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(57) ABSTRACT

The present disclosure relates to laparoscopic surgery, and in
particular to laparoscopic ports for facilitating the implant of
medical systems such as a neuromodulation system into the
body of a patient. Particularly, aspects are directed to a
cannula assembly having a cannula housing and a cannula
sleeve comprising a sleeve body extending from a distal end
of the cannula housing. The cannula sleeve has a semi-
rectangular cross section including: (i) a rounded rectangular
portion configured to accommodate feeding the neuromodu-
lation system through the cannula assembly, and (ii) a
circular portion configured to accommodate insertion of the
one or more surgical instruments through the cannula assem-
bly.
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SECTION B-B

FIG. 1H
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SURGICAL LAPAROSCOPIC PORTS FOR
IMPLANTING MEDICAL SYSTEMS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to U.S. Provisional
Application No. 62/669,485, filed on May 10, 2018, the
entirety of which is incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present disclosure relates to laparoscopic sur-
gery, and in particular to laparoscopic ports for facilitating
the implant of medical systems such as a neuromodulation
system into the body of a patient.

BACKGROUND

[0003] Normal neural activity is an intricate balance of
electrical and chemical signals which can be disrupted by a
variety of insults (genetic, chemical or physical trauma) to
the nervous system, causing cognitive, motor and sensory
impairments. Similar to the way a cardiac pacemaker or
defibrillator corrects heartbeat abnormalities, neuromodula-
tion therapies help to reestablish normal neural balance. In
particular instances, neuromodulation therapies utilize
medical device technologies to enhance or suppress activity
of the nervous system for the treatment of disease. These
technologies include implantable as well as non-implantable
neuromodulation devices and systems that deliver electrical,
chemical or other agents to reversibly modify brain and
nerve cell activity. The most common neuromodulation
therapy is spinal cord stimulation to treat chronic neuro-
pathic pain. In addition to chronic pain relief, some
examples of neuromodulation therapies include deep brain
stimulation for essential tremor, Parkinson’s disease, dysto-
nia, epilepsy and psychiatric disorders such as depression,
obsessive compulsive disorder and Tourette syndrome;
sacral nerve stimulation for pelvic disorders and inconti-
nence; vagus nerve stimulation for rheumatoid arthritis;
gastric and colonic stimulation for gastrointestinal disorders
such as dysmotility or obesity; vagus nerve stimulation for
epilepsy, obesity or depression; carotid artery stimulation for
hypertension, and spinal cord stimulation for ischemic dis-
orders such as angina and peripheral vascular disease.

[0004] Rheumatoid arthritis is an autoimmune disorder
that occurs when the immune system mistakenly attacks
body’s own tissues. Unlike the wear and tear damage (due
to age and/or extreme sports) of osteoarthritis, rheumatoid
arthritis affects the lining of the joints, causing a painful
swelling that can eventually result in bone erosion and joint
deformity. The inflammation associated with rheumatoid
arthritis is what can damage other parts of the body as well.
While new types of medications have improved treatment
options dramatically, severe rheumatoid arthritis can still
cause physical disabilities. Recently, neuromodulation has
been suggested as a potential treatment option for patients
suffering from rheumatoid arthritis. Specifically, electrical
stimulation of the splenic plexus has shown promise. How-
ever, since patients with rheumatoid arthritis may already be
in a pro inflamed state, it is important that device implan-
tation be performed with minimal invasiveness. From this
perspective, implantable neuromodulation devices that are
designed to be deliverable to an anatomical target such as the
splenic plexus using minimally invasive surgery may have a
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higher probability of reducing the potential for complica-
tions in a patient population that is already in an inflamed
state.

[0005] Laparoscopic surgery also referred to as minimally
invasive surgery describes the performance of surgical pro-
cedures with the assistance of a video camera and several
thin instruments. During the surgical procedures, small
incisions of up to half an inch are made in the body of a
patient and tubes called ports are placed through these
incisions, which provide access to an inside cavity of the
patient. The laparoscopic ports typically function as a portal
for the subsequent placement of instruments, such as lapa-
roscopes, graspers, scissors, staplers, etc. The laparoscopic
ports also function to maintain pressure of insufflation gas in
the cavity, which allows for a wider field of view with the
cavity and easier manipulation of objects within the cavity.
As the incisions used in laparoscopic surgery are much
smaller than the incisions used in open surgery and the ports
allow for the introduction of items without contacting the
bacteria of the skin, laparoscopic surgery is capable of
minimizing risk of infection, complications, and post-opera-
tive pain. Thus, laparoscopic surgery is one option for the
safe and reliable placement of a neural interface, lead, and
an implantable pulse generator around neural structures such
as the splenic plexus. Laparoscopic surgery is currently used
in the practice of medicine, for both diagnostic and thera-
peutic purposes. For example, the minimally invasive
approach has become the method of choice for treating most
benign abdominal diseases that require surgery including
hernia repairs, gastric bypass, bowel resection, and organ
removal. More recently, laparoscopic surgery has also been
used in the practice of medicine, for implanting medical
systems within a patient such as an adjustable gastric around
the stomach.

[0006] The conventional laparoscopic ports for the afore-
mentioned laparoscopic procedures may be exemplified as a
cannula device or a trocar. Trocars typically comprise an
outer housing and seal assembly, a sleeve that fits inside the
housing and seal assembly and a piercing stylus (e.g., an
obturator) which slots into the sleeve such that the tip of the
stylus protrudes from the lower end of the device. The stylus
may be used to create an opening in the abdominal wall
through which the sleeve is inserted and fixed into place,
following which the stylus is removed through an opening in
the upper end of the device to allow insertion of a laparo-
scope or other surgical tools through the sleeve. Where
trocar was once used to refer solely to the piercing stylus, the
term “trocar” is now generally and herein used to refer to the
whole assembly. A wide range of laparoscopic cannula
devices and trocars exist having a variety of lengths and
diameters. However, the medical systems (e.g., gastric
bands) that have been delivered through laparoscopic ports
are typically circular and/or flexible and configured to pass
through the conventional variety of lengths and diameters
for cannula devices and trocars. The need to allow access to
new and existing surgical tools for placement of flexible
neural interfaces, leads, and a rigid non-circular implantable
pulse generator will require the laparoscopic port’s outer
cannula, inner lumen, seals, and/or incising stylus to be
varied in form from the conventional variety of lengths and
diameters. Accordingly, the need exists for systems and
methods to safely and reliably place neural interfaces, leads,
and an implantable pulse generator around neural structures
in a body cavity.
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BRIEF SUMMARY

[0007] In various embodiments, a cannula assembly is
provided comprising: a cannula housing comprising a first
opening at a proximal end; and a cannula sleeve comprising
a sleeve body extending from a distal end of the cannula
housing, the sleeve body comprising a distal end having a
second opening, a proximal end connected to the cannula
housing, and a semi-rectangular cross section extending
from the proximal end of the sleeve body to the distal end
of the sleeve body. The semi-rectangular cross section
comprises: (i) a rounded rectangular portion, and (ii) a
circular portion, and the circular portion extends beyond the
rounded rectangular portion in a direction parallel to a plane
of the semi-rectangular cross section.

[0008] In some embodiments, a top region of the circular
portion extends above the rounded rectangular portion and a
bottom region of the circular portion extends below the
rounded rectangular portion.

[0009] In some embodiments, a top region of the circular
portion extends beyond the rounded rectangular portion in a
first direction parallel to the plane of the semi-rectangular
cross section and a bottom region of the circular portion
extends beyond the rounded rectangular portion in a second
direction parallel to the plane of the semi-rectangular cross
section, and the second direction is opposite from the first
direction.

[0010] In some embodiments, the top region of the circle
portion is defined by at least a first top face and a second top
face meeting at a top apex, the bottom region of the circle
portion is defined by at least a first bottom face and a second
bottom face meeting at a bottom apex, a horizontal region of
the rounded rectangular portion is defined by at least a
latitudinal width between inner surfaces of a first side face
and a second side face, the top apex is disposed above the
horizontal region, and the bottom apex is disposed below the
horizontal region.

[0011] In some embodiments, a tangential angle between
tangential segments of each of the first top face, the second
top face, the first bottom face, and the second bottom face,
and a horizontal mid line of the semi-rectangular cross
section is an acute angle.

[0012] In some embodiments, a horizontal region of the
rounded rectangular portion is defined by at least a longi-
tudinal height that is less than a diameter of the circular
portion.

[0013] In some embodiments, the semi-rectangular cross
section further comprises a curved segment between each of
the first top face and the first side face, the first bottom face
and the first side face, the second top face and the second
side face, and the second bottom face and the second side
face.

[0014] In various embodiments, a cannula assembly is
provided comprising: a cannula housing comprising a first
opening at a proximal end; and a cannula sleeve comprising
a sleeve body extending from a distal end of the cannula
housing, the sleeve body comprising a distal end having a
second opening, a proximal end connected to the cannula
housing, and a semi-rectangular cross section extending
from the proximal end of the sleeve body to the distal end
of the sleeve body. The semi-rectangular cross section
comprises: (i) a rounded rectangular portion, and (ii) a
circular portion. A top region of the circle portion is defined
by a first top face and a second top face meeting at a top
apex, a bottom region of the circle portion is defined by a
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first bottom face and a second bottom face meeting at a
bottom apex, a horizontal region of the rounded rectangular
portion is defined by a latitudinal width between inner
surfaces of a first side face and a second side face, and a
tangential angle between tangential segments of each of the
first top face, the second top face, the first bottom face, and
the second bottom face and a horizontal mid line of the
semi-rectangular cross section that is greater than 1.0° (for
example from 13.0° to 19.6°.

[0015] Insome embodiments, the latitudinal width is from
15.0 mm to 25.0 mm. Optionally, the semi-rectangular cross
section further comprises a longitudinal height between
inner surfaces of the top apex and the bottom apex that is
from 9.0 mm to 15.0 mm. Optionally, the semi-rectangular
cross section further comprises a radius of curvature for the
top apex and the bottom apex that is from 5.1 R to 7.7 R.
Optionally, the semi-rectangular cross section further com-
prises a radius of curvature for turns between the first top
face and the first side face, the first bottom face and the first
side face, the second top face and the second side face, and
the second bottom face and the second side face that is from
22Rt034R.

[0016] In some embodiments, the cannula sleeve further
comprises a hub attached to the proximal end of the sleeve
body, the cannula housing comprises a slot that matches a
size and shape of the hub, and the hub sits in the slot for
connecting the cannula sleeve to the cannula housing.
Optionally, the distal end of the cannula housing has a third
opening, and the cannula housing further comprises a seal
located in an interior region between the first opening and
the third opening. Optionally, the first opening and the third
opening have a semi-rectangular cross section that is differ-
ent from the semi-rectangular cross section of the sleeve
body.

