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CATHETER HAVING A HARD DISTAL TIP

BACKGROUND OF THE INVENTION

[0001] Intravenous (IV) catheters are commonly used for a variety of infusion therapies. For
example, IV catheters may be used for infusing normal saline solution, various medicaments, or
total parenteral nutrition into a patient. IV catheters may also be used for withdrawing blood
from the patient.

[0002] A common type of IV catheter is an over-the-needle peripheral IV catheter. As its
name implies, over-the-needle peripheral IV catheters may be mounted tightly over an introducer
needle having a sharp distal tip. The introducer needle and the IV catheter are generally inserted
at a shallow angle through the skin into vasculature of the patient with a bevel of the introducer
needle facing away from the skin of the patient. During insertion, the sharp distal tip of the
introducer needle may be distal to a distal end of the IV catheter. Thus, insertion of the IV
catheter into the vasculature may follow piercing of the vasculature by the introducer needle.
[0003] Generally the introducer needle is constructed of metal, while the IV catheter may be
constructed of a softer material, such as plastic, for example. Softer catheter materials as opposed
to harder ones may be more comfortable for the patient, cause less irritation, and improve
indwelling. However, if the IV catheter is too soft, its columnar strength may not be great
enough to resist forces required to penetrate the skin and tissue of the patient.

[0004] In some instances, when the introducer needle and the IV catheter are inserted into the
patient, there may be a tendency for the IV catheter to buckle, peel back, or move proximally
away from the distal tip of the introducer needle. This may occur due to the skin or tissue of the
patient pushing on a distal tip of the IV catheter during the insertion process. When the IV

catheter peels back or moves proximally away from the distal tip of the introducer needle, the
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catheter may adopt have an enlarged cross-section, which may require greater insertion force,
increased dilation at the insertion site, and/or increased pain for the patient.

[0005] Itis to be understood that both the foregoing general description and the following
detailed description are exemplary and explanatory and are not restrictive of the invention, as

claimed.

BRIEF SUMMARY OF THE INVENTION

[0006] As used in the present disclosure, the term “distal” may refer to a portion of the
catheter assembly, or component thereof, that is farther from a user. As used in the present
disclosure, the term “proximal” may refer to a portion of the catheter assembly, or component
thereof, that is closer to the user. As used in the present disclosure, the term “user” may refer to a
clinician, doctor, nurse, or any other care provider and may include support personnel.

[0007] The present disclosure relates generally to catheter assembly for insertion into
vasculature of a patient and related devices and methods. In some embodiments, the catheter
assembly may include an over-the-needle catheter. In some embodiments, the catheter may
include a distal tip constructed of a first material having a first durometer. In some embodiments,
the catheter may include a first stepped surface, which may be annular. In some embodiments,
the first stepped surface may include a rigid or semi-rigid first distal surface with a first uniform
inner diameter, a first proximal surface with a second uniform inner diameter greater than the
first uniform diameter, and a rigid or semi-rigid first transition surface disposed between the first
distal surface and the first proximal surface. In some embodiments, at least the first distal surface
and the first transition surface of the first stepped surface may be part of the distal tip of the

catheter and thus constructed of the first material.



WO 2019/203998 PCT/US2019/024383

[0008] In some embodiments, the catheter may include an elongate tubular portion proximate
and coupled to the distal tip of the catheter. In some embodiments, the tubular portion may be
constructed of a second material. In some embodiments, a durometer of the first material may be
harder than a durometer of the second material. In some embodiments, the distal tip of the
catheter and the tubular portion may include a catheter lumen extending there through. In some
embodiments, the first stepped surface may be disposed within the catheter lumen. In some
embodiments, at least a portion of an outer surface of the distal tip may be tapered.

[0009] In some embodiments, the catheter assembly may include an introducer needle, which
may include a needle feature having a second stepped surface, which may be annular. In some
embodiments, the second stepped surface may include a second distal surface, a second proximal
surface, and a second transition surface disposed between the second distal surface and the
second proximal surface. In some embodiments, when the introducer needle is in an insertion
position, the second distal surface may abut the first distal surface, the second proximal surface
may abut the first proximal surface, and the second transition surface may abut the first transition
surface such that proximal movement of the distal tip relative to the introducer needle is
inhibited.

