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APPARATUSES, SYSTEMS, AND METHODS FOR INSERTING SPLIT TIP
CATHETERS HAVING ENHANCED STIFFENING AND GUIDING FEATURES

PRIORITY

[0001] This application claims the benefit of priority to U.S. Provisional Application
No. 62/024,323, filed July 14, 2014, and to U.S. Provisional Application No. 62/024,423, filed

July 14, 2014, each of which is incorporated by reference in its entirety into this application.

BACKGROUND

[0002] Related art multi-lumen catheters are desirable for various treatment
applications such as hemodialysis where fluid extraction and infusion occur simultaneously.
These related art multi-lumen catheters provide a single catheter application having multiple
lumen channels, each channel supporting independent flow, thus, precluding the need for
inserting multiple catheters or multiple-catheter assemblies. Further, because a patient might
require frequent dialysis, often only days apart, securing placement of the catheter for extended
periods of time may be required. Extended placement, however, requires extreme catheter
flexibility to avoid damage to the blood vessel and to permit the catheter to move in the blood
flow in order to minimize the possibility of the catheter remaining in contact with the wall of
the vessel for prolonged periods, otherwise causing undue pressure thereon. Related art stylets
also have a tendency to snag interior surfaces of a blood vessel, thereby unduly damaging the

blood vessel.

[0003] An example of a related art multi-lumen catheter includes an elongated tubular
body extending to a distal end. The tubular body has a first and a second lumen with a septum
disposed therebetween. The tubular body includes a first wall that defines the first lumen and
a second wall that defines the second lumen. A portion of the septum extends distally beyond
the first lumen and the second lumen. The first wall includes a first wall extension that extends
distally beyond the first lumen and is spaced apart from the portion of the septum. The first
wall extension defines a concave surface facing the portion of the septum. Alternatively, the

catheter includes a tip with spiraled configuration. The catheter may also include a third lumen.

[0004] Another example of a related art multi-lumen catheter includes a tubular body
having a proximal end and a distal end. The body includes a first lumen and a second lumen
with a septum disposed therebetween. The proximal end includes a valve and a hub that are

integral with the body. The hub includes a first conduit and a second conduit. The valve
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includes a first port and a second port that are rotatable, about a longitudinal axis of the body,

to establish fluid communication between the lumens and the conduits. The distal end of the

tubular body is configured for insertion. The conduits are connectable to a medical apparatus.

[0005] Yet another example of a related art multi-lumen catheter includes an elongated
tubular body extending to a distal end. The tubular body has a first and a second lumen with a
septum disposed therebetween and has a first wall that defines the first lumen and a second
wall that defines the second lumen. A portion of the septum extends distally beyond the first
lumen and the second lumen. The first wall includes a first wall extension that extends distally
beyond the first lumen and is spaced apart from the portion of the septum. The first wall
extension defines a concave surface facing the portion of the septum. Alternatively, the septum
has a septum extension that extends distally beyond the first lumen and the second lumen; and

the septum extension defines a first planar surface and an opposing second planar surface.

[0006] Unfortunately, these related art catheters introduce insertion difficulties,
including a relative inflexibility thereof. For example, simply advancing the catheter over a
guide-wire is very difficult in the related art, since the catheter has a tendency to buckle during
disposition through the blood vessel wall as well as during further disposition into the blood
vessel to the desired location. Flexible catheters present additional difficulties associated with
subcutaneous tunneling and placement. Related art insertion methods and assemblies attempt
to overcome, or at least mitigate, these insertion difficulties by temporarily stiffening the

catheter during the insertion process.

[0007] For example, one related art method involves temporarily inserting a rigid
tubular applicator into one of the lumens. This permits the stiffened catheter/applicator
assembly to be passed over a guide-wire into a desired position, at which point the applicator
can be removed. For example, U.S. Pat. No. 5,405,341 attempts to solve the problem with a
single rigid applicator that is designed for insertion into one lumen but also passes through a
portion of the second lumen (at the distal end of the instrument) to effectively stiffen the two
lumens of the catheter together during insertion. This related art approach is cumbersome, at
best, and presents additional difficulties in maneuvering the instrument. Further, this
temporary rigid applicator approach is poorly suited for placement of a catheter having a split
at its distal end into two or more separate lumens, ¢.g., to further isolate a fluid extraction lumen

from a return infusion lumen, because only one tip can be secured. Hence, a need exists for
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better and more effective apparatuses, systems, and methods for inserting flexible catheters

into blood vessels.

SUMMARY

[0008] The present disclosure addresses at least the foregoing needs and provides
apparatuses, systems, such as kits, and methods for inserting flexible, multi-lumen catheters
into blood vessels, and in particular, for inserting flexible, split-tip catheters into blood vessels.
These objects can be accomplished, for example, by temporarily stiffening each catheter lumen
and tip independently through use of intra-catheter stiffener elements disposed within the
catheter lumens. The apparatuses, systems (such as kits), and methods described herein
facilitate advancing the assembly of catheter and stiffeners through a subcutaneous tunnel, and
over a plurality of guide-wires until a distal portion of the catheter is disposed at a desired

position within the blood vessel.

[0009] The intra-catheter stiffener elements, such as the presently disclosed enhanced
stylets, are sufficiently stiff to allow advancing the catheter over guide-wires, but also
sufficiently flexible to allow bending and looping of the catheter for proper placement within
the vessel. Further, the intra-catheter stiffener elements prevent catheter kinking during the
insertion process. In one embodiment, the intra-catheter stiffener elements have tapered distal
ends which can facilitate entry of the catheter/stiffeners assembly into a blood vessel and/or

assist in dilating the blood vessel.

[0010] One aspect of the present disclosure provides apparatuses, systems, such as kits,
and methods for inserting an antegrade tunneled, split-tip, hemodialysis catheter into a blood
vessel. A distal portion of each of a plurality of guide-wires is disposed in a blood vessel at a
first location, generally in proximity to the vessel in which a portion of the catheter, ¢.g., a
catheter body, is to be placed. A subcutancous tunnel is formed between the first location and
a second location where a proximal end of the catheter can extend from the patient. An intra-
catheter stiffener element is inserted into the proximal end of each catheter lumen until the
intra-catheter stiffener element extends beyond the distal end of that catheter lumen. The intra-
catheter stiffener element can be releasably coupled, following insertion, to the proximal end
of its respective catheter lumen via, for example, a mating luer assembly. Each guide-wire can
be inserted into a distal end of a lumen in a respective intra-catheter stiffener element until that

guide-wire extends from the proximal end of that intra-catheter stiffener element. The catheter
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can then be advanced over the guide-wires and into the blood vessel. Alternatively, the catheter
can be advanced over the guide-wires until a distal end of the catheter is adjacent to the vessel,
at which point the catheter and guide-wires can be advanced together into the vessel until the
distal end of the catheter is at a desired location therein. Twisting the catheter while
simultaneously advancing the catheter along the guide-wires can facilitate placement of the

catheter into the vessel.

[0011] In another aspect, the apparatuses, systems, such as kits, and methods of the
present disclosure provide for inserting a retrograde tunneled hemodialysis catheter into a
blood vessel. A distal portion of each of a plurality of guide-wires is inserted into a blood
vessel at a first location generally as described above. An intra-catheter stiffener element is
placed in each catheter lumen until it extends from a distal end of the catheter, and can be
releasably connected to the proximal end of its respective catheter lumen, as noted above. A
proximal end of each guide-wire is threaded through the distal end of a lumen of each intra-
catheter stiffener element until the guide-wire extends beyond the proximal end of that stiffener
element. The catheter is advanced over the guide-wires, optionally using a twisting motion,
until a distal portion of the catheter is disposed at a desired location within the vessel, or
alternatively, the catheter can be advanced until its distal end is adjacent to the vessel, at which
point the catheter and guide-wires can be advanced together until the distal end of the catheter
is disposed at a desired location within the vessel. The guide-wires are removed from the
catheter lumens. A subcutancous tunnel is then formed between the first location and a second
location, and the proximal end of the catheter is passed through the first location until it extends
from the second location. (If the stiffener elements have not previously been removed, they
can be removed from the catheter body following passage of the catheter through the tunnel.)
An access port is connected to the proximal end of each of the catheter lumens allowing fluid

connection with a treatment device, such as a hemodialysis infuser.

[0012] In a related aspect, the apparatuses, systems, such as kits, and methods of the
present disclosure can provide for dilating the desired vessel subsequent to inserting the distal
portion of a first guide-wire. For example, a size 6-French sheath/dilator can be threaded over
the first guide-wire. Further guide-wires can then be inserted into the expanded vessel, or
through a lumen in the sheath and into the vessel. After placement of the guide-wires into the

vessel, the dilator or sheath can be removed.
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[0013] In a further related aspect, the methods provide for tunneling between the first
and second location by using a pointed stylet. A distal end of a pointed stylet can be inserted
through the skin at the second location and pushed toward the first location until the distal end
extends therefrom. The distal end of the catheter is removably attached to a proximal end of
the stylet. The stylet is then pulled from the first location until the distal end of the catheter

extends therefrom, to facilitate an antegrade tunneled catheter.

[0014] Alternatively, a pointed distal end of a stylet can be inserted through the skin at
the first location and pushed until it extends from the second location. The proximal end of the
catheter can be removably attached to the proximal end of the stylet. The stylet is then pulled
back toward the second location until the proximal end of the catheter extends therefrom. The
catheter is then released from the stylet, thus positioning a retrograde tunneled catheter. To
facilitate movement of the catheter within the tunnel, the proximal end of the catheter having
mating lures or other coupling features can be removed or severed prior to attachment to the
stylet. After tunneling the catheter, fluid couplings or other attachments can be disposed to the

proximal end of the lumens.

[0015] Preferably, the vessel is expanded to accommodate placement of the distal
portion of the catheter in the vessel. Vessel dilators of increasing size can be sequentially
inserted into the vessel for this purpose. For example, a size 12-French dilator followed by a
size 14-French, which is then followed by a size 16-French dilator, can be inserted into the
vessel before advancing the catheter along the guide-wires. In other embodiments, fewer (or
more) dilators of different sizes can be used. Differing size and number of vessel dilators can
be used corresponding to the catheter chosen for the desired application. Use of intra-catheter
stiffener elements can preclude use of vessel dilators sized larger that the catheter since the

stiffener elements and the catheter itself can provide vessel dilation.

[0016] Another aspect of the present disclosure provides for apparatus, in the form of
a kit, to insert a multi-lumen catheter into a blood vessel. The kit includes guide-wires each
adapted to have a distal portion inserted into a blood vessel. A plurality of intra-catheter
stiffener elements preferably having tapered distal ends are also provided, each having a lumen
extending along its length sized to accommodate a guide-wire, and each having an outside
diameter sized to be slidably disposed within a lumen of the catheter. The intra-catheter
stiffener elements can be provided in one or more predetermined lengths corresponding to a

length of a catheter and its lumens selected for a particular use, or can be of the same length.
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Further, the intra-catheter stiffeners can be provided with mating devices, such as lures,

disposed at a proximal end correspond with mating connectors disposed at a proximal end of

the catheter lumens.

[0017] One or more vessel dilators can also be provided in the kit, each corresponding
in size to a particular application. For example, a size 6-French sheath/dilator can be provided
to dilate the vessel to accommodate a plurality of guide-wires. A size 12-French, 14-French,
as well as a size 16-French, dilator can be provided to dilate the vessel to accommodate the

distal tip of the catheter.

[0018] In addition, rather than two separate stylets, the apparatuses, systems, such as
kits, and methods further encompass embodiments including: a plurality of stylets, such as two
stylets, joined at a proximal end; a lumen disposed within each stylet of the plurality of stylets,
wherein the lumen is sized and shaped to receive a flexible rod capable of expanding the stylet
tip to a conical shape, and wherein the conical shape is removed contemporaneously with the
flexible rod; and a plurality of stylets, each stylet of the plurality of stylets having a

hemispherical tip rather than a taper.

[0019] Alternatively, a catheter apparatus includes: a catheter body comprising a first
lumen capable of fluid communication via a first distal opening and a second lumen capable of
fluid communication via a second distal opening; a first intra-catheter stiffener element
configured for disposition through the first lumen such that a distal end thereof is distal in
relation to the first distal opening, the first intra-catheter stiffener element comprising one of a
guide-wire and a stylet; and a second intra-catheter stiffener element configured for disposition
through the second lumen such that a distal end thereof is distal in relation to the second distal
opening, the second intra-catheter stiffener element comprising a guide-wire, one of the first
intra-catheter stiffener element distal end and the second intra-catheter stiffener element distal
end capable of receiving and accommodating the other of the first intra-catheter stiffener
clement distal end and the second intra-catheter stiffener element distal end, in accordance with

an embodiment of the present disclosure.

