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102~

Laparoscope is Inserted Into Patient's Abdominal
Cavity Through Incision in Abdominal Wall

104~ Y
Surgeon Exposes At Least 2 cm of Abdominal
Esophagus i
106~ v

Electrode as Part of Lead is Delivered Through
Laparoscopic Port and Advanced to Target Position
at Muscular Layer of Lower Esophageal Wall

108\

Needle and Suture are Passed Through LES Wall
Such that Electrode Becomes Positioned Within
or Proximate Muscular Layer of LES

One or More Clips are Applied to Distal Portion
of Lead to Prevent Retrograde Movement
of Electrode

112\ v
Needle and Excess Suture are Removed

114~ v

Anchoring Member is Sutured to Proximate
Anatomy to Anchor Lead in Place

FIG. 1A
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122~

Distal End of Laparoscope is Inserted Into Patient's
Abdominal Cavity Through Incision in Abdominal Wall

124~ )

At Least 2 cm of Anterior Abdominal Portion of
Lower Esophageal Wall is Exposed

126-\

Electrode, as Part of Lead, is Delivered Through
Laparoscopic Port

128\

Lead is Advanced to Target Position at Anterior
Surface of Exposed Lower Esophageal Wall

130\ | J

First Needle and First Suture are Passed Through
LES Such that the Electrode Becomes Positioned
Within or Proximate Muscular Layer of LES Wall
and First Needle and a Portion of First Suture
Re-emerge from Wall

132~ v
At Least One Securing Member is Applied to Said
Portion of First Suture at a Distance At Least
2-15 mm Away from LES Wall to Prevent
Retrograde Movement of Electrode

134~ v
First Needle and Excess First Suture are Removed

136~ '

Anchoring Member of Lead is Fixed to Proximate
LES Tissue Using a Separate Second Needle and
Second Suture to Anchor Lead in Place

FIG. 1B
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LEAD IMPLANTATION METHOD

CROSS-REFERENCE

[0001] The present application relies on U.S. Provisional
Patent Application No. 61/906,823, entitled “T.ead Implanta-
tion Method” and filed on Nov. 20, 2013, for priority.

[0002] The present application is also a continuation-in-
part application of U.S. patent application Ser. No. 13/602,
184, entitled “Endoscopic Lead Implantation Method” and
filed on Sep. 2, 2012, which relies on U.S. Provisional Patent
Application No. 61/530,781, of the same title and filed on
Sep. 2, 2011, for priority.

[0003] The present applicationis also related 1o U.S. patent
application Ser. No. 14/191,085, entitled “Implantable Elec-
trical Stimulation Leads” and filed on Feb. 26, 214, which
relies on U.S. Provisional Patent Application No. 61/769,732,
of the same title and filed on Feb. 26, 2013, for priority.
[0004] All of the aforementioned applications are herein
incorporated by reference in their entirety.

FIELD

[0005] The present specification relates generally to the
electrical stimulation of biological tissues to provide therapy
for physiological disorders. More particularly, the present
specification relates to a method of laparoscopic implantation
of electrically conductive leads proximate the lower esoph-
ageal sphincter (LES).

BACKGROUND

[0006] Electrical stimulation of nerves and surrounding tis-
sue is used to treat a variety of conditions. For example,
electrical stimulation can be used to restore partial function to
limbs or organs following traumatic injury. Electrical stimu-
lation can also be used to reduce pain. Specifically, electrical
stimulation can be used to treat disorders associated with the
gastrointestinal (GI) system, such as, obesity and gastroe-
sophageal reflux disease (GERD).

[0007] Obesity is a common condition and a major public
health problem in developed nations including the United
States of America. As of 2009, more than two thirds of Ameri-
can adults, approximately 127 million people, were either
overweight or obese. Data suggest that 300,000 Americans
die prematurely from obesity-related complications each
year. Many children in the United States are also either over-
weight or obese. Hence, the overall number of overweight
Americans is expected to rise in the future. It has been esti-
mated that obesity costs the United States approximately
$100 billion annually in direct and indirect health care
expenses and in lost productivity. This trend is also apparent
in many other developed countries.

[0008] For adults, the body mass index (BMI) is used to
determine if one is overweight or obese. A person’s BMI is
calculated by multiplying body weight in pounds by 703 and
then dividing the total by height in inches squared. A person’s
BMI is expressed as kilograms per meter squared. An adult is
considered overweight if his or her BMI is between 25 and 30
kg/m2. Obesity is defined as possessing a BMI between 30
and 40kg/m2. A BMI greater than 30 kg/m* is associated with
significant co-morbidities. Morbid obesity is defined as pos-
sessing either a body weight more than 100 pounds greater
than ideal or a body mass index (BMI) greater than 40 kg/m?.
Approximately 5% of the U.S. population meets at least one
of the criteria for morbid obesity. Morbid obesity is associ-
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ated with many diseases and disorders including, for
example: diabetes; hypertension; heart attacks; strokes; dys-
lipidemia; sleep apnea; pickwickian syndrome; asthma;
lower back and disc disease; weight-bearing osteoarthritis of
the hips, knees, ankles and feet; thrombophlebitis and pulmo-
nary emboli; intertriginous dermatitis; urinary stress inconti-
nence; gastroesophageal reflux disease (GERD); gallstones;
and, sclerosis and carcinoma of the liver. In women, infertil-
ity, cancer of the uterus, and cancer of the breast are also
associated with morbid obesity. Taken together, the diseases
associated with morbid obesity markedly reduce the odds of
attaining an average lifespan. The sequelae raise annual mor-
tality in affected people by a factor of 10 or more.

