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(7) ABSTRACT

A system for securing an implantable apparatus to a mam-
mal includes a mount including a base portion having a
plurality of holes dimensioned to receive rotationally-driven
fasteners, each fastener comprising a helical portion having
a tip configured for tissue penetration, the mount configured
to secure the implantable apparatus relative to tissue of the
mammal upon driving the fasteners into the tissue. The
system further includes a fastening tool configured to rota-
tionally drive the helical portion of the fasteners into the
tissue. The mount may be secured to the fascia covering the
sternum via a subcutaneous securement method, or it may be
attached to the intra-abdominal wall, behind the sternum, or
it may be attached to the sternum directly via bone screws
or the like.
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SYSTEM AND METHOD FOR SECURING AN
IMPLANTABLE INTERFACE TO A
MAMMAL

RELATED APPLICATIONS

[0001] This Application claims priority to U.S. Provi-
sional Patent Application Nos. 60/853,105 filed on Oct. 20,
2006, 60/854,574 filed on Oct. 25, 2006, and 60/904,625
filed on Mar. 1, 2007. Priority is claimed pursuant to 35
US.C. §§119, 120. The *105, 574, and ’625 Provisional
Patent Applications are incorporated by reference as if set
forth fully herein.

FIELD OF THE INVENTION

[0002] The field of the invention generally relates to
medical devices for accessing and controlling dimensions of
body lumens and cavities along a mammalian alimentary
canal, including methods and devices for treating obesity
and gastroesophageal reflux disease (GERD).

BACKGROUND OF THE INVENTION

[0003] Obesity is a common disease of unknown etiology.
It is a chronic, multifactorial disease that develops from an
integration of genetic, environmental, social, behavioral,
physiological, metabolic, neuron-endocrine and psychologi-
cal elements. This disease is considered a cause or co-
morbidity to such conditions as GERD, high blood pressure,
elevated cholesterol, diabetes, sleep apnea, mobility and
orthopedic deterioration, and other consequences, including
those limiting social and self image and those affecting the
ability to perform certain everyday tasks. Since traditional
weight loss techniques, such as diet, drugs, exercise, etc., are
frequently ineffective with many of these patients, surgery is
often the only viable alternative.

[0004] Body Mass Index (BMI) is the most common
method used to define the obese patient. This measurement
is obtained by taking a persons weight in Kilograms (Kg)
and dividing by the square of height in meters. Based on
policies set forth by the United States National Institutes of
Health (NIH), BMI is used to characterize the degree of
excess weight. These categories are listed in Table 1 listed
below. Presently, based on current NIH policy, only those
people with a BMI of 35 or greater qualify for surgical
intervention.

TABLE 1

Table 1 - Risk of Associated Disease According to BMI and Waist Size

Disease Risk Disease Risk
Waist =40 in. Waist >40 in.
Weight (men) or (men) or
BMI Classification 35 in. (women) 35 in. (women)
18.5 or less  Underweight — N/A
18.5-249  Normal — N/A
25.0-29.9  Overweight Increased High
30.0-349  Obese Class 1 High Very High
35.0-39.9  Obese Class 2 Very High Very High
40.0 to 49.9 Morbidly Obess  Extremely High  Extremely High
>49.9 Super Obese Extremely High  Extremely High

[0005] In the United States, more than 30% of the popu-
lation is obese as defined in Table 1, including men, women,
and children. There are more than 15 million Americans
(5.5%) who are morbidly obese. The number of obese
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children is growing at an alarmingly fast rate. Surgical
treatments for obesity continue to be a strong focus of
research due to their high level of effectiveness although no
treatment is considered ideal. It is well-established in the
medical literature that obesity adversely affects general
health, and can result in reduced quality of life and reduced
lifespan. It is now well-accepted that obesity is associated
with increased risk of cardiovascular disease, diabetes and
other health issues. In contrast, animal studies show that
longevity is increased in lean subjects (Weindruch, R. &
Walford, R. L., 1988. The Retardation of Aging and Disease
by Dietary Restriction, Thomas, Springfield, Ill.; Spindler, S.
R., 2003, in Anti-Aging Therapy for Plastic Surgery, eds.
Kinney, B. & Carraway, J., Quality Medical, St. Louis, Mo.).
Much work continues to be needed before a widely accept-
able solution can be expected.

[0006] Surgical weight loss (bariatric) procedures are
designed to restrict weight gain by either limiting caloric
intake by restricting effective stomach size or by malabsorp-
tion, which is reducing the intestine’s ability to absorb
nutrition. Many surgeons offer their patients a combined
procedure that includes a restrictive and malabsorption
material. These procedures are irreversible and rely on a
surgeon’s judgment to estimate the final size of the new
restrictive stomach as well as the remaining small intestine
length to provide adequate nutrition for optimal weight loss
and management for the patient’s lifetime.

[0007] Presently, bariatric procedures can be performed by
open or laparoscopic surgery. Open surgery typically
requires a ten day hospitalization and a prolonged recovery
period with a commensurate loss of productivity. Laparo-
scopic procedures have reduced in-hospital stay to three
days, followed by a three week at-home recovery. These
procedures can even be performed as an outpatient proce-
dure. Laparoscopic procedures have reduced cost consider-
ably, making the minimally invasive laparoscopic procedure
available to more patients. In 2000, there were 30,000
bariatric procedures performed, while in 2003, over 90,000
procedures were reported.

[0008] One common obesity surgery is the Roux-en-Y
gastric bypass (often known only as a “gastric bypass™).
During this type of operation, the surgeon permanently
changes the shape of the stomach by surgically reducing
(cutting or stapling) its size to create an egg-sized gastric
pouch or “new stomach.” The rest of the stomach is then
divided and separated from this new stomach pouch, greatly
reducing the amount of food that can be consumed after
surgery. In addition to reducing the actual size of the
stomach, a significant portion of the digestive tract is
bypassed and the new stomach pouch is reconnected directly
to the bypassed segment of small intestine. This operation,
therefore, is both a restrictive and malabsorptive procedure,
because it limits the amount of food that one can eat and the
amount of calories and nutrition that are absorbed or
digested by the body. Once completed, gastric bypass sur-
gery is essentially irreversible. Some of the major risks
associated with the Roux-en-Y Gastric Bypass procedure
include bleeding, infection, pulmonary embolus, anasto-
motic stricture or leak, anemia, ulcer, hernia, gastric disten-
tion, bowel obstruction and death.

[0009] Another common obesity surgery is known as
vertical banded gastroplasty (“VBG™), or “stomach sta-
pling.” In a gastroplasty procedure, the surgeon staples the
upper stomach to create a small, thumb-sized stomach
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pouch, reducing the quantity of food that the stomach can
hold to about 1-2 ounces. The outlet of this pouch is then
restricted by a band that significantly slows the emptying of
the pouch to the lower part of the stomach. Aside from the
creation of a small stomach pouch, there is no other signifi-
cant change made to the gastrointestinal tract. So while the
amount of food the stomach can contain is reduced, the
stomach continues to digest nutrients and calories in a
normal way. This procedure is purely restrictive; there is no
malabsorptive effect. Following this operation, many
patients have reported feeling full but not satisfied after
eating a small amount of food. As a result, some patients
have attempted to get around this effect by eating more or by
eating gradually all day long. These practices can result in
vomiting, tearing of the staple line, or simply reduced
weight loss. Major risks associated with VBG include:
unsatisfactory weight loss or weight regain, vomiting, band
erosion, band slippage, breakdown of staple line, anasto-
motic leak, and intestinal obstruction.

[0010] A third procedure, the Duodenal Switch, is less
common. It is a modification of the biliopancreatic diversion
or “Scopinaro procedure.” While this procedure is consid-
ered by many to be the most powerful weight loss operation
currently available, it is also accompanied by significant
long-term nutritional deficiencies in some patients. Many
surgeons have stopped performing this procedure due to the
serious associated nutritional risks.

[0011] In the Duodenal Switch procedure, the surgeon
removes about 80% of the stomach, leaving a very small
new stomach pouch. The beginning portion of the small
intestine is then removed, and the severed end portions of
the small intestine are connected to one another near the end
of the small intestine and the beginning of the large intestine
or colon. Through this procedure a large portion of the
intestinal tract is bypassed so that the digestive enzymes
(bile and pancreatic juices) are diverted away from the food
stream until very late in the passage through the intestine.
The effect of this procedure is that only a small portion of the
total calories that are consumed are actually digested or
absorbed. This irreversible procedure, therefore, is both
restrictive (the capacity of the stomach is greatly reduced)
and malabsorptive (the digestive tract is shortened, severely
limiting absorption of calories and nutrition). Because of the
very significant malabsorptive material of this operation,
patients must strictly adhere to dietary instructions including
taking daily vitamin supplements, consuming sufficient pro-
tein and limiting fat intake. Some patients also experience
frequent large bowel movements, which have a strong odor.
The major risks associated with the Duodenal Switch are:
bleeding, infection, pulmonary embolus, loss of too much
weight, vitamin deficiency, protein malnutrition, anasto-
motic leak or stricture, bowel obstruction, hernia, nausea/
vomiting, heartburn, food intolerances, kidney stone or
gallstone formation, severe diarrhea and death.

[0012] One relatively new and less invasive form of
bariatric surgery is Adjustable Gastric Banding. Through
this procedure the surgeon places a band around an upper
part of the stomach to divide the stomach into two parts,
including a small pouch in the upper part of the stomach.
The small upper stomach pouch can only hold a small
amount of food. The remainder of the stomach lies below the
band. The two parts are connected by means of a small
opening called a stoma. Risks associated with Gastric Band-
ing are significantly less than other forms of bariatric
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surgery, since this surgery does not involve opening of the
gastric cavity. There is no cutting, stapling or bypassing.
[0013] It has been found that the volume of the small
upper stomach pouch above the band increases in size up to
ten times after operation. Therefore the pouch volume
during surgery needs to be very small, approximately 7 ml.
To enable the patient to feed the stomach with sufficient
nutrition immediately after an operation considering such a
small gastric pouch, the stoma initially needs to be relatively
large and later needs to be substantially reduced, as the
pouch volume increases. To be able to achieve a significant
range of adjustment of the band, the cavity in the band has
to be relatively large and is defined by a thin flexible wall,
normally made of silicone material. Furthermore, the size of
the stoma opening has to be gradually reduced during the
first year after surgery as the gastric pouch increases in size.
Reduction of the stoma opening is commonly achieved by
adding liquid to the cavity of the band via an injection port
to expand the band radially inwardly.

[0014] A great disadvantage of repeatedly injecting liquid
via the injection port is the increased risk of the patient
getting an infection in the body area surrounding the injec-
tion port. If such an infection occurs the injection port has
to be surgically removed from the patient. Moreover, such
an infection might be spread along the tube interconnecting
the injection port and the band to the stomach, causing even
more serious complications. Thus, the stomach might be
infected where it is in contact with the band, which might
result in the band migrating (eroding) through the wall of the
stomach. Also, it is uncomfortable for the patient when the
necessary, often many, post-operation adjustments of the
stoma opening are carried out using a relatively large
injection needle penetrating the skin of the patient into the
injection port.

[0015] It may happen that the patient swallows pieces of
food too large to pass through the restricted stoma opening.
If that occurs the patient has to visit a doctor who can
remove the food pieces, if the band design so permits, by
withdrawing some liquid from the band to enlarge the stoma
opening to allow the food pieces to pass the stoma. The
doctor then has to add liquid to the band in order to regain
the restricted stoma opening. Again, these measures require
the use of an injection needle penetrating the skin of the
patient, which is painful and uncomfortable for the patient,
and can sometimes be the cause of infection, thus risking the
long-term viability of the implant. The adjustment of the
band can be inconsistent. For example, if some air is
inadvertently injected with the liquid (sterile saline), it can
cause some compressibility to the pressurization media and
take away some of the “one-to-one” feel when pressurizing
and depressurizing.

[0016] The LAP-BAND Adjustable Gastric Banding Sys-
tem (Inamed) is a product used in the Adjustable Gastric
Banding procedure. The LAP-BAND system, includes a
silicone band, which is essentially an annular-shaped bal-
loon. The surgeon places the silicone band around the upper
part of the stomach. The LAP-BAND system further
includes a port that is placed under the skin, and tubing that
provides fluid communication between the port and the
band. A physician can inflate the band by injecting a fluid
(such as saline) into the band through the port. As the band
inflates, the size of the stoma shrinks, thus further limiting
the rate at which food can pass from the upper stomach
pouch to the lower part of the stomach. The physician can
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also deflate the band, and thereby increase the size of the
stoma, by withdrawing the fluid from the band through the
port. The physician inflates and deflates the band by piercing
the port, through the skin, with a long, non-coring needle.
There is often ambiguous feedback to the physician between
the amount injected and the restriction the patient feels
during the adjustment procedure, such as when swallowing
a bolus of liquid to test the stoma. In addition, a change of
as little as 0.5 ml or less can sometimes make a difference
between too much restriction and the correct amount of
restriction.

[0017] The lower esophageal sphincter (LES) is a ring of
increased thickness in the circular, smooth muscle layer of
the esophagus. At rest, the lower esophageal sphincter
maintains a high-pressure zone between 15 and 30 millime-
ters (mm) Hg above intragastric pressures. The lower esoph-
ageal sphincter relaxes before the esophagus contracts, and
allows food to pass through to the stomach. After food
passes into the stomach, the sphincter constricts to prevent
the contents from regurgitating into the esophagus. The
resting tone of the LES is maintained by myogenic (mus-
cular) and neurogenic (nerve) mechanisms. The release of
acetylcholine by nerves maintains or increases lower esoph-
ageal sphincter tone. It is also affected by different reflex
mechanisms, physiological alterations, and ingested sub-
stances. The release of nitric oxide by nerves relaxes the
lower esophageal sphincter in response to swallowing,
although transient lower esophageal sphincter relaxations
may also manifest independently of swallowing. This relax-
ation is often associated with transient gastroesophageal
reflux in normal people.

[0018] Gastroesophageal reflux disease, commonly
known as GERD, results from incompetence of the lower
esophageal sphincter, located just above the stomach in the
lower part of the esophagus. Acidic stomach fluids may flow
retrograde across the incompetent lower esophageal sphinc-
ter into the esophagus. The esophagus, unlike the stomach,
is not capable of handling highly acidic contents so the
condition results in the symptoms of heartburn, chest pain,
cough, difficulty swallowing, or regurgitation. These epi-
sodes can ultimately lead to injury of the esophagus, oral
cavity, the trachea, and other pulmonary structures.

[0019] Evidence indicates that up to 36% of otherwise
healthy Americans suffer from heartburn at least once a
month, and that 7% experience heartburn as often as once a
day. It has been estimated that approximately 1-2% of the
adult population suffers from GERD, based on objective
measures such as endoscopic or histological examinations.
The incidence of GERD increases markedly after the age of
40, and it is not uncommon for patients experiencing symp-
toms to wait years before seeking medical treatment, even
though mild cases can be successfully treated with lifestyle
modifications and pharmaceutical therapy. For patients, who
are resistant, or refractory, to pharmaceutical therapy or
lifestyle changes, surgical repair of the lower esophageal
sphincter is an option.

[0020] The most common surgical repair, called fundopli-
cation surgery. generally involves manipulating the dia-
phragm, wrapping the upper portion of the stomach, the
fundus, around the lower esophageal sphincter, thus tight-
ening the sphincter, and reducing the circumference of the
sphincter so as to eliminate the incompetence. The hiatus, or
opening in the diaphragm is reduced in size and secured with
2 to 3 sutures to prevent the fundoplication from migrating
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into the chest cavity. The repair can be attempted through
open surgery, laparoscopic surgery, or an endoscopic, or
endoluminal, approach by way of the throat and the esopha-
gus. The open surgical repair procedure, most commonly a
Nissen fundoplication, is effective but entails a substantial
insult to the abdominal tissues, a risk of anesthesia-related
iatrogenic injury, a 7 to 10 day hospital stay, and a 6 to 12
week recovery time, at home. The open surgical procedure
is performed through a large incision in the middle of the
abdomen, extending from just below the ribs to the umbi-
licus (belly button).

[0021] Endoscopic techniques for the treatment of GERD
have been developed. Laparoscopic repair of GERD has the
promise of a high success rate, currently 90% or greater, and
a relatively short recovery period due to minimal tissue
trauma. Laparoscopic Nissen fundoplication procedures
have reduced the hospital stay to an average of 3 days with
a 3-week recovery period at home.

[0022] Another type of laparoscopic procedure involves
the application of radio-frequency waves to the lower part of
the esophagus just above the sphincter. The waves cause
damage to the tissue beneath the esophageal lining and a scar
(fibrosis) forms. The scar shrinks and pulls on the surround-
ing tissue, thereby tightening the sphincter and the area
above it. These radio-frequency waves can also be used to
create a controlled neurogenic defect, which may negate
inappropriate relaxation of the LES.

[0023] A third type of endoscopic treatment involves the
injection of material or devices into the esophageal wall in
the area of the lower esophageal sphincter. This increases the
pressure in the lower esophageal sphincter and prevents
reflux.

[0024] One laparoscopic technique that appears to show
promise for GERD therapy involves approaching the esoph-
ageal sphincter from the outside, using laparoscopic surgical
techniques, and performing a circumference reducing tight-
ening of the sphincter by placement of an adjustable band
such that it surrounds the sphincter. However, this procedure
still requires surgery, which is more invasive than if an
endogastric transluminal procedure were performed through
the lumen of the esophagus or stomach, such as via the
mouth. Furthermore, the necessity to provide for future
adjustment in the band also requires some surgical access
and this adjustment would be more easily made via a
transluminal approach.

[0025] For both treatment of obesity and GERD, gastric
banding has proven to be a desirable treatment option.
However, despite the advantages provided by gastric band-
ing methods, they nonetheless suffer from drawbacks that
limit the realization of the full potential of this therapeutic
approach. For example, slippage may occur if a gastric band
is adjusted too tight, or too loose, depending on the situation
and the type of slippage. Slippage can also occur in response
to vomiting, as occurs when a patient eats more food that can
be comfortably accommodated in the upper pouch. During
slippage, the size of the upper pouch may grow, causing the
patient to be able to consume a larger amount of food before
feeling full, thus lowering the effectiveness of the gastric
band. On the other hand, erosion may occur if the gastric
band is adjusted or secured too tightly. In either case
detecting slippage or reducing the risk of erosion may be
accomplished by adjusting the device to provide a proper
flow rate.
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[0026] Furthermore, current methods of adjusting gastric
bands and restriction devices require invasive procedures.
For example, one method requires penetration of the abdo-
men with a needle in order to withdraw or inject a solution
from a subcutaneous access port that is connected to a tube
that in turn regulates the inflation of the gastric band.
Infection and patient discomfort and pain are related to the
use of the needle required to fill the gastric band with saline.
As a result, non-invasively adjustable gastric bands have
been proposed, some of which seek to provide a correct
reading of the inner diameter of the gastric band at all times.
However, because the wall thickness of the stomach is not
uniform from patient to patient, the actual inner diameter of
the stomach at the stoma opening will be unknown. Thus the
size of the opening of the band is at best an approximation
of the stomal opening that connects the smaller upper pouch
and the remainder of the stomach.

[0027] As a result, in order to properly adjust a gastric
band some method of measuring flow through the device or
otherwise related the luminal aperture of the alimentary
canal at the side of the band is needed. Current methods
typically make use of radiological procedures such as X-ray
fluoroscopy of barium sulfate suspensions. However, the use
of X-ray procedures in a significant number of patients is
highly undesirable. The majority of gastric banding patients
undergoing therapy to treat obesity are women of child-
bearing age. The first few weeks of pregnancy, when a
mother may be unaware she is pregnant, is an especially
critical time of fetal development, and exposure to X-rays is
to be avoided if at all possible. In addition, while fluoros-
copy can monitor flow of a radio-opaque material such as
barium sulfate, it is not particularly well suited to provide
accurate information about the size of the band aperture, the
size of the lumen in the alimentary canal where the band is
placed, or whether the band is causing secondary problems
such as erosion of the gastric wall. Thus it would be
desirable to have a gastric banding system that included a
non-invasive means of adjusting and monitoring band func-
tion in the patient that improves on the prior art methods.

SUMMARY OF THE INVENTION

[0028] In a first aspect of the invention, a system for
securing an implantable apparatus to a mammal includes a
mount including a base portion having a plurality of holes
dimensioned to receive rotationally-driven fasteners, each
fastener comprising a helical portion having a tip configured
for tissue penetration, the mount configured to secure the
implantable apparatus relative to tissue of the mammal upon
driving said fasteners into the tissue. The system further
includes a fastening tool configured to rotationally drive the
helical portion of the fasteners into the tissue.

[0029] In another embodiment of the invention, a fasten-
ing tool includes an elongate rotatable shaft having a distal
end and a proximal end, the proximal end being coupled to
a knob, the distal end being coupled to a driving element
comprising a centrally mounted gear and a plurality of outer
gears rotationally engaged with the centrally mounted gear,
each of the plurality of outer gears being coupled to a driver
shaft dimensioned to engage with a fastener; wherein rota-
tion of the knob causes rotational movement of each driver
shaft.

[0030] In still another embodiment of the invention, a
fastening tool includes an elongate rotatable shaft having a
distal end and a proximal end, the proximal end being
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coupled to a knob, the distal end being coupled to a driving
element comprising an outer ring gear and a plurality of
inner gears, each of the plurality of inner gears being
coupled to a driver shafi dimensioned to engage with a
fastener; wherein rotation of the knob causes rotational
movement of each driver shaft.

[0031] In yet another embodiment, a connector for secur-
ing a gastric restriction device, the connector includes a first
portion including recess having an engagement surface. The
connector further includes a second portion comprising a
biased locking member having a free end configured to abut
against the engagement surface when the second portion is
mated with the first portion, wherein one of the first or
second portions includes a groove dimensioned to receive
the other portion. The connector includes release means
secured to the biased locking member.

[0032] In still another embodiment, a method for laparo-
scopically placing a gastric restriction device around the
stomach of a patient is provided. The gastric restriction
device includes an adjustable body, a drive transmission, and
an implantable interface. The method includes inserting a 12
mm or smaller trocar into the patient’s abdominal cavity and
insufflating the abdominal cavity. The gastric restriction
device is passed through the 12 mm trocar and into the
abdominal cavity. The adjustable body is affixed in an
encircling manner around the stomach and the implantable
interface is secured to the patient.

[0033] In yet another embodiment of the invention, a
method for laparoscopically placing a gastric restriction
device around the stomach of a patient is provided. The
method includes inserting a multi-lumen trocar into the
patient’s abdominal cavity and insufflating the abdominal
cavity. A laparoscope is then inserted in a first lumen of the
multi-lumen trocar and a grasper is inserted into a second
lumen of the multi-lumen trocar, the grasper holding a
retraction magnet having a clamp portion. The retraction
magnet is then clamped to a portion of the patient’s liver.
The liver is then retracted by application of an external
magnetic field. The multi-lumen trocar is removed and the
gastric restriction device is inserted into the abdominal
cavity. The multi-lumen trocar is re-inserted into the patient
and the gastric restriction device is affixed in an encircling
manner around the stomach under laparoscope guidance.
[0034] In still another embodiment of the invention, a
method for laparoscopically placing a gastric restriction
device around the stomach of a patient includes inserting a
multi-lumen trocar into the patient’s abdominal cavity and
affixing the gastric restriction device in an encircling manner
around the stomach under laparoscope guidance from a
laparoscope placed in one of the lumens of the multi-lumen
trocar. A tool is then inserted in one of the lumens of the
multi-lumen trocar, the tool including a releasable clip
having first and second gripping portions. The first gripping
portion is secured to a first portion of the stomach and the
second gripping portion is secured to a second portion of the
stomach. The clip is then released from the tool.

