EP 2 658 604 B1

(19)

Patent Office

Europdisches
Patentamt
0’ European

Office européen
des brevets (11) EP 2 658 604 B1
(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) IntCl.:
of the grant of the patent: A61B 5/00 (2006.01) A61B 5/024 (2006.01)
29.04.2020 Bulletin 2020/18 A61B 5/0402 (2006.01) A61B 5/145 (2000.01)
A61M 5/142(2006.01) A61M 5/172 (2006.01)
(21) Application number: 11804869.3 AG1N 1/36 (200000 AG1N 1/372 (200000
(22) Date of filing: 15.12.2011 (86) International application number:
PCT/US2011/065031
(87) International publication number:
WO 2012/091928 (05.07.2012 Gazette 2012/27)
(54) MEDICAL SYSTEM FOR PROVIDING OBESITY THERAPY IN RESPONSE TO A HEART RATE
CHANGE
MEDIZINISCHES SYSTEM ZUR BEHANDLUNG DER FETTLEIBIGKEIT IN REAKTION AUF EINE
ANDERUNG DER HERZFREQUENZ
SYSTEME MEDICAL POUR LE TRAITEMENT DE L’'OBESITE EN REPONSE A UN CHANGEMENT
DE LA FREQUENCE CARDIAQUE
(84) Designated Contracting States: (72) Inventors:
AL ATBE BG CH CY CZDE DK EE ES FIFR GB ¢ BAYNHAM, Tamara, C.
GRHRHUIEISITLILTLULV MC MK MT NL NO Piscataway, NJ 08854 (US)
PL PT RO RS SE SI SK SM TR « HARRIS, Jason, L.
Hamilton, OH 45011 (US)
(30) Priority: 29.12.2010 US 980695
(74) Representative: Tunstall, Christopher Stephen
(43) Date of publication of application: Carpmaels & Ransford LLP
06.11.2013 Bulletin 2013/45 One Southampton Row
London WC1B 5HA (GB)
(73) Proprietor: Ethicon Endo-Surgery, Inc.

Cincinnati, OH 45242 (US) (56) References cited:
US-A1-2009 264 956 US-A1-2010 168 820
US-A1-2010 191 304 US-A1-2010 211 130

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been

paid.

(Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 658 604 B1 2

Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to obesity therapy
and heart rate variability.

BACKGROUND OF THE INVENTION

[0002] Obesity is becoming a growing concern, partic-
ularly in the United States, as the number of people with
obesity continues to increase and more is learned about
the negative health effects of obesity. Severe obesity, in
which a person is 45.4 kg (100 pounds) or more over
ideal body weight, in particular poses significant risks for
severe health problems. Accordingly, a great deal of at-
tention is being focused on treating obese patients.
[0003] Surgical procedures to treat severe obesity
have included various forms of gastric and intestinal by-
passes (stomach stapling), biliopancreatic diversion, ad-
justable gastric banding, vertical banded gastroplasty,
gastric plications, and sleeve gastrectomies (removal of
all or a portion of the stomach). Such surgical procedures
have increasingly been performed laparoscopically. Re-
duced postoperative recovery time, markedly decreased
postoperative pain and wound infection, and improved
cosmetic outcome are well established benefits of lapar-
oscopic surgery, derived mainly from the ability of lapar-
oscopic surgeons to perform an operation utilizing small-
er incisions of the body cavity wall. However, such sur-
gical procedures risk a variety of complications during
surgery, pose undesirable postoperative consequences
such as pain and cosmetic scarring, and often require
lengthy periods of patient recovery. Patients with obesity
thus rarely seek or accept surgical intervention, with only
about 1% of patients with obesity being surgically treated
for this disorder. Furthermore, even if successfully per-
formed and initial weight loss occurs, surgical interven-
tion to treat obesity may not result in lasting weight loss,
thereby indicating a patient’s need for additional, different
obesity treatment.

[0004] Surgical procedures to treat severe obesity can
affect a patient’s hormone levels. It has been noted, for
example in Ann Surg (2004) 240: 236-242, that a Roux-
en-Y gastric bypass surgery performed on a patient can
affectthe patient’'s hormonesinvolvedin body weightreg-
ulation and glucose metabolism. A number of studies in
patients after bariatric surgery suggest that the incretin
pathway contributes to improvements in Type 2 Diabetes
and to weight loss. Specifically, there are increases in
meal-related circulating Glucagon-Like Peptide (GLP-1)
levels after surgery, as noted for example in Laferrere et
al., "Incretin Levels And Effect Are Markedly Enhanced
1 Month After Roux-En-Y Gastric Bypass Surgery In
Obese Patients With Type 2 Diabetes," Diabetes Care
30: 1709-1716, 2007, and Whitson et al., "Entero-Endo-
crine Changes After Gastric Bypass In Diabetic And
Nondiabetic Patients: A Preliminary Study," J Surg Res

10

15

20

25

30

35

40

45

50

55

141: 31-39, 2007. However, so affecting hormonal level
effects with surgery incurs the adverse consequences of
surgery, e.g., risk of complications, undesirable postop-
erative consequences, lengthy recovery time.

[0005] Accordingly, there remains a need for a system
for treating obesity.

SUMMARY

[0006] The present invention concerns a system for
obesity therapy. A medical system is provided that in-
cludes a sensor, a processor, and a delivery device. The
sensor is configured to be positioned in contact with a
tissue of a patient, and configured to sense a heart rate
of the patient. The processor is configured to be in com-
munication with the sensor and to analyze the sensed
heart rate to detect a change in heart rate of the patient.
The delivery device is configured to be implanted within
the patient and to be in communication with the proces-
sor. The delivery device is defaulted to a dormant mode
in which the delivery device does not deliver an obesity
therapy to the patient, and the delivery device is config-
ured to change from the dormant mode to a delivery
mode, in which the delivery device delivers the obesity
therapy to the patient, in response to the processor de-
tecting the change in heart rate.

[0007] The sensor can be configured to be implanted
within the patient, or the sensor can be configured to be
transcutaneously positioned such that the sensor is in
direct contact with an exterior skin surface of the patient.
If the sensor is configured to be implanted within the pa-
tient, the sensor can include at least one of a lead con-
figured to be implanted within a heart of the patient, and
an electrode configured to be implanted on a thorax of
the patient. If the sensor is configured to be transcuta-
neously positioned, the sensor can include at least one
of a first electrode attached to a strap configured to be
worn by the patient such that the first electrode is posi-
tioned on an exterior skin surface of a chest of the patient,
a second electrode attached to an article of clothing con-
figured to be worn by the patient such that the second
electrode contacts an exterior skin surface of the patient,
a pulse oximeter configured to be positioned on an ex-
ternal skin surface of a finger of the patient, and a third
electrode attached to a band configured to be positioned
around a wrist of the patient such that the third electrode
contacts an exterior skin surface of a wrist of the patient.
[0008] The processor can be configured to be implant-
ed within the patient, or the processor can be configured
to be transcutaneously positioned. The processor can be
configured to detect the change in heart rate in any
number of ways. In one embodiment, the processor can
be configured to detect the change in heart rate by ana-
lyzing electrocardiogram (ECG) signals sensed by the
sensor. The analyzing can include analyzing a power
spectral density in low frequency and high frequency
bands to determine onset of the patient eating a solid
food.
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[0009] The delivery device can have a variety of con-
figurations. In one embodiment, the delivery device can
be configured to change from the delivery mode to the
dormant mode upon occurrence of a predetermined trig-
ger event, and can be configured to repeatedly change
between the delivery and dormant modes based on the
processor detecting changes in heart rate of the patient
and based on occurrences of the predetermined trigger
event. The predetermined event can include, e.g., pas-
sage of a predetermined amount of time during which
the delivery device is in the delivery mode.

[0010] The obesity therapy can include any one or
more therapies. In one embodiment, the obesity therapy
can include at least one of electrical stimulation and ad-
ministration of a therapeutic agent to the patient. The
therapeutic agent can include a nutrient configured to
provoke a release of one or more hormones from L-cells
of the patient.

[0011] In another embodiment, a medical system is
provided that includes a sensor, a processor, and a de-
livery device. The sensor is configured to be positioned
in contact with a tissue of a patient to gather data. The
gathered dataincludes atleast one of pH levels in a stom-
ach of the patient and a heart rate of the patient. The
processor is configured to be in communication with the
sensor and to analyze the sensed data to determine on-
set of solid food ingestion by the patient. The delivery
device is configured to be implanted within the patient
and to be in communication with the processor. The de-
livery device is defaulted to a dormant mode in which the
delivery device does not deliver an obesity therapy to the
patient, and the delivery device is configured to change
from the dormant mode to a delivery mode, in which the
delivery device delivers the obesity therapy to the patient,
in response to the processor determining onset of the
solid food ingestion. The obesity therapy includes elec-
trical stimulation of the patient and administration of a
chemical to the patient.

[0012] The sensor can be configured to be implanted
within the patient, or the sensor can be configured to be
transcutaneously positioned such that the sensor is in
direct contact with an exterior skin surface of the patient.
In one embodiment, the sensor can be configured to gath-
er data including the pH levels in a stomach of the patient
and the heart rate of the patient. The processor can be
configured to analyze the pH levels and the heart rate to
determine onset of the solid food ingestion. In another
embodiment, the sensor can be configured to gather data
including only one of the pH levels in a stomach of the
patientand the heartrate of the patient, and the processor
can be configured to analyze only the one of the pH levels
and the heart rate to determine onset of the solid food
ingestion.

[0013] The processor can be configured to be implant-
ed within the patient, or the processor can be configured
to be transcutaneously positioned. The processor can be
configured to detect the change in heart rate in any
number of ways. According to the invention, the proces-
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sor can be configured to analyze the sensed heart rate
data by analyzing a power spectral density in low fre-
quency and high frequency bands to determine onset of
the solid food ingestion.