[0009] Gastro-esophageal reflux disease (GERD) is
another common health problem and is expensive to manage
in both primary and secondary care settings. This condition
results from exposure of esophageal mucosa to gastric acid as
the acid refluxes from the stomach into the esophagus. The
acid damages the esophageal mucosa resulting in heartburn,
ulcers, bleeding, and scarring, and long term complications
such as Barrett’s esophagus (pre-cancerous esophageal lin-
ing) and adeno-cancer of the esophagus.

[0010] Gastric electrical stimulation (GES) is aimed at
treating both obesity and GERD. GES employs an implant-
able, pacemaker-like device to deliver low-level electrical
stimulation to the gastrointestinal tract. For obesity, GES
operates by disrupting the motility cycle and/or stimulating
the enteric nervous system, thereby increasing the duration of
satiety experienced by the patient. The procedure involves the
surgeon suturing electrical leads to the outer lining of the
stomach wall. The leads are then connected to the device,
which is implanted just under the skin in the abdomen. Using
an external programmer that communicates with the device,
the surgeon establishes the level of electrical stimulation
appropriate for the patient. The Abiliti® implantable gastric
stimulation device, manufactured by IntraPace, is currently
available in Europe for treatment of obesity.

[0011] In another example, Medtronic offers for sale and
use the Enterra™ Therapy, which is indicated for the treat-
ment of chronic nausea and vomiting associated with gastro-
paresis when conventional drug therapies are not effective.
The Enterra™ Therapy uses mild electrical pulses to stimu-
late the stomach. According to Medtronic, this electrical
stimulation helps control the symptoms associated with gas-
troparesis, including nausea and vomiting.

[0012] Electrical stimulation has also been suggested for
use in the treatment of GERD, wherein the stimulation is
supplied to the lower esophageal sphincter (LES). For
example, in U.S. Pat. No. 6,901,295, assigned to the applicant
of the current invention, “A method and apparatus for elec-
trical stimulation of the lower esophageal sphincter (LES) is
provided. Electrode sets are placed in the esophagus in an
arrangement that induce contractions of the LES by electrical
stimulation of the surrounding tissue and nerves. The electri-
cal stimulus is applied by a pulse generator for periods of
varying duration and varying frequency so as to produce the
desired contractions. The treatment may be short-term or may
continue throughout the life of the patient in order to achieve
the desired therapeutic effect. The stimulating electrode sets
can be used either alone or in conjunction with electrodes that
sense esophageal peristalsis. The electrode sets can be placed
endoscopically, surgically or radiologically.” The referenced
invention relies on sensing certain physiological changes in
the esophagus, such as changes in esophageal pH, to detect
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acid reflux. Once a change in esophageal pH is recognized,
the system generates an electrical stimulation in an attempt to
instantaneously close the LES and abort the episode of acid
reflux. U.S. Pat. No. 6,901,295 is hereby incorporated by
reference in its entirety.

[0013] Typically, the leads for LES stimulation are
implanted in the lower esophageal wall using a laparoscopic
approach. Lead implantation in the LES poses unique chal-
lenges different from implantation in any other part of the
human body, including the stomach. One of the major chal-
lenges is the scarcity of space proximate the LES for the
surgeon to maneuver. Another major challenge is exposure of
the muscle tissue of the LES. The LES muscle tissue is
covered by overlying fat tissue and the location of the gas-
troesophageal junction is difficult to identify. In addition, in a
patient having a pre-existing gastrointestinal structural disor-
der, such as, a hiatal hernia, proper lead placement can be
difficult to achieve. Often times the electrodes of the leads are
not optimally positioned proximate the target tissue. Also, if
alead is not properly anchored, it can become dislodged and
therapy will become ineffective. Therefore, what is needed is
an effective and accurate method of implantation within the
confined anatomy of the LES wherein the lead is securely
fixed and/or anchored proximate the target tissue. What is
also needed is an effective and accurate method of lead
implantation that includes a hiatal closure as part of the
implantation method.

