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trointestinal tract is provided. In one embodiment, the fixa-
tion device includes an expandable member that fixes the
electrodes in electrical contact with the gastrointestinal tract
wall. Also provided is an implantable device and method for
controlling the opening and/or closing of the pylorus. In
particular a device and method is provided for stimulating
the duodenum to control the closing/and or opening of the
pylorus.

Finally, a method is provided for treating obesity by con-
trolling the pylorus to retain food in the stomach for a
desired period of time, among other things to provide a
feeling of satiety and/or to reduce hunger. One aspect
includes controlling the pylorus’s contraction by electrical
stimulation of the duodenum.
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FIG. 1A
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GASTROINTESTINAL STIMULATION
DEVICE

FIELD OF THE INVENTION

The invention relates to a stimulation device and method
for stimulating a portion of the gastrointestinal tract and in
one particular embodiment to a device and method for
stimulating the duodenum to control the pylorus and/or to
treat obesity.

BACKGROUND OF THE INVENTION

In general when food is ingested into the stomach, ini-
tially, the elastic upper portion or fundus accommodates the
food and the fundus expands. As food enters and the fundus
expands there is a pressure gradient created in the stomach
between the fundus and the antrum (fundus pylori). A
number of things occur at this time. Fluids tend to be pushed
through the pylorus, which acts as a leaky valve. Peristaltic
contractions move down the stomach from the fundus into
the antrum to mix and break down food and propel small
particles through the pylorus into the duodenum. In healthy
human stomachs, peristalsis is believed to be controlled at
least in part by a region of the stomach identified near the
interface of the fundus and the corpus along the greater
curvature. In this region, there are cells believed to govern
the organs’ periodic contractile behavior that generate and
propagate rhythmic electrical signals that correspond to the
contractile behavior of the stomach. These characteristic
contractions are believed to create, a pressure gradient
between the fundus pylori (or antrum) and duodenum that
relates to the rate of gastric emptying. When the contractions
begin, the pylorus is generally closed, although fluid and
small particles leak through the valve. As contractions or
electrical activity corresponding to the contractions reach
pylorus, the pylorus begins to open or relax. Thus, as the
stomach churns and breaks down food in a healthy stomach,
the pylorus begins to open. As this is occurring, there may
be electrical activity in the duodenum as well. Retrograde
electrical activity from the duodenum, i.e. contractions or
electrical activity in the direction of the pylorus tends to
cause the pylorus to close, thus preventing bile and pancre-
atic juices from backing up into the stomach. Accordingly,
the opening and closing of the pylorus is influenced by
electrical stimulation input from both of its ends.

In a number of disease states or conditions, the contrac-
tions of the stomach and/or the opening and closing of the
pylorus is irregular. Gastroparesis may result from insuffi-
cient contractions to churn food, move food through the
pylorus, and/or open the pylorus, among other things, result-
ing in gastro-retention of food. In another motility disorder
known as dumping syndrome, the stomach empties at an
abnormally high rate into the small intestine causing various
gastrointestinal disorders. It has also been observed that in
obese patients, gastric emptying tends to be at a higher than
normal rate. It is believed that obesity may be treated by
altering gastric motility to cause the stomach to slow gastric
emptying.

Accordingly, it would be desirable to provide a device and
method for controlling gastric emptying. Further, it would be
desirable to provide a device and method that controls the
contracting and relaxation of the pylorus according to a
desired increase or decrease in gastric emptying.

Some devices have been proposed to constrict the stom-
ach to reduce stomach volume. These devices are typically
implanted in a relatively invasive procedure and operate to
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constrict the stomach but do not enable periodic control of
the stomach emptying. Some devices have been proposed to
interfere with the peristaltic motion of the gastrointestinal
tract and especially the stomach, to slow the movement of
food from the stomach. These devices control the contrac-
tions of the stomach but are not directed to opening and
closing the pylorus outside of the context of controlling
peristalsis of the stomach. Furthermore, most of these
devices require open or laparoscopic surgery in which a
stimulator unit is implanted subcutaneously adjacent the
abdomen wall with leads extending to the stomach where
electrodes are attached. Artificial sphincters, for opening and
closing sphincters including the pylorus have been pro-
posed. These devices typically involve placing a constricting
member around the sphincters in a relatively invasive pro-
cedure.

