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(7 ABSTRACT

Provided herein is a port apparatus and method for inserting
a tube device, in particular peritoneal dialysis catheters, into
an organism. Access to the peritoneal cavity for dialysis is
established by creating a controlled cutaneoperitoneal fistula
with a catheter device that bridges the abdominal wall. The
apparatus is designed to minimize the occurrence of
mechanical complications associated with traditional cath-
eter implantation techniques, such as catheter obstruction
from the omentum, catheter displacement to a position of
poor drainage function, leaks and hernias. The device is
capable of performing its functions in a simple, safe, accu-
rate, reproducible, and expeditious fashion. In particular
embodiments, a serial gas-check assembly is provided that
maintains pneumatic competence and prevent the backflow/
leakage of insufflation gas or fluids.
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TUNNEL PORT APPARATUS WITH SERIAL
GAS-CHECK ASSEMBLY

RELATED APPLICATIONS

[0001] This application is a continuation-in-part of, and
claims priority to, U.S. patent application Ser. No. 10/342,
728, filed Jan. 14, 2003 and entitled “Tunnel Port Appara-
tus”, the disclosure of which is herein incorporated in its
entirety.

FIELD OF THE INVENTION

[0002] The present invention relates generally to appara-
tus and methods for surgical placement of a tube apparatus
into the body of an organism. More particularly, it relates to
apparatus and associated methods for surgical procedures,
such as inserting peritoneal dialysis catheters into the peri-
toneal cavity, for example.

BACKGROUND OF THE INVENTION

[0003] Peritoneal dialysis as a modality of renal replace-
ment therapy for end-stage renal disease depends upon
functional long-term access to the peritoneal cavity. Access
is established by creating a controlled cutaneoperitoneal
fistula with a catheter device that bridges the abdominal
wall. After infectious complications, mechanical problems
are the most common difficulties that threaten the function-
ality of the catheter. Mechanical problems include flow
obstruction from blockage of the catheter tip by omentum,
displacement of the intraperitoneal catheter segment to a
position of poor drainage function, pericannular leakage of
dialysate fluid through the abdominal wall, and hernia
formation produced by abdominal wall weakening at the
catheter insertion site.

[0004] Flow dysfunction produced by catheter obstruction
or displacement generally follows 7-31% of catheter implan-
tation procedures. Pericannular leaks and hernias complicate
5-27% of catheter insertions. The consequences of mechani-
cal complications include additional operative procedures to
remedy the problem, replacement of the catheter, or loss of
the option of peritoneal dialysis as renal replacement therapy
with permanent transfer to hemodialysis.

[0005] Shifting the catheter insertion site away from the
abdominal midline to lateral placement through the body of
the rectus muscle has reduced the incidence of pericannular
leaks and hernias. Improved results for lateral placement are
related to the physical characteristics of the abdominal wall
in that lateral location: (i) two thick fascial layers, (if) the
thick body of the rectus muscle, and (iii) propensity for
strong tissue ingrowth of anchoring polyester catheter cuffs
from the rich muscle blood supply. Although generally
improved with lateral placement, the incidence of perican-
nular leaks continues to range from 0-18%.

[0006] Varying degrees of oblique passage of the dialysis
catheter through the abdominal wall in a craniocaudad
direction have been recommended to maintain pelvic orien-
tation of the catheter thereby reducing the risk of omental
entrapment and catheter tip migration. Shorter abdominal
wall tunneling was associated with a 9-11% incidence of
catheter flow dysfunction while longer tunnels had an inci-
dence rate of 0-3%. My own data revealed a 12.8% inci-
dence of flow obstruction utilizing approximately a 45°
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oblique passage through the abdominal wall compared to
0.7% incidence associated with a 4-6 cm tunnel through the
rectus muscle sheath (Crabtree, unpublished data).

[0007] The use of laparoscopically directed percutaneous
methods of catheter insertion compared to the more invasive
implantation by an open laparotomy incision is generally
reported to reduce the incidence of flow dysfunction and
pericannular leaks although, exceptions to these findings
exist. Using visual guidance, the laparoscopic approach
provides more precise intraperitoneal placement of the cath-
eter and less tissue disruption from the standpoint that it
constitutes a percutaneous puncture technique (see, for
example, “A Laparoscopic Approach Under Local Anesthe-
sia for Peritoneal Dialysis Access”, Crabtree, J. H. and
Fishman, A., in Peritoneal Dialysis International, vol. 20
pp.757-765, incorporated herein by reference in its entirety).

[0008] Despite the general improvements associated with
lateral placement, oblique abdominal wall tunneling, and
laparoscopically directed percutaneous insertion, the out-
comes remain extremely variable. The wide range of
reported outcomes stems from a lack of uniformity in
implantation tools and methodology. Devices generally used
to perform percutaneous insertion and muscular tunneling
are borrowed laparoscopic port cannulas that are oversized,
possess dangerous trocar blades, and often require consid-
erable modification that departs from the manner of intended
use. The variety of available port devices leaves too much
variability in application and thus reduces reproducibility
and impedes establishing standard methodology for perito-
neal dialysis catheter implantation. Abdominal wall tunnel-
ing by open dissection is not practical due to the consider-
able disruption of tissues required to create a passage of
sufficient length. The identified problems with existing tools
and methods include excessive tissue dissection that may
result from open dissection, which increase the risk for
pericannular leaks and hernias and limits the length of an
abdominal wall tunnel. Additionally, there is an increase in
the risk of hemorrhage, leaks, and hernias associated with
utilizing trocar-tipped laparoscopic ports with cutting blades
and/or oversized laparoscopic ports. Furthermore, laparo-
scopic ports utilizing an overlying plastic sleeve for radial
expansion limit the length of the abdominal wall tunnel. The
unsupported plastic sleeve tends to kink in the tissue tract
when a guideneedle is removed and prevents safe insertion
of a port cannula.