SUMMARY

[0014] The present specification discloses a method of lap-
aroscopically implanting at least one electrically conductive
electrode, as part of an electrically conductive lead, proxi-
mate a lower esophageal sphincter (LES) of a patient, said
method comprising the steps of: inserting the distal end of a
laparoscope into an abdominal cavity of a patient through an
incision in an abdominal wall of said patient; surgically
exposing at least 2 cm of an anterior abdominal portion of a
lower esophageal wall of said patient; delivering said electri-
cally conductive electrode through a port on said laparoscope,
wherein said lead comprises an elongate metal body having a
proximal end and a distal end, said elongate body being
covered in an electrically insulating material, said proximal
end having a connector for connection to an implantable pulse
generator and said distal end including said at least one
exposed electrode and an anchoring member, said lead further
comprising a first suture having a first end and a second end
opposite said first end, wherein said first end is attached to a
said distal end of said lead body and a first needle is attached
to said second end; advancing said electrically conductive
lead to a target position at an anterior surface of said exposed
lower esophageal wall; using said first needle and said first
suture to pass said electrode through said LES such that said
exposed electrode comes to rest within or proximate a mus-
cular layer of a wall of said LES and said first needle and a
portion of said second end of said first suture re-emerge from
said wall of said LES; applying at least one securing member
to said portion of said second end of said suture at a distance
at least 2-15 mm away from said wall of said LES; removing
said first needle and excess first suture; and, fixing said
anchoring member to proximate LES tissue by using a sepa-
rate second needle to couple a second suture to said anchoring
member.

[0015] Theatleastone securing member may comprise any
one of a clip, suture, u-clip, or anchor.
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[0016] Optionally, the at least one anchoring member com-
prises a butterfly tab having at least one opening and said step
of coupling said second suture to said anchoring member
comprises passing said second suture through said at least one
opening. Optionally, the at least one anchoring member com-
prises a suture sleeve having at least one groove and said step
of coupling said second suture to said anchoring member
comprises passing said second suture around said at least one
groove.

[0017] Optionally, the first suture comprises a barbed
micro-architecture of a suture.

[0018] Optionally, the method further comprises the steps
of repeating the steps of surgically exposing at least 2 cm of an
anterior abdominal portion of a lower esophageal wall of said
patient through fixing said anchoring member to proximate
LES tissue by using a separate second needle to couple a
second suture to said anchoring member to implant additional
electrically stimulating leads.

[0019] The method further may comprise the step of using
an external device to assess the impedance between each
electrode to ensure accurate positioning of the electrodes
within the muscularis layer of the lower esophageal wall.
[0020] The method further may comprise the step of endo-
scopically illuminating the lower esophageal sphincter to
identify the appropriate location for dissection and placement
of said at least one electrode.

[0021] The method may further comprise the step of endo-
scopically assessing lead placement to rule out perforation of
said lower esophageal wall. The method may also further
comprise the step of repositioning said lead if perforation of
said lower esophageal wall has occurred.

[0022] Optionally, the implantation is combined with a
hiatal hernia repair procedure to repair a hiatal hernia and
prevent recurrence of a hiatal hernia in said patient.

[0023] The method may further comprise the steps of:
exposing a diaphragmatic crura of said patient; and, applying
at least one suture to said diaphragmatic crura.

[0024] Themethod may further comprise the step of attach-
ing said proximal end of said lead to an implanted pulse
generator.

[0025] The method may be used to implant a lead to treat
esophageal disorders such as gastroesophageal reflux disease
(GERD), achalasia, and esophageal dysmotility.

[0026] The present specification also discloses an electri-
cally conductive lead for implanting proximate a lower
esophageal sphincter of a patient, said lead comprising: an
electrically conductive, elongate body having a proximal end
and a distal end and covered in an insulating material; a
connector at said proximal end for connecting to a pulse
generator; at least one anchoring member positioned proxi-
mate said distal end of said lead body; at least one electrode
positioned proximate said distal end of said lead body and
distal to said at least one anchoring member; at least one
length of suture having a first end and a second end opposite
said first end, wherein said first end is attached to said distal
end of said lead body; a needle attached to said second end of
said at least one length of suture; and, at least one securing
member removably applicable to said at least one length of
suture.

[0027] Optionally, the elongate body comprises a straight
metal wire. Optionally, the elongate body comprises a coiled
metal wire. Optionally, the elongate body comprises a con-
ducting cable.
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[0028] Theatleastone securing member may comprise any
one of a clip, suture, u-clip, or anchor.

[0029] Optionally, the at least one anchoring member com-
prises a butterfly tab having at least one opening. Optionally,
the at least one anchoring member comprises a suture sleeve
having at least one groove.

[0030] The present specification also discloses an electri-
cally conductive lead for implanting proximate a lower
esophageal sphincter of a patient, said lead comprising: an
electrically conductive, elongate body having a proximal end
and a distal end and covered in an insulating material; a
connector at said proximal end for connecting to a pulse
generator; a splitting element at said distal end for splitting
said elongate body into two or more branches; two or more
branches emanating from said splitting element, each branch
having a proximal end and a distal end; at least one anchoring
member positioned proximate said proximal end of each
branch; at least one electrode positioned proximate said distal
end of each branch; at least one length of suture having a first
end and a second end opposite said first end, wherein said first
end is attached to said distal end of each branch; a needle
attached to said second end of said at least one length of
suture; and, at least one securing member removably appli-
cable to said at least one length of suture.

[0031] Optionally, the elongate body comprises a straight
metal wire. Optionally, the elongate body comprises a coiled
metal wire. Optionally, the elongate body comprises a con-
ducting cable.