[0017] In some embodiments, the semi-rectangular cross
section of the first opening and the third opening comprises:
a top arced face having a top apex, a bottom arced face
having a bottom apex, a first side face joining the top arced
face to the bottom arced face, a second side face joining the
top arced face to the bottom arced face, a latitudinal width
between inner surfaces of the first side face and the second
side face that is from 16.0 mm to 26.0 mm, a longitudinal
height between inner surfaces ofthe top apex and the bottom
apex that is from 9.0 mm to 15.0 mm, and a radius of
curvature for turns between the top arced face and the first
side face, the top bottom face and the first side face, the top
arced face and the second side face, and the bottom arced
face and the second side face that is from 2.2 R to 3.4 R.
[0018] In various embodiments, a cannula assembly is
provided comprising: a cannula housing comprising a distal
end, a proximal end having a first opening, and an interior
region between the distal end and the proximal end; and a
cannula sleeve comprising a sleeve body extending from the
distal end of the cannula housing, the sleeve body compris-
ing a distal end having a second opening, a proximal end
connected to the interior region of the cannula housing, and
a semi-rectangular cross section extending from the proxi-
mal end of the sleeve body to the distal end of the sleeve
body. The semi-rectangular cross section comprises: a first
top face and a second top face meeting at a top apex, a first
bottom face and a second bottom face meeting at a bottom
apex, a first side face joining the first top face to the first
bottom face, a second side face joining the second top face
to the second bottom face, a latitudinal width between inner
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surfaces of the first side face and the second side face that
is from 15.0 mm to 25.0 mm, a longitudinal height between
inner surfaces of the top apex and the bottom apex that is
from 9.0 mm to 15.0 mm, and a tangential angle between
tangential segments of each of the first top face, the second
top face, the first bottom face, and the second bottom face
and a horizontal mid line of the semi-rectangular cross
section that is from 13.0° to 19.6°.

[0019] In some embodiments, the semi-rectangular cross
section further comprises a radius of curvature for the top
apex and the bottom apex that is from 5.1 R to 7.7 R.
Optionally, the semi-rectangular cross section further com-
prises a radius of curvature for turns between the first top
face and the first side face, the first bottom face and the first
side face, the second top face and the second side face, and
the second bottom face and the second side face that is from
2.2 R to 3.4 R. Optionally, the cannula sleeve further
comprises a hub attached to the proximal end of the sleeve
body, the cannula housing comprises a slot that matches a
size and shape of the hub, and the hub sits in the slot for
connecting the cannula sleeve to the cannula housing.
Optionally, the distal end of the cannula housing has a third
opening, and the cannula housing further comprises a seal
located in the interior region between the first opening and
the third opening. Optionally, the first opening and the third
opening have a semi-rectangular cross section.

[0020] In some embodiments, the semi-rectangular cross
section of the first opening and the third opening comprises:
a top arced face having a top apex, a bottom arced face
having a bottom apex, a first side face joining the top arced
face to the bottom arced face, a second side face joining the
top arced face to the bottom arced face, a latitudinal width
between inner surfaces of the first side face and the second
side face that is from 16.0 mm to 26.0 mm, a longitudinal
height between inner surfaces of the top apex and the bottom
apex that is from 9.0 mm to 15.0 mm, and a radius of
curvature for turns between the top arced face and the first
side face, the top bottom face and the first side face, the top
arced face and the second side face, and the bottom arced
face and the second side face that is from 2.2 R to 3.4 R.
[0021] In various embodiments, a trocar assembly is pro-
vided comprising: an obturator assembly comprising: an
obturator housing; an obturator tip; and an obturator body
extending from a distal end of the obturator housing to the
obturator tip, the obturator body comprising a first semi-
rectangular cross section extending from the obturator hous-
ing to the obturator tip. The trocar assembly further com-
prises a cannula assembly comprising: a cannula housing;
and a cannula sleeve comprising a sleeve body extending
from a distal end of the cannula housing, the sleeve body
comptrising a second semi-rectangular cross section that is
offset from the first semi-rectangular cross section to accom-
modate insertion of the obturator body within the cannula
sleeve. The second semi-rectangular cross section com-
prises: (i) a rounded rectangular portion, and (ii) a circular
portion, and the circular portion extends beyond the rounded
rectangular portion in a direction parallel to a plane of the
second semi-rectangular cross section.

[0022] In some embodiments, a top region of the circular
portion extends above the rounded rectangular portion and a
bottom region of the circular portion extends below the
rounded rectangular portion.

[0023] In some embodiments, a top region of the circular
portion extends beyond the rounded rectangular portion in a
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first direction parallel to the plane of the second semi-
rectangular cross section, a bottom region of the circular
portion extends beyond the rounded rectangular portion in a
second direction parallel to the plane of the second semi-
rectangular cross section, and the second direction is oppo-
site from the first direction.

[0024] In some embodiments, the first semi-rectangular
cross section comprises: a first top face and a second top face
meeting at a top apex, a first bottom face and a second
bottom face meeting at a bottom apex, a first side face
joining the first top face to the first bottom face, and a second
side face joining the second top face to the second bottom
face.

[0025] In some embodiments, the top region of the circle
portion is defined by at least a first top face and a second top
face meeting at a top apex, the bottom region of the circle
portion is defined by at least a first bottom face and a second
bottom face meeting at a bottom apex, a horizontal region of
the rounded rectangular portion is defined by at least a
latitudinal width between inner surfaces of a first side face
and a second side face, the top apex is disposed above the
horizontal region, and the bottom apex is disposed below the
horizontal region.

[0026] In some embodiments, the first semi-rectangular
cross section further comprises a curved segment between
each of the first top face and the first side face, the first
bottom face and the first side face, the second top face and
the second side face, and the second bottom face and the
second side face.

[0027] In various embodiments, a trocar assembly is pro-
vided comprising: an obturator assembly comprising: an
obturator housing; an obturator tip; and an obturator body
extending from a distal end of the obturator housing to the
obturator tip, the obturator body comprising a first semi-
rectangular cross section extending from the obturator hous-
ing to the obturator tip. The first semi-rectangular cross
section comprises: a first top face and a second top face
meeting at a top apex, a first bottom face and a second
bottom face meeting at a bottom apex, a first side face
joining the first top face to the first bottom face, a second
side face joining the second top face to the second bottom
face, and a tangential angle between tangential segments of
each of the first top face, the second top face, the first bottom
face, and the second bottom face and a horizontal mid line
of the semi-rectangular cross section that is greater than 1.0°
(for example from 13.0° to 19.6°). The trocar assembly
further comprises a cannula assembly comprising: a cannula
housing; and a cannula sleeve comprising a sleeve body
extending from a distal end of the cannula housing, the
sleeve body comprising a second semi-rectangular cross
section that is offset by at least 0.20 mm from the first
semi-rectangular cross section to accommodate insertion of
the obturator body within the cannula sleeve.

[0028] In some embodiments, the first semi-rectangular
cross section further comprises a latitudinal width between
outer surfaces of the first side face and the second side face
that is from 14.0 mm to 24.0 mm, and a longitudinal height
between outer surfaces of the top apex and the bottom apex
that is from 9.0 mm to 15.0 mm. Optionally, the first
semi-rectangular cross section further comprises a radius of
curvature for the top apex and the bottom apex that is from
5.1 R to 7.7 R. Optionally, the first semi-rectangular cross
section further comprises a radius of curvature for turns
between the first top face and the first side face, the first
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bottom face and the first side face, the second top face and
the second side face, and the second bottom face and the
second side face that is from 2.2 R to 3.4 R.

[0029] In some embodiments, the sleeve body comprises
a distal end having a first opening, a proximal end connected
to an interior region of the cannula housing, and the first
opening has the second semi-rectangular cross section. In
some embodiments, the cannula housing comprises: a distal
end having a second opening, a proximal end having a third
opening, and a seal located in the interior region between the
second opening and the third opening. Optionally, the sec-
ond opening and the third opening have a third semi-
rectangular cross section.

[0030] In some embodiments, the semi-rectangular cross
section of the second opening and the third opening com-
prises: a top arced face having a top apex, a bottom arced
face having a bottom apex, a first side face joining the top
arced face to the bottom arced face, a second side face
joining the top arced face to the bottom arced face, a
latitudinal width between inner surfaces of the first side face
and the second side face that is from 16.0 mm to 26.0 mm,
a longitudinal height between inner surfaces of the top apex
and the bottom apex that is from 9.0 mm to 15.0 mm, and
aradius of curvature for turns between the top arced face and
the first side face, the top bottom face and the first side face,
the top arced face and the second side face, and the bottom
arced face and the second side face that is from 2.2 R to 3.4
R.

[0031] In various embodiments, a neuromodulation deliv-
ery system is provided comprising: a neuromodulation sys-
tem comprising an implantable neurostimulator and a lead
assembly. The implantable neurostimulator includes a hous-
ing having a width of less than 24.0 mm and a height of less
than 15.0 mm. The neuromodulation delivery system further
comprises a cannula assembly comprising: a cannula hous-
ing; and a cannula sleeve comprising a sleeve body extend-
ing from a distal end of the cannula housing, the sleeve body
comprising a semi-rectangular cross section that is config-
ured to accommodate insertion of the neuromodulation
system within the cannula sleeve.

[0032] In some embodiments, the semi-rectangular cross
section comprises: a first top face and a second top face
meeting at a top apex, a first bottom face and a second
bottom face meeting at a bottom apex, a first side face
joining the first top face to the first bottom face, a second
side face joining the second top face to the second bottom
face, and a tangential angle between tangential segments of
each of the first top face, the second top face, the first bottom
face, and the second bottom face and a horizontal mid line
of the semi-rectangular cross section that is from 13.0° to
19.6°.

[0033] In some embodiments, the semi-rectangular cross
section further comprises a latitudinal width between inner
surfaces of the first side face and the second side face that
is from 15.0 mm to 25.0 mm. Optionally, the semi-rectan-
gular cross section further comprises a longitudinal height
between inner surfaces of the top apex and the bottom apex
that is from 9.0 mm to 15.0 mm. Optionally, the semi-
rectangular cross section further comprises a radius of
curvature for the top apex and the bottom apex that is from
5.1 Rto 7.7 R. Optionally, the semi-rectangular cross section
further comprises a radius of curvature for turns between the
first top face and the first side face, the first bottom face and
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the first side face, the second top face and the second side
face, and the second bottom face and the second side face
that is from 2.2 R to 3.4 R.

[0034] In some embodiments, the sleeve body comprises
a distal end having a first opening, a proximal end connected
to an interior region of the cannula housing, and the first
opening has the semi-rectangular cross section. In some
embodiments, the cannula housing comprises: a distal end
having a second opening, a proximal end having a third
opening, and a seal located in the interior region between the
second opening and the third opening. Optionally, the sec-
ond opening and the third opening have a semi-rectangular
cross section.

[0035] In some embodiments, the semi-rectangular cross
section of the second opening and the third opening com-
prises: a top arced face having a top apex, a bottom arced
face having a bottom apex, a first side face joining the top
arced face to the bottom arced face, a second side face
joining the top arced face to the bottom arced face, a
latitudinal width between inner surfaces of the first side face
and the second side face that is from 16.0 mm to 26.0 mm,
a longitudinal height between inner surfaces of the top apex
and the bottom apex that is from 9.0 mm to 15.0 mm, and
aradius of curvature for turns between the top arced face and
the first side face, the top bottom face and the first side face,
the top arced face and the second side face, and the bottom
arced face and the second side face that is from 2.2 R to 3.4
R.

[0036] In various embodiments, a method is provided for
delivering a neuromodulation system to a site of a target
biological structure, the method comprises: inserting an
obturator assembly within a cannula assembly, and advanc-
ing the obturator assembly to where an obturator housing of
the obturator assembly is approximated with a cannula
housing of the cannula assembly such that a obturator tip of
the obturator assembly protrudes from a distal end of the
cannula assembly; applying the obturator tip against tissue
such that an arcuate leading surface of the obturator assem-
bly engages the tissue; advancing the obturator assembly
and the cannula assembly through the tissue until a portion
of the obturator assembly passes through the tissue into a
cavity; removing the obturator assembly from the cannula
assembly; feeding the neuromodulation system through the
cannula assembly to deliver the neuromodulation system to
the cavity; inserting one or more surgical instruments into
the cannula assembly; and manipulating the one or more
surgical instruments to attach a lead assembly of the neu-
romodulation system to the target biological structure. The
cannula assembly comprises a cannula sleeve comprising a
first semi-rectangular cross section having: (i) a rounded
rectangular portion configured to accommodate feeding the
neuromodulation system through the cannula assembly, and
(ii) a circular portion configured to accommodate insertion
of the one or more surgical instruments through the cannula
assembly.