[0010] In some embodiments, the second proximal surface may be generally cylindrical. In
some embodiments, the second proximal surface may include a notch, which may provide access
to a needle lumen. In some embodiments, the second proximal surface may include at least a
portion of a groove or flat portion. In some embodiments, the catheter assembly may include a
flashback pathway disposed within the catheter lumen. In some embodiments, the flashback

pathway may include the groove or flat portion.
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[0011] In some embodiments, the groove may extend through the second transition surface
and the second distal surface through a distal tip of the introducer needle. In some embodiments,
the groove or flat portion may include the notch. In some embodiments, the notch may be
disposed proximal to the second proximal surface. In some embodiments, the second proximal
surface may extend through a proximal end of the catheter when the introducer needle is in the
insertion position.

[0012] In some embodiments, the introducer needle may include a wall defining the needle
lumen. In some embodiments, the second distal surface, the second transition surface, the second
proximal surface, and the wall of the introducer needle may be monolithically formed as a single
piece. In some embodiments, the needle feature may be bonded to the wall of the introducer
needle to form the second transition surface and the second proximal surface.

[0013] It is to be understood that both the foregoing general description and the following
detailed description are exemplary and explanatory and are not restrictive of the invention, as
claimed. It should be understood that the various embodiments are not limited to the
arrangements and instrumentality shown in the drawings. It should also be understood that the
embodiments may be combined, or that other embodiments may be utilized and that structural
changes, unless so claimed, may be made without departing from the scope of the various
embodiments of the present invention. The following detailed description is, therefore, not to be

taken in a limiting sense.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
[0014] Example embodiments will be described and explained with additional specificity and

detail through the use of the accompanying drawings in which:
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[0015] Figure 1A is a top view of an example catheter assembly, according to some
embodiments;

[0016] Figure 1B is a cross-sectional view of a distal end of an example catheter of the
catheter assembly of Figure 1A, according to some embodiments;

[0017]  Figure 1C is an upper perspective view of the distal end of the catheter of Figure 1B,
according to some embodiments;

[0018] Figure 2A is an upper perspective view of a distal end of an example introducer needle
of the catheter system of Figure 1A, according to some embodiments;

[0019] Figure 2B is a cross-sectional view of the distal end of the introducer needle of Figure
2A disposed in the insertion position within the catheter of Figure 1B, according to some
embodiments;

[0020] Figure 2C is a cross-section view of the distal end of the introducer needle of Figure
2A partially withdrawn from the catheter of Figure 1B, according to some embodiments;

[0021] Figure 2D is a top view of the introducer needle of Figure 2A disposed within an
example needle hub of the catheter system of Figure 1A, according to some embodiments;

[0022]  Figure 3A is an upper perspective view of a distal end of another example introducer
needle of the catheter system of Figure 1A, according to some embodiments;

[0023] Figure 3B is a cross-sectional view of the distal end of the introducer needle of Figure
3A disposed in the insertion position within the catheter of Figure 1B, according to some
embodiments;

[0024] Figure 3C is a top view of the introducer needle of Figure 3A disposed within an

example needle hub of the catheter system of Figure 1A, according to some embodiments;
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[0025]  Figure 3D is an upper perspective view of a distal end of another example introducer
needle of the catheter system of Figure 1A, according to some embodiments;

[0026]  Figure 4A is an upper perspective view of a distal end of another example introducer
needle of the catheter system of Figure 1A, according to some embodiments;

[0027]  Figure 4B is a cross-sectional view of the distal end of the introducer needle of Figure
4A disposed in the insertion position within the catheter of Figure 1B, according to some
embodiments;

[0028]  Figure SA is an upper perspective view of a distal end of another example introducer
needle of the catheter system of Figure 1A, according to some embodiments;

[0029]  Figure 5B is a cross-sectional view of the distal end of the introducer needle of Figure
5A disposed in the insertion position within the catheter of Figure 1B, according to some
embodiments;

[0030] Figure 5C is a top view of the introducer needle of Figure 5A disposed within an
example needle hub of the catheter system of Figure 1A, according to some embodiments; and
[0031] Figure 6 is another cross-sectional view of the distal end of the catheter of Figure 1B,

according to some embodiments.