[0032] Theatleastone securing member may comprise any
one of a clip, suture, u-clip, or anchor.

[0033] Optionally, the at least one anchoring member com-
prises a butterfly tab having at least one opening. Optionally,
the at least one anchoring member comprises a suture sleeve
having at least one groove.

[0034] The aforementioned and other embodiments of the
present invention shall be described in greater depth in the
drawings and detailed description provided below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] These and other features and advantages of the
present invention will be further appreciated, as they become
better understood by reference to the detailed description
when considered in connection with the accompanying draw-
ings:

[0036] FIG. 1A is a flowchart illustrating the steps involved
in one embodiment of a method of laparoscopically implant-
ing at least one stimulating lead in the muscularis of a lower
esophageal wall of a patient;

[0037] FIG. 1B is a flowchart illustrating the steps involved
in another embodiment of a method of laparoscopically
implanting at least one stimulating lead in the muscular layer
of a lower esophageal wall of a patient;

[0038] FIG. 2A is an illustration of an in-line electrically
stimulating lead in accordance with one embodiment of the
present specification;

[0039] FIG. 2B is an illustration of bipolar electrically
stimulating lead in accordance with one embodiment of the
present specification;

[0040] FIG. 2C is an illustration of an in-line electrically
stimulating lead in accordance with another embodiment of
the present specification;

[0041] FIG. 2D is an illustration of bipolar electrically
stimulating lead in accordance with another embodiment of
the present specification;
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[0042] FIG. 3 is anillustration of the anatomical area proxi-
mate the lower esophageal sphincter (LES) of a patient
depicting a single bipolar electrically stimulating lead that
has been laparoscopically implanted using a method in accor-
dance with one embodiment of the present specification;
[0043] FIG. 4is anillustration of the anatomical area proxi-
mate the lower esophageal sphincter (LES) of a patient
depicting two bipolar electrically stimulating leads that have
been laparoscopically implanted using a method in accor-
dance with one embodiment of the present specification; and,
[0044] FIG.5isaclose upillustration of a distal end portion
of an electrically stimulating lead depicting an electrode
implanted within the muscular wall of the LES in accordance
with one embodiment of the present specification.

DETAILED DESCRIPTION

[0045] The present specification discloses a method of lap-
aroscopically implanting one or more stimulating leads in the
esophageal wall to be used with an electrical stimulation
system directed toward treating at least one gastrointestinal
disorder, such as gastroesophageal reflux disease (GERD). In
various embodiments, the stimulating lead is defined as a lead
having one or more stimulating electrodes. In one embodi-
ment, the stimulating lead comprises an in-line lead having
one stimulating electrode. In one embodiment, the stimulat-
ing lead comprises a bipolar lead having two stimulating
electrodes. It should be appreciated that a stimulating lead
having any number of stimulating electrodes can be used with
the method of the present specification. The distal end of a
laparoscope is inserted into the abdominal cavity of a patient
through an incision in the patient’s abdominal wall. A sur-
geon then exposes as least 2 cm of the abdominal esophagus.
At least one stimulating lead is delivered through a laparo-
scopic port and the electrode(s) are advanced to a target
position at the muscular portion of the esophageal wall. The
lead comprises an elongate metal wire with an electrically
insulating covering having a proximal end and a distal end.
With respect to the lead, distal is used to describe the end that
is positioned proximate the target tissue and proximal is used
to describe the end that is connected to an implantable pulse
generator (IPG), as described below.

[0046] In one embodiment, the elongate body comprises a
straight metal wire. In another embodiment, the elongate
body comprises a coiled metal wire. In yet another embodi-
ment, the elongate body comprises a conducting cable. In one
embodiment, the distal end of the lead comprises at least one
branch or distal end wherein each branch or distal end
includes an anchoring member and an exposed electrode. In
various embodiments, the anchoring member comprises a
butterfly tab with at least one opening. In one embodiment,
each butterfly tab comprises two openings. In other embodi-
ments, the anchoring mechanism comprises a suture sleeve
with at least one groove. A length of non-absorbable suture
(monofilament or multifilament) continues from the distal
end of each branch or distal end of the lead and includes a
stitching needle at its end opposite its attachment to the distal
end of the branch. In one embodiment, the suture is comprised
of nylon. In one embodiment, the suture comprises a barbed
micro-architecture of a suture, such as the Covidien
V-Lock™. The needle and suture are used to pass the exposed
electrode into the muscularis of the LES. The electrode comes
to rest within or proximate the muscularis of the LES. In
various other embodiments, the electrode is positioned within
or proximate the anterior gastric wall, gastric cardia or within
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3 cm of the LES. For example, in one embodiment, the lead
includes two electrodes wherein one is positioned within or
proximate the anterior gastric wall and the other is positioned
within or proximate the gastric cardia or the LES. The needle
and suture re-emerge out of the LES wall. A portion of the
lead proximate the distal end of the suture has at least one clip
or securing member applied to it to prevent retrograde move-
ment and/or dislodgement. In various embodiments, the clip
is comprised of a metal. In one embodiment, the clip is tita-
nium. Invarious embodiments, the clip is applied to the suture
at least 2-15 mm away from the LES wall to allow for some
slack between the clip and the LES. The clip acts as a distal
stopper to prevent the electrode from sliding too far back-
wards and out of the LES muscular layer. The slack is pro-
vided to allow for gentle distension of surrounding GI tissues
as a food bolus passes, thereby reducing the chances for
tension or injury. The needle and excess suture are then
removed. A separate needle with suture is used to stitch
through the openings in the butterfly tab or around the grooves
in the suture sleeve to hold the lead in place. During the
application of these anchoring sutures to the butterfly tab or
suture sleeve, the implanted electrode tends to move back-
wards, resulting in the first use of the clip in preventing
backwards slippage of the electrode. The proximal end of the
lead is then connected to an IPG that has been implanted in a
subcutaneous pocket in the patient’s abdomen.

