveform has equal
positive and negative phase deflections as shown in FIG. 36,
the anodal blocking waveform would have a short and tall
positive deflection followed by a long shallow negative
deflection as shown in FIG. 37. The amperage X time for each
deflection would be equal, thereby achieving a charge bal-
ance. Charge balance is a consideration for avoiding nerve
damage.

[0206] Alternatively, a quadripolar electrode assembly may
be used. One pair of electrodes placed distally on a nerve may
be used to produce efferent nerve activation. A second proxi-
mal pair may be used to block the afferent A fiber conduction.
The blocking electrode pair may have asymmetric electrode
surface areas, with the cathode surface area being greater than
the anode as discussed by Petruska in U.S. Pat. No. 5,755,750
and shown in FIG. 38. Because of the large surface area at the
cathode, the charge density may be insufficient to cause acti-
vation. The small surface area at the anode may cause hyper-
polarization, particularly in the A fibers, and thereby block
afferent conduction. Signals may be sent to four electrodes,
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timed such that when the efferent activation pair created a
bidirectional action potential, the blocking pair would be
active as the afferent potential traveled up the nerve. Alterna-
tively, the blocking pair can be activated continuously during
the treatment period.

[0207] A tripolar electrode may also be used to get activa-
tion of a select fiber size bilaterally or to get unilateral acti-
vation. To get bi-directional activation of B fibers and anodal
blocking of A fibers, a tripolar electrode with the cathode
flanked proximally and distally by anodes may be used. Uni-
directional activation may be achieved by moving the cathode
closer to the proximal electrode and delivering differential
current ratios to the anodes.

[0208] Pulse generation for electrical nerve modulation
may be accomplished using a pulse generator. Pulse genera-
tors can use microprocessors and other standard electrical
components. An embodiment of a pulse generator may gen-
erate a pulse, or stimulation energy signal, at frequencies
ranging from approximately 0.5 Hz to approximately 300 Hz,
a pulse width from about 10 microseconds to about 1,000
microseconds, and a constant current of about 0.1 milliam-
peres to about 20 milliamperes. The pulse generator may be
capable of producing a ramped, or sloped, rise in the current
amplitude. Some embodiments of pulse generators may be
configured to communicate with an external programmer and
or monitor. Passwords, handshakes and parity checks may be
employed for data integrity. The pulse generator can be bat-
tery operated or operated by an external radiofrequency
device. Because embodiments of the pulse generator, associ-
ated components, and battery may be implanted in the body of
a patient, they are, in some embodiments, encased in an
epoxy-titanium shell.

[0209] Some embodiments of tissue modulation devices
for treatment of a patient may include an electrical tissue
modulation energy source. The tissue modulation energy
source may have a logic and controlunit coupled to a memory
unit that stores machine readable information. The machine
readable information may be read by the logic and control
unit to produce a tissue modulation pattern that is configured
to treat any of a variety of conditions, including at least one
attendant or contributing condition of metabolic syndrome.
An electrode is disposed in electrical communication with the
electrical tissue stimulation energy source and configured to
be coupled to a nerve of the patient.

[0210] Referring to FIG. 39, an electrical tissue modulation
energy source in the form of an implantable pulse generator
(IPG) 28 is coupled to a cuff electrode 30 by a conductive lead
32. Embodiments of the conductive lead 32 may include a
central conductor or bundle of central conductors, braided or
otherwise, surrounded by an insulation layer. The conductive
lead 32 may generally be a flexible thin member capable of
transmitting electrical energy of a variety of types and may be
electrically insulated and shielded in order to prevent energy
from escaping into surrounding tissue. The conductive lead
32 may be configured to transmit direct current, alternating
current including radiofrequency current and the like. The
length of embodiments ofthe conductive lead 32 may be from
about 10 cm to about 100 cm. Pins at a proximal end 34 of the
electrode lead 32 plug into a receptacle 36 in the IPG 28. The
various circuitry components of the IPG 28 may be housed in
an epoxy-titanium shell 38. The IPG shell 38 is generally disc
shaped and may have an outer transverse dimension of about
3 cm to about 15 cm and a thickness of about 3 mm to about
15 mm.
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[0211] Referring to the schematic representation of an
embodiment of an IPG 28 in FIG. 40, the IPG 28 contains a
battery 40 that is coupled to and supplies power to a logic and
control unit 42 that may include a central procething unit and
memory unit (not shown). The battery 40 itself may be of a
rechargeable variety that may be recharged either by direct
electric coupling with a recharge voltage supply or by remote
inductive coupling. If inductive coupling is to be used, a
recharge signal may be generated external to a patient’s body
and coupled to a receiver which is in turn in electrical com-
munication with the battery 40. A tissue stimulation pattern,
which, for some embodiments, may be a tissue stimulation or
treatment algorithm, may be programmed into the memory
unit of the logic and control circuit 42. The memory unit may
include software or hardware that is configured to store infor-
mation necessary to carry out a tissue stimulation pattern or
regimen in a repeatable and controllable manner. Such infor-
mation stored in the memory unit may be uploaded or down-
loaded via non-invasive wireless communication via an
antenna 44 which is coupled to the logic and control unit 42.