[0037] In some embodiments, the obturator assembly
comprises an obturator body comprising a second semi-
rectangular cross section, wherein the first semi-rectangular
cross section has dimensions offset from dimensions of the
second semi-rectangular cross section to accommodate
insertion of the obturator assembly within the cannula
assembly.
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[0038] In some embodiments, a top region of the circular
portion extends above the rounded rectangular portion and a
bottom region of the circular portion extends below the
rounded rectangular portion.

[0039] In some embodiments, a top region of the circular
portion extends beyond the rounded rectangular portion in a
first direction parallel to a plane of the first semi-rectangular
cross section, a bottom region of the circular portion extends
beyond the rounded rectangular portion in a second direction
parallel to the plane of the first semi-rectangular cross
section, and the second direction is opposite from the first
direction.

[0040] In some embodiments, the first semi-rectangular
cross section comprises a first top face and a second top face
meeting at a top apex, which define a top region of the circle
portion, a first bottom face and a second bottom face
meeting at a bottom apex, which define a bottom region of
the circle portion, a first side face joining the first top face
to the first bottom face, a second side face joining the second
top face to the second bottom face, and a latitudinal width
between inner surfaces of the first side face and the second
side face that is from 15.0 mm to 25.0 mm, which defines a
horizontal region of the rectangular portion.

[0041] In some embodiments, the first semi-rectangular
cross section further comprises a tangential angle between
tangential segments of each of the first top face, the second
top face, the first bottom face, and the second bottom face
and a horizontal mid line of the semi-rectangular cross
section that is from 13.0° to 19.6°, and wherein the angle
maintains the neuromodulation system in a horizontal posi-
tion within the rectangular portion and maintains the one or
more surgical instruments centered along a longitudinal axis
of the circular portion.

BRIEF DESCRIPTION OF THE DRAWINGS:

[0042] The present invention will be better understood in
view of the following non-limiting figures, in which:
[0043] FIGS. 1A-1C show a trocar or laparoscopic port
assembly in accordance with various embodiments;

[0044] FIGS.1D-1H show an obturator assembly in accor-
dance with various embodiments;

[0045] FIG. 11 shows a semi-rectangular cross section in
accordance with various embodiments;

[0046] FIG. 1J shows a rounded rectangle in accordance
with various embodiments;

[0047] FIG. 1K shows a semi-obround cross section in
accordance with various embodiments;

[0048] FIGS. 2A-2L, show a cannula assembly in accor-
dance with various embodiments;

[0049] FIGS. 3A-3D show a neuromodulation delivery
system in accordance with various embodiments; and
[0050] FIGS. 4 and 5 show exemplary flows for providing
multimodal therapy in accordance with various embodi-
ments.

DETAILED DESCRIPTION

[0051] I. Introduction

[0052] The following disclosure describes systems and
methods that allow a user to access a site of a target
biological structure in a patient and deliver a medical device
or system for neuromodulation to the site of the target
biological structure. As used herein, the phrase “target
biological structure” refers to any type of vasculature, artery,
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tissue, or organ. In some embodiments, the target biological
structure is a specific neurological site (e.g., a nerve or
artery/nerve plexus) targeted for the delivery of a stimulus.
As used herein, the term “patient” refers to any multicellular
organism, (e.g., an animal ((e.g., a human). As used herein,
the term “neuromodulation” means the alteration of nerve
activity through targeted delivery of a stimulus, such as
electrical stimulation or chemical agents, to specific neuro-
logical sites in the patient. A medical device or system for
neuromodulation such as a neurostimulator is a device or
system having electronic circuit components and/or soft-
ware configured to deliver the stimulus to the specific
neurological site (e.g., a nerve or artery/nerve plexus) via an
electrode assembly. One or more portions of the neurostimu-
lator may be implanted in the patient’s body. For example,
an implanted pulse generator may be encased in a hermeti-
cally sealed housing and surgically implanted in the abdomi-
nal cavity of the patient. The electrode assembly may be
included as a portion of the housing or provided in a separate
location and attached to the pulse generator via one or more
leads. A neural interface of the electrode assembly may be
attached to the target biological structure for delivery of the
stimulus from the pulse generator to the target biological
structure.

[0053] In various embodiments, the systems and methods
may be discussed herein in the context of using a laparo-
scopic procedure to access the abdomen of a patient for
implanting and attaching a neurostimulator to the splenic
plexus. However, it should be understood that the systems
and methods discussed herein may be used in any laparo-
scopic procedure for any target biological structure. For
example, laparoscopic procedures may be performed
through very small incisions (usually 0.5-1.5 ¢m) in the
body of the patient to provide access for a trocar or a cannula
device. After incision, a cavity (e.g., the abdomen) of the
body of a patient may be insufflated with gas in order to
expand the cavity to provide a space to perform laparoscopy.
In this example, devices may be inserted through the small
incision to enable a user, (e.g., a surgeon), to access a site of
a target biological structure in a patient for diagnostic or
therapeutic purposes (e.g., deliver a medical device or
system for neuromodulation to the site of the target biologi-
cal structure). While the target biological structure is
accessed, the user can manipulate, (e.g., visualize, move,
modify, ligate, incise, or attach tools to), the target biological
structure. In accordance with various aspects discussed
herein, the user can deliver a neuromodulation system into
the cavity and manipulate, (e.g., visualize, move, modify, or
attach tools to), the neuromodulation system in order to
implant the pulse generator in the cavity, position the leads,
and attach a neural interface to the target biological struc-
ture, without causing trauma to the surrounding structures or
the target biological structure. In some embodiments, the
systems and methods also support the laparoscopic proce-
dure in a manner that provides multidirectional access to
various areas of the target biological structure.

[0054] In various embodiments, a trocar or a cannula
device is provided comprising a cannula housing with an
opening at a proximal end, and a cannula sleeve with a
sleeve body extending from a distal end of the cannula
housing. The sleeve body is essentially a hollow tube with
an opening at the distal end and an opening at the proximal
end. The interior of the sleeve body is in communication
with the cannula housing and is capable of receiving one or
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more surgical instruments inserted into the opening at the
proximal end of the cannula housing through a series of
seals. A problem associated with conventional trocars or
cannula devices is that the cross section of the cannula
sleeve, openings of the cannula sleeve, and seals and open-
ing(s) of the cannula housing are designed to fit one or more
conventional surgical instruments. For example, conven-
tional trocars or cannula devices typically have a circular
cross section with a given diameter and the valves are
configured to create a seal around surgical instruments from
that diameter to a minimum diameter. These systems and
approaches are thus limited in the shape or cross section of
objects (e.g., a neuromodulation system) that can be inserted
into the cannula housing and fed through the cannula sleeve.

[0055] To address these problems, a trocar or a cannula
device is provided comprising a cannula housing with an
opening at a proximal end, and a cannula sleeve with a
sleeve body extending from a distal end of the cannula
housing. The cross section of the cannula sleeve, openings
of the cannula sleeve and opening(s) of the cannula housing
are designed having a semi-rectangular cross section com-
prising: (i) a rounded rectangular portion, and (ii) a circular
portion. Alternatively, the cross section of the cannula
sleeve, openings of the cannula sleeve and opening(s) of the
cannula housing are designed having a semi-obround cross
section comprising: (i) an obround portion, and (ii) a circular
portion. The rounded rectangular portion or the obround
portion is configured to accommodate feeding the neuro-
modulation system through the trocar or cannula device, and
the circular portion is configured to accommodate insertion
of the one or more surgical instruments through the trocar or
cannula device. In some embodiments, the semi-rectangular
cross section or the semi-obround cross section further
comprises a tangential angle between a horizontal mid line
of the semi-rectangular cross section or the semi-obround
cross section and each of the top faces and the bottom faces
that is from 13.0° to 19.6°. The tangential angle is thus
configured to maintain the neuromodulation system in a
horizontal position within the rounded rectangular portion or
the obround portion during delivery and maintain the one or
more surgical instruments centered along a longitudinal axis
of the circular portion during manipulation.

[0056] One illustrative embodiment of the present disclo-
sure comprises: a cannula housing comprising a first open-
ing at a proximal end, and a cannula sleeve comprising a
sleeve body extending from a distal end of the cannula
housing, the sleeve body comprising a distal end having a
second opening, a proximal end connected to the cannula
housing, and a semi-rectangular cross section extending
from the proximal end of the sleeve body to the distal end
of the sleeve body. The semi-rectangular cross section
comprises: (i) a rounded rectangular portion, and (ii) a
circular portion. The circular portion extends beyond the
rounded rectangular portion in a direction parallel to a plane
of the semi-rectangular cross section. In some embodiments,
a top region of the circular portion extends beyond the
rounded rectangular portion in a first direction parallel to the
plane of the semi-rectangular cross section and a bottom
region of the circular portion extends beyond the rounded
rectangular portion in a second direction parallel to the plane
of the semi-rectangular cross section, and the second direc-
tion is opposite from the first direction.

[0057] Another illustrative embodiment of the present
disclosure comprises: a cannula housing comprising a distal
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end, a proximal end having a first opening, and an interior
region between the distal end and the proximal end, and a
cannula sleeve comprising a sleeve body extending from the
distal end of the cannula housing, the sleeve body compris-
ing a distal end having a second opening, a proximal end
connected to the interior region of the cannula housing, and
a semi-rectangular cross section extending from the proxi-
mal end of the sleeve body to the distal end of the sleeve
body. The semi-rectangular cross section comprises: a first
top face and a second top face meeting at a top apex, a first
bottom face and a second bottom face meeting at a bottom
apex, a first side face joining the first top face to the first
bottom face, a second side face joining the second top face
to the second bottom face, and a tangential angle between a
horizontal mid line of the semi-rectangular cross section and
each of the first top face, the second top face, the first bottom
face, and the second bottom face is an acute angle.

[0058] Another illustrative embodiment of the present
disclosure comprises: a cannula housing comprising a first
opening at a proximal end, and a cannula sleeve comprising
a sleeve body extending from a distal end of the cannula
housing, the sleeve body comprising a distal end having a
second opening, a proximal end connected to the cannula
housing, and a semi-obround cross section extending from
the proximal end of the sleeve body to the distal end of the
sleeve body. The semi-obround cross section comprises: (i)
an obround portion, and (ii) a circular portion. A top region
of the circle portion is defined by a first top face and a second
top face meeting at a top apex, a bottom region of the circle
portion is defined by a first bottom face and a second bottom
face meeting at a bottom apex, a horizontal region of the
obround portion is defined by a latitudinal width between
inner surfaces of a first side face and a second side face, and
a tangential angle between a horizontal mid line of the
semi-obround cross section and each of the first top face, the
second top face, the first bottom face, and the second bottom
face is an acute angle.

