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DEVICE AND METHOD FOR REDUCING WEIGHT

The invention relates to a -method for reducing weight through vagus

nerve stimulation and to a device for use in such treatment.

Obesity is one of the largest health problems in the western countries. It

may lead to numerous secondary pathology, such as diabetes, sleep apnea,

heart diseases, pulmonary diseases; osteoarthritis. The aetiology of obesity is

always multifactorial, including genetic and environmental factors. The ideal

treatment of obesity is not yet available.

Introduced during the past decade, Vagus Nerve Stimulation (VNS) is

commonly used to treat refractory epilepsy (Kramer and Hufnagel "Vagus nerve

stimulation: Current status in epilepsy therapy." Aktuelle Neurologie 30:344-349,

2003). Accordingly, devices intended for VNS have received wide approval from

regulation authorities of various countries. VNS has an acute effect on epileptic

seizures and a progressive prophylactic effect on both severity and frequency of

the seizures.

VNS has also been proposed in the frame of obesity treatment. Thus WO

02/062291 describes a method and device for treating obesity in an individual

through sub-diaphragmatic vagus nerve stimulation with an electrical pulse

signal. In particular, there is described a device for reducing weight in an

individual, the device comprising a generator adapted to produce an electrical

signal and at least a first set of electrodes comprising two electrodes able to be

connected to the generator, the electrodes being intended to be fixed to a first

vagus nerve of the individual at a predefined distance one from another, to

apply the electrical signal to a portion of the first vagus nerve located between

the electrodes.

However, when the generator does not impose an electrical signal to the

nerve, a voltage could appear between the electrodes of the same set of

electrodes. This voltage is potentially noxious for the individual.

Accordingly, it is an object of the present invention to provide a method

and device for reducing weight in an individual through vagus nerve stimulation



while protecting the individual from the detrimental effects of electrical

stimulation.

Thus, the present invention relates to a device for reducing weight in-an

individual, the device comprising:

- a generator adapted to produce an electrical signal;

- at least a first set of electrodes comprising two electrodes able to be

connected to the generator and being intended to be fixed to a first vagus

nerve of the individual at a predefined distance one from another to apply

the electrical signal to a portion of the first vagus nerve located between

the electrodes;

characterized in that it comprises a short-circuiting switch being adapted to be

turned on for short-circuiting the electrodes.

The present invention also relates to a method for reducing weight in an

individual, wherein an effective electrical signal is applied peri-diaphragmatically

to a portion of a first vagus nerve and optionally to a portion of a second vagus

nerve, wherein the electrical signal is in the form of pulses trains, the pulses

having amplitudes increasing from 0.1 milliampere to 2.5 milliampere during a

progressive phase (PP) and a constant amplitude equal to 2.5 milliampere

during a stabilised phase (SP).

The present invention further relates to a method for reducing weight in

an individual, wherein an effective electrical signal is applied peri-

diaphragmatically to a portion of a first vagus nerve and optionally to a portion

of a second vagus nerve by a device as defined above.

The present invention also relates to the use of a device as defined

above, for the manufacture of a surgical implant intended for reducing weight in

an individual.

Other features of the device, methods and use, will be apparent from

what follows.

As intended herein "reducing weight in an individual" relates to a

reduction of the fat tissues of the individual. The individual may or may not

suffer from obesity. If the individual suffers from obesity, in particular from

morbid obesity, then the method amounts to a method for treating obesity. This

expression also encompasses a reduction in weight increase.



As intended herein "obesity" relates to a condition characterized by an

excess body weight of an individual with respect to the individual's size, as

compared to a normal individual. Preferably, as intended herein, a human

individual will be said to suffer from obesity, or to be obese, if his Body Mass

Index (BMI = weight (kg) / height2 (m2)) is of at least 30 kg/m2. Individuals with a

BMI of 35-40 of greater will be said to be severely obese or morbidly obese.