DETAILED DESCRIPTION OF THE INVENTION

[0032] The present disclosure relates generally to catheter assembly for insertion into
vasculature of a patient and related devices and methods. Referring now to Figure 1A, in some
embodiments, the catheter assembly 10 may include an over-the-needle catheter 12 and an
introducer needle 14. Figure 1A illustrates the introducer needle 14 in an insertion position for

insertion into a patient. In some embodiments, when the introducer needle 14 is in the insertion
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position, a sharp distal tip 16 of the introducer needle 14 may be disposed beyond a distal tip 18
of the catheter 12.

[0033] In some embodiments, the catheter assembly 10 may include a catheter adapter 20. In
some embodiments, a proximal end of the catheter 12 may be secured within the catheter adapter
20 and the catheter 12 may extend distally from the catheter adapter 20. In some embodiments, a
proximal end of the introducer needle 14 may be secured within a needle hub 22 of the catheter
assembly 10.

[0034]  The catheter assembly 10 may include any type of catheter assembly having a catheter
and introducer needle. Although the catheter assembly 10 illustrated in Figure 1A is integrated
having an integrated extension tube, it is understood that the catheter assembly 10 may be
straight or non-integrated. Non-limiting examples of integrated IV catheter systems may include,
for example, the BD NEXIVA™ (losed IV Catheter System, the BD NEXIVA™
DIFFUSICS™ Closed IV Catheter System, or the Becton Dickinson PEGASUS™ Safety Closed
IV Catheter System. A non-limiting example of a straight or non-integrated catheter assembly is
the BD INSYTE™ AUTOGUARD™ Shielded IV Catheter. In some embodiments, the catheter
assembly 10 may include any variety of needle safety mechanism, which may shield the distal tip
16 of the introducer needle 14.

[0035] In some embodiments, the catheter assembly 10 may include any suitable type of
blood control septum, which may be disposed within a lumen of the catheter adapter 20. Figure
1A illustrates an example blood control septum 24, according to some embodiments. In some
embodiments, the introducer needle 14 may be proximally withdrawn through the septum 24

after the catheter 12 is properly placed within the vasculature. In some embodiments, the septum
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24 may be elastomeric. In some embodiments, the septum 24 may divide the lumen of the
catheter adapter 20 into a proximal chamber and a distal chamber.

[0036] Referring now to Figure 1B, in some embodiments, the catheter 12 may include the
distal tip 18, which may be constructed of the first material having a first durometer. In some
embodiments, the first material may be rigid or semi-rigid. In some embodiments, the catheter 12
may include a first stepped surface 26, which may be annular. In some embodiments, the first
stepped surface 26 may include a rigid or semi-rigid first distal surface 28 with a first uniform
inner diameter 30, a first proximal surface 32 with a second uniform inner diameter 34 greater
than the first uniform diameter 30, and a rigid or semi-rigid first transition surface 36 disposed
between the first distal surface 28 and the first proximal surface 32.

[0037] In some embodiments, an entirety of the distal tip may be constructed of the first
material. In some embodiments, at least the first distal surface 28 and the first transition surface
36 of the first stepped surface 26 may be part of the distal tip 18 of the catheter 12 and thus
constructed of the first material. In some embodiments, the first distal surface 28, the first
transition surface 36, and the first proximal surface 32 of the first stepped surface 26 may be part
of the distal tip 18 and thus constructed of the first material.

[0038] In some embodiments, the catheter 12 may include an elongate tubular portion 38
proximate and coupled to the distal tip 18 of the catheter. In some embodiments, the tubular
portion 38 may be constructed of a second material. In some embodiments, a durometer of the
first material may be harder than a durometer of the second material. In some embodiments, the
distal tip 18 and the tubular portion 38 may include a catheter lumen 40 extending there through.