[0059] Advantageously, these approaches provide trocar
or cannula devices and systems that are capable of receiving
and delivering a neuromodulation system to a cavity of a
patient, and also receiving one or more surgical instruments
for carrying out one or more laparoscopic procedures (e.g.,
tissue dissection, neurostimulator implant, attachment of
electrodes, etc.). Moreover, these approaches allow the
neuromodulation system to be maintained in a substantially
horizontal position within the rounded rectangular portion or
the obround portion of cross section during delivery. Also
advantageously, these approaches allow for the one or more
surgical instruments to be maintained substantially centered
along a longitudinal axis of the circular portion cross section
during manipulation.

[0060] II. Laparoscopic Port Systems and Devices
[0061] FIGS. 1A-1C show a trocar or laparoscopic port
assembly 100 for accessing a site of a target biological
structure in accordance with various aspects. Trocar assem-
bly 100 is particularly adapted for use in minimally invasive
surgical procedures such as endoscopic or laparoscopic
procedures for the implantation of a neuromodulation sys-
tem in a cavity of a body. In various embodiments, the trocar
assembly 100 includes two principal subassemblies, namely,
an obturator assembly 105 and a cannula assembly 107. As
shown in FIG. 1B, cannula assembly 107 includes a sleeve
110, a first portion of a cannula housing 111, and a second
portion of the cannula housing 112. The second portion of
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the cannula housing 112 is removable from the first portion
of the cannula housing 111 such that the obturator assembly
105 can be engaged with the cannula assembly 107. As
shown in FIG. 1C, the obturator assembly 105 is arranged to
be inserted within the cannula assembly 107 and advanced
to where an obturator handle 113 is approximated with the
first portion of a cannula housing 111 such that a tip of the
obturator assembly 105 protrudes from the distal end of the
cannula assembly 107. A shoulder 114 of the obturator
handle 113 may be appropriately dimensioned to form a
friction fit with annular element 115 of the first portion of the
cannula housing 111 or may be coupled to each other by
conventional means including bayonet coupling, tongue-
groove, etc. The obturator assembly 105 is used to create an
opening in the abdominal wall through which a portion of
the cannula assembly 107 is inserted and fixed into place.
The obturator assembly 105 may then be removed from the
sleeve 110 and the first portion of the cannula housing 111
to allow insertion of a neuromodulation system and laparo-
scope or other surgical instruments through the sleeve 110
and the first portion of the cannula housing 111.

[0062] With reference now to FIGS. 1D-1H, the obturator
assembly 105 includes an obturator handle 113, an obturator
body 120 having a proximal end 125 attached to the obtu-
rator handle 113 and extending distally from the obturator
handle 113, and an obturator tip 130 disposed at a distal end
135 of the obturator body 120. As used herein, the term
“proximal end” refers to a first end of the main body, while
the term “distal end” refers to a second end opposing the first
end. For example, the proximal end may be an end of the
main body, which is closest to the user, and the distal end
may be an end of the main body, which is furthest from the
user. The obturator assembly 105 from the obturator handle
113 to the obturator tip 130 has a length (L1) of at least 105
mm, for example from 105 mm to 165 mm or from 130 mm
to 180 mm (see, e.g., FIG. 1B). Each of the obturator handle
113, the obturator body 120, and the obturator tip 130 may
be opaque in part or in whole and/or transparent in part or
in whole, and may be fabricated from biocompatible metal
and/or polymeric material.

[0063] In various embodiments, the obturator handle 113
includes a shoulder 114 at a distal end 145 and a base 150
at a proximal end 155. As shown in FIG. 1E, the shoulder
114 may be annular in shape having a diameter (D1) of at
least 28 mm, for example from 28 mm to 55 mm, 30 mm to
45 mm, or from 35 mm to 40 mm. The base 150 may also
be annular in shape having a diameter (D2) of at least 24
mm, for example from 24 mm to 45 mm, 28 mm to 35 mm,
or from 30 mm to 40 mm. The obturator handle 113 may be
grasped by a user to advance and drive the obturator tip 130
and the obturator body 120 through the tissue of a patient.

[0064] In various embodiments, the obturator body 120
from the proximal end 125 to the distal end 135 has a length
(L2) of at least 100 mm, for example from 100 mm to 150
mm or from 120 mm to 170 mm. In some embodiments, at
least a portion of the obturator body 120 (e.g., a portion
towards the distal end 135) has a height (H1) from 9.6 mm
to 14.4 mm, for example 11.5 mm, 12 mm, or 12.1 mm, and
a semi-rectangular cross section B-B (see, e.g., FIGS. 1D,
1E, and 1H). As used herein, the term “semi-rectangular” or
“semi-rectangular cross section” means a rounded rectan-
gular portion overlaid onto a larger central circular portion,
as shown in FIG. 11. As used herein, the term “rounded
rectangle” or “rounded rectangular portion” means a shape
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obtained by taking the convex surface of four equal circles
of radius r and placing their centers at the four corners of a
rectangle with side lengths a and b and creating a perimeter
p around the surface of the four equal circles and the
rectangle, where the perimeterp of the shape is equal to
2(a+b+mr), as shown in FIG. 1J. While the semi-rectangular
cross section of various structures is described herein in
particular detail with respect to several described embodi-
ments, it should be understood that other shapes or cross
sections of the various structures (e.g., the portion of the
obturator body 120) have been contemplated without depart-
ing from the spirit and scope of the present invention. For
example, a semi-obround cross section may be used alone or
in combination with the semi-rectangular cross section for at
least some of the structures of the trocar or laparoscopic port
assembly 100. As used herein, the term “semi-obround” or
“semi-obround cross section” means an obround portion
overlaid onto a larger central circular portion, as shown in
FIG. 1K.

[0065] The dimensions of the semi-rectangular cross sec-
tion (or semi-obround cross section) are configured to allow
the obturator body 120 to slide through the sleeve 110 and
the first portion of the cannula housing 111 in an unob-
structed manner, as discussed in detail herein. As shown in
FIG. 1H, the semi-rectangular cross section comprises top
faces 160, 162, bottom faces 165, 167, side faces 170, 172,
and apexes 175, 177 between the top faces 160, 162 and the
bottom faces 165, 167, respectively. In various embodi-
ments, the rounded rectangular portion has a horizontal
region that is defined by at least a latitudinal (horizontal)
width (W1) between inner surfaces of side faces 170, 172.
The width (W1) may be from 14 mm to 24 mm, for example,
16.8 mm, 20 mm, or 20.5 mm. In some embodiments, the
horizontal region of the rounded rectangular portion is
further defined by a longitudinal (vertical) height (H1)
between inner surfaces of the top and bottom surface of the
rounded rectangular portion, as illustrated in FIG. 11.

[0066] In various embodiments, the circular portion has a
diameter defined between the apexes 175, 177. The diameter
may be from 9.0 mm to 14.0 mm, for example, 11.5 mm, 12
mm, or 12.1 mm. The longitudinal height (H1) of the
rounded rectangular portion is less than the diameter of the
circular portion. More specifically, the top apex 175 is
disposed above the horizontal region of the rounded rect-
angular portion, and the bottom apex 177 is disposed below
the horizontal region of the rounded rectangular portion.
Consequently, the circular portion of the semi-rectangular
cross section extends beyond the rounded rectangular por-
tion in a direction parallel to a plane of the semi-rectangular
cross section. In some instances, a top region of the circular
portion extends beyond the rounded rectangular portion in a
first direction parallel to the plane of the semi-rectangular
cross section and a bottom region of the circular portion
extends beyond the rounded rectangular portion in a second
direction parallel to the plane of the semi-rectangular cross
section. The second direction may be opposite from the first
direction. For e example, a top region of the circular portion
may extend above the rounded rectangular portion and a
bottom region of the circular portion may extend below the
rounded rectangular portion (as shown in FIG. 11).

[0067] In various embodiments, the apexes 175, 177 are
part of a first set of curved segments of the semi-rectangular
cross section. The first set of curved segments comprising
the apexes 175, 177 may have a radius of curvature (R1) that
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is from 5.1 R to 7.7 R, for example 6.0 R, 6.4 R, or 6.6 R.
In various embodiments, the semi-rectangular cross section
further comprises a second set of curved segments defined
by the convex surface of the four equal circles of radius r
(i.e., the turns from the side faces 170, 172 to the top faces
160, 162 and bottom faces 165, 167). The curved segments
of the second set of curved segments are located between
each of the first top face and the first side face, the first
bottom face and the first side face, the second top face and
the second side face, and the second bottom face and the
second side face. The second set of curved segments may
have a radius of curvature (R2) from 2.2 R to 3.4 R, for
example, 24 R, 2.8 R, or 3.0 R.

[0068] In some embodiments, the top faces 160, 162 and
the bottom faces 165, 167 are segments formed tangentially
to the convex surface of the four equal circles of radius r at
a given point. In certain embodiments, the tangential angle
(A1) between the tangential segments of each of the top
faces 160, 162 and the bottom faces 165, 167 and a hori-
zontal mid line 180 of the semi-rectangular cross section is
an acute angle (i.e., less than 90.0° but greater than 0.0°). In
some embodiments, the acute angle is greater than 1.0°. In
some embodiments, the acute angle is from 13.0° to 19.6°,
for example 16.0°, 16.3°, or 16.6°. The top faces 160, 162
and the top apex 175 define a top region of the circle portion
of the semi-rectangular cross section. The bottom faces, 165,
167 and the bottom apex 177 define a bottom region of the
circle portion of the semi-rectangular cross section. The
radius of curvature (R1) for the apexes 175, 177 defines a
radius of curvature for a top portion and a bottom portion of
the circle portion of the semi-rectangular cross section. The
radius of curvature (R2) for the convex surface of the four
equal circles of radius r defines a radius of curvature for the
corners of the rounded rectangular portion. The tangential
segments of each of the top faces 160, 162 and the bottom
faces 165, 167 are configured to join the circular portion
with the rounded rectangular portion while maintaining a
smooth outer surface for sealing. The tangential angle (Al)
maintains the neuromodulation system in a horizontal posi-
tion within the rounded rectangular portion and maintains
the one or more surgical instruments centered along a
longitudinal axis of the circular portion.

[0069] In various embodiments, the obturator tip 130
includes dissecting segment 185 extending to arcuate lead-
ing surface 187 (see, e.g., FIGS. 1E and 1F). The arcuate
leading surface 187 is atraumatic to tissue and is spaced
from the obturator body 120 a predetermined distance (P1)
of 0.5 mm to 2.5 mm, for example 1.0 mm, 1.5 mm, or 2.0
mm. This consequent narrow profile provided by obturator
tip 130 permits initial insertion of a portion of the obturator
assembly 105 within the tissue and facilitates, e.g., dissec-
tion or advancement within the tissue without an incising
action. Planar dissecting segment 185 includes opposed
outer surfaces 190 having a planar cross section, which
extend from the obturator body 120 to a taper boundary 192
of the dissecting segment 185. Outer surfaces 190 define a
substantially symmetrical or linear arrangement, e.g., the
contour of the opposed outer surface may define a linear
rectangular shape. Planar dissecting segment 185 further
includes opposed tapered surfaces 195 having a planar cross
section, which extend from the taper boundary 192 to the
arcuate leading surface 187. Opposed tapered surfaces 195
may have an angle (A2) (see, e.g., FIG. 1G) from the arcuate
leading surface 187 from 20.0° to 65.0°, for example 45.0°,
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40.0°, or 35.0° and function as a dissecting element to
dissect tissue as arcuate leading surface 187 is advanced into
tissue.