However, the device, methods and use according to the invention can be

applied to any individual whose body weight, in particular fat body weight,

needs to be reduced, be he considered obese or non-obese. When the human

individual to be treated is not obese, or has an obesity which is not associated

to any weight-related or obesity-related pothologies, or to any obesity-related

disease risk factor, such as individuals with a BMI lower than 35-40, the

methods of the invention should not be considered as therapeutic methods but

merely as aesthetic methods.

As intended herein "weight-related diseases or obesity-related

pathologies" relates to pathologies which aetiologies comprise excess weight or

obesity. Such pathologies may notably encompass type 2 diabetes, sleep

apnea, heart diseases, pulmonary diseases, or osteoarthritis.

As intended herein, "individual" preferably relates to a mammal, in

particular a human.

The expression "vagus nerve" designates the cranial nerve X and its

various branches. The "first vagus nerve" and the "second vagus nerve" are

selected from the ventral vagus nerve (which innervates in part the stomach,

the liver and the proximal duodenum) and the dorsal vagus nerve (which

innervates in part the stomach and gets lost in the celiac ganglia).

The expression "peri-diaphragmatically" designates a portion of the

vagus nerve which is located next to the diaphragm, either supra-

diaphragmatically or sub-diaphragmatically. Preferably, this portion is located

from 1 cm to 2 cm below diaphragm level for the sub-diaphragm position. This

position corresponds to a part of the vagus nerve which can be easily freed

from connective tissues. For the supra-diaphragm position, the portion is

preferably from 1 cm to 2 cm above the diaphragm. This position corresponds



to the part of the vagus nerve located immediately above the Plexus gastricus

cranialis.

The expression "effective electric signal" relates—to a signal which

characteristics (such as intensity, amplitude, pulse duration, frequency) enable

a reduction of body weight or of body weight increase.

The surgical methodology for implanting the device according to the

invention or for vagus nerve stimulation is well known to one of skill in the art

and may follow that described e.g. by S.A. Reid ("Surgical technique for

implantation of the neurocybernetic prothesis." Epilepsia 3 1 :S38-S39, 1990) for

epilepsy treatment. Preferably, the device is implanted in a left subclavian area

of the individual.

Other aspects of the invention will be apparent from the following

description and drawings upon which:

- Figure 1 is a simplified partial front view of a mammal body and of the

medical device according to the invention;

- Figure 2 is a block diagram of the medical device according to the

invention;

- Figure 3 is a schematic timing chart illustrating a progressive phase and

a stabilised phase generated by the medical device according to the invention;

and

- Figure 4 is a schematic timing chart illustrating the pulses trains

transmitted to channels A and B during the stabilised phase; and

- Figure 5 is a schematic timing chart illustrating two pulses of a pulse

train.

Referring to figure 1, the medical device 2 according to the invention is a

vagus electro-stimulator device. It comprises an electronic unit 4 , a first 6 and

second 8 sets of insulated electrodes/leads connected to the electronic unit 4 .

The two sets of electrodes 6 , 8 are connected to a single electronic unit 4

included in a box. The box is made of titanium. The box is surgically implanted

in a subcutaneous pocket of a left subclavian area of the individual.

The first set 6 comprises a first 10 and a second 12 electrodes having

distal ends respectively 14 and 16. The distal ends 14 and 16 are intended to

be fixed to the dorsal vagus nerve 18 at a predefined distance one from another



to apply a current signal to a portion 19 of the dorsal vagus nerve 18 located

between these distal ends.

The proximal ends of the first set 6 are linked to output connectors 20, 22

of the electronic unit 4 .

The second set 8 comprises a first 24 and a second 26 electrodes having

distal ends respectively 28 and 30 intended to be fixed to a ventral vagus nerve

32 at a predefined distance one from another to apply the current signal to a

portion 33 of the ventral vagus nerve 32 located between these distal ends.

The proximal ends of the second set 8 are connected to output

connectors 34, 36 of the electronic unit 4 .