[0009] Valve assemblics found in most commercially
available laparoscopic port devices and other cannula sys-
tems utilized in medicine require a valve assembly which
comprises an apertured diaphragm in sequence with a non-
return flap valve. Elastic properties of the apertured dia-
phragm create a tight fit around a component, such as a
catheter, that is being advanced through the valve assembly,
and the apertured diaphragm attempts to prevent backflow of
an insulation gas, for example, through the valve assembly
as the component passes through and opens the non-return
flap valve. Ordinarily, components that are advanced
through such valve assemblies are cylindrical in shape and
nonporous and the aperture in the apertured diaphragm is
round. The diameter of the aperture is constructed keeping
in mind components, such as polyester catheter cuffs, for
example, that are intended to pass through the valve assem-
bly.
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[0010] Physical irregularitics of components, or portions
thereof, being advanced through the valve mechanism may
defeat valve competence. Exemplary irregularities that can
defeat competence of the valve system include, but are not
limited to, non-cylindrical shapes and porous materials, such
as catheter cuffs. If the irregularity of a component surface
exceeds the elastic capabilities of the apertured diaphragm to
conform to that surface and maintain a seal, backflow of
insulation gases will occur, leading to a collapse/deflation of
apreviously gas-expanded space, such as a peritoneal cavity,
for instance.

[0011] Presently, approximately 12% of the end-stage
renal disease population are on peritoneal dialysis. It is
projected that this percentage will increase to 20-30% if
proper utilization of cannula insertion and placement is
practiced.

[0012] Clearly, there is a need for a dedicated apparatus
specifically designed to provide improved and safe access to
internal area/cavities/lumens, etc. of an organism, particu-
larly the peritoneal cavity for implantation of peritoneal
dialysis catheters. In particular applications, the apparatus
should allow creation of a long oblique tunnel through the
muscular abdominal wall without causing significant tissue
disruption or risk of hemorrhage. For laparoscopic use, the
apparatus should be capable of preserving pneumatic com-
petence of a pneumoperitoneum created by gas insufflation.
Desirable physical characteristics of an apparatus for creat-
ing access through an abdominal wall, include having mini-
mal dimensions so as to provide passage of a catheter, for
example. When utilized for access to the peritoneal cavity,
the apparatus should have pneumatic competence for com-
patibility with laparoscopic techniques. Provided herein is
an apparatus and associated methods of use capable of
performing intended functions in a simple, accurate, repro-
ducible, and expeditious fashion.

SUMMARY OF THE INVENTION

[0013] In particular embodiments, the apparatus of the
present invention comprises a guideneedle and a port can-
nula overlying the guideneedle. The guideneedle can be an
assembly that comprises a needle, such as a hollow core
guideneedle having a solid core obturator needle therein.
The apparatus also includes an obturator rod located within
the port cannula (depending upon the pre- or post-operative
state of the apparatus) and overlies the guidencedle. Com-
ponents are held together by a support frame that has an
elongated member portion having proximal and distal ends
and having support members for supporting said guide-
needle and port cannula. The support frame can also have a
track along at least a portion of the elongated member
portion.

[0014] Insome embodiments, the guideneedle assembly is
joined to the support frame at the proximal end of the
support frame. Additionally, the port cannula also further
comprises a valve apparatus. The obturator rod, located
within the port cannula, can have a cap at its proximal end
and may be further comprised of at least one extension
member. The at least one extension member is utilized as a
guide that follows the track in the support frame along at
least a portion of the elongated member portion.

[0015] In some embodiments of the apparatus there is an
extension member that is a push tab or onto which a push tab
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may be positioned. In particular embodiments, the support
frame also includes at least one disconnect site along its
elongated member portion. The apparatus may also have a
locking mechanism along its elongated member portion of
the support frame.

[0016] The teachings of the present invention also provide
for a surgical method for obtaining access to an internal
space of a subject that comprises preparing a subject for
surgery and providing a tunnel port apparatus that is com-
prised of a support frame having separable proximal and
distal portions and a disconnect site. An operator utilizes the
support frame as a handle for handling the tunnel port
apparatus. An operator includes personnel utilizing the
device manually and/or as well as robotically, if the appa-
ratus is so adapted for use with a machine or device that
operales automatically or by remote control. An exemplary
surgical method entails inserting a guideneedle through an
incision and advancing a port cannula and obturator rod over
the guidencedle (and/or portions of the guidencedle, such a
hollow core guideneedle, for example) and into the desired
internal space. Once advanced, and if so provided, a locking
mechanism provides for the locking of the port cannula into
the advanced position. The operator then disconnects the
proximal portion of the support frame from the distal portion
of the frame and withdraws the hollow core guideneedle and
obturator rod from within the port cannula. This leaves the
port cannula, with the distal portion of the support frame,
behind and thus provides access to the desired internal
space.