[0047] In various embodiments, a length of up to 10 cm of
suture remains distal to the clip. This provides several advan-
tages. In the event that the clips are not tightly applied to the
suture, they will tend to slide. It is preferable if the clips slide
along the suture and not get lost in the abdominal cavity. A
short suture end is stiff and traumatic to the surrounding
organs, such as, the liver. A short suture end can easily punc-
ture and damage surrounding tissues. In addition, a long
suture is beneficial during removal of the lead. The long
suture end acts as a locator of the distal end of the electrode
and clip. Cutting the clip from the distal end of the suture is
the first step in removing the electrode.

[0048] In one embodiment, a first stimulating lead is
implanted with its electrodes positioned in the muscularis of
the lower esophageal wall on the anterior surface of the
esophagus. In various embodiments, additional stimulating
leads are implanted into the muscularis of the lower esoph-
ageal wall in additional anatomical locations proximate the
lower esophageal sphincter (LES).

[0049] In various embodiments, the method described
above further includes using an external device to assess the
impedance between each electrode implanted to ensure accu-
rate positioning of the electrodes within the muscular layer of
the target anatomy.

[0050] In many patients suffering from GERD, the ana-
tomical area of the LES is “pushed up” or raised due to
chronic esophagitis. In various embodiments, a light source is
inserted endoscopically into these patients and the light is
directed toward the anterior surface of the LES to assist with
implantation by helping to direct the surgeon to the LES while
minimizing the dissection.

[0051] In various embodiments, the method described
above further includes endoscopically assessing lead place-
ment to rule out perforation of the gastric wall or lower
esophageal wall. If perforation is detected, the leads are with-
drawn and repositioned.

[0052] In various embodiments, the method described
above is used to implant leads in a patient having a hiatal
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hernia. The method further includes surgical dissection and
exposure of the anatony proximate the diaphragmatic crura.
The surgeon surgically dissects the surrounding anatomy
from the laparoscopic approach to implant the electrodes. In
one embodiment, an area including at least 100 mm? of
esophageal tissue proximate the LES is used for implantation.
In various embodiments, the methods above are performed
during a hiatal hernia repair to repair said hernia and prevent
recurrence of a hiatal hernia as described with reference to
co-pending U.S. patent application Ser. No. 13/975,162, filed
Aug. 23,2013 and entitled “Device and Implantation System
for Electrical Stimulation of Biological Systems”, which is
hereby incorporated by reference in its entirety.

[0053] The present invention is directed toward multiple
embodiments. The following disclosure is provided in order
to enable a person having ordinary skill in the art to practice
the invention. Language used in this specification should not
be interpreted as a general disavowal of any one specific
embodiment or used to limit the claims beyond the meaning
of the terms used therein. The general principles defined
herein may be applied to other embodiments and applications
without departing from the spirit and scope of the invention.
Also, the terminology and phraseology used is for the purpose
of describing exemplary embodiments and should not be
considered limiting. Thus, the present invention is to be
accorded the widest scope encompassing numerous alterna-
tives, modifications and equivalents consistent with the prin-
ciples and features disclosed. For purpose of clarity, details
relating to technical material that is known in the technical
fields related to the invention have not been described in detail
s0 as not to unnecessarily obscure the present invention.