[0035] In yet another embodiment, an implant system
includes an actuator configured for implantation within a
mammal and a first resonant structure configured for implan-
tation within the mammal and configured to resonate at a
first natural frequency, the first resonant structure being
operatively coupled to the actuator. The system further
includes an external activator configured to apply energy at
a one or more frequencies from a location outside the
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mammal, wherein the application of the energy at a fre-
quency substantially the same as the first natural frequency
causes the first resonant structure to substantially resonate
and to effectuate movement of the actuator.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] FIG. 1 illustrates a patient’s torso showing the
locations for placement of trocars and various other tools
during a laparoscopic procedure for implantation of an
obesity control system.

[0037] FIG. 2 illustrates a side view of a trocar with an
obturator removed.

[0038] FIG. 3 illustrates a side view of a trocar with an
obturator in place.

[0039] FIG. 4 illustrates an inflatable laparoscopic obesity
control system according to the prior art.

[0040] FIG. 5 illustrates a prior art laparoscopic obesity
control system after being locked around the stomach.
[0041] FIG. 6 illustrates a prior art laparoscopic obesity
control system after being secured by suturing the stomach
around a portion of the inflatable ring.

[0042] FIG. 7 illustrates the inflatable ring of a prior art
inflatable obesity control system in a non-pressurized state.
[0043] FIG. 8 illustrates the inflatable ring of a prior art
inflatable obesity control system with an additional 2 ml
injected.

[0044] FIG. 9 illustrates the inflatable ring of a prior art
inflatable obesity control system with an additional 4 ml
injected.

[0045] FIG. 10 illustrates an implantable obesity control
system in accordance with one embodiment.

[0046] FIG. 11 illustrates a distal section of the obesity
control system in a straightened configuration (solid lines),
for example, for placement into the abdominal cavity.
[0047] FIG. 12 illustrates a restriction device of the obe-
sity control system just prior to being attached.

[0048] FIG. 13 illustrates the restriction device after being
attached.

[0049] FIG. 14 illustrates the restriction device after being
trimmed of its attachment leash.

[0050] FIG. 15 illustrates an alternative embodiment of a
restriction device.

[0051] FIG. 16 illustrates a cross-sectional view of the
outer shell or housing of the restriction device of FIG. 15.
[0052] FIG. 17 illustrates another cross-sectional view of
the outer shell or housing of the restriction device of FIG.
15.

[0053] FIG. 18 illustrates a cross-sectional view of the
restriction device taken through line 18-18' of FIG. 15.
[0054] FIG. 19 illustrates a detailed perspective view of
the restriction device of FIG. 15.

[0055] FIG. 20 illustrates a perspective view of an
implantable obesity control system according to one
embodiment.

[0056] FIG. 21 illustrates a perspective view of an external
device for use with the implantable obesity control system of
the type illustrated in FIG. 20 according to another embodi-
ment.

[0057] FIG. 22 illustrates a perspective view of the exter-
nal device of FIG. 21 together with the implantable obesity
control system of FIG. 20.

[0058] FIG. 23 illustrates a plan view of the restriction
device portion of the implantable obesity control system of
the type illustrated FIG. 20.
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[0059] FIG. 24 illustrates a cross-sectional view of the
restriction device portion of the implantable obesity control
system illustrated in FIG. 23.

[0060] FIG. 25 illustrates a perspective view of an inner
section of the restriction device portion of the implantable
obesity control system of FIG. 20 according to one embodi-
ment.

[0061] FIG. 26 illustrates a perspective view of the drive
shaft portion of the implantable obesity control system of
FIG. 20. Portions of the exterior or outer windings making
up the complete drive shaft have been removed for clarity
purposes.

[0062] FIG. 27 illustrates a perspective view of a sheath
portion of the implantable obesity control system of FIG. 20.
[0063] FIG. 28 illustrates a perspective view of the drive
shaft portion which connects to the implantable interface of
the implantable obesity control system of FIG. 20 according
to one embodiment.

[0064] FIG. 29 illustrates a perspective view of the attach-
ment portion of the implantable interface of the implantable
obesity control system of FIG. 20 according to one embodi-
ment.

[0065] FIG. 30 illustrates a perspective top view of the
implantable interface portion of the implantable obesity
control system of FIG. 20.

[0066] FIG. 31 illustrates a perspective bottom view of the
implantable interface portion of the implantable obesity
control system of FIG. 20.

[0067] FIG. 32 illustrates a top down plan view of the
implantable interface portion of FIGS. 30 and 31.

[0068] FIG. 33 illustrates a perspective view of a RFID
chip disposed near or adjacent to an implantable interface
portion of an implantable obesity control system of the type
illustrated in FIG. 20.

[0069] FIG. 34 illustrates an implantable interface accord-
ing to one embodiment which utilizes cylindrical magnets.
[0070] FIG. 35 illustrates the implantable interface of FIG.
34 after having been rotationally adjusted for custom fit in
the patient.

[0071] FIG. 36 illustrates the implantable interface of
FIGS. 34 and 35 with a portion removed in order to show the
orientation of the poles on one of the cylindrical-shaped
magnets.

[0072] FIG. 37A illustrates the internal drive mechanism
of the implantable interface of FIGS. 34-36.

[0073] FIG. 37B illustrates the implantable interface
implanted within a patient while being adjusted by an
external device.

[0074] FIG. 38 illustrates the implantable interface situ-
ated adjacent or near an external device. FIG. 38 thus
represents the relative location between the implantable
interface and the external device after the implantable inter-
face has been implanted in a patient.

[0075] FIG. 39 illustrates a detail view of the cylinder/
magnet assembly of the external device and the implantable
interface. The external device is shown oriented at an angle
with respect to the implantable interface.

[0076] FIG. 40 illustrates an alternative embodiment of
the implantable interface utilizing only one cylindrical mag-
net.

[0077] FIG. 41 illustrates an implantable interface secured
to the fascia of a patient.

[0078] FIG. 42 illustrates an alternative embodiment of
the restriction device having a sliding portion.
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[0079] FIG. 43 illustrates an alternative embodiment of an
implantable interface for magnetic coupling.

[0080] FIG. 44 illustrates a top view of the implantable
interface of FIG. 43.

[0081] FIG. 45 illustrates a cross-sectional view of FIG.
43 taken along line 45-45', with the implantable interface
sutured to the fascia and after several weeks of implantation.
[0082] FIG. 46 illustrates a perspective view of an external
driver according to one embodiment.

[0083] FIG. 47 illustrates one alternative embodiment of
an implantable interface.

[0084] FIG. 48 illustrates the implantable interface of FIG.
47 prior to engagement or deployment of the rotatable coils.
[0085] FIG. 49 illustrates an alternative embodiment of an
implantable interface after engagement of the rotatable coils.
[0086] FIG. 50 illustrates various internal parts (without
the housing) of an alternative embodiment of an implantable
interface which uses resonance to turn or rotate a drive shaft.
[0087] FIG. 51 illustrates a system for driving an inter-
nally located driven magnet via an external device using a
feedback mechanism.

[0088] FIG. 52 illustrates a plan view of an alternative
embodiment of a gastric restriction device.

[0089] FIG. 53 illustrates a perspective view of an alter-
native embodiment of a gastric restriction device illustrated
in FIG. 52.

[0090] FIG. 54 illustrates a perspective view of one end of
an un-latched gastric restriction device.

[0091] FIG. 55 illustrates a detailed perspective view of a
latching mechanism used for a gastric restriction device
according to one embodiment.

[0092] FIG. 56 illustrates a cross-sectional view of a
gastric restriction device according to one embodiment.
[0093] FIG. 57 illustrates a gastric restriction device with
a portion removed to show detail of the actuating elements.
[0094] FIGS. 58 illustrates a perspective view of a latch-
ing mechanism for the gastric restriction device according to
one embodiment.

[0095] FIGS. 59 illustrates another perspective view of the
latching mechanism of FIG. 58.

[0096] FIGS. 60 illustrates another perspective view of the
latching mechanism of FIG. 58.

[0097] FIGS. 61 illustrates another perspective view of the
latching mechanism of FIG. 58.

[0098] FIG. 62 illustrates another perspective view of the
latching mechanism of FIG. 58.

[0099] FIG. 63 illustrates a magnetic slip clutch for use
with an implantable interface according to one embodiment.
[0100] FIG. 64 illustrates a perspective view of an
implantable obesity control system according to another
embodiment.

[0101] FIG. 65 illustrates a cross-sectional view of the
distal end portion of the obesity control system illustrated in
FIG. 64.

[0102] FIG. 66 is a plan view illustrating a connector used
to connect or couple two ends or portions of a restriction
device according to one embodiment.

[0103] FIG. 67 illustrates a perspective cross-sectional
view of the housing portion of the drive transmission and
proximal/distal covers encapsulating or sealing the same
according to one embodiment.

[0104] FIG. 68 illustrates a cross-sectional view of the
implantable interface according to another embodiment.
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[0105] FIG. 69 illustrates a perspective view of a distal
end of a drive cable according to one embodiment.

[0106] FIG. 70 illustrates a perspective view of an
implantable obesity control system according to another
embodiment.

[0107] FIG. 71 illustrates a cross-sectional view of a
proximal portion of the implantable obesity control system
of FIG. 70.

[0108] FIG. 72 illustrates a perspective view of an external
magnetic driver according to one embodiment. The outer
housing or cover is removed to illustrate the various aspects
of the external magnetic driver.

[0109] FIG. 73 illustrates a side or end view of the external
magpetic driver of FIG. 72.

[0110] FIG. 74 illustrates a perspective view of an external
magnetic driver of FIG. 72 with the outer housing or cover
in place.

[0111] FIG. 75A illustrates a cross-sectional representa-
tion of the external magnetic driver being positioned on a
patient’s skin. FIG. 75A illustrates the permanent magnet of
the implantable interface in the 0° position.

[0112] FIG. 75B illustrates a cross-sectional representa-
tion of the external magnetic driver being positioned on a
patient’s skin. FIG. 75B illustrates the permanent magnet of
the implantable interface in the 90° position.

[0113] FIG. 75C illustrates a cross-sectional representa-
tion of the external magnetic driver being positioned on a
patient’s skin. FIG. 75C illustrates the permanent magnet of
the implantable interface in the 180° position.

[0114] FIG. 75D illustrates a cross-sectional representa-
tion of the external magnetic driver being positioned on a
patient’s skin, FIG. 75D illustrates the permanent magnet of
the implantable interface in the 270° position.

[0115] FIG. 76 schematically illustrates a system for driv-
ing the external magnetic driver according to one embodi-
ment.

[0116] FIG. 77 illustrates a perspective view of a mount
used to secure an implantable interface to a patient accord-
ing to one embodiment.

[0117] FIG. 78 illustrates a fastening tool used to secure a
mount of the type illustrated in FIG. 77 to a patient accord-
ing to one embodiment.

[0118] FIG. 79A illustrates a side view of a driving ele-
ment portion of a fastening tool according to one embodi-
ment.

[0119] FIG. 79B illustrates an end view of a mount being
loaded into a socket positioned in the base of the driving
element. The view is taken along the line B-B' of FIG. 79A.
[0120] FIG. 79C an end view of the central gear and four
outer gears as viewed along the line C-C' of FIG. 79A.
[0121] FIG. 79D illustrates a perspective view of the base
portion of the driving element portion of the fastening tool.
[0122] FIG. 79E illustrates a bottom perspective view of
the driving element portion of the fastening tool.

[0123] FIG. 80 illustrates an exploded perspective view of
the distal end of the fastening tool according to one embodi-
ment. The base portion is omitted for clarity purposes.
[0124] FIG. 81 illustrates a perspective view of a fastener
according to one embodiment.

[0125] FIG. 82 illustrates a perspective view of a mount
and associated acoustic or sonic indicator housing that
contains a magnetic ball.

[0126] FIGS. 83-90 illustrate cross-sectional views of the
driven magnet along with the acoustic or sonic indicator



US 2008/0097496 Al

housing illustrating the rotational orientation of the magnet
and the magnetic ball. Various states are illustrated as the
magnet rotates in the clockwise direction.

[0127] FIGS. 91-98 illustrate cross-sectional views of the
driven magnet along with the acoustic or sonic indicator
housing illustrating the rotational orientation of the magnet
and the magnetic ball. Various states are illustrated as the
magnet rotates in the counter-clockwise direction.

[0128] FIG. 99 illustrates the acoustic signal as a function
of time of a coupler having an acoustic or sonic housing that
contains a magnetic ball. Peaks are seen every ¥4 rotation of
the driven magnet in the counter-clockwise direction.
[0129] FIG. 100 illustrates the acoustic signal as a func-
tion of time of a coupler having an acoustic or sonic housing
that contains a magnetic ball. Peaks are seen every %
rotation of the driven magnet in the clockwise direction.
[0130] FIG. 101 illustrates the frequency response of the
coupler of the type illustrated in FIG. 82 during counter-
clockwise rotation of the driven magnet.

[0131] FIG. 102 illustrates the frequency response of the
coupler of the type illustrated in FIG. 82 during clockwise
rotation of the driven magnet.

[0132] FIGS. 103-122 illustrate sagittal (i.e., lateral) sec-
tional views of an obese patient illustrating various embodi-
ments of laparoscopic implantation of an obesity control
system.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0133] FIG. 1 illustrates the abdomen 4 of a patient 2. The
navel 6 and the ribline 5 are shown for reference. In typical
laparoscopic surgeries for placement of gastric restriction
systems, a 12 mm trocar (or a larger trocar) is placed at first
site 8. FIGS. 2 and 3 illustrate a trocar 18 of this type. This
trocar 18 is placed prior to insufflation (inflation of the
abdominal cavity by pressurized gas, such as carbon diox-
ide), so for safety purposes, often a trocar with an optically
clear tip 20 is used. A scope (such as a 5 mm laparoscope)
is inserted inside the tip 20 and can view the separation of
tissue layers and the safe entrance into the abdominal cavity.
Alternatively, instead of using the trocar tip 20 to separate
the tissue, an incision can first be made in the skin followed
by finger dissection into the abdominal cavity. The trocar 18
is then placed through the tract made by the finger dissec-
tion. After insertion of the trocar 18, pressurized CO, is
injected into the abdominal cavity by attaching the pressure
line to a luer 22 on the trocar 18. The pressure is maintained
whether the trocar 18 has an obturator 26 in place, as in FIG.
3, or has no obturator 26, as in FIG. 2, by the use of a trocar
valve 28. The pressure inside the abdominal cavity can be
maintained even after detaching the pressure line by closing
a luer valve 24.

[0134] Once insufflation is achieved, for example at a
pressure of 10 to 20 mm Hg, other trocars can be placed at
additional sites 10, 12, 14, 16. The trocars placed at sites 10,
14 and 16 are typically 5 mm trocars. Site 10 is located just
below xiphoid process 29 of the sternum. The 5 mm trocar
placed at site 10 is removed and replaced with a liver
retractor, which allows easier access and visualization of the
upper portion of the stomach, and easier dissection of the
surrounding features. Sites 12, 14 and 16 are used for the
variety of laparoscopic grasping, cutting, electrosurgical,
and manipulating instruments, which are usually placed
through the trocars, with the obturators removed. Sites 8§ and
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12 are often used for placement of laparoscopes through the
respective trocars, for example 10 mm or 5 mm laparo-
scopes. A S mm , 10 mm, or 12 mm trocar, for example can
be used in site 12, depending on the size of laparoscope
desired. Many variations of this trocar placement are com-
monly used. This description is only relates to one particular
method.

[0135] FIG. 4 illustrates a prior art inflatable obesity
control system 30. Inflatable ring 32 is closed around the
upper portion of the stomach, using general techniques
described in, for example, Ren et al., Laparoscopic Adjust-
able Gastric Banding: Surgical Technique, Journal of Lap-
aroendoscopic & Advanced Surgical Techniques, Vol. 13,
No. 4, 2003, which is incorporated by reference as if set
forth fully herein. The most common current technique is
known as the pars flaccida technique, which is described in
the above-noted publication. The inflatable ring 32 is
attached to itself around the stomach using a locking mecha-
nism 34. The orientation of the inflatable band after attach-
ment is illustrated in FIG. 5. The stomach 50 includes a
fundus 52 and a lesser curvature 54. The attached inflatable
ring 32 forms a small upper pouch 48 in the stomach 50,
separated by a smaller diameter stoma (not visible) under-
neath the attached inflatable ring 32. As shown in FIG. 6, a
portion of the wall of the upper pouch is sutured to the wall
of the remainder of the stomach 50 with suture 56.

[0136] Returning to FIG. 4, port 36 is implanted at a
subcutaneous site and sutured to fascia (the sheath of tissue
covering muscle) by the use of suture holes 40. The port 36
is attached to the inflatable ring 32 by an inflation tube 42.
The inflation tube 42 provides a communication means
between the port 36 and the inflatable ring 32 of the gastric
restriction device. The proximal end 44 of the inflation tube
42 is forced over a metal barb (not shown) which is integral
with an extension 38 of the port 36. This can be a difficult
and time consuming portion of the procedure. Subsequent to
the implantation surgery, the inflatable ring 32 can be
inflated or deflated by the injection of sterile saline through
the port 36 by use of a syringe attached to a non-coring
needle. The needle punctures the skin and subcutaneous fat
and is guided through the septum 46 of the port 36.
[0137] Depending on the amount of restriction of the
stomach desired, the inflatable ring 32 can be adjusted so
that the patient feels full after eating a small amount of food.
FIG. 7 illustrates the inflatable ring 32 in its non-pressurized
state. Typically during the implantation procedure, the
inflatable obesity control system 30 is primed with enough
saline to fill its dead space volume while removing the air.
It is left at ambient pressure (and not pressurized) usually for
the first several weeks while the patient heals and the body
forms a fibrous capsule over portions where the implanted
device interfaces with the stomach. After this healing period,
the inflatable obesity control system 30 is filled with saline
as described, causing balloon 58 to distend inward radially,
creating a smaller diameter stoma. FIG. 8 illustrates the
inflatable obesity control system 30 inflated with an addi-
tional 2 ml of saline (beyond the initial priming volume).
FIG. 9 illustrates the inflatable obesity control system 30
inflated with an additional 4 ml of saline (beyond the initial
priming volume).

[0138] FIG. 10 illustrates an implantable obesity control
system 60 comprising a restriction device 62, an implantable
interface 64 and a drive transmission 66. During an initial
surgical procedure, the restriction device 62 is implanted in
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the patient so that it creates a stoma opening and controllably
restricts the size of this opening between an upper pouch and
the remainder of the stomach. The restriction device 62
comprises a body portion 88, a first attachment portion 68
and a second attachment portion 70. The implantable inter-
face 64 comprises a main body 72 and an extension 74
which are coupled to each other by an articulation 76. The
articulation 76 allows adjustment of an angle 86 between the
main body 72 and the extension 74, for optimized implan-
tation within the patient’s anatomy. An exemplary angle is
45°. The drive transmission 66 has a distal end 82 and a
proximal end 84. The implantable interface 64 can be
attached, detached and reattached to the drive transmission
66 by coupling or decoupling an implantable interface
attachment portion 78 and a drive shaft attachment portion
80. Referring now to FIG. 11, when the first attachment
portion 68 and the second attachment portion 70 of the
restriction device 62 are not attached to each other, the body
portion 88 can be oriented in a linear or substantially linear
shape that may be placed into the abdominal cavity through
the inner lumen of the trocar 18, or any other type of
cannula, for example, a 12 mm or 15 mm trocar 18.

[0139] Alternatively, the restriction device 62 may be
placed through the tract made after a trocar, cannula, sheath,
dilator, needle or other puncturing device, cutting, spreading
or dissecting device is placed, then removed. For example,
a 10 mm or 12 mm trocar 18. The restriction device 62 may
also be placed through a direct incision. For example, an
incision is made through the skin, and then finger dissection
is used to create the tract through fat, fascia, muscle and
other connective tissue. A leash 90 is adjacent the first
attachment portion 68 of the restriction device 62 and can be
used to aid the insertion of the restriction device 62. For
example, forceps or graspers are used to grip the restriction
device 62 and insert it through the trocar 18 or the tract, for
example, at first site 8. For example, 5 mm laparoscopic
graspers or Rochester-Pean forceps. The first attachment
portion 68, may be chosen as the grasping point. Alterna-
tively, the leash 90 may be chosen as the grasping point. For
example, the leash 90 may be grasped at a flattened portion
92, which conforms to the jaws of the grasper or forceps.
The flattened portion 92 has ribs 94 which resist slipping of
the grasping instrument.

[0140] After the restriction device 62 is placed into the
abdominal cavity, the leash 90 is grasped. The restriction
device 62 is then attached, as shown in FIGS. 12, 13 and 14.
FIG. 12 illustrates the restriction device 62 prior to attach-
ment around the stomach. Leash 90 is inserted through a
hole 96 , from the internal diameter side 102 towards the
external diameter side 104. Leash 90 includes a tapered barb
98 which is larger in diameter than the hole 96 and a spaced
portion 100. After being inserted through hole, and remov-
ing slack, leash 90 is pulled, for example with a laparoscopic
grasper, while traction is applied to second attachment
portion 70, until barb 98 is forced through hole 96. Because
an elastomeric material is used to construct leash 90 and
second attachment portion 70, temporary deformation
occurs, allowing the parts to lock together, and forming the
restriction device 62 into a closed configuration, as can be
seen in FIG. 13.

[0141] Laparoscopic cutters are now used to trim off leash
90, close to barb 98. F1G. 14 illustrates the restriction device
62 after the trimming of leash 90. It can be seen that in the
prior art obesity control system shown in FIG. 4, the entire
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length of the inflation tube 42 must be inserted into the
abdominal cavity because the proximal end 44 of the infla-
tion tube 42 needs to be located laparoscopically and then
inserted through an opening in the locking mechanism 34 in
order to lock the inflatable ring 32. In the inventive embodi-
ment, the drive transmission 66 need not be inserted com-
pletely, because the first attachment portion 68 and second
attachment portion 70 are all that need be manipulated in
order to lock the restriction device 62 together. Likewise, the
drive transmission proximal end 84 does not need to be
located within the abdominal cavity prior to the locking step.

[0142] FIG. 15 illustrates a restriction device 106 having
an external perimeter 154 and a dynamic surface 152, which
is allowed to constrict via a circumferential bellows 150. In
FIG. 16, a better view of the dynamic surface 152 is visible
in the cross-section. Interspersed between the thin walled
portion 155 are ribs 156 that extend the majority of the
width. The ribs 156 serve to reduce the contact area of a belt
or band that is tightened to restrict the dynamic surface 152
to a smaller diameter, and thus to lower the tensile require-
ment to constrict the restriction device 106. The ribs 156 are
made from the same material as the thin walled portion 155.
The material can be a foam, for example, a polyurethane
foam, which allows for compression, and also allows the
inner diameter of the restriction device 106 to expand
sufficiently, in the case of high stress, for example the high
stress due to vomiting. Alternatively, the ribs 156 are made
of a rigid metallic or polymeric material that is attached or
embedded to the thin walled portion 155. In this manner, the
diameter of the dynamic surface 152 can be compressed by
using only a flexible rod that is pulled in tension. As the rod
tightens, it creates a radial force on the ribs 156, causing a
wider diameter portion to restrict. This is especially advan-
tageous because now the extension portion 157 can be of
smaller dimensions, because it only need accommodate a
rod and not a wide belt.