[0014] The delivery device can have a variety of con-
figurations. In one embodiment, the delivery device can
be configured to be implanted in an intestine of the pa-
tient, to electrically stimulate the intestine when the de-
livery device is in the delivery mode, and to administer
the chemical in the intestine when the delivery device is
inthe delivery mode. Inanother embodiment, the delivery
device can be configured to change from the delivery
mode to the dormant mode upon occurrence of a prede-
termined trigger event, and can be configured to repeat-
edly change between the delivery and dormant modes
based on the processor determining onsets of solid food
ingestion and based on occurrences of the predeter-
mined trigger event. The predetermined trigger event can
include, e.g., passage of a predetermined amount of time
during which the delivery device is in the delivery mode.
The delivery device caninclude areservoir. The reservoir
can be configured to contain a supply of the chemical
and to release a partial portion of the chemical supply
each time the delivery device is in the delivery mode.
[0015] The obesity therapy can include any one or
more therapies. In one embodiment, the chemical can
include a nutrient configured to provoke a release of one
or more hormones from L-cells of the patient.

[0016] Inanotheraspect, a medical methodis provided
that includes positioning a sensing device in contact with
tissue of a patient, positioning a delivery device including
an obesity therapy and being in a default off configuration
in contact with tissue of the patient, detecting a change
in heart rate of a patient using heart rate data gathered
by the sensing device, and, in response to the detected
change in heart rate, changing the delivery device from
the default off configuration, in which the delivery device
does not deliver the obesity therapy to the patient, to an
on configuration in which the delivery device delivers the
obesity therapy to the patient.

[0017] The change in heart rate can be detected in any
number of ways. For example, the change in heart rate
can be detected using a processor remotely located from
the delivery device, and the change in heart rate can be
transmitted from the processor to the delivery device to
trigger the changing. For another example, detecting the
change in heart rate can include analyzing a power spec-
tral density in low frequency and high frequency bands
of the heart rate data to determine onset of the patient
eating a solid food.

[0018] Positioning the sensing device can include
transdermally positioning the sensing device such that
the sensing device is in direct contact with an exterior
skin surface of the patient, or positioning the sensing de-
vice can include implanting the sensing device within the
patient.

[0019] The obesity therapy can include any one or
more therapies. In one embodiment, the obesity therapy
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can include at least one of electrically stimulating the pa-
tient and administering a therapeutic agent to the patient.
In another embodiment, the method can include orally
administering a nutrient to the patient in conjunction with
the patient eating solid food, and the obesity therapy can
include electrically stimulating the patient.

[0020] In another embodiment, a medical method is
provided that includes determining an onset of solid food
ingestion by a patient by detecting a change in heart rate
of the patient, and, in response to the detection of the
change in heart rate, starting delivery of an obesity ther-
apy to the patient. The obesity therapy includes at least
one of electrical stimulation of a tissue of the patient and
administration of a nutrient to the patient. The nutrient is
configured to provoke a release of one or more hormones
from L-cells of the patient. In some embodiments, after
starting delivery of the obesity therapy, delivery of the
obesity therapy can be stopped when a predetermined
trigger event occurs, and the starting and the stopping
can be repeated such that the obesity therapy is inter-
mittently delivered to the patient.

[0021] In another embodiment, a medical method is
provided that includes determining an onset of solid food
ingestion by a patient by detecting a change in heart rate
of the patient and a change in a pH level in a stomach of
the patient, and, in response to the detection of the
change in heart rate and the change in the pH level, start-
ing delivery of an obesity therapy to the patient. The obes-
ity therapy includes electrical stimulation of a tissue of
the patientand administration of a chemical to the patient.
The chemical can include, e.g., a nutrient.

[0022] The method can vary in any number of ways.
Forexample, after starting delivery of the obesity therapy,
delivery of the obesity therapy can be stopped when a
predetermined trigger event occurs, and the starting and
the stopping can be repeated such that the obesity ther-
apy is intermittently delivered to the patient. For another
example, the electrical stimulation can be delivered to
the patient at a first location, and the chemical can be
administered to a patient at a second, substantially dif-
ferent location. In one embodiment, the first location can
include an intestine of the patient, and the second loca-
tion can include a stomach of the patient.

[0023] In another aspect, a computer readable medi-
um is provided having a program stored thereon. The
program causes a computer to perform the steps of de-
termining an onset of solid food ingestion by a patient by
detecting a change in heart rate of the patient and a
change in a pH level in a stomach of the patient, and, in
response to the detection of the change in heart rate and
the change in the pH level, starting delivery of an obesity
therapy to the patient. The obesity therapy includes elec-
trical stimulation of a tissue of the patient and adminis-
tration of a chemical to the patient.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The invention will be more fully understood from
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the following detailed description taken in conjunction
with the accompanying drawings, in which:

FIG. 1is a schematic view of one embodiment of an
obesity therapy system including a sensor, a proc-
essor, and a delivery device for delivering an obesity
therapy to a patient;

FIG. 2 is a schematic view of one embodiment of an
implantable device for electrically stimulating a pa-
tient;

FIG. 3 is a plurality of graphs showing exemplary
waveforms generated by the implantable device of
FIG. 2;

FIG. 4 is a side, partially transparent view of one
embodiment of an active agent delivery catheter dis-
posed within an ileum and connected to an active
agent reservoir and pump located in subcutaneous
fatty tissue;

FIG. 5 is a perspective view of the active agent res-
ervoir and pump of FIG. 4;

FIG. 6 is a perspective view of the active agent de-
livery catheter of FIG. 4;

FIG. 7 is a schematic view of one embodiment of an
obesity therapy system including a gastric pH sen-
sor, a processor, and a delivery device for delivering
an obesity therapy to a patient;

FIG. 8 is a schematic view of one embodiment of an
obesity therapy system including a heart rate sensor,
a processor, and a delivery device for delivering an
obesity therapy to a patient; and

FIG. 9 is a schematic, partially transparent view
showing a patient wearing one embodiment of a
band having a housing attached thereto and config-
ured to communicate with one embodiment of a de-
livery device positioned within an intestine of the pa-
tient.

DETAILED DESCRIPTION

[0025] Certain exemplary systems will now be de-
scribed to provide an overall understanding of the prin-
ciples of the structure, function, manufacture, and use of
the systems disclosed herein. One or more examples of
these systems are illustrated in the accompanying draw-
ings. Those skilled in the art will understand that the sys-
tems specifically described herein and illustrated in the
accompanying drawings are exemplary systems and that
the scope of the present invention is defined solely by
the claims. The features illustrated or described in con-
nection with one exemplary system may be combined
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with the features of other systems.

[0026] Various exemplary methods and devices are
provided for delivering obesity therapy to a patient. In
general, the methods and devices allow for onset of a
patient eating solid food, e.g., the patient beginning a
meal, to trigger delivery of an obesity therapy to a patient.
The obesity therapy can be delivered to the patient for a
limited period of time such that the patient stops receiving
the obesity therapy prior to a second onset of the patient
eating solid food, e.g., the patient beginning a second
meal, which can trigger a second delivery of the obesity
therapy to the patient for a limited period of time. In other
words, a patient can intermittently receive obesity ther-
apy throughout a period of hours, days, weeks, months,
with each delivery of the obesity therapy coinciding with
intake of solid food. By providing obesity therapy in con-
junction with eating, the obesity therapy can be most ef-
fective intreating obesity and/or encouraging weightloss.
[0027] Generally, methods and devices are provided
that allow for a determination of when a patient begins
eating solid food based on analysis of the patient’s heart
rate and/or pH levels in the patient’s digestive tract. In
an exemplary embodiment, an obesity therapy system
can include a sensor, such as a heart rate sensor, and
a delivery device in communication with the heart rate
sensor. The heartrate sensor can be configured to gather
heart rate data for a patient. The delivery device can be
configured to trigger delivery of an obesity therapy to the
patient based on changes in the sensed heart rate data.
A patient’s heart rate can change when the patientbegins
eating solid food, thereby allowing changes in heart rate,
e.g., heart rate variability (HRV) to reliably indicate onset
of a meal.

[0028] Alternatively or in addition to an obesity therapy
system including a delivery device and a heart rate sen-
sor, the obesity therapy system can include a pH sensor
configured to gather digestive tract pH levels of the pa-
tient, e.g., pH levels within a patient's stomach. The de-
livery device can be configured to begin delivery of the
obesity therapy to the patient based on changes in the
sensed pH levels data. If the system also includes the
heart rate sensor, the delivery device can be configured
to begin delivery of the obesity therapy to the patient
based on the sensed pH levels data alone, based on the
sensed heart rate data alone, or based on both the
sensed pH levels data and the sensed heart rate data.
The obesity therapy delivered to the patient can include
one or more obesity therapies. Examples of obesity ther-
apies include electrical stimulation of tissue, e.g., a stom-
ach wall of the patient, an intestinal wall of the patient,
individual nerves or nerve bundles innervating a target
tissue of interest, and administration of a therapeutic
agent, e.g., anutrient, a hormone, etc. A heartrate sensor
and/or a pH level sensor can each be defaulted to a de-
fault dormant mode and can be configured to change to
adelivery configuration upon the occurrence of a trigger-
ing event, e.g., upon a detected change in heart rate
and/or pH levels. In this way, the sensor(s) can conserve
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power and controllably, sporadically deliver obesity ther-
apy to a patient.