[0020] In one embodiment, a first intra-catheter stiffener element and a second intra-
catheter stiffener element include at least one of an eye portion and a looped portion disposed
at the distal end thereof capable of receiving and facilitating disposition therethrough of the

distal end of the other of the first intra-catheter stiffener element and the second intra-catheter
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stiffener element. The catheter body in which the first and second intra-catheter stiffener
elements are disposed includes a septum for separating the first lumen and the second lumen
from one another, the septum having a distal end extending beyond at least one of the first
distal opening and the second distal opening for at least minimizing backflow into at least one
of the first lumen and the second lumen. One of the first intra-catheter stiffener element and
the second intra-catheter stiffener element includes a cover portion at the distal end thereof, the
cover portion capable of deployment and retraction in relation to one of the first lumen and the
second lumen, and the cover portion cooperatively engageable with the septum distal end for
at least minimizing backflow into the one of the first lumen and the second lumen. The cover
portion is deployable and retractable via at least one technique of a rotation and a translation
in relation to a longitudinal axis thereof. One or both of the first and second intra-catheter
stiffener elements may have a monolithic configuration or a tapered configuration. The first
intra-catheter stiffener element may have a first length, and the second intra-catheter stiffener
element may have a second length different from the first length. The first intra-catheter
stiffener element may include a first coupler at a proximal end thereof, and the second intra-
catheter stiffener element may include a second coupler at a proximal end thercof. The distal
end of the first intra-catheter stiffener element may be distal in relation to the distal end of the
second intra-catheter stiffener element when the first coupler and second coupler are coupled
to the catheter body. The first coupler of the first intra-catheter stiffener element may be
configured to mate with a first mating coupler at a first proximal opening of the catheter body,
and the second coupler of the second intra-catheter stiffener element may be configured to mate
with a second mating coupler at a second proximal opening of the catheter body. The first
intra-catheter stiffener element may include an exterior cross-sectional shape complementing
an interior cross-sectional shape of the first lumen, and the second intra-catheter stiffener
clement may include an exterior cross-sectional shape complementing an interior cross-
sectional shape of the second lumen. The exterior cross-sectional shape of the first intra-
catheter stiffener element may include a round shape, an oval shape, an elliptical shape, or an
ovoidal shape, and the exterior cross-sectional shape of the second intra-catheter stiffener

element may include a round shape, an oval shape, an elliptical shape, or an ovoidal shape.

[0021] Further, a method of fabricating a catheter apparatus, includes
providing/obtaining a catheter comprising a first lumen capable of fluid communication via a
first distal opening and a second lumen capable of fluid communication via a second distal

opening; providing/obtaining a first intra-catheter stiffener element configured for disposition
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through the first lumen such that a distal end thereof is distal in relation to the first distal
opening, the first intra-catheter stiffener element comprising one of a guide-wire and a stylet;
and providing/obtaining a second intra-catheter stiffener element configured for disposition
through the second lumen such that a distal end thereof is distal in relation to the second distal
opening, the second intra-catheter stiffener element comprising a guide-wire,
providing/obtaining the first intra-catheter stiffener element and providing/obtaining a second
intra-catheter stiffener element, together, comprising providing/obtaining one of the first intra-
catheter stiffener element distal end and the second intra-catheter stiffener element distal end
as capable of receiving and accommodating the other of the first intra-catheter stiffener element
distal end and the second intra-catheter stiffener element distal end, in accordance with an

embodiment of the present disclosure.

[0022] Further, a method of fabricating a catheter apparatus, includes
providing/obtaining a catheter comprising a first lumen capable of fluid communication via a
first distal opening and a second lumen capable of fluid communication via a second distal
opening; providing/obtaining a first intra-catheter stiffener element configured for disposition
through the first lumen such that a distal end thereof is distal in relation to the first distal
opening, the first intra-catheter stiffener element comprising one of a guide-wire and a stylet;
and providing/obtaining a second intra-catheter stiffener element configured for disposition
through the second lumen such that a distal end thereof is distal in relation to the second distal
opening, the second intra-catheter stiffener element comprising a guide-wire, wherein the first
intra-catheter stiffener element and the second intra-catheter stiffener element include a first
intra-catheter stiffener element distal end and a second intra-catheter stiffener element distal
end, respectively. The first lumen capable of receiving and accommodating the first intra-
catheter stiffener element, and the second lumen capable of receiving and accommodating the
second intra-catheter stiffener element distal end. The method may include inserting the first
intra-catheter stiffener element into the first lumen and/or inserting the second intra-catheter
stiffener element into the second lumen. The method may include steps to form any of the
features described above or elsewhere in this disclosure, ¢.g., forming a catheter, stiffener
element, and/or guide-wire with any of the shapes and/or features described herein. This may

include forming these by extrusion, mold, carving, etching, injection mold, 3D printing, etc.

[0023] Furthermore, a method of treatment, treating a patient, and/or inserting a

catheter into a blood vessel by way of a catheter apparatus, includes providing/obtaining the
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catheter apparatus, the catheter apparatus comprising a catheter having a first lumen capable of
fluid communication via a first distal opening and a second lumen capable of fluid
communication via a second distal opening; providing/obtaining a first intra-catheter stiffener
element configured for disposition through the first lumen such that a distal end thereof'is distal
in relation to the first distal opening, the first intra-catheter stiffener element providing
comprising providing one of a guide-wire and a stylet; and providing/obtaining a second intra-
catheter stiffener element configured for disposition through the second lumen such that a distal
end thereof is distal in relation to the second distal opening, the second intra-catheter stiffener
element providing/obtaining comprising providing/obtaining a guide-wire, providing/
obtaining the first intra-catheter stiffener element and providing/obtaining a second intra-
catheter stiffener element, together, comprising providing/obtaining one of the first intra-
catheter stiffener element distal end and the second intra-catheter stiffener element distal end
as capable of receiving and accommodating the other of the first intra-catheter stiffener element
distal end and the second intra-catheter stiffener element distal end; creating a first entry;
deforming the stylet tip by way of receiving and disposing the at least one elongated element
in the at least one lumen; disposing a distal end of the catheter body through the first entry;
creating a second entry; disposing the distal end of the catheter body through the second entry;
and reforming the stylet tip by way of withdrawing the at least one elongated element from the
at least one lumen, thereby minimizing trauma to the blood vessel, in accordance with an

embodiment of the present disclosure.

[0024] Furthermore, a method of treatment, treating a patient, and/or inserting a
catheter into a blood vessel by way of a catheter apparatus, includes providing/obtaining the
catheter apparatus, the catheter apparatus comprising a catheter/catheter body having a first
lumen capable of fluid communication via a first distal opening and a second lumen capable of
fluid communication via a second distal opening; the catheter apparatus also comprising a first
intra-catheter stiffener element configured for disposition through the first lumen such that a
distal end thereof is distal in relation to the first distal opening, the first intra-catheter stiffener
element comprising one of a guide-wire and a stylet; and the catheter apparatus comprising a
second intra-catheter stiffener element configured for disposition through the second lumen
such that a distal end thereof is distal in relation to the second distal opening, wherein the
second intra-catheter stiffener element comprises a guide-wire and/or a stylet, wherein the first
intra-catheter stiffener element and the second intra-catheter stiffener element include a first

intra-catheter stiffener element distal end and the second intra-catheter stiffener element distal
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end, respectively. The first lumen is configured to receive and accommodate the first intra-
catheter stiffener element and/or the first intra-catheter stiffener element distal end and the
second lumen is configured to receive and accommodate the second intra-catheter stiffener
element and/or the second intra-catheter stiffener element distal end. The method may include
creating a first entry or incision into a patient, tissue, and/or blood vessel. The method may
include inserting the catheter apparatus or any portion of the catheter apparatus (e.g., the
catheter and/or stiffener element). The method may include deforming the stylet tip by way of
receiving and disposing at least one elongated element (e.g., a guide-wire or stylet or other
stiffener element) in at least one lumen the stiffener element. The method may include
disposing a distal end of the catheter/ catheter body through the first entry or incision. The
method may include creating a second entry or incision into the patient, tissue, and/or blood
vessel. The method may include disposing the distal end of the catheter/catheter body through
the second entry. The method may include reforming the stylet tip by way of withdrawing the
at least one eclongated element from the at least one lumen, thereby minimizing trauma to the

blood vessel, in accordance with an embodiment of the present disclosure.

[0025] Furthermore, a method of treatment, treating a patient, and/or a method of
inserting a catheter into a blood vessel by way of a catheter apparatus, includes providing the
catheter apparatus, including a catheter body and a plurality of stylets joined at a proximal end
and disposable within the catheter body, the plurality of stylets each comprising a lumen and
an expandable stylet tip, wherein each lumen of the plurality of stylets is capable of receiving
at least one elongated element and facilitating fluid communication; creating a first incision
into a patient; deforming the stylet tip by way of receiving and disposing the at least one
clongated element in at least one lumen of the plurality of stylets; disposing a distal end of the
catheter body through the first incision; creating a second incision in a patient, tissue, or blood
vessel; disposing the distal end of the catheter body through the second incision; and reforming
the stylet tip by way of withdrawing the at least one elongated element from the at least one

lumen, thereby minimizing trauma to the blood vessel.

[0026] The embodiments described herein may be used, for example, in the field of
hemodialysis, or other fields, for inserting a single-tip or a multi-tip catheter into a blood vessel.
The apparatuses, systems, and methods are believed to facilitate insertion of a single-tip or a
multi-tip catheter without using a tearable sheath by employing a variety of structures and

techniques using enhanced stiffening and guiding features.
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BRIEF DESCRIPTION OF THE DRAWING

[0027] The above, and other, aspects, features, and benefits of several embodiments of
the present disclosure will be more apparent from the following Detailed Description as
presented in conjunction with the following several figures of the Drawing. Corresponding
reference characters or reference numerals may indicate corresponding components throughout
the several figures of the Drawing. Elements in the several figures are illustrated for simplicity
and clarity and have not necessarily been drawn to scale. For example, the dimensions of some
clements in the figures may be emphasized relative to other elements for facilitating
understanding of the various presently disclosed embodiments. Also, well-understood
elements that are useful or necessary in commercially feasible embodiments are often not
depicted in order to facilitate a less obstructed view of these various embodiments of the present

disclosure.

[0028] FIG. 1 is a schematic diagram illustrating a partially cutaway side view of a
hemodialysis catheter apparatus of a catheter insertion system, in accordance with an

embodiment of the present disclosure.

[0029] FIG. 2 is a schematic diagram illustrating performing a step of a method, e.g.,
by using a catheter apparatus of a catheter insertion system, wherein a distal portion of a first
guide-wire is inserted into a vessel, in accordance with an embodiment of the present

disclosure.

[0030] FIG. 3 is a schematic diagram illustrating performing a step of a method, e.g.,
by using a catheter apparatus of a catheter insertion system, wherein a blood vessel dilating
sheath and a distal portion of a second guide-wire are inserted into a vessel, in accordance with

an embodiment of the present disclosure.

[0031] FIG. 4 is a schematic diagram illustrating performing a step of a method, e.g.,
by using a catheter apparatus of a catheter insertion system, wherein a catheter is disposed in a
subcutancous tunnel between a first location and a second location, in accordance with an

embodiment of the present disclosure.

[0032] FIG. 5 is a schematic diagram illustrating performing a step of a method, e.g.,
by using a catheter apparatus of a catheter insertion system, wherein the first guide-wire is

threaded through a first lumen of a catheter assembly, and wherein the catheter assembly has
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an intra-catheter stiffener element is disposed in each lumen of the catheter, in accordance with

an embodiment of the present disclosure.

[0033] FIG. 6 is a schematic diagram illustrating performing a step of a method, e.g.,
by using a catheter apparatus of a catheter insertion system, wherein the second guide-wire is
threaded through the second lumen of the catheter assembly to a point where two loops of
guide-wire remain to facilitate placement of the distal end of the catheter in the vessel, in

accordance with an embodiment of the present disclosure.

[0034] FIG. 7 is a schematic diagram illustrating performing a step of a method, e.g.,
by using a catheter apparatus of a catheter insertion system, wherein the catheter assembly has
been advanced along the guide-wires until the distal portion of the catheter is positioned within

the vessel at a desired location, in accordance with an embodiment of the present disclosure.

[0035] FIG. 8 is a schematic diagram illustrating performing a step of a method, e.g.,
by using a catheter apparatus of a catheter insertion system, as shown in FIG. 7, wherein the
intra-catheter stiffener elements and guide-wires removed, in accordance with an embodiment

of the present disclosure.

[0036] FIG. 9 is a schematic diagram illustrating performing a step of a method, e.g.,
by using a catheter apparatus of a catheter insertion system, wherein a retrograde catheter is
shown having a distal end disposed in a vessel, in accordance with an embodiment of the

present disclosure.

[0037] FIG. 10 is a schematic diagram illustrating performing a step of a method, e.g.,
by using a catheter apparatus of a catheter insertion system, wherein the catheter has been
subcutaneously tunneled subsequent to placement of the distal end of the catheter in a vessel,

in accordance with an embodiment of the present disclosure.

[0038] FIG. 11 is a schematic diagram illustrating performing a step of connecting fluid
couplers to a hemodialysis machine, ¢.g., in a method of inserting/using a catheter body by way

of a catheter system, in accordance with an embodiment of the present disclosure.

[0039] FIG. 12 is a schematic diagram illustrating an exemplary kit for installing a
catheter or catheters by using a catheter apparatus, e.g., of a catheter insertion system, in

accordance with an embodiment of the present disclosure.
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[0040] FIG. 13 is a schematic diagram illustrating a perspective view of a catheter

apparatus, ¢.g., of a catheter insertion system, in accordance with an embodiment of the present

disclosure.

[0041] FIG. 14 is a schematic diagram illustrating a side view of a catheter apparatus,

¢.g., of a catheter insertion system, in accordance with an embodiment of the present disclosure.

[0042] FIG. 15 is a schematic diagram illustrating a perspective view of a catheter
apparatus, ¢.g., of a catheter insertion system, in accordance with an embodiment of the present

disclosure.

[0043] FIG. 16 is a schematic diagram illustrating a perspective view of a catheter
apparatus, ¢.g., of a catheter insertion system, in accordance with an embodiment of the present

disclosure.

[0044] FIG. 17 is a schematic diagram illustrating a perspective view of a catheter
apparatus, ¢.g., of a catheter insertion system, in accordance with an embodiment of the present

disclosure.

[0045] FIG. 18 is a schematic diagram illustrating a perspective view of a catheter
apparatus, ¢.g., of a catheter insertion system, in accordance with an embodiment of the present

disclosure.

[0046] FIG. 19 is a schematic diagram illustrating a cutaway side view of a catheter
apparatus, e.g., of a catheter insertion system, comprising a catheter body having two lumens,
a single stylet disposed through one lumen; and a single guide-wire disposed through the other
lumen, a distal end of the guide-wire being disposed through a distal end of the stylet, such as

uscable in a catheter system, in accordance with an embodiment of the present disclosure.