The distal ends 14, 16, 28, 30 of the electrodes are positioned in an area

between the top part of the stomach 38 and the lower part of the diaphragm 40.

The electrodes 10, 12, 24, 26 are placed surgically using minimal

invasive procedure for the nerves shield surrounding the dorsal and the ventral

vagus nerves either immediately before or after the diaphragm 40.

Referring to figure 2 , the electronic unit 4 comprises a voltage generator

42, a voltage current converter 43, a digital-to-analogue converter 44 and a

microprocessor 46 connected to the digital-to-analogue converter 44.

The voltage generator 42 is a rechargeable battery.

The voltage current converter 43 comprises a transistor 45 adapted to be

linked to the voltage generator 42, an amplifier 47 connected to the transistor 45

and a resistance 49 connected to the transistor 45.

The transistor 45 is an n-channel Bipolar Junction Transistor (BJT). It has

a base connected to the output of the amplifier 47 via a resistance 82, an

emitter linked to the resistance 49, and a collector adapted to be connected to

one terminal of the voltage generator 42, the other terminal of the voltage

generator being connected to a ground 53.

The amplifier 47 has a negative input connected by a line 55 to the

resistance 49 and to the emitter of the transistor 45, and a positive input linked

to the digital-to-analogue converter 44.

The voltage current converter 43 comprises a terminal 5 1 linked to the

resistance 49. The terminal 5 1 is set at a predetermined positive voltage of 1.5

V.



The voltage current converter 43 operates as well known in the state of

the art.

The voltage generator 42 and the voltage current converter form a

current generator hereafter referenced 42, 43.

The current generator 42, 43 is adapted to apply a current signal to the

portion 19 of the dorsal vagus nerve 18 and to the portion 33 of the vagus nerve

32.

The portions of the vagus nerves 19, 33 located between the distal ends

14, 16 and 28, 30 constitute a load for the current generator 42, 43. This load

can vary along the time. The current generator 42, 43 is able to adapt the

voltage applied to the portions 19 and 33 of the vagus nerves (i.e. load) such as

to maintain the amplitude of the current signal approximately constant between

the distal ends 14, 16 of the first set and between the distal ends 28, 30 of the

second set.

The digital-to-analogue converter 44 is adapted to convert the digital

commands of the microcontroller 46 into analogue ones, as well known.

The microprocessor 46 comprises a memory 48 which stores a computer

programme defining the current supply commands to the current generator 42,

43.

The microprocessor 46 is able to transmit these commands to the

amplifier 47 via the digital-to-analogue converter 44.

The electronic unit 4 also comprises an RF emitter/receiver 49 to send

and receive data to and from a handheld programming device, e.g. to amend

the computer programme stored in the memory 48.

The electronic unit 4 further comprises a channel selector switch 50

connected to the voltage generator 42, to the terminal 5 1 and to the

microprocessor 46; a short-circuiting switch 52 linked to the channel selector

switch 50 and to the output connectors 20, 22, 34, 36 ; and a no compliance

detector 54 connected to the microprocessor 46, to the voltage generator 42

and to the terminal 5 1.

The channel selector switch 50 comprises an input 56 for receiving the

current signal of the current generator 42, 43, an output 57 connected to the

collector of the transistor 45, two lines 58, 60 connected to the output



connectors 20 and 22 for current supplying the dorsal vagus nerve 18 , and two

lines 62, 64 connected to the output connectors 34 and 36 for current supplying

the ventral vagus nerve 32.

The channel selector switch 50 further comprises two resistances having

high impedance and not illustrated in figure 2 .

The channel selector switch 50 is adapted to connect alternatively the

input 56 and the output 57 to the lines 58, 60, to the lines 62, 64 and to the

resistances according to the commands received from the microcontroller 46.

In figure 2, the channel selector switch 50 has two contacts not illustrated

which are able to select three different electrical terminals noted 1, 2 and 3 .