[0143] A cross-section of the restriction device 106 show-
ing more detail of the circumferential bellows 150 is illus-
trated in FIG. 17. It can be seen that a bias force in the form
of tension from a belt or a rod will act on the dynamic
surface 152 causing it to compress the diameter. The extra
wall contained in the bellows 150 allows this to occur
without requiring the material to have to substantially
stretch, and therefore, allows this restriction to take place
with a lower tension or torque requirement. Also shown in
FIG. 17 is seam 158, which can aid in the manufacturing
process. The outer shell of the restriction device 106 is
molded with this seam open, and then during manufacture,
the internal workings, such as the belt, are placed inside.
Finally, an outer layer, such as a silicone dip, is covered
around the assembly.

[0144] Returning to FIG. 15, a drive transmission 108
couples the restriction device 106 with an implantable
interface. The restriction device 106 has a first attachment
portion 110 and a second attachment portion 112 which can
be connected together, for example, around a body lumen
such as the stomach. The first attachment portion 110 and the
second attachment portion 112 may also be disconnected
from each other and reconnected to each other. During the
implantation surgery, it is a benefit to be able to easily
disconnect the first attachment portion 110 and the second
attachment portion 112, for example, in the case of mis-
positioning. It is also desirable to be able to easily discon-
nect the first attachment portion 110 and the second attach-
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ment portion 112 at a later period of time, for example in the
case of a restriction device that requires emergent removal,
for example, due to slippage, erosion or other reasons. The
reversible attachment mechanism comprises a leash 114
having a flattened portion 116 which can be easily gripped
by laparoscopic instruments, such as a grasper. Ribs 118 aid
in engaging a grasper jaw that has teeth.

[0145] Following the pars flaccida technique described in
the Ren et al. publication, a grasper is placed through the
tunnel. The grasper is used to grasp gripping surface 120
which may also include ribs 122 for tooth engagement. The
first attachment portion 110 is then pulled through the tunnel
by the grasper, allowing the restriction device 106 to encircle
the stomach or the area at the junction of the esophagus and
stomach. The grasper is now used to stabilize the first
attachment portion, by means of either an external gripping
surface 128 (both sides of the restriction device 106), an
extended gripping surface 130, or an indented gripping
surface 132. While stabilizing the restriction device 106
using one of these gripping methods, another grasper is used
to grasp the leash 114, for example at the flattened portion
116. The tip 134 of the leash 114 is inserted through an entry
hole 124 until the tip 134 exits through an exit hole 126. As
can be seen in FIG. 18 and FIG. 19, the leash 114 comprises
a male snap 142, which is configured to lock into a female
snap 144 inside the first attachment portion 110. The grasper
that was used to insert the leash 114 through the first
attachment portion 110 is now used to pull the leash 114 out
the exit hole 126, and pull it taut until internally, and the
male snap 142 is forced into the female snap 144. A base
portion 146 of the leash 114 is able to elastomerically stretch
1o allow this locking to take place, but also to assure that a
first face 138 presses up tightly against a second face 140.

[0146] It should be noted that the elastomeric property of
the base portion 146, also allows a certain amount of
compliance to the restriction device 106, which, for
example, allows the restricted diameter of the restriction
device 106 to temporarily open up during high stress everts,
such as vomiting, thus protecting the stomach from slippage
or erosion. If the position of the restriction device 106 is
considered acceptable, the tip 134 of the leash 114 is inserted
by the grasper into a slack insertion hole 148, so that the
slack of the leash is stored out of the way. If it is desired for
any reason to disconnect the first attachment portion 110
from the second attachment portion 112, the grasper is used
to grasp the leash 114 at the exit hole 126, where it remains
accessible. By pulling to the side with the grasper, the leash
114 can be decoupled from the first attachment portion 110
by pulling it our of a split region 136. Split region 136 can
be inherent, or it can alternatively be peel-away. Because the
relevant portions of the first attachment portion 110 are
desirably made from elastomeric materials, there is suffi-
cient compliance to allow multiple disconnections and
reconnections. Alternative to the method of connecting the
restriction device and placing the slack of the leash 114 into
the slack insertion hole 148, instead. laparoscopic cutters
can be used to cut the slack portion of the leash 114. For
example, by cutting the leash 114 at the exit hole 126 and
removing the excess portion with laparoscopic graspers.

[0147] FIG. 20 illustrates an implantable obesity control
system 160 in accordance with an embodiment of the
present invention. The implantable obesity control system
160 comprises a restriction device 162, an implantable
interface 164 and a drive transmission 166. During an initial
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surgical procedure, the restriction device 162 is implanted in
the patient so that it creates a stoma and controllably restricts
the size of an opening between the stoma and the remainder
of the stomach. For example, the restriction device 162 is
laparoscopically placed into the abdominal cavity and con-
figured in a position surrounding the stomach. The restric-
tion device 162 is placed through a trocar, or alternatively is
placed though the opening created after a trocar is inserted
and then removed. The restriction device 162 may be
implanted in a patient such that a contact surface of the
restriction device 162 at least partially engages a surface of
the gastrointestinal tract, such as the stomach and/or the
esophagus of the patient. For example, the restriction device
162 may contact, touch, attach to, affix to, fasten to, access,
penetrate (partially or completely) or otherwise engage the
surface of the stomach and/or the esophagus.

[0148] During this initial procedure, the implantable inter-
face 164 is placed subcutaneously at a site that may be
subsequently accessed using an external device (168 in FIG.
21) but that does not interfere with the patient’s mobility.
Some example sites that may be used include below the
collar bone, above the navel, and below the ribs.

[0149] FIGS. 21 and 22 illustrate an external device 168
for use with the implantable obesity control system 160 of
FIG. 20 in accordance with an embodiment of the present
invention. During a follow-up procedure, the restriction
device 162 may be adjusted using the external device 168
without the need for penetrating the skin or entering any of
the body’s natural orifices. The external device interface 169
of the external device 168 is first placed adjacent the
implantable interface 164, and the restriction device 162
may then be adjusted via the interaction of the external
device interface 169 with the implantable interface 164 to its
desired size or configuration (e.g., FIG. 22). In certain
embodiments, the external device interface 169 may be
manipulated by rotation about an axis using a motor device.
In certain embodiments, the external device interface 169
may be manually rotated about an axis in order to adjust the
size or configuration of the restriction device 162. Although
in certain embodiments the restriction device 162 may be
used to restrict the esophagus or stomach for the treatment
of obesity, in other embodiments the device 162 can be used
for other restriction applications, such as gastro-esophageal
reflux disease (GERD), artificial sphincters (e.g. anus or
urethra), annuloplasty, and full or partial occlusion of blood
vessels, such as the pulmonary artery, or blood vessels
supplying a cancerous area.

[0150] The external device 168 comprises the aforemen-
tioned external device interface 169 which in certain
embodiments has one plane of free movement via a pivot
170. In addition, the external device 168 may comprise a
base 171 having a handle 172. In certain embodiments, the
external device 168 may be battery operated, as illustrated in
FIG. 21, while in certain embodiments the external device
168 may be powered from external electricity and may
include a power cord. In certain embodiments, the external
device 168 may be configured to use batteries that may be
rechargeable. The batteries may reside within the base 171
of the external device 168 and may be held in place by the
battery cover 173. Buttons 174 near the handle 172 are
thumb operated and include generic symbols for “off,”
“clockwise rotation” and “‘counter-clockwise rotation,” or
“off,” “tighten,” and “loosen.” A display 175 allows the
physician or health professional performing the adjustment
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procedure to visualize the current size or configuration of the
restriction device 162. For example, the diameter, circum-
ference, setting number (e.g. “1” through “10”) or cross-
sectional area of the restriction device 162 may be visual-
ized. In addition, the display may also show patient
information, such as procedure dates, the patient’s name, or
other statistics.

[0151] FIG. 23 illustrates the restriction device portion of
the implantable obesity control system of FIG. 20 in accor-
dance with an embodiment of the present invention. The
body portion 176 of the restriction device 162 comprises two
attachment portions 177 and 178. When the attachment
portions 177 and 178 are not attached to each other, the body
portion 176 may conform to a linear shape that may be
placed into the abdominal cavity though the inner lumen of
a cannula. For example, the restriction device 162 is con-
figured so that it will dimensionally fit through the internal
diameter of a 15 mm or 12 mm trocar 18. It is also
configured so that it will dimensionally fit through the tract
made by insertion and removal of a 10 mm or 12 mm trocar
18. The restriction device 162 may be placed through a tract
made after a trocar, cannula, sheath, dilator, needle or other
puncturing device is placed and then removed. The restric-
tion device 162 may also be placed through a direct incision.
When the body portion 176 is oriented around the stomach
or esophagus, the attachment portions 177 and 178 are
joined, creating a substantially encircling configuration.
Although the body forms a substantially circular shape when
joined using both attachment portions 177 and 178, in other
embodiments the body may form a shape that is substan-
tially oval, square, triangular or another shape when both
attachment portions 177 and 178 are joined.

[0152] In certain embodiments, the body portion 176 may
comprise a biocompatible material such as silicone or poly-
urethane. In certain embodiments, the external surface of the
biocompatible material can be further altered in order to
increase biocompatibility. In certain embodiments, a bio-
compatible material may be used to conipletely encapsulate
a material that is not known to be biocompatible. The body
portion 176 may also have holes (not illustrated) configured
for the attachment of sutures, so that the restriction device
162 may be secured to the body. For example, the restriction
device 162 may be attached to the stomach using sutures.
Alternatively, in certain embodiments, the restriction device
162 may have grooves or hooks configured for the securing
of suture material. This allows the restriction device 162 to
be easily secured to the stomach wall in order to prevent
slippage of the device or prolapse of the stomach.

[0153] In certain embodiments, the attachment portions
177 and 178 may be made from the same material as the
body portion 176. The attachment portions 177 and 178 may
be made from various polymeric or metallic materials. The
attachment portions 177 and 178 may be laparoscopically
detached, or a section of material adjacent to the attachment
portions 177 and 178 may be laparoscopically severed if
removal of the restriction device 162 is ever necessitated.
[0154] FIG. 24 illustrates a cross section of the restriction
device portion 162 of the implantable obesity control system
160 of FIG. 20 in accordance with an embodiment of the
present invention. The body portion 176 comprises an outer
housing 179, a central cavity 180 and an inner distensible
member 181. A dynamically adjustable band 182 resides
between the housing 179 and the inner distensible member
181. The dynamically adjustable band 182 comprises a
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secured end 183 and a movable end 184. The secured end
183 may be coupled to the body portion 176 using any
fastening method, including insert molding, overmolding,
adhesive bonding, thermal bonding, or mechanical attach-
ment. The movable end 184 is capable of moving to either
increase or decrease the operative contact length of the
dynamically adjustable band 182. This change in the opera-
tive contact length serves to act upon the inner distensible
member 181, causing it to increase or decrease its effective
perimeter, which allows for the dynamic adjustment of the
size or shape of the opening between the stoma and the
stomach.

[0155] The inner distensible member 181 is configured to
cushion the wall of the stomach from any high stress
concentrations imposed by the dynamically adjustable band
182, as well as minimize any pinching or folding of the
stomach wall by the movement of the dynamically adjust-
able band 182. Alternatively, the central cavity 180 may be
pre-inflated with an incompressible material, such as sili-
cone oil, in order to create further cushioning. If pre-inflated,
this also creates the desirable situation that if there were to
be break in any structure, the restriction device 162 would
not draw in a large amount of body fluid.

[0156] FIG. 25 illustrates an inner section of the restriction
device portion of the implantable obesity control system of
FIG. 20 in accordance with an embodiment of the present
invention. The dynamically adjustable band 182 can com-
prise a variety of materials such as stainless steel,
ELGILOY, superelastic NITINOL, polyester and Nylon (for
example Nylon 6/6) that allow a small thickness with high
tensile strength. It can alternatively be made from a metallic
or high-strength KEVL AR mesh material encapsulated in a
polymeric material. The dynamically adjustable band 182 is
configured with grooves 185 that allow engagement by a
worm gear (186 in FIG. 24). The worm gear 186 is housed
within a gear housing 187 comprising an upper housing 188
and a lower housing 189.

[0157] The drive transmission 166 is configured to turn the
worm gear 186 in either rotational direction. For example,
the drive transmission 166 may turn the worm gear 186 in
the clockwise direction to tighten the band 182 and in the
counter-clockwise direction to loosen the band 182. The
drive transmission 166 comprises a drive shaft 190 which
turns inside a sheath 191.

[0158] Incertain embodiments, the drive transmission 166
may be permanently attached to the restriction device 162
and the implantable interface 164, or it may be configured
attach to and detach from the restriction device 162, the
implantable interface 164, or both the restriction device 162
and the implantable interface 164. For example, although the
drive transmission 166 may be permanently attached to the
restriction device 162, the drive transmission 166 may be
temporarily attachable to and detachable from the implant-
able interface 164. In the case of a malfunctioning implant-
able interface 164, the implantable interface 164 may be
replaced, while leaving the restriction device 162 and the
drive transmission 166 in place. The new implantable inter-
face 164 can then be attached to the drive transmission 166.
The implantable interface 164 may thus be replaced without
the need for placement of laparoscopic trocars.

[0159] In certain other embodiments, the drive transmis-
sion 166 may be attachable to and detachable from both the
restriction device 162 and the implantable interface 164. The
implantable obesity control system 160 may thus use two or



US 2008/0097496 Al

more drive transmissions 166 of differing lengths. The
appropriate length drive transmission 166 may be chosen
based on what best fits the anatomy of the patient in addition
1o the chosen surgical configuration. Additionally, if a drive
transmission 166 fails while the implantable obesity control
system 160 is in use, then a replacement drive transmission
166 may be attached laparoscopically to the restriction
device 162 and the broken drive transmission may be
removed.

[0160] FIG. 26 illustrates the drive shaft 190 portion of the
implantable obesity control system 160 of FIG. 20 in accor-
dance with an embodiment of the present invention. The
drive shaft 190 comprises an inner coil 192, a middle coil
193, and an outer coil 194. In certain embodiments, all three
of'the coils 192, 193, 194 are wound with multi-filars of wire
195. The direction of winding for the outer coil 194 and the
mner ¢oil 192 are the same, while the middle coil 193 is
wound in the opposite direction. This three layer configu-
ration allows for torque transmission in either direction. For
example, when the drive shaft 190 is turned in one direction,
the outer coil 194 compresses and the middle coil 193
expands, causing them to support one another. When the
drive shaft 190 is turned in the opposite direction, the middle
coil 193 compresses and the inner coil 192 expands, causing
them to support each other.

[0161] In certain embodiments, the wires 195 are made
from spring tempered 304V stainless steel of diameters
ranging from 0.003" to 0.015," but can also be made from a
variety of materials, including ELGILOY, NITINOL and
other metals. By making the drive shaft 190 from NITINOL
or other supereleastic materials, the drive shaft can be made
resistant to kinking, which may occur during the implanta-
tion procedure. In certain embodiments, the wires 195 have
a diameter of, for example, 0.008." The three coils may be
connected to each other at the ends using any conventional
Jjoining technique, such as welding, brazing, soldering, adhe-
sive, or epoxy. In certain other embodiments, the drive shaft
190 can be made from a braid reinforced polymeric tube or
rod. In yet further embodiments, the drive shaft 190 can be
made from a multi-link transmission shaft. In other embodi-
ments, the drive shaft 190 may be made from a metallic tube
that has been laser machined in a way that creates a
mechanically linked pseudo-spiral pattern. In another
embodiment, the drive shaft 190 may simply be made from
a single wire, for example a superelastic or NITINOL wire.
[0162] FIG. 27 illustrates the sheath 191 portion of the
implantable obesity control system 160 of FIG. 20 in accor-
dance with an embodiment of the present invention. The
sheath 191, which houses the drive shaft 190, may comprise
a composite configuration, including an inner layer 196,
braiding 197, an intermediate layer 198 and an outer layer
199. The inner layer 196 comprises a material with high
lubricity, such as a fluoropolymer. Sample fluoropolymers
include polytetrafluoroethylene (PTFE) and ethylene tet-
raflurorethylene (ETFE). The use of high lubricity materials
may reduce friction between the stationary sheath 191 and
the turning drive shaft 190.

[0163] The braiding 197 supplies mechanical strength
though tension, compression and/or torsion and maintains
the sheath 191 in a round cross-section as the sheath 191 is
placed in a flexed configuration. The braiding material may
comprise 304 stainless steel, ELGILOY, MP35N, L-605 or
a high strength polymeric material such as KEVLAR. Alter-
natively, the braiding 197 can be replaced by a metallic coil
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made from any of the aforementioned materials. For
example, a NITINOL coil which serves to resist kinking of
the sheath.

[0164] The intermediate layer 198 comprises a material
that encapsulates the braiding 197 and gives mechanical
characteristics to the sheath 191, such as stiffness or tor-
sional rigidity. For example, the intermediate layer 198 may
be of a low enough rigidity that the sheath 191 is able to
curve and comfortably fit within the patient, but of a high
enough rigidity that the sheath 191 is not able to bend into
a small bend radius that would cause failure of the drive
shaft 190. The intermediate layer 198 may also comprise a
material that allows adherence between the inner layer 196
and the outer layer 199. The outer layer 199 comprises a
biocompatible material such as silicone, polyurethane or
ETFE.

[0165] FIG. 28 illustrates the drive shaft 190 portion
which connects to the attachment portion (209 in FIG. 29)
of the implantable interface 164 of the implantable obesity
control system 160 of FIG. 20 in accordance with an
embodiment of the present invention. FIG. 29 illustrates the
attachment portion 207 of the implantable interface 164 of
the implantable obesity control system 160 of FIG. 20 in
accordance with an embodiment of the present invention.
[0166] In embodiments of the system 160 with an attach-
able/detachable implantable interface 164 configuration, the
end of the drive shaft 190 includes a keyed element 200
including a raised portion 201 and an undercut portion 202.
The keyed element 200 may also include a first lead in 203
and a second lead in 204. The end of the sheath 191 includes
a barb 206. The attachment portion 207 of the implantable
interface 164 as shown in FIG. 29 comprises a keyhole 208
and a dynamic snap 209. The dynamic snap 209 has an
interior ramp 210, a mechanical detent 211 and relieved area
212 having a reverse ramp 213. The implantable interface
164 may also contain an elastic orifice (214 in FIG. 30).
[0167] During attachment, the first lead in 203 is guided
through the interior ramp 210 and the raised portion 201 is
forced through the dynamic snap 209, flexing it outward
until the raised portion 201 reaches the relieved area 212.
Also during attachment the keyed element 200 engages in
the keyhole 208. This attachment allows for axial secure-
ment and rotational communication between the implantable
interface and the drive shaft. Similarly, during attachment,
the barb 206 engages with the internal diameter of the elastic
orifice 214 to create a hermetic seal to protect the inner
workings of the connection from the body fluids. During
detachment, the keyed element 200 is removed from the
keyhole 208, as the second lead in 204 of the raised portion
201 is guided through the reverse ramp 213 and the interior
ramp 210. The elastic orifice 214 is also pulled off of the
barb 206 during this detachment process. In certain embodi-
ments, the attachment and detachment can both be per-
formed using laparoscopic grasping and manipulating tools
because of the attachable/detachable configuration between
the drive transmission 166 and the restriction device 162. In
certain embodiments, either the second lead in 204 or the
reverse ramp 213 (or both) may be eliminated from the
design if a permanent attachment is desired.

[0168] FIG. 30 illustrates a front view of the implantable
interface 164 portion of the implantable obesity control
system 160 of FIG. 20 in accordance with an embodiment of
the present invention. The implantable interface 164 com-
prises an interface housing 215 and a rotatable frame 216.
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The interface housing 215 includes suture tabs 223 for
securing the implantable interface 164 to a patient. For
example, the suture tabs 223 may be used to secure the
implantable interface 164 to fascia covering muscular layers
beneath the skin and fat of a patient.

[0169] The rotatable frame 216 contains several perma-
nent magnets 217. The permanent magnets 217 are config-
ured to magnetically engage a complimentary configuration
on the external device interface 169 of the external device
168 of FIGS. 21 and 22 above. The permanent magnets 217
of the implantable interface 164 and the external device 168
are configured to create the maximum attraction to each
other while also inhibiting the rotational slippage between
the rotating portions of each component. This is achieved by
using permanent magnets 217 which are shaped as wedges
or sectors, and are oriented so that each consecutive perma-
nent magnet 217 faces an opposite direction. For example,
in one embodiment, the magnets 217 may be arranged in a
north-south-north-south alternating configuration. The sec-
tor shape makes the best use of a minimum amount of space
in the assembly. The rotatable frame 216 holds the perma-
nent magnets 217 securely, even though many strong attrac-
tive and repulsive forces exist between each of the perma-
nent magnets 217 of a single assembly. In certain
embodiments, the magnet material comprises rare earth
magnet materials, such as Neodymium-Iron-Boron (Nd—
Fe—B), which have exceptionally high coercive strengths.
In certain embodiments, the individual Nd—Fe—B magnets
are enclosed within a stainless steel casing or various layers
of nickel, gold or copper plating to protect the corrosive
Nd—Fe—B material from the environment inside the body.
In certain embodiments, other magnetic materials may be
used, including SmCo5 (Samarium Cobalt) or AINiCo (Alu-
minum Nickel Cobalt). In certain embodiments, Iron Plati-
num (Fe—Pt) may be used. Iron platinum magnets achieve
a high level of magnetism without the risk of corrosion, and
may possibly preclude the need to encapsulate. In certain
embodiments, the permanent magnets 217 on the implant-
able interface may be replaced by magnetically responsive
materials such as Vanadium Permendur (also known as
Hiperco).

[0170] In certain embodiments, the rotatable frame 216 of
the implantable interface 164 is caused to rotate via the
rotation of the magnets on the external device interface 169
of the external device 168. In certain embodiments, the
magnets on the external device are on a rotatable frame with
the magnets themselves having a higher magnetism than
those on the implantable interface 164. For example, the
magnets on the external device 168 may also be permanent
magnets of the same sector shape as the implantable inter-
face 164, but may be of a much larger thickness or diameter.
In other embodiments, the external device 168 may incor-
porate one or more electromagnets instead of permanent
magnets. It can be appreciated that the implantable device
has relatively few components and does not include a motor
or electronics, thus creating a simpler, less costly, more
reliable device with a higher likelihood of functioning many
years after implantation.

[0171] FIG. 31 illustrates a rear view of the implantable
interface portion 164 of the implantable obesity control
system 160 of FIG. 20 in accordance with an embodiment of
the present invention. The rotatable frame 216 of the
implantable interface 164 is coupled to a first bevel gear 218
which then causes the rotation of a second bevel gear 219.
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The second bevel gear 219 is coupled to the drive shaft 190
(either permanently or by the attachable/detachable method
described earlier). A gear ratio of less than 1:1 may be used
(e.g. 1:3) in order to slow the rotation of the drive shaft 190,
and to increase the torque delivery to the worm gear 186 of
the restriction device 162. In order to ensure that the
restriction device 162 is only adjusted when desired, the
rotatable frame 216 is forced against a clutch 221 by a spring
(222 in FIG. 30). The clutch 221 frictionally holds the
rotatable frame 216 so that no rotational movement can
occur, for example, during patient movement or exercise.
The magnetic engagement between the magnets of the
external device interface 169 of the external device 168 and
the permanent magnets 217 of the implantable interface 164
forces the rotatable frame 216 to move axially towards the
external device 168, compressing the spring 222 and releas-
ing a clutch interface 224 of the rotatable frame 216 from the
clutch 221.