[0047] FIG. 20A is a schematic diagram illustrating a cutaway top view of a catheter
apparatus, ¢.g., of a catheter insertion system, comprising a catheter body having two lumens
separated by a septum, a single stylet disposed through one lumen; and a single guide-wire (not
shown) may also be disposed through the other lumen, a distal end of the guide-wire being
disposable within at least one portion of the stylet, such as useable in a catheter system, in

accordance with an embodiment of the present disclosure.
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[0048] FIG. 20B is a schematic diagram illustrating a cutaway side view of a catheter
apparatus, ¢.g., of a catheter insertion system, comprising a catheter body having two lumens
separated by a septum, a single stylet disposed through one lumen; and a single guide-wire (not
shown) may be disposed through the other lumen, a distal end of the guide-wire being
disposable within at least one portion of the stylet, such as useable in a catheter system, in

accordance with an embodiment of the present disclosure.

[0049] FIG. 21A is a schematic diagram illustrating a cutaway top view of a catheter
apparatus, ¢.g., of a catheter insertion system, comprising a catheter body having two lumens
separated by a septum, a guide-wire disposed through a first lumen, wherein the guide-wire
distal end includes a looped portion, in accordance with an embodiment of the present

disclosure.

[0050] FIG. 21B is a schematic diagram illustrating a cutaway side view of the catheter
apparatus of FIG. 21A, comprising a catheter body having two lumens separated by a septum,
a guide-wire disposed through each lumen; a distal end of one guide-wire being disposable
through a lopped portion of the distal end of the other guide-wire, in accordance with an

embodiment of the present disclosure.

[0051] FIG. 22 is schematic diagram illustrating a cutaway perspective view of a
catheter apparatus, e.g., of a catheter insertion system, wherein a stylet is adapted to
accommodate a guide-wire, such as by weaving through a portion thereof, in accordance with

an embodiment of the present disclosure.

[0052] FIG. 23 is schematic diagram illustrating another cutaway perspective view of
the catheter apparatus, e.g., of a catheter insertion system, as shown in FIG. 22, wherein a stylet
is adapted to accommodate a guide-wire, such as by weaving through a portion thereof, in

accordance with an embodiment of the present disclosure.

[0053] FIG. 24 is schematic diagram illustrating a cutaway perspective view of a
catheter apparatus, e.g., of a catheter insertion system, wherein a guide-wire is woven through

a portion of a stylet, in accordance with an embodiment of the present disclosure.

[0054] FIG. 25 is schematic diagram illustrating another cutaway perspective view of

the catheter apparatus, e.g., of a catheter insertion system, as shown in FIG. 24, wherein a
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guide-wire is woven through a portion of a stylet, in accordance with an embodiment of the

present disclosure.

[0055] FIG. 26 is schematic diagram illustrating a cutaway side view of a catheter
apparatus, ¢.g., of a catheter insertion system, in accordance with an embodiment of the present

disclosure.

[0056] FIG. 27 is schematic diagram illustrating a cutaway side view of a catheter
apparatus, ¢.g., of a catheter insertion system, as shown in FIG. 26, wherein a guide-wire is
woven through a portion of a stylet, in accordance with an embodiment of the present

disclosure.

[0057] FIG. 28 is a schematic diagram illustrating a partially cutaway side view of a
plurality of stylets, such as two stylets, joined at a proximal end, e.g., for use in a catheter

system, in accordance with an embodiment of the present disclosure.

[0058] FIG. 29 is a schematic diagram illustrating a partially cutaway side view of a
stylet of a plurality of stylets, e.g., for a hemodialysis catheter insertion system, each stylet of
the plurality of stylets comprising tip having a hemi-toroidal configuration, rather than a

tapered tip, in accordance with an embodiment of the present disclosure.

[0059] FIG. 30 is a schematic diagram illustrating a cut-away perspective view of an
expandable catheter insertion system, having a stylet in an unexpanded condition, in

accordance with an embodiment of the present disclosure.

[0060] FIG. 31 is a schematic diagram illustrating an exploded cut-away perspective
view of an expandable catheter insertion system, having a stylet in an unexpanded condition,

in accordance with an embodiment of the present disclosure.

[0061] FIG. 32 is a schematic diagram illustrating a cut-away top view of an
expandable catheter insertion system, having a stylet in an unexpanded condition, in

accordance with an embodiment of the present disclosure.

[0062] FIG. 33 is a schematic diagram illustrating a cut-away top view of an
expandable catheter insertion system, having a stylet in an expanded condition and a guide-
wire disposed therethrough, the guide-wire facilitating expansion of the stylet, in accordance

with an embodiment of the present disclosure.
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[0063] FIG. 34 is a schematic diagram illustrating a cut-away side view of an
expandable catheter insertion system, having a stylet in an unexpanded condition, wherein the
stylet includes at least one slit for facilitating expansion, in accordance with an embodiment of

the present disclosure.

[0064] FIG. 35 is a schematic diagram illustrating a cut-away side view of an
expandable catheter insertion system, having a stylet in an expanded condition, in accordance

with an embodiment of the present disclosure.

[0065] FIG. 36 is a schematic diagram illustrating a cut-away side view of a catheter
insertion system, having a stylet in an expanded condition and a guide-wire disposed
therethrough, the guide-wire facilitating expansion of the stylet, in accordance with an

embodiment of the present disclosure.

[0066] FIG. 37 is a schematic diagram illustrating a cut-away perspective view of a
catheter insertion system, having a stylet in an expanded condition and a guide-wire disposed
therethrough, the guide-wire facilitating expansion of the stylet, in accordance with an

embodiment of the present disclosure.

DETAILED DESCRIPTION

[0067] Referring to FIG. 1, this schematic diagram illustrates, in a partially cutaway
side view, a catheter system 10, such as a hemodialysis catheter insertion system, in accordance
with an embodiment of the present disclosure. The catheter system 10 includes a catheter body
12 with two internal lumens 14A and 14B. The catheter body 12 has a “split-tip” distal end 16
in which the body (and lumens) separate into two distal tip portions, 18A and 18B, which form
a single-lumen distal blood return extension tube and a single-lumen distal blood removal
extension tube, respectively. The split-tips can, but need not have, one or more side ports 20A
and 20B, in fluid communication with one or the other of the lumens 14A and 14B to facilitate

respective blood return and removal during hemodialysis.

[0068] Still referring to FIG. 1, alternatively, or in conjunction with side ports, the distal
ends 16 can be open to provide fluid passageways for blood removal and return. The proximal
end 22 of the catheter body 12 can also be split into separate segments 22A and 22B and
terminate with two couplers 28A and 28B, which can include couplings 34A and 34B, such

luer-locks or the like, to couple the catheter system 10 to a hemodialysis machine (not shown)
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in which blood is circulated and purified. Proximal segments 22A, 22B, thus, respectively

provide a single-lumen proximal blood return extension tube and a single-lumen proximal

blood removal extension tube. However, an additional lumen or lumens are also possible.

[0069] Still referring to FIG. 1, the overall system or kit of the present disclosure can
also include two intra-catheter stiffener elements S1A and 51B each of which can include either
one or more stylets 24A, 24B respectively, or one or more guide-wires 26A, 26B respectively,
or both a stylet and a guide-wire whereby the guide wires 26A, 26B are disposed within stylets
24A, 24B respectively, and are shown within the respective lumens 14A and 14B. The catheter
body 12 is typically a very flexible silicone, polyurethane, or other biocompatible composition,
¢.g., having a stiffness in the range of about 65 to about 85 durometers. Preferably, the stylets
24A, 24B comprise a stiffer form of polyethylene or other bio-compatible material. In addition
to stiffening the assembly, the stylets 24A, 24B facilitate preventing kinking of the catheter
body 12 during insertion.

[0070] Still referring to FIG. 1, the catheter apparatus 10 of a catheter system facilitates
insertion of the distal end of the multi-lumen, split-tip, flexible catheter body 12 into a blood
vessel using the stylets 24A, 24B and guide-wires 26A, 26B, as will be explained below.
Briefly, a distal portion of each guide-wire 26A, 26B is disposed at a desired position within
the vessel. A stylet 24A, 24B having a tapered tip to facilitate insertion into the vessel and to
provide catheter stiffening is slidably disposed along the length of each catheter lumen 14A,
14B until it extends beyond the distal tip of that catheter lumen 14A, 14B. A proximal end of
cach guide-wire 26A, 26B is threaded through a distal end of a lumen 14A, 14B extending
along cach of the stylets 24A, 24B. The catheter body 12 is then advanced over the guide-
wires 26A, 26B and into a blood vessel 4 (FIG. 2). Optionally, the catheter body 12 can be
advanced over the guide-wires 26A, 26B until the distal end is adjacent to the vessel, at which
point the catheter body 12 and guide-wires 26A, 26B can be advanced together into the blood
vessel. The guide-wires 26A, 26B and stylets 24A, 24B are then removed from the catheter
body 12. The methods and application kit described can be used for any split-tip catheter, and
are particularly useful for insertion of subcutaneously tunneled hemodialysis catheters, as

contemplated by the present disclosure.

[0071] Referring to FIGS. 2-11, these schematic diagrams, together, illustrate various
steps in one or more methods of inserting a catheter body 12 by way of a catheter apparatus 10

of a catheter system, such as a multi-lumen split-tip catheter having at least one enhanced stylet,
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into a blood vessel, in accordance with an embodiment of the present disclosure. The method
involves, not only inserting the catheter tips into a blood vessel, but also forming a
subcutancous tunnel below a patient’s skin to secure the catheter body 12 in place and is
sometimes described as antegrade or forward insertion. The methods described herein can also
be used for inserting catheter tips into a blood vessel where tunneling is not necessary or

desired, as encompassed by the present disclosure.

[0072] Referring to FIG. 2, this schematic diagram illustrates performing a step, e.g.,
an initial step, of an inserting method, wherein a distal portion of a first guide-wire 26A is
inserted into a vessel 4, such as a blood vessel, of a patient 2, in accordance with an embodiment
of the present disclosure. The entry location 6 of the guide-wire 26A is referred herein as the
“first location” or the “venotomy site.” This first location is typically a surgical incision that
provides access to the desired blood vessel which typically includes the internal or external
jugular, femoral or subclavian vein, and the vena cava, for example. In a preferred
embodiment, the blood vessel chosen for catheter placement can be the right side internal

jugular vein.

[0073] Referring to FIG. 3, this schematic diagram illustrates performing a step of an
inserting method, wherein a blood vessel dilating sheath 30 and a distal portion of a second
guide-wire 26B are inserted into a vessel 4, such as a blood vessel, of a patient 2, in accordance
with an embodiment of the present disclosure. The blood vessel sheath/dilator 30 is shown as

inserted over the first guide-wire 26A to dilate the vessel 4.

[0074] Referring to FIG. 4, this schematic diagram illustrates performing a step of an
inserting method, wherein an antegrade catheter is disposed in a subcutanecous tunnel 40
between a first location 6 and a second location 32, in accordance with an embodiment of the
present disclosure. The subcutancous tunnel 40 is formed (before or after the insertion of
guide-wires 26A and 26B) to anchor the catheter body 12 in place and to provide two couplers
28A, 28B for coupling the two lumens 14A, 14B of the catheter system 10 to a dialysis machine
(not shown) using couplings 34A, 34B. The catheter body 12 of an antegrade catheter is
disposed in a subcutaneous tunnel 40 between the first (venous access) location 6 and a second
(exit) location 32, such that the distal end of the instrument 16 including the split tips 18A and
18B extend from the first location 6. Prior to insertion, cach of the lumens 14A, 14B of catheter
body 12 has been fitted with a hollow, tubular, intra-catheter stiffener element or liner, such as

stylets 24A and 24B, respectively.
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[0075] Referring to FIG. 5, this schematic diagram illustrates performing a step of an
inserting method, wherein the first guide-wire 26A is threaded through a first lumen 14A of a
catheter system 10, and wherein the catheter system 10 has stylets 24A and 24B disposed in
cach lumen 14A, 14B of the catheter body 12, in accordance with an embodiment of the present
disclosure. The first guide-wire 26A is threaded through a first lumen 14A of a catheter system
10, e.g., through the lumen 14A associated with the stylet 24A, and wherein the catheter system
10 has a stylet 24A and a stylet 24B disposed in each lumen 14A, 14B of the catheter body 12.

[0076] Referring to FIG. 6, this schematic diagram illustrates performing a step of an
inserting method, wherein the second guide-wire 26B is threaded through the second lumen
14B of the catheter apparatus 10 to a point where two loops of guide-wire remain to facilitate
placement of the distal end of the catheter body 12 in the vessel 4, in accordance with an
embodiment of the present disclosure. The second guide-wire 26B is threaded through the
second lumen 14B of the catheter system 10, e.g., through the lumen 14B associated with the
stylet 24B. Each of the guide-wires 26A, 26B is advanced through the catheter body 12 to a
point where two short loops of guide-wire 26A, 26B remain to facilitate placement of the distal

end of the catheter body 16 in the vessel 4.

[0077] Referring to FIG. 7, this schematic diagram illustrates performing a step of an
inserting method, wherein the catheter system 10 has been advanced along the guide-wires
26A, 26B until the distal portion of the catheter body 12 is positioned within the vessel 4 at a
desired location, in accordance with an embodiment of the present disclosure. In a preferred
embodiment, the catheter body 12 is advanced over the guide-wires 26A, 26B until the distal
end is adjacent to the vessel 4, and then the catheter body 12 and the guide-wires 26A, 26B can
be advanced together until the distal end of the catheter body 12 is positioned at a desired
position within the vessel 4. The guide-wires 26A, 26B can then be removed by withdrawing
them via the proximal end 22 of the catheter body 12. Likewise, the stylets 24A, 24B can be
removed (either subsequent to or before the guide-wires 26A, 26B or at the same time).
Advantageously, this method precludes using a vessel dilator larger than the catheter/stiffeners
assembly for placement of the catheter body 12 within the vessel 4 since the stylets 24A, 24B

and the catheter body 12 themselves provide vessel dilation.