[0212] A voltage regulator 46 is disposed between the bat-
tery 40 and logic and control unit 42 and controls the battery
output to the logic and control unit 42. A crystal oscillator 48
provides timing signals for output pulse signals and for the
logic and control unit 42 generally. The antenna 44 is coupled
to an output unit 50 and the logic and control unit 42 and is
used for transmitting information to and receiving communi-
cations from an external programmer or wand (not shown).
The external programmer or wand can also check on the
status of the IPG 28. The output unit 50 is coupled to the
electric lead 32 of the IPG 28 which may terminate at a
receptacle 52 configured to couple electrically with the pins
on the proximal end 34 of the conductive lead 32 of the cuff
electrode 30. The output unit 50 may also include a radio
transmitter to inductively couple with a wireless electrode
embodiment (not shown) of the cuff electrode 30. For such an
embodiment, conductive electric leads between the IPG 28
and the cuff electrode 30 would be unnecessary. One embodi-
ment of the IPG 28 may include the Cyberonics Model 101
manufactured by the Cyberonics Company in Houston, Tex.

[0213] The logic and control unit 42 controls the tissue
stimulation output energy and includes a memory unit that
may store machine readable information which allows for
programming of desired tissue stimulation patterns or algo-
rithms including the chronological profile of electrical stimu-
lation energy parameters over time including the signal volt-
age, frequency, pulse width, duty cycle and the like. Such
desired tissue stimulation patterns or algorithms may include
any of the stimulation patterns or algorithms discussed
herein. The tissue stimulation patterns or algorithms may be
configured to reduce obesity, improve lipid profiles or aspects
of lipid profiles, increase energy expenditure, increase lean
tissue or muscle mass or treat any other attendant or contrib-
uting condition of metabolic syndrome discussed herein.

[0214] Incertain embodiments, the electrodes may be plati-
num or platinum-iridium ribbons or rings as shown in FIG.
41. In certain embodiments, the electrodes may comprise
other materials configured to conduct electromagnetic or
mechanical energy. The electrodes are capable of electrically
coupling with the surrounding tissue and nerve. The elec-
trodes can encircle a catheter-like lead assembly. The distal
electrode may form a rounded cap at the end to create a bullet
nose shape. In some embodiments, this electrode serves as the
cathode. A lead of this type may contain about 2 ring elec-
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trodes to about 4 ring electrodes spaced anywhere from about
2 mm to about 5 mm apart with each ring electrode being
approximately 1 mm to approximately 10 mm in width. Cath-
eter lead electrode assemblies may have an outer diameter of
approximately 0.5 mm to approximately 1.5 mm to facilitate
percutaneous placement using an introducer.

[0215] In certain embodiments, a helical or cuff electrode
may be used, as are known to those of skill in the art. A helical
or cuff electrode may prevent migration of the lead away from
the nerve. Helical electrodes may be optimal in some settings
because they may reduce the chance of nerve injury and
ischemic. Embodiments of the IPG may be implanted subcu-
taneously, infra-abdominally, or intrathoracically, and/or in
any location that is appropriate.

[0216] In certain embodiments, a wireless system may be
employed by having an electrode that inductively couples to
an external radiofrequency field. A wireless system may be
used to avoid problems such as lead fracture and migration,
found in wire-based systems. It would also simplify the
implant procedure, by allowing simple injection of the wire-
less electrode in proximity to the splanchnic nerve, and avoid-
ing the need for lead anchoring, tunneling, and subcutaneous
pulse generator implantation.