[0070] With reference now to FIGS. 2A-2[,, the cannula
assembly 200 (e.g., the cannula assembly 107 described
with respect to FIG. 1B) includes a first portion of the
cannula housing 210, a second portion of the cannula
housing 215, and cannula sleeve 220 extending from the
distal end 222 of the first portion of the cannula housing 210.
One or more of the first portion of the cannula housing 210,
the second portion of the cannula housing 215, and the
cannula sleeve 220 may be opaque in part or in whole and/or
transparent in part or in whole, and may be fabricated from
biocompatible metal and/or polymeric material. In various
embodiments, the cannula sleeve 220 includes a hub 224,
sleeve body 225 having a proximal end 226 attached to the
hub 224 and extending distally from the hub 224, an opening
227 disposed at a distal end 228 of the sleeve body 225, and
an opening 229 disposed at the proximal end 226 of the
sleeve body 225 (see, e.g., FIGS. 2E and 2H-2L). In some
embodiments, the sleeve body 225 may include non-pat-
terned portions 230 and an anti-slip pattern or locking ribs
232 on external surface 234 (see. e.g.. FIGS. 21 and 2]). The
anti-slip pattern or locking ribs 232 may be adapted to
facilitate retention of the cannula sleeve 220 within the
tissue. The first portion of the cannula housing 210 and the
cannula sleeve 220 may be mechanically interfitted to form
a portion of the cannula assembly 200. For example, as
shown in FIG. 2E, the first portion of the cannula housing
210 may include a slot 235 at the distal end 222 that matches
the size and shape of the hub 224 such that the hub 224 sits
within the slot 235 for securing the cannula sleeve 220 to the
cannula housing 210. The cannula assembly 200 from the
first portion of the cannula housing 210 to the opening 227
may have a length (L3) of at least 105 mm, for example 125
mm, 143.3 mm, or 180 mm (see, e.g., FIG. 2C).

[0071] As shown in FIGS. 2B-2G, the first portion of the
cannula housing 210 may further include an annular element
239 (e.g., the annular element 115 discussed with respect to
FIG. 1B)), a distal opening 240, a seal assembly 242, a
proximal opening 245, a stop-cock valve 247, and a stop-
cock switch 248. The annular element 239 may have a
diameter (D3) of at least 20 mm, for example from 20 mm
to 45 mm, 25 mm to 40 mm, or from 30 mm to 45 mm such
that the first portion of the cannula housing 210 may be
coupled to the obturator handle. In various embodiments, the
distal opening 240 and the proximal opening 245 have a
semi-rectangular cross section to substantially match the
cross section of a portion of the obturator body 120 and
allow for the obturator body 120 to pass through the cannula
housing 210 without obstruction (see, e.g., FIGS. 2F and
2G). In some embodiments, at least some of the dimensions
of the distal opening 240 and the proximal opening 245 are
slightly larger than the dimensions of the portion of the
obturator body 120 to provide a semi-rectangular gap
between the distal opening 240 and the portion of the
obturator body 120 and between the proximal opening 245
and the obturator body 120. Slightly larger is defined as an
offset of at least 0.01 mm but no more than 1.0 mm. The
offset may be between 0.05 mm and 0.90 mm, for example
about 0.15 mm, about 0.30 mm, about 0.55 mm, or about
0.70 mm. As used herein, the terms “substantially,”
“approximately” and “about” are defined as being largely
but not necessarily wholly what is specified (and include
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wholly what is specified) as understood by one of ordinary
skill in the art. In any disclosed embodiment, the term
“substantially,” “approximately,” or “about” may be substi-
tuted with “within [a percentage] of” what is specified,
where the percentage includes 0.1, 1, 5, and 10 percent.
[0072] FIG. 2G shows the distal opening 240 and/or the
proximal opening 245 may comprise top arced face 250,
bottom arced face 251, side faces 252, 253, and apexes 254,
255. Side faces 252, 253 join the top arced face 250 to the
bottom arced face 251. In various embodiments, the rounded
rectangular portion of the distal opening 240 and/or the
proximal opening 245 has a horizontal region that is defined
by at least a latitudinal (horizontal) width (W2) between
inner surfaces of the side faces 252, 253. The width (W2)
may be from 16.0 mm to 26.0 mm, for example 18.0 mm,
21.0 mm, or 23.5 mm. In some embodiments, the horizontal
region of the rounded rectangular portion is further defined
by a longitudinal (vertical) height (H2) of the top and bottom
surface of the rounded rectangular portion, as illustrated in
FIG. 11

[0073] In various embodiments, the circular portion has a
diameter defined between the apexes 254, 255. The diameter
may be from 9.0 mm to 15.0 mm, for example 11.0 mm, 12.3
mm, or 13.5 mm. The longitudinal height (H2) of the
rounded rectangular portion is less than the diameter of the
circular portion. More specifically, the top apex 254 is
disposed above the horizontal region of the rounded rect-
angular portion, and the bottom apex 255 is disposed below
the horizontal region of the rounded rectangular portion.
Consequently, the circular portion of the semi-rectangular
cross section extends beyond the rounded rectangular por-
tion in a direction parallel to a plane of the semi-rectangular
cross section. In some instances, a top region of the circular
portion extends beyond the rounded rectangular portion in a
first direction parallel to the plane of the semi-rectangular
cross section and a bottom region of the circular portion
extends beyond the rounded rectangular portion in a second
direction parallel to the plane of the semi-rectangular cross
section. The second direction may be opposite from the first
direction. For e example, a top region of the circular portion
may extend above the rounded rectangular portion and a
bottom region of the circular portion may extend below the
rounded rectangular portion (as shown in FIG. 1I).

[0074] In various embodiments, the apexes 254, 255 are
part of a first set of curved segments of the semi-rectangular
cross section (i.e., the top arced face 250 and the bottom
arced face 251). The first set of curved segments comprising
the apexes 254, 255 may have a radius of curvature (R1) that
is greater than 5.0 R, for example 6.0 R, 7.4 R, or 8.6 R. In
various embodiments, the semi-rectangular cross section
further comprises a second set of curved segments from the
side faces 252, 253 to the top arced face 250, and from the
side faces 252, 253 to the bottom arced face 251. The second
set of curved segments may have a radius of curvature (R3)
from 2.2 R to 3.4 R, for example 2.4 R, 2.8 R, or 3.0 R. The
radius of curvature (R3) for the curved segments defines a
radius of curvature for portions of the turns of the rounded
rectangular portion.

[0075] In various embodiments, as shown in FIG. 2E, the
seal assembly 242 is integrated or releasably mounted within
the cannula housing 210. The stop-cock valve 247 and the
and stop-cock switch 248 allow and prevent the passage of
an insufflation gas, (e.g. carbon dioxide), through tubing into
a portion of the first portion of the cannula housing 210 that
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is distal of the seal assembly 242. The seal assembly 242
may include a seal housing 257 and at least one internal seal
258 such as a duck-bill valve or other zero closure valve
adapted to close in the absence of a surgical instrument to
prevent passage of insufflation gases through the cannula
assembly 200. In some embodiments, the seal housing 257
defines a longitudinal opening 259 between the distal open-
ing 240 and the proximal opening 245 to permit passage of
a neuromodulation system and surgical instrumentation
through the seal housing 257. The seal housing 257 may
include a mount 260 that houses seal 258 and is adapted for
angular movement relative to the central longitudinal axis of
the seal housing 257 upon angulation of the neuromodula-
tion system and the surgical instrument while seal 258
substantially maintains a sealed reception about the neuro-
modulation system and the surgical instrument introduced
through the proximal opening 245 and into the cannula
sleeve 220.

[0076] As shown in FIGS. 2B-2E, the second portion of
the cannula housing 215 may include an annular element
261, a distal opening 262, a seal assembly 263, and a
proximal opening 264. The annular element 261 may be
configured such that the second portion of the cannula
housing 215 may be coupled to the first portion of the
cannula housing 210. In various embodiments when the
second portion of the cannula housing 215 is coupled to the
first portion of the cannula housing 210, the interior of the
second portion of the cannula housing 215 is in communi-
cation with the interior of the first portion of the cannula
housing 210 and is capable of receiving one or more surgical
instruments inserted into the proximal opening 264. The seal
assembly 263 may include a seal housing 265 and at least
one internal seal 266 such as an 0-ring that is open in the
absence of a surgical instrument. In some embodiments, the
seal housing 265 defines a longitudinal opening 267 between
the distal opening 262 and the proximal opening 264 to
permit passage of a surgical instrument through the seal
housing 265. The seal housing 265 may include a mount 268
that houses seal 266 and is adapted for angular movement
relative to the central longitudinal axis of the seal housing
265 upon angulation of the surgical instrument while seal
266 substantially maintains a sealed reception about the
surgical instrument introduced through the proximal open-
ing 264 and into the second portion of the cannula housing
215.

[0077] As shown in FIGS. 2H-2L, the cannula sleeve 220
may include the hub 224, the sleeve body 225, the distal
opening 227, the proximal opening 229, and a vent hole 269.
The cannula sleeve 220 may have a length (L4) from 105
mm to 180 mm, for example, 105.0 mm, 118.7 mm, or 127.0
mm (see, e.g., FIG. 2H). The sleeve body 225 may have a
length (L5) from 95 mm to 165 mm, for example, 105.0 mm,
112.7 mm, or 125.0 mm, and a wall thickness (Ti) at the
non-patterned portions 230 from 0.3 mm to 2.0 mm, for
example, 0.5 mm, 0.9 mm, or 1.2 mm (see, e.g., FIGS. 2H
and 2K). In various embodiments, the hub 224 includes an
annular ring 270 and a base element 271. The annular ring
270 may have a diameter (D4) from 25 mm to 50 mm, for
example, 27.0 mm, 28.5 mm, or 32.0 mm such that the hub
224 seals with the first portion of the cannula housing 210
(see, e.g., FIG. 2L). The base element 271 may have a
diameter (D5) from 20 mm to 45 mm, for example 23.0 mm,
24.5 mm, or 26.0 mm such that the base element 271 fits into
the slot 235 (see, e.g., FIG. 2L). The base element 271 may
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have a length (L6) from 2 mm to 6 mm, for example, 3.0
mm, 4.0 mm, or 5.0 mm (see, e.g., FIG. 2H). In some
embodiments, the vent hole 269 is spaced a predetermined
distance (P2) from the distal opening 227. The predeter-
mined distance (P2) may be from 7.0 mm to 13.0 mm, for
example 8.0 mm, 9.7 mm, or 11.0 mm.

[0078] In various embodiments, the sleeve body 225, the
distal opening 227, and the proximal opening 229 have a
semi-rectangular cross section that is sized and shaped such
that the obturator body 120 can extend completely through
the cannula sleeve 220 without obstruction. Additionally,
insufflation fluid, which passes through the stop-cock valve
247 and the first portion of the cannula housing 210, can pass
through a semi-rectangular gap created between the cannula
sleeve 220 and the obturator body 120 by the slightly larger
size of the internal diameter of the cannula sleeve 220 in
relation to the outer diameter of the obturator body 120. In
some embodiments, at least some of the dimensions of the
sleeve body 225, the distal opening 227, and the proximal
opening 229 are slightly larger than the dimensions of the
obturator body 120 to provide the semi-rectangular gap
between each of the sleeve body 225, the distal opening 227,
and the proximal opening 229 and the obturator body 120.
In certain embodiments, slightly larger is defined as an offset
of at least 0.05, at least 0.20, or about 0.05 mm to about 0.50
mm, for example about 0.15 mm, about 0.20 mm, about 0.25
mm, or about 0.30 mm.