[0017] The insertion described above is typically per-
formed at a skin incision. Additionally, this method prefer-
ably utilizes a laparoscope, introduced through a laparo-
scopic port that is typically located at a desired and
appropriate distance from the insertion site of the guide-
needle, such that an operator may monitor the insertion and
manipulation of the guideneedle from a perspective within
and/or adjacent to the internal space to which access is
desired. The teachings of the present invention are particu-
larly applicable when the internal space is a peritoneal space.
In such a case, the insertion site of the guideneedle provides
for insertion through the anterior rectus muscle and sheath
followed by angling of the guideneedle towards the pelvis,
forming a tunnel through the sheath.

[0018] After introducing and providing the port cannula
into peritoneal space, the operator may then introduce a
catheter to the internal space via the port cannula. The
methods are also applicable to gastrointestinal space and for
the introduction of various shunts, for example. The teach-
ings of the present invention are also applicable when the
internal space is at least one of a hollow viscus, abscess and
lymphocele.

[0019] In additional exemplary embodiments, a tunnel
port apparatus is herein provided that comprises a support
frame including an elongated member portion having a
proximal support member and an apertured distal support
member extending from the elongated member portion. The
elongated member portion includes a track and a guide-
needle assembly attached to the proximal support member.
A port cannula is provided over said guideneedle assembly
and is supported by said apertured distal support member.
While the exemplary distal support member described
herein provides support through an apertured portion, which
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may have provided bushings therein for the accommodation
of port cannulas/obturator rods of desired diameters, it is
further contemplated that support may be provided by a
U-shaped support, for example, as well as other supporting
configurations. One exemplary configuration comprises a
T-bolt configured stud on the distal support member that fits
into a track of the port cannula. The track can comprise a slot
in the wall of the cannula that extends along at least a portion
of the tube and into which the T-bolt fits and provides
guidance for the port cannula as it is advanced.

[0020] Insertion steps of the port cannula may be consid-
ered to have various elements. The physical shape of the
resulting tissue tract and the physical force that is utilized by
an operator to advance the port cannula through tissue are
two of these elements. Conventional port devices establish
simple, straight passages through abdominal walls, for
example, and in this case the operator is primarily concerned
with the force required to advance the port through tissues.
This process becomes more complex when it is necessary to
simultaneously control both the shape of the tissue tract
being formed as well as the force that is used to create the
tract. Control of one element is generally maintained at the
expense of the other. However, the apparatus of the present
invention and its associated method of use provides for the
consideration of these as separate steps during cannula port
placement, thereby providing greater control, safely and
accuracy during the insertion process and formation of a
tunnel through tissue. Utilizing the guideneedle assembly in
the initial steps permits the operator to concentrate on the
position, direction and length of the tissue tract (tunnel). The
configuration of the guidencedle assembly provides for
improved and relatively facile maneuverability with negli-
gible force due to the small cross section of a hollow core
needle (which minimizes force needed to advance through
tissue) that is utilized in this initial insertion step. Once
positioned through the tissue, the operator can concentrate
on applying force required to advance the port cannula over
the guideneedle assembly while maintaining the position
first provided by the guideneedle.

[0021] In still other embodiments, tunnel port apparatus of
the present invention is comprised of one or more apertured
diaphragms that preserve pneumatic competence of a serial
gas-check assembly. Distance between apertured dia-
phragms, can be designed to exceed the length of a surface
irregularity of a component that is being advanced through
the serial gas-check assembly, such that when a portion of
the surface irregularity deforms a seal provided by any
portion or component of the serial gas-check assembly, other
serial gas-check assembly components are provided that will
maintain pneumatic competence and check/stop the leakage/
backflow of a fluid or gas, such as an insufflating gas. As the
surface irregularity of the component passes through one of
the apertured diaphragms, one or more apertured dia-
phragms proximal or distal to this point preserves compe-
tence of the serial gas-check assembly by maintaining a snug
fit around another portion/portions of the component being
advanced therethrough.

[0022] The foregoing and other objects, features and
advantages of the present invention will be apparent to those
of skill in the art from the following detailed description
which makes reference to several drawing figures which are
exemplary and not drawn to actual scale/proportionality.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 is an exemplary figure of a tunnel port
apparatus according to the teachings of the present inven-
tion, in a procedure-ready state;

[0024] FIG. 2 is a cross-sectional side view along line 2-2
of the apparatus of FIG. 1;

[0025] FIG. 3 is another cross-sectional side view along
line 2-2 of components of FIG. 1 and depicts exemplary
component parts of a port cannula consisting of a pneumati-
cally competent valve apparatus and hollow port tube;

[0026] FIG. 4 is still another cross-sectional side view
along line 2-2 depicting exemplary component parts of
cannula obturator rod,

[0027] FIG. 5 is another cross-sectional side view along
line 2-2 illustrating general features of an exemplary support
frame according to the teachings of the present invention;

[0028] FIG. 6 is a schematic partial cross-sectional view
illustrating a spring mechanism portion of a suitable exem-
plary guideneedle assembly;

[0029] FIGS. 7A-F depict exemplary method steps utiliz-
ing an exemplary tunnel port apparatus, according to the
teachings of the present invention;

[0030] FIG. 8 is a drawing depicting an exemplary tunnel
port apparatus in a separated post-procedural state;

[0031] FIG. 9 is a schematic cross-section depicting an
exemplary locking device;

[0032] FIG. 10 is a side cross-sectional view of a portion
of the apparatus in a pre-advanced position,

[0033] FIG. 11 is a side cross-sectional view of a portion
of the apparatus having the port cannula and obturator rod in
the advanced, locked position;

[0034] FIG. 12 is a perspective view of an exemplary
disconnected support frame;