[0217] A wireless electrode embodiment 54, as shown in
FIG. 42, may contain a coil/capacitor element 56 that may
receive a radiofrequency signal. The radiofrequency signal
may be generated by a device that would create an electro-
magnetic field sufficient to power the electrode. It may also
provide for the transmission of information configured to set
the desired stimulation parameters such as frequency, pulse
width, current amplitude, signal on/off time and the like.
Embodiments of the radiofrequency signal generator can be
worn externally or implanted subcutaneously. Embodiments
of the electrode may also have metallic elements for electri-
cally coupling to the tissue or splanchnic nerve. The metallic
elements can be made of platinum or platinum iridium. In
certain embodiments, the wireless electrode may have a bat-
tery that would be charged by an radiofrequency field that
would then provide stimulation during intervals without an
radiofrequency field

[0218] Bipolar stimulation of a nerve may be accomplished
with multiple electrode assemblies with one electrode serving
as the positive node and the other serving as a negative node.
In this manner nerve activation can be directed primarily in
one direction (unilateral), such as efferently, or away from the
central nervous system. Alternatively, a nerve cuff electrode
can be employed. Helical cuff electrodes as described in U.S.
Pat. No. 5,251,634 to Weinberg may be used for some
embodiments. Cuff assemblies may similarly have multiple
electrodes and direct and cause unilateral nerve activation.
[0219] Unipolar stimulation may also be performed to
modulate nerves or nerve tissue. As used herein, unipolar
stimulation means using a single electrode on the lead, while
the metallic shell of the IPG, or another external portion of the
IPG, functions as a second electrode, remote from the first
electrode. This type of unipolar stimulation may be more
suitable for splanchnic nerve stimulation than the bipolar
stimulation method, particularly if the electrode is to be
placed percutaneously under fluoroscopic visualization. With
fluoroscopically observed percutaneous placement, it may
not be possible to place the electrodes adjacent the nerve,
which may used for bipolar stimulation in some embodi-
ments. With unipolar stimulation, a larger energy field may be
created in order to couple electrically the electrode on the lead
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with the remote external portion of the IPG, and the genera-
tion of this larger energy field may result in activation of the
nerve even in the absence of close proximity between the
single lead electrode and the nerve. This allows successful
nerve stimulation with the single electrode placed in “general
proximity” to the nerve, meaning that there may be signifi-
cantly greater separation between the electrode and the nerve
than the “close proximity” used for bipolar stimulation. The
magnitude of the allowable separation between the electrode
and the nerve will necessarily depend upon the actual mag-
nitude of the energy field that the operator generates with the
lead electrode in order to couple with the remote electrode.
[0220] In multiple electrode lead assemblies, some of the
electrodes may be used for sensing nerve activity. This sensed
nerve activity may serve as a signal to commence stimulation
therapy. For example, afferent action potentials in the
splanchnic nerve, created due to the commencement of feed-
ing, can be sensed and used to activate the IPG to begin
stimulation of the efferent neurons of the splanchnic nerve.
Appropriate circuitry and logic for receiving and filtering the
sensed signal would be used in the IPG.

[0221] In addition, one or more sensors directed to food
intake, or other parameters relating to obesity or other atten-
dant or contributing conditions of metabolic syndrome may
be used to provide feedback in a closed loop or the like in
order to adjust stimulation signal parameters or treatment
algorithms. Examples of such feedback or control loop
embodiments have been discussed above with regard to
achieving predetermined levels of plasma catecholamine,
ghrelin and HDL, however, the same or similar methods may
be used with regard to any attendant or contributing condition
or component thereof of metabolic syndrome, if an underly-
ing level of the attendant or contributing condition may be
sensed by a sensor, such as a sensor disposed in communica-
tion with a patient’s body, or other suitable method of mea-
surement.