[0078] Referring to FIG. 8, this schematic diagram illustrates performing a step of an
inserting method, as shown in FIG. 7, wherein the stylets 24A, 24B and guide-wires 26A, 26B

are removed, in accordance with an embodiment of the present disclosure. The venous access
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incision or entry location 6 is then closed and the catheter body 12 is secured subcutaneously

(e.g., via an implanted cuff and/or sutures).

[0079] Referring back to FIGS 2-8 and forward to FIGS. 9 and 10, although the above
detailed description has been presented in connection with an antegrade insertion, the
apparatuses, systems, and methods of the present disclosure are also useful in retrograde or
reverse insertions, e.g., wherein the catheter body 12 is passed through the subcutaneous tunnel
40 from the venotomy site 6 to the remote exit location, such as a second (exit) location 32.
Thus, the method, according to one embodiment of the present disclosure, for insertion of a
retrograde catheter will next be described. For the method, an initial step of inserting a
retrograde catheter begins with placement of guide-wires 26A, 26B within the vessel 4 as

described above in connection with FIGS. 2 and 3.

[0080] Referring to FIG. 9, this schematic diagram illustrates performing a step of an
inserting method, wherein a retrograde catheter is shown having a distal end disposed in a
vessel 4, in accordance with an embodiment of the present disclosure. The catheter body 12
has each of the lumens 14A, 14B fitted with a hollow, tubular, intra-catheter stiffener element
or liner, such as a stylet 24A and 24B, respectively. The stylets 24A, 24B can have a coupler,
such as fluid-couplers 28A, 28B, disposed at a proximal end that releasably couple with a
mating coupler at a proximal end of the respective catheter lumen 14A, 14B. The guide-wires
26A, 26B are threaded through the lumens 14A, 14B of the catheter system 10 as described
above in relation to FIGS. 5 and 6. The catheter body 12 is advanced along the guide-wires
26A, 26B until the distal end of the catheter body 12 in a desired location within the vessel 4.
Optionally, the catheter body 12 can be advanced along the guide-wires 26A, 26B until the
distal end is adjacent to the vessel 4, and then the catheter body 12 and the guide-wires 26A,
26B can be advanced until the distal end is located at a desired position within the vessel 4.
The guide-wires 26A, 26B and, optionally, the stylets 24A, 24B are then removed from the
lumens 14A, 14B.

[0081] Referring to FIG. 10, this schematic diagram illustrates performing a step of an
inserting method, wherein the catheter body 12 has been subcutancously disposed in a
subcutancous tunnel subsequent to the distal end of the catheter body 12 being disposed in a
vessel, in accordance with an embodiment of the present disclosure. A subcutaneous tunnel 40
is formed between a second location, e.g., the exit location 32, and the first location, e.g., the

venotomy site 6. Couplers at the proximal end 22 of the catheter lumens 14A, 14B are removed
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94, 96 or optionally, severed therefrom to allow the proximal end 22 of the catheter body 12 to
be pulled through the tunnel 40. In an embodiment, the proximal end 22 of the catheter body
12 is pulled through the subcutaneous tunnel 40 from the first location, e.g., the venotomy site
6, until the catheter body 12 extends from the second location, e.g., the exit location 32. Fluid
couplers (e.g., couplers 28A, 28B as shown in FIG. 11) may be installed/added to the catheter
body 12, e.g., after placement in the subcutaneous tunnel, wherein the coupler installing/adding
step may include disposing fluid-couplers 28A, 28B in relation to at least one proximal end 22

of the catheter body 12.

[0082] Referring to FIG. 11, this schematic diagram illustrates performing a step of
connecting fluid couplers 28A, 28B to a hemodialysis machine 80, in a method of inserting a
catheter body 12 by way of a catheter system 10. The catheter body 12, after disposing
through the tunnel 40 with fluid-couplers 28A, 28B being installed, or optionally, replaced, is
ready to be coupled to a hemodialysis machine 80 for blood purification, such as by way of
fluid lines 82, 84. The stiffener elements, including stylets 24A , 24B and/or guide-wires
26A, 26B may be removed prior to coupling to the hemodialysis machine 80. An ingrowth
cuff 86 facilitates tissue growth to secure catheter body 12 within the subcutaneous tunnel 40.
As noted above, the use of the stylets 24A, 24B provides sufficient stiffness such that the
flexible split-tips can be slid over the guide-wires 26A, 26B into the desired position with less
effort and reduced likelihood of trauma to the patient. Catheter kinking is mitigated during

the inserting method, thus reducing complexity of catheter insertion.

[0083] Referring to FIG. 12, this schematic diagram illustrates a catheter kit 48 for
installing catheters, such as catheter bodies 12 of catheter systems 10, in accordance with an
embodiment of the present disclosure. In FIG. 12 catheter bodies 12 are generic representations
that can correspond to a wide variety of catheter types and shapes, including any of the catheter
types or shapes shown in other figures herein. The catheter kit 48 includes equipment for
performing the steps of the method, as at least above described. By example only, the catheter
kit 48 includes two stylets 24A, 24B, two guide-wires 26A, 26B, a “6-French” sheath/dilator
54, and two vessel dilators 56, 58, cach of the vessel dilators having a distinct size from the
other vessel dilator. Other arrangements are contemplated and are within the scope of the
present disclosure, each having at least two stylets 24A, 24B. For example, in one embodiment,

the catheter kit 48 includes a catheter body 12 having a split-tip catheter and two stylets 24A,
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24B. The catheter kit 48 is suitable for inserting either antegrade or retrograde catheter

configurations, in accordance with at least one embodiment of the present disclosure.

[0084] Still referring to FIG. 12, stylets 24A, 24B are illustrated as “5-French” in size
and of the same length, by example only. However, stylets 24A, 24B need not be of the same
size and length, but can be selected according to the size and length of the catheter to be
inserted. Further, stylets 24A, 24B need not have a round exterior shape, but rather, can have
an external shape according to the size and shape of an interior of a catheter lumen 14A, 14B ,
for example, oval shaped. In a preferred embodiment, each stylet 24A, 24B has a tapered
configuration along a distal portion to aid in dilating the catheter lumen 14A, 14B, with a
releasable coupler 60 at a proximal end 59, such as a luer-coupler. Each stylet 24A, 24B has a
hollow bore for accommodating a lumen running along its length sized to slidably receive a
guide-wire 26A, 26B as above described. Each stylet 24A, 24B preferably has a stiffness in a
range that is sufficient to prevent the catheter body 12 from kinking or otherwise distorting
during the insertion procedure. The stylets 24A, 24B can be components in the catheter kit 48,
be separately provided, or be predisposed within the catheter lumens 14A, 14B.

[0085] Still referring to FIG. 12, the guide-wires 26A, 26B are illustrated as “J-straight”
0.038-inch guide-wires by example only; however, each guide-wire 26A, 26B can vary
according to the application and catheter configuration. Each guide-wire 26A, 26B can have a
removable sheath to accommodate handling and facilitate placement within a desired location
such as a vein. The sheath/dilator 54 is illustrated as having size of “6-French;” however, other
sizes may be used to puncture a wall of a vessel and accommodate one or more guide-wires
26A, 26B. The dilators 56, 58 are illustrated as having size of “14-French” and “16-French,”
respectively; and the dilators 56, 58 are suitable for many catheter insertion procedures. In a
preferred embodiment, a size of “12-French” is provided in addition to, or instead of, one of
the illustrated dilators 56, 58. The above apparatuses, systems, methods, and kits are useful for
inserting hemodialysis catheters in a patient, and, in general, for multi-lumen split-tip catheters
intended for other functions where body fluids are extracted and introduced. As such, the
present disclosure is not limited to those embodiments described above, but rather, is limited

by the claims that follow.

[0086] FIGS. 13-18 show distal ends of additional catheters for use with the intra-

catheter stiffener elements, stylets, and guide-wires described herein in embodiments of a
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catheter insertion system. The catheter insertion systems can be included in catheter kits such

as those described herein.

[0087] Referring to FIGS. 13 and 14, these schematic diagrams respectively illustrate
a perspective view and a side view of a catheter apparatus 210 of a catheter insertion system,
in accordance with an embodiment of the present disclosure. The catheter apparatus 210
includes a catheter body 212 having an elongated tubular configuration that extends to a distal
end 199. A catheter body 212 has a first lumen 201 and a second lumen 202, with a septum 13
disposed therebetween. The catheter body 212 includes a first wall 203 that defines first lumen
201 and a second wall 204 that defines the second lumen 202. A portion, such as a septum
extension 13e of the septum 13 extends distally beyond the first lumen 201 and the second
lumen 204 . The septum 13 is medially disposed along a substantial portion of the longitudinal
length of the catheter body 212, between the first lumen 201 and second lumen 202. The
septum 13 is variously disposed in relation to the catheter body 212, such as by an angular

offset relative to extended portions of the first and second walls 203, 204.

[0088] The first wall 203 includes a first wall extension 215 that extends distally
beyond first lumen 201 and is spaced apart from septum extension 13e. The first wall extension
215 defines a concave surface 230 that faces septum extension 13e. The second wall 204
includes a second wall extension 232 that extends distally beyond second lumen 204 and is
spaced apart from septum extension 13e. The second wall extension defines a concave surface
230 that faces septum extension 13e. The septum extension 13e extends beyond the first wall
extension 215 and second wall extension 232. The septum extension 13e is medially disposed,
as extending from the catheter body 212, between the first wall extension and the second wall
extension. The septum extension 13e is variously disposed in relation to the catheter body 212.
The catheter apparatus 210 advantageously prevents occlusion of the first lumen 201 and
second lumen 202. One or a plurality of wall extensions may be employed with catheter

insertion system, depending on a given catheter application.

[0089] The catheter body 212 includes a monocoque configuration, such as a
cylindrical outer surface 205. The catheter body 212 is variously dimensioned and attachable
to other medical devices. The outer surface 205 includes various cross-sectional
configurations, such as an oval shape, a rectangular shape, an elliptical shape, a polygonal
shape, etc. The catheter body 212 may also include lateral openings. The first wall 203 has a

wall surface that defines the first lumen 201 in cooperation with a surface of the septum 13.
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The second wall 204 has a wall surface that defines the second lumen 202 in cooperation with

a surface of the septum 13.

[0090] The concave surface 230 is bounded by a planar end surface 206 of first wall
extension and spans a radial distance. The planar end surface 206 extends about the perimeter
of the concave surface 230, such that first wall extension 215 has a scoop-shape configuration
that facilitates fluid flow through the first lumen 201. The first wall extension 215 may form
alternate configurations, such as a spherical shape, a rectangular shape, etc. The planar end
surface 206 includes a radial portion adjacent a distal end of first wall extension 215. The
radial portion extends to the longitudinally oriented outer surface 200 of the catheter body 212
in an arcuate configuration. This configuration advantageously prevents a blood vessel wall
(not shown) from becoming disposed within the inlet of first lumen 201. A radial portion 207
extends to the longitudinally oriented outer surface 200 of the catheter body 212 in a
perpendicular convergence. The planar end surface 206 is disposed at an angular orientation a
relative to a first planar surface 208. The planar end surface 206 may be disposed at various
angular orientations. A concave surface 230 is bounded by a planar end surface 260 of second
wall extension 232 and spans a radial distance. End surface 260 extends about the perimeter
of concave surface 230 such that the second wall extension 232 has a scoop-like configuration

that facilitates fluid flow through second lumen 202.

[0091] The catheter apparatus 210 may be used in place of, in addition to, or in
combination with the catheter apparatus 12 (of FIGS. 1-12) or other catheter apparatuses
disclosed herein. Catheter systems, comprising a catheter apparatus 210, are combinable with
the features described with respect to other catheter apparatuses herein, in accordance with
described embodiments of catheter systems For example, embodiments of the intra-catheter
stiffener elements described herein may be configured/shaped in such a way for disposition
through the lumens 201, 202. A first intra-catheter stiffener element S1A may be
configured/shaped for disposition through the first lumen 201 such that a distal end thereof is
distal in relation to the distal end 199. A second intra-catheter stiffener element S1B may be
configured/shaped for disposition through the second lumen 202 such that a distal end thereof
is also distal in relation to the distal end 199. The distal end of the first intra-catheter stiffener
element and the distal end of the second intra-catheter stiffener element may be capable of

receiving and accommodating the other of the first intra-catheter stiffener element distal end
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and the second intra-catheter stiffener element distal end as described in various embodiments

herein.

[0092] Referring to FIGS. 15 and 16, these schematic diagrams illustrate, in various
perspective views, catheter systems that are combinable with many of the above-described
features. A catheter apparatus 310 includes a first wall 301 that includes a first wall extension
301a that extends distally beyond a first lumen 316 and is spaced apart from a septum extension
307. The first wall extension 301a defines a concave surface 330 that faces the septum
extension 307. A second wall 302 includes a second wall extension 302a that extends distally
beyond a second lumen 318 and is spaced apart from the septum extension 307. The second

wall extension 302a defines a concave surface 334 that faces the septum extension 307.

[0093] The first wall extension 301a includes a first step or notch 312 and a second
step or notch 314 formed therewith. The first step or notch 312 is formed with the septum
extension 307. The first step or notch 312 and the second step or notch 314 are
circumferentially disposed about the septum extension 307. The first step or notch 312 and/or
the second step or notch 314 may have alternate configurations, such as a planar configuration,
etc. The first step or notch 312 extends distally beyond an inlet opening of the first lumen 316
and an outlet opening of the second lumen 318. The second step or notch 314 extends distally
beyond the inlet opening and the outlet opening. A concave surface 230 faces a first planar
surface 308 of the septum extension 307 and is spaced apart therefrom. A concave surface 330
spans across approximately one-quarter of the circumference of the catheter body 311 or a
substantially 90° arc as extended from the septum extension 307. The first step or notch 312
and/or the second step or notch 314, or other portions of the concave surface 330 may be

variously disposed about the catheter body 311.