[0035] FIG. 13 is a cross-sectional view of FIG. 12 along
line 13-13 depicting exemplary locking mechanisms for
locking/separating portions of support frame; and

[0036] FIG. 14 is a top view of an exemplary locking and
release mechanism at a disconnect site, in accordance with
the teachings of the present invention;

[0037] FIG. 15 is a side view of an exemplary mechanism
for locking the rim of the valve apparatus to the face of an
apertured portion;

[0038] FIG. 16 is cross-sectional side view along line 2-2
of another embodiment of the invention, illustrating exem-
plary serial gas-check assembly components and an exem-
plary surface irregularity of an exemplary component pass-
ing therethrough;

[0039] FIG. 17 depicts an exemplary surface irregularity
of an exemplary component between two apertured mem-
branes; and

[0040] FIG. 18 depicts an exemplary surface irregularity
of an exemplary component being passed through a second
apertured membrane of the serial gas-check assembly.
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DETAILED DESCRIPTION OF THE
INVENTION

[0041] Now turning to FIG. 1, an exemplary tunnel port
apparatus is depicted being held by an operator in an
exemplary grip. Components of the apparatus comprise a
guidencedle assembly 10 (not shown, see FIGS. 2 and 6)
with overlying port cannula 12 in conjunction with a support
frame 40. Support frame in this embodiment has a proximal
frame portion 86 and a distal frame portion 84, which has an
apertured portion 5 that supports the hollow tube 20 of port
cannula 12. The guideneedle assembly 10 and port cannula
12 are designated to have a proximal end (P) that is oriented
toward the operator of the apparatus and a distal end (D) that
is oriented toward a subject, such as an animal, including
humans.

[0042] The port cannula 12 comprises a proximal valve
apparatus 18 and a distal hollow tube 20 (FIGS. 2 and 3).
The valve apparatus 18 comprises a channel passage 17
inline with the axis of the lumen 21 of the distal hollow tube
20. The valve apparatus 18 comprises a perforated elastic
membrane 24 (apertured diaphragm, for example) placed
proximal in sequence to a valve 26, such as an elastic
non-return flap valve, such as an exemplary duckbill valve
or other valves, as known in the surgical/medical device arts.
The valve mechanism (apertured diaphragm in sequence
with a duckbill non-return flap valve) in the port cannula 12
is found in most commercially available laparoscopic port
devices and other cannula systems used in medicine that
require a seal assembly. Perforation 25 in the perforated
elastic membrane 24 is the smallest aperture possible that
permits passage of desired items, such as obturator rod 30
and dialysis catheter 78 (and associated components/surface
irregularities, such as cuffs) or any other appropriately sized
catheters (such as, but not limited to, shunts, drains and
infusion tubes). The elastic properties of elastic membrane
24 are such that maintenance of a snug airtight seal around
the components of the obturator rod 30 and catheter 78 as
they traverse the perforated elastic membrane 24, is
attempted, although in this embodiment, some backflow of
insufflation gas results when surface irregularities of a
component being passed therethrough, such as cuffs 80 of a
catheter 78. In particular embodiments, a serial gas check
assembly is provided that maintains pneumatic competence
even when surface irregularities of a component deform a
seal or seals provided by the serial gas check assembly.
Valve 26, here depicted as a duckbill flap valve, contains
sufficient elastic properties to allow it to resume its shape
after deformation from the passage of the port cannula
obturator 30 and dialysis catheter 78. The bivalve leaflets of
the duckbill flap valve coapt to form an airtight seal when
the pressure distal to the valve exceeds that proximal to it.
The distal hollow tube 20 of the port cannula 12 is the
smallest diameter that allows passage of the components of
the peritoneal dialysis catheter 78. The hollow tube 20 is
provided with sufficient length, for example, so as to traverse
an abdominal wall through a long oblique tunnel to reach a
peritoneal cavity.

[0043] Port cannula 12 contains an obturator rod 30 that
passes through its hollow long axis (FIGS. 2 and 4). The
obturator rod 30 extends beyond the length of the port
cannula 12 at its proximal end to comprise a cap 32 over the
proximal end of the port cannula 12. Also and within cap 32,
is an obturator cap flange 34, which serves to stabilize and
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center steel tube/rod 60. Extension bars 36 and 37 arise from
cap 32 and are substantially perpendicular to the long axis of
the obturator rod 30. Attached to extension bar 37 is a
push-tab 28 suitable for grasping by an operator for advanc-
ing the obturator rod 30 along the length of at least a portion
of guideneedle assembly 10. In this embodiment, extension
bar 36 serves as a rudder device that extends into at least one
track 44, which may be recessed, of a support frame 40 and
serves to stabilize the apparatus by directing forces exerted
on push-tab 28 to the long axis of the apparatus.

[0044] Obturator rod 30 extends beyond the length of port
cannula 12 at its distal end (FIGS. 1 and 2). The segment
of obturator rod 19 that extends beyond the length of port
cannula 12 is conically tapered (FIG. 4). The proximal
diameter 31 of the taper at the distal end of port cannula
obturator 30 approximates the internal diameter of port
cannula 12. The diameter of the taper at its distal end 33
approximates the outside diameter of a component of guide-
needle assembly 10, such as hollow core guideneedle 50.
The angle of the taper provides sufficient length of its
conical shape to create a gradual transition from the outside
diameter of the hollow core guideneedle 50 to approxi-
mately the outside diameter of the port cannula 12. A tapered
obturator rod 30, when advanced through tissue, creates a
tissue tract by radial expansion. In contrast, standard trocar
devices use cutting blades to penetrate tissue, such as an
abdominal wall, for example. The defects caused by the
radially expanding devices are about 50% smaller and the
risk of hemorrhage is negligible compared to standard trocar
blades.