[0222] Implantation ofthe lead/electrode assembly for acti-
vation of the greater splanchnic nerve (also referred to herein
as “the splanchnic nerve”) may be accomplished percutane-
ously using an introducer as shown in FIG. 43. The introducer
can be a hollow needle-like device that would be placed
posteriorly through the skin between the ribs para-midline at
the T9-T12 level of the thoracic spinal column. A posterior
placement with the patient prone may allow bilateral elec-
trode placement at the splanchnic nerves, if desired. Place-
ment of the needle can be guided using fluoroscopy, ultra-
sound, or CT scanning. Proximity to the splanchnic nerve by
the introducer can be sensed by providing energy pulses to the
introducer electrically to activate the nerve while monitoring
for a rise in MAP or muscle twitching. All but the tip of the
introducer can be electrically isolated so as to focus the
energy delivered to the tip of the introducer. The lower the
current amplitude used to cause a rise in the MAP or muscle
twitch, the closer the introducer tip would be to the nerve.
[0223] In some embodiments, the introducer tip serves as
the cathode for stimulation. In certain embodiments, a stimu-
lation endoscope can be placed into the stomach of the patient
for electrical stimulation of the stomach. The evoked poten-
tials created in the stomach may be sensed in the splanchnic
nerve by the introducer. To avoid damage to the spinal nerves,
the introducer can sense evoked potentials created by electri-
cally activating peripheral sensory nerves. Alternatively,
evoked potentials can be created in the lower intercostal
nerves or upper abdominal nerves and sensed in the splanch-
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nic. Once the introducer was in proximity to the nerve, a
catheter type lead electrode assembly would be inserted
through the introducer and adjacent to the nerve. Alterna-
tively, a wireless, radiofrequency battery charged, electrode
may be advanced through the introducer to reside alongside
the nerve. In either case, stimulating the nerve and monitoring
for a rise in MAP or muscle twitch can be used to confirm
electrode placement.

[0224] Once the electrode is in place the current amplitude
may be increased at a pulse width of about 50 psec to about
500 psec and a frequency of about 1 Hz, until the threshold for
muscle twitching is reached. The current amplitude may be
set slightly above or slightly below this muscle twitch thresh-
old. After identifying the desired current amplitude the pulse
width may be increased by as much as 2.5 times and the
frequency increased up to about 40 Hz for therapeutic stimu-
lation. The lead (where used) and the IPG may be implanted
subcutaneously in the patient’s back or side. The lead may be
appropriately secured to tissue of the patient to avoid dis-
lodgement. The lesser and least splanchnic nerves may also
be activated to some degree by lead/electrode placement
according to the above procedure, due to their proximity to
the splanchnic nerve.

[0225] Percutancous placement of the lead electrode
assembly may be enhanced using direct or video assisted
visualization. An optical port can be incorporated into the
introducer. A channel can allow the electrode lead assembly
to be inserted and positioned, once the nerve was visualized.
Alternatively, a percutaneous endoscope can be inserted into
the chest cavity for viewing advancement of the introducer to
the nerve. The parietal lung pleura are relatively clear, and the
nerves and introducer can be seen running along the vertebral
bodies. With the patient prone, the lungs are pulled forward
by gravity creating a space for the endoscope and for viewing.
This can avoid the need for single lung ventilation. If desired,
one lung can be collapsed to provide space for viewing. This
is a common and safe procedure performed using a bifurcated
end otracheal tube. The endoscope can also be placed later-
ally, and positive CO2 pressure can be used to push down the
diaphragm, thereby creating a space for viewing and avoiding
lung collapse.

[0226] Incertain embodiments, stimulation electrodes may
be placed along the sympathetic chain ganglia from approxi-
mately vertebra T4 to T11. This implantation may be accom-
plished in a similar percutaneous manner as discussed above.
This may create a more general activation of the sympathetic
nervous system, though it would include activation of the
neurons that comprise the splanchnic nerves.

[0227] In certain embodiments, the lead/electrode assem-
bly may be placed intra-abdominally on the portion of the
splanchnic nerve that resides retroperitoneally on the
abdominal aorta just prior to synapsing in the celiac ganglia.
Access to the nerve in this region can be accomplished lap-
aroscopically, using typical laparoscopic techniques, or via
open laparotomy. A cuffelectrode may be used to encircle the
nerve unilaterally or bilaterally. The lead can be anchored to
the crus of the diaphragm. A cuft or patch electrode can also
be attached to the celiac ganglia unilaterally or bilaterally.
Similar activation of the splanchnic branches of the sympa-
thetic nervous system would occur as implanting the lead
electrode assembly in the thoracic region.