[0029] Inanexemplary embodiment, illustrated in FIG.
1, an obesity therapy system 10 can include a sensor 12
configured to gather data from a patient, a processor 14
configured to analyze data, and a delivery device 16 con-
figured to deliver an obesity therapy 18 to the patient. As
discussed in further detail below, the sensor 12, the proc-
essor 14, and the delivery device 16 can each have a
variety of sizes, shapes, and configurations. Generally,
the sensor 12 can be configured to gather data from a
patient regarding at least one of a heart rate of the patient
and a gastric pH of the patient. A heart rate sensor can
be subcutaneously positioned, e.g., implanted within a
patient, e.g., at the distal esophagus, the proximal stom-
ach, and the mid/distal stomach, or can be transcutane-
ously positioned, e.g., positioned external to a patient
such as positioned on an external skin surface thereof.
A gastric pH sensor can be subcutaneously positioned,
such as within a gastrointestinal tract of a patient, e.g.,
within the patient’s stomach, within the patient’s intestine.
The sensor 12 can be configured to be in communication
with the processor 14 such that the sensor 12 can com-
municate sensed data to the processor 14 through wired
and/or wireless transmission.

[0030] Generally, the processor 14 can be configured
to receive data gathered by the sensor 12 and to analyze
the gathered data to determine whether the patient start-
ed eating solid food. Examples of the processor 14 in-
clude a microprocessor and a computer readable medi-
um having a program stored thereon, the program being
configured to cause a computer to perform one or more
steps. The sensor 12 can be configured to transmit gath-
ered data to the processor 14 in real time such that the
processor 14 can analyze relatively recent data and rel-
atively quickly begin analysis thereof, as will be appreci-
ated by a person skilled in the art. In this way, the proc-
essor 14 can make a relatively quick determination as to
whether the patient has begun eating solid food. Based
on the analysis, the processor 14 can be configured to
trigger the delivery device 16 to begin delivery of the
obesity therapy 18 to the patient. In other words, if the
processor 14 determines from the gathered data that the
patient started eating solid food, the processor 14 can
communicate a trigger signal to the delivery device 16 to
trigger the delivery device’s delivery of the obesity ther-
apy 18 to the patient. The processor 14 and the delivery
device 16 can be in wired and/or wireless communication
with one another. Because the processor 14 can rela-
tively quickly receive and analyze data gathered by the
sensor 12, as mentioned above, and can relatively quick-
ly, e.g., instantaneously or near instantaneously, com-
municate such a determination to the delivery device 16,
the delivery device 16 can consequently start delivery of
the obesity therapy 18 to the patient relatively soon after
the onset of the patient eating solid food.

[0031] The trigger signal can have a variety of config-
urations, such as a simple on/off signal configured to
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change the delivery device 16 from a dormant or off
mode, in which the delivery device 16 does not deliver
the obesity therapy 18 to the patient, to a delivery or on
mode in which the delivery device 16 delivers the obesity
therapy 18 to the patient. The trigger signal can trigger
a timer at the delivery device 16 that can initiate delivery
of the obesity therapy 18 after a predetermined period of
time has passed, e.g., 15 minutes, such that the obesity
therapy 18 can be initiated a certain amount of time after
the detection of a meal has occurred. The trigger signal
can optionally include data related to the solid food in-
gested by the patient, e.g., an amount or estimated
amount of food eaten. The delivery device 16 can be
configured to communicate such solid food data to an
external storage unit for subsequent analysis. Alterna-
tively or in addition, the delivery device 16 can be con-
figured to use such solid food data to determine an
amount of the obesity therapy 18 to deliver to the patient,
e.g., a certain volume of chemical to be delivered thereto,
and/or a length of time to deliver the obesity therapy to
the patient. Alternatively, the processor 14 can be con-
figured to include with the trigger signal instructions re-
garding the amount of the obesity therapy 18 to deliver
to the patient and/or the length of time to deliver the obes-
ity therapy to the patient. In some embodiments, after
transmitting the trigger signal to the delivery device 16,
the processor 14 can be configured to transmit a second,
subsequent trigger signal to the delivery device 16 to
cause the delivery device 16 to stop delivering the obesity
therapy 18 to the patient. The second, subsequenttrigger
signal can be sent for any number of reasons, such as
after a certain period of time or if, based on sensed data
gathered the sensor 12, the processor 14 determines
that the patent has ceased eating solid food.

[0032] Upon receipt of the trigger signal, the delivery
device 16 can be configured to deliver the obesity therapy
18 to the patient for any length of time. In one embodi-
ment, the trigger signal can be configured to trigger de-
livery of the obesity therapy 18 for an indefinite period of
time. In other words, the delivery device 16 can be con-
figured to have a default off mode in which the delivery
device 16 does not deliver the obesity therapy 18 to the
patient, and be configured to permanently switch to an
on mode during which the delivery device 16 delivers the
obesity therapy 18 to the patient. The indefinite period of
time can be defined by an amount of the obesity therapy
18 available to the delivery device 16, e.g., if the delivery
device 16 includes a finite supply of the a chemical obes-
ity therapy 18, can be defined by an amount of power
available to the delivery device 16, e.g., battery life,
and/or can be defined by a likely-unknown period of time
before a predetermined termination event occurs that
triggers an end of the obesity therapy’s delivery to the
patient. The predetermined termination event can in-
clude, e.g., an end of the patient eating solid food as
determined by the processor 14 and communicated from
the processor 14 to the delivery device 16. In another
embodiment, the trigger signal can be configured to trig-
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ger delivery of the obesity therapy 18 for a predetermined
time period, e.g., a period of N seconds, minutes in which
the delivery device 16 is configured to deliver the obesity
therapy 18 to the patient before stopping delivery thereof
if and until the processor 14 communicates another trig-
ger signal to the delivery device 16 to again start delivery
of the obesity therapy 18. The delivery device 16 can
therefore be configured to intermittently deliver the obes-
ity therapy 18 to the patient. In other words, the delivery
device 16 can be configured to have a default off mode
in which the delivery device 16 does not deliver the obes-
ity therapy 18 to the patient, and be configured to change
from the off mode to an on mode for the predetermined
time period during which the delivery device 16 delivers
the obesity therapy 18 to the patient before returning to
the off mode. Further, triggering delivery of the obesity
therapy 18 at generally unpredictable intervals, e.g.,
whenever the patient eats solid foods, can help prevent
the body from adapting to a particular obesity therapy by
learning to expect the therapy at certain times.

[0033] The delivery device 16 can be configured to de-
liver to the patient any one or more obesity therapies 18
configured to provide therapeutic treatment of obesity to
the patient. In one exemplary embodiment, the obesity
therapy 18 can include electrical stimulation of the pa-
tient, e.g., tissue or nerves thereof. Because the delivery
device 16 can be configured to intermittently deliver the
obesity therapy 18 to the patient once triggered to begin
delivery thereof to the patient, nerve and/or tissue de-
sensitization to electrical signals and nerve and/or tissue
damage can be reduced, if not entirely prevented, be-
cause the electrical signal is not being continuously de-
livered to the nerve and/or tissue. Moreover, when trig-
gered to begin delivery of the obesity therapy 18 by the
processor 14, the delivery device 16 can be configured
to noncontinuously deliver the electrical signal to the pa-
tient such that the signal is alternately off and on when
the delivery device 16 is in the on mode. The periods of
time in which the signal is off and on can be the same or
different from one another. In an exemplary embodiment,
the signal can be off for a longer period of time than it is
on, which can help reduce, if not prevent, nerve and/or
tissue desensitization to electrical signals and nerve
and/or tissue damage. Delivering an electrical signal that
is off for a longer period of time than it is on can also help
conserve power, e.g., reduce battery consumption, and
can reduce a size of a power supply required to power
the delivery device 16. However, the delivery device 16
can be configured to continuously deliver the electrical
signal to the patient, e.g., continuously delivered indefi-
nitely or continuously delivered during the predetermined
time period of N minutes after the processor 14 triggers
the delivery device 16.

[0034] The electricalsignal canbe applied to more than
one location on tissue, e.g., gastrointestinal tissue, of the
patient. For example, the electrical signal can be applied
to two, three, four, or more locations in a distal ileum of
the patient. Alocation can be defined by the area of phys-
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ical contact between the tissue and a means for delivery
of the electrical stimulus, e.g., a first electrode of the de-
livery device 14. Accordingly, the application of the elec-
trical signal to a second location on the tissue of the pa-
tient can include contacting a second electrode of the
delivery device 14 with a portion of the tissue that is not
in physical contact with the first electrode also electrically
stimulating the patient.

[0035] The electrical signal can have a variety of con-
figurations. Exemplary electrical parameters of the elec-
trical signal that can be varied include frequency, voltage,
and pulse duration. The electrical signal can have a fre-
quency of about 0.1 Hz to about 90 Hz; for example, the
electrical signal can have a frequency of about 0.1 Hz,
about 0.15 Hz, about 0.2 Hz, about 0.4 Hz, about 1 Hz,
about 4 Hz, about 10 Hz, about 20 Hz, about 25 Hz, about
30 Hz, about 35 Hz, about 40 Hz, about 50 Hz, about 70
Hz, or about 90 Hz. The electrical signal can have a volt-
age of about 0.5V to about 25 V; for example, the voltage
canbe about 1V, about2V, about5V, about 10 V, about
14V; about 15V, about 20V, or about25V. The electrical
signal can have a pulse duration of about 3 ms to about
500 ms; for example, the pulse duration may be about 5
ms, about 50 ms, about 100 ms, about 150 ms, about
200 ms, about 250 ms, about 300 ms, about 350 ms,
about 400 ms, about 450 ms, or about 500 ms. In an
exemplary embodiment, the electrical signal can be ap-
plied at a voltage of about 14V, with a pulse duration of
about 5 ms, and at a stimulus frequency of about 20 to
about 80 Hz; with respect to such an embodiment, the
stimulus frequency can be, for example, about 20 Hz,
about 40 Hz, or about 80 Hz. In another exemplary em-
bodiment, the electrical signal can be applied ata voltage
of about 14 V, with a pulse duration of about 300 ms, and
at a frequency of about 0.4 Hz. Various exemplary em-
bodiments of an electrical signal that can be delivered to
a patient are described in more detail in U.S. Pat. Pub.
No. 2010/0056948 filed Aug. 25, 2009 entitled "Stimula-
tion Of Satiety Hormone Release."