[0045] The guideneedle assembly 10 may be permanently
attached to the support frame 40 at its proximal end via steel
tube/rod 60 that fits within a support 46 located at a rear
portion 48 of the support frame (FIGS. 5 and 6). Steel
tube/rod 60 is in communication with a chamber plug 62 at
its opposite end. The total length of the guideneedle assem-
bly 10 is the sum of the overlying length of the port cannula
12 with associated obturator rod 30 and a distal exposed
length sufficient to traverse the abdominal wall through a
long oblique tunnel to reach the peritoneal cavity. The distal
end of a hollow core guideneedle 50 is provided with a sharp
bevel tip 51, similar to a hypodermic needle, and is capable
of penetrating tissues. Within the hollow core guideneedle
50 is a spring loaded solid core obturator needle 52 with a
blunt rounded tip that extends beyond sharp bevel tip 51 and
is sufficient to prevent its sharp tip from being exposed in a
resting, unstressed state. Pressure on the tip of the solid core
obturator needle 52 causes it to recede into the hollow core
guideneedle 50 and against a spring coil 54, via rod cap 56
in spring coil chamber 58, that in turn is compressed into a
stressed state. Recession of the solid core obturator needle
52 causes the sharp bevel tip 51 of the hollow core guide-
needle 50 to become exposed. Release of pressure on the
solid core obturator needle 52 tip allows the stress-loaded
spring to protract the solid core obturator needle 52 to its
former unstressed location thereby covering up the sharp
bevel tip 51 of the hollow core guideneedle 50.

[0046] The guideneedle assembly 10 and port cannula 12
with associated obturator rod 30 are provided with a support
frame 40 that serves to hold the various parts together as one
working piece and provides a handle for the operator to hold
while using the device (FIGS. 1 and 5). In a particular
embodiment, support frame 40 is provided with a disconnect
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site 42 that allows support frame 40 to be disassembled into
at least two pieces so that particular elements (such as the
guideneedle assembly 10, obturator rod 30, and attached
proximal frame portion 86) of the apparatus can be removed
as a single unit from the field of operation and discarded
after port cannula 12 has been inserted into the subject. The
port cannula 12 with attached distal frame portion 84
provides access to the peritoneal cavity during catheter
implantation

[0047] In one embodiment, the support frame 40, in addi-
tion to its function of holding the various parts together as
one working piece, has at least one disconnect site 42
provided with locking and releasing mechanisms, as exem-
plary depicted in the figures provided herein, to assure safe
utilization of the present invention. These mechanisms
include, but are not limited to, slot and hinge configurations,
snaps, magnets, magnetic buttons, fasteners, buckles and
side-release buckles as well as other configurations.

[0048] As known in the surgical arts, support frame 40,
and components thereof, may be comprised of and manu-
factured by a number of well known materials and tech-
niques, such as plastics, polymers, alloys, resins, metals etc
. . . that are amenable to appropriate manufacturing tech-
niques such as casting, molding, injection molding, forging
and other manufacturing process and techniques well known
in the medical device arts. Furthermore, at least some
portions of the apparatus of the present invention may
require sterilization. As such, in accordance with the teach-
ings of the present invention, materials used should be able
to withstand standard sterilization techniques without dam-
age, distortion, or loss of material integrity or function.

[0049] There are many connecting configurations that may
be utilized at disconnect site 42 of support frame 40 that
render the two support frame portions, proximal frame
portion 86 and distal frame portion 84, in releasable com-
munication with each other. For, example a simple friction
fit may be utilized to hold support frame 40 together. Other
more robust, exemplary frame disconnect mechanisms (lock
and release mechanisms), such as the exemplary spring and
locking-pin configuration depicted in FIGS. 12 and 13, are
also contemplated. In this example, proximal frame portion
86 is provided with springs 92 in communication with
release buttons 82 and is configured such that a recessed
portion 89 of proximal frame portion 86 provides a comple-
mentary fit with an extended portion 87 of distal frame
portion 84 having locking pins 88 in communication with
leaf-type springs 90, for example. Turning to FIG. 13, once
distal frame portion 84 is fitted into proximal frame portion
86, the two frame portions are in releasable communication.
In order to separate the frame portions, release buttons 82
are depressed, thus depressing locking pins 88 medially and
allowing frame portions 86 and 84 to be separated.

[0050] Another exemplary mechanism is depicted in FIG.
14. Here, proximal frame portion 86 and distal frame portion
84 may have complementary portions of a buckle in order to
fasten portions of support frame 40 in releasable communi-
cation with each other. The depicted embodiment in FIG. 14
utilizes a side-buckle type configuration. Of course, the
separate components of the locking and/or release mecha-
nism may be on either one or the other pieces (distal/
proximal) of the apparatus that are to be releasably joined.

[0051] The apparatus may be configured for single-use not
only for an individual subject, but also for each insertion in
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that subject. After the port cannula 12/obturator rod 30 has
been advanced, the obturator rod 30 is locked into position
in the support frame 40 so that it cannot be withdrawn and
advanced again, as exemplified in FIGS. 9-11 and discussed
below. The intent is to prevent the operator of the device
from repeatedly withdrawing and readvancing the port can-
nula 12/obturator rod 30 through the rectus muscle, for
example, thereby increasing the risk of hemorrhage or
creating a patulous tissue tract. Exemplary locking mecha-
nisms are provided below. In addition, the obturator rod 30
is locked in a position that supports and covers a significant
portion of the hollow core guideneedle 50 and minimizes the
risk that the disassembled device will produce injury to the
subject, operator, or ancillary personnel.