[0172] FIG. 32 illustrates a direct front view of the
implantable interface 164 portion of the implantable obesity
control system 160 of FIG. 20 in accordance with an
embodiment of the present invention. The rotatable frame
216 has a square orifice 226 which is able to slide axially
over a square cross-section hub 225, without allowing
rotation between the two parts. Thus, when the external
device 168 is in place, i.e., with the external device interface
169 adjacent the implantable interface 164, the rotatable
frame 216 is magnetically pulled off of the clutch 221 and
thus there is free rotation of the rotatable frame 216 caused
by the rotation of the corresponding mechanism of the
external device 168. The clutch 221 and the clutch interface
224 can be of several possible configurations so that they
may engage each other, concave/convex, plate, cone,
toothed, etc.

[0173] FIG. 33 illustrates a radio frequency identification
(RFID) chip 220 near the implantable interface portion 164
of the implantable obesity control system 160 of FIG. 20 in
accordance with an embodiment of the present invention. An
RFID (radio frequency identification) chip 220 may be
implanted in a patient during the implantation of the
implantable obesity control system 160. In certain embodi-
ments, the RFID chip 220 may be implanted subcutaneously
in a known location, such as a location near the implantable
interface 164. In other embodiments, the RFID chip 220
may be located within the implantable interface 164. Upon
the implantation of the restriction device 162, the external
device 168 stores patient information on the RFID chip 220,
including the current size of the restriction device 162, the
amount adjusted, the serial number of the restriction device
162, the date of the procedure, patient name, flow rate of a
test fluid through the stoma, and identification. With respect
to flow rate measurements and various sensors, reference is
made to U.S. Provisional Patent Application No. 60/880,080
filed on Jan. 11, 2007 which is incorporated by reference as
if set forth fully herein. This application includes fully
external sensors for detecting flow through the gastrointes-
tinal lumen as well as sensors integral or incorporated with
the gastric band for detecting flow through the gastrointes-
tinal lumen, and other characteristics.

[0174] During subsequent adjustment procedures, the
external device 168 may read the RFID chip 220 to deter-
mine information related to the patient, such as the current
size of the restriction device 162. At the end of the adjust-
ment procedure, the external device 168 may store updated
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patient information, including the size of the restriction
device 162, to the RFID chip 220. An RFID antenna (not
shown) in the external device 168 may be used to power the
RFID chip in order facilitate the read and write functions.
[0175] Several techniques may be used to determine the
current size of the restriction device 162. In certain embodi-
ments, the size may be determined indirectly by the number
of rotations of the rotatable assembly of the external device
168. In certain embodiments, the size may be determined by
the number of rotations of the rotatable frame 216 of the
implantable interface 164, by the number of rotations of any
one of the gears or shafts of the implantable interface 164,
or by the number of rotations of the restriction device 162
itself. In certain embodiments, a feedback mechanism, such
as a Hall effect device (two additional magnets that move
axially in relation to each other as drive shaft rotates and
therefore as the restriction device constricts or loosens), may
be used to determine the current size of the restriction device
162. In certain embodiments, an optical encoder feedback
mechanism may be used by placing an optical encoder in the
gear box of either the external device 168, the restriction
device 162 or the implantable interface 164. A through-the-
skin optical encoder is even envisioned that shines a light
through the skin and fat and counts successive passes of a
one or more reflective stripes on the rotatable frame 216 or
magnets 217. In certain embodiments, the external device
may include an audio sensor to determine the current size of
the restriction device 162. For example, the sensor may
listen to the cycling sound of gearing, thus giving feedback
information on the amount of total adjustment.

[0176] Any of the materials of the restriction device 162,
the implantable interface 164, the drive transmission 166 or
even the external device interface 169 of the external device
168 can be made from radiopaque materials, so that the
position, condition or alignment of the components may be
seen during the initial surgical procedure, or during the
subsequent adjustment procedures. For example, portions of
the dynamically adjustable band 182 may be made radio-
paque to allow the use of fluoroscopy to determine the
dimension of the restrictive device 162. Alternatively, two
components on the drive transmission (one that is stationary
and one that moves axially with rotation) may each be
radiopaque so that the measurement of the distance between
the two components on a scaled x-ray will give the current
size of the restriction device.

[0177] Inthe initial surgical implantation of some embodi-
ments, one or more trocars are placed into the abdomen of
the patient. The abdominal cavity is insufflated, such as by
using CO,, thus creating a space within which to perform the
procedure. Laparoscopic dissecting tools are placed through
trocars and under the visualization of a laparoscope tissue is
dissected near the junction of the stomach and the esopha-
gus. The restrictive device 162 is placed into the abdominal
cavity. In certain embodiments, the restrictive device 162 is
placed into the abdominal cavity through one of the trocars,
while in certain embodiments the restrictive device 162 is
placed into the abdominal cavity through a tract made by
inserting and removing a trocar. The restrictive device 162
1s laparoscopically placed around the desired section of the
stomach and/or esophagus and secured. The implantable
interface 164 may be attached subcutaneously by suturing
the interface 164 to the fascia.

[0178] In the adjustment procedure, the external device
168 is placed against the outer surface of the skin, with the
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external device interface 169 placed adjacent the implant-
able interface 164. The external device 168 is operated so as
to magnetically adjust the restrictive device 162 via the
implantable interface 164.

[0179] FIGS. 34 and FIG. 35 illustrate an implantable
interface 248 which is configured to allow non-invasive
adjustment of the restriction device. Externally, the implant-
able interface 248 comprises a housing 256 and a strain
relief 254. The housing 256 is preferably made from rigid,
implant-grade biocompatible materials such as PEEK, tita-
nium or polysulfone. The strain relief is preferably made
from elastomeric, implant-grade materials such as silicone,
polyurethane or a silicone-urethane copolymer, such as
Elast-eon™. The housing 256 may also be coated with an
elastomeric material such as silicone, polyurethane or a
silicone-urethane copolymer. The implantable interface 248
is coupled to the drive transmission 202 of the restriction
device (e.g., restriction device 230 of FIG. 42). The drive
transmission 202 comprises a drive shaft 250 and a sheath
252. The housing 256 comprises a first magnet cover 258, a
second magnet cover 260 and an articulation 262. The strain
relief 254 is coupled to the articulation 262, allowing the
adjustment of an angle (a) for placement and securement to
a patient. FIG. 35 shows the angle (a) adjusted to about 45°
while FIG. 34 shows the angle (a) adjusted to close to 0°.
Other angles may be desired, for example 180°. In addition,
the housing 256 comprises a plurality of suture tabs 266
having suture holes 264, aiding in suturing the implantable
interface 248 to the fascia.

[0180] The implantable interface 248 is attachable to and
detachable from the drive transmission 202, allowing the
restriction device 230 and the drive transmission 202 to be
inserted together into the abdomen, for example through a
trocar-made hole in the abdominal wall. FIG. 36 illustrates
the implantable interface 248 with the first magnet cover 258
removed. A cylindrical magnet 270 is secured within a turret
268 which is capable of rotation. The cylindrical magnet 270
is poled north-south across its diameter, as shown. Note,
though two 180° sectors are shown, alternative poling, such
as four 90° sectors, alternating north-south-north-south are
conceived, for example by incorporating more than one
magnet, as are other variations of sector angle and sector
number.

[0181] Turning to FIG. 37A, rotation is imparted to the
drive shaft 250 by means of a gearing arrangement. First
miter gear 272 is coupled to a shaft 276. Both cylindrical
magnets 270 are coupled to the same shaft 276. When both
cylindrical magnets 270 are rotated by an external device
278, external to the patient, it causes shaft 276 and first miter
gear 272 to turn. First miter gear 272 is rotatably engaged
with second miter gear 274, which therefore is forced to turn
when first miter gear 272 turns in response to rotation of
cylindrical magnets 270. Second miter gear 274 is coupled
to drive shaft 250, and so the forced rotation of the second
miter gear 274 causes the rotation of the drive shaft 250. If
bevel gears are used in place of the miter gears, for example,
wherein the second (or follower) gear has a larger number of
teeth than the first gear, then less torque is required to rotate
the shaft 276, and drive shaft 250 rotates at a slower rate.

[0182] The drive shaft 250 is capable of delivering torque.
It can be made, for example, from a triple coil configuration,
wherein the inner and outer coils are would in one direction
and the middle coil is wound in the opposite direction. The
wires are made from 304 stainless steel or ELGILOY or
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NITINOL or other metallic or polymeric materials. Alter-
natively, the drive shaft 250 can be made from a braided
tubing (polymeric tubing with embedded braiding). This
braiding can be 304 stainless steel, ELGILOY, NITINOL,
KEVLAR or other metallic or polymeric materials. The
triple coil type drive shaft and the braided tube type drive
shaft can both also be made with a core wire or rod in the
center, for increased strength properties. If the designs
allows for low enough torque of the drive shaft, the drive
shaft 250 can be made of a single wire, for example a 0.010"
to 0.030" NITINOL wire. Using NITINOL in any of the
drive shaft configurations, especially in its superelastic state,
makes for a more kink resistant drive shaft.

[0183] FIG. 37B illustrates the implantable interface 248
implanted within the abdominal wall 288 of a patient. The
implantable interface 248 is implanted beneath the skin 280
and the subcutaneous fat 282 and is secured to the fascia 284
covering the muscle 286 by suture 290 or other means.
Within a number of weeks after implantation of the implant-
able interface 248, the body forms a fibrous capsule around
the implantable interface 248. The implantable interface 248
is shown in FIG. 37B in a preferred configuration, with the
strain relief 254 extending through the fascia 284 and
muscle 286. In order to non-invasively adjust the constric-
tion amount of the restriction device 230, an external device
278 is placed on the skin surface opposite the implantable
interface 248. The external device comprises an external
device housing 292 having a flattened surface 296 for
placement on the skin 280.

[0184] Alternatively, the surface for placement on the skin
280 can be contoured to match that of the abdomen. The
external device 278 is held in place using a handle 294.
Alternatively, the external device is clamped to the patient or
held in place by means other than the attending operator’s
hands. Batteries 300 power a motor 298 which is operated
via a switch 301. For example, the switch 301 has three
settings: an off setting, an operation of the motor in one
rotational direction and an operation of the motor in the
opposite rotational direction. The motor 298 rotates a motor
pulley 302, which then drives a cylinder 304 by means of a
belt 308 and a cylinder pulley 306. It is conceived that other
means of operation are all within the scope of causing
rotation of the cylinder 304. Attached to the cylinder are four
drive magnets 310, shown in FIG. 38. The drive magnets are
poled as shown (through their thickness) so that alternating
north-south faces are seen as the cylinder rotates.

[0185] Beneath each drive magnet 310 is a back iron 312.
In certain embodiments, the drive magnets are made from
rare earth magnetic materials, such as Neodymium-Iron-
Boron (Nd—Fe—B), which have exceptionally high coer-
cive strengths. In certain embodiments, the Nd—Fe—B
magnets are enclosed within a stainless steel casing or a
plating to protect the corrosive Nd—Fe—B material from
the environment inside the body. In certain embodiments,
other magnetic materials may be used, including SmCo5
(Samarium Cobalt) or AINiCo (Aluminum Nickel Cobalt).
In certain embodiments, Iron Platinum (Fe—Pt) may be
used. Iron platinum magnets achieve a high level of mag-
netism without the risk of corrosion, and may possibly
preclude the need to encapsulate. In certain embodiments,
the permanent magnets used on the implantable interface
may be replaced by magpnetically responsive materials such
as iron-cobalt-vanadium alloy (also known as HIPERCO).
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[0186] The back iron 312 is preferably made from steel
(AISI 1018) and may be coated, for example with Parylene,
but the back iron 312 can also be made of stainless-steel. The
back iron 312 preferably measures abourt half the thickness
of the drive magnet. The back iron serves to force most of
the magnetic field in direction A, creating improved cou-
pling with the cylindrical magnets 270 of the implantable
interface 248. When the switch 301 is operated to turn the
cylinder 304, and thus drive magnets 310 and back irons 312
in a first rotational direction 314, magnetic coupling causes
the cylindrical magnets 270 of the implantable interface 248
to turn in a second rotational direction 316. When the switch
301 is operated to turn the cylinder 304, and thus drive
magnets 310 and back irons 312 in a third rotational direc-
tion 318, the cylindrical magnets 270 of the implantable
interface 248 are forced to turn in a fourth rotational
direction 320. It can be seen that the components in this
embodiment behave like magnetic gearing, with the drive
and driven “gears” engaged by magnetic attraction and
repulsion.

[0187] The combination of the relatively large width of the
drive magnets 310, and the effectiveness of back irons 312
to selectively shape the magnetic fields improves the cou-
pling with the cylindrical magnets 270 of the implantable
interface 248 so that even a non-ideal orientation of the
implantable interface 248 in relation to the flattened surface
296 of the external device 278, as shown by angle f§ in FIG.
39, can still allow for acceptable coupling, and thus adjust-
ment of the restriction device 230. Likewise, length d from
the end of the external device 278 to the end of the
implantable interface 248 can vary quite a bit while still
allowing for good coupling. This is important, because the
contours of the human body to not always allow for perfect
parallel alignment, and because the implantable interface
248 cannot be seen through the skin 280 and fat 282, and
thus the true optimum alignment cannot always be surmised.

[0188] An alternative embodiment is shown in FIG. 40. In
this single magnet implantable interface 322, there is only
one cylindrical magnet 270, giving the implantable interface
322 an “L” shape instead of a “T”” shape. The benefit is that
this configuration can be secured within the abdominal wall
of the patient with a smaller “footprint”, and thus with less
bother to the patient, either cosmetic or comfort related. FIG.
41 demonstrates this configuration. An alternative single
magnet implantable interface 324 is illustrated in F1G. 41 in
place within the abdominal wall 288. An additional feature
of this alternative embodiment is a planetary gearbox 326,
which can change the gear ratio to lessen the torque require-
ment and/or lower the rotational speed, without addition
diameter to the housing.

[0189] The sheath 252 of the drive transmission 202 is
preferably made with a coil reinforced configuration. For
example, the inner layer is polyethylene, polypropylene,
nylon, polyurethane, PTFE, FEP, PFA, ETFE or other rela-
tively low friction polymers. The coil is made from stainless
steel, ELGILOY, NITINOL, MP35N and serves to maintain
a round inner diameter, and keep sheath 252 from kinking.
This is important because the drive shaft 250 should in turn
be free to rotate inside the sheath, even as sheath takes a
curved configuration in the body over the life of the implant,
due to patient movement. The entire outer surface of the
restriction device 230, drive transmission 202 and implant-
able interface 248 are preferably made from implantable
biocompatible materials, such as silicone, polyurethane or a
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silicone-urethane copolymer, such as Elast-eon™. The outer
surface may be made more lubricious via the embedding of
Parylene.

[0190] The external device may also include a torque
meter that measures the torque during adjustment in order to
determine whether the magnets are engaged, and thus is able
to count rotations, and thus, the degree of adjustment of the
restriction. The external device may also use electromagnets
in order to generate the magnetic fields which will couple
with the implantable interface magnets. Alternatively, the
magnets of the implantable interface 248 may also have
back irons in order to tailor the magnetic fields. The back
iron may be steel (AIST1018) with Parylene coating, nickel
and gold coating or other coating to assure biocompatibility.
[0191] FIG. 42 illustrates an alternative embodiment of
the restriction device 230 having a sliding section. A belt 336
is attached permanently at the first attachment portion 338.
The belt 336 has grooves 340 which are engaged by a worm
342 which is turned by a drive shaft 344, for example, a
magnetically driven drive shaft. At the worm 342 turns, the
grooves 340 of the belt 336 are engaged by the threads of the
worm 342, causing the perimeter of the belt 336 to either
increase or decrease. This causes a female section 348 to
slide over a male section 346 to either increase or decrease
the inner diameter of the restriction device 230. An advan-
tage of this configuration is that the restriction device 230
does not need to be made of compressible materials, such as
foam. In this type of design, the emergent relief of stress, for
example due to violent vomiting, can be controlled by a
semi-compliant relationship between the attachment
between the first attachment portion 338 and a second
attachment portion 350.

[0192] FIG. 43 illustrates an alternative embodiment of an
implantable interface 400. A drive transmission 202, com-
prising a drive shaft 250 and a sheath 252 is coupleable to
the implantable interface 400. The implantable interface 400
comprises a housing 402 a flexible strain relief 404 and a
magnetically driven rotational assembly 406. The magneti-
cally driven rotational assembly 406 comprises a turret 408
and four magnets 410. The turret 408 includes a keyed
orifice 412, for example in the shape of a hexagon, which
can be engaged by a corresponding male shape, for example
a hex 418 at the end of the drive shaft 250 (see F1G. 44). The
turret 408 also serves to hold the magnets 410 in their
preferred configuration. Note that other numbers of magnets
may be used, for example six instead of four. In the
configuration illustrated, the magnets a poled through their
thickness and oriented in an alternating manner (north-
south-north-south) so that they are presented at the top face
414 to couple with a driving magnet or magnetic array in an
external device (not pictured).

[0193] The external device couples with the magnets 410,
causing the turret 408 to turn, and in turn causing the drive
shaft 250 to turn, thus allowing for adjustment of the
restriction device. FIG. 44 illustrates the drive shaft 250 and
the sheath 252 prior to being coupled to the turret 408 of the
implantable interface 400. The sheath 252 has wings 416
which are inserted into the flexible strain relief 404 and
locked into the wing lock 424 (see F1G. 45), while the hex
418 is inserted into the keyed orifice 412. The shape does not
have to be a hexagon, and can be any keyable or friction
engageable shape. F1G. 45 illustrates a cross-section of the
implantable interface 400 after it has been sutured into a
patient and after several weeks have passed, wherein the
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body has grown a fibrous capsule 426 around the implant-
able interface 400. The implantable interface 400 has been
secured to the fascia 284 covering the muscle 286 by use of
suture 290. The implantable interface 400 was originally
inserted through an incision 428 and into a tunnel 430
between the skin 280 and fat 282 and the fascia 284 and
muscle 286. The suturing is done through suture holes 422
in suture tabs 420. If necessary, the implantable interface
400 may be subsequently removed from the drive transmis-
sion 202 and replaced by another implantable interface of
the same design or of a different design.

[0194] FIG. 46 illustrates an external device 472 for
driving the implantable interface 400 of FIGS. 43-45. Exter-
nal device 472 comprises a head 474, a handle 476 and an
articulation 478 that allows adjustment of the angle of the
head 474 in relation to the handle 476. In use, front face 480
is placed against skin 280, opposite implantable interface
400. Four driving magnets 482 are arrayed on turret 484 in
staggered (north-south-north-south) orientation. The turret
484 can be rotated within a housing 486 of head 474. Back
iron 488 is approximately 50% of the thickness of each of
the driving magnets 482. Back iron is a flat ring disk made
from steel 1018, with an inner diameter matching the inner
arc and an outer diameter matching the outer arc of each of
the sector shaped driving magnets 482. Switch 490 is a three
position switch controlling the operation of a motor which is
either off, rotating clockwise or rotating counter-clockwise.
The motor controls the rotation of the turret 484. The back
iron 488 serves to orient the magnetic fields so that they are
optimized in the direction of the implantable interface 400,
and thus maximize magnetic coupling. The outer diameter of
the magnet/back iron assembly is approximately 150% that
of the diameter of the magnetically driven rotational assem-
bly 406 of the implantable interface 400. The larger diameter
of the magnet/back iron assembly in relation to the mag-
netically driven rotational assembly 406 allows for sufficient
magnetic coupling, even if the external device 472 is not
perfectly centered and angularly oriented in relation to the
implantable interface 400. The spacing 492 between the
driving magnets 482, also minimizes attraction between
each of the adjacent magnets which may be antagonistic to
the extent of coupling between the external device 472 and
the implantable interface 400. An exemplary spacing is 5° to
15°. Tt should be noted that at maximum torque transfer, the
poles of the driving magnets 482 are not perfectly aligned
with the opposite poles of the magnets 410, but rather there
is a nominal angular offset

[0195] An alternative securing mechanism for an implant-
able interface 432 is illustrated in FIGS. 47-49. Currently,
securing implantable couplers, for example injection ports
for hydraulic gastric bands, using suture inserted through
suture holes, can be time consuming and can sometimes lead
to a port that is not evenly sutured at every suture location.
This can lead to flippage of the port. An improvement for
securement of both ports for hydraulic gastric bands, ports
for other purposes or for the implantable interfaces
described within the scope of this invention is illustrated in
FIG. 47. The implantable interface 432 comprises a central
portion 434, which may include a diaphragm (in the case of
an injection port) or a magnetic assembly (in the case of a
magpetically driven interface). The implantable interface
432 also comprises an outer portion 436 which includes
keyholes 438 and rotatable coils 440. The rotatable coils 440
are rotated by placing a driver into one of the keyholes 438
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and turning it. The rotatable coils 440 are connected to a
driven head, for example a hex head, and the driver can be
a matching hex head. For attachment to the fascia, the
interface surface 442 is placed on top of the fascia and a
slight force is placed on the implantable interface 432. A
driver is placed into one of the keyholes 438 and into the hex
head which is attached to one of the rotatable coils 440. The
tip 444 of the rotatable coils 440 is sharp, so that it easily
imbeds in the fascia. As the rotatable coil 440 is turned
clockwise, the tip 444 embeds deeper and deeper into the
fascia. All rotatable coils 440 can be secured into the fascia
separately, or a gearing system, such as a planetary gearing
system, can be used so that only one keyhole 438 is
necessary, and allows the tightening of all rotatable coils 440
in unison. FIG. 48 illustrates the implantable interface 432
with the coils 440 retracted and FIG. 49 illustrates the
implantable interface 432 with the rotatable coils 440 tight-
ened. The rotatable coils 440 may be axially free within the
keyholes, so that only the circumferential engagement into
the fascia causes them to advance axially (like a wood
screw). Alternatively, the rotatable coils 440 may be within
a tapped structure within the keyholes 438 so that the turning
of the rotatable coils 440 by the driver causes a specific axial
engagement with each turn (as the tip 444 moves circum-
ferentially it is also forced axially at a specific rate). If it is
desired to remove the implantable interface 432, the rotat-
able coils 440, can be turned counter-clockwise to remove
them from the fascia.

[0196] Alternative improvements include the following. It
may be desired that after securement, the rotatable coils 440
be contactable by an electrosurgical device, in order to heat
the tissue surrounding the rotatable coils 440, in order to
promote local scarring and better hold the rotatable coils 440
in place. Because the securement of the rotatable coils is
most important in the first several weeks (for example two
weeks to six weeks), and in various applications is less
important after this period (when the fibrous capsule has
formed over the implantable interface 432), it is conceived
that the rotatable coils 440 may be detachable, for example
in the cases wherein easy removal of the implantable inter-
face 432 is desired. Another way of achieving this is by
making the rotatable coils 440 from a material that is
biodegradable or bioabsorbable and will disappear in a time
period after the important several weeks. An example of
such material is magnesium.