[0079] FIG. 2L shows the semi-rectangular cross section
of each of the sleeve body 225 and the distal opening 227.
The semi-rectangular cross section comprises top faces 272,
273, bottom faces 274, 275, side faces 276, 277, and apexes
278, 279 between the top faces 272, 273 and the bottom
faces 274, 275, respectively. In various embodiments, the
rounded rectangular portion has a horizontal region that is
defined by at least a latitudinal (horizontal) width (W4)
between inner surfaces of the side faces 276, 277. The width
(W4) may be from 15 mm to 25 mm, for example 18.5 mm,
21 mm, or 22.5 mm. In some embodiments, the horizontal
region of the rounded rectangular portion is further defined
by a latitudinal (horizontal) width (W5) between outer
surfaces of the side faces 276, 277. The width (W5) may be
from 13 mm to 27 mm, for example 17.5 mm, 22.8 mm, or
25.0 mm. In some embodiments, the horizontal region of the
rounded rectangular portion is further defined by a longitu-
dinal (vertical) height (H3) between inner surfaces of the top
and bottom surface of the rounded rectangular portion, as
illustrated in FIG. 11. The height (H3) may be from 9.0 mm
to 15.0 mm, for example 10.5 mm, 12.3 mm, or 14.1 mm.

[0080] In various embodiments, the circular portion has a
diameter (H4) defined between the apexes 278, 279. The
diameter (H4) may be from 8.0 mm to 17.0 mm, for example
10.0 mm, 14.9 mm, or 16.5 mm. The longitudinal height
(H3) of the rounded rectangular portion is less than the
diameter (H4) of the circular portion. More specifically, the
top apex 278 is disposed above the horizontal region of the
rounded rectangular portion, and the bottom apex 279 is
disposed below the horizontal region of the rounded rect-
angular portion. Consequently, the circular portion of the
semi-rectangular cross section extends beyond the rounded
rectangular portion in a direction parallel to a plane of the
semi-rectangular cross section. In some instances, a top
region of the circular portion extends beyond the rounded
rectangular portion in a first direction parallel to the plane of
the semi-rectangular cross section and a bottom region of the
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circular portion extends beyond the rounded rectangular
portion in a second direction parallel to the plane of the
semi-rectangular cross section. The second direction may be
opposite from the first direction. For e example, a top region
of the circular portion may extend above the rounded
rectangular portion and a bottom region of the circular
portion may extend below the rounded rectangular portion
(as shown in FIG. 11).

[0081] In various embodiments, the apexes 278, 279 are
part of a first set of curved segments of the semi-rectangular
cross section. The first set of curved segments comprising
the apexes 278, 279 may have a radius of curvature (R4) that
is from 5.1 R to 7.7 R, for example 6.0 R, 6.4 R, or 6.6 R.
In various embodiments, the semi-rectangular cross section
further comprises a second set of curved segments defined
by the convex surface of the four equal circles of radius r
(i.e., the turns from the side faces 276, 277 to the top faces
272, 273 and bottom faces 274, 275). The curved segments
of the second set of curved segments are located between
each of the first top face and the first side face, the first
bottom face and the first side face, the second top face and
the second side face, and the second bottom face and the
second side face. The second set of curved segments may
have a radius of curvature (R5) that is from 2.2 R to 3.4 R,
for example 2.4 R, 2.8 R, or 3.0 R.

[0082] In some embodiments, the top faces 272, 273 and
the bottom faces 274, 275 are segments formed tangentially
to the convex surface of the four equal circles of radius r at
a given point. In certain embodiments, the tangential angle
(A3) between the tangential segments of each of the top
faces 272, 273 and the bottom faces 274, 275 and a hori-
zontal mid line 280 of the semi-rectangular cross section is
an acute angle (i.e., less than 90.0° but greater than 0.0°). In
some embodiments, the acute angle is greater than 1.0°. In
some embodiments, the acute angle is from 13.0° to 19.6°,
for example 16.0° 16.3° or 16.6°. The top faces 273, 272
and the top apex 278 define a top region of the circle portion
of the semi-rectangular cross section. The bottom faces 275,
274 and the bottom apex 279 define a bottom region of the
circle portion of the semi-rectangular cross section. The
radius of curvature (R4) for the first set of curved segments
comprising the apexes 278, 279 defines a radius of curvature
for a top portion and a bottom portion of the circle portion
of the semi-rectangular cross section. The radius of curva-
ture (R5) for the second set of curved segments defined by
the convex surface of the four equal circles of radius r
defines a radius of curvature for the corners of the rounded
rectangular portion. The tangential segments of each of the
top faces 272, 273 and the bottom faces 274, 275 are
configured to join the circular portion with the rounded
rectangular portion while maintaining a smooth outer sur-
face for sealing. The tangential angle (A3) maintains the
neuromodulation system in a horizontal position within the
rounded rectangular portion and maintains the one or more
surgical instruments centered along a longitudinal axis of the
circular portion.

[0083] In various embodiments, the semi-rectangular
cross section of a portion of the obturator body 120, the
sleeve body 225, the distal opening 227, the proximal
opening 229, the distal opening 240, and the proximal
opening 245 allow for the obturator assembly 105 and the
cannula assembly 107/200 to be used in combination to
create a laparoscopic port into a cavity of a body. Moreover,
in accordance with some aspects, the sleeve body 225, the
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distal opening 227, the proximal opening 229, the distal
opening 240, and the proximal opening 245 allow for
delivery of a neuromodulation system into the cavity and
subsequent manipulation, (e.g., visualize, move, modify, or
attach tools to), of the neuromodulation system in order to
implant the pulse generator in the cavity, position the leads,
and attach a neural interface to the target biological struc-
ture, without causing trauma to the surrounding structures or
the target biological structure. For example, it has been
discovered that the use of a semi-rectangular cross section
allows for a neuromodulation system to be passed through
the cannula assembly 107/200 using the rounded rectangular
portion in order to deliver the neuromodulation system into
the cavity and separately allows for surgical instruments
such as laparoscopes, graspers, scissors, staplers, etc. to be
passed through the same cannula assembly 107/200 using
the circular portion to manipulate and implant the neuro-
modulation system within the cavity.

[0084] FIGS. 3A-3C show a neuromodulation delivery
system 300 for delivering a medical device or system for
neuromodulation to the site of the target biological structure
in accordance with various aspects. In some embodiments,
the neuromodulation delivery system 300 includes two
principal components, namely, a neuromodulation system
305 and a trocar or laparoscopic port assembly 310 (e.g., the
trocar or laparoscopic port assembly 100 described with
respect to FIGS. 1A-1K and 2A-2L.) As shown in FIG. 3A,
the neuromodulation system 305 may include an implant-
able neurostimulator 315 and a lead assembly 320. In certain
embodiments, the implantable neurostimulator 315 includes
a housing 325, a feedthrough assembly 330, a power source
335, an antenna 340, and an electronics module 345 (e.g., a
computing system). The housing 325 may be comprised of
materials that are biocompatible such as bioceramics or
bioglasses for radio frequency transparency, or metals such
as titanium. The size and shape of the housing 325 are
selected such that the neurostimulator 315 can be implanted
in a less complex and minimally invasive manner, for
example, through the trocar or laparoscopic port assembly
310 (see, e.g., FIG. 3B). As such, in various embodiments,
the housing 325 has a width of less than 24 mm, for example
from 10 mm to 20 mm, a height of less than 15 mm, for
example from 5 mm to 13 mm, a length of less than 80 mm,
for example from 20 mm to 40 mm, and a cross sectional
area of less than 190 mm?, for example from 75 mm? to 160
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[0085] The feedthrough assembly 330 may be attached to
a hole in a surface of the housing 325 such that the housing
325 is hermetically sealed. The feedthrough assembly 330
may include one or more feedthroughs (i.e., electrically
conductive elements, pins, wires, tabs, pads, etc.) mounted
within and extending through the surface of the housing 325
or a cap from an interior to an exterior of the housing 325.
The power source 335 may be within the housing 325 and
connected (e.g., electrically connected) to the electronics
module 345 to power and operate the components of the
electronics module 345. The antenna 340 may be connected
(e.g., electrically connected) to the electronics module 345
for wireless communication with external devices via, for
example, radiofrequency (RF) telemetry.

[0086] In some embodiments, the electronics module 345
is connected (e.g., electrically connected) to interior ends of
the feedthrough assembly 330 such that the electronics
module 345 is able to apply a signal or electrical current to
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leads of the lead assembly 320 connected to exterior ends of
the feedthrough assembly 330. The electronics module 345
includes discrete and/or integrated electronic circuit com-
ponents that implement analog and/or digital circuits
capable of producing the functions attributed to the neuro-
modulation devices or systems. In certain embodiments, the
electronics module 345 includes software and/or electronic
circuit components such as a pulse generator 350 that
generates a signal to deliver a voltage, current, optical, or
ultrasonic stimulation to a nerve or artery/nerve plexus via
electrodes, a controller 355 that determines, senses or
records electrical activity and physiological responses via
the electrodes and optionally sensors (e.g., a blood pressure
sensor), controls stimulation parameters of the pulse gen-
erator 350 (e.g., control stimulation parameters based on
feedback from the physiological responses) and causes
on-demand delivery of the stimulation via the pulse genera-
tor 350 and electrodes, and a memory 360 with program
instructions operable on by the pulse generator 350 and the
controller 355 to perform one or more processes for deliv-
ering neurostimulation.

[0087] In various embodiments, the lead assembly 320
includes a lead body 365, a lead connector 370, and one or
more electrode assemblies 375. In some embodiments, the
lead connector 370 is bonding material that bonds conductor
material of the lead body 365 to the electronics module 345
of the implantable neurostimulator 315 via the feedthrough
assembly 330. The bonding material may be a conductive
epoxy or a metallic solder or weld such as platinum. In other
embodiments, the lead connector 370 is conductive wire or
tab (e.g., a wire or tab formed of coppert, silver, or gold) that
bonds conductor material of the lead body 365 to the
electronics module 345 of the implantable neurostimulator
315. In alternative embodiments, the implantable neuro-
stimulator 315 and the lead body 365 may be designed to
connect with one another via a lead connector 370 such as
a pin and sleeve connector, snap and lock connector, flexible
printed circuit connectors, or other means known to those of
ordinary skill in the art.

[0088] The lead body 365 may include one or more leads
of conductive material and insulator. The one or more leads
carry electrical conductors that allow electrical coupling of
the electronics module 345 to electrodes 380 of the one or
more electrode assemblies 375 via the lead connector 370.
In some examples the one or more leads are extruded with
a dielectric material such as a polymer having suitable
dielectric, flexibility and biocompatibility characteristics.
Polyurethane, polycarbonate, silicone, polyethylene, fluo-
ropolymer and/or other medical polymers, copolymers and
combinations or blends can be used. In some embodiments,
the conductive material for the one or more leads may serve
as a strengthening member onto which the body of the lead
is extruded. For example, a distal electrode may couple to a
centrally located wire on which the body of lead is extruded.
The conductive material may be any suitable conductor such
as stainless steel, silver, copper or other conductive materi-
als, which may have separate coatings or sheathing for
anticorrosive, insulative and/or protective reasons. The con-
ductive material may take various forms including wires,
drawn filled tubes, helical coiled conductors, microwires,
and/or printed circuits, for example.