[0036] An electrical signal can be delivered to the pa-
tient in any number of ways to electrically stimulate the
patient. FIG. 2 illustrates an exemplary embodiment of a
delivery device 1100 configured to generate and deliver
an electrical signal to a patient. Although the illustrated
delivery device 1100 is implantable, a delivery device
configured to deliver electrical stimulation to a patient
can be subcutaneously or transcutaneously positioned,
as mentioned above. The delivery device 1100 can in-
clude a housing 1102 coupled to a suitable power source
orbattery 1104, such as a lithium battery, a firstwaveform
generator 1106, and a second waveform generator 1108.
As in the illustrated embodiment, the battery 1104 and
first and second waveform generators can be located
within the housing 1102. In another embodiment, a bat-
tery can be external to a housing and be wired or wire-
lessly coupled thereto. The housing 1102 is preferably
made of a biocompatible material. The first and second
waveform generators 1106, 1108 can be electrically cou-
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pled to and powered by the battery 1104. The waveform
generators 1106, 1108 can be of any suitable type, such
as those sold by Texas Instruments of Dallas, TX. under
model number NE555. The first waveform generator
1106 can be configured to generate a first waveform or
low frequency modulating signal 1108, and the second
waveform generator 1110 can be configured to generate
a second waveform or carrier signal 1112 having a higher
frequency than the first waveform 1108. Low frequency
modulating signals cannot, in and of themselves, pass
through body tissue to effectively stimulate target nerves.
The second waveform 1108 can, however, to overcome
this problem and penetrate through body tissue. The sec-
ond waveform 1112 can be applied along with the first
waveform 1108 to an amplitude modulator 1114, such
as the modulator having the designation On-Semi
MC1496, which is sold by Texas Instruments.

[0037] The modulator 1114 can be configured to gen-
erate a modulated waveform 1116 that is transmitted
through a lead 1118 to one or more electrodes 1120.
Four electrodes are illustrated, but the device 1100 can
include any number of electrodes having any size and
shape. The lead 1118 can be flexible, as in the illustrated
embodiment. The electrodes 1120 can be configured to,
in turn, apply the modulated waveform 1116 to a target
tissue or nerve 1122 to stimulate the target 1122. The
first and second waveforms 1108, 1112 can have any
shape, e.g., the first waveform 1108 can be a square
wave, and the second waveform 1112 can be a sinusoidal
signal. As will be appreciated by a person skilled in the
art, modulation of the first waveform 1108 with the second
waveform 1112 can result in a modulated waveform or
signal 1116 having the configuration shown in FIG. 3.
Although the electrical signal in the embodiment illustrat-
ed in FIGS. 2 and 3 includes carrier and modulating sig-
nals, an electrical signal delivered to a patientcaninclude
only one of a carrier and modulating signal.

[0038] Various exemplary embodiments of methods
and devices for delivering an electrical signal to a patient
are described in more detail in U.S. Pat. Pub. No.
2009/0132018 filed November 16, 2007 and entitled
"Nerve Stimulation Patches And Methods For Stimulat-
ing Selected Nerves," U.S. Pat. Pub. No. 2010/0056948
filed Aug. 25, 2009 entitled "Stimulation Of Satiety Hor-
mone Release," U.S. Pat. Pub. No. 2008/0147146 filed
December 19, 2006 and entitled "Electrode Patch And
Method For Neurostimulation," U.S. Pat. Pub. No.
2005/0277998 filed June 7, 2005 and entitled "System
And Method For Nerve Stimulation," U.S. Pat. Pub. No.
2006/0195153 filed January 31, 2006 and entitled "Sys-
tem And Method For Selectively Stimulating Different
Body Parts," U.S. Pat. Pub. No. 2007/0185541 filed Au-
gust 2, 2006 and entitled "Conductive Mesh For Neuros-
timulation," U.S. Pat. Pub. No. 2006/0195146 filed Jan-
uary 31, 2006 and entitled "System And Method For Se-
lectively Stimulating Different Body Parts," U.S. Pat. Pub.
No. 2008/0132962 filed December 1, 2006 and entitled
"System And Method For Affecting Gastric Functions,"
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U.S. Pat. Pub. No. 2008/0147146 filed December 19,
2006 and entitled "Electrode Patch And Method For Neu-
rostimulation," U.S. Pat. Pub. No. 2009/0157149 filed
December 14, 2007 and entitled "Dermatome Stimula-
tion Devices And Methods," U.S. Pat. Pub. No.
2009/0149918 filed December 6, 2007 and entitled "Im-
plantable Antenna," U.S. Pat. Pub. No. 2009/0132018
filed November 16, 2007 and entitled "Nerve Stimulation
Patches And Methods For Stimulating Selected Nerves,"
U.S. Pat. App. No. 12/317,193 filed December 19, 2008
and entitled "Optimizing The Stimulus Current In A Sur-
face Based Stimulation Device," U.S. Pat. App. No.
12/317,194 filed December 19, 2008 and entitled "Opti-
mizing Stimulation Therapy Of An External Stimulating
Device Based On Firing Of Action Potential In Target
Nerve," U.S. Pat. App. No. 12/407,840 filed March 20,
2009 and entitled "Self-Locating, Multiple Application,
And Multiple Location Medical Patch Systems And Meth-
ods Therefor," and U.S. Pat. App. No. 12/605,409 filed
October 26, 2009 and entitled "Offset Electrodes." The
document US 2010/212230 A1 describes an implantable
electrical system for gastrointestinal stimulation which in-
cludes aheartrate sensor to indicate the neurovegetative
condition of the patient.

[0039] Various exemplary embodiments of devices
configured to directly apply an electrical signal to stimu-
late nerves are described in more detail in U.S. Pat. Pub.
No. 2005/0177067 filed January 26, 2005 and entitled
"System And Method For Urodynamic Evaluation Utiliz-
ing Micro-Electronic Mechanical System," U.S. Pat. Pub.
No. 2008/0139875 filed December 7, 2006 and entitled
"System And Method For Urodynamic Evaluation Utiliz-
ing Micro ElectroMechanical System Technology," U.S.
Pat. Pub. No. 2009/0093858 filed October 3, 2007 and
entitled "Implantable Pulse Generators And Methods For
Selective Nerve Stimulation," U.S. Pat. Pub. No.
2010/0249677 filed March 26, 2010 and entitled "Piezo-
electric Stimulation Device," U.S. Pat. Pub. No.
2005/0288740filed June 24, 2004 and entitled, "Low Fre-
quency Transcutaneous Telemetry To Implanted Medi-
cal Device," U.S. Patent No. 7,599,743 filed June 24,
2004 and entitled "Low Frequency Transcutaneous En-
ergy Transfer To Implanted Medical Device," U.S. Pat.
No. 7,599,744 filed June 24, 2004 and entitled "Trans-
cutaneous Energy Transfer Primary Coil With A High As-
pect Ferrite Core," U.S. Pat. No. 7,191,007 filed June 24,
2004 and entitled "Spatially Decoupled Twin Secondary
Coils For Optimizing Transcutaneous Energy Transfer
(TET) Power Transfer Characteristics," and European
Pat. Pub. No. 377695 published as Int'l. Pat. Pub. No.
WO01989011701 published November 30, 2004 and en-
titted "Interrogation And Remote Control Device."
[0040] Another exemplary embodiment of the obesity
therapy 18 involves a therapeutic agent, e.g., a natural
or an artificial chemical, solution, drug, medicant, neutri-
ceutical, or pharmaceutical administered to patient. In
one embodiment, the therapeutic agent can include a
nutrient. The nutrient can include any substance config-
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ured to provoke a release of one or more hormones from
L-cells, such as linoleic acid (LA), a carbohydrate, other
sugars, an amino acid, a protein, a fatty acid, a fat, or
any combination thereof. The nutrient can take the form
of a natural food item; a supplement, e.g., a nutrition
drink; or a substance that is made with the express pur-
pose of stimulating L-cells, and therefore need not be a
nutrient per se in the conventional sense. Generally, de-
livery of the nutrient to the patient, such as to the patient’s
intestine, e.g., an ileum of the intestine, can help trigger
ileal brake. Normally, the presence of nutrients, which
arise from a meal consisting of carbohydrates, fats and
proteins, termed digesta in the digestive tract, stimulates
release of the body’s own incretins into the blood stream.
Key hormones, released by specialized L-cells located
in the mucosa, which is the innermost interior (luminal)
wall of the intestines, coordinate the body’s response to
a meal. The hormones produce this effect by inducing a
sense of fullness and cessation of eating (satiety), trig-
gering the release of insulin to maintain proper glucose
levels (incretin effect) and slowing the passage of con-
tents through the digestive tract (delaying gastric emp-
tying and slowing small intestinal transit). Collectively,
these effects have been termed the ileal brake. By deliv-
ering the nutrient, e.g., triggering ileal brake, at the onset
of the patient eating solid food, satiation can occur earlier
than it would in a normal digestive process without the
delivery of the nutrient to the patient. The patient can
therefore feel full faster after beginning to eat, thereby
encouraging smaller amounts of food intake and, over
time, encouraging weight loss. Triggering ileal brake and
various exemplary embodiments of nutrients and admin-
istration thereof to a patient to help treat obesity are de-
scribed inmore detailin U.S. Pat. Pub. No.2010/0056948
filed Aug. 25, 2009 entitled "Stimulation Of Satiety Hor-
mone Release."

[0041] The nutrient can be delivered to the patient in
any number of ways. FIG. 4 illustrates one exemplary
embodiment of a delivery device 212, e.g., an active
agent catheter delivery system, configured to deliver a
nutrient to a patient. The delivery device 212 is shown
implanted within an intestine of a patient, but the delivery
device 212 can be implanted in a variety of locations and
can be implanted in a variety of ways, e.g., implanted
laparaoscopically, deployed within the colon through a
natural orifice procedure. Various exemplary embodi-
ments, including the delivery device 212, of methods and
devices for delivering a nutrient to a patient are described
in more detail in U.S. Pat. Pub. No. 2005/0038415 filed
July 12, 2004 entitled "Method And Apparatus For Treat-
ment Of Obesity."