When the contacts of the selector switch 50 are placed on the terminals

noted 1, the current generator 42, 43 is linked to the resistances. This

corresponds to a high impedance connection.

When the contacts of selector switch 50 are placed on the terminals

noted 2 , the current generator 42, 43 is linked to the lines 58 and 60. The

electrodes 10 and 12 supply a current signal to the portion 19 of the dorsal

vagus nerve.

When the contacts of the selector switch 50 are placed on the terminals

noted 3 , the current generator 42, 43 is linked to the lines 62 and 64. The

electrodes 24 and 26 supply a current signal to the portion 33 of the ventral

vagus nerve.

The microcontroller 46 is adapted to control the channel selector switch

50 such that the current signal is supplied to the electrodes 10, 12 and the

electrodes 24, 26 only during specific periods as described hereafter.

The short-circuit switch 52 comprises a first n channel MOSFET

transistor 66 in depletion mode, a second n channel MOSFET transistor 68 in

depletion mode.

The first MOSFET transistor 66 has a gate D connected to the output line

58, a source S connected to the output line 60 and a gate connected to a

ground 70 through a line 72.

The second MOSFET transistor 68 has a gate D connected to the output

line 62, a source S connected to the output line 64 and a gate connected to the

ground 70 through the line 72.



Each transistor 66, 68 is configured so that when the potential difference

(voltage) between its gate and its source is lower than a predefined threshold,

the transistor 66, 68 is turned on, namely the transistor 66, 68 is in a passing

current status. The two electrodes 10, 12 (or the electrodes 24, 26) are short-

circuited.

When the potential difference between its gate and its source is greater

than this predefined threshold, the transistor 66, 68 is turned off. There is an

open circuit between the two electrodes 10, 12 (or the electrodes 24, 26).

The no compliance detector 54 comprises a first 76 and a second 78

transistors. These transistors are n-channel Bipolar Junction Transistors (BJT).

The first transistor 76 is a pnp transistor. It comprises an emitter

connected to the output of the amplifier 47 and to the base of the transistor 45

via the resistance 82, a base linked to the base of the transistor 45 via a

resistance 84, and a collector connected to the base of the second transistor 78

through a resistance 86.

The second transistor 78 comprises a base, an emitter connected to the

ground 87, and a collector connected to the microprocessor 46 and to a voltage

source 88 through a resistance 90.

When the electronic unit 4 is operating under non compliance conditions,

for instance when an abnormal high impedance appears between the two

electrodes 10, 12 (or electrodes 24, 26), the current signal traversing the

portions 19 and 33 of the vagus nerves decreases. To maintain the value of the

amplitude of the current signal, the current generator 42, 43, via the transistor

45, attempts to compensate this insufficiency by increasing the current signal

circulating from the base to the collector of the transistor 45. As a result, the

voltage between the terminals of the resistance 82 increases and the current

signal passing through the collector and the emitter of the first transistor 76

increases. The current signal delivered by the base of the second transistor 78

increases causing a current signal to be transmitted from the voltage source 88

to the ground 87.

The microcontroller 46 is adapted to detect the appearance of this

current signal and to generate an alarm. This alarm reflects the fact that the



electronic unit 4 is operating under non compliance conditions i.e a current

signal having a abnormal elevated amplitude is delivered to the vagus nerves.

The alarm can also be generated when one of the electroctes 8 , 10 , 24,

26 is cut.

The invention also concerns a method for reducing weight wherein an

effective current signal is delivered to the vagus nerves along time according to

a predefined method which is implemented in the computer program stored in

the memory 48.

According to this method, the amplitude of the current signal applied to

the mammal body increases gradually during an initial phase, hereafter named

progressive phase PP, and is maintained constant during a permanent phase,

hereafter named stabilised phase SP, illustrated in figure 3 .

The progressive phase PP lasts between 10 and 20 days during which

the amplitude increases from 0.1 milliampere to 2.5 milliampere.