[0089] FIG. 3A also shows the trocar or laparoscopic port
assembly 310 may include a cannula housing 385 and a
cannula sleeve 387 extending from the distal end of the
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cannula housing 385, as described with respect to FIGS.
2A-2L. The semi-rectangular cross section of the sleeve
body 390, the distal opening 391 of the sleeve body 390, the
proximal opening 392 of the sleeve body 390, the distal
opening 393 of the cannula housing 385, and the proximal
opening 394 of the cannula housing 385 allow for the trocar
or laparoscopic port assembly 310 to be used to create a
laparoscopic port into a cavity of a body for the neuromodu-
lation system 305 and surgical instruments (see, e.g., FIG.
3B).

[0090] As shown in FIGS. 3C and 3D, the use of the
semi-rectangular cross section allows for the neuromodula-
tion system 305 to be passed through the cannula assembly
310 using the rounded rectangular portion in order to deliver
the neuromodulation system 305 into the cavity, and sepa-
rately allows for a surgical instrument 398 such as a lapa-
roscope, grasper, scissor, stapler, etc. to be passed through
the cannula assembly 310 using the circular portion to
manipulate and implant the neuromodulation system 305
within the cavity. In some embodiments, the dimensions of
the semi-rectangular cross section for the trocar or laparo-
scopic port assembly 310 are specifically configured to
maintain the neuromodulation system 305 in a substantial
horizontal position (“Z”) from the point of insertion at the
proximal opening 394 until delivery to the cavity via distal
opening 391. Additionally, the dimensions of the semi-
rectangular cross section for the trocar or laparoscopic port
assembly 310 are specifically configured to maintain the
instrument 398 substantially centered along a longitudinal
axis (“X”) within the trocar or laparoscopic port assembly
310 during manipulation.

[0091] For example, in order to fit a neuromodulation
system 305 within a housing 325 having a width of about 20
mm, a height of about 10 mm, and a length of about 80 mm,
and separately fit a surgical instrument 398 having a diam-
eter of between about 5 mm and about 10 mm, the rounded
rectangular portion has a latitudinal (horizontal) width
between inner surfaces of the side faces from 20.1 mm to 25
mm and a longitudinal (vertical) height between the top and
bottom surface of the rounded rectangular portion from 10.1
mm to 15.0 mm, as illustrated in FIG. 3C. Moreover, in
order to maintain the neuromodulation system 305 in a
substantial horizontal position and the surgical instrument
398 substantially centered, the radius of curvature (R4) for
first set of curved segments comprising the apexes are from
5.1 R to 7.7 R, the radius of curvature (R3)/(R5) for the
second set of curved segments comprising the side faces to
the top faces and the side faces to the bottom faces is from
2.2 R to 34 R, and the tangential angle (A3) between the
tangential segments of each of the top faces and bottom
faces is an acute angle (i.e., less than 90.0° but greater than
0.0°), for example, greater than 1.0° or from 13.0° to 19.6°.
As shown in FIGS. 3C and 3D, the radius of curvatures (R3),
(R4), and (R5) accommodate the outer profile of the neu-
romodulation system 305 and the instrument 398 while
maintaining an offset of about 0.25 mm such that the
neuromodulation system 305 and the instrument 398 can
pass through the trocar or laparoscopic port assembly 310 in
an unobstructed manner. The tangential angle (A3) accom-
modates the outer profile of the neuromodulation system 305
while preventing the neuromodulation system 305 from
rotating within the trocar or laparoscopic port assembly 310
to a position that is not substantially horizontal. Addition-
ally, the tangential angle (A3) accommodates the outer
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profile of the instrument 398 while preventing the instru-
ment 398 from shifting within the trocar or laparoscopic port
assembly 310 to a position that is not substantially centered
within the trocar or laparoscopic port assembly 310.

[0092] III. Methods for Accessing a Site of a Target
Biological Structure and Delivering a Medical Device or
System for Neuromodulation to the Site of the Target
Biological Structure

[0093] FIGS. 4 and 5 depict simplified flowcharts depict-
ing processing performed accessing a site of a target bio-
logical structure in a patient and delivering a medical device
or system for neuromodulation to the site of the target
biological structure according to various embodiments. As
noted herein, the flowcharts of FIGS. 4 and 5 illustrate the
architecture, functionality, and operation of possible imple-
mentations of systems, methods, and computer program
products according to various embodiments of the present
invention. In this regard, each block in the flowchart or block
diagrams may represent a module, segment, or portion of
code, which comprises one or more executable instructions
for implementing the specified logical functions. It should
also be noted that, in some alternative implementations, the
functions noted in the block may occur out of the order noted
in the figures. For example, two blocks shown in succession
may, in fact, be executed substantially concurrently, or the
blocks may sometimes be executed in the reverse order,
depending upon the functionality involved. It will also be
noted that each block of the block diagrams and/or flowchart
illustration, and combination of blocks in the block diagrams
and/or flowchart illustration, can be implemented manually
by a user such as a surgeon or by special purpose hardware-
based systems that perform the specified functions or acts, or
combinations of special purpose hardware and computer
instructions.

[0094] FIG. 4 depicts a simplified flowchart 400 illustrat-
ing a process used by a user to access a site of a target
biological structure in a patient. In some embodiments, the
site of the target biological structure is accessed using the
trocar or laparoscopic port assembly described with respect
to FIGS. 1A-1K, 2A-2[, and 3A-3D. In step 405, an
obturator assembly (e.g., the obturator assembly 105
described with respect to FIGS. 1A-1K) is inserted within a
cannula assembly (e.g., the cannula assembly 107/200
described with respect to FIGS. 1B and 2A-2L), and
advanced to where the obturator housing is approximated
with the cannula housing such that a tip of the obturator
assembly protrudes from the distal end of the cannula
assembly. In various embodiments, the outer wall of the
obturator housing is appropriately dimensioned to form a
friction fit with annular element of cannula housing or may
be coupled to each other by conventional means including
bayonet coupling, tongue-groove, etc. At step 410, the
obturator tip is applied against tissue such that the arcuate
leading surface of the obturator assembly engages the tissue.
In various embodiments, the arcuate leading surface may be
manipulated to advance within a previously formed incision.
At step 415, the obturator assembly and the cannula assem-
bly are advanced through the tissue (e.g., the body wall),
which dissects the tissue and causes a trocar or laparoscopic
port to be formed through the tissue. In various embodi-
ments, a distally-directed force may be applied to the
obturator assembly to cause the advancement of the obtu-
rator assembly through the tissue in an atraumatic manner.
At step 420, once a portion of the obturator assembly passes
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through the tissue (e.g., the body wall) into a cavity of the
patient (e.g., the abdominal cavity), the obturator assembly
is removed from the cannula assembly, which leaves the
cannula assembly embedded through the tissue to function
as a trocar or laparoscopic port (e.g., a hollow tube) to the
cavity, and implantation/surgery may be performed with
systems and instruments inserted through cannula assembly.

[0095] FIG. 5 depicts a simplified flowchart 500 illustrat-
ing a process used to deliver a medical device or system for
neuromodulation to the site of the target biological structure.
In various embodiments, the method provides access to the
target biological structure, (e.g., the splenic plexus), using
the trocar or laparoscopic port assembly described with
respect to FIGS. 1A-1K, 2A-2L, and 3A-3D. The method
provides an atraumatic technique to access the target bio-
logical structure and attach an electrode assembly on the
target biological structure. In the illustrative embodiments
discussed herein, the methods are discussed in the context of
accessing a plexus, (e.g., the splenic plexus), and attaching
a neuromodulation system to the splenic plexus. However, it
should be understood that the methods may be used in any
laparoscopic procedure without departing from the spirit and
scope of the present invention.

[0096] At step 505, one or more incisions are made in the
skin of a patient to access a target biological structure
underneath the skin. In some embodiments, the one or more
incisions may be made near the abdominal region of a
patient. In certain embodiments, the one or more incisions
may have a diameter in the range from 1 mm to 10 mm, (e.g.,
from 2 mm to 8 mm or from 4 mm to 6 mm). In some
embodiments, the one or more incisions may be enlarged
with a medical tool, (e.g., a scalpel), to accommodate a
trocar or laparoscopic port assembly (e.g., the trocar or
laparoscopic port assembly described with respect to FIGS.
1A-1K, 2A-2L, and 3A-3D) in each of the incisions. At step
510, the obturator tip for a trocar or laparoscopic port
assembly is applied against tissue within an incision such
that the arcuate leading surface of the obturator assembly
engages the tissue. At step 515, the obturator assembly and
the cannula assembly are advanced through the tissue (e.g.,
the body wall), which dissects the tissue and causes a trocar
or laparoscopic port to be formed through the tissue. In
various embodiments, a distally-directed force may be
applied to the obturator assembly to cause the advancement
of the obturator assembly and the cannula assembly through
the tissue in an atraumatic manner. At step 520, once a
portion of the obturator assembly passes through the tissue
(e.g., the body wall) into a cavity of the patient (e.g., the
abdominal cavity), the obturator assembly is removed from
cannula assembly, which leaves the cannula assembly
embedded through the tissue to function as a trocar or
laparoscopic port to the cavity. As should be understood,
multiple trocar or laparoscopic port assemblies may be used
such that each of the one or more incisions has a cannula
assembly inserted within a respective trocar or laparoscopic
port.

[0097] At step 525, a volume or cavity underneath the skin
is insufflated. The insufflation can include introducing a gas
(e.g., CO, gas). In some embodiments, an insufflation device
for delivering a gas is attached to the stop-cock valve of the
cannula assembly and the stop-cock switch is operated to
enlarge the operative field to access the target biological
structure. In some embodiments, when the incision is made
in the abdominal cavity of a patient, a needle is inserted
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through the one or more trocars. The needle may comprise
a sharp needle having a lumen. By insufflating the area
underneath the skin, the pressure from the gas may retract
the anterior abdominal wall exposing the operative field to
the target biological structure.

[0098] At step 530, one or more surgical instruments are
placed through the cannula assembly for creating a pathway
to the target biological structure. In some embodiments,
after insufflation, the one or more surgical instruments such
as laparoscopic tools may be used for manual dissection of
biological structures to create a pathway to the target bio-
logical structure. For example, graspers can be inserted
through one or more of cannula assemblies to move or
dissect biological structures along natural tissue planes to
provide a pathway to access the target biological structure.
In other embodiments, graspers, dissectors, scissors, retrac-
tors, etc., are placed through the one or more of cannula
assemblies for manipulations of the operative field or target
biological structure by the user, (e.g., a surgeon). Once the
pathway 1is created, the one or more surgical instruments
may be removed from the cannula assembly. As described
herein, the use of the semi-rectangular cross section allows
for the one or more surgical instruments to be passed
through the cannula assembly using the circular portion and
manipulated to create the pathway to the target biological
structure.

[0099] Optionally at step 535, a guidewire is inserted
through the cannula assembly to a position of the target
biological structure. In various embodiments, the guidewire
is inserted through the cannula assembly to provide a track
for the neuromodulation system and surgical instruments to
access the target biological structure. For example, the
guidewire may be inserted through the cannula assembly
towards the exterior surface of the target biological struc-
ture. In some embodiments, after manual dissection with the
laparoscopic tools, the guidewire is threaded through the
pathway created by the dissection.

[0100] At step 540, a neuromodulation system is delivered
through the cannula assembly into the cavity and the site of
the target biological structure. In various embodiments, after
the pathway is created to the target biological structure (and
optionally the guidewire is inserted), the implantable neu-
rostimulator and the lead assembly are fed through the
cannula assembly into the cavity. In some embodiments, the
implantable neurostimulator is introduced over the guide-
wire and guided through the cannula assembly and delivered
into the cavity. Additionally or alternatively, the lead assem-
bly may be introduced over the guidewire and guided
through the cannula assembly into the cavity and delivered
to the site of the target biological structure. The implantable
neurostimulator and the lead assembly may be delivered
through the cannula assembly at the same time or separate
from one another depending on the circumstances and type
of neuromodulation system being used for therapy. For
example, in an instance where the lead assembly is remov-
able from the implantable neurostimulator, the implantable
neurostimulator may be delivered and implanted in the
cavity, and subsequently the lead assembly may be deliv-
ered, attached to the target biological structure and electri-
cally connected to the implantable neurostimulator.