[0052] Frame disconnect mechanism(s) at disconnect site
42 provides support frame 40 the ability to be disassembled
so that the nonessential used element can be removed as one
piece from the field of operation. The release mechanism is
designed to minimize the risk of accidental disengagement.
In particular embodiments, two release buttons are provided
that require simultaneous compression before the support
frame 40 can be separated, at shown in exemplary FIG. 12.

[0053] Turning to FIGS. 9-11, an exemplary locking
mechanism 81, such as a spring-type lock over which
extension tab 36 may slide over, may be provided and be
mounted on support frame 40, that that locks obturator rod
30 in the forward position when fully advanced. There are
many locking configurations that may be utilized to secure
the obturator rod 30 in the forward position. These include,
but are not limited to, friction fits, snaps, catches or fasten-
ers.

[0054] Valve apparatus 18 may be secured to the distal
frame portion 84 of support frame 40 by a locking configu-
ration when obturator rod 30 has been fully advanced. There
are many locking configurations that may be utilized to
secure the valve apparatus 18 in the forward position. These
include, but are not limited to, friction fits, snaps, catches or
fasteners. For example, as exemplarily depicted in FIG. 15,
a recessed groove 100 in the face of apertured portion 5 is
provided and configured to accept the rim of the valve
apparatus 18, which may be provided with interlocking
snaps 102 so that valve apparatus 18 cannot be separated
once the valve apparatus 18 has been seated in the forward
position and locked.

[0055] Turning to FIGS. 7A-F, an exemplary method of
use for the disclosed apparatus is depicted. Firstly, a pneu-
moperitoneum is created and a laparoscope (not shown) is
inserted at an abdominal wall location remote from the
designated peritoneal dialysis catheter insertion site, using
standard laparoscopic surgical methods (see “A Laparo-
scopic Approach Under Local Anesthesia for Peritoneal
Dialysis Access”, Crabtree, J. H. and Fishman, A., in Peri-
toneal Dialysis International, vol. 20 pp. 757-765, for
example). At the designated catheter insertion site, the fascia
of the rectus abdominus muscle is exposed through an
incision 66 in the skin 69 and subcutaneous tissues. The
apparatus in its procedure-ready state is shown in FIG. 1.
The hollow core guideneedle 50 of the apparatus is inserted
perpendicular to the abdominal wall through the anterior
layer of the muscle fascia 68 (FIG. 7A). The density of the
fascia offers sufficient resistance that the sharp beveled tip
51 of the hollow core guideneedle 50 becomes exposed and
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permits penetration. The underlying muscle tissues 70 offer
minimal resistance and the solid core obturator needle 52
springs back to cover the sharp beveled tip 51. The hollow
core guideneedle 50 is advanced through the rectus muscle
in perpendicular fashion. The blunt tip of the solid core
obturator needle 52 is easily seen through the laparoscope as
it tents down the posterior fascia 72 of the rectus muscle.
The hollow core guideneedle 50 is then angled toward the
pelvis and advanced with the blunt tip of the solid core
obturator needle 52 observed laparoscopically as it is easily
slid down the posterior fascia 72 of the rectus muscle (FIG.
7B). When the desired tunnel length 76 within the rectus
fascial sheath has been obtained, from about 4 to 12 cm,
preferably from about 7 to 10 c¢m, the hollow core guide-
needle 50 is angled toward the peritoneal cavity. Pressure on
the posterior fascia 72 and peritoneum causes the sharp
beveled tip 51 of the hollow core guideneedle 50 to become
exposed and permits entry into the peritoneal space. The
hollow core guideneedle 50 has established a long oblique
tunnel through the muscular abdominal wall.

[0056] The long oblique tunnel through the rectus sheath
created in a craniocaudad direction promotes pelvic orien-
tation of the catheter 78. Compared to a catheter 78 that
passes perpendicularly through the abdominal wall, the
potential range of motion of the catheter 78 is reduced by
nearly half. Rectus sheath tunneling in conjunction with
other auxiliary procedures, such as deep pelvic placement
and omentopexy for redundant omentum, has all but elimi-
nated occurrences of catheter flow dysfunction.

[0057] Steadying the frame with one hand while using
push-tab 28 on the cannula obturator rod 30 with the other,
the distal hollow tube 20 of the port cannula 12 is advanced
over the hollow core guideneedle 50 through the abdominal
wall into the peritoneal space (FIGS. 7C, D). This maneuver
is monitored with the laparoscope to assure that the device
is not inadvertently shifted in position and to confirm proper
insertion of the port cannula 12 and its hollow tube 20.
Support frame 40 is separated at the disconnect site 42
permitting withdrawal and discard of the guideneedle
assembly 10, obturator rod 30, and the proximal frame
portion 86 of the support frame 40 as a single unit (FIG. 8).
This completes the port cannula 12 insertion process (FIG.
7E).