Preferentially, the progressive phase PP lasts 15 days during which the

amplitude increases from 0.1 milliampere to 2.5 milliampere so that the

amplitude of the current signal increases each day from 0.16 milliampere.

The stabilised phase SP is preferably maintained until treatment of the

individual interrupted. The amplitude of the current signal is maintained equal to

2.5 milliampere during the stabilised phase SP.

The progressive phase PP and the stabilised phase SP comprise

emission periods T 1 which last each 30 seconds and non emission periods T2

which last each 5 minutes.

During the emission periods T 1, the contacts of the selector switch 50

switch from terminal 2 to terminal 3 at a frequency of 60 Hz. The current signal

generator 42, 43 provides current signal alternatively to the electrodes 10, 12

(channel A in Figure 4) and to the electrodes 24, 26 (channel B in Figure 4).

When the contacts of the selector switch 50 switch are connected to

terminal 2 or to terminal 3, the gate of transistor 66, 68 is linked to the voltage

generator 42 and the source of this transistor is linked the terminal 5 1, the

potential difference between the gate and the source of this transistor is greater

than the predetermined threshold. The transistor 66, 68 is turned off. The

electrodes 10 and 12 are not short- circuited.



The current generator 42, 43 connected to a single battery provides

current to both channel A via the first set of electrodes 6 and to channel B via

the second set of electrodes 8 . Consequently, a pulse is never simultaneously

delivered to both vagus nerves, as schematically illustrated with dotted lines in

figure 4 .

Thus, according to the invention, the dorsal 18 and the ventral 32 vagus

nerves are never stimulated simultaneously but one after another such that no

linkage current appears between the portion 19 of the dorsal vagus nerve 18

and the portion 33 of the ventral vagus nerve 32.

These linkage current signals are damageable. They appear when the

impedance of the portion 19 of the dorsal vagus nerve is different from the

impedance of the portion 33 of ventral vagus nerve. In this case, a potential

difference appears between the portion 19 of the dorsal vagus nerves and the

portion 33 of the ventral vagus resulting in the emergence of a current between

the dorsal vagus nerve and the ventral vagus nerve.

The current signal generated during the emission period T 1 is formed of

pulses trains, as schematically illustrated in figure 4 . An enlarge view of two

consecutive pulses is illustrated in figure 5. The duration L of each pulse is

equal to 1 millisecond. The duty cycle of one period of the current signal is

equal to 1/30. The period P defined between two consecutive pulses is equal to

33 milliseconds.

During the non emission periods T2, the contacts of the selector switch

50 are connected to the terminal 1. No current signal is provided to the

electrodes 10, 12 or to the electrodes 24, 26.

When the contacts of the selector switch 50 switch are connected to

terminal 1, no voltage is applied to the gate of the transistor 66, 68. The

transistor 66, 68 are turned on. The electrodes 10,12 as well as the electrodes

24, 26 are short circuited.

Advantageously, the device according to the invention avoids the

appearance of linkage currents between nerves connected to a stimulation

device, when the device does not stimulate these nerves.

The described embodiment of the invention needs less energy because

the non emission periods T2 are longer than the emission periods T 1.



Alternatively, classical MOSFET transistor can also be used in the short-

circuit switch 52.

Alternatively, the device can be implemented with a voltage generator

instead of the current generator 42, 43. In this case, a voltage signal is applied

to the vagus nerves.

The invention will be further exposed with the following non-limitative

example.



EXAMPLE 1: Efficacy of the device and method for reducing weight

Material and methods

Two groups of pigs were compared, one group of 6 pigs with Vagal

Nerve Stimulation (VNS group) and one group of 6 pigs without VNS, having

the same surgical procedure (Sham group). The pigs were large white females

about 3 months old and 35 kg weigh at the beginning of the experiment.