[0228] In certain embodiments, lead/electrode placement
may be accomplished using a transvascular approach. Due to
the proximity of the splanchnic nerves to the azygous veins



US 2010/0241189 Al

shown in FIG. 43, and in particular the right splanchnic nerve
and right azygous vein, modulation can be accomplished by
positioning a lead/electrode assembly in this vessel. Access to
the venous system and azygous vein can occur via the sub-
clavian vein using standard techniques. The electrode/lead
assembly can be mounted on a catheter. A guidewire can be
used to position the catheter in the azygous vein. The lead/
electrode assembly would include an expandable member,
such as a stent. The electrodes would be attached to the stent,
and using balloon dilation of the expandable member, can be
pressed against the vessel wall so that energy delivery can be
transferred to the nerve. The expandable member would
allow fixation of the electrode lead assembly in the vessel.
The IPG and remaining lead outside of the vasculature may be
implanted subcutaneously in a manner similar to a heart pace-
maker.

[0229] In some embodiments, the apparatus for nerve
stimulation may be shielded or otherwise made compatible
with magnetic resonance imaging (MRI) devices, such that
the apparatus is less susceptible to current induction and its
resultant heat effects and potential malfunction of electronics
in the apparatus, and movement of the apparatus due to
Lorentz forces. This type of magnetic shielding may be
accomplished by, for example, using materials for the IPG or
other generator embodiments and/or electrode that are nano-
magnetic or utilize carbon composite coatings. Such tech-
niques are described in U.S. Pat. Nos. 6,506,972 and 6,673,
999, and U.S. Patent Application No. 2002/0183796,
published Dec. 5, 2002; U.S. Patent Application No. 2003/
0195570, published Oct. 16, 2003; and U.S. Patent Applica-
tion No. 2002/0147470, published Oct. 10, 2002. The entire-
ties of all of these references are hereby incorporated by
reference.

[0230] While certain aspects and embodiments of the
invention have been described, these have been presented by
way of example only, and are not intended to limit the scope
of the invention. Indeed, the novel methods and systems
described herein may be embodied in a variety of other forms
without departing from the spirit thereof. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the invention.

What is claimed is:
1. A method, for treating hypertension in a patient, com-
prising:

providing a pulse generator, the pulse generator having a
programmable stimulation pattern configured to deliver
energy to an at least one nerve fiber group in a splanchnic
nerve with a signal-on time that comprises a subthresh-
old period and a suprathreshold period and wherein the
stimulation pattern comprises a frequency, a pulse width
and a current, wherein the frequency is between about
0.1 Hz and 500 Hz, the pulse width is between about 100
microseconds and about 1 millisecond, and the current is
between about 0.1 mA and about 10 mA;

electrically stimulating the nerve fiber group during the
subthreshold period, wherein the subthreshold period
comprises a period in which the energy delivered to the
nerve fiber group is below the threshold for exciting the
nerve fiber group;

electrically activating the nerve fiber group during the
suprathreshold period, wherein the suprathreshold
period comprises a period in which the energy delivered
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to the nerve fiber group meets or exceeds a threshold for
exciting the nerve fiber group;

and wherein the stimulation pattern is configured to ame-

liorate hypertension.

2. The method of claim 1, further comprising programming
the stimulation pattern so as to keep the patient’s blood pres-
sure within safe limits.

3. The method of claim 1, wherein the suprathreshold
period comprises a frequency that is less than the subthresh-
old period.

4. The method of claim 1, further comprising selecting a
patient with a waistline of greater than 35 inches.

5. The method of claim 1, wherein the programmable
stimulation pattern comprises the signal-on time and a signal-
off time

wherein the signal-off time is no less than the signal-on

time.

6. The method of claim 1, wherein the stimulation pattern
comprises a substantially continuous signal-on time, wherein
the signal-on time is comprised of at least one suprathreshold
period and at least one subthreshold period.

7. The method of claim 1, wherein the subthreshold period
is greater than the suprathreshold period.

8. The method of claim 1, wherein the suprathreshold
period is greater than the subthreshold period.

9. The method of claim 1, wherein the step of electrically
activating the nerve group comprises selectively activating an
A fiber group, a B fiber group, a C fiber group or combinations
thereof.