[0058] The peritoneal dialysis catheter 78 having cuffs, as
shown at 80, straightened with a stylet provided by the
manufacturer (not shown), is advanced through the port
cannula’s 12 hollow tube 20 under laparoscopic control
(FIG. 7E). After satisfactory placement of the dialysis
catheter 78, the port cannula 12 (and hollow tube 20) and
stylet are withdrawn. Exiting the catheter through a small
skin incision, removing the laparoscopic instruments, and
closing the wounds using standard surgical techniques for
implanting peritoneal dialysis catheters (see, “A Laparo-
scopic Approach Under Local Anesthesia for Peritoneal
Dialysis Access”, Crabtree, J. H. and Fishman, A., in Peri-
toneal Dialysis International, vol. 20 pp.757-765) completes
the procedure (FIG. 7F).

[0059] The small defect created by radial expansion and a
long oblique passage through the abdominal wall reduces
the incidence of leaks and hernias. In the event that it is
desirable for catheter 78 to be subsequently removed, the
risk of hernia should be low because there is considerable
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offset of holes made in the anterior and posterior rectus
sheath, as known in the peritoneal dialysis art.

[0060] Turning to FIG. 16, a cross-sectional side view
along line 2-2 of another embodiment of the invention is
provided, illustrating components of an exemplary serial
gas-check assembly and an exemplary surface irregularity of
an exemplary component passing therethrough, here cath-
eter 78 having cuff 80. As the component is passed through
the exemplary serial gas-check assembly (exemplarily com-
prised of at least 2 apertured membranes 24 and 24' and
valve 26 in serial arrangement). As catheter 78 having cuff
80 is advanced therethrough (from right to left in this figure)
the proximal apertured membrane 24 is deformed as cuff 80
passes through its aperture, however, pneumatic competence
is maintained as any insufflation gas 120 that passes over
catheter 78 during such advancement is checked by a second
apertured membrane 24' located between the first (proximal)
apertured membrane 24 and valve 26.

[0061] Cuff 80 is attached to the surface of catheter 78.
Some catheters have at various points along their lengths
one or more cuffs comprised of synthetic polyester textile
fibers. Typical cuffs on peritoneal dialysis catheters measure
about 1 cm in length and add about 0.2 c¢m to the diameter
of catheter 78. The bulk mass of polyester textile fiber cuff
materials is porous and the surface is non-smooth.

[0062] InFIG. 17, cuff 80 has passed proximal membrane
24 and is located between the plurality of membranes
provided by the serial gas-check assembly of the present
invention. Distance 109 between the plurality of membranes
is provided such that it exceeds the length of a surface
irregularity around a component that is being advanced
through the serial gas-check assembly, such that when a
portion of the surface irregularity deforms a seal provided by
the serial gas-check assembly, other valve apparatus com-
ponents are provided that will maintain pneumatic compe-
tence and check/stop the leakage of insufflation gas 120 over
the outer surface of the component that is being advanced
through the serial gas-check assembly. That is, deformation
of at least one component (such as valve 26, membrane 24,
etc.) of the serial gas-check assembly to the point of com-
promising pneumatic competence does not take place as a
surface irregularity of an exemplary component is passing
through the serial gas-check assembly, thereby resulting in
preservation of pneumatic competence.

[0063] In FIG. 18, cuff 80 is depicted passing second
diaphragm 24' and deforming same, as insufflation gas 120
passes over the outer surface of the component. However,
first (proximal) apertured diaphragm 24 is not subjected to
deformation by surface irregularity, here cuff 80 for
example, and stops/checks the backflow flow of insufflation
gas 120 and thereby preserving pneumatic competence. In
other embodiments, an apertured diaphragm may be posi-
tioned proximal to valve 26 and a second apertured dia-
phragm is located distal to valve 26. Furthermore, more than
two apertured diaphragms may be provided in accordance
with the teachings of the present invention.

[0064] Such serial gas-check assemblies provided in tun-
nel port apparatus provide for controlled, unhurried insertion
of a catheter 78, for example by preventing compromised
visibility and procedural delay caused by loss of the laparo-
Scopic pneumoperitoneum.

[0065] Other cannula systems used in medicine that may
benefit from serial gas-check assemblies made in accordance
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with the teachings of the present invention, which can be
comprised of at least two apertured membranes in associa-
tion with a valve 26, such as a non-return-type valve, include
but are not limited to other videoscopic applications (lap-
aroscopy, thoroscopy, bronchoscopy, cystoscopy, ureteros-
copy, hysteroscopy, arthroscopy), endovascular procedures
(balloon dilatation, insertion of endovascular devices), or
interventional radiology (insertion of drains, biopsy
devices). Use of such serial gas-check assemblies permit
insertion of cylindrical or tubular devices possessing seg-
ments that are complex in shape or are porous in composi-
tion while limiting and/or checking backflow of gases or
fluids that would interfere with the performance of the
procedure or the loss of which would be detrimental to a
subject.

[0066] Another beneficial feature of the described appa-
ratus is that it is one piece in the procedure-ready state and
two pieces in the post procedure state. In the operating room
environment, where all needles and instruments must be
accounted for, an apparatus with a limited number of sepa-
rate pieces is a positive attribute.

[0067] Tt is also contemplated that the present apparatus
may be provided as part of a catheter insertion surgical kit
that may be comprised of, in addition to the apparatus of the
present invention, appropriate catheter or catheters and/or
stylet(s) and associated surgical instruments/components.
The kit, or components thereof, may all be provided as a
single sterile package (for example tunnel port apparatus,
stylet, catheter), or individual instruments/components/ap-
paratus of the kit may each be packaged and provided
individually in sealed sterile packages as part of a larger kit.