In some embodiments, the first stepped surface 26 may be disposed within the catheter lumen 40.
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[0039] In some embodiments, the first material and/or the second material may include a
composite material. In some embodiments, the first material may include one or more of the
following: silicon, polyurethane, metal, plastic, and another suitable material. In some
embodiments, the second material may one or more of the following: silicon, polyurethane,
metal, plastic, and another suitable material. In some embodiments, the first material may
include a first polyurethane, and the second material may include a second polyurethane. In some
embodiments, the first material may include a first silicon, and the second material may include a
second silicon. In some embodiments, the first material may include metal and/or the second
material may include plastic. In some embodiments, the second material may include a flexible
material.

[0040] In some embodiments, the second material may include a softer material than the first
material, which may be more comfortable for the patient and result in fewer indwelling
problems. In some embodiments, the softer second material may allow the catheter 12 to be
inserted into the vasculature longer before complications arise. In some embodiments, the second
stepped surface 44 may contact and support the first stepped surface 26 and the distal tip 16
when the introducer needle 14 is in the insertion position, such that proximal movement of the
distal tip 16 relative to the introducer needle 14 is inhibited and compressive forces necessary for
the distal tip 16 to penetrate the skin are transferred to the introducer needle 14, which may be
constructed of metal. In some embodiments, the contact between the first stepped surface 26 and
the second stepped surface 44 when the introducer needle 14 is in the insertion position may
allow the second material to be even softer than a standard catheter body. In some embodiments,

the second material may allow the tubular portion 38 to bend when the catheter adapter 20 is
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secured to the skin of the patient, while the first material may facilitate successful insertion of the
catheter 12 into the vasculature.

[0041] In some embodiments, the first transition surface 36 may include a shoulder. In some
embodiments, the first transition surface 36 may be disposed at about 90 degrees with respect to
a longitudinal axis of the catheter assembly 10, as illustrated, for example, in Figure 1B. In some
embodiments, the first transition surface 36 may be disposed at an angle other than 90 degrees
with respect to the longitudinal axis of the catheter assembly 10. In some embodiments, the first
transition surface 36 may be smooth and/or planar. In some embodiments, the first transition
surface 36 may be uneven, rough, or irregular. In some embodiments, the first transition surface
36 may be curved.

[0042] Referring now to Figure 1C, in some embodiments, at least a portion of an outer
surface of the distal tip 18 may be tapered, which may facilitate entry of the catheter 12 into the
skin and tissues of the patient behind the distal 16 tip of the introducer needle 14 as the distal tip
16 cuts a pathway.

[0043] Referring now to Figure 2A-2D, in some embodiments, the catheter assembly 10 may
include the introducer needle 14, which may include a needle feature 42. In some embodiments,
the needle feature 42 may include a second stepped surface 44, which may be annular. In some
embodiments, the second stepped surface 44 may include a second distal surface 46, a second
proximal surface 48, and a second transition surface 50 disposed between the second distal
surface 46 and the second proximal surface 50. In some embodiments, when the introducer
needle 14 is in the insertion position, the second distal surface 46 may abut the first distal surface

28, the second proximal surface 48 may abut the first proximal surface 32, and the second
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transition surface 48 may abut the first transition surface 36 such that proximal movement of the
distal tip 18 of the catheter 12 relative to the introducer needle 14 is inhibited.

[0044] In some embodiments, the second transition surface 50 may include a shoulder. In
some embodiments, the second transition surface 50 may be disposed at about 90 degrees with
respect to a longitudinal axis of the catheter assembly 10, as illustrated, for example, in Figure
2B. In some embodiments, the second transition surface 50 may be disposed at an angle other
than 90 degrees with respect to the longitudinal axis of the catheter assembly 10. In some
embodiments, the second transition surface 50 may be smooth and/or planar. In some
embodiments, the second transition surface 50 may be uneven, rough, or irregular. In some
embodiments, the needle feature 42 may include a bump and/or the second transition surface 50
may be curved.