[0094] The catheter apparatus 310 may be used in place of, in addition to, or in
combination with the catheter apparatus 12 (of FIGS. 1-12) or other catheter apparatuses
disclosed herein. Catheter systems, comprising a catheter apparatus 310, are combinable with
the features described with respect to other catheter apparatuses herein, in accordance with
described embodiments of catheter systems For example, embodiments of the intra-catheter
stiffener elements described herein may be configured/shaped in such a way for disposition
through the lumens 316, 318. A first intra-catheter stiffener element S1A may be
configured/shaped for disposition through the first lumen 316 such that a distal end thereof is

distal in relation to the septum extension 307. A second intra-catheter stiffener element S1B
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may be configured/shaped for disposition through the second lumen 202 such that a distal end
thereof is also distal in relation to the septum extension 307. The distal end of the first intra-
catheter stiffener element and the distal end of the second intra-catheter stiffener element may
be capable of receiving and accommodating the other of the first intra-catheter stiffener element
distal end and the second intra-catheter stiffener element distal end as described in various

embodiments herein.

[0095] Referring to FIGS. 17 and 18, these schematic diagrams illustrate, in various
perspective views, catheter systems comprising a catheter apparatus 400 that are combinable
with features described in various embodiments of the present disclosure. The distal end of the
catheter apparatus 400 includes a first wall 422 having a first wall extension 405 that extends
distally beyond venous lumen 401 and is spaced apart from a septum extension 407. First wall
extension 405 defines a concave surface 406 that faces septum extension 407. A second wall
423 includes a second wall extension 410 that extends distally beyond arterial lumen 402 and
is spaced apart from septum extension 407. Second wall extension 410 defines a concave

surface 409 that faces septum extension 407.

[0096] The first wall extension 405 is circumferentially disposed about septum
extension 407 in a spiral configuration to facilitate fluid flow and prevent recirculation between
lumens 401, 402. The first wall extension 405 may include various spiral configurations, such
as, for example, a more clongated spiral, a spiral having a more acute winding type design,
helical, etc. First wall extension 405 extends distally beyond opening 446 of the first lumen
401 and opening 450 (not shown) of second lumen 402. A concave surface 406 faces first
planar surface 416 of septum extension 407 and is spaced apart therefrom. A concave surface
406 is bounded by a planar end surface 404 of first wall extension 405. End surface 404 extends
about the perimeter of concave surface 406 in a spiral configuration, as described above, to
facilitate fluid flow through venous lumen 401. Concave surface 406 and first planar surface
416 cooperate to define first cavity 411. First cavity 411 is further bounded by a proximal base
412 of end surface 404. Proximal base 412 is formed with septum extension 407 in an arcuate
transition. Proximal base 412 has an arcuate configuration and defines a proximal inlet/outlet
portion for venous lumen 401. During removal of fluids, venous lumen 401 has a greater fluid

flow rate adjacent proximal base 412.

[0097] A second wall extension 410 is circumferentially disposed about septum

extension 407 in a spiral configuration to facilitate fluid flow and prevent recirculation between
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lumens 401, 402. The first wall extension 405 may include various spiral configurations, such
as, for example, a more clongated spiral, a spiral having a more acute winding type design,
helical, etc. Second wall extension 410 extends distally, a distance bbb, beyond opening 450
(not shown but similarly configured to opening 446) and opening 446. The distance bbb
includes various lengths. Concave surface 409 faces second planar surface 414, opposing first
planar surface 416, of septum extension 407 and is spaced apart therefrom. Concave surface
409 is bounded by a planar end surface 408 of second wall extension 410. End surface 408
(similarly configured to end surface 404, although end surfaces 404, 408 may include
alternative or distinct structure) extends about the perimeter of concave surface 409 in a spiral
configuration, as described above, to facilitate fluid flow through arterial lumen 402. Concave
surface 409 and second planar surface 414 cooperate to define second cavity 413 (shown in
phantom), similar to that described above. Second cavity 413 is further bounded by a proximal
base of end surface 408, which can be similarly configured to base 412, although the bases 412
may include alternative or distinct structure. Proximal base has an arcuate configuration and
defines a proximal inlet/outlet portion for arterial lumen 402 during removal of fluids. It is
contemplated that that during removal of fluids, arterial lumen 402 has a greater fluid flow rate

adjacent proximal base.

[0098] A first wall extension 405 and second wall extension 410 are symmetrically
disposed about septum extension 407 such that first cavity 411 and second cavity 413 are
symmetrical. First cavity 411 and second cavity 413 bound an equivalent space to facilitate
inflow and outflow capability for each lumen. The configuration of the catheter apparatus 400
advantageously facilitates reversible flow between venous lumen 401 and arterial lumen 402
by alternating blood flow directions. As venous lumen 401 returns blood flow to the body
vessel, blood flow is removed through arterial lumen 402. The blood flow is axially directed
out of cavity 411 past first wall extension 406. Such axially directed blood flow washes away
any blood clots disposed adjacent cavity 411. Arterial lumen 402 is provided with suction to
remove fluids from the body vessel. The suction draws blood flow from various directions and
orientations into opening 450. Suction is greater adjacent proximal base due to its closer
proximity to a suction source (not shown). Fluid flow is greater adjacent to proximal base and
therefore, advantageously disposed proximal to the blood flow being expelled from cavity 411
of venous lumen 401. This configuration minimizes recirculation between lumens 401, 402.
It is contemplated that blood clots, or other undesired particles, disposed adjacent cavity 413

of arterial lumen 402 may be washed away by reversing blood flow direction of lumens 401,
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402. Upon reversal of blood flow direction, blood flow is expelled from cavity 413 and the
axially directed blood flow washes away blood clots, similar to that described above. Venous
lumen 401 removes fluids from the body vessel and into opening 411. Second wall extension
410 is symmetrical with first wall extension 405, and therefore, similar to proximal base,
suction is greater adjacent proximal base 412. Fluid flow is greater adjacent to proximal base
412 and therefore, advantageously disposed proximal to the blood flow being expelled from

cavity 413. This configuration minimizes recirculation between lumens 401, 402.

[0099] The catheter apparatus 400 may be used in place of, in addition to, or in
combination with the catheter apparatus 12 (of FIGS. 1-12) or other catheter apparatuses
disclosed herein. Catheter systems, comprising a catheter apparatus 400, are combinable with
the features described with respect to other catheter apparatuses herein, in accordance with
described embodiments of catheter systems For example, embodiments of the intra-catheter
stiffener elements described herein may be configured/shaped in such a way for disposition
through the lumens 401, 402. A first intra-catheter stiffener element S1A may be
configured/shaped for disposition through the first lumen 401 such that a distal end thereof is
distal in relation to the distal end of septum 407. A second intra-catheter stiffener element S1B
may be configured/shaped for disposition through the second lumen 202 such that a distal end
thereof'is also distal in relation to the distal end of septum 407. The distal end of the first intra-
catheter stiffener element and the distal end of the second intra-catheter stiffener element may
be capable of receiving and accommodating the other of the first intra-catheter stiffener element
distal end and the second intra-catheter stiffener element distal end as described in various

embodiments herein.

[00100] Referring to FIG. 19, this schematic diagram illustrates, in a cutaway side view,
first and second intra-catheter stiffener elements in a catheter similar to the catheters of FIGS.
13-18, which include a septum extension. A catheter apparatus 510 includes septum extension
513e, a catheter body 512 having two lumens 514A, 514B, a single stylet 524 disposed through
one lumen 514A and a single guide-wire 26B disposed through the other lumen 514B. A distal
end 53B of the guide-wire 26B is disposed through a distal end 553 of the stylet 524, by
example only, in accordance with an embodiment of the present disclosure. The catheter
apparatus 510 includes: a catheter body 512 comprising a first lumen 514 A capable of fluid
communication via a first distal opening S15A and a second lumen 514B capable of fluid

communication via a second distal opening S15B; a first intra-catheter stiffener element, such
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as stylet 524, configured for disposition through the first lumen 514A such that a distal end 553
thereof is distal in relation to the first distal opening 515A, the first intra-catheter stiffener
element S1A comprising one of a guide-wire 26A and a stylet 24A (FIGS. 1-12); and a second
intra-catheter stiffener element 51B configured for disposition through the second lumen 514B
such that a distal end 53B thereof is distal in relation to the second distal opening 515B, the
second intra-catheter stiffener element S1B comprising a guide-wire 26B, one of the first intra-
catheter stiffener element distal end 553 and the second intra-catheter stiffener element distal
end 53B capable of receiving and accommodating the other of the first intra-catheter stiffener
clement distal end 553 and the second intra-catheter stiffener element distal end 53B, in

accordance with an embodiment of the present disclosure.

[00101] Referring to, the first and second intra-catheter stiffener elements herein, the
second intra-catheter stiffener element includes at least one of an eye portion (not shown) and
a looped portion, such as looped portion 755 (FIGS. 21A and 21B), disposed at the distal end
53 A thereof capable of receiving and facilitating disposition therethrough of the distal end 53B
of the other of the first intra-catheter stiffener element and the second intra-catheter stiffener
element. The catheter body includes a septum for separating the first lumen and the second
lumen from one another, the septum having a distal end extending beyond at least one of the
first distal opening and the second distal opening for at least minimizing backflow into at least

one of the first lumen and the second lumen.

[00102] The intra-catheter stiffener elements described herein may be configured in such
a way for disposition within the lumens of any of the catheter systems described within the
present disclosure. The distal end of the first intra-catheter stiffener element S3B may be
configured such that it is distal in relation to the septum extension 113e and a distal end of the
second intra-catheter stiffener element 553 may be configured such that it is also distal in
relation to the distal end of septum extension 113e. The distal end of the first intra-catheter
stiffener element and the distal end of the second intra-catheter stiffener element may be
capable of receiving and accommodating the other of the first intra-catheter stiffener element
distal end and the second intra-catheter stiffener element distal end as described in various

embodiments herein.

[00103] Referring to FIG. 20A, this schematic diagram illustrates, in a cutaway top view,
a catheter apparatus 610, comprising a catheter body 612 having two lumens 614A, 614B

separated by a septum 613, a first intra-catheter stiffener element, such as a single stylet 651,
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disposed through one lumen 614A; and second intra-catheter stiffener element S1B, such as a
single guide-wire 26B (not shown), disposed through the other lumen 614B, a distal end 53B
of the guide-wire 26B (not shown) being disposable within at least one portion of the stylet
651, such as useable in a catheter system, in accordance with an embodiment of the present
disclosure. The stylet 651 is configured for inserting and translating through a lumen, such as
a first lumen 614A, for rotation , such as after insertion and translation, wherein a notched
portion 660 of the stylet distal portion, e.g., a cover portion 657, is rotatable for receiving the
septum 613, whereby further structural support is provided for enhancing stiffening and
guiding of the catheter body 612, and for receiving a guide-wire, such as by way of a distal end

53B of the guide-wire 26B (not shown).

[00104] Referring to FIG. 20B, this schematic diagram illustrates, in a cutaway side
view, a catheter apparatus 610, comprising a catheter body 612 having two lumens 614A, 614B
separated by a septum 613, a first intra-catheter stiffener element, such as a single stylet 651,
disposed through one lumen 614A; and second intra-catheter stiffener element 51B, such as a
single guide-wire 26B, disposed through the other lumen 614B, a distal end 53B of the guide-
wire 26B being disposable within at least one portion of the stylet 651, such as useable in a
catheter system, in accordance with an embodiment of the present disclosure. Optionally, the
guide-wire 26B may be woven into the stylet 651 along at least a portion of the stylet 651,
whereby a smooth transition is provided for enhancing stiffening and guiding of the catheter

body 612.

[00105] Still referring to FIGS. 20A and 20B, the first intra-catheter stiffener element
651 includes a cover portion 657 at the distal end 653 thereof, the cover portion 657 capable of
deployment and retraction in relation to one of the first lumen 614A and the second lumen
614B, and the cover portion 657 cooperatively engageable with the septum distal end 613e for
at least minimizing backflow into the one of the first lumen 614A and the second lumen 614B,
in accordance with an embodiment of the present disclosure. The cover portion 657 is
deployable and retractable via at least one technique of a rotation and a translation in relation
to a longitudinal axis A thereof. The first intra-catheter stiffener element S1A, such as a stylet,
includes at least one of a monolithic configuration and a tapered configuration, wherein the
first intra-catheter stiffener element S1A includes a first length, wherein the second intra-
catheter stiffener element S1B includes a second length, the second length less than the first

length. The cover portion 657 optionally includes at least one of a conical configuration and
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an oval cross-section. The stylet, such as the stylet 24A, includes an outer dimensions or sizes

that conforms with a lumen’s inner dimensions or sizes.

[00106] The intra-catheter stiffener elements described herein may be configured in such
a way for disposition within the lumens of any of the catheter systems described within the
present disclosure. The distal end of the first intra-catheter stiffener element 653 may be
configured such that it is distal in relation to the septum extension 613e and a distal end of the
second intra-catheter stiffener element (not shown) may be configured such that it is also distal
in relation to the distal end of septum extension 613e. The distal end of the first intra-catheter
stiffener element and the distal end of the second intra-catheter stiffener element may be
capable of receiving and accommodating the other of the first intra-catheter stiffener element
distal end and the second intra-catheter stiffener element distal end as described in various

embodiments herein.