[0054] FIG. 1A is a flowchart illustrating the steps involved
in one embodiment of a method of laparoscopically implant-
ing at least one stimulating lead in the muscularis of the lower
esophageal wall of a patient. At step 102, a laparoscope is
inserted with its distal end into a patient’s abdominal cavity
through an incision in the patient’s abdominal wall. A sur-
geon exposes at least 2 cm of abdominal esophagus at step
104. An electrode, as part of a stimulating lead, is then deliv-
ered through a laparoscopic port and advanced to a target
position at the muscular layer of the lower esophageal wall at
step 106. Then, at step 108, a needle and suture attached to the
distal end of the lead is used to pass through the LES wall and
pull the electrode into the muscular layer of the LES. One or
more clips are then applied to the suture of the lead at a
position proximate the lead’s distal end to prevent retrograde
movement of the electrode at step 110. The needle and excess
suture are removed at step 112. Then, at step 114, using a
separate needle and suture, an anchoring member is sutured to
the proximate anatomy to anchor the lead in place. In some
embodiments, the anchoring member comprises a butterfly
tab with at least one opening and the separate needle is used
to pass the separate suture through the proximate anatomy
and the at least one opening to secure the anchoring member
in place. In other embodiments, the anchoring member com-
prises a suture sleeve with at least one groove and the separate
needle is used to pass the separate suture through the proxi-
mate anatomy and around the groove to secure the anchoring
member in place. Step 112 is typically performed prior to step
114 due to the traumatic nature of the needle. Optionally, in
another embodiment, the original needle and suture are
removed after securing the anchoring member. If additional
leads are to be implanted, steps 104 through 114 are then
repeated for each additional lead.
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[0055] FIG. 1B is a flowchart illustrating the steps involved
in another embodiment of a method of laparoscopically
implanting at least one stimulating lead in the muscular layer
of alower esophageal wall of a patient. At step 122, the distal
end of a laparoscope is inserted into a patient’s abdominal
cavity through an incision inan abdominal wall of the patient.
At least 2 cm of an anterior abdominal portion of a lower
esophageal wall is then exposed at step 124. At least one
electrode, as part of an electrically conducting lead, is deliv-
ered through a port on the laparoscope at step 126. At step
128, the lead is advanced to a target position at an anterior
surface of the exposed lower esophageal wall. Then, at step
130, a first needle and first suture of the lead are passed
through the LES such that the electrode becomes positioned
within or proximate the muscular layer of the LES wall and
the first needle and a portion of the first suture re-emerge from
the wall. At least one securing member is then applied to the
portion of the first suture at a distance at least 2-15 mm away
from the LES wall to prevent retrograde movement of the
electrode at step 132. The first needle and excess first suture
are then removed at step 134. At step 136, an anchoring
member on the lead is fixed to the proximate LES tissue using
a separate second needle and second suture to anchor the lead
in place.

[0056] FIG. 2A is an illustration of an in-line electrically
stimulating lead 200 in accordance with one embodiment of
the present specification. The lead 200 includes an elongate
lead body 205 having a proximal end and a distal end. A
connector 201 is positioned at the proximal end for connec-
tionto an implantable pulse generator. The distal end includes
an anchoring member 211 and an electrode 215. Referring to
FIG. 2A, the anchoring member 211 comprises a butterfly tab
having two openings 212 for anchoring to body tissues after
implantation. In other embodiments, the butterfly tab
includes one or three or more openings. A suture 217 having
aproximal end and a distal end is attached to the distal end of
the lead body 205. A needle 218 is attached to the distal end
of the suture 217. After implantation, at least one clip 216 is
applied to the suture 217 emerging from the LES wall to
prevent backward movement of the electrode 215.

[0057] FIG. 2B is an illustration of bipolar electrically
stimulating lead 220 in accordance with one embodiment of
the present specification. The lead 220 includes an elongate
lead body 225 having a proximal end and a distal end. A
connector 221 is positioned at the proximal end for connec-
tion to an implantable pulse generator. The distal end com-
prises a bifurcation point 229 that splits the lead body 225 into
two branches or distal ends 230, 240. Each branch 230, 240
comprises an anchoring member 231, 241 and an electrode
235, 245. Referring to FIG. 2B, each anchoring member 231,
241 comprises a butterfly tab having two openings 232, 242
for anchoring to body tissues after implantation. In other
embodiments, each butterfly tab includes one or three or more
openings. A suture 237, 247 having a proximal end and a
distal end 1s attached to the distal end of each branch 230, 240
ofthe lead 220. A needle 238, 248 is attached to the distal end
of each suture 237, 247. After implantation, at least one clip
236, 246 is applied to each suture 237, 247 emerging from the
LES wall to prevent backward movement of each electrode
235, 245.

[0058] FIG. 2C is an illustration of an in-line electrically
stimulating lead 250 in accordance with another embodiment
of the present specification. The lead 250 includes an elongate
lead body 255 having a proximal end and a distal end. A
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connector 251 is positioned at the proximal end for connec-
tion to an implantable pulse generator. The distal end includes
an anchoring member 261 and an electrode 265. Referring to
FIG. 2C, the anchoring member 261 comprises a suture
sleeve having a groove 262 for anchoring to body tissues after
implantation. In other embodiments, the suture sleeve
includes more than one groove. A suture 267 having a proxi-
malend and a distal end is attached to the distal end of the lead
body 255. A needle 268 is attached to the distal end of the
suture 267. After implantation, at least one clip 266 is applied
to the suture 267 emerging from the LES wall to prevent
backward movement of the electrode 265.