Accordingly it would be desirable to provide a relatively
easily implanted device and method for controlling the
opening and/or closing of the pylorus. It would further be
desirable to provide a method and device for treating obe-

sity.
SUMMARY OF THE INVENTION

The invention provides a fixation device for holding
stimulating electrodes in electrical contact with the wall of
a portion of the gastrointestinal tract. In one embodiment,
the fixation device includes an expandable member that fixes
the electrodes in electrical contact with the gastrointestinal
tract wall. According to one embodiment, the fixation device
comprises a relatively tubular shaped structure that holds
stimulating electrodes adjacent the wall of the duodenum
while permitting the passage of materials through the
device. According to another embodiment of the invention,
the fixation device comprises a self-expanding tubular mem-
ber.

The present invention further provides an implantable
device and method for controlling the opening and/or clos-
ing of the pylorus. In particular, one embodiment comprises
a device and method for stimulating the duodenum to
control the closing/and or opening of the pylorus. According
to this embodiment, electrodes are coupled to the wall of the
duodenum. In one embodiment, the electrodes are coupled
to the duodenum above the duct through which bile and
pancreatic secretions empty into the small intestine. Elec-
trical stimulation pulses are delivered by an electronic
circuit through the electrodes. The stimulation pulses that
travel in a deep retrograde direction end to cause the pylorus
to contract and close. The stimulation may be delivered after
sensing a meal or that food has been ingested. For example,
detecting a change in temperature due to food particles not
at body temperature. Or, the stimulation may be user acti-
vated whereby the user turns on the device after ingesting a
meal. The stimulation in one embodiment is set to continue
for a predetermined period of time. Thus, where a patient’s
typical rate of gastric emptying is greater that desired, such
emptying may be slowed using the stimulator.

The present invention also provides a method for treating
obesity by controlling the pylorus to retain food in the
stomach for a desired period of time, among other things to
provide a feeling of satiety and/or to reduce hunger. Accord-
ing to one embodiment, the pylorus’s contraction is con-
trolled by electrical stimulation of the duodenum. The
retrograde propagation of the stimulation acts to close or
cause contraction of the pylorus.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side cutaway view of a stomach and duodenum
with an implanted stimulator according to an embodiment of
the invention.

FIG. 1A is a side view of the fixation device of the
stimulator of FIG. 1 in a compressed configuration.

FIG. 1B is a cross sectional view of FIG. 1A along the
lines 1B—1B.

FIG. 1C is a side view of the fixation device of the
stimulator of FIG. 1 in an expanded configuration

FIG. 1D is a cross-sectional view of FIG. 1C along the
lines 1D—1D.

FIG. 1E is a top view of a portion of the stimulator
illustrated in FIG. 1A.

FIG. 1F is a schematic side view of the electrode housing
of the stimulator of FIGS. 1, and 1A-1E.

FIG. 2 is an alternative electrode housing for the stimu-
lator of FIG. 1 in which electronics are encased in the
electrode housing.

FIG. 3 illustrates another embodiment of an implanted
stimulator according to the invention.

FIG. 4 illustrates another embodiment of an implanted
stimulator according to the invention.

FIG. 4A is a side view of the fixation device of the
stimulator of FIG. 4 in an expanded configuration with a
removable replaceable battery unit coupled to the electrode
housing.

FIG. 4B is a side view of the electrode housing and
removable battery unit of the stimulator of FIG. 4A.

FIG. 4C is an enlarged portion of FIG. 4B as indicated in
FIG. 4B.

FIG. 5 is a schematic of an electronic circuit of a
stimulator according to an embodiment of the invention.

FIG. 6 is a schematic of an external controller circuit
according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

Referring to FIGS. 1 and 1A-1F a stimulator 30 in
accordance with the invention is illustrated implanted in the
gastrointestinal tract of a patient. The stimulator 30 com-
prises a fixation device 34 to be implanted in the duodenum
24 and an electronics housing 50 to be located in the
stomach 20 and coupled by wire tube 53 enclosing leads 51,
52, to the fixation device 34. The fixation device 34 includes
electrodes 41, 42 in electrical contact with the duodenum 24
and the electronics housing 50 includes electronic circuitry
125 and a battery 144 that supply electrical stimulation
pulses to the duodenum 24 through the electrodes 41, 42.