Surgery was performed under general anaesthesia, after a few days of

acclimatization of the animals to their cage. To avoid stimulation of the afferent

and efferent vagus nerve fibres joining the larynx, the lungs and the heart, the

electrodes were implanted immediately above the diaphragm. The stimulation

was applied bilaterally on the ventral and dorsal vagus nerves. Electrodes

implantation with bipolar leads required a thoracotomy with the ablation of the

left 8th cost; both of the bipolar VNS leads (Cyberonics) were coupled with a

device according to the invention.

After surgery, each animal had a week for recovering, followed by a week

of measures without stimulation. Stimulation was then started in the stimulated

group. The parameters of stimulation with the exception of output current

intensity were kept unchanged during the entire duration of the experiment

(frequency of pulses within the trains, 30 Hz; pulse duration, 1 ms; duration of

the train, 30 seconds; and frequency of the trains, 300 s). These values are

similar to those usually used in human for epilepsy treatment. During the

progressive phase, which lasted 2 weeks, the output current intensity was

increased gradually starting at 0.25 mA and ending at 2.5 mA, so that the

amplitude increased of 0.16 mA each day.

Once the stabilised phase of stimulation was reached, the animals were

fed once every day at the same time and in the same conditions. Access to food

was ad libitum for half an hour; the quantity of food (2.2 kg) provided was more

than the maximal usual ration for pigs of this age and size. The changes in the

weight of the pigs were measured as well as other parameters measured on

line during the meal, using a weight gauge located under the animal trough:



amounts of food consumed at 10 minutes, 20 minutes and 30 minutes and the

ingestion speed.

Results

No significant surgical complications were observed in the course of the

experiment.

As expected, no statistical difference was noted in the ingestion

parameters between the VNS and Sham groups before VNS was started.

After 3 weeks of stabilized phase stimulation, changes in food intake

were significant. Total food intake was reduced at 10, 20 and 30 minutes after

the onset of the meal, mainly by reducing the ingestion speed rather than by

inducing longer pauses or more frequent pauses during the meal . Results are

summarized in Table 1.

Table 1 : Differences in total amount ingested during a meal and in ingestion

speed between the sham and VNS groups. Ingested denotes the amount of

meal ingested 10, 20 and 30 minutes after the onset of the meal. * denotes a

significant difference between groups at p<0.05 (one way ANOVA) Data are

mean ± SE.

The weight of the pigs was the same before VNS in both groups (38,9 kg

on average for the Sham group vs. 39,07 kg on average for the VNS group).

However, weight increase was significantly reduced post-stimulation in the VNS

group with respect to the Sham group (53,75 kg on average for Sham group vs.



46,8 kg on average for the VNS group; p=0,21 using a non-parametric Krustal-

Wallis test). Thus, the average weight gain per pig was of 14,85 kg for the

Sham group and 7,72 kg for the VNS group.

EXEMPLE 2: Efficacy of the device and method for altering food

preference.

Material and methods

Two groups of pigs were compared, one group of 4 pigs with Vagal

Nerve Stimulation (VNS group) and one group of 4 pigs without VNS, having

the same surgical procedure. These animals were different from those used for

exemple 1. However, the surgical preparation and vagal nerve stimulation

procedure were identical to that previously described

The animals were feed three times daily (9H30, 12H00 and 16H30) for

30 minutes each. At the preset time of the meal, the animal has access to three

different meals presented in three troughs randomly selected by a dedicated

robotic device. This device supplies exactly 600 g of food in each trough so that

for each individual meal the animal has the possibility to eat up to 1800 g . The

meals were different in their composition: one being identical to standard pig

food (Control), the other being enriched in sucrose and the last one being

enriched with animal and vegetal fat. The composition of each meal is

summarized in Table 2.



Table 2 . Composition of the three test meals and energy for 100 g of food.

Each meal was designed to taste largely different while supplying an almost

identical amount of energy. During each meal, the weight of the three troughs

was continuously recorded. Data correspond to week 4 and 5 after the onset of

the stimulation as described in exemple 1.

Results

No significant surgical complications were observed in the course of the

experiment.