[0068] While the present disclosure has been focused on
peritoneal insertion methods and applications, the present
invention is by no means so limited. Other applications in
which placement of a tube device into the peritoneal cavity
that can be facilitated with the apparatus of the present
invention include, but are not limited to, catheters for
ventriculoperitoneal or ventriculopleural shunts and perito-
neovenous shunts. Tubes can be inserted into various por-
tions of the gastrointestinal tract for purposes of infusion or
drainage.

[0069] Ventriculoperitoneal and ventriculopleural shunts
are utilized to treat hydrocephalus. Abnormalities resulting
in obstruction of cerebrospinal fluid circulation can lead to
dilatation of the cerebral ventricular system and increased
intracranial pressure. Treatment consists of inserting a silas-
tic tube in the lateral ventricle and routing it subcutaneously
to either the pleural space or peritoneal cavity. Insertion of
the tube into either the pleural space or peritoneal cavity can
be accomplished according to the teachings of the present
invention.

[0070] Patients with refractory ascites (fluid accumulation
in the peritoneal cavity due to malignant disease or liver
disease) are sometimes managed by decompressing the fluid
with a tube that shunts the peritoneal fluid to the venous
system. The placement of the abdominal tube can be facili-
tated utilizing the teachings of the present invention.

[0071] Laparoscopic directed cannulation of the stomach
or small intestine for purposes of inserting a feeding tube or
decompressing tube can be facilitated with the present
invention. Although requiring modifications in size to
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accommodate the specific application, the principles regard-
ing method of use would be the same. The apparatus could
also be used to laparoscopically assist in placing a drain into
a hollow viscus, e.g., gallbladder or bladder, or tube decom-
pression of a fluid collection such as an abscess or lympho-
cele, for example.

[0072] The invention has now been explained with refer-
ence 1o specific embodiments. Other embodiments will be
apparent to those of ordinary skill in the art in view of the
foregoing description. It is not intended that this invention
be limited except as indicated by the appended claims and
their full scope equivalents.

We claim:
1. A tunnel port apparatus comprising:

a guideneedle assembly;

a port cannula overlying said guideneedle assembly, said
port cannula having a valve apparatus with a serial
gas-check assembly;

an obturator rod within said port cannula and overlying
said guideneedle assembly; and

a support frame including an elongated member portion
having proximal and distal ends and from which sup-
port members extend therefrom supporting said guide-
needle assembly and port cannula.

2. The apparatus of claim 1 wherein said guideneedle
assembly is joined to said support frame at said proximal end
of said support frame.

3. The apparatus of claim 1 wherein said serial gas-check
assembly comprises at least one apertured membrane and a
non-return valve.

4. The apparatus of claim 1 wherein said support frame
includes a track along at least a portion of said elongated
member portion

5. The apparatus of claim 1 wherein said obturator rod has
a cap at its proximal end.

6. The apparatus of claim 5 wherein said cap further
comprises at least one extension member.

7. The apparatus of claim 6 wherein said at least one
extension member is a guide that follows a track in said
support frame.

8. The apparatus of claim 6 wherein said at least of
extension member is a push tab.

9. The apparatus of claim 1 wherein said support frame
includes at least one disconnect site along said elongated
member portion.

10. The apparatus of claim 1 wherein said guidneedle
assembly includes a hollow core guideneedle.

11. The apparatus of claim 10 wherein said hollow core
guideneedle includes a solid core obturator needle.

12. The apparatus of claim 1 further comprising a dis-
connect site.

13. The apparatus of claim 1 further comprising a locking
mechanism along said elongated member portion of said
support frame.

14. A method for obtaining access to an internal space,
comprising:

preparing a subject for surgery;

providing a tunnel port apparatus comprising a support
frame having separable proximal and distal portions
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and a disconnect site, said tunnel port apparatus having
a valve apparatus including a serial gas check assem-
bly;

inserting a guideneedle through an incision;

advancing a port cannula and obturator rod over the
guideneedle into said internal space;

disconnecting said proximal and distal potions of said
frame;

withdrawing said hollow core guideneedle and obturator
rod; and

leaving said port cannula with said distal potion of said
frame to provide access to said internal space.

15. The method of claim 14 wherein said insertion is at a
skin incision.

16. The method of claim 14 further comprising the step of
providing a laparoscopic port.

17. The method of claim 14 wherein said internal space is
a peritoneal space.

18. The method of claim 17 wherein said insertion of said
guideneedle is inserted through at least one muscular layer.

19. The method of claim 18 wherein said muscular layer
is an anterior rectus muscle.

20. The method of claim 18 further comprising the step of
angling said guideneedle towards a pelvis.

21. The method of claim 14 further comprising the step of
introducing a catheter to said internal space via said port
cannula.
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22. The method of claim 14 further comprising the step of
introducing a shunt.

23. The method of claim 20 wherein said angling results
in forming a tunnel through said anterior rectus muscle.

24. The method of claim 14 wherein said internal space is
a gastrointestinal space.

25. The method of claim 14 wherein said internal space is
at least one of a hollow viscus, abscess and lymphocele.

26. The method of claim 14 wherein said serial gas check
assembly comprises at least one apertured member and at
least one non-return valve.

27. A tunnel port apparatus comprising:

a support frame including an elongated member portion
having a proximal support member and an apertured
distal support member extending from said elongated
member portion, said elongated member portion
including a track;

a guideneedle assembly attached to said proximal support
member; and

a port cannula over said guideneedle assembly and sup-
ported by said apertured distal support member, said
port cannula having a valve apparatus with a serial
gas-check assembly.
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