[0045] In some embodiments, the first stepped surface 26 may include a corresponding or
mirror-image shape to the second stepped surface 44 such that there are no spaces between the
first stepped surface 26 and the second stepped surface 44. In some embodiments, an outer
diameter of the second proximal surface 48 may be greater than the first uniform inner diameter
30 of the catheter 12 such that the needle feature 42 is prevented from passing distally through
the first distal surface 28. In some embodiments, the outer diameter of the second proximal
surface 48 may be approximately equal to or slightly less than the second uniform inner diameter
34 such that the needle feature 42 is capable of sliding through the tubular portion 38 but still
contacts an inner surface of the tubular portion 38 to provide support to the catheter 12. In some
embodiments, an outer diameter of the second distal surface 46 may be approximately equal to or
slightly less than the first uniform inner diameter 34 such that the first distal surface 28 may fit

within and support the first distal surface 28.
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[0046] In some embodiments, the second proximal surface 48 may be generally cylindrical.
In some embodiments, a notch 52 providing access to a needle lumen 54 may be disposed
proximal to the second proximal surface. In some embodiments, a portion of the introducer
needle 14 proximate the notch 52 may be spaced apart from an inner surface of the catheter 12 or
tubular portion 38 to form a flashback pathway 56. In some embodiments, the second proximal
surface may extend proximally to an opposing stepped surface, which may form a distal end of
the flashback pathway 56, as illustrated, for example, in Figures 2B and 2D. In some
embodiments, the flashback pathway 56 may be disposed within the catheter lumen 40 between
an outer surface of the introducer needle 14 and an inner surface of the catheter 12. Figure 2D
illustrates the introducer needle 14 removed from the catheter adapter 20, according to some
embodiments.

[0047] In order to verify proper placement of the introducer needle 14 and/or the catheter 12
in the vasculature, the user may generally confirms that there is flashback of blood, which may
be visible to the user. In some embodiments, the catheter 12 and/or another portion of the
catheter assembly 10 may be at least partially transparent to aid the user in viewing the
flashback. In some embodiments, in response to the distal tip 16 of the introducer needle 14
being positioned within the vasculature, blood may flow proximally through the needle lumen
54, exit the needle lumen through the notch 52, and then travel proximally between an outer
surface of the introducer needle 14 and an inner surface of the catheter 12. Accordingly, the user
may visualize a small amount of blood “flashback™ and thereby confirm placement of the
catheter 12 within the vasculature. In some embodiments, once placement of the introducer
needle 14 within the vasculature has been confirmed, the user may temporarily occlude flow in

the vasculature and withdraw the introducer needle 14 from the vasculature, leaving the catheter
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12 in place for future blood withdrawal and/or fluid infusion. In some embodiments, the catheter
assembly 10 may be vented to allow flashback to occur.

[0048] In some embodiments, the introducer needle 14 may include a wall defining the needle
lumen 54. In some embodiments, the second distal surface 46, the second transition surface 50,
the second proximal surface 48, and the wall of the introducer needle 14 may be monolithically
formed as a single piece. In some embodiments, the needle feature 42 may be bonded to the wall
of the introducer needle 14 to form the second transition surface 50 and the second proximal
surface 48. For example, the needle feature 42 may include metal, plastic, or another suitable
material that is bonded to the wall of the introducer needle 14. In some embodiments, the needle
feature 42 may be created by partially crimping the introducer needle 14. In some embodiments,
the needle feature 42 may be formed by removing portions of the wall distal and/or proximal to
the needle feature 42.

[0049] Referring now to Figures 3A-3B, in some embodiments, the second proximal surface
48 may include at least a portion of a flat portion or groove 58. An example flat portion 59 is
illustrated in Figure 3E, according to some embodiments. In some embodiments, the flashback
pathway 56 may include the groove 58. In some embodiments, the groove 58 may include the
notch 52. In these and other embodiments, the second proximal surface 48 may be extended to
provide support to the tubular portion 38.