In FIG. 1, the fixation device 34 is illustrated in place in
the duodenum 24 located adjacent the pylorus 23 of a patient
and above the duct 25 (where the ducts for bile and pan-
creatic secretions merge). The electrodes 41, 42 of the
fixation device 34 are contained in an electrode housing 43
(FIG. 1A) and exposed at the outer circumference of the
fixation device 34 so that the electrodes 41, 42 may be
positioned in electrical contact with the wall 27 of the
duodenum 24. The fixation device 34 operates to engage the
inner circumference of the wall 27 of the duodenum 24 to
hold and maintain the electrodes 41, 42 in electrical contact
with the duodenum 24. The fixation device 34 comprises a
plurality of rings 36 including undulating members 37
having peaks and valleys that permit compression and
expansion of the rings 36.
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4

The rings 36 are preferably formed of Nitinol to provide
spring-like properties with sufficient radial strength so that
they may be compressed and constrained by a catheter
containing the fixation device 34, and released from the
catheter to expand into an expanded engaging position
within a lumen of the gastrointestinal tract. The rings 36
define a common axis 39 extending through the rings 36.
The rings 36 are attached to each other by way of the
electrode housing 43, which is molded onto the rings 36
along the axis 39 of the rings 36. Each ring 36 is formed by
a closed wire loop of undulating members 37 and includes
a straight portion 38 over which the electrode housing 43 is
molded. The electrode housing 43 may be formed of a
biocompatible plastic such as polyurethane or polycarbon-
ate. The fixation device 34 further defines a lumen 45
extending along the axis 39 through which materials from
the stomach 20 may pass.

The fixation device 34 may delivered in a compressed
configuration to the duodenum 24 through a catheter or the
like, containing the fixation device 34 in its compressed
state. The fixation device is then expanded into a configu-
ration in which it engages the wall 27 of the duodenum 24.
As illustrated in FIGS. 1A and 1B, in a compressed position,
the diameter of the fixation device 34 is relatively small so
that it can reside with within a catheter of sufficiently small
diameter to be placed through upper gastrointestinal tract
(i.e., into the mouth of a patient, through the esophagus and
stomach, and through the pylorus into the duodenum). The
catheter may include a retractable sheath containing the
fixation device 34. The sheath is retractable upon locating
the catheter in a desirable position for deployment of the
fixation device 34 in the duodenum 24. This may be guided
by and endoscope or fluoroscopy. The fixation device 34
should be position in an orad location from the duct 25
where the bile and pancreatic secretions empty into the
duodenum 24 so that the fixation device 34 does not block
the duct 25. When retracted, the sheath permits the self-
expanding rings 36 of the fixation device 34 to expand to the
expanded position illustrated in FIGS. 1C and 1D. Thus,
when released from the catheter, the fixation device 34
expands to engage the inner circumference of the wall 27 of
the duodenum 24. In its expanded position, the circumfer-
ence of the fixation device 34 increases while the electrode
housing 43 and the straight portion 38 of each ring 36
encased by the electrode housing 43 maintain their original
size and shape. The radial strength of the rings 36 serves to
hold the fixation device 34 in place. The electrodes 41, 42
are located on the outer surface 44 of the electrode housing
43 and the rings 36 hold them in place against the wall 27
of the duodenum 24 to provide electrical contact therewith.
Alternatively, the rings 36 may be expandable by a balloon
catheter or the like.

A pair of leads 51, 52 encased in a tube 53 extend out of
the fixation device 34 and are coupled to the electronics
housing 50. When the fixation device 34 is deployed, the
tube 53 and electronics housing 50 extend in an orad
direction, through the pylorus 23 and into the stomach 20.
The electronics housing 50 is attached to the stomach 20
wall leaving sufficient slack in the tube 53 to allow for
stomach contractions and movement. In this embodiment,
the electronics housing 50 contains a battery 144 and
electronic circuitry 125 (FIG. 5) for providing electrical
stimulation to the duodenum 24 through the leads 51, 52
extending thorough tubing 53 and coupled to the electrodes
41, 42. FIG. 5 illustrates exemplary electronics 125 and
battery 144 that may be used with the stimulator 30 or
stimulators of other embodiments of the invention, such as,