[0197] FIG. 50 illustrates an alternative embodiment to the
implantable interface using a resonance method to make the
drive cable 250 rotate. In FIG. 50, an outer housing is not
shown, in order to better display the detail of the internal
workings. The resonance mechanism 446 comprises a frame
448, a circular ratchet plate 450, a first resonance beam 452,
a second resonance beam 454, a first pawl 456, a second
pawl 458, a first magnet 460 and a second magnet 462. The
first magnet 460 and the second magnet 462 are attached
respectively to the first resonance beam 452 and the second
resonance beam 454. The two resonance beams are attached
to the frame 448 at one end by use of a clamp 464. An
external device having a rotating magnet or a pistoning
magnet is operated using a specific repeating frequency that
is identical to the resonating frequency of the first resonance
beam 452. For example, the external device, consisting of a
rotating magnet, is rotated at a frequency of 100 Hz, the
resonance frequency of the first resonance beam 452. At this
frequency, the repetitive attraction and repulsion of the first
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magnet 460 causes the first resonance beam 452 to oscillate
in direction (D) at an amplitude (A). If this frequency of the
rotating magnet is increased or decreased, the first resonance
beam 452 will not oscillate at its resonant frequency, and
therefore will resist the development of sufficient amplitude
(A).

[0198] Likewise, because second resonance beam 454 has
a resonance frequency of 180 Hz, it will not sufficiently
oscillate when the external magnet is rotated at 100 Hz. As
the first resonance beam 452 oscillates at 100 Hz and
amplitude (A), a first pawl 456 attached to the first resonance
beam 452 engages and moves ratchets 466 of the circular
ratchet plate 450, causing the plate to turn, for example
0.010" tangentially with each cycle. For example, if the pawl
is at a diametrical location of the circular ratchet plate 450
that is 1", then the disk will turn (100/sec)(0.010")/3.14" or
about one turn every three seconds. The resonance activated
rotation of the circular ratchet plate 450 causes gearing 468
to engage and thus turns shaft 470 to which is attached drive
shaft 250. If this first direction of rotation corresponds to the
compression of the restriction device, then the relaxation of
the restriction device can be achieved by operating the
external device so that the magnet rotates at 180 Hz, which
is the resonant frequency of the second resonance beam 454.
Now the second resonance beam 454 will oscillate at 180 Hz
at an amplitude of A", causing a second pawl 458 to engage
and move circular ratchet plate 450 in the opposite direction,
thus causing the drive shaft 250 to turn in the opposite
direction, and to relax the restriction device.

[0199] Alternatively, a single resonance beam structure,
centered on the frame, can be used that allows the single
beam to pivot to one side or the other of the circular ratchet
plate (depending on the direction of rotation of the external
magpnet). Thus, when the external magnet is rotated in a first
direction, the beam pivots to one side of the circular ratchet
plate and causes the ratchet plate to turn in a second
direction. When the external magnet is rotated in a third
direction, opposite of the first direction, the beam pivots to
the opposite side of the circular ratchet plate and causes the
ratchet plate to turn in a fourth direction, opposite of the
second direction.

[0200] It should be noted that on all of the magnetically-
aided resonance beam designs, the oscillation of the beam is
very insensitive to the location of the external magnet,
making it easy for the attending physician or medical
personnel to perform the adjustment of the restriction
device, without too much concern for finding the correct
placement of the external device.

[0201] Instead of using implanted magnets, the implant-
able interface using the resonance mechanism (but no mag-
nets) can be implanted so that it touches a bone structure so
that an external vibrator placed close to the bone (for
example the rib) will cause the resonance of the beams at the
selected frequencies.

[0202] FIG. 51 illustrates a system 1400 for driving an
internally located driven magnet 1402 of an implanted
device 1403 via an external device 1406 using a feedback
mechanism. One or more implanted driven magnets 1402
are coupled magnetically through the skin 1404 of a patient
1408 to one or more external drive magnets 1410. A rotation
or movement of the external drive magnets 1410 causes an
equal rotation of the driven magnets 1402. Turning the
driven magnets 1402 in one direction 1412 causes a restric-
tion device 1414 to close while turning the driven magnets
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1402 in the opposite direction causes the restriction device
1414 to open. Changes to the restriction device 1414 diam-
eter are directly proportional to the number of turns by the
one or more drive magnets 1410.

[0203] The drive magnets 1410 are rotated by the external
device 1406, which has an electric gear motor 1416 which
is controlled by a programmable logic controller (PLC)
1418. The PLC 1418 outputs an analog signal 1420 to a
motor drive circuit 1422 which is proportional to the motor
speed desired. The PLC 1418 receives an analog signal 1424
from the motor drive circuit 1422 that is proportional to the
current draw of the motor. The gear motor’s 1416 current
consumption is proportional to its output torque. An elec-
tronic torque sensor may be used for this purpose.

[0204] The PLC 1418 receives a pulsed input signal 1426
from an encoder 1428 that indicates the angular position of
the drive magnets 1410. The PLC 1418 controls a spring
loaded braking system 1430 that automatically stops the
drive magnet 1410 if there is a loss of electrical power or
other emergency.

[0205] A slip clutch 1432 is included between the gear
motor 1416 and the drive magnet 1410 to prevent the gear
motor 1416 from over torqueing the driven magnet 1402 and
potentially damaging the implanted device 1403.

[0206] The PLC 1418 has a built in screen 1434 to display
messages and a keypad 1436 for entering data. External push
button switches and indicator lights may be incorporated for
user comfort and ease of use.

[0207] The motor current (output torque) is monitored
continuously whenever the device is turning. If the motor
current exceeds the maximum allowable current (based on
safety requirements of the device components and/or patient
tissue) the gear motor 1416 is stopped and the brake 1430 is
applied. This can be done both in software and hardware.
The mechanical slip clutch 1432 also prevents over torque-
ing of the device. An exemplary threshold torque is 3.0
ounce-inches.

[0208] Each patient will have a number that corresponds
to the diameter of their restriction. A fully open device will
have a number such as 2.80 cm for its internal diameter and
a fully closed device will have a number such as 1.50 cm.
[0209] This number can be stored on an electronic
memory card 1438 that the patient 1408 carries. The PLC
1418 can read the current number from the memory card
1438 and update the number after adjustment. The patient’s
number can be recorded manually in the patient’s chart and
kept at the physician’s office or printed on an information
card that the patient carries. Alternatively, the information
can be stored on and read from an RFID chip implanted in
the patient.

[0210] The patient’s number is first entered into the PLC
1418 so it knows the patient’s starting point. If the patient’s
records are completely lost, the system can always fully
open the restriction device 1414 (a known starting point).
The number of turns to fully open the restriction device 1414
can be counted and the device can then be returned to the
same restriction position.

[0211] A physician may adjust the restriction device 1414
several ways. An absolute move to a new restriction diam-
eter may be entered directly. For example, a patient 1408
currently at 2.00 cm diameter may need to be adjusted to
1.80 cm diameter. The physician simply enters the new
diameter and presses a ‘GO’ button. The physician may
prefer a relative (incremental) move from the current diam-
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eter. Each press of a button will cause the device to open or
close a fixed amount, say 0.20 cm of restriction diameter, or
0.02 cm. Finally, there may be provided open and close
buttons which open/close the restriction device 1414 as long
as the button is held.

[0212] Once the external device 1406 is commanded to
move, the PLC 1418 slowly ramps up the speed of the gear
motor 1416 while monitoring the motor current (torque). A
known minimum drive torque must be present for verifica-
tion that the magnetic coupling to the restriction device is
locked and not slipping. The minimum torque value can be
a curve that is stored in the PLC 1418 that is based on the
current restriction device 1414 diameter, the direction of
movement (opening/closing), even the model number or
serial number of the restriction device.

[0213] Also, if a sudden torque reversal is detected by the
PLC 1418, a slip has occurred. As the like magnet poles
(North-North & South-South) which are repelling slip past
each other, they are attracted to the adjacent opposite poles
(North-South & South-North). This causes a momentary
reversal of drive torque. This torque reversal can be detected
by the PLC 1418. If a slip occurs, the PL.C 1418 can subtract
the appropriate amount from the move. If too many con-
secutive slips occur, the PLC 1418 can stop and display a
message.

[0214] As the drive magnet 1410 rotates, revolutions and
fractions of revolutions are counted by the PLC 1418 and
converted to changes in the restriction. Once the move is
complete, the PLC 1418 stops the gear motor 1416 and
applies the brake 1430.

[0215] The feedback mechanism mentioned in the prior
paragraphs is applicable to the external device 472 of FIG.
46, and any other type of magnetic drive, for example an
external device that drives the implantable interface using a
rotating turret containing electromagnets (instead of the
permanent magnets presented previously).

[0216] Any of the compatible configurations of a) restric-
tion device, b) drive transmission ¢) implantable interface
and d) external device are conceived to be combinable as
alternative embodiments to those presented. In addition, the
compression of the restriction device can be achieved by any
of the designs and methods by using a rotating drive shaft,
or by a tension/compression member. In other words, rota-
tion can be done only to proximal assemblies or assemblies
within the implantable interface, which then, through gear-
ing, cause longitudinal shortening or lengthening of a wire
or cable, which pulls tension on a belt or rod to cause the
restriction device to compress or expand (decrease or
increase in inner diameter).

[0217] FIGS. 52, 53, and 54 illustrate an alternative
embodiment of a restriction device 800 having a first attach-
ment portion 802 and a second attachment portion 804. First
attachment portion 802 comprises a tab 806 having an
indentation 808 and a molded end piece 810 having a end
grasping fin 812. The restriction device 800 also comprises
a constrictable section 814 made up of deformable seg-
ments. The restriction device 800 also comprises a drive
extension 818 which houses the actuating mechanism 820,
seen in FIGS. 56-58. In FIGS. 52 and 53, the drive trans-
mission is not shown, but extends from end 822 of drive
extension 818. End 822 of drive extension 818 comprises
drive grasping fins 826. Second attachment portion 804
comprises latching mechanism 824, which is described in
more detail in FIGS. 58-62.
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[0218] A grasper is placed through the tunnel made in the
pars flaccida approach and the first attachment portion 802
is grasped by tab 806, as the first attachment portion 802 of
the restriction device 800 is pulled through the tunnel.
Alternatively, the laparoscopic grasper pulls by grasping the
end grasping fin 812. Alternatively, the laparoscopic grasper
pulls by grasping the entire thickness of the restriction
device 800 at the first attachment portion 802. Once the
restriction device 800 is straddling the tunnel, the first
attachment portion 802 is grasped on the end grasping fin
812 by the grasper (or on the entire thickness of the
restriction device 800), and the restriction device 800 is
stabilized, for example by grasping the drive extension 818
by a second grasper. In this procedure, each of the laparo-
scopic graspers may be placed through its own 5 mm trocar.
The tab 806 is then inserted into the latching mechanism 824
of the second attachment portion 804, and the first attach-
ment portion 802 and the second attachment portion 804 are
latched together. In addition, the process can be reversed in
a similar manner to unlatch.

[0219] The latching and unlatching procedure is described
in reference to FIG. 55 as well as FIGS. 58-62. In order to
clearly show the latching mechanism 824, the molded end
piece 8§10 and the rest of the first attachment portion 802 are
not shown, and are visually cut from the tab 806 at line (1).
Latching mechanism 824 comprises the tab 806, a slide 828,
a retention member 830 and a spring lock 832. To latch the
first attachment portion 802 to the second attachment portion
804, the tab 806 is inserted into the retention member 830
until the indentation 808 slides over the spring lock 832.
FIG. 55 shows the first attachment portion 802 and the
second attachment portion 804 latched together in this
manner.

[0220] FIGS. 58-62 illustrate the various steps of latching
and unlatching, and are shown with the retention member
830 removed, for purposes of clarity. FIG. 58 shows the tab
806 as it is being inserted. FIG. 59 shows the tab 806 after
it has been slid past the spring lock 832. The spring lock 832
is angled so that it easily flexes while the tab 806 is slid by
it during latching. However, the spring lock 832 will not
allow the tab 806 to be unlatched as shown in FIG. 60. The
extreme edge of the spring lock 832 catches the edge inside
the indentation 808 of the tab 806 at retention point 834.
Retention member 830 (not shown in FIG. 56) assures that
the tab 806 is forced against the spring lock 832. In order to
unlatch, the slide 828 is grasped at wall 836 between
depression 838 and the rest of slide 828, and is forced in
direction (d), as shown in FIG. 61. Or the tip of a grasper or
other surgical tool can be placed into the depression 838 to
move the slide 828. This causes slide 828 to move over
spring lock 832, forcing it down and covering it. This also
releases the spring lock 832, from its locking arrangement
with the tab 806. Tab 806 is now free and the first attachment
portion 802 is unlatched from second attachment portion
804. Instead of a depression 838, alternatively, the slide 828
may have a fin or gripping surface.

[0221] The actuation of the restriction device 800 is shown
in sectional view in FIG. 56 and in FIG. 57 (with drive
extension 818 removed for clarity). Restriction device 800
comprises a housing 842 having an outer wall 848, an inner
surface 844 and an inner wall 846. A belt 840 resides within
an internal cavity 850. The belt 840 may include the tab 806
at the first attachment portion 802, or the tab 806 may be a
separate entity. The belt 840 is coupled to a nut 852, for
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example, by means of a curved retaining portion 854 at the
extreme end of the belt 840. Rotation of drive shaft 856 turns
coupling 858 which then turns screw 860. Screw 860 can be
made from a number of materials, including stainless steel,
titanium, NITINOL, nylon or other metallic or polymeric
materials. An exemplary size for the screw is 0-80 UNF,
though the screw 860 may be larger or smaller. The nut 852
has a matching female thread and is preferably a different
material than the screw 860, to reduce static or dynamic
friction. For example, nut 852 is made from bronze, acetal
(Delrin), nylon, PEEK, stainless steel or other metallic or
polymeric materials.

[0222] As the screw 860 turns, the nut 852 moves axially.
For example, when the drive shaft 856 is turned clockwise
(for example via magnetic coupling between an external
device and an implantable interface), the nut 852 moves in
direction (a), as shown in FIG. 56. This tightens the belt 840,
and thus constricts the restriction device 800. A counter-
clockwise rotation of the drive shaft 856, causes the nut to
move in direction (b), thus loosening the belt 840, and
lessening the constriction of the restriction device 800. The
screw 860 is held in tension by coupling 858 and bearing
862. Bearing 862 may be, for example, a ball bearing
constructed of ceramic, glass or sapphire. The use of the fine
threaded screw 860 and nut 852 assembly to controllably
apply the tension on the belt 840 greatly reduces the amount
of torque required to turn the drive shaft 856, and thus, in a
magnetically driven system, minimizes the required size of
the implanted magnet.

[0223] As in the ball bearing constructed of ceramic, glass,
or sapphire, the other elements of the actuating mechanism
820 can be made of MRI safe materials, such as many of
those mentioned. This eliminates the possibility of move-
ment of the restriction device 800 in the patient during an
MRI scan, or heating of the restriction device 800, or
interference or artifact on the image being created in a body
area near the restriction device 800. The belt 840 may be
made of metallic materials or polymeric materials. For
example, PET with a thickness of 0.005" to 0.015". NITI-
NOL, with a thickness of 0.003" to 0.007". Nylon, with a
thickness of 0.010" to 0.020". PVC, with a thickness of
0.012" t0 0.024". The belt 840 may also be made of stainless
steel. Returning now to FIG. 52 and FIG. 53, the multiple
deformable segments 816 allow for a controlled constriction
of the interior of the restriction device 800 as the device is
constricted.

[0224] FIG. 63 illustrates a magnetic slip clutch 902 for
use with an implantable interface 900. Drive shaft 904 is
coupled to hub 910. Four clutch magnets 914 are coupled to
hub 910 so that hub 910, clutch magnets 914, and drive shaft
904 rotate in unison. Sheath 906 and flexible strain relief 908
are non-rotationally coupled to housing 916 of implantable
interface 900. Driven magnets 912 rotate together based on
magnetic coupling between the drive magnets or electro-
magnets of an external device. The only coupling between
the driven magnets 912 and the drive shaft 904 is via the
magnetic coupling of each individual clutch magnet 914 to
each individual driven magnet 912. Gap (g) is chosen so that
at a maximum desired torque, the torque overcomes the
magpetic attraction and the driven magnets 912 slip in
relation to the clutch magnets. Slippage protects against
over-torqueing, which could cause failure of the components
of the device. For example the drive shaft 904.
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[0225] FIG. 64 illustrates an implantable obesity control
system 1000 according to another embodiment of the inven-
tion. The implantable obesity control system 1000 includes
a restriction device 1002, an implantable interface 1010, and
a drive transmission 1020. The restriction device 1002
includes an adjustable body portion 1004 that changes the
size and/or shape in response to the driving action of the
implantable interface 1010 and coupled drive transmission
1020 (explained in detail below). The adjustable body
portion 1004 may include a flexible jacket 1006 that is
shaped in an undulating or wavy-shape as illustrated in FIG.
64. The flexible jacket 1006 may be formed from a biocom-
patible polymer such as, for instance, polyurethane silicone
or a silicone-urethane copolymer, such as ELAST-EON. An
optional tab 1008 or the like may be secured to an exterior
portion of the flexible jacket 1006 and used to hold or
manipulate the restriction device 1002 during, for instance,
placement and/or adjustment of the restriction device 1002.

[0226] Still referring to FIG. 64, the restriction device
1002 includes a connector 1012 that is used to secure the
flexible jacket 1006 in the circular or looped configuration as
illustrated in FI1G. 64. The connector 1012 includes a proxi-
mal portion 1014 that links the flexible jacket 1006 to the
proximal aspects of the system 1000. As used herein, the
proximal direction refers to a direction or location that is
disposed toward or closer to the implantable interface 1010.
Conversely, the distal direction refers to a direction or
location that is disposed away from the implantable interface
1010. The connector 1012 further includes a distal portion
1016 secured to a distal end of the flexible jacket 1006 that
is configured to engage with the proximal portion 1014 of
the connector 1012. In one aspect, the distal portion 1016 of
the connector 1012 includes a groove or recess 1018 that is
dimensioned to receive the proximal portion 1014 of the
connector 1012. Preferably, the proximal portion 1014 can
be locked or fixedly secured with respect to the distal portion
1016 through the use of one or more tabs, detents, locking
members and the like (described in more detail below). In
one aspect, as described in more detail below, the proximal
portion 1014 and the distal portion 1016 of the connector
1012 may be unlocked to thereby open the flexible jacket
1006 from the circular or looped configuration as illustrated
in FIG. 64

[0227] Still referring to FIG. 64, the system 1000 includes
a drive transmission 1020 that, in one aspect of the inven-
tion, is used to translate rotational movement of a magnetic
element (not shown in FIG. 64) contained in an implantable
interface 1010 into linear movement of an actuator (not
shown in FIG. 64) that adjusts the dimensions or configu-
ration of an internal opening formed in the restriction device
1002. FIG. 64 illustrates a housing portion 1022 that
includes an interior aspect that contains the mechanical
transmission elements for effectuating the translation of
rotational movement into linear movement. The housing
portion 1022 is connected to an distal sheath or cover 1024.
The sheath 1024 includes a lumen therein (not seen in FIG.
64) for holding the linear driven actuator that is used to alter
the dimensions and shape of the internal opening formed in
the restriction device 1002. The sheath 1024 may be formed
from a spiral-wound wire (e.g., NITINOL) that is coated or
covered on the exterior with a polymer tube or flexible
coating (e.g., polyurethane). The interior may also be
optionally coated with a lubricious polymer coating (e.g.,
PTFE) to reduce frictional engagement with the moving
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components of the drive transmission 1020. As seen in FIG.
64, a proximally located sheath or cover 1026 couples the
housing portion 1022 to the implantable interface 1010. The
proximally located sheath 1026 also includes a lumen
therein configured for receiving a rotational drive member
such as drive cable or the like. The proximally located sheath
1026 may be made of the same construction as described
above with respect to the distal sheath 1024. Preferably, the
proximal and distal sheaths/covers 1026, 1024 substantially
prevent bodily fluids or the like from entering the housing
portion 1022, implantable interface 1010, and the mechani-
cal transmission elements contained in the sheaths/covers
1024, 1026.

[0228] FIG. 65 illustrates a cross-sectional view of the
restriction device 1002. As seen in FIG. 65, the flexible
jacket 1006 contains an inner lumen or recess 1028. An
actuating member 1030 is located within this lumen or
recess 1028 and is fixedly secured at one end to the distal
portion 1016 of the connector 1012. The actuating member
1030 may include a filament, wire, tape, or other elongate
structure. For example, in one aspect of the invention, the
actuating member 1030 may include NITINOL wire having
an outer diameter of around 0.0012 inches. The actuating
member 1030 may be secured to the distal portion 1016 of
the connector 1012 using an adhesive, crimp or friction fit,
weld, or anchor. For example, in FIG. 65, a stainless steel lug
1031 is bonded to the distal end of the NITINOL actuating
member which is used to anchor the distal end of the
actuating member in place.

[0229] Still referring to FIG. 65, a series of ribs 1032 are
located within the jacket recess 1028. The ribs 1032 are
preferably spaced periodically about the recess 1028 with
substantially constant spacing between at least some of the
ribs 1032. In addition, the location of the ribs 1032 are
located in the radially inward portions of the undulating or
wavy flexible jacket 1006. The ribs 1032 advantageously
assist the adjustable body 1004 to change its shape in a
substantially uniform manner without any kinking or buck-
ling of the material forming the flexible jacket 1006. As seen
in FIG. 65, the actuating member 1030 passes over an outer
portion of each rib 1032. Optionally, a groove, hole, or the
like located in each rib 1032 (not shown) may be used to
properly orient and maintain contact between the actuating
member 1030 and each rib 1032. As partially seen in FIG.
65, the actuating member 1030 is secured at one end to the
distal portion 1016 of the connector 1012. The actuating
member 1030 then passes through the flexible jacket 1006
and out the proximal portion 1014 of the connector 1012.
The actuating member 1030 continues onward in the proxi-
mal direction until it reaches the housing 1022 (shown in
FIG. 64). Alternatively, the actuating member 1030 may be
serially attached to an extension spring or analogous mecha-
nism, that allows the constriction of the restriction device
1002 to open a limited amount during an acute event, such
as violent vomiting, thus serving as a safety feature to
protect the tissue of the patient’s stomach or esophagus. For
example, the actuating member 1030 may be attached at one
of its two ends via a spring whose spring constant is chosen
to coincide with the pressure seen during significantly
violent vomiting, for example greater than 200 mm Hg.
Because this pressure is higher than the upper pressure
commonly seen in normal gastrointestinal tract mechanics
(120 mm Hg), a mechanism of this nature will not inadvert-
ently allow patients to easily gorge on food. The length of
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the spring can be chosen to correspond to the total amount
of diametrical relief that is desired during an acute violent
vomiting event.

[0230] FIG. 66 illustrates a top down view of the connec-
tor 1012 with the proximal portion 1014 of the connector
1012 being in a locked configuration with respect to the
distal portion 1016 of the connector 1012. As seen in FIG.
66, the distal portion 1016 of the connector 1012 includes a
recess 1018 dimensioned to receive the proximal portion
1014 of the connector 1012. The recess 1018 and/or proxi-
mal portion 1014 may be configured in a keyed arrangement
such that the proximal connector portion 1014 may only be
inserted into the distal portion 1016 of the connector 1012 in
a correct orientation. FIG. 66, for example, illustrates a
keyed portion 1034 in the form of a raised surface that
enables the correct orientation between the distal and proxi-
mal connector portions 1014, 1016.