[0042] Generally, the delivery device 212 can include
an active agent reservoir and pump 210 and an active
agent delivery catheter 220. Although any active agent
reservoir and pump and active agent delivery catheter
can be used, an exemplary embodiment of an active
agent reservoir and pump include a Codman® 3000 In-
fusion Pump, available from Codman & Shurtleff, Inc. of
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Raynham, MA, and an exemplary embodiment of an ac-
tive agent delivery catheter includes a Codman® silicone
tapered arterial catheter, available from Codman &
Shurtleff, Inc. The reservoir and pump 210 can include
any suitable reservoir and/or fluid delivery pump having,
as shown in FIG. 5, a resealable fluid insertion boss 213,
a fluid reservoir 211, a fluid pump 214, and a radially
extended male fluid delivery port 215. In use, a nutrient
contained in the reservoir 211 can be dispensed there-
from, through the catheter 220, into the ileum of the pa-
tient in order to decrease intestinal motility and increase
feelings of satiety experienced by the patient. Optionally,
the reservoir 211 can be recharged at any time neces-
sary. Preferably, recharging of the reservoir 211 is per-
formed without removal from the implantation site but is
performed remotely such as, for example, by injection
with a syringe. The active agent delivery catheter 220,
as shown in FIG. 6, can include a female port 221 posi-
tioned at a first terminal end of catheter 220 and config-
ured to mate with the male fluid delivery port 215 of the
reservoir and pump 210. The catheter 220 can include
an elongate fluid transmission lumen 222 extending from
the female port 221 to a second terminal end of the cath-
eter 220. Positioned near the second terminal end of the
catheter 220 and around a circumference of the lumen
222 can be afirst laterally extending brace 223. A second
laterally extending brace 224 can positioned distally to
the first laterally extending brace 223 in close proximity
to the second terminal end of the catheter 220. The cath-
eter 220 can also include a balloon 225 configured to
secure the catheter 220 within, e.g., the patient's abdom-
inal cavity, wherein a securing means, such as a row of
purse-string sutures, can be placed and tightened around
an opening in the intestine to secure the intestine to the
catheter 220. The balloon 225 can then be pulled taut
againstthe sealing means to preventleakage of intestinal
contents.

[0043] In another exemplary embodiment, the obesity
therapy 18 caninclude delivering both a nutrientand elec-
trical stimulation to the patient. As described in further
detail in U.S. Pat. Pub. No. 2010/0056948 filed Aug. 25,
2009 entitled "Stimulation Of Satiety Hormone Release,"
delivering a nutrient to a patient and electrical stimulating
the patient can cause a higher expression of Glucagon-
Like Peptide (GLP-1), and hence enhance triggering of
ileal brake, than delivery of the nutrient to the patient
without electrical stimulation. By triggering delivery of the
nutrient and the electrical stimulation relatively quickly
after the patient begins eating solid food through the trig-
gering of the delivery device 14 by the processor 16, ileal
brake can be further encouraged in a faster fashion than
would naturally occur or that would occur if the nutrient
was delivered without electrical stimulation. In an exem-
plary embodiment, and as further discussed in U.S. Pat.
Pub. No. 2010/0056948, the electrical signal can be de-
livered to a tissue of the patient contemporaneously with
the contacting of L-cells of the tissue with the nutrient
delivered to the patient. The term contemporaneously
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generally means that during at least part of the time that
the electrical signal is being delivered to the tissue, the
L-cells are in direct contact with the nutrient. Thus, if the
electrical signal is delivered for a total duration of one
second, contacting the L-cells with the nutrient stimulus
for 5 seconds after the application of the electrical signal
and for 0.1 seconds during the application of the electrical
signal will be considered to have been contemporaneous
with the application of the electrical signal.

[0044] In one exemplary embodiment, a nutrient can
be orally administered to a patient, e.g., the patient can
swallow a nutrient, e.g., as a pill, a fluid, in conjunction
with eating solid food, e.g., at a start of a meal. Stimulation
of the patient’s L-Cells can be enhanced by electrical
stimulation of the patient in the presence of the nutrient,
e.g., by a delivery device delivering an electrical signal
to the patient. In another exemplary embodiment, a meal
that a patient ingests can serve as a stimulus for the
patient’s L-Cells, which can be amplified by triggered de-
livery of electrical stimulation to the patient. The meal
can be detected in any way, such as heart rate variability,
as discussed further below. Since meals can serve to
stimulate L-cell production of GLP-1, when properly
timed, the electrical stimulation can begin as the meal
transits into the patient’'s duodenum. There is a feed for-
ward signal to the ileum which is responsible for increase
in GLP-1 production. This can be enhanced by the pres-
ence of electrical stimulation in the intestine.

[0045] FIG. 7 illustrates one exemplary embodiment
of an obesity therapy system 100 including a gastric pH
sensor 112 configured to sense gastric pH levels of a
patient, a processor 114 having the pH sensor 112 lo-
cated in a housing thereof, and a delivery device 116
configured to be in communication with the processor
114 and configured to deliver an obesity therapy 118 to
the patient. In the illustrated embodiment, the processor
114 and the pH sensor 112 are implanted in a stomach
of the patient, and the delivery device 116 is implanted
in an ileum of the patient. However, as discussed herein,
a sensor and a delivery device can be positioned at the
same internal or external anatomical location in a pa-
tient’'s body or at any number of different internal and
external anatomical locations. In one embodiment, a pH
sensor can be implanted in a patient’'s stomach, and a
housing containing a processor and a delivery device
can be implanted within an intestine of the patient, with
the processor and the sensor being configured to be in
wireless electronic communication with one another such
that the sensor can wirelessly transmit the sensed heart
rate data to the processor. A person skilled in the art will
appreciate that one or more gastric pH sensors can be
disposed at a variety of locations within the patient, e.g.,
the esophagus and the stomach, and each of the pH
sensors can be configured to communicate sensed data
to the processor 114. The obesity therapy 118 in the il-
lustrated embodimentincludes delivery of electrical stim-
ulation and a nutrient, but any one or more obesity ther-
apies can be delivered to the patient in response to a
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trigger signal 120 from the processor 114.

[0046] Asintheillustrated embodiment, the pH sensor
112 can be configured to sense gastric pH levels in the
stomach. Variations in gastric pH can indicate whether
or not there is solid food present in the stomach. The
relationship between gastric pH levels and food con-
sumption is described in further detail in "Regional Post-
prandial Differences in pH Within the Stomach and Gas-
troesophageal Junction," Digestive Diseases and Sci-
ences, Vol. 50, No. 12 (December 2005), pgs.
2276-2285. Using intraluminal pH sensors to detect eat-
ing is described in more detail in "Effects of Thickened
Feeding on Gastroesophageal Reflux in Infants: A Pla-
cebo-Controlled Crossover Study Using Intraluminal Im-
pedance," Pediatrics 111(4), €355-e359 (April 2003). In
general, gastric pH is low in an empty stomach. Upon
eating, especially foods that contain protein, gastric pH
becomes more basic (i.e., the pH value increases) due
to buffering by the food. The increase in pH occurs even
though the stomach is actively secreting acid. Once the
buffering capacity of the food is exceeded, the gastric pH
returns to a low value. Thus, as described in further detail
in U.S. Pat. Pub. No. 2009/0192534 filed January 29,
2008 entitled "Sensor Trigger" and in "Regional Post-
prandial Differences in pH Within the Stomach and Gas-
troesophageal Junction," Diseases and Sciences, Vol.
50, No. 12 (December 2005), the gastric pH level increas-
es after each meal and returns to the baseline pH some-
time thereafter.

[0047] The pH sensor 112 can also be configured to
communicate the sensed data to a transmitter circuit 126
configured to analyze the sensed data. Based on the
analysis, the transmitter circuit 126 can determine wheth-
er to transmit the trigger signal 120 to the delivery device
116. In an exemplary embodiment, the processor 114
can be configured to transmit the trigger signal 120 to
the delivery device 116 if, based on the sensed data, a
change in gastric pH of a selected magnitude occurred,
e.g., |X-Y| pH. Alternatively, the processor 114 can be
configured to transmit the trigger signal 120 to the deliv-
ery device 116 if a change in gastric pH results in a pH
range that is less than 7 pH.

[0048] As mentioned above, the delivery device 116
can be defaulted to a dormant, sleep, or off mode in which
it is not delivering the obesity therapy 118 to the patient.
The dormant or off mode can conserve a supply of the
obesity therapy 118, e.g., a finite chemical supply stored
in a reservoir (not shown) contained within or otherwise
coupled to the delivery device 116. The dormant or off
mode can also conserve usable power from the device’s
power supply 132, e.g., aninternal battery, capacitor. For
example, in one exemplary embodiment, the delivery de-
vice 116 can be partially dormant such that only the an-
tenna 124 and/or the receiver circuit 128 are powered
continuously and another portion of the device 116, such
as the obesity therapy 118, is in a dormant, sleep, or off
mode. Such a configuration can reduce the power usage
of the delivery device 116, thereby reducing the required
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power capacity of the power supply 132. In one exem-
plary embodiment, the implantable sensor can be com-
pletely shut-off in the dormant, sleep, or off power usage
mode. In another embodiment, the dormant, sleep, or off
power usage mode can correspond to a low operating
frequency, such as an operating frequency of less than
or equal to about 1 Hz. At the low operating frequency,
some very low power functions can remain active such
as atimer and some receiver circuit functions. In general,
the use configuration can have an operating frequency
in the range of about 2 to 20 Hz. It shall be understood
that higher or lower sampling frequencies can be used
to conserve more or less power depending upon opera-
tional need of the system. Nyquist frequency or Nyquist
rate principles can be used to determine the cut-off fre-
quency of a given sampling system. Thus, in one exem-
plary embodiment, a change in gastric pH detected by
the pH sensor 112 that is less than 7 pH can be effective
to trigger the delivery device 116, thereby energizing the
delivery device 116 from the dormant, sleep, or off mode
to a delivery or on mode in which the delivery device 116
can deliver the obesity therapy 118 to the patient.
[0049] Similarly, the gastric pH sensor 112 can be de-
faulted to a dormant, sleep, or off mode in which it is not
sensing data or is gathering a limited amount of data,
e.g., gathering data at a low sampling rate. Various ex-
emplary embodiments of a sensor having a dormant
mode, as well as various exemplary embodiments of
powering a system including a sensor and of transmitting
signals, are described in further detail in U.S. Pat. Pub.
No. 2010/0056948 filed Aug. 25, 2009 entitled "Stimula-
tion Of Satiety Hormone Release" and U.S. Pat. Pub.
No. 2009/0192404 filed January 28, 2008 entitled "Meth-
ods And Devices For Measuring Impedance In A Gastric
Restriction System."