[0050] Referring now to Figure 3C, the introducer needle 14 is illustrated removed from the
catheter adapter 20, according to some embodiments. In some embodiments, the second
proximal surface 48 may extend from the second transition surface 50 to a proximal end of the
introducer needle 14 and/or the needle hub 22, which may provide strength to the introducer

needle 14. In some embodiments, the second proximal surface 48 may extend from the second

-13-



WO 2019/203998 PCT/US2019/024383

transition surface 50 along a portion of the introducer needle 14. In some embodiments, the
groove 58 may extend along any length of the introducer needle 14. In some embodiments, a
proximal end of the groove 58 may be disposed distal to the septum 24. In some embodiments,
the second proximal surface 58 may extend through a proximal end of the catheter 12 when the
introducer needle 14 is in the insertion position.

[0051] Referring now to Figure 3D, an example flat portion 59 is illustrated. In some
embodiments, the flat portion 59 may be similar to the groove 58 except that the flat portion 59
may not include walls. In some embodiments, a width of the flat portion 59 may be equal to a
width of a cylinder forming the second proximal surface 48 at the location of the flat portion 59.
In some embodiments, the cross-sectional view illustrated in Figure 3B may also correspond to a
cross-section view of the needle 14 of Figure 3D disposed within the catheter 12 in the insertion
position.

[0052] Referring now to Figures 4A-4B, in some embodiments, the groove 58 may extend
through the second transition surface 50 and/or the second distal surface 46. In these and other
embodiments, the groove 58 may extend through the distal tip 16 of the introducer needle 14
such that when the distal tip 16 is disposed within the vasculature of the patient, blood may flow
directly into the groove 58 to provide flashback. As discussed with respect to Figure 3, in some
embodiments, the second proximal surface 48 may be extended to provide support to the tubular
portion 38. In some embodiments, the groove 58 may extend along any length of the introducer
needle 14. In some embodiments, a proximal end of the groove 58 may be disposed distal to the
septum 24.

[0053] Referring now to Figures 5SA-5B, in some embodiments, the second proximal surface

48 may include the notch 52, which may provide access to a needle lumen 54. In these and other
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embodiments, an inner surface of the tubular portion 38 may include an indent or channel 60,
which may form the flashback pathway 56. In some embodiments, when the distal tip 16 is
inserted into the vasculature of the patient, blood may flow through the distal tip 16, out of the
notch 52, and into the channel 60 and may be visible to the user. As discussed with respect to
Figures 3-4, in some embodiments, the second proximal surface 48 may be extended to provide
support to the tubular portion 38. In some embodiments, the second proximal surface 48 may be
smooth and generally uniform, as illustrated, for example, in Figure SA.

[0054] Referring now to Figure 6, in some embodiments, the first distal surface 28 and the
first transition surface 36 may be part of the distal tip 18 and thus constructed of the first
material, while the first proximal surface 32 may be part of the tubular portion 38 and thus
constructed of the second material. Accordingly, in some embodiments, the first transition
surface 36 may be disposed proximate the second material. In some embodiments, the first distal
surface 28, the first transition surface 36, and the first proximal surface 32 are part of the distal
tip 18 and thus constructed of the first material, as illustrated, for example, in Figure 1B.

[0055] The present invention may be embodied in other specific forms without departing
from its structures, methods, or other essential characteristics as broadly described herein and
claimed hereinafter. The described embodiments and examples are to be considered in all
respects only as illustrative, and not restrictive. The scope of the invention is, therefore, indicated
by the appended claims, rather than by the foregoing description. All changes that come within
the meaning and range of equivalency of the claims are to be embraced within their scope.

All examples and conditional language recited herein are intended for pedagogical objects to aid
the reader in understanding the invention and the concepts contributed by the inventor to

furthering the art, and are to be construed as being without limitation to such specifically recited
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examples and conditions. Although implementations of the present inventions have been
described in detail, it should be understood that the various changes, substitutions, and alterations

could be made hereto without departing from the spirit and scope of the invention.
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