10. The method of claim 1, wherein the programmable
stimulation pattern-comprises an intermittent electrical sig-
nal, comprising a frequency, a pulse width and a current,
wherein the intermittent signal comprises a stimulation time
period and a no stimulation time period and wherein the
stimulation time period comprises the signal-on time and a
signal-off time and wherein the intermittent electrical signal
changes frequently enough and substantially enough to pre-
vent compensation.

11. The method of claim 10, wherein the subthreshold
period comprises a current and the current increases after the
signal-off time.

12. The method of claim 10, wherein the suprathreshold
current increases after the signal-off time.

13. The method of claim 10, wherein the subthreshold
current decreases after the signal-off time.

14. The method of claim 10, wherein the suprathreshold
current decreases after the signal-off time.

15. The method of claim 1, wherein the suprathreshold
period comprises a pulse width and the subthreshold period
comprises a pulse width and wherein the suprathreshold pulse
width is greater than the subthreshold pulse width.

16. The method of claim 1, wherein the patient comprises
lean muscle mass and wherein the lean muscle mass is main-
tained.

17. The method of claim 1, wherein the patient additionally
comprises al least one condition selected from the group
consisting of insulin resistance, hyperglycemia, dyslipi-
demia, diabetes, and hyperinsulinemia.

18. The method of claim 17, further comprising selecting a
patient with insulin resistance.

19. The method of claim 17, further comprising selecting a
patient with hyperglycemia.

20. The method of claim 17, further comprising selecting a
patient with dyslipidemia.
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21. The method of claim 20, wherein the dyslipidemia
comprises decreased HDL.

22. The method of claim 20, wherein the dyslipidemia
comprises elevated triglycerides.

23. The method of claim 20, wherein the dyslipidemia
comprises elevated LDL.

24. The method of claim 17, further comprising selecting a
patient with hypertension.

25. The method of claim 17, further comprising selecting a
patient with hyperinsulinemia.

26. The method of claim 1, wherein the suprathreshold
period comprises a frequency and wherein the frequency is
less than 10 Hz.

27. A method of treating hypertension comprising:

providing a pulse generator, the pulse generator having a

programmable stimulation pattern configured to deliver
energy to a C fiber group in a splanchnic nerve with a
signal-on time that comprises a subthreshold period and
a suprathreshold period and wherein the stimulation pat-
tern comprises a frequency, a pulse width and a current,
wherein the frequency is between about 0.1 Hz and 500
Hz, the pulse width is between about 100 microseconds
and about 1 millisecond, and the current is between
about 0.1 mA and about 10 mA;

electrically stimulating the C fiber group during the sub-

threshold period,

electrically stimulating the C fiber group during the sub-

threshold period,

wherein the subthreshold period comprises a period in

which the energy delivered to the C fiber group is below
the threshold for exciting the C fiber group;

electrically activating the C fiber group during the suprath-

reshold period,
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wherein the suprathreshold period comprises a period in
which the energy delivered to the C fiber group meets or
exceeds a threshold for exciting the C fiber group;

and wherein the stimulation pattern is configured to ame-
liorate hypertension.

28. A method of treating hypertension comprising:

providing a pulse generator, the pulse generator having a
programmable stimulation pattern configured to deliver
energy to a B fiber group in a splanchnic nerve with a
signal-on time that comprises a subthreshold period and
a suprathreshold period and wherein the stimulation pat-
tern comprises a frequency, a pulse width and a current,
wherein the frequency is between about 0.1 Hz and 500
Hz, the pulse width is between about 100 microseconds
and about 1 millisecond, and the current is between
about 0.1 mA and about 10 mA;

electrically stimulating the B fiber group during the sub-
threshold period,

electrically stimulating the B fiber group during the sub-
threshold period,

wherein the subthreshold period comprises a period in
which the energy delivered to the B fiber group is below
the threshold for exciting the B fiber group;

electrically activating the B fiber group during the suprath-
reshold period,

wherein the suprathreshold period comprises a period in
which the energy delivered to the B fiber group meets or
exceeds a threshold for exciting the B fiber group;

and wherein the stimulation pattern is configured to ame-
liorate or eliminate the at least one of obesity, metabolic
syndrome, and Type 2 diabetes in the patient.

29. The method of claim 1, where in the splanchnic nerve

is selected from the group consisting of the greater splanchnic
nerve, lessor splanchnic nerve and least splanchnic nerve.
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