[0101] At step 545, one or more surgical instruments are
placed through the cannula assembly for implanting the
implantable neurostimulator in the cavity and attaching the
lead assembly to the target biological structure. In some
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embodiments, after being delivered through the cannula
assembly, one or more surgical instruments such as laparo-
scopic tools may be used for manual manipulation of the
implantable neurostimulator and tissue within the cavity to
implant the implantable neurostimulator within the cavity.
For example, graspers can be inserted through one or more
of cannula assemblies to move the implantable neurostimu-
lator and a stapler or suturing device may be used to attach
the implantable neurostimulator to a wall of the cavity. In
some embodiments, graspers, dissectors, scissors, retractors,
etc., are also placed through the one or more of cannula
assemblies for manipulations of the operative field, tissue, or
target biological structure by the user, (e.g., a surgeon). As
described herein, the use of the semi-rectangular cross
section allows for the one or more surgical instruments to be
passed through the cannula assembly using the circular
portion and manipulated to implant the implantable neuro-
stimulator.

[0102] In some embodiments, after being delivered
through the cannula assembly, one or more surgical instru-
ments such as laparoscopic tools may be used for manual
manipulation of the lead assembly and the target biological
structure to attach the lead assembly to the target biological
structure. For example, graspers can be inserted through one
or more of cannula assemblies to move the lead assembly
and a deployment device may be used to attach an electrode
structure to the target biological structure. In some embodi-
ments, graspers, dissectors, scissors, retractors, etc., are also
placed through the one or more of cannula assemblies for
manipulations of the operative field, tissue, or target bio-
logical structure by the user, (e.g., a surgeon). As described
herein, the use of the semi-rectangular cross section allows
for the one or more surgical instruments to be passed
through the cannula assembly using the circular portion and
manipulated to attach the electrode structure to the target
biological structure.

[0103] In various embodiments, one or more surgical
instruments such as laparoscopic tools may be used to
deliver and implant/attach the implantable neurostimulator
and/or the lead assembly. For example, an electrode deploy-
ment tool may be used to deliver the electrodes of the lead
assembly to the target biological structure. The electrode
deployment tool may include an interior volume and an
electrode structure (e.g., an electrode cufl) positioned within
the interior volume. The electrode structure in the electrode
deployment tool may be deployed such that electrode struc-
ture moves from within the interior volume to an extended
position near the target biological structure. As described
herein, the use of the semi-rectangular cross section allows
for the implantable neurostimulator and/or the lead assembly
to be passed through the cannula assembly using the
rounded rectangular portion and for one or more surgical
instruments to be passed through the cannula assembly using
the circular portion.

[0104] At step 550, each of the cannula assemblies and
one or more surgical instruments (and optionally the guide-
wire) used in the process are removed from the surgical site.
Specifically, the surgical instruments such as laparoscopic
tools and guidewire are each removed via one of the cannula
assemblies, and the cannula assemblies are then removed
from the trocar or laparoscopic ports to the cavity. In some
embodiments, the trocar or laparoscopic ports are closed
using sutures, staples, or similar closing devices. The
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implantable neurostimulator remains implanted within the
cavity and the lead assembly remains attached to the target
biological structure.

[0105] While the invention has been described in detail,
modifications within the spirit and scope of the invention
will be readily apparent to the skilled artisan. It should be
understood that aspects of the invention and portions of
various embodiments and various features recited above
and/or in the appended claims may be combined or inter-
changed either in whole or in part. In the foregoing descrip-
tions of the various embodiments, those embodiments which
refer to another embodiment may be appropriately combined
with other embodiments as will be appreciated by the skilled
artisan. Furthermore, the skilled artisan will appreciate that
the foregoing description is by way of example only, and is
not intended to limit the invention.

What is claimed is:

1. A cannula assembly comprising:

a cannula housing comprising a first opening at a proxi-
mal end; and

a cannula sleeve comprising a sleeve body extending from
a distal end of the cannula housing, the sleeve body
comprising a distal end having a second opening, a
proximal end connected to the cannula housing, and a
semi-rectangular cross section extending from the
proximal end of the sleeve body to the distal end of the
sleeve body,

wherein the semi-rectangular cross section comprises: (i)
a rounded rectangular portion, and (ii) a circular por-
tion, and

wherein the circular portion extends beyond the rounded
rectangular portion in a direction parallel to a plane of
the semi-rectangular cross section.

2. The cannula assembly of claim 1, wherein:

a top region of the circular portion extends beyond the
rounded rectangular portion in a first direction parallel
to the plane of the semi-rectangular cross section and a
bottom region of the circular portion extends beyond
the rounded rectangular portion in a second direction
parallel to the plane of the semi-rectangular cross
section; and

the second direction is opposite from the first direction.

3. The cannula assembly of claim 2, wherein:

the top region of the circle portion is defined by at least
a first top face and a second top face meeting at a top
apex;

the bottom region of the circle portion is defined by at
least a first bottom face and a second bottom face
meeting at a bottom apex;

a horizontal region of the rounded rectangular portion is
defined by at least a latitudinal width between inner
surfaces of a first side face and a second side face;

the top apex is disposed above the horizontal region; and

the bottom apex is disposed below the horizontal region.

4. The cannula assembly of claim 3, wherein a tangential
angle between tangential segments of each of the first top
face, the second top face, the first bottom face, and the
second bottom face, and a horizontal mid line of the semi-
rectangular cross section is an acute angle.

5. The cannula assembly of claim 1, wherein a horizontal
region of the rounded rectangular portion is defined by at
least a longitudinal height that is less than a diameter of the
circular portion .
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6. The cannula assembly of claim 1, wherein the semi-
rectangular cross section further comprises a curved seg-
ment between each of the first top face and the first side face,
the first bottom face and the first side face, the second top
face and the second side face, and the second bottom face
and the second side face.

7. The cannula assembly of claim 1, wherein the distal end
of the cannula housing has a third opening, and the cannula
housing further comprises a seal located in an interior region
between the first opening and the third opening.

8. The cannula assembly of claim 7, wherein the first
opening and the third opening have a semi-rectangular cross
section that is different from the semi-rectangular cross
section of the sleeve body.

9. The cannula assembly of claim 8, wherein the semi-
rectangular cross section of the first opening and the third
opening comprises: a top arced face having a top apex, a
bottom arced face having a bottom apex, a first side face
joining the top arced face to the bottom arced face, and a
second side face joining the top arced face to the bottom
arced face.

10. A trocar assembly comprising:

an obturator assembly comprising:

an obturator housing;

an obturator tip; and

an obturator body extending from a distal end of the
obturator housing to the obturator tip, the obturator
body comprising a first semi-rectangular cross sec-
tion extending from the obturator housing to the
obturator tip; and

a cannula assembly comprising:

a cannula housing; and

a cannula sleeve comprising a sleeve body extending
from a distal end of the cannula housing, the sleeve
body comprising a second semi-rectangular cross
section that is offset from the first semi-rectangular
cross section to accommodate insertion of the obtu-
rator body within the cannula sleeve,

wherein the second semi-rectangular cross section com-

prises: (i) a rounded rectangular portion, and (ii) a
circular portion, and

wherein the circular portion extends beyond the rounded

rectangular portion in a direction parallel to a plane of
the second semi-rectangular cross section.

11. The trocar assembly of claim 10, wherein the first
semi-rectangular cross section comprises: a first top face and
a second top face meeting at a top apex, a first bottom face
and a second bottom face meeting at a bottom apex, a first
side face joining the first top face to the first bottom face, and
a second side face joining the second top face to the second
bottom face.

12. The trocar assembly of claim 10, wherein a top region
of the circular portion extends beyond the rounded rectan-
gular portion in a first direction parallel to the plane of the
second semi-rectangular cross section, a bottom region of
the circular portion extends beyond the rounded rectangular
portion in a second direction parallel to the plane of the
second semi-rectangular cross section, and the second direc-
tion is opposite from the first direction.

13. The trocar assembly of claim 12, wherein the top
region of the circle portion is defined by at least a first top
face and a second top face meeting at a top apex, the bottom
region of the circle portion is defined by at least a first
bottom face and a second bottom face meeting at a bottom
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apex, a horizontal region of the rounded rectangular portion
is defined by at least a latitudinal width between inner
surfaces of a first side face and a second side face, the top
apex is disposed above the horizontal region, and the bottom
apex is disposed below the horizontal region.
14. The trocar assembly of claim 13, wherein the sleeve
body comprises a distal end having a first opening, a
proximal end connected to an interior region of the cannula
housing, and the first opening has the second semi-rectan-
gular cross section.
15. The trocar assembly of claim 14, wherein the cannula
housing comprises: a distal end having a second opening, a
proximal end having a third opening, and a seal located in
the interior region between the second opening and the third
opening.
16. The trocar assembly of claim 15, wherein the second
opening and the third opening have a third semi-rectangular
cross section.
17. The trocar assembly of claim 16, wherein the third
semi-rectangular cross section of the second opening and the
third opening comprises: a top arced face having a top apex,
a bottom arced face having a bottom apex, a first side face
joining the top arced face to the bottom arced face, and a
second side face joining the top arced face to the bottom
arced face,.
18. A method to deliver a neuromodulation system to a
site of a target biological structure, the method comprising:
inserting an obturator assembly within a cannula assem-
bly. and advancing the obturator assembly to where an
obturator housing of the obturator assembly is approxi-
mated with a cannula housing of the cannula assembly
such that an obturator tip of the obturator assembly
protrudes from a distal end of the cannula assembly;

applying the obturator tip against tissue such that an
arcuate leading surface of the obturator assembly
engages the tissue;
advancing the obturator assembly and the cannula assem-
bly through the tissue until a portion of the obturator
assembly passes through the tissue into a cavity;

removing the obturator assembly from the cannula assem-
bly:

feeding the neuromodulation system through the cannula

assembly to deliver the neuromodulation system to the
cavity;

inserting one or more surgical instruments into the can-

nula assembly; and

manipulating the one or more surgical instruments to

attach a lead assembly of the neuromodulation system
to the target biological structure,

wherein the cannula assembly comprises a cannula sleeve

comprising a first semi-rectangular cross section hav-
ing: (i) a rounded rectangular portion configured to
accommodate feeding the neuromodulation system
through the cannula assembly, and (ii) a circular portion
configured to accommodate insertion of the one or
more surgical instruments through the cannula assem-
bly.

19. The method of claim 18, wherein the obturator assem-
bly comprises an obturator body comprising a second semi-
rectangular cross section, wherein the first semi-rectangular
cross section has dimensions offset from dimensions of the
second semi-rectangular cross section to accommodate
insertion of the obturator assembly within the cannula
assembly.
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20. The method of claim 18, wherein a top region of the
circular portion extends beyond the rounded rectangular
portion in a first direction parallel to a plane of the first
semi-rectangular cross section, a bottom region of the cir-
cular portion extends beyond the rounded rectangular por-
tion in a second direction parallel to the plane of the first
semi-rectangular cross section, and the second direction is
opposite from the first direction.
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