[00107] Referring to FIG. 21A, this schematic diagram illustrates, in a cutaway top view,
a catheter apparatus 710, comprising a catheter body 712 having two lumens (not shown)
separated by a septum (not shown) with a distal end of septum 713e, a first intra-catheter
stiffener element 751, such as a guide-wire 752, disposed through a first lumen (not shown); a
second intra-catheter stiffener element 51B, such as a guide-wire 26B, disposed through a
second lumen (not shown); a distal end 53B of one guide-wire 26B being disposable through a
distal end 753 of the other guide-wire 752, wherein the other guide-wire distal end includes a
looped portion 755, such as useable in a catheter system, in accordance with an embodiment
of the present disclosure. Optionally, at least one of the guide-wires 752, 26B includes a
coating, the coating comprising at least one material having a low friction coefficient, such as
a fluorinated polymer, e.g., polyvinylfluoride (PVF), polyvinylidene fluoride (PVDF),
tetrafluoroethylene (TFE), polytetrafluoroethylene (PTFE), polychlorotrifluoroethylene
(PCTFE), perfluoroalkoxy polymer (PFA, MFA), fluorinated ecthylene-propylene (FEP),
polyethylenetetrafluoroethylene (ETFE), polyethylenechlorotrifluoroethylene (ECTFE),
perfluorinated plastomer [perfluoroclastomer] (FFPM/FFKM), fluorocarbon
[chlorotrifluoroethylenevinylidene fluoride] (FPM/FKM), perfluoropolyether (PFPE),
perfluorosulfonic acid (PFSA), perfluoropolyoxetane, a fluorinated hyper-branched polymer,

and/or a smooth silicone material, and the like.

[00108] Referring to FIG. 21B, this schematic diagram illustrates, in a cutaway side

view, a catheter apparatus 710, comprising a catheter body 712 having two lumens (not shown)
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separated by a septum (not shown) with a distal end of septum 713e, a first intra-catheter
stiffener element 751, such as a guide-wire 752, disposed through a first lumen 14A; a second
intra-catheter stiffener element 51B, such as a guide-wire 26B, disposed through a second
lumen 14B; a distal end 53B of one guide-wire 26B being disposable through a distal end 753
of the other guide-wire 752, wherein the other guide-wire distal end includes a looped portion
755, such as useable in a catheter system, in accordance with an embodiment of the present

disclosure.

[00109] The intra-catheter stiffener elements described herein may be configured in such
a way for disposition within the lumens of any of the catheter systems described within the
present disclosure. The distal end of the first intra-catheter stiffener element S3B may be
configured such that it is distal in relation to the septum extension 713e and a distal end of the
second intra-catheter stiffener element 751 may be configured such that it is also distal in
relation to the distal end of septum extension 713e. The distal end of the first intra-catheter
stiffener element and the distal end of the second intra-catheter stiffener element may be
capable of receiving and accommodating the other of the first intra-catheter stiffener element
distal end and the second intra-catheter stiffener element distal end as described in various

embodiments herein.

[00110] Referring back to FIGS. 19 through 21B, the first intra-catheter stiffener
element includes a first coupler, such as a fluid-coupler, at a proximal end thereof; and the
second intra-catheter stiffener element includes a second coupler, such as a fluid-coupler, at a
proximal end thereof, wherein the distal end of the first intra-catheter stiffener element is distal
in relation to the distal end of the second intra-catheter stiffener element when the first coupler
and second coupler are coupled to the catheter body, wherein the first coupler of the first intra-
catheter stiffener element mates with a first mating coupler (not shown) at a first proximal
opening of the catheter body , and wherein the second coupler of the second intra-catheter
stiffener element mates with a second mating coupler (not shown) at a second proximal opening

of the catheter body.

[00111] The first intra-catheter stiffener elements herein may include an exterior cross-
sectional shape complementing an interior cross-sectional shape of the first lumen; and the
second intra-catheter stiffener element may include an exterior cross-sectional shape
complementing an interior cross-sectional shape of the second lumen, wherein the exterior

cross-sectional shape of the first intra-catheter stiffener element includes one of a round shape,
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an oval shape, an elliptical shape, and an ogivoidal shape, and wherein the exterior cross-
sectional shape of the second intra-catheter stiffener element includes one of a round shape, an
oval shape, an elliptical shape, and an ogivoidal shape. Other cross-sectional shapes are

contemplated and are within the scope of the present disclosure.

[00112] Referring to FIG. 22, this schematic diagram illustrates, in a cutaway
perspective view, a catheter apparatus 810 of a catheter insertion system, comprising a catheter
body 812 having two lumens 814A, 814B separated by a septum 813, a first intra-catheter
stiffener element 851A, such as a single stylet 824A, disposed through one lumen 814A; and
second intra-catheter stiffener element S1B, such as a single guide-wire 26B (FIGS. 24 and
25), disposable through the other lumen 814B, a distal end 53B of the guide-wire 26B (FIGS.
24 and 25) being disposable within at least one portion of the stylet 824 A, such as useable in a

catheter system, in accordance with an embodiment of the present disclosure.

[00113] The guide-wire 26B is insertable, e.g., “weavable” or “threadable,” into the
stylet 824A along at least a portion thercof, whereby a smooth transition is provided for
enhancing stiffening and guiding of the catheter body 812. The stylet 824A is configured for
inserting and translating through a lumen, such as the lumen 814A or the lumen 814B, for
rotation, such as after insertion and translation, wherein a notched portion 860 of the stylet
distal portion, ¢.g., a cover or overhang portion 857, is rotatable for optionally receiving the
septum 813, e.g., if the septum 813 includes a septum distal end 13e extending from the septum
813 (FIGS. 13-15B), whereby further structural support is provided for enhancing stiffening
and guiding of the catheter body 812, and for receiving a guide-wire (FIGS. 24 and 25), such
as by way of a distal end 53B of the guide-wire 26B through a first orifice 862 and a second
orifice 864 of the first intra-catheter stiffener element 851A, such as a single stylet 824A.

[00114] Referring to FIG. 23, this schematic diagram illustrates, in another cutaway
perspective view, the catheter apparatus 810 of a catheter insertion system, as shown in FIG.
24, comprising a catheter body 812 having two lumens 814A, 814B separated by a septum 813,
a first intra-catheter stiffener element 851A, such as a single stylet 824 A, disposed through one
lumen 814A; and second intra-catheter stiffener element S1B, such as a single guide-wire 26B
(FIGS. 24 and 25), disposable through the other lumen 814B, a distal end S3B of the guide-
wire 26B (FIGS. 24 and 25) being disposable within at least one portion of the stylet 824A,
such as useable in a catheter system, in accordance with an embodiment of the present

disclosure. The stylet 824A is inserted through one of the catheter lumens 814A, 814B parallel
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to the septum wall, then rotated prior to guide-wire passage through the distal tip of the stylet
824A.

[00115] The guide-wire 26B is insertable, e.g., “weavable” or “threadable.” into the
stylet 824A along at least a portion thercof, whereby a smooth transition is provided for
enhancing stiffening and guiding of the catheter body 812. The stylet 824A is configured for
inserting and translating through a lumen, such as the lumen 814A or the lumen 814B, for
rotation, such as after insertion and translation, wherein a notched portion 860 of the stylet
distal portion, ¢.g., a cover or overhang portion 857, is rotatable for optionally receiving the
septum 813, e.g., if the septum 813 includes a septum distal end 13e extending from the septum
813 (FIGS. 13-15B), whereby further structural support is provided for enhancing stiffening
and guiding of the catheter body 812, and for receiving a guide-wire (FIGS. 24 and 25), such
as by way of a distal end 53B of the guide-wire 26B through a first orifice 862 and a second
orifice 864 of the first intra-catheter stiffener element 851A, such as a single stylet 824A.

[00116] One of the first intra-catheter stiffener element 851A and the second intra-
catheter stiffener element S1B includes a cover or overhang portion 857 at the distal end 866
thereof, the cover portion 857 capable of deployment and retraction in relation to one of the
first lumen 814A and the second lumen 814B, and the cover portion 857 cooperatively
engageable with the septum distal end 13e, if any, for at least minimizing backflow into the
one of the first lumen 814A and the second lumen 814B, in accordance with an embodiment
of the present disclosure. The cover portion 857 is deployable and retractable via at least one
technique of a rotation and a translation in relation to a longitudinal axis A thereof (FIGS. 14a
and 14B). The first intra-catheter stiffener element 851A, such as a stylet, includes at least one
of a monolithic configuration and a tapered configuration, wherein the first intra-catheter
stiffener element 851A includes a first length, wherein the second intra-catheter stiffener
element 51B includes a second length, the second length less than the first length. The cover
portion 857 includes a first orifice 862 and a second orifice 864 for accommodating the guide-
wire 26B (FIGS. 24 and 25) and optionally includes at least one of a conical or frusto-conical
configuration and an oval cross-section. The stylet, such as the stylet 824A, includes an outer

dimensions or sizes that conforms with a lumen’s inner dimensions or sizes.

[00117] Referring to FIG. 24, this schematic diagram illustrates, in a cutaway
perspective view, a catheter apparatus 810 of a catheter insertion system, comprising a catheter

body 812 having two lumens 814A, 814B separated by a septum 813, a first intra-catheter
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stiffener element 851A, such as a single stylet 824A, disposed through one lumen 814A; and
second intra-catheter stiffener element 51B, such as a single guide-wire 26B, disposed through
the other lumen 814B, a distal end 53B of the guide-wire 26B being disposable within at least
one portion of the stylet 824A, such as useable in a catheter system, in accordance with an

embodiment of the present disclosure.

[00118] The guide-wire 26B is “woven” into the stylet 824A along at least a portion
thereof, whereby a smooth transition is provided for enhancing stiffening and guiding of the
catheter body 812. The stylet 824A is configured for inserting and translating through a lumen,
such as the lumen 814A or the lumen 814B, for rotation, such as after insertion and translation,
wherein a notched portion 860 of the stylet distal portion, e.g., a cover or overhang portion 857,
is rotatable for optionally receiving the septum 813, e.g., if the septum 813 includes a septum
distal end 13e extending from the septum 813 (FIGS. 13-14), whereby further structural support
is provided for enhancing stiffening and guiding of the catheter body 812, and for receiving a
guide-wire, such as by way of a distal end 53B of the guide-wire 26B through a first orifice
862 and a second orifice 864 of the first intra-catheter stiffener element 851A, such as a single

stylet 824A.

[00119] Referring to FIG. 25, this schematic diagram illustrates, in another cutaway
perspective view, the catheter apparatus 810 of a catheter insertion system, as shown in FIG.
24, comprising a catheter body 812 having two lumens 814A, 814B separated by a septum 813,
a first intra-catheter stiffener element 851A, such as a single stylet 824 A, disposed through one
lumen 814A; and second intra-catheter stiffener element 51B, such as a single guide-wire 26B,
disposed through the other lumen 814B, a distal end 53B of the guide-wire 26B being
disposable within at least one portion of the stylet 824A, such as useable in a catheter system,

in accordance with an embodiment of the present disclosure.

[00120] The guide-wire 26B is “woven” into the stylet 824A along at least a portion
thereof, whereby a smooth transition is provided for enhancing stiffening and guiding of the
catheter body 812. The stylet 824A is configured for inserting and translating through a lumen,
such as the lumen 814A or the lumen 814B, for rotation, such as after insertion and translation,
wherein a notched portion 860 of the stylet distal portion, ¢.g., a cover or overhang portion 857,
is rotatable for optionally receiving the septum 813, e.g., if the septum 813 includes a septum
distal end 13e extending from the septum 813 (FIGS. 13-15B), whereby further structural
support is provided for enhancing stiffening and guiding of the catheter body 812, and for
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receiving a guide-wire, such as by way of a distal end 53B of the guide-wire 26B through a

first orifice 862 and a second orifice 864 of the first intra-catheter stiffener element 851A, such

as a single stylet 824A.

[00121] One of the first intra-catheter stiffener element 851A and the second intra-
catheter stiffener element S1B includes a cover or overhang portion 857 at the distal end 866
thereof, the cover portion 857 capable of deployment and retraction in relation to one of the
first lumen 814A and the second lumen 814B, and the cover portion 857 cooperatively
engageable with the septum distal end 13e, if any, for at least minimizing backflow into the
one of the first lumen 814A and the second lumen 814B, in accordance with an embodiment
of the present disclosure. The cover portion 857 is deployable and retractable via at least one
technique of a rotation and a translation in relation to a longitudinal axis A thereof (FIGS. 14a
and 14B). The first intra-catheter stiffener element 851A, such as a stylet, includes at least one
of a monolithic configuration and a tapered configuration, wherein the first intra-catheter
stiffener element 851A includes a first length, wherein the second intra-catheter stiffener
element 51B includes a second length, the second length less than the first length. The cover
portion 857 includes a first orifice 862 and a second orifice 864 for accommodating the guide-
wire 26B and optionally includes at least one of a conical or frusto-conical configuration and
an oval cross-section. The stylet, such as the stylet 824 A, includes an outer dimensions or sizes

that conforms with a lumen’s inner dimensions or sizes.

[00122] Referring to FIG. 26, this schematic diagram illustrates, in a cutaway side view,
a catheter apparatus 810 of a catheter insertion system, comprising a catheter body 812 having
two lumens 814A, 814B separated by a septum 813, a first intra-catheter stiffener element
851A, such as a single stylet 824A, disposed through one lumen 814A; and second intra-
catheter stiffener element S1B, such as a single guide-wire 26B (FIGS. 24 and 25), disposable
through the other lumen 814B, a distal end 53B of the guide-wire 26B (FIGS. 24 and 25) being
disposable within at least one portion of the stylet 824A, such as useable in a catheter system,

in accordance with an embodiment of the present disclosure.