[0059] FIG. 2D is an illustration of bipolar electrically
stimulating lead 270 in accordance with another embodiment
ofthe present specification. The lead 270 includes an elongate
lead body 275 having a proximal end and a distal end. A
connector 271 is positioned at the proximal end for connec-
tion to an implantable pulse generator. The distal end com-
prises a bifurcation point 279 that splits the lead body 275 into
two branches or distal ends 280, 290. Each branch 280, 290
comprises an anchoring member 281, 291 and an electrode
285, 295. Referring to FIG. 2D, each anchoring member 281,
291 comprises a suture sleeve having a groove 282, 292 for
anchoring to body tissues after implantation. In other embodi-
ments, each suture sleeve includes more than one groove. A
suture 287, 297 having a proximal end and a distal end is
attached to the distal end of each branch 280, 290 of the lead
270. A needle 288, 298 is attached to the distal end of each
suture 287, 297. After implantation, at least one clip 286, 296
is applied to each suture 287, 297 emerging from the LES wall
to prevent backward movement of each electrode 285, 295.

[0060] FIG. 3 is anillustration of the anatomical area proxi-
mate the lower esophageal sphincter (LES) 304 of a patient
depicting a single bipolar electrically stimulating lead 320
that has been laparoscopically implanted using a method in
accordance with one embodiment of the present specifica-
tion. The anatomical area of the LES 304 is depicted at the
junction between the esophagus 303 and the stomach 305.
Bach lead 320 comprises two branches 322 wherein each
branch 322 includes a butterfly tab 324 and an exposed elec-
trode 325. The lead 320 has been implanted such that its
electrodes 325 are positioned on a first side of the esophagus
303 within the muscular layer proximate the LES 304.
Extending from the distal end of each branch 322 are the
suture 327 and clip 326 preventing backward movement of
the electrode 325.

[0061] FIG. 4is anillustration of the anatomical area proxi-
mate the lower esophageal sphincter (LES) 404 of a patient
depicting two bipolar electrically stimulating leads 420, 430
that have been laparoscopically implanted using a method in
accordance with one embodiment of the present specifica-
tion. The anatomical area of the LES 404 is depicted at the
junction between the esophagus 403 and the stomach 405.
Each lead 420,430 comprises two branches 422, 432 wherein
each branch 422, 432 includes a butterfly tab 424, 434 and an
exposed electrode 425, 435. A first lead 420 has been
implanted such that its electrodes 425 are positioned on a first
side of the esophagus 403 within the muscular layer proxi-
mate the LES 404. A second lead 430 has been implanted
such that its electrodes 435 are positioned on a second side of
the esophagus 403, away and distinct from said first side,
within the muscular layer proximate the LES 404. Extending
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from the distal end of each branch 422, 432 are the suture 427,
437 and clip 426, 436 preventing backward movement of the
electrode 425, 435.

[0062] FIG.5isacloseupillustration ofa distal end portion
530 of an electrically stimulating lead depicting an electrode
535 implanted within the muscular wall 505 of the LES 503 in
accordance with one embodiment of the present specifica-
tion. The distal end portion 530 of the lead includes a butterfly
tab 531 for anchoring to nearby anatomy. The butterfly tab
531 is depicted positioned proximal to an insertion point 526
of the distal end portion 530 of the lead into the wall of the
LES 503. A suture 537 extends from the electrode 535 and
emerges from the wall of the LES 503 at an exit point 528. The
suture 537 includes a clip 536 applied to its distal end. The
clip 537 cannot re-enter the wall of the LES 503 at the exit
point 528 and thereby prevents backwards slippage of the
electrode 535 out the insertion point 526. In one embodiment,
anchoring of the distal end portion 530 of the lead with the
butterfly tab 531 prevents slippage of the electrode 535 in the
forward direction.

[0063] The above examples are merely illustrative of the
many applications of the system of the present invention.
Although only a few embodiments of the present invention
have been described herein, it should be understood that the
present invention might be embodied in many other specific
forms without departing from the spirit or scope of the inven-
tion. Therefore, the present examples and embodiments are to
be considered as illustrative and not restrictive, and the inven-
tion may be modified within the scope of the appended
claims.

We claim:

1. A method of laparoscopically implanting at least one
electrically conductive electrode, as part of an electrically
conductive lead, proximate the lower esophageal sphincter
(LES) of a patient, said method comprising the steps of:

inserting the distal end of a laparoscope into an abdominal

cavity of a patient through an incision in an abdominal
wall of said patient;
surgically exposing at least 2 cm of an anterior abdominal
portion of a lower esophageal wall of said patient;

delivering said electrically conductive lead through a port
on said laparoscope, wherein said lead comprises an
elongate metal body having a proximal end and a distal
end, said elongate body being covered in an electrically
insulating material, said proximal end having a connec-
tor for connection to an implantable pulse generator and
said distal end including said at least one exposed elec-
trode and an anchoring member, said lead further com-
prising a first suture having a first end and a second end
opposite said first end, wherein said first end is attached
to said distal end of said lead body and a first needle is
attached to said second end,;

advancing said electrically conductive lead to a target posi-

tion at an anterior surface of said exposed lower esoph-
ageal wall;

using said first needle and said first suture to pass said

electrode through said LES such that said exposed elec-
trode comes to rest within or proximate a muscular layer
of a wall of said LES and said first needle and a portion
of said second end of said first suture re-emerge from
said wall of said LES;

applying at least one securing member to said portion of

said second end of said suture at a distance at least 2-15
mm away from said wall of said LES;
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removing said first needle and excess first suture; and,

fixing said anchoring member to proximate LES tissue by

using a separate second needle to couple a second suture
to said anchoring member.