[0231] Stll referring to FIG. 66, the distal connector
portion 1016 includes a biased locking member 1036 that is
affixed at one end to a surface of the recess 1018 of the distal
connector portion 1016. The biased locking member 1036
includes a free end 1038 that is used as a locking surface to
retain the proximal and distal connector portions 1014, 1016
in a locked configuration. The biased locking member 1036
may be made of a material (e.g., biocompatible polymer,
metal, etc.) that naturally is biased to position the free end
1038 away from the surface of the recess 1018. In order to
achieve the locking arrangement, the proximal connector
portion 1014 includes an indent or groove that has an
engagement surface 1040 that contacts the biased free end
1038 of the locking member 1036. For example, if the distal
connector portion 1016 were moved in the direction of
arrow A, the free end 1038 of the biased locking member
1036 would contact the engagement surface 1040 and thus
prevent the unlocking of the proximal and distal connectors
1014, 1016.

[0232] Still referring to FIG. 66, a filament 1042 is secured
to the biased locking member and terminates outside the
connector 1012 via a passageway 1044 located in the distal
connector portion 1016. The passageway 1044 may include
a hole or groove through which the filament 1042 can pass.
The filament 1042 may be made from, for example, suture
filament or other biocompatible material. The filament 1042
may be looped as is shown in FIG. 66 or it may be have one
or more strands. An exemplary material for the filament
1042 is monofilament polypropylene.

[0233] In one aspect, the filament 1042 may be made
sufficiently long to pass along all or a portion of the length
of the restriction device 1002, 1102 to terminate at or near
the implantable interface 1010, 1104. For example, a sepa-
rate lumen (not shown) may be used to hold the filament
1042 along the length of the restriction device 1002, 1102
and terminate at a location that is subcutaneous. If there is
an emergency situation, the restriction device 1002, 1102
can be detached from the gastrointestinal tract (e.g., stom-
ach) without completely removing the device 1002, 1102
which can be done at a later time if need be. In this aspect
of the invention, with a simple incision, the end of the
filament 1042 is exposed and can be pulled proximally so as
1o detach the restriction device 1002, 1102 from the site of
interest. One the emergency situation ends, the incision is
closed with suture, and a determination can be made later
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whether the entire device 1002, 1102 needs to be removed
via surgery, or if it can later be salvaged and laparoscopically
reattached.

[0234] FIG. 67 illustrates a perspective cross-sectional
view of the housing portion 1022 and proximal/distal covers
1026, 1024. The housing portion 1022 includes end caps
1023A. 1023B that seal the internal portions of the housing
from the external environment. As seen in FIG. 67, a drive
cable 1050 is located within the central lumen of the
proximal sheath 1026. The drive cable 1050 may be formed
from, for example, the drive shaft 190 of FIG. 26 for
improved torque response and kink resistance. For instance,
NITINOL wire wound in a manner described in relation with
FIG. 26, with the drive cable 1050 having an outer diameter
of around 0.0057 inches may be used. Of course, other
metallic wires such as stainless steel or ELGILOY may also
be used. Still referring to FIG. 67, the drive cable 1050 is
secured to a lead screw 1052 located in the housing portion
1022. The drive cable 1050 may be secured to the lead screw
1052 using coupler 1054 which may include a section of
tubing having different ID for insertion of the lead screw
1052 and drive cable 1050. The section of tubing 1054 may
be crimped or welded to the drive cable 1050 and lead screw
1052 to fixedly secure the drive cable 1050 and lead screw
1052 to one another.

[0235] Still referring to FIG. 67, the lead screw 1052 is
rotationally held within the housing 1022 via two ball
bearings 1056 mounted on opposing ends of the housing
1022. In this regard, the lead screw 1052 is rotational about
the long axis of the housing 1022. Rotation of the drive cable
1050 thus results in rotation of the lead screw 1052. The lead
screw 1052 may be formed from a 300 series stainless steel
0-80 (or 2-120) lead screw. A nut 1058 is rotationally
mounted on the lead screw 1052 and is used to translate
rotational movement into linear movement. The nut 1058
may be made from, for example, brass and include an offset
threaded hole 1059 for receiving the lead screw 1052.
Rotation of the lead screw 1052 about its rotation axis thus
causes the nut 1058 to move axially within the housing
1022. The nut 1058 is bonded or otherwise affixed to the
actuating member 1030. When the actuating member 1030
is NITINOL wire, the end of the NITINOL wire may pass
through a hole or aperture 1061 formed in the nut 1058. A
plurality (e.g. four) of set screws (not shown) may be
threaded into holes or apertures 1063 to mechanically bind
the actuating member 1030 to the nut 1058.

[0236] FIG. 68 illustrates a cross-sectional view of the
implantable interface 1010 according to another aspect of
the invention. The implantable interface 1010 includes a
housing 1062 in which is mounted a permanent magnet
1064. The permanent magnet 1064 may be formed from, for
example, a rare earth magnet such as Neodymium-Iron-
Boron (NdFeB). The permanent magnet 1064 is rod or
cylindrically-shaped and is diametrically magnetized (poles
are perpendicular the long axis of the permanent magnet
1064). As seen in FIG. 68, aluminum plates or axles 1066 are
bonded to either end of the permanent magnet 1064. The
axles 1066 are dimensioned to fit within the inner races of
ball bearings 1068 which are mounted at opposing ends of
the housing 1062. In this regard, the permanent magnet 1064
is rotationally mounted within the housing 1062. The hous-
ing 1062 is formed from a non-magnetic material (e.g.,
plastic, polymer, titanium or aluminum) and is substantially
sealed from the external environment so as to prevent bodily
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fluids and other materials from entering the interior space,
for example, with a silicone dip-coating.

[0237] Sull referring to FIG. 68, the proximal end of the
drive cable sheath 1026 (which is omitted from FIG. 68 for
sake of clarity) may have a quick disconnect feature so that
the drive cable 1050 and/or implantable interface 1010 may
be rapidly changed. In one aspect, the proximal end of the
drive cable sheath 1026 includes a flanged end portion 1027
that is dimensioned to abut a sheath retaining nut 1046 that
engages with mating threads 1048 located at one end of the
housing 1062. The flanged end portion 1027 and the retain-
ing nut 1046 are permanently secured to the drive cable
sheath 1026. The retaining nut 1046 is preferably rotation-
ally secured and the flanged end portion 1027 is sealingly
secured. The flanged end portion 1027 is inserted through a
seal 1065 such as a compressible o-ring, which is nested
within the housing 1062. The o-ring 1065 substantially seals
the interface between drive cable sheath 1026 and the
housing 1062 of the implantable interface 1010.

[0238] Still referring to FIG. 68, one axle 1066 includes a
recess 1070, for example, in the shape of a hexagon or the
like (female connector) that receives a correspondingly
shaped keyed end 1072 of the drive cable 1050 (male
connector) as illustrated in FIG. 69. FIG. 69 illustrates the
proximal end of the drive cable 1050 cable including the
keyed portion 1072. With reference to FIGS. 68 and 69, the
implantable interface 1010 is initially connected to the drive
cable 1050 by inserting the keyed portion 1072 into the
corresponding recess 1070 located in the axle 1066. The
sheath retaining nut 1046 can then be threaded and tight-
ened, allowing the seal 1065 and the flanged end portion
1027 to form a sealed engagement between the drive cable
sheath 1026 and the implantable interface 1010. To de-
couple the implantable interface 1010 a user unscrews the
sheath retaining nut 1046 completely and withdraws the
drive cable sheath 1026. In this regard, a new drive cable
1050 and/or implantable interface 1010 may be exchanged
or changed as appropriate.

[0239] FIG. 70 illustrates an implantable obesity control
system 1100 according to another embodiment of the inven-
tion and includes a restriction device 1102, an implantable
interface 1104, and a drive transmission 1106. The implant-
able obesity control system 1100 is similar to that illustrated
in FIG. 64 with the exception that the drive cable 1050 has
been omitted. This embodiment thus uses a direct connec-
tion between the lead screw 1112 and the permanent magnet
1118 (as shown in FIG. 71). There is no need for a separate
drive cable 1050 or other transmission means between the
permanent magnet and the lead screw 1052. This embodi-
ment is advantageous because of the reduced number of
components and the small, compact nature of the overall
device.

[0240] FIG. 71 illustrates a cross-sectional view of the two
housings 1108, 1110. Housing 1108 includes lead screw
1112, nut 1114, and ball bearings 1116 and may be sealed at
the distal end via end cap 1109. The actuating member (not
shown in FIG. 71) described above is secured to the nut 1114
in via a receiving lumen 1115. Set screws (not shown) may
be used to mechanically engage the actuating member via a
plurality of threaded apertures 1117. The remaining housing
1110 includes the permanent magnet 1118 in addition an
aluminum axle or spindle 1120 that is mounted to one end
of the magnet 1118. The proximal end of the lead screw 1112
may have a keyed portion (e.g., hexagonal-shaped tip or
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end) that fits within a correspondingly-shaped recess or the
like (not shown) in the axle 1120 so that the implantable
interface 1104 may be quickly changed. Alternatively, both
housings 1108, 1110 could be replaced to exchange or
change-out the implantable interface 1104. It should be
noted that only a single bearing 1116 is needed to rotation-
ally secure the magnet 1118 within the housing 1110. The
amount of torque on the opposing end of the magnet 1118 is
relatively low so there is no need for an additional bearing
within the housing 1110. In configurations in which there is
a greater torque (i.e., moment) on the opposing end of the
magnet 1118, a second bearing (not shown) can be used. The
lead screw 1112 and magnet 1118 are arranged serially in
this configuration, but alternatively they could be arranged
in parallel, for example, wherein the magnet 1118 imparts
rotation to the lead screw 1112 via a pair of spur gears. The
parallel arrangement allows for a shorter overall length of
the assembly in relation to the serial arrangement, however
the serial arrangement allows for a thinner, narrower assem-
bly. The appropriate arrangement can be chosen depending
upon the desired clinical factors. For example, if the
implantable interface is to be implanted in an area that
undergoes a large amount of bending, the shorter, parallel
arrangement may be preferred.

[0241] FIG. 72 illustrates an external magnetic driver 1130
according to one aspect of the invention. The external
magnetic driver 1130 may be used to externally impart
rotational motion or “drive” a permanent magnet (e.g.,
magnets 1064, 1118) located within an implantable interface
(e.g., interfaces 1010, 1104). The external magnetic driver
1130 includes a motor 1132 that is used to impart rotational
movement to two permanent magnets 1134, 1136. The motor
1132 may include, for example, a DC powered motor or
servo that is powered via one or more batteries (not shown)
integrally contained within the external magnetic driver
1130. Alternatively, the motor 1132 may be powered via a
power cord or the like to an external power source. For
example, the external power source may include one or more
batteries or even an alternating current source that is con-
verted to DC.

[0242] Still referring to FIG. 72, the two permanent mag-
nets 1134, 1136 are preferably cylindrically-shaped perma-
nent magnets. The permanent magnets may be made from,
for example, a rare earth magnet material such as Neody-
mium-Iron-Boron (NdFeB) although other rare earth mag-
nets. For example, each magnet 1134, 1136 may have a
length of around 1.5 inches and a diameter of around 1.0 to
3.5 inches. Both magnets 1134, 1136 are diametrically
magnetized (poles are perpendicular the long axis of each
permanent magnet 1134, 1136). The magnets 1134, 1136
may be contained within a non-magnetic cover or housing
1137. In this regard, the magnets 1134, 1136 are able to
rotate within the stationary housing 1137 that separates the
magnets 1134, 1136 from the external environment. Prefer-
ably, the housing 1137 is rigid and relatively thin walled at
least at the portion directly covering the permanent magnets
1134, 1136, in order to minimize the gap between the
permanent magnets 1134, 1136 and the internal magnet
1064.

[0243] As seen in FIG. 72, the permanent magnets 1134,
1136 are rotationally mounted between opposing bases
members 1138, 1140. Each magnet 1134, 1136 may include
axles or spindles 1142, 1144 mounted on opposing axial
faces of each magnet 1134, 1136. The axles 1142, 1144 may
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be mounted in respective bearings (not shown) that are
mounted in the base members 1138, 1140. As seen in FIG.
72, driven pulleys 1150 are mounted on one set of axles 1142
and 1144. The driven pulleys 1150 may optionally include
grooves or teeth 1152 that are used to engage with corre-
sponding grooves or teeth 1156 (partially illustrated in FI1G.
73) contained within a drive belt (indicated by path 1154).

[0244] Still referring to FIG. 72, the external magnetic
driver 1130 includes a drive transmission 1160 that includes
the two driven pulleys 1150 along with a plurality of pulleys
11624, 11625, 1162¢ and rollers 1164a, 11645, 1164c on
which the drive belt 1154 is mounted. The pulleys 11624,
1162b, 1162¢ may optionally include grooves or teeth 1166
used for gripping corresponding grooves or teeth 1156 of the
drive belt 1154. Pulleys 1162a, 11625, 1162¢ and rollers
1164a,1164b, 1164c may be mounted on respective bearings
(not shown). As seen in FIG. 72, pulley 11625 is mechani-
cally coupled to the drive shaft (not shown) of the motor
1132. The pulley 11626 may be mounted directly to the drive
shaft or, alternatively, may be coupled through appropriate
gearing. One roller 11645 is mounted on a biased arm 1170
and thus provides tension to the belt 1154. The various
pulleys 1150, 11624, 11625, 1162¢ and rollers 1164a, 11645,
1164¢ along with the drive belt 1154 may be contained
within a cover or housing 1172 that is mounted to the base
1138 (as seen in FIG. 74).

[0245] As seen in FIGS. 72 and 73, rotational movement
of the pulley 11625 causes the drive belt 1154 to move
around the various pulleys 1150, 1162a, 11625, 1162¢ and
rollers 1164a, 11645, 1164c¢. In this regard, rotation move-
ment of the motor 1132 is translated into rotational move-
ment of the two permanent magnets 1134, 1136 via the drive
transmission 1160. In one aspect of the invention, the base
members 1138, 1140 are cut so as to form a recess 1174 that
is located between the two magnets 1134, 1136. During use,
the external magnetic driver 1130 is pressed against the skin
of a patient, or against the clothing which covers the skin
(e.g., the external driver 1130 may be used through clothing
so the patient may not need to undress). The recess 1174
allows skin as well as the underlying tissue to gather or
compress within the recessed region 1174. This advanta-
geously reduces the overall distance between the external
drive magpets 1134, 1136 and the magnet 1064, 1118
contained within the implantable interface 1010, 1104. By
reducing the distance, this means that the externally located
magnets 1134, 1136 and/or the internal magnet (e.g., 1064,
1118) may be made smaller.

[0246] Still referring to FIGS. 72 and 73, the external
magnetic driver 1130 preferably includes an encoder 1175
that is used to accurately and precisely measure the degree
of movement (e.g., rotational) of the external magnets 1134,
1136. In one embodiment, an encoder 1175 is mounted on
the base member 1138 and includes a light source 1176 and
a light receiver 1178. The light source 1176 may includes a
LED which is pointed or directed toward pulley 1162c¢.
Similarly, the light receiver 1178 may be directed toward the
pulley 1162¢. The pulley 1162¢ includes a number of
reflective markers 1177 regularly spaced about the periphery
of the pulley 1162¢. Depending on the rotational orientation
of the pulley 1162¢, light is either reflected or not reflected
back onto the light receiver 1178. The digital on/off signal
generated by the light receiver 1178 can then be used to
determine the rotational speed and displacement of the
external magnets 1134, 1136.
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[0247] FIGS. 75A, 75B, 75C, and 75D illustrate the pro-
gression of the external magnets 1134, 1136 and the internal
magnet 1064 that is located within the implantable interface
1010 during use. Internal magnet 1064 is shown for illus-
tration purposes. It should be understood that the internal
magnet may also include, for example, internal magnet 1118
that is located within the implantable interface 1104 accord-
ing to that alternative embodiment. FIGS. 75A, 75B, 75C,
and 75D illustrate the external magnetic driver 1130 being
disposed against the external surface of the patient’s skin
1180. The external magnetic driver 1130 is placed against
the skin 1180 in this manner to remotely rotate the internal
magnet 1064. As explained herein, rotation of the internal
magnet 1064 is translated into linear motion via the drive
transmission 1020 to controllable adjust the stoma or open-
ing in the restriction device 1002 mounted about a body
lumen, such as, the patient’s stomach.

[0248] As seen in FIGS. 75A, 75B, 75C, and 75D, the
external magnetic driver 1130 may be pressed down on the
patient’s skin 1180 with some degree of force such that skin
and other tissue such as the underlying layer of fat 1182 are
pressed or forced into the recess 1174 of the external
magnetic driver 1130. The implantable interface (e.g., 1010,
1104) which contains the internal magnet 1064 (which is
contained in a housing 1062 not shown in FIGS. 75A, 758,
75C, and 75D) is secured to the patient in an artificially
created opening or passageway formed in or adjacent to the
fascia layer 1184 separating the layer of fat 1182 from
underlying abdominal muscle tissue 1186. Underneath the
abdominal muscle tissue 1186 is the peritoneum 1188.
Typically, as explained herein, the implantable interface
1104 is secured to the patient via a clamp, sutures, screws,
retaining members, or the like. FIGS. 754, 75B, 75C, and
75D omit these elements for sake of clarity to just show the
magnetic orientation of the internal magnet 1064 as it
undergoes a full rotation in response to movement of the
permanent magnets 1134, 1136 of the external magnetic
driver 1130.

[0249] With reference to FIG. 75A, the internal magnet
1064 is shown being oriented with respect to the two
permanent magnets 1134, 1136 via an angle 6. This angle 6
may depend on a number of factors including, for instance,
the separation distance between the two permanent magnets
1134, 1136, the location or depth of where the implantable
interface 1104 is located, the degree of force at which the
external magnetic driver 1130 is pushed against the patient’s
skin. Generally, the angle 6 should be at or around 90° to
achieve maximum drivability (e.g., torque).

[0250] FIG. 75A illustrates the initial position of the two
permanent magnets 1134, 1136 and the internal magnet
1064. This represents the initial or starting location (e.g., 0°
position as indicated). Of course, it should be understood
that, during actual use, the particular orientation of the two
permanent magnets 1134, 1136 and the internal magnet 1064
will vary and not likely will have the starting orientation as
illustrated in FIG. 75A. In the starting location illustrated in
FIG. 75A, the two permanent magnets 1134, 1136 are
oriented with their poles in an N-S/S-N arrangement. The
internal magnet 1064 is, however, oriented generally per-
pendicular to the poles of the two permanent magnets 1134,
1136.

[0251] FIG. 75B illustrates the orientation of the two
permanent magnets 1134, 1136 and the internal magnet 1064
after the two permanent magnets 1134, 1136 have rotated
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through 90°. The two permanent magnets 1134, 1136 rotate
in the direction of arrow A (e.g., clockwise) while the
internal magnet 1064 rotates in the opposite direction (e.g.,
counter clockwise) represented by arrow B. It should be
understood that the two permanent magnets 1134, 1136 may
rotate in the counter clockwise direction while the internal
magnet 1064 may rotate in the clockwise direction. Rotation
of the two permanent magnets 1134, 1136 and the internal
magnet 1064 continues as represented by the 180° and 270°
orientations as illustrated in FIGS. 75C and 75D. Rotation
continues until the starting position (0°) is reached again.
[0252] During operation of the external magnetic driver
1130, the permanent magnets 1134, 1136 may be driven to
rotate the internal magnet 1064 through one or more full
rotations in either direction to tighten or loosen the restric-
tion device 1002 as needed. Of course, the permanent
magnets 1134, 1136 may be driven to rotate the internal
magnet 1064 through a partial rotation as well (e.g., ¥4, '4,
16, etc.). The use of two magnets 1134, 1136 is preferred
over a single external magnet because the driven magnet
(e.g., 1064, 1118) may not be oriented perfectly at the start
of rotation, so one external magnet 1134, 1136 may not be
able to deliver its maximum torque, which depends on the
orientation of the internal driven magnet (e.g., 1064, 1118)
to some degree. However, when two (2) external magnets
(1134, 1136) are used, one of the two 1134 or 1136 will have
an orientation relative to the internal driven magnet (e.g.,
1064, 1118) that is better or more optimal than the other. In
addition, the torques imparted by each external magnet
1134, 1136 are additive.

[0253] While the external magnetic driver 1130 and
implantable interface 1010, 1104 have generally been
described as functioning using rotational movement of driv-
ing elements (i.e., magnetic elements) it should be under-
stood that non-rotational movement can also be used to drive
or adjust the restriction device 1002, 1102. For example,
linear or sliding motion back-and-forth may also be used to
adjust the restriction device 1002, 1102. In this regard, a
single magnet located internal to the patient that slides
back-and-forth on a slide or other base can be used to adjust
the restriction device 1002, 1102 using a ratchet-type device.
The sliding, internal magnet may be driven via one or more
externally-located permanent/electromagnets that slides or
moves laterally (or moves the magnetic field) in a similar
back-and-forth manner. Rotational movement of the exter-
nally-located magnetic element(s) may also be used to drive
the internal magnet.

[0254] In still another alternative, permanent magnets may
be located on a pivoting member that pivots back and forth
(like a teeter-totter) about a pivot point. For example, a first
permanent magnet having a North pole oriented in a first
direction may be located at one end of the pivoting member
while a permanent magnet having a South pole oriented in
the first direction is located at the other end of the pivoting
member. A ratchet-type device may be used to translate the
pivoting movement into linear movement that can actuate or
adjust the restriction device 1002, 1102. The first and second
internally-located permanent magnets may be driven by one
or more externally located magnetic elements (either per-
manent or electromagnets). External motion of the electric
field by linear or even rotational movement may be used to
the drive the pivoting member.

[0255] While certain embodiments of the gastric restric-
tion systems discussed herein have been described as using
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a restriction device that is coupled to a separate implantable
interface via a drive transmission, it should be understood
that the various components could be integrated into a single
device. For example, a single restriction device may include
or be closely associated with the constituent components of
the implantable interface and drive transmission. This, of
course, would reduce the overall length of the device by
integrating these components into a single device which may
be placed around, for instance, the stomach of the patient.

[0256] FIG. 76 illustrates a system 1076 according to one
aspect of the invention for driving the external magnetic
driver 1130. FIG. 76 illustrates the external magnetic driver
1130 pressed against the surface of a patient 1077 (torso
shown in cross-section). The implantable interface 1010
located within the body cavity along with the adjustable
body 1004 are illustrated. The permanent magnet (e.g., the
driven magnet) that is located within the implantable inter-
face 1010 located inside the patient 1077 is magnetically
coupled through the patient’s skin and other tissue to the two
external magnets 1134, 1136 located in the external mag-
netic driver 1130. As explained herein, one rotation of the
external magnets 1134, 1136 causes a corresponding single
rotation of the driven magnet (e.g., magnets 1064 or 1118)
located within the implantable interface (e.g., 1010, 1104).
Turning the driven magnet 1064, 1118 in one direction
causes the restriction device (e.g., 1002, 1102) to close while
turning in the opposite direction causes the restriction device
(e.g., 1002, 1102) to open. Changes to the opening or stoma
in the restriction device 1002, 1102 are directly proportional
to the number of turns of the driven magnet 1064, 1118.