After stimulation, change in alimentary preferences is obvious. Whereas, sham

animals preferred almost exclusively the High sucrose diet, the VNS group

select also almost exclusively the High Fat diet. The results are summarized in

Table 3.

Table 3 . Percentage of each three different diets ingested daily. The amount of

food ingested for 9H30, 12H00 and 16H30 meals were added. All data are

significantly different at p<0.01 (one way ANOVA). Data are mean ± SE

This change in alimentary preferences might result in a weight gain for the VNS

group. However, since the VNS group reduced also the total amount ingested

and because the energy content of the three test meals is identical, we

observed a weight difference in the VNS compared to the sham group (52.0 ±

5.6 kg versus 64.1 ± 7 .1 kg for the VNS versus sham group).



EXEMPLE 3: Absence of gastrointestinal side effect induced by vagal

nerve stimulation

Vagal nerve stimulation was effective to reduce food intake. However, this might

be the result of a slow down in gastric emptying. This reduced emptying in turn

is able to induce an increased sensation of fullness which is known to reduce

ingestion. This, if it is true, will be damageable to the proposed device and

method because in human's gastric stasis aside from being capable to reduce

food intake generates epigastric fullness and pain. Therefore, the inventors

aimed at demonstrating that the proposed device and method were able to

reduce food intake without altering the normal gastric emptying process.

Material and Methods

Two groups of pigs were compared, one group of 4 pigs with Vagal

Nerve Stimulation (VNS group) and one group of 4 pigs without VNS, having

the same surgical procedure. These animals were different from those used for

exemple 1 and 2 . However, the surgical preparation and vagal nerve stimulation

procedure were identical to that previously described.

Gastric emptying of liquids and solids was evaluated with scintigraphy

imaging which is the recognized "gold standard". Experiment was performed as

previously described by Blat et al (Blat et a/., "Role of vagal innervation on

intragastric distribution and emptying of liquid and semisolid meals in conscious

pigs", Neurogastroenterol Motil, 13:73-80, 2001). Emptying of liquids was

measured after the ingestion of 500 ml -10% Dextrose labeled with 20 MBq

99mTc-DTPA. Emptying of solids was evaluated after the ingestion of 35Og of

porridge labeled with 20 MBq 99mTc-sulfur colloid.

Data corresponded to weeks 4 and 5 after the onset of the stimulation as

described in example 1. Differences between sham and VNS group were

determined using one way ANOVA at p<0.05.



Results

Gastric emptying of liquids and solids were not significantly different in sham

versus VNS group indicating that VNS acts on food intake without altering

gastric motility function. Results are summarized in Table 4.

Table 4 : Half emptying time (in minutes) for liquid and solid meals in sham

versus VNS groups. Data are significantly different from Sham and VNS groups

(one way ANOVA). Data are mean + SE.



CLAIMS

1. A device (2) for reducing weight in an individual, the device (2)

comprising:

- a generator (42, 43) adapted to produce an electrical signal;

- at least a first set of electrodes (6) comprising two electrodes ( 10 , 12)

able to be connected to the generator (42, 43) and being intended to be fixed to

a first vagus nerve (18) of the individual at a predefined distance one from

another to apply the electrical signal to a portion (19) of the first vagus nerve

( 18) located between the electrodes (10, 12);

characterized in that it comprises a short-circuiting switch (52) being

adapted to be turned on for short-circuiting the electrodes (10, 12).

2. The device (2) according to claim 1, wherein the short-circuiting switch

(52) comprises a MOSFET transistor having a gate connected to a ground (70),

a gate (D) linked to one electrode (10) and a source (S) connected to the other

electrode (12).

3. The device (2) according to claim 2 , which comprises a voltage

generator (42, 50) adapted to apply a voltage to the source (S) of the short-

circuiting switch (52) for controlling its turn on and turn off.

4. The device (2) according to any of the preceding claims, wherein the

generator (42, 43) is a current generator.