[0050] Although the transmitter circuit 126 in the illus-
trated embodiment is configured to both analyze the
sensed data and to generate and transmit the trigger sig-
nal 120, as will be appreciated by a person skilled in the
art, any one or more processing elements can be con-
figured to perform these and other related actions. As in
the illustrated embodiment, the trigger signal 120 can be
transmitted from afirst antenna 122, which can be located
within the processor’s housing and in communication
with the transmitter circuit 126, to a second antenna 124
located within the delivery device 116. The antennas 122,
124 are in wireless communication in the illustrated em-
bodiment such that the processor 114 and the delivery
device 116 are in wireless communication, but as will be
appreciated by a person skilled in the art, the processor
114 and the delivery device 116 can be in wired commu-
nication with one another. In another embodiment, a
processor can be configured to transmit a trigger signal
to an external collection device that communicates trig-
ger signal to a delivery device. Similarly, a pH sensor can
be configured to transmit a signal to an external collection
device thatcommunicates the sensed pHlevels to a proc-
essor, which can communicate a trigger signal to a de-
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livery device in any direct or indirect and any wired or
wireless way. Referring again to the illustrated embodi-
ment of FIG. 7, in response to receipt of the trigger signal
120, areceiver circuit 128 in communication with the sec-
ond antenna 124 can cause the obesity therapy 118 to
be delivered to the patient from the delivery device 116.
Although the processor 114 and/or the delivery device
116 can have off-board power supplies, in the illustrated
embodiment, the processor 114 and the delivery device
116 have respective first and second on-board power
supplies 130, 132, e.g., rechargeable batteries.

[0051] FIG. 8 illustrates one exemplary embodiment
of an obesity therapy system 300 including a heart rate
sensor 312 configured to sense a heart rate of a patient,
a processor 314 configured to be in communication with
the heart rate sensor 312, and a delivery device 316 con-
figured to be in communication with the processor 314
and configured to deliver an obesity therapy (not shown)
to the patient. A person skilled in the art will appreciate
that one or more heart rate sensors can be disposed at
a variety of locations around the patient, e.g., the wrist
and the sternum, and each of the heart rate sensors can
be configured to communicate sensed data to the proc-
essor 314. As discussed above, all of the heart rate sen-
sor 312, the processor 314, and the delivery device 316
can be implanted within the patient, all can be positioned
external to the patient, or a combination thereof with one
or more being positioned subcutaneously and one or
more being positioned transcutaneously.

[0052] For example, as shown in one exemplary em-
bodiment in FIG. 9, a band 400 attached to a housing
402, similar to a watch band and a watch housing, can
be configured to be transcutaneously positioned around
a wrist of a patient 404. The band 400 and the housing
402 can be configured to be removed from the patient
404 and discarded, repaired such as by replacing a low
battery, reprogrammed such as to analyze sensed data
in a different way or change what data determination trig-
gers transmission of a trigger signal to a delivery device
416, and/or relocated to another position, e.g., relocated
from aright wrist to a left wrist. The housing 402 can have
contained therein a processor (not shown) configured to
be in communication with the a heart rate sensor (not
shown) attached to the band 400. The heart rate sensor
can be configured to sense a heart rate of the patient
404, e.g., using a heart rate sensing electrode (not
shown) contacting an exterior skin surface of the patient
404, as will be appreciated by a person skilled in the art.
The processor in the housing 402 can be configured to
analyze heart rate data gathered by the sensor and to
communicate a trigger signal to the delivery device 416
implanted within an intestine 406 of the patient 404. Al-
though, in other embodiments, the processor can be in-
cluded in an external device, e.g., a portable computer,
a desktop computer, a handheld electronic device such
as a mobile phone, as will be appreciated by a person
skilled in the art. The external device can be configured
to receive sensed data from the sensor, to analyze the
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sensed data, and to transmit a trigger signal to the deliver
device based upon results of the processor’s analysis.
Referring again to FIG. 9, the delivery device 416 can be
configured to deliver an obesity therapy, e.g., electrical
stimulus and/or a nutrient, to the patient 404 when trig-
gered to do so by receipt of the trigger signal. Although
the delivery device 416 is implanted within the patient
404, as discussed above, the delivery device 416 can be
implanted in any other location or can be located external
to the patient404. Further, while only one delivery device
416 is shown in the illustrated embodiment, any number
of delivery devices can be implanted within or externally
coupled to the patient 404 to deliver one or more obesity
therapies thereto. If multiple delivery devices are coupled
to the patient 404, the processor can be configured to
transmit a trigger signal to each of the delivery devices,
e.g., a separate trigger signal transmitted to each of the
delivery devices, to cause each of the delivery devices
to start delivery of an obesity therapy to the patient 404.
In some embodiments, the processor can be configured
to trigger a first number of the multiple delivery devices
based on a first determination of analyzed sensed data,
e.g., a change in heart rate over a first threshold value,
and to trigger a second number of the multiple delivery
devices, which can include one or more of the same de-
vices in the first number of devices, based on a second
determination of analyzed sensed data, e.g., a change
in heart rate over a second threshold value.

[0053] Other exemplary embodiments of externally lo-
cated heart rate sensors include a strap configured to be
worn by a patient such that a heart rate sensing electrode
attached to the strap is positioned on an exterior skin
surface of a chest of the patient, a heart rate sensing
electrode attached to an article of clothing configured to
be worn by a patient such that the electrode contacts an
exterior skin surface of the patient, and a pulse oximeter
configured to be positioned on an external skin surface
of a finger of a patient. An externally located heart rate
sensor can allow an obesity therapy to be delivered to a
patient without requiring surgery to implant the sensor,
thereby reducing, if not eliminating, adverse side effects
and potential complications from surgery. If a delivery
device configured to be triggered based on data gathered
by the externally located heart rate sensor is also trans-
cutaneously positioned, e.g., in the form of a transdermal
patch configured to electrically stimulate the patient, then
the patient can be effectively treated without requiring
any surgery, thereby eliminating adverse side effects and
potential complications from surgery. However, as will
be appreciated by a person skilled in the art, the patient
can also undergo a surgical procedure to treat severe
obesity either before or after treatment using an obesity
therapy delivered as described herein. Exemplary em-
bodiments of a heart rate sensor configured to be posi-
tioned within a patient include a lead configured to be
implanted within a heart of the patient, and an electrode
configured to be implanted on a thorax of the patient.
[0054] Referring again to FIG. 8, the heart rate sensor
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312 can be configured to gather heart rate data, e.g.,
electrocardiogram (ECG) signals and/or electrogastrog-
raphy (EGG) signals, using at least one lead and/or at
least one electrode (not shown) and to communicate the
sensed data to the processor 314. The processor 314
can be configured to detect a change in heart rate, e.g.,
heart rate variability (HRV), of the patient 404 by analyz-
ing the ECG signals sensed by the sensor 312 and de-
termine if the HRV indicates an onset of the patient eating
a solid food. Changes in heart rate can occur after inges-
tion of solid food, as discussed for example in Friesen et
al., "Autonomic Nervous System Response To A Solid
Meal And Water Loading In Healthy Children: Its Relation
To Gastric Myoelectrical Activity," Neurogastroenterol
Motil. 19(5): 376-382 (2007); Friesen et al., "The Effect
Of A Meal And Water Loading On Heart Rate Variability
In Children With Functional Dyspepia," Dig Dis Sci 55:
2283-2387 (2010); Yin et al., "Inhibitory Effects Of Stress
On Postprandial Gastric Myoelectrical Activity And Vagal
Tone In Healthy Subjects," Neurogastroenterol Motil
16(6): 737-744 (Dec. 2004); Watanabe et al., "Effects of
water ingestion on gastric electrical activity and heartrate
variability in healthy subjects," J Auton Neuro Syst
58(1-2): 44-50 (1996); and Lipsitz et al., "Hemodynamic
And Autonomic Nervous System Responses To Mixed
Meal Ingestion In Healthy Young And OId Subjects And
Dysautonomic Patients With Postprandial Hypotension,"
Circulation, 87: 391-400 (1993).