[0257] The motor 1132 of the external magnetic driver
1130 is controlled via a motor control circuit 1078 opera-
tively connected to a programmable logic controller (PLC)
1080. The PLC 1080 outputs an analog signal to the motor
control circuit 1078 that is proportional to the desired speed
of the motor 1132. The PLC 1080 may also select the
rotational direction of the motor 1132 (i.e., forward or
reverse). In one aspect, the PLC 1080 receives an input
signal from a shaft encoder 1082 that is used to identify with
high precision and accuracy the exact relative position of the
external magnets 1134, 1136. For example, the shaft encoder
1082 may be an encoder 1175 as described above. In one
embodiment, the signal is a pulsed, two channel quadrature
signal that represents the angular position of the external
magnets 1134, 1136. The PLC 1080 may include a built in
screen or display 1081 that can display messages, warnings,
and the like. The PLC 1080 may optionally include a
keyboard 1083 or other input device for entering data. The
PLC 1080 may be incorporated directly into the external
magnetic driver 1130 or it may be a separate component that
is electrically connected to the main external magnetic
driver 1130.

[0258] In one aspect of the invention, a sensor 1084 is
incorporated into the external magnetic driver 1130 that is
able to sense or determine the rotational or angular position
of the driven magnet 1064, 1118. The sensor 1084 may
acquire positional information using, for example, sound
waves, ultrasonic waves, light, radiation, or even changes or
perturbations in the electromagnetic field between the driven
magnet 1064, 1118 and the external magnets 1134, 1136. For
example, the sensor 1084 may detect photons or light that is
reflected from the driven magnet 1064, 1118 or a coupled
structure (e.g., rotor) that is attached thereto. For example,
light may be passed through the patient’s skin and other
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tissue at wavelength(s) conducive for passage through tis-
sue. Portions of the driven magnet 1064, 1118 or associated
structure may include a reflective surface that reflects light
back outside the patient as the driven magnet 1064, 1118
moves. The reflected light can then be detected by the sensor
1084 which may include, for example, a photodetector or the
like.

[0259] In another aspect, the sensor 1084 may operate on
the Hall effect, wherein two additional magnets are located
within the implantable assembly. The additional magnets
move axially in relation to each other as the driven assembly
rotates and therefore as the restriction device constricts or
loosens, allowing the determination of the current size of the
restriction device.

[0260] In the embodiment of FIG. 76, the sensor 1084 is
a microphone disposed on the external magnetic driver
1130. For instance, the microphone sensor 1084 may be
disposed in the recessed portion 1174 of the external mag-
netic driver 1130. The output of the microphone sensor 1084
1s directed to a signal processing circuit 1086 that amplifies
and filters the detected acoustic signal. In this regard, the
acoustic signal may include a “click” or other noise that is
periodically generated by rotation of the driven magnet
1064, 1118. For example, the driven magnet 1064, 1118 may
click every time a full rotation is made. The pitch of the click
may different depending on the direction of rotation. For
example, rotation in one direction (e.g., tightening) may
produce a low pitch while rotation in the other direction
(e.g., loosening) may produce a higher pitch signal (or vice
versa). The amplified and filtered signal from the signal
processing circuit 1086 can then pass to the PLC 1080.
[0261] During operation of the system 1076, each patient
will have a number or indicia that corresponds to the current
diameter or size of their restriction device 1002, 1102. For
example, a fully open restriction device 1002, 1102 may
have a diameter or size of around 2.90 cm while a fully
closed device 1002, 1102 may have a diameter or size of
around 1.20 cm. This number can be stored on a storage
device 1088 (as shown in FIG. 76) that is carried by the
patient (e.g., memory card, magnetic card, or the like) or is
integrally formed with the implantable system (e.g., systems
1000, 1100). For example, a RFID tag 1088 implanted either
as part of the system or separately may be disposed inside
the patient (e.g., subcutaneously or as part of the device) and
can be read and written via an antenna 1090 to update the
current size of the restriction device 1002, 1102. In one
aspect, the PLC 1080 has the ability to read the current
number corresponding to the diameter or size of the restric-
tion device 1002, 1102 from the storage device 1088. The
PLC 1080 may also be able to write the adjusted or more
updated current diameter or size of the restriction device
1002, 1102 to the storage device 1088. Of course, the current
size may recorded manually in the patient’s medical records
(e.g., chart, card or electronic patient record) that is then
viewed and altered, as appropriate, each time the patient
visits his or her physician.

[0262] The patient, therefore, carries their medical record
with them, and if for example, they are in another country
and need to be adjusted, the RFID tag 1088 has all of the
information needed. Additionally, the RFID tag 1088 may be
used as a security device. For example, the RFID tag 1088
may be used to allow only physicians to adjust the restriction
device (1002, 1102) and not patients. Alternatively, the
RFID tag 1088 may be used to allow only certain models or
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makes of restriction devices to be adjusted by a specific
model or serial number of external magnetic driver 1130.
[0263] In one aspect, the current size or diameter of the
restriction device 1002, 1102 is input into the PLC 1080.
This may be done automatically or through manual input
via, for instance, the keyboard 1083 that is associated with
the PLC 1080. The PLC 1080 thus knows the patient’s
starting point. If the patient’s records are lost, the PLC 1080
may be programmed to fully open the restriction device
1002, 1102 which is, of course, a known starting point. The
number of turns required to meet the fully open position may
be counted by the PL.C 1080 and the restriction device 1002,
1102 can then be returned to the same restriction point.
[0264] The external magnetic driver 1130 is commanded
to make an adjustment. This may be accomplished via a
pre-set command entered into the PLC 1080 (e.g., reduce
size of restriction device 1002, 1102 by 0.5 cm). The PLC
1080 configures the proper direction for the motor 1132 and
starts rotation of the motor 1132. As the motor 1132 spins,
the encoder 1082 is able to continuously monitor the shaft
position of the motor directly, as is shown in FIG. 76, or
through another shaft or surface that is mechanically
coupled to the motor 1132. For example, the encoder 1082
may read the position of markings 1177 located on the
exterior of a pulley 1162¢ like that disclosed in FIG. 72.
Every rotation or partial rotation of the motor 1132 can then
be counted and used to calculate the adjusted or new size of
the restriction device 1002, 1102.

[0265] The sensor 1084, which may include a microphone
sensor 1084, may be monitored continuously. For example,
every rotation of the motor 1132 should generate the appro-
priate number and pitch of clicks generated by rotation of the
permanent magnet inside the implant 1010 (or implant
1104). If the motor 1132 turns a full revolution but no clicks
are sensed, the magnetic coupling may have been lost and an
error message may be displayed to the operator on the
display 1081 of the PL.C 1080. Similarly, an error message
may be displayed on the display 1081 if the sensor 1084
acquires the wrong pitch of the auditory signal (e.g., the
sensor 1084 detects a loosening pitch but the external
magpetic driver 1130 was configured to tighten).

[0266] FIG. 77 illustrates a mount 1200 according to one
aspect of the invention that is used to secure the implantable
interface 1010 (or implantable interface 1104) to the patient.
The mount 1200 may be used to secure a variety of implant-
able apparatuses beyond the implantable interfaces dis-
cussed herein. This includes, for example, injection ports
and other implantable interfaces usable with, for example, a
gastric restriction device. The mount 1200 includes a base
1202 having a plurality of holes 1204 dimensioned for
passage of fasteners 1210 (shown in FIGS. 78, 79A, 79B,
79D, 79E, 80, 81, 82). The mount 1200 also includes a
receiving portion 1206 that is dimensioned to receive the
implantable interface 1010. As seen in FIG. 77, the receiving
portion 1206 is shaped in a hemi-cylindrical manner con-
figured to receive the cylindrical shape of the implantable
interface 1010. The receiving portion 1206 may be dimen-
sioned such that the implantable interface 1010 forms a
friction or snap-fit within the mount 1200. For example, in
one aspect of the invention, prior to fastening the mount
1200 to the patient’s tissue, the implantable interface 1010
1s secured to the mount 1200. Of course, in an alternative
aspect, the implantable interface 1010 may be inserted or
slid into the receiving portion 1206 after the mount 1200 is
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secured to the patient. In another alternative configuration,
the mount 1200 may be configured as the implantable
interface itself (as shown in FIG. 82).

[0267] FIG. 78 illustrates a fastening tool or instrument
1220 that is used to rapidly and securely affix the mount
1200 to the patient’s tissue. The fastening tool 1220 includes
an elongate shaft 1222 with a proximally mounted knob
1224. A grip or handle 1226 is located on the elongate shaft
1222 and is used by the physician to grasp the fastening tool
1220 during the placement process. The distal end of the
fastening tool 1220 includes a driving element 1228 that
contains a recess or socket 1230 for holding the mount 1200.
Fastening tool 1220 is used to drive a plurality of fasteners
1210 through respective holes 1204 in the base 1202 to
fixedly secure the mount 1200 to the patient’s tissue. As
explained in more detail herein, rotational movement of the
knob 1224 turns a central sun gear that, in turn, drives a
series of outer gears within the fastening tool 1220 to rotate
the individual fasteners 1210. Rotational movement of the
knob 1224 also moves the driving element 1228 in the
direction of arrow A to either extend or retract the driving
element 1228 depending on direction of rotation of the knob
1224.

[0268] FIG. 79A illustrates a side view of the driving
element 1228 holding the mount 1200 and illustrating the
fasteners 1210 in the fully deployed (e.g., extended) posi-
tion. FIG. 79B illustrates a cross-sectional view taken along
the line B-B' of FIG. 79A. FIG. 79C illustrates a cross-
sectional view taken along the line C-C' of FIG. 79A. The
driving element 1228 generally includes a lower base or
interface 1232 on which are mounted a central gear 1236 and
a plurality of outer gears 1238 (four are illustrated in FIG.
79C. Rotation of the central gear 1236 thus causes each of
the four outer gears 1238 to rotate as well.

[0269] FIG. 79D illustrates a perspective view of the base
1232 portion of the driving element 1228. As seen in FIG.
79D each of the outer gears 1238 is coupled to a corre-
sponding shaft or driver 1240 (shown in phantom) that has
as distal end configured for engaging with the fasteners
1210. For example, the distal end of the driver 1240 may
include a keyed portion (e.g., hexagonally-shaped end) that
mates with a correspondingly-shaped recess (e.g., hex-
shaped recess) in the fastener 1210. The drivers 1240 are
thus rotationally mounted within the base 1232. Rotation of
the central gear 1236 turns the outer gears 1238 which then
turns the corresponding drivers 1240. Each driver 1240 is
mounted within a barrel or tube 1252 (also shown in
phantom) having a lumen therein dimensioned for passage
of the driver 1240. The barrels or tubes 1252 may be
machined, drilled, or molded within the base portion 1232 of
the driving element 1228. FIG. 80 illustrates a partially
exploded view showing the drivers 1240 disposed within
respective barrels 1252.

[0270] Referring back to FIG. 79D, a plate 1242 is
mounted above the central gear 1236 and outer gears 1238
and is used as a bearing surface that is used to move the base
1232 up or down as the knob 1224 is turned. A hub 1244 is
located above the plate 1242 and is coupled to the central
gear 1236. Rotation of the hub 1244 thus results in rotation
of the central gear 1236. The hub 1244 includes a hole or
recess 1246 for receiving a drive shaft 1250 (as seen in FIG.
80). The drive shaft 1250 may be fixedly secured to the hub
1244 using a set screw (not shown) that is inserted into the
hub 1244 via aperture 1248. As seen in FIG. 79E, the driving
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element 1230 includes an upper housing 1234 that provides
clearance for the base 1232 to move axially as the knob 1224
is turned. This allows for controlled delivery into the fascia.
[0271] As an alternative to the central gear 1236 which
turns the outer gears 1238, the central gear 1236 may be
omitted and an outer ring gear (not shown) having internal
teeth may be used to engage and rotate the outer gears 1238.
The advantage of this embodiment is that, as the physician
turns the knob 1224 clockwise, the fasteners 1210 turn
clockwise. With the central sun gear 1236, the fasteners
1210 have to be made left-hand wound and they turn
counter-clockwise when the physician tightens the knob
1224 in the clockwise direction. The advantage of the central
gear 1236 is that it requires less torque for the physician to
turn the knob 1224.

[0272] FIG. 80 illustrates a partially exploded view of the
distal end of the fastening tool 1220. In the assembled
configuration, the drive shaft 1250 rotates in response to
rotational movement of the proximally located knob 1224.
In addition, the drive shaft 1250 moves axially within the
length of the shaft 1222 in response to rotation of the knob
1224. Each fastener 1210 is thus moveable axially in the
direction of arrow A and rotationally in the direction of
arrow B. FIG. 80 illustrates four fasteners 1210 mounted at
the end of each driver 1240. The four fasteners 1210 would
pass through respective holes 1204 in the mount 1200 (as
shown in FIG. 77). It should be noted that in one alternative
embodiment the fasteners 1210 may be permanently, rota-
tionally secured in the mount 1200.

[0273] FIG. 81 illustrates a perspective view of a fastener
1210. The fastener 1210 may include a head 1212 portion
along with a coil portion 1214. The head 1212 may be
formed separately and bonded to the coil 1214 or the head
1212 and coil 1214 may be formed in an integrated manner.
The head 1212 and coil 1214 may be formed from a
biocompatible metallic material such as stainless steel,
NITINOL, or the like. It may be preferred that a non-
magnetic material like NITINOL or Titanium is used for all
of the portions of the fastener 1210, so that there is no effect
by any of the magnets, for example, during the adjustment
procedure. While FIG. 81 illustrates a single coil 1214
originating from the head 1212, in other embodiments, there
may be multiple, nested coils 1214 with different pitches
affixed or otherwise mounted to a single head 1212. The
additional coils 1214 may impart added anchoring ability.
During securing, the coil 1214 may turn in the clockwise
direction as illustrated in FIG. 81 or, alternatively, the coil
1214 may turn in the counter-clockwise direction. The coil
1214 may include a sharpened tip or end 1215 to aid in
penetrating the tissue. A simple beveled tip is ideal. If the tip
is too sharp, it can cause the patient more pain. The head
1212 preferably includes a recess 1216 that is dimensioned
to interface with the distal end of the drivers 1240. For
example, as illustrated in FIG. 81, the recess 1216 is
hexagonally-shaped which can then receive the hexago-
nally-shaped distal end of the drivers 1240. The fastener
1210 may have a coil length of 4mm or less. In addition, the
wire forming the coil 1214 may have a diameter of around
0.020 inches and the coil 1214 may have an OD of around
0.100 inches and 1D of around 0.060 inches. The diameter of
the head 1212 is around 150 inches.

[0274] In one aspect of the invention, the fasteners 1210
are pre-loaded into the fastening tool 1220 prior to use. In
addition, the mount 1200 may also be pre-loaded into the
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fastening tool 1220. In an alternate aspect, however, the
mount 1200 may be loaded manually by the physician or
surgeon prior to use. The fasteners 1210 may include a
number retention means so that the fasteners 1210 do not
prematurely fall out of the fastening tool 1220. For example,
the ends of the drivers 1240 may include a bump, detent, or
tab that locks into the recess 1216 of the fastener head 1212.
Alternatively, an adhesive or the like may be used tempo-
rarily secure the fastener 1210 to the end of the drivers 1240.
In still another alternative, an elastomeric membrane, ring or
washer may be interposed between the fastener head 1212
and the barrel 1252 to provide a friction fit between the two
to prevent premature release. It should be noted that the
mount 1200 may be affixed to the internal or external wall
of the patient’s abdomen as described in more detail below.

[0275] FIG. 82 illustrates a perspective view of a mount
1300 that is used to hold or otherwise secure a cylindrically-
shaped permanent magnet 1302. The permanent magnet
1302 is the “driven” magnet that is rotationally housed
within the implantable interface (e.g, implantable interfaces
1010 and 1104). The mount 1300 includes an acoustic or
sonic indicator housing 1304 that contains a magnetic ball
1306. The interior of the housing 1304 includes a groove or
track 1305 dimensioned to permit movement of the mag-
netic ball 1306 (e.g., rolling motion). It is also contemplated
that other magnetic structures capable of movement within
the housing 1304 may also be used. For example, a roller or
cylinder may be used in place of the magnetic ball 1306. Still
referring to FIG. 82, first and second impact surfaces 1308,
1310 are disposed on opposing ends of the track 1305. The
first and second impact surfaces 1308, 1310 may include a
plate, tine(s), or other projection that prohibits or stops
movement of the magnetic ball 1306. In one aspect, the
mount 1300 is secured to the fascia by one or more helical
fasteners 1312. Of course, sutures or other fasteners may
also be used to fixedly secure the mount 1300 to the patient.

[0276] The mount 1300 may also include a resonance
chamber for amplifying the sound created by the magnetic
ball 1306 and the first and second impact surfaces 1308, 13
10. For example, the sonic indicator housing 1304 itself may
made from an appropriate material and/or have an appro-
priate wall thickness or chamber size, so that it acts as the
resonance chamber itself. Another manner of creating a
resonance chamber is by securing the mount 1300 to a more
resonant portion of the body, for example a bony structure
such as the sternum. The mount 1300 may be secured to the
fascia covering the sternum via the subcutaneous secure-
ment method, or it may be attached to the intra-abdominal
wall, behind the sternum, or it may be attached to the
sternum directly via bone screws or the like. Alternatively,
the mount 1200 depicted in FIG. 77 may be configured to act
as a resonant structure.

[0277] FIGS. 83 through 98 schematically illustrate the
acoustic indicator housing 1304 and driven magnet 1302 as
the driven magnet 1302 is rotated in both the clockwise
directions (arrow A) and counter-clockwise directions (ar-
row B). The mount 1300 is used to create an acoustic signal
(e.g., a click) that can be used to count rotational movement
of the driven magnet 1302 and also determine its rotational
direction. An acoustic signal (i.e., sound) is generated when
the magnetic ball 1306 strikes either the first impact surface
1308 or the second impact surface 13 10. FIGS. 83-90
illustrate rotation of the driven magnet 1302 in the clockwise
direction (arrow A) while FIGS. 91-98 illustrate rotation of
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the driven magnet 1302 in the counter-clockwise direction
(arrow B). When the driven magnet 1302 is rotated in the
clockwise direction, the magnetic ball 1306 strikes the first
impact surface 1308 two times (2x) per full rotation, with
the first impact surface 1308 producing sound with a first
amplitude and/or frequency. When the driven magnet 1302
is rotated in the counter-clockwise direction, the magnetic
ball 1306 strikes the second impact surface 1310 two times
(2x) per full rotation, with the second impact surface 1310
producing sound with a second amplitude and/or frequency.

[0278] As illustrated in FIGS. 83-98, the first impact
surface 1308 is thinner than the second impact surface 1310,
and thus, the first impact surface 1308 is configured to
resonate at a higher frequency than the second impact
surface 13 10. Alternatively, the difference in frequency can
be achieved by making the first impact surface 1308 from a
different material than the second impact surface 1310.
Alternatively, the amplitude of acoustic signal generated by
the magnetic ball 1306 hitting the first and second impact
surfaces 1308, 1310 may be used to discriminate rotational
direction. For example, clockwise rotation may produce a
relatively loud click while counter-clockwise rotation may
produce a relatively quiet click.

[0279] The magnetic ball 1306 is made from a magnetic
material, for example 400 series stainless steel. The mag-
netic ball 1306 is attracted to both the south pole 1314 of the
driven magnet 1302 and the north pole 1316 of the driven
magnet 1302. As seen in FIG. 83, the driven magnet 1302
begins to rotate in the clockwise direction (arrow A). As
pictured, the starting point of the magnetic ball 1306 is
adjacent to the north pole 1316 of the magnet 1302. As seen
in FIG. 84, as the magnet 1302 rotates, the magnetic ball
1306 follows the north pole 1316. This continues until, as
shown in FIG. 85, the magnetic ball 1306 is stopped by the
second impact surface 1310. Now, as scen in FIG. 86, the
magnetic ball 1306 is trapped against the second impact
surface 1310, while the driven magnet 1302 continues to
rotate. The magnetic ball 1306 may roll at this point, but it
is forced against the second impact surface 1310 by its
attraction to the north pole 1316 of the magnet 1302, until
the south pole 1314 becomes substantially closer to the
magnetic ball 1306 as shown in FIG. 87, at which point the
magnetic ball 1306 accelerates towards the first impact
surface 1308 in the direction of arrow a, thereby hitting it (as
seen in FIG. 88) and creating an acoustic signal or sound
having a greater intensity than when the magnetic ball 1306
was stopped by the second impact surface 1310. Now, as the
driven magnet 1302 continues to turn, the magnetic ball
1306 follows the south pole 1314 of the driven magnet 1302
as seen in FIG. 89, and continues to follow the south pole
1314 until the magnetic ball 1306 is stopped by the second
impact surface 1310 as seen in FIG. 90.

[0280] FIGS. 91-98 illustrate the acoustic mechanism
being activated by counter-clockwise rotation of the driven
magnet 1302. In this process, the first impact surface 1308
serves 1o stop the magnetic ball 1306, and the magnetic ball
1306 accelerates and impacts the second impact surface
1310, creating a different acoustic signal. For example, the
different acoustic signal may include a louder signal or a
signal with a different frequency (e.g., pitch). In FIG. 91, the
driven magnet 1302 begins to rotate in the counter-clock-
wise direction (arrow B). As illustrated, the starting point of
the magnetic ball 1306 is adjacent the south pole 1314 of the
magnet 1302. As seen in FIG. 92, as the magnet 1302
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rotates, the magnetic ball 1306 follows the south pole 1314.
This continues until, as shown in FIG. 93, the magnetic ball
1306 is stopped by the first impact surface 1308. As seen in
FIG. 93, the magnetic ball 1306 is trapped against the first
impact surface 1308, while the driven magnet 1302 contin-
ues to rotate. The magnetic ball 1306 may roll at this point,
but it is forced against the first impact surface 1308 by its
attraction to the south pole 1314 of the magnet 1302, until
the north pole 1316 becomes closer to the magnetic ball
1306 as shown in FIG. 94, at which point the magnetic ball
1306 accelerates towards the second impact plate 1310 in
the direction of arrow f, thereby hitting it (as seen in FIG.
95) and creating an acoustic signal or sound having a greater
intensity than when the magnetic ball 1306 was stopped by
the first impact surface 1308. Now, as the magnet 1302
continues to turn, the magnetic ball 1306 follows the north
pole 1316 of the magnet 1302 as seen in FIG. 97, and
continues to follow the north pole 1316 until the magnetic
ball 1306 is stopped by the first impact surface 1308 as
illustrated in FIG. 98.

[0281] 1t can be appreciated that each turn of the magnet
1302 creates two (2) relatively loud strikes, which can be
detected by a non-invasive, external device comprising a
sonic sensor, for example, a microphone (e.g., sensor 1084
in FIG. 76). If, for example, the magnet 1302 is turning a
0-80 lead screw (e.g., 1052, 1112) to tighten the restriction
device (1002, 1102), then each turn represents Yo of an inch
in the change of circumference, and thus each half turn
represents Yico of an inch, or 0.00625". By dividing by PI
this represents 0.002" diametrical change of the restriction
device (1002, 1102) per half turn, or 0.05 mm. This is even
less than the expected precision needed for operation, which
is believed to be around 0.2 mm.