[00123] The guide-wire 26B is insertable, e.g., “weavable” or “threadable.” into the
stylet 824A along at least a portion thercof, whereby a smooth transition is provided for
enhancing stiffening and guiding of the catheter body 812. The stylet 824A is configured for
inserting and translating through a lumen, such as the lumen 814A or the lumen 814B, for

rotation, such as after insertion and translation, wherein a notched portion 860 of the stylet
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distal portion, ¢.g., a cover or overhang portion 857, is rotatable for optionally receiving the
septum 813, e.g., if the septum 813 includes a septum distal end 13e extending from the septum
813 (FIGS. 13-15B), whereby further structural support is provided for enhancing stiffening
and guiding of the catheter body 812, and for receiving a guide-wire (FIGS. 24 and 25), such
as by way of a distal end 53B of the guide-wire 26B through a first orifice 862 and a second
orifice 864 of the first intra-catheter stiffener element 851A, such as a single stylet 824A.

[00124] Referring to FIG. 27, this schematic diagram illustrates, in a cutaway side view,
a catheter apparatus 810 of a catheter insertion system, as shown in FIG. 26, comprising a
catheter body 812 having two lumens 814A, 814B scparated by a septum 813, a first intra-
catheter stiffener element 851A, such as a single stylet 824A, disposed through one lumen
814A; and second intra-catheter stiffener element 51B, such as a single guide-wire 26B,
disposed through the other lumen 814B, a distal end S3B of the guide-wire 26B disposed
within at least one portion of the stylet 824A, such as useable in a catheter system, in

accordance with an embodiment of the present disclosure.

[00125] The guide-wire 26B is insertable, e.g., “weavable” or “threadable,” into the
stylet 824A along at least a portion thercof, whereby a smooth transition is provided for
enhancing stiffening and guiding of the catheter body 812. The stylet 824A is configured for
inserting and translating through a lumen, such as the lumen 814A or the lumen 814B, for
rotation, such as after insertion and translation, wherein a notched portion 860 of the stylet
distal portion, ¢.g., a cover or overhang portion 857, is rotatable for optionally receiving the
septum 813, e.g., if the septum 813 includes a septum distal end 13e extending from the septum
813 (FIGS. 13-15B), whereby further structural support is provided for enhancing stiffening
and guiding of the catheter body 812, and for receiving a guide-wire, such as by way of a distal
end S3B of the guide-wire 26B through a first orifice 862 and a second orifice 864 of the first
intra-catheter stiffener element 851A, such as a single stylet 824A.

[00126] The intra-catheter stiffener elements described herein may be configured in such
a way for disposition within the lumens of any of the catheter systems described within the
present disclosure. The distal end of the first intra-catheter stiffener element 851A may be
configured such that it is distal in relation to the distal end of septum 813 and a distal end of
the second intra-catheter stiffener element S1B may be configured such that it is also distal in
relation to the distal end of septum 813. The distal end of the first intra-catheter stiffener

element and the distal end of the second intra-catheter stiffener element may be capable of
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receiving and accommodating the other of the first intra-catheter stiffener element distal end

and the second intra-catheter stiffener element distal end as described in various embodiments

herein.

[00127] Referring to FIG. 28, this is a schematic diagram that illustrates a side view of
a plurality of stylets 924C, 924D, such as two stylets, joined at a proximal end, such as by a
joining member 970, for use in a catheter system (not shown), in accordance with an
embodiment of the present disclosure. Optionally, the stylet tip is adapted to accept a guide-
wire tip therein for enhancing stiffening. The stylets may be joined together in releasable
fashion such that they can be introduced together as joined, separated after introduction through
the catheter, or separated first, then introduced. The joining member 970 therefore can be
permanently joined, for example, via adhesive or welding, or may be removable, such as a tape
member or elastic member. The joining member 970 in one embodiment may be a removable
joining member that snaps onto the proximal ends of the stylets, such as a form fitting plastic

member.

[00128] FIG. 29 is a schematic diagram illustrating a partially cutaway side view of a
stylet 924C of a plurality of stylets 924C, 924D for a hemodialysis catheter insertion system
(not shown), each stylet 924C of a plurality of stylets 924C, 924D having a lumen 914
extending along its length sized to accommodate a guide-wire (not shown) and a hemi-toroidal
tip 926, rather than a tapered tip, whereby trauma to the blood vessel is minimized, in
accordance with an embodiment of the present disclosure. In another embodiment only one of

the plurality of stylets has a hemi-toroidal tip, and one or more of the other stylets has a tapered

tip.

[00129] The intra-catheter stiffener elements described herein may be configured in such
a way for disposition within the lumens of any of the catheter systems described within the
present disclosure. The distal end of the first stylet 924C may be configured such that it is
distal in relation to the distal end of the catheter apparatus (not shown) and a distal end of the
second stylet 924D may be configured such that it is also distal in relation to the distal end of
the catheter apparatus (not shown). The distal end of the first intra-catheter stiffener element
and the distal end of the second intra-catheter stiffener element may be capable of receiving
and accommodating the other of the first intra-catheter stiffener element distal end and the

second intra-catheter stiffener element distal end as described in various embodiments herein.
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[00130] Referring to FIG. 30, this schematic diagram illustrates, in a cut-away
perspective view, an expandable catheter insertion system 1010, having a stylet in an
unexpanded condition, in accordance with an embodiment of the present disclosure. The
catheter system 1010 includes: a catheter body 1012 including: two internal lumens 1014A
and 1014B; a septum 1013, the septum 1013 separating the lumens 1014A, 1014B; a stylet
1018 having a stylet tip 10203 and a guide-wire 26B (not shown) having a guide-wire tip 1026
(not shown). The stylet tip 1020 includes at least one expansion feature 1022, such as an
expansion slit, and at least one opening for accommodating a guide-wire 26 (not shown), such
as an entry opening 1024 and an exit opening 1028, e.g., by “threading” or “weaving” the
guide-wire tip 1026 (not shown) through the lumen 1014A, along the stylet 1018, through the
entry opening 1024 and through the exit opening 1028. The guide-wire 26 (not shown)
facilitates further stiffening and guiding of the catheter body 1012 through a blood vessel. By
example only, the stylet tip 1020 includes at least one configuration of a tapered configuration

and elliptical cross-section and a frusto-conical configuration.

[00131] Referring to FIG. 31, this schematic diagram illustrates, in an exploded cut-
away perspective view, an expandable (e.g., deformable and reformable) catheter insertion
system 1010, having a stylet in an unexpanded condition, in accordance with an embodiment
of the present disclosure. The catheter system 1010 includes: a catheter body 1012 comprising:
two internal lumens 1014A and 1014B; a septum 1013, the septum 1013 separating the lumens
1014A, 1014B; a stylet 1018 having a stylet tip 1020; and a guide-wire 26 (not shown) having
a guide-wire tip 1026 (not shown). The stylet tip 1020 includes least one expansion feature
1022, such as an expansion slit, and at least one opening for accommodating a guide-wire 26
(not shown), such as an entry opening 1024 and an exit opening 1028, ¢.g., by “weaving” or
“threading” the guide-wire tip 1026 (not shown) through the lumen 1014A, along the stylet
1018, through the entry opening 1024 and through the exit opening 1028. The guide-wire 26
(not shown) facilitates further stiffening and guiding of the catheter body 1012 through a blood
vessel. By example only, the stylet tip 1020 includes at least one configuration of a tapered

configuration and elliptical cross-section and a frusto-conical configuration.

[00132] Referring to FIG. 32, this schematic diagram illustrates, in a cut-away top view,
an expandable catheter insertion system 1010, having a stylet in an unexpanded condition, in
accordance with an embodiment of the present disclosure. The catheter system 1010 includes:

a catheter body 1012 including: two internal lumens 1014A and 1014B; a septum 1013, the
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septum 1013 separating the lumens 1014A, 1014B; a stylet 1018 having a stylet tip 10205 and
a guide-wire 26 (not shown) having a guide-wire tip 1026 (not shown). The stylet tip 1020
includes at least one expansion feature 1022, such as an expansion slit, and at least one opening
for accommodating a guide-wire 26 (not shown), such as an entry opening 1024 and an exit
opening 1028, e.g., by “weaving” or “threading” the guide-wire tip 1026 (not shown) through
the lumen 1014A, along the stylet 1018, through the entry opening 1024 and through the exit
opening 1028. The guide-wire 26 (not shown) facilitates further stiffening and guiding of the
catheter body 1012 through a blood vessel. By example only, the stylet tip 1020 includes at
least one configuration of a tapered configuration and elliptical cross-section and a frusto-

conical configuration.

[00133] Referring to FIG. 33, this schematic diagram illustrates, in a cut-away top view,
an expandable catheter insertion system 1010, having a stylet in an expanded condition and a
guide-wire disposed therethrough, the guide-wire facilitating expansion of the stylet, in
accordance with an embodiment of the present disclosure. The catheter system 1010 includes:
a catheter body 1012 including: two internal lumens 1014A and 1014B; a septum 1013, the
septum 1013 separating the lumens 1014A, 1014B; a stylet 1018 having a stylet tip 10205 and
a guide-wire 26 having a guide-wire tip 1026. The stylet tip 1020 includes least one expansion
feature 1022, such as an expansion slit, and at least one opening for accommodating a guide-
wire 26 , such as an entry opening 1024 and an exit opening 1028, ¢.g., by “weaving” or
“threading” the guide-wire tip 1026 through the lumen 1014A, along the stylet 1018, through
the entry opening 1024 and through the exit opening 1028. The guide-wire 26 facilitates further
stiffening and guiding of the catheter body 1012 through a blood vessel. By example only, the
stylet tip 1020 includes at least one configuration of a tapered configuration and elliptical cross-

section and a frusto-conical configuration.

[00134] Referring to FIG. 34, this schematic diagram illustrates, in a cut-away side view,
an expandable catheter insertion system 1010, having a stylet in an unexpanded condition,
wherein the stylet includes at least one slit for facilitating expansion, in accordance with an
embodiment of the present disclosure. The catheter system 1010 includes: a catheter body
1012 including: two internal lumens 1014A and 1014B; a septum 1013, the septum 1013
separating the lumens 1014A, 1014B; a stylet 1018 having a stylet tip 1020; and a guide-wire
26 (not shown) having a guide-wire tip 1026 (not shown). The stylet tip 1020 includes least

one expansion feature 1022, such as an expansion slit, and at least one opening for
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accommodating a guide-wire 26 (not shown), such as an entry opening 1024 and an exit
opening 1028, ¢.g., by “weaving” or “threading” the guide-wire tip 1026 (not shown) through
the lumen 1014A, along the stylet 1018, through the entry opening 1024 and through the exit
opening 1028. The guide-wire 26 (not shown) facilitates further stiffening and guiding of the
catheter body 1012 through a blood vessel. By example only, the stylet tip 1020 includes at
least one configuration of a tapered configuration and elliptical cross-section and a frusto-

conical configuration.

[00135] Referring to FIG. 35, this schematic diagram illustrates, in a cut-away side view,
an expandable catheter insertion system 1010, having a stylet 1018 in an expanded condition,
in accordance with an embodiment of the present disclosure. The catheter system 1010
includes: a catheter body 1012 including: two internal lumens 1014A and 1014B; a septum
1013, the septum 1013 separating the lumens 1014A, 1014B; a stylet 1018 having a stylet tip
1020; and a guide-wire 26 (not shown) having a guide-wire tip 1026 (not shown). The stylet
tip 1020 includes least one expansion feature 1022, such as an expansion slit, and at least one
opening for accommodating a guide-wire 26 (not shown), such as an entry opening 1024 and
an exit opening 1028, ¢.g., by “weaving” or “threading” the guide-wire tip 1026 (not shown)
through the lumen 1014A, along the stylet 1018, through the entry opening 1024 and through
the exit opening 1028. The guide-wire 26 (not shown) facilitates further stiffening and guiding
of the catheter body 1012 through a blood vessel. By example only, the stylet tip 1020 includes
at least one configuration of a tapered configuration and elliptical cross-section and a frusto-
conical configuration. The stylet tip 1020 includes of a portion 1030 that is deflectable for

accommodating the guide-wire 26 (not shown).

[00136] Referring to FIG. 36, this schematic diagram illustrates, in a cut-away side view,
a catheter insertion system 1010, having a stylet 1018 in an expanded condition and a guide-
wire 26 disposed therethrough, the guide-wire 26 facilitating expansion of the stylet 1018, in
accordance with an embodiment of the present disclosure. The catheter system 1010 includes:
a catheter body 1012 including: two internal lumens 1014A and 1014B; a septum 1013, the
septum 1013 separating the lumens 1014A, 1014B; a stylet 1018 having a stylet tip 10205 and
a guide-wire 26 having a guide-wire tip 1026. The stylet tip 1020 includes least one expansion
feature 1022, such as an expansion slit, and at least one opening for accommodating a guide-
wire 26, such as an entry opening 1024 and an exit opening 1028, c¢.g., by “weaving” or

“threading” the guide-wire tip 1026 through the lumen 1014A, along the stylet 1018, through
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the entry opening 1024 and through the exit opening 1028. The guide-wire 26 facilitates further
stiffening and guiding of the catheter body 1012 through a blood vessel. By example only, the
stylet tip 1020 includes at least one configuration of a tapered configuration and elliptical cross-
section and a frusto-conical configuration. The stylet tip 1020 includes a portion 1030 of is

deflectable for accommodating the guide-wire 26.