[0055] HRV analysis can be performed in a variety of
ways, such as using time-domain and/or frequency-do-
main methods, as will be appreciated by a person skilled
in the art. Generally, the time-domain methods can in-
clude calculations directly from raw R-R interval time se-
ries data, e.g., raw data of times from the peak of one R
to the next R peak in a QRS complex of an echocardio-
gram, such as by using the standard deviation of all nor-
mal R-R intervals (SDNN), the standard deviation of the
successive differences (SDSD) between R-R intervals.
Generally, the frequency-domain methods can include
calculating a power spectral density (PSD) of R-R interval
time series data. Calculating the PSD can be divided into
nonparametric, e.g., fast Fourier transform (FFT) based
calculations and parametric, e.g., autoregressive model,
calculations. The PSD can be analyzed by calculating
power and peak frequencies for different frequency
bands, such as a very low frequency (VLF) band, e.g.,
in a range of about 0 to 0.04 Hz), a low frequency (LF)
band, e.g., in a range of about 0.04 to 0.15 Hz), and a
high frequency (HF) band, e.g., in a range of about 0.15
to 0.4 Hz). The LF band can represent sympathetic ac-
tivity, and the HF band can represent parasympathetic
activity. In healthy, normal patients after ingesting a solid
meal, power in the LF band increases, while power in the
HF band decreases. Analysis of LF and HF bands can
therefore according to the invention result in a determi-
nation that a patient is eating when power in the LF band
increases a certain threshold amount while power in the
HF band decreases a threshold amount. Accordingly, in
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an exemplary embodiment, the processor 314 can ana-
lyze a power spectral density in LF and HF bands to de-
termine onset of the patient eating a solid food, and send
the trigger signal to the delivery device 316 accordingly.
In one embodiment, the processor 314 can determine a
total power increase from 30.4 +/- 25.5 units to 63.0 +/-
48.5 units 80 minutes after ingestion of solid food, and
an LF increase of 24.7 +/- 19.7 units to 55.8 +/- 44 after
80 min. The units are arbitrary due to normalization. Such
parameters are described in further detail in Lipsitz et al.,
"Hemodynamic And Autonomic Nervous System Re-
sponses To Mixed Meal Ingestion In Healthy Young And
Old Subjects And Dysautonomic Patients With Postpran-
dial Hypotension," Circulation, 87:391-400 (1993). In an-
other embodiment, the processor 314 can determine an
LF to HF ratio increase of 1.78 +/- 0.33 to 2.5 +/- 0.49
units 30 minutes after ingestion of solid food, and an HF
decrease of 21.8 +/- 4.2 to 16 +/- 0.5 after 30 min. The
units are arbitrary due to normalization. Such parameters
are described in further detail in Lu et al, Digestive Dis-
eases and Sciences, Vol 44 (4) 857-861.

[0056] Assessments of heart rate variability can be
used to detect a wide range of physiologic functions in
addition to eating. Examples of such physiologic func-
tions include bladder control (such as bladder and urge
incontinence), sexual dysfunction (such as erectile dys-
function), chronic constipation, fecal incontinence, ob-
structive sleep apnea, pain management (such as post-
operative pain, chronic low back pain, lower urinary tract
pain, and other chronic pain syndromes), blood pressure
control, cardiac ischemia detection, heart failure therapy,
GERD, and gastroparesis.

[0057] Inanother exemplary embodiment of an obesity
therapy system, the system can include a gastric pH sen-
sor configured to sense gastric pH levels of a patient
similar to that discussed above regarding the sensor 112
of FIG. 7, a heart rate sensor configured to sense a heart
rate of the patient similar to that discussed above regard-
ing the sensor 312 of FIG. 8, a processor configured to
receive gathered pH data from the gastric pH sensor and
gathered heart rate data from the heart rate sensor, and
adelivery device configured to deliver an obesity therapy
to the patient upon receipt of a trigger signal from the
processor. By providing the processor with gastric pH
data and heart rate data, the processor can analyze both
sets of data, separately or together, and more accurately
determine onset of the patient eating solid food.

[0058] In some embodiments of an obesity therapy
system, heart rate data and/or gastric pH data can be
gathered for a patient and analyzed by a processor in
addition to one or more additional sets of sensed data
that can indicate whether the patient is eating. The ad-
ditional set(s) of data can generally include data that can
indicate whether a patient has begun eating solid food.
The processor considering data related to a plurality of
different factors, e.g., heart rate, gastric pH, impedance,
gastric stretch, can help provide redundancy in case of
sensor and/or communication failure, and can help in-
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crease accuracy in determining that an onset of solid
food has begun. One embodiment of such eating indica-
tor data includes data of impedance across a stomach
wall of the patient. Collecting gastric impedance data
and/or using changes in gastric impedance to detect eat-
ing is described in more detail in U.S. Pat. Pub. No.
2009/0192404 filed January 28, 2008 entitled "Methods
And Devices For Measuring Impedance In A Gastric Re-
striction System," Silny et al, "Verification of the intralu-
minal multiple electrical impedance measurement for the
recording of gastrointestinal motility," Neurogastroenter-
ology & Motility, Vol 5(2): 107-122 (June 1993); "Effects
of Thickened Feeding on Gastroesophageal Reflux in
Infants: A Placebo-Controlled Crossover Study Using In-
traluminal Impedance," Pediatrics 111(4), €355-e359
(April 2003). Another embodiment of such eating indica-
tor data includes data related to gastric stretch. Various
embodiments of collecting and/or analyzing gastric
stretch data to determine eating are described in more
detail in Paintal, et al., "A Study Of Gastric Stretch Re-
ceptors: Their Role In The Peripheral Mechanisms Of
Satiation Of Hunger And Thirst," Journal of Physiology,
Vol. 126, 255-270 (1954), and Geliebter et al., "Gastric
Distension By Balloon And Test-Meal Intake In Obese
And Lean Subjects," Am J Clin Nutr, Vol 48, 592-594
(1988).

[0059] The devices disclosed herein can be designed
to be disposed of after a single use, or they can be de-
signed to be used multiple times. In either case, however,
the device can be reconditioned for reuse after at least
one use. Reconditioning can include any combination of
the steps of disassembly of the device, followed by clean-
ing or replacement of particular pieces, and subsequent
reassembly. In particular, the device can be disassem-
bled, and any number of the particular pieces or parts of
the device can be selectively replaced or removed in any
combination, e.g., electrodes, a battery or other power
source, an externally wearable sensor and/or housing
therefor. Upon cleaning and/or replacement of particular
parts, the device can be reassembled for subsequent
use either at a reconditioning facility, or by a surgical
team immediately prior to a surgical procedure. Those
skilled in the art will appreciate that reconditioning of a
device can utilize a variety of techniques for disassembly,
cleaning/replacement, and reassembly.

[0060] Preferably, the system described herein will be
processed before surgery. First, a new or used instru-
ment is obtained and if necessary cleaned. The instru-
ment can then be sterilized. In one sterilization technique,
the instrumentis placed in a closed and sealed container,
such as a plastic or TYVEK bag. The container and in-
strument are then placed in a field of radiation that can
penetrate the container, such as gamma radiation, x-
rays, or high-energy electrons. The radiation kills bacteria
on the instrument and in the container. The sterilized in-
strument can then be stored in the sterile container. The
sealed container keeps the instrument sterile until it is
opened in the medical facility.
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Claims
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The invention is defined.

1. A medical system, comprising:

a sensor configured to be positioned in contact
with a tissue of a patient, the sensor being con-
figured to sense a heart rate of the patient;

a processor configured to be in communication
with the sensor and to analyze the sensed heart
rate to detect a change in heart rate of the pa-
tient, wherein the processor is configured to de-
tect the change in heart rate by analyzing elec-
trocardiogram (ECG) signals sensed by the sen-
sor, the analyzing comprising analyzing a power
spectral density in low frequency and high fre-
quency bands to determine onset of the patient
eating a solid food, and

a delivery device configured to be implanted
within the patient and to be in communication
with the processor, the delivery device being de-
faulted to a dormant mode in which the delivery
device does not deliver an obesity therapy to the
patient, and the delivery device being configured
to change from the dormant mode to a delivery
mode, in which the delivery device delivers the
obesity therapy to the patient, in response to the
processor detecting the change in heartrate and
the onset of the patient eating a solid food, char-
acterized in that the processor is configured to
detect onset of the patient eating a solid food
when spectral power in the low frequency band,
corresponding to sympathetic activity, increas-
es by a predetermined first threshold amount
while spectral power in the high frequency band,
corresponding to parasympathetic activity, de-
creases by a predetermined second threshold
amount.

2. The system of claim 1, wherein the delivery device
is configured to change from the delivery mode to
the dormant mode upon occurrence of a predeter-
mined trigger event, and is configured to repeatedly
change between the delivery and dormant modes
based on the processor detecting changes in heart
rate of the patient and based on occurrences of the
predetermined trigger event.

3. The system of claim 2, wherein the predetermined
trigger event comprises passage of a predetermined
amount of time during which the delivery device is
in the delivery mode.

4. The system of claim 1, wherein the processor is con-
figured to be implanted within the patient.



10.

11.

25 EP 2 658 604 B1 26

The system of claim 1, wherein the processor is con-
figured to be positioned in direct contact with an ex-
terior skin surface of the patient.

The system of claim 1, wherein the sensor is config-
ured to be implanted within the patient.

The system of claim 6, wherein the sensor comprises
at least one of a lead configured to be implanted
within a heart of the patient, and an electrode con-
figured to be implanted on a thorax of the patient.

The system of claim 1, wherein the sensor is config-
ured to be positioned in direct contact with an exterior
skin surface of the patient.

The system of claim 8, wherein the sensor comprises
at least one of a first electrode attached to a strap
configured to be worn by the patient such that the
first electrode is positioned on an exterior skin sur-
face of a chest of the patient, a second electrode
attached to an article of clothing configured to be
worn by the patient such that the second electrode
contacts an exterior skin surface of the patient, a
pulse oximeter configured to be positioned on an ex-
ternal skin surface of a finger of the patient, and a
third electrode attached to a band configured to be
positioned around a wrist of the patient such that the
third electrode contacts an exterior skin surface of a
wrist of the patient.

The system of claim 1, wherein the obesity therapy
comprises at least one of electrical stimulation and
administration of a therapeutic agent to the patient.