[0282] It can also be appreciated that the acoustic signal or
sound made by the strike due to the acceleration of the
magnetic ball 1306 against the first impact surface 1308
during clockwise rotation of the magnet 1302 will contain a
different frequency spectrum than the acoustic signal or
sound made by the strike due to the acceleration of the
magnetic ball 1306 against the second impact surface 1310
during counter-clockwise rotation of the magnet 1302. The
mount 1300 thus provides a relatively simple, low-cost
device in which the direction of the rotation (i.e., increasing
diameter vs. decreasing diameter) can be automatically
identified. Further, the mount 1300 is able to determine the
exact number of half rotations in each direction.

[0283] The mount 1300 may be operatively integrated
with a programmable logic controller (PLC) such as the PLC
1080 described herein. In this regard, the exact diameter of
the restriction device 1002, 1102 can be determined. The
PLC 1080 is be able to identify the direction of rotation via
the frequency of sound, and then change the direction of
rotation if this is not the desired direction. The PLC 1080 is
also able to count the number of half rotations until amount
of restriction is achieved. If there is any slip between the
magnets 1134, 1136 of the external device 1130 and the
driven magnet 1302, the PLC 1080 will not detect the
acoustic signal and thus will not count these as rotations.

[0284] When the mount 1300 is implanted in a patient, the
physician may be unaware of its orientation. Because of this,
it is not known by the physician which direction of rotation
of the external device magnets will cause tightening and
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which will cause loosening. The PLC 1080, however, will be
able to immediately identify the correct direction of rotation
by the detected frequency.

[0285] For example, FIG. 99 illustrates the sound 1320
detected from counter-clockwise rotation of the magnet
1302 and FIG. 100 illustrates the sound 1324 detected from
clockwise rotation. There may be additional background
acoustic signals or noise 1328 created by, for example, the
sound of the motor 1132 of the external device 1130. In both
rotation directions, the acoustic “clicks" 1320 and 1324 look
very similar to each other. However, by analyzing the
frequency spectrum of the clicks, one is able to discern
differences between clockwise and counter-clockwise rota-
tion of the magnet 1302. As seen in FIG. 101, the frequency
spectrum for the counter-clockwise rotation is centered at
about 14 kHr, while the spectrum for clockwise rotation
(FIG. 102) is centered at about 18 kHz. This shift or change
in center frequency can be used as a basis for determining
the absolute rotational direction of the magnet 1302.
[0286] Gastric restriction-based devices for obesity con-
trol are all currently placed with their interface portion
located subcutaneously. Hydraulic-based gastric restriction
devices have injection ports that are relatively large, and the
method of placing these devices is usually one of the two
following methods. The first method involves placing the
entire device, with the exception of the port, through a 15
mm trocar into the insufflated abdominal cavity. The second
method involves placing and then removing a 12 mm trocar
and then placing the restriction device (without the port) into
the abdominal cavity through the remaining tract in the
tissue. In this second method, the 12 mm trocar is then
replaced in order to maintain insufflation pressure. In both of
these methods, however, an incision must be made in the
skin near the trocar site in order to make a large enough
passage through the skin for passage of the port. The fat is
then separated from the fascia for a large enough area to
allow the port to be secured to the fascia, usually with suture.
The skin is then sutured to close the site. The various trocar
sizes discussed herein refer to the commercial sizes of
trocars used by physicians and surgeons. For example, a 12
mm trocar may have an OD that is greater than 12 mm but
the trocar is still referred to as a “12 mm trocar.”

[0287] In contrast to existing systems, the present obesity
control system has a comparatively small overall cross-
sectional diameter throughout its entire length, and the
device has the option of being placed with the implantable
interface located either in a subcutaneous position, or the
entire device can be placed completely intra-abdominally. In
either configuration, the relatively large incision heretofore
required for the injection ports is not necessary. Because the
entire device can fit down a 12 mum trocar, this incision is not
required. The reason for the smaller overall cross-section
diameter is multifold. First, the restriction device is non-
inflatable, and thus it is does not require the space in the
cross-section for the annular inflation lumen, nor the thick
walls of the inflatable area necessary for resisting the stress
due to the inflation pressure. In addition, the size of the
magnet required to impart the necessary torque is signifi-
cantly smaller than the inflation ports that are used with the
hydraulic restriction device designs.

[0288] FIG. 103 illustrates a sagittal (i.e., lateral) section
of an obese patient 1500 prior to laparoscopic implantation
of the inventive obesity control system. The abdominal
cavity 1510 is located between the abdominal wall 1512 and
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the spine 1508. It should be noted that many of the major
organs are not depicted for clarity sake. The stomach 1506
can be seen beneath the liver 1504. The sternum 1502 and
diaphragm 1503 are also depicted, as is the naval 1514.
[0289] 1In FIG. 104 a 12 mm trocar 1516 is placed through
the abdominal wall 1512, for example above the navel 1514,
so that the tip of the trocar 1516 extends into the abdominal
cavity 15 10. Insufflation is then created, for example by
injecting CO, through a Luer connection in the trocar 1516
at a pressure of 15 mm Hg. Insufflation of the body cavity
allows for enough separation, such that other trocars may be
safely placed and organs can be better identified. As seen in
FIG. 105, the inventive obesity control system 1518, includ-
ing restriction device 1520, implantable interface 1524 and
drive transmission 1522 can be completely placed through
the 12 mm trocar 1516 with the use of a 5 mm grasper 1532,
which comprises a grasping tip 1530, a shaft 1526 and a
handle 1528. The restriction device 1520 is grasped by the
grasping tip 1530 of the 5 mm grasper 1532 and the obesity
control system is placed into the abdominal cavity 1510.
[0290] Because of the small dimensions of the restriction
device 1520 and drive transmission 1522, the shaft 1526 of
the 5 mm grasper 1532 can be placed in parallel with the
restriction device 1520 and drive transmission 1522, until
the restriction device 1520 is located completely within the
abdominal cavity 1510. The 5 mm grasper 1532 is then
manipulated at the handle 1528 so that the grasping tip 1530
releases the restriction device 1520. The 5 mm grasper 1532
is then removed, and can be used to help push the implant-
able interface 1524 completely through the 12 mm trocar
1516. The implantable interface 1524 is depicted with
foldable wings 1534 through which suture or other fasteners
(such as helical coils) may be placed. The foldable nature of
the wings 1534 allow the implantable interface 1524 to be
placed completely through the trocar 1516. Alternatively, the
implantable interface 1524 does not have foldable wings
1534, and instead has a separate bracket or mount which is
configured for securing the implantable interface to the
patient 1500.

[0291] FIG. 106 depicts an alternative method of placing
the obesity control system into the abdominal cavity. In this
embodiment, the implantable interface 1524 is placed first,
for example by pushing it through the 12 mm trocar 1516
with the 5 mm grasper 1532. The 5 mm grasper 1532 is then
used to place the obesity control system into the abdominal
cavity 1510 by manipulation of the drive transmission 1522
through the 12 mm trocar 1516. Once the obesity control
system is placed in the abdominal cavity, the restriction
device 1520 is placed around the stomach at the junction of
the stomach and esophagus, and one or more gastrogastric
sutures are placed to secure the stomach around the restric-
tion device 1520.

[0292] FIG. 107 depicts the obesity control system in
position to be placed completely intra-abdominally in the
patient 1500, with the implantable interface located in the
lower abdominal area. FIG. 108 also depicts the obesity
control system in position to be placed completely intra-
abdominally, behind the lower portion of the sternum, and
area known as xiphoid. Intra-abdominal placement has
many advantages.

[0293] First, the patient will not be able to feel or be
bothered by the implantable interface 1524, as they some-
times are in subcutaneous placements. Second, by securing
the entire device intra-abdominally there is less time wasted
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manipulating the skin, fat, and fascia at the entry site and
thus, a lower risk of infection. Third, it is possible to place
the device with little or no incision at the skin because, as
explained below, the attachment of the implantable interface
1524 intra-abdominally does not require a large surface area
for manipulation from the outside.

[0294] FIG. 109 demonstrates the configuration of an
obesity control system that is placed when using the sub-
cutaneous attachment of the implantable interface 1524. A
tunnel is made in order to expose the fascia 1536 which
covers the muscle 1538, and to which the implantable
interface 1524 is attached. FIG. 110 depicts the obesity
control system after it has been completely secured in the
subcutaneous method. First and second sutures 1542, 1544
close the skin over the implantable interface 1524. In FIG.
110, the implantable interface 1524 has been attached to the
fascia 1536 with helical screws 1540.

[0295] Returning to the embodiment that utilizes a com-
pletely intra-abdominal placement of the obesity control
system, FIG. 111 depicts the use of a suture passer 1546
having an actuator handle 1550 and a grasping tip 1552
configured for securing suture 1548. The suture 1548 is
grasped by the grasping tip 1552 via manipulation of the
actuator handle 1550. The suture 1548 is then passed
through a small opening in the skin (e.g., a trocar hole), and
the sharp grasping tip 1552 of the suture passer 1546 is
forced through the remaining abdominal wall and through a
hole in the foldable wing 1534 of the implantable interface
1524 (as seen in FIG. 112).

[0296] The implantable interface 1524 can be held sta-
tionary by using a separate grasper (not pictured). The suture
1548 is released, once it has passed through the hole in the
foldable wing 1534 and into the abdominal cavity 1510. The
suture passer 1546 is then removed and the suture is left in
place as seen in FIG. 113. The suture passer 1546 is then
inserted through the abdominal wall at another site and
through another hole of a second foldable wing 1534. The
suture 1548 is now grasped in the inside by the grasping tip
1552, as depicted in FIG. 114. This newly grasped end of the
suture is then pulled back through the hole in the second
foldable wing 1534 and then pulled out through the abdomi-
nal wall. The suture passes 1546 is now released from the
suture 1548 via manipulation of the actuator handle 1550.
The suture 1548 now loops into and out of the abdominal
cavity and secures the implantable interface 1524 through
two foldable wings 1534, as seen in FIG. 115. This may be
repeated with other pieces of suture, for example if the
implantable interface 1524 has four foldable wings 1534
instead of two. As shown in FIG. 116, the suture 1548 is then
tied off in a knot 1554, to secure the implantable interface
1524 within the abdominal cavity, and the skin is closed with
more suture 1556.

[0297] In the above-described subcutaneous and intra-
abdominal methods for implanting and securing an obesity
control system, it is common for there to be several 5 mm
trocars in addition to the one 12 mm trocar depicted. For
example, a 5 mm trocar for placing a liver retractor, and two
or more other 5 mm trocars through which various surgical
tools are placed (e.g., graspers, cutters, and cautery tools).
FIG. 117 describes an alternative method of performing
implantation and securement of an obesity control system,
using a single trocar 1558. Trocars, unfortunately, can leave
scars on the skin and can also cause port-surgical pain.
Having a single trocar and thus single site or access pas-
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sageway through the skin, will cause less scarring and less
post-surgical pain. In additional, while this site may be
located anywhere on the skin of the body (e.g., the abdomi-
nal wall), it may also be placed in the naval 1514 area, so
that the scar is not noticeable. In addition, the single site may
be chosen within the rectum or vagina, so that the scar does
not show. These two sites allow access into the abdominal
cavity, as does an additional site through the mouth and
stomach. FIG. 117 depicts the single site as having been
chosen through the naval 1514 general area although, as
explained above, other site locations may also be used.
[0298] The single trocar 1558 has three (3) 5 mm lumens
1560, 1562, 1564. Turning to FIG. 118, a 5 mm laparoscope
1566 is placed through lumen 1562. The laparoscope 1566
comprises a distal end 1570 and a proximal end 1568,
including a camera. A 5 mm grasper 1572 having a grasping
tip 1576 and a manipulating handle 1574 is placed through
lumen 1564 and into abdominal cavity 15 10. The grasping
tip 1576 of the 5 mm grasper 1572 carries a liver retraction
magnet 1580 having clamp 1578 secured thereto. The 5 mm
grasper 1572 is configured to grasp the clamp 1578 in a
manner so that when the clamp 1578 and magnet 1580 are
delivered to the liver 1504, the clamp 1578 is open.
[0299] While viewing on laparoscopy, the clamp 1578 is
released by the 5 mm grasper 1572, causing it to engage the
liver 1504, securing the magnet 1580 to the liver 1504. The
5 mm grasper 1572 may also be used to retract the liver 1504
so that it is out-of-the-way from the surgical procedure in the
area of the upper stomach. An external magnet 1582 having
a handle 1584 is placed on the outside of the upper abdomen
and an attraction force, shown be field 1586 in FIG. 119,
maintains the external magnet 1582 and the magnet 1580
together. The liver 1504 is now retracted and the 5 mm
grasper 1572 can be removed completely, or used for other
purposes.

[0300] Turning now to FIG. 120, the single trocar 1558 is
removed and the obesity control system is inserted through
the tract made by the trocar 1558. The jaws 1590 of a forceps
1588 are used to grip the obesity control system as it is
inserted into the abdominal cavity 15 10. Once the obesity
control system is placed completely within the abdominal
cavity 1510, the trocar 1558 is replaced and the remaining
portion of the implant procedure can be viewed through the
laparoscope 1566 as seen in FIG. 121, while ports 1560 and
1564 are used for the placement of various instruments. The
creation of a tunnel, for example in the pars flaccida method,
can be performed with an articulating dissection tool. The
creation of gastrogastric attachment, typically made using
suture in most gastric restriction device procedures, presents
a challenge in this single trocar method, because of the
absence of good separation between, for example, two
graspers being used to suture the stomach wall in two places,
around the restriction device.

[0301] An alternative apparatus is shown in FIG. 122, and
is configured to be placed through one of the ports of the
trocar 1558. The gastric restriction device 1602 is shown
in-place around the stomach 1600, creating a small pouch
1610 just below esophagus 1604. The wall of an upper
portion 1606 and a lower portion 1608 adjacent the gastric
restriction device 1602 are to be secured to each other.
Instead of suturing the upper portion 1606 and the lower
portion 1608 together, a tool 1618 having a shaft 1612 and
a handle 1622 grips a releasable clip 1614. The tool 1618 is
inserted through a port of the trocar 1558 and the releasable
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clip 1614 is advanced to close proximity of the upper portion
1606 and lower portion 1608. Proximal grip 1616 is secured
to the lower portion 1608 by manipulating first trigger 1624.
The lower portion 1608 is then manipulated close to the
upper portion 1606 and then distal grip 1617 is secured to
upper portion 1606 by manipulating second trigger 1626.
The releasable clip 1614 is released at separation point 1628
by pressing release button 1620. The tool 1618 can be
torqued as needed, and also, an articulation 1630 can be
controlled by slide 1632 on the handle 1622. This allows the
desired orientation to be achieved at each step. A second
releasable clip may be attached to the tool 1618 (or a
different tool) and a parallel attachment can be made.
[0302] It should be understood that in case of emergency,
the entire gastric restriction device may be withdrawn from
the patient via the trocar 1516, 1558. This includes a 12 mm
trocar such as trocar 1516 in addition to a multi-lumen trocar
1558.

[0303] While embodiments of the present invention have
been shown and described, various modifications may be
made without departing from the scope of the present
invention. The invention, therefore, should not be limited,
except to the following claims, and their equivalents.

What is claimed is:

1. A system for securing an implantable apparatus to a
mammal comprising:

a mount including a base portion having a plurality of
holes dimensioned to receive rotationally-driven fas-
teners, each fastener comprising a helical portion hav-
ing a tip configured for tissue penetration, the mount
configured to secure the implantable apparatus relative
to tissue of the mammal upon driving said fasteners
into the tissue; and

a fastening tool configured to rotationally drive the helical
portion of the fasteners into the tissue.

2. The system of claim 1, wherein the tissue comprises

soft tissue.

3. The system of claim 1, wherein the fasteners are driven
into the tissue at substantially the same time.

4. The system of claim 1, wherein movement of a portion
of the fastening tool rotationally drives the helical portion of
the fasteners into the tissue.

5. A fastening tool comprising:

an elongate rotatable shaft having a distal end and a
proximal end, the proximal end being coupled to a
knob, the distal end being coupled to a driving element
comprising a centrally mounted gear and a plurality of
outer gears rotationally engaged with the centrally
mounted gear, each of the plurality of outer gears being
coupled to a driver shaft dimensioned to engage with a
fastener; wherein rotation of the knob causes rotational
movement of each driver shaft.

6. The tool of claim 5, wherein the fastener comprises a

head portion connected to a coil portion.

7. The tool of claim 5. further comprising a handle
disposed about the elongate rotatable shaft.

8. The tool of claim 5, wherein rotational movement of the
knob also causes axial movement of each driver shaft.

9. A fastening tool comprising:

an elongate rotatable shaft having a distal end and a
proximal end, the proximal end being coupled to a
knob, the distal end being coupled to a driving element
comprising an outer ring gear and a plurality of inner
gears, each of the plurality of inner gears being coupled
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to a driver shaft dimensioned to engage with a fastener;
wherein rotation of the knob causes rotational move-
ment of each driver shaft.

10. A connector for securing a gastric restriction device,
the connector comprising:

a first portion including recess having an engagement

surface;

a second portion comprising a biased locking member
having a free end configured to abut against the engage-
ment surface when the second portion is mated with the
first portion, wherein one of the first or second portions
includes a groove dimensioned to receive the other
portion; and

release means secured to the biased locking member.

11. The connector of claim 10, wherein the release means
comprises at least one filament.

12. The connector of claim 10, wherein the biased locking
member is substantially rigid.

13. A method for laparoscopically placing a gastric
restriction device around the stomach of a patient, the gastric
restriction device including an adjustable body, a drive
transmission, and an implantable interface comprising:

inserting a 12 mm or smaller trocar into the patient’s
abdominal cavity;

insufflating the abdominal cavity;

passing the gastric restriction device through the 12 mm
trocar and into the abdominal cavity;

affixing the adjustable body in an encircling manner
around the stomach; and

securing the implantable interface to the patient.

14. The method of claim 13, wherein the implantable
interface is secured to the patient’s fascia.

15. The method of claim 13, wherein the implantable
interface is secured intra-abdominally.

16. The method of claim 13, further comprising removing
the gastric restriction device through a 12 mm trocar.

17. A method for laparoscopically placing a gastric
restriction device around the stomach of a patient compris-
ing:

inserting a multi-lumen trocar into the patient’s abdomi-
nal cavity;

insufflating the abdominal cavity;

inserting a laparoscope in a first lumen of the multi-lumen
trocar and inserting a grasper into a second lumen of the
multi-lumen trocar, the grasper holding a retraction
magnet having a clamp portion;

clamping the retraction magnet to a portion of the
patient’s liver;

retracting the liver by application of an external magnetic
field;

removing the multi-lumen trocar and inserting the gastric
restriction device into the abdominal cavity;

reinserting a multi-lumen trocar into the patient; and

affixing the gastric restriction device in an encircling
manner around the stomach under laparoscope guid-
ance.

18. A method for laparoscopically placing a gastric
restriction device around the stomach of a patient compris-
ing:

inserting a multi-lumen trocar into the patient’s abdomi-
nal cavity;

Apr. 24, 2008

affixing the gastric restriction device in an encircling
manner around the stomach under laparoscope guid-
ance from a laparoscope placed in one of the lumens of
the multi-lumen trocar;

inserting a tool in one of the lumens of the multi-lumen

trocar, the tool including a releasable clip having first
and second gripping portions;

securing the first gtipping portion to a first portion of the

stomach;

securing the second gripping portion to a second portion

of the stomach; and

releasing the clip from the tool.

19. The method of claim 18, further comprising removing
the multi-luman trocar and inserting the gastric restriction
device into the abdominal cavity.

20. The method of claim 19, further comprising re-
inserting a multi-lumen trocar into the patient.

21. An implant system comprising:

an actuator configured for implantation within a mammal;

a first resonant structure configured for implantation

within the mammal and configured to resonate at a first
natural frequency, the first resonant structure being
operatively coupled to the actuator; and

an external activator configured to apply energy at a one

or more frequencies from a location outside the mam-
mal, wherein the application of the energy at a fre-
quency substantially the same as the first natural fre-
quency causes the first resonant structure to
substantially resonate and to effectuate movement of
the actuator.

22. The implant system of claim 21, wherein the energy
is vibrational energy.

23. The implant system of claim 21, wherein the energy
is magnetic energy.

24. The implant system of claim 21, wherein the energy
is acoustic energy.

25. The implant system of claim 21, wherein the actuator
is configured to change the shape or size of a gastrointestinal
implant.

26. The implant system of claim 21, further comprising a
second resonant structure configured for implantation within
the mammal and configured to resonate at a second natural
frequency.

27. The implant system of claim 26, wherein the second
natural frequency is substantially different from the first
natural frequency and wherein the application of the energy
at a frequency substantially the same as the first natural
frequency causes a change in a movement of the actuator in
a first direction, and wherein the application of the energy at
a frequency substantially the same as the second natural
frequency causes a change in a movement of the actuator in
a second direction.

28. The implant system of claim 27, wherein the first
direction is opposite the second direction.

29. The implant system of claim 21, wherein the move-
ment of the actuator comprises linear motion.

30. The implant system of claim 21, wherein the move-
ment of the actuator comprises rotary motion.

31. The implant system of claim 21, wherein the move-
ment of the actuator comprises deformation.

¥ 0% % % 0%



THMBW(EF)

[ i (S RIR) A ()

RE(EFR)AGE)

HERB(E R AGE)

FRIRAA

RBA

IPCH %S

CPCH¥S

L 54X

H 2T SR

SAERGERE

BEGF)

TR R AELA SR TE [ R B 3L 3 M9 RS A O O

US20080097496A1

US11/760488

EARVIN

POOL SCOTT
WALKER7 3R
TRAN PETER P

EARVIN

POOL SCOTT
WALKER# 3 7R
TRAN PETER P

EARVIN

POOL SCOTT
WALKER7R 3 7/R
TRAN PETER P

CHANG ARVIN
POOL SCOTT
WALKER BLAIR
TRAN PETER P

CHANG, ARVIN
POOL, SCOTT
WALKER, BLAIR

TRAN, PETER P.

A61B17/122

2008-04-24

2007-06-08

patsnap

A61B17/064 A61B17/3417 A61B17/3462 A61B17/3474 A61F5/0053 A61B2017/0649 A61B2017/3484

A61F5/003 A61B2017/00876

60/853105 2006-10-20 US
60/854574 2006-10-25 US
60/904625 2007-03-01 US

US8246533

Espacenet USPTO

—HATRIEAREEEIWIAINORE , OF . KE , SBFEES M NER MRS MR YE T REEREHNRE
, PR BEA & B B E PR IRET B 0 B REMF IR

#, BN REHSBRERD , FRRRES S EEWER A TARFENR

N

FEARQFRS , AN THAFPWALNTEARKE, ZRECSEEE TR
PRF, IRADBERTEESEZEEHEEWBNHRL  HETUEEINBFENBERNEL  ETUBLBRITFER

EERIMEE L.

A

, BRE T RGO R E R IREES D BE R I B E


https://share-analytics.zhihuiya.com/view/bce23f27-728f-4b16-bbb5-b63a2350ed3d
https://worldwide.espacenet.com/patent/search/family/039319007/publication/US2008097496A1?q=US2008097496A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220080097496%22.PGNR.&OS=DN/20080097496&RS=DN/20080097496

28

18