[00137] Referring to FIG. 37, this a schematic diagram illustrates, in a cut-away
perspective view, a catheter insertion system 1010, having a stylet 1018 in an expanded
condition and a guide-wire 26B disposed therethrough, the guide-wire 26B facilitating
expansion of the stylet 1018, in accordance with an embodiment of the present disclosure. The
catheter system 1010 includes: a catheter body 1012 comprising: two internal lumens 1014A
and 1014B; a septum 1013, the septum 1013 separating the lumens 1014A, 1014B; a stylet
1018 having a stylet tip 1020; and a guide-wire 26B having a guide-wire tip 1026. The stylet
tip 1020 includes least one expansion feature 1022, such as an expansion slit, and at least one
opening for accommodating a guide-wire 26, such as an entry opening 1024 and an exit opening
1028, c.g., by “weaving” or “threading” the guide-wire tip 1026 through the lumen 1014A,
along the stylet 1018, through the entry opening 1024 and through the exit opening 1028. The
guide-wire 26 facilitates further stiffening and guiding of the catheter body 1012 through a
blood vessel. By example only, the stylet tip 1020 includes at least one configuration of a
tapered configuration and elliptical cross-section and a frusto-conical configuration. The stylet

tip 1020 includes a portion 1030 of is deflectable for accommodating the guide-wire 26.

[00138] The intra-catheter stiffener elements described herein may be configured in such
a way for disposition within the lumens of any of the catheter systems described within the
present disclosure. The distal end of the first intra-catheter stiffener element 1018 may be
configured such that it is distal in relation to the distal end of septum 1013 and a distal end of
the second intra-catheter stiffener element 26B may be configured such that it is also distal in
relation to the distal end of the distal end of septum 1013. The distal end of the first intra-
catheter stiffener element and the distal end of the second intra-catheter stiffener element may
be capable of receiving and accommodating the other of the first intra-catheter stiffener element
distal end and the second intra-catheter stiffener element distal end as described in various

embodiments herein.

[00139] Information as herein shown and described in detail is fully capable of attaining

the above-described object of the present disclosure, the presently preferred embodiment of the
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present disclosure, and is, thus, representative of the subject matter which is broadly
contemplated by the present disclosure. The scope of the present disclosure fully encompasses
other embodiments which may become obvious to those skilled in the art, and is to be limited,
accordingly, by nothing other than the appended claims, wherein any reference to an element
being made in the singular is not intended to mean "one and only one" unless explicitly so
stated, but rather "one or more." All structural and functional equivalents to the elements of
the above-described preferred embodiment and additional embodiments as regarded by those
of ordinary skill in the art are hereby expressly incorporated by reference and are intended to
be encompassed by the present claims. Features and/or steps described with respect to one

embodiment may be incorporated into other embodiments.

[00140] Moreover, no requirement exists for a system or method to address each and
every problem sought to be resolved by the present disclosure, for such to be encompassed by
the present claims. Furthermore, no element, component, or method step in the present
disclosure is intended to be dedicated to the public regardless of whether the element,
component, or method step is explicitly recited in the claims. However, that various changes
and modifications in form, material, work-piece, and fabrication material detail may be made,
without departing from the spirit and scope of the present disclosure, as set forth in the
appended claims, as may be apparent to those of ordinary skill in the art, are also encompassed

by the present disclosure.
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CLAIMS

What 1s claimed:

1. A catheter apparatus, comprising:

a catheter body comprising a first lumen capable of fluid communication via a
first distal opening and a second lumen capable of fluid communication via
a second distal opening;

a first intra-catheter stiffener element configured for disposition through the first
lumen such that a distal end thereof is distal in relation to the first distal
opening, the first intra-catheter stiffener element comprising at least one of
a guide-wire and a stylet; and

a second intra-catheter stiffener element configured for disposition through the
second lumen such that a distal end thereof is distal in relation to the second
distal opening, the second intra-catheter stiffener element comprising a
guide-wire,

one of the first intra-catheter stiffener element distal end and the second intra-
catheter stiffener element distal end capable of receiving and
accommodating the other of the first intra-catheter stiffener element distal

end and the second intra-catheter stiffener element distal end.

2. The apparatus of claim 1, wherein one of the first intra-catheter stiffener element
and the second intra-catheter stiffener element comprises at least one of an eye portion and a
looped portion disposed at the distal end thereof capable of receiving and facilitating
disposition therethrough of the distal end of the other of the first intra-catheter stiffener element

and the second intra-catheter stiffener element.

3. The apparatus of claim 1, wherein the catheter body comprises a septum for
separating the first lumen and the second lumen from one another, the septum having a distal
end extending beyond at least one of the first distal opening and the second distal opening for

at least minimizing backflow into at least one of the first lumen and the second lumen.

4. The apparatus of claim 3, wherein one of the first intra-catheter stiffener element
and the second intra-catheter stiffener element comprises a cover portion at the distal end

thereof, the cover portion capable of deployment and retraction in relation to one of the first
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lumen and the second lumen, and the cover portion cooperatively engageable with the septum

distal end for at least minimizing backflow into the one of the first lumen and the second lumen.

5. The apparatus of claim 4, wherein the cover portion is deployable and
retractable via at least one technique of a rotation and a translation in relation to a longitudinal

axis thereof.

6. The apparatus of claim 1, wherein the stylet comprises at least one of a

monolithic configuration and a tapered configuration.

7. The apparatus of claim 1, wherein the first intra-catheter stiffener element
comprises a first length, and wherein the second intra-catheter stiffener element comprises a

second length, the second length less than the first length.

8. The apparatus of claim 1, wherein the first intra-catheter stiffener element
includes a first coupler at a proximal end thereof, and wherein the second intra-catheter

stiffener element includes a second coupler at a proximal end thereof.

9. The apparatus of claim 8, wherein the first coupler of the first intra-catheter
stiffener element mates with the first coupler at a first proximal opening of the catheter body,
and wherein the second coupler of the second intra-catheter stiffener element mates with the

second coupler at a second proximal opening of the catheter body.

10. The apparatus of claim 9, wherein the distal end of the first intra-catheter
stiffener element is distal in relation to the distal end of the second intra-catheter stiffener

element when the first coupler and second coupler are coupled to the catheter body.

11.  The apparatus of claim 1, wherein the first intra-catheter stiffener element
comprises an exterior cross-sectional shape complementing an interior cross-sectional shape of
the first lumen, and wherein the second intra-catheter stiffener element comprises an exterior

cross-sectional shape complementing an interior cross-sectional shape of the second lumen.

12. A method of fabricating a catheter apparatus, comprising:
obtaining a catheter comprising a first lumen capable of fluid communication
via a first distal opening and a second lumen capable of fluid communication

via a second distal opening;
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obtaining a first intra-catheter stiffener element configured for disposition
through the first lumen such that a distal end thereof is distal in relation to
the first distal opening; and

obtaining a second intra-catheter stiffener element configured for disposition
through the second lumen such that a distal end thereof is distal in relation
to the second distal opening,

wherein one of the first intra-catheter stiffener element distal end and the second
intra-catheter stiffener element distal end is capable of receiving and
accommodating the other of the first intra-catheter stiffener element distal

end and the second intra-catheter stiffener element distal end.

13. The method of claim 12, wherein one of the first intra-catheter stiffener element
and the second intra-catheter stiffener element are provided with at least one of an eye portion
and a looped portion disposed at the distal end thereof capable of receiving and facilitating
disposition therethrough of the distal end of the other of the first intra-catheter stiffener element

and the second intra-catheter stiffener element.

14.  The method of claim 12, wherein the catheter body is provided with a septum
for separating the first lumen and the second lumen from one another, the septum extending a

distal end thereof beyond at least one of the first distal opening and the second distal opening.

15. The method of claim 14, wherein one of the first intra-catheter stiffener element
and the second intra-catheter stiffener element is provided with a cover portion at the distal end
thereof, the cover portion capable of deployment and retraction in relation to one of the first
lumen and the second lumen, and the cover portion cooperatively engageable with the septum

distal end for minimizing backflow into the one of the first lumen and the second lumen.

16.  The method of claim 15, wherein the cover portion is deployable and retractable

via rotation and a translation in relation to a longitudinal axis thereof.

17. A method of inserting a catheter into a blood vessel by way of a catheter
apparatus, comprising:
obtaining the catheter apparatus, the catheter apparatus comprising:
a catheter comprising a first lumen capable of fluid communication via
a first distal opening and a second lumen capable of fluid

communication via a second distal opening;
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a first intra-catheter stiffener element configured for disposition through
the first lumen such that a distal end thereof is distal in relation to
the first distal opening; and

a second intra-catheter stiffener element configured for disposition
through the second lumen such that a distal end thereof is distal in
relation to the second distal opening,

wherein one of the first intra-catheter stiffener element distal end and
the second intra-catheter stiffener element distal end is capable of
receiving and accommodating the other of the first intra-catheter
stiffener element distal end and the second intra-catheter stiffener
element distal end;

creating a first entry into a patient;

deforming a portion of the first intra-catheter stiffener element;

disposing the second intra-catheter stiffener element in at least one lumen of the
first intra-catheter stiffener element;

disposing a distal end of the catheter through the first entry

creating a second entry in a patient, tissue, or the blood vessel;

disposing the distal end of the catheter through the second entry; and

reforming the stylet tip by way of withdrawing the first intra-catheter stiffener
element from the at least one lumen, thereby minimizing trauma to the blood

vessel.

18. A catheter apparatus, comprising:
a catheter body; and
a plurality of stylets joined at a proximal end and disposable within the catheter
body, each stylet of the plurality of stylets comprising:
a lumen capable of receiving an elongated element; and
an expandable stylet tip designed to deformably expand upon
introduction of the elongated element, and reformably contract upon

removal of the elongated element.

19.  The apparatus according to claim 18, wherein each stylet of the plurality of

stylets comprises a hemi-toroidal tip.
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20. A method of inserting a catheter into a blood vessel by way of a catheter
apparatus, comprising:
providing the catheter apparatus, comprising:
a catheter body; and
a plurality of stylets joined at a proximal end and disposable within the
catheter body, the plurality of stylets each comprising a lumen and
an expandable stylet tip, wherein each lumen of the plurality of
stylets is capable of receiving at least one elongated element and
facilitating fluid communication;
creating a first incision into a patient;
deforming the stylet tip by way of receiving and disposing the at least one
clongated element in at least one lumen of the plurality of stylets;
disposing a distal end of the catheter body through the first incision;
creating a second incision in a patient, tissue, or blood vessel;
disposing the distal end of the catheter body through the second incision; and
reforming the stylet tip by way of withdrawing the at least one clongated
element from the at least one lumen, thereby minimizing trauma to the blood

vessel.

21. A catheter apparatus, comprising:

a catheter body having a first lumen and a second lumen;

a stylet configured for removable disposition in the first lumen, the stylet
comprising an expandable stylet tip having a deflectable portion, the
deflectable portion comprising an entry opening and an exit opening; and

a guide-wire configured for removable disposition in the second lumen and for
removable disposition through the expandable stylet tip, the guide-wire

comprising a guide-wire tip.

22.  The apparatus of claim 21, wherein the deflectable portion comprises an
expansion slit, the stylet tip configured to accommodate a guide-wire, the guide-wire
configured to thread through the other lumen, along the stylet, through the entry opening, and
through the exit opening, whereby the guide-wire facilitates further stiffening and guiding of
the catheter body through a blood vessel.
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The inventions listed as Groups |-l do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons: the special technical features of Group |
include first and second intra-catheter stiffener elements, where the first distal end has a shape capable of receiving the other distal end
therein, which is not present in Group lI; and the special technical features of Group |l include an expandable stylet tip, which is not
present in Group |.

The common technical features of Groups |-} are: a catheter apparatus, comprising: a catheter body comprising a first lumen capable of
fluid communication via a first distal opening and a second lumen capable of fluid communication via a second distal opening; a first
intra-catheter stiffener element configured for disposition through the first lumen such that a distal end thereof is distal in relation to the
first distal opening, the first intra-catheter stiffener element comprising at least one of a guide-wire and a stylet; and a second
intra-catheter stiffener element configured for disposition through the second lumen such that a distal end thereof is distal in refation to
the second distal opening, the second intra-catheter stiffener element comprising a guide-wire, one of the first intra-catheter stiffener
element distal end and the second intracatheter stiffener element distal end capable of receiving and accommodating the other of the
first intra-catheter stiffener element distal end and the second intra-catheter stiffener element distal end; creating a first incision into a
patient; disposing a distal end of the catheter body through the first incision; creating a second incision in a patient, tissuse, or blood
vessel;

disposing the distal end of the catheter body through the second incision; and deforming a portion of the first intra-catheter stiffener
element.

These common technical features are disclosed by US 4,706,671 A (WEINRIB). Weinrib discloses a catheter apparatus (abstract),
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intra-catheter stiffener element configured for disposition through the second lumen such that a distal end thereof is distal in relation to
the second distal opening, the second intra-catheter stiffener element comprising a guide-wire (guide wire 20 in lumen 46; figure 3), one
of the first intra-catheter stiffener element distal end and the second intracatheter stiffener element distal end capable of receiving and
accommodating the other of the first intra-catheter stiffener element distal end and the second intra-catheter stiffener element distal end
(guide wire 20 wraps around guide wire 41 when guide wires 20 and 41 are extended distally of lumens 40 and 46; figure 3; column 3,
lines 30-35); creating a first incision into a patient (cutting through skin is intrinsic to inserting the catheter into a blood vessel; column 5,
lines 60-65); disposing a distal end of the catheter body through the first incision (inserting the catheter through the skin is intrinsic to
inserting the catheter into a blood vessel; column 5, lines 60-65); creating a second incision in a patient, tissue, or blood vessel (cutting
into a blood vessel; the needle end 13a of the catheter 10 is used to penetrate the vessel 17 and the wire member 20 will be extended;
column 5, lines 60-65); disposing the distal end of the catheter body through the second incision (placing the catheter into the blood
vessel; column 5, lines 60-65; figure 3); deforming a portion of the first intra-catheter stiffener element (guide wire 20 wraps around guide
wire 41 when guide wires 20 and 41 are extended distally of lumens 40 and 46, and guide wire 20 thereafter flexes, expands, and
contracts in response to movements of guide wire 41; figure 3; column 3, lines 30-35).

Since the common technical features are previously disclosed by Weinrib, these common features are not special and so Groups I-II
lack unity.
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