2. The method of claim 1, wherein said at least one securing
member comprises any one of a clip, suture, u-clip, or anchor.

3. The method of claim 1, wherein said at least one anchor-
ing member comprises a butterfly tab having at least one
opening and said step of coupling said second suture to said
anchoring member comprises passing said second suture
through said at least one opening.

4. The method of claim 1, wherein said at least one anchor-
ing member comprises a suture sleeve having at least one
groove and said step of coupling said second suture to said
anchoring member comprises passing said second suture
around said at least one groove.

5. The method of claim 1, wherein said first suture com-
prises a barbed micro-architecture of a suture.

6. The method of claim 1, further comprising the steps of
repeating the steps of surgically exposing at least 2 cm of an
anterior abdominal portion of a lower esophageal wall of said
patient through fixing said anchoring member to proximate
LES tissue by using a separate second needle to couple a
second suture to said anchoring member to implant additional
electrically stimulating leads.

7. The method of claim 1, further comprising the step of
using an external device to assess the impedance between
each electrode to ensure accurate positioning of the elec-
trodes within the muscularis layer of the lower esophageal
wall.

8. The method of claim 1, further comprising the step of
endoscopically illuminating the lower esophageal sphincter
to identify the appropriate location for dissection and place-
ment of said at least one electrode.

9. The method of claim 1, further comprising the step of
endoscopically assessing lead placement to rule out perfora-
tion of said lower esophageal wall.

10. The method of claim 9, further comprising the step of
repositioning said lead if perforation of said lower esophageal
wall has occurred.

11. The method of claim 1, wherein said implantation is
combined with a hiatal hernia repair procedure to repair a
hiatal hernia and prevent recurrence of a hiatal hernia in said
patient.

12. The method of claim 1, further comprising the steps of:

exposing a diaphragmatic crura of said patient; and,

applying at least one suture to said diaphragmatic crura.

13. The method of claim 1, further comprising the step of
attaching said proximal end of said lead to an implanted pulse
generator.

14. The method of claim 1, wherein said implanted lead is
used to treat esophageal disorders such as gastroesophageal
reflux disease (GERD), achalasia, and esophageal dysmotil-
ity.

15. An electrically conductive lead for implanting proxi-
mate a lower esophageal sphincter of a patient, said lead
comprising:

an electrically conductive, elongate body having a proxi-

mal end and a distal end and covered in an insulating
material;

a connector at said proximal end for connecting to a pulse

generator;,

at least one anchoring member positioned proximate said

distal end of said lead body;
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at least one electrode positioned proximate said distal end
of said lead body and distal to said at least one anchoring
member;

at least one length of suture having a first end and a second

end opposite said first end, wherein said first end is
attached to said distal end of said lead body;

a needle attached to said second end of said at least one

length of suture; and,

at least one securing member removably applicable to said

at least one length of suture.

16. The lead of claim 15, wherein said elongate body
comprises a straight metal wire.

17. The lead of claim 15, wherein said elongate body
comprises a coiled metal wire.

18. The lead of claim 15, wherein said elongate body
comprises a conducting cable.

19. The lead of claim 15, wherein said at least one securing
member comprises any one of a clip, suture, u-clip, or anchor.

20. The lead of claim 15, wherein said at least one anchor-
ing member comprises a butterfly tab having at least one
opening.

21. The lead of claim 15, whetrein said at least one anchor-
ing member comprises a suture sleeve having at least one
groove.

22. An electrically conductive lead for implanting proxi-
mate a lower esophageal sphincter of a patient, said lead
comprising:

an electrically conductive, elongate body having a proxi-

mal end and a distal end and covered in an insulating
material;

a connector at said proximal end for connecting to a pulse

generator;
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a splitting element at said distal end for splitting said elon-
gate body into two or more branches:
two or more branches emanating from said splitting ele-
ment, each branch having a proximal end and a distal
end;
at least one anchoring member positioned proximate said
proximal end of each branch;
at least one electrode positioned proximate said distal end
of each branch;
at least one length of suture having a first end and a second
end opposite said first end, wherein said first end is
attached to said distal end of each branch;
a needle attached to said second end of said at least one
length of suture; and,
at least one securing member removably applicable to said
at least one length of suture.
23. The lead of claim 22, wherein said elongate body
comprises a straight metal wire.
24. The lead of claim 22, wherein said elongate body
comprises a coiled metal wire.
25. The lead of claim 22, wherein said elongate body
comprises a conducting cable.
26. The lead of claim 22, wherein said at least one securing
member comprises any one of a clip, suture, u-clip, or anchor.
27. The lead of claim 22, wherein said at least one anchor-
ing member comprises a butterfly tab having at least one
opening.
28. The lead of claim 22, wherein said at least one anchor-
ing member comprises a suture sleeve having at least one
groove.
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