The system of claim 10, further comprising the ther-
apeutic agent, which comprises a nutrient configured
to provoke a release of one or more hormones from
L-cells of the patient.

Patentanspriiche

1.

Medizinisches System, umfassend:

einen Sensor, dafiir ausgelegt, in Kontakt mit
einem Gewebe eines Patienten positioniert zu
sein, wobei der Sensor zum Abtasten einer
Herzfrequenz des Patienten ausgelegt ist;

einen Prozessor, dafiir ausgelegt, mitdem Sen-
sor in Kommunikation zu stehen und die abge-
tastete Herzfrequenz zu analysieren, um eine
Anderung bei der Herzfrequenz des Patienten
zu detektieren, wobei der Prozessor ausgelegt
ist zum Detektieren der Anderung bei der Herz-
frequenz mittels Analysierens von durch den
Sensor abgetasteten Elektrokardio-
gramm-(EKG)-Signalen, wobei das Analysieren
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das Analysieren einer spektralen Leistungs-
dichte in niederfrequenten und hochfrequenten
Bandern umfasst, um den Beginn der Aufnahme
fester Nahrung durch den Patienten zu ermit-
teln, und

eine Abgabeeinrichtung, daflirausgelegt, inden
Patienten eingesetzt zu sein und mit dem Pro-
zessor in Kommunikation zu stehen, wobei die
Abgabeeinrichtung standardmafig in einen Ru-
hemodus versetzt wird, in dem die Abgabeein-
richtung dem Patienten keine Fettleibigkeitsthe-
rapie verabreicht, und wobei die Abgabeeinrich-
tung dafiir ausgelegt ist, aus dem Ruhemodus
in einen Abgabemodus zu wechseln, in dem die
Abgabeeinrichtung dem Patienten die Fettlei-
bigkeitstherapie verabreicht, in Reaktion darauf,
dass der Prozessor die Anderung bei der Herz-
frequenz und den Beginn der Aufnahme einer
festen Nahrung durch den Patienten detektiert,
dadurch gekennzeichnet, dass der Prozessor
dafiir ausgelegt ist, den Beginn der Aufnahme
einer festen Nahrung durch den Patienten zu
detektieren, wenn die sympathischer Aktivitat
entsprechende spektrale Leistung in dem nie-
derfrequenten Band um einen vorbestimmten
ersten Schwellenwertbetrag zunimmt, wahrend
die parasympathischer Aktivitat entsprechende
spektrale Leistung in dem hochfrequenten Band
um einen vorbestimmten zweiten Schwellen-
wertbetrag abnimmt.

System nach Anspruch 1, wobei die Abgabeeinrich-
tung daflir ausgelegt ist, beim Eintreten eines vor-
bestimmten Ausldseereignisses aus dem Abgabe-
modus in den Ruhemodus zu wechseln, und daftr
ausgelegt ist, basierend darauf, dass der Prozessor
Anderungen bei der Herzfrequenz des Patienten de-
tektiert, und basierend auf Vorkommnissen des vor-
bestimmten Ausléseereignisses, wiederholt zwi-
schen dem Abgabe- und dem Ruhemodus zu wech-
seln.

System nach Anspruch 2, wobei das vorbestimmte
Ausléseereignis das Verstreichen eines vorbe-
stimmten Zeitumfangs umfasst, wahrend dessen die
Abgabeeinrichtung im Abgabemodus ist.

System nach Anspruch 1, wobei der Prozessor daftir
ausgelegt ist, in den Patienten eingesetzt zu sein.

System nach Anspruch 1, wobei der Prozessor daftir
ausgelegt ist, in direktem Kontakt mit einer externen

Hautoberflache des Patienten zu stehen.

System nach Anspruch 1, wobei der Sensor dafir
ausgelegt ist, in den Patienten eingesetzt zu sein.

System nach Anspruch 6, wobei der Sensor mindes-
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tens eine von einer zum Einsetzen in ein Herz des
Patienten ausgelegten Leitung und einer zum Ein-
setzen an einem Brustkorb des Patienten ausgeleg-
ten Elektrode umfasst.

System nach Anspruch 1, wobei der Sensor daftr
ausgelegt ist, in direktem Kontakt mit einer externen
Hautoberflache des Patienten zu stehen.

System nach Anspruch 8, wobei der Sensor mindes-
tens eines umfasst von einer ersten Elektrode, die
an einem vom Patienten zu tragenden Riemen an-
gebracht ist, sodass die erste Elektrode auf einer
externen Hautoberflache einer Brust des Patienten
positioniertist; einer zweiten Elektrode, die an einem
von dem Patienten zu tragenden Bekleidungsartikel
angebracht ist, sodass die zweite Elektrode eine ex-
terne Hautoberflache des Patienten kontaktiert; ei-
nem Pulsoximeter, dafiir ausgelegt, auf einer exter-
nen Hautoberflache eines Fingers des Patienten po-
sitioniert zu sein; und einer dritten, an einem Band
angebrachten Elektrode, dafiir ausgelegt, um ein
Handgelenk des Patienten positioniert zu sein, so-
dass die dritte Elektrode eine externe Hautoberfla-
che eines Handgelenks des Patienten kontaktiert.

System nach Anspruch 1, wobei die Behandlung der
Fettleibigkeit mindestens eines umfasst von elektri-
scher Stimulation und Verabreichung eines thera-
peutischen Wirkstoffs an den Patienten.

System nach Anspruch 10, ferner umfassend den
therapeutischen Wirkstoff, der einen Nahrstoff um-
fasst, daflir ausgelegt, eine Freisetzung von einem
oder mehreren Hormonen aus L-Zellen des Patien-
ten hervorzurufen.

Revendications

1.

Systeme médical, comprenant :

un capteur configuré pour étre positionné en
contact avec un tissu d’'un patient, le capteur
étantconfiguré pour détecter une fréquence car-
diaque du patient ;

un processeur configuré pour étre en commu-
nication avec le capteur et pour analyser la fré-
quence cardiaque détectée afin de détecter un
changement de la fréquence cardiaque du pa-
tient, le processeur étant configuré pour détec-
ter le changement de la fréquence cardiaque en
analysant les signaux d'électrocardiogramme
(ECG) détectés par le capteur, I'analyse com-
prenant I'analyse d’'une densité spectrale de
puissance dans les bandes de basse fréquence
et de haute fréquence pour déterminer le début
de la consommation d’un aliment solide par le
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patient, et

un dispositif d’administration configuré pour étre
implanté chez le patient et pour étre en commu-
nication avec le processeur, le dispositif d’admi-
nistration étant réglé par défaut sur un mode de
veille dans lequel le dispositif d’administration
ne délivre pas de traitement contre I'obésité au
patient, et le dispositif d’administration étant
configuré pour passer du mode de veille a un
mode d’administration dans lequel le dispositif
d’administration délivre le traitement contre
I'obésité au patient, en réponse a la détection
par le processeur du changement de la fréquen-
ce cardiaque et du début de la consommation
d’'un aliment solide par le patient, caractérisé
en ce que le processeur est configuré pour dé-
tecter le début de la consommation d’un aliment
solide par le patient lorsque la puissance spec-
trale dans la bande de basse fréquence, corres-
pondant a lactivit¢é sympathique, augmente
d’'une premiére quantité seuil prédéterminée
tandis que la puissance spectrale dans la bande
de haute fréquence, correspondant a l'activité
parasympathique, diminue d'une deuxiéme
quantité seuil prédéterminée.

Systéme selon la revendication 1, le dispositif d’ad-
ministration étant configuré pour passer du mode
d’administration au mode de veille lors de 'apparition
d’'un événement déclencheur prédéterminé, et étant
configuré pour passer de maniére répétée entre les
modes d’administration et de veille sur la base de la
détection par le processeur des changements de la
fréquence cardiaque du patient et sur la base de
I'apparition de I'événement déclencheur prédétermi-
né.

Systéme selon la revendication 2, 'événement dé-
clencheur prédéterminé comprenant I'écoulement
d’'une durée prédéterminée pendant laquelle le dis-
positif d’administration esten mode d’administration.

Systéme selon la revendication 1, le processeur
étant configuré pour étre implanté chez le patient.

Systéme selon la revendication 1, le processeur
étant configuré pour étre positionné en contactdirect
avec une surface de peau extérieure du patient.

Systéme selon la revendication 1, le capteur étant
configuré pour étre implanté chez le patient.

Systéme selon la revendication 6, le capteur com-
prenant au moins I'un d’un fil configuré pour étre im-
planté dans le coeur du patient, et d’'une électrode
configurée pour étre implantée sur le thorax du pa-
tient.
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Systeme selon la revendication 1, le capteur étant
configuré pour étre positionné en contact direct avec
une surface de peau extérieure du patient.

Systeme selon la revendication 8, le capteur com-
prenant au moins l'une d’'une premiére électrode
fixée a une sangle configurée pour étre portée par
le patient de telle sorte que la premiére électrode
soit positionnée sur une surface de peau extérieure
de la poitrine du patient, d'une deuxiéme électrode
fixée a un article de vétement configuré pour étre
porté par le patient de telle sorte que la deuxiéme
électrode soit en contact avec une surface de peau
extérieure du patient, d’'un oxymetre de pouls confi-
guré pour étre positionné sur une surface de peau
externe d’undoigt du patient, etd’'une troisiéme élec-
trode fixée a une bande configurée pour étre posi-
tionnée autour d’un poignet du patient de telle sorte
que la troisieme électrode entre en contact avec une
surface de peau externe d’un poignet du patient.

Systeme selon la revendication 1, le traitement con-
tre 'obésité comprenant au moins I'une de la stimu-
lation électrique et de 'administration d’'unagent thé-
rapeutique au patient.

Systeme selon la revendication 10, comprenant en
outre I'agent thérapeutique qui comprend un nutri-
ment configuré pour provoquer une libération d’'une
ou de pplusieurs hormones a partir des cellules L du
patient.
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