5. The device (2) according to claim 4 , wherein it comprises:

- a second set of electrodes (8) comprising two electrodes (24, 26) able

to be connected to the generator (42, 43) and being intended to be fixed to a

second vagus nerve (32) of the individual body at a predefined distance one

from another to feed with current a portion (33) of the second vagus nerve (32)

located between the electrodes (24, 26);

- a channel selector switch (50) adapted to connect alternatively the first

set of electrodes (6) and the second set of electrodes (8) to said generator (42,



43) according to a predefined frequency to transmit the current generated by

said generator (42, 43) alternatively to the first ( 18) and to the second (32)

vagus nerves.

6. The device (2) according to any of claims 4 and 5 , wherein the

generator (42, 43) is adapted to adjust the voltage applied to at least the portion

(19) of the first vagus nerve (18), and in that the device (2) comprises a detector

(54) adapted to generate an alarm when the amplitude of the current is superior

to a predefined threshold.

7. The device (2) according to any of the preceding claims, wherein the

generator (42, 43) is adapted to produce pulses trains, the pulses having

amplitudes increasing from 0.1 milliampere to 2.5 milliampere during a

progressive phase (PP) and a constant amplitude equal to 2.5 milliampere

during a stabilised phase (SP).

8. The device (2) according to claim 7 , wherein the progressive phase

(PP) is an initial phase lasting between 10 and 20 days.

9. The device (2) according to claim 7 or 8, wherein the pulses trains

have a period of 33 milliseconds and the pulse (L) lasts 1 millisecond.

10. The device (2) according to any of claims 7 to 9 , wherein each phase

comprises an emission (T1) period follows by a non emission period (T2), the

generator (42, 43) being adapted to produce pulses during each emission

period (T1), the generator (42, 43) not being adapted to produce any pulse

during each non emission period (T2), and in that the short-circuiting switch (52)

short-circuits the electrodes of the first (6) and of the second (8) sets during the

non emission period (T2).

11. The device (2) according to claim 10, wherein the emission period

(T1) lasts for 30 seconds and the non emission period (T2) lasts for 5 minutes.



12. A method for reducing weight in an individual, wherein an effective

electrical signal is applied peri-diaphragmatically to a portion of a first vagus

nerve and optionally i o a portion of a second vagus nerve, wherein the electrical

signal is in the form of pulses trains, the pulses having amplitudes increasing

from O.i . milliampere to 2.5 milliampere during a progressive phase (PP) and a

constant amplitude equal to 2.5 milliampere during a stabilised phase (SP).

13. The method according to claim 12, wherein the progressive phase

(PP) is an initial phase lasting between 10 and 20 days.

14. The method according to claim 12 or 13, wherein the pulses trains

have a period of 33 milliseconds and the pulse (L) lasts 1 millisecond.

15. The method according to any of claims 12 to 14, wherein each phase

comprises an emission (T1) period follows by a non emission period (T2).

16. The method according to claim 15, wherein the emission period (T1)

lasts for 30 seconds and the non emission period (T2) lasts 5 minutes.

17. A method for reducing weight in an individual, wherein an effective

electrical signal is applied peri-diaphragmatically to a portion of a first vagus

nerve and optionally to a portion of a second vagus nerve by a device as

defined in any of claims 1 to 11.

18. The method of claim 17, wherein the device (2) is surgically

implanted in the individual.

19. The method of claim 18, wherein the device (2) is implanted in a left

subclavian area of the individual.

20. The method according to any of claims 12 to 19, wherein the

individual is obese.



21. The method according to any of claims 12 to 20, wherein the

individual is morbidly obese.

22. The method according to any of claims 12 to 19, wherein the

individual does not suffer from weight-related or obesity-related pathologies.

23. The use of a device as defined in any of claims 1 to 11, for the

manufacture of a surgical implant intended for reducing weight in an individual.

24. The use according to claim 23, wherein the individual is obese.

25. The use according to claim 23 or 24, wherein the individual is

morbidly obese.
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