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CATHETER TIP PASSIVE CONTROL DEVICE AND RELATED
SYSTEMS AND METHODS

BACKGROUND

[0001] Catheters are commonly used for a variety of infusion therapies. For example, catheters
may be used for infusing fluids, such as normal saline solution, various medicaments, and total
parenteral nutrition, into a patient. Catheters may also be used for withdrawing blood from the
patient to obtain a blood sample.

[0002] A common type of catheter is an over-the-needle peripheral intravenous (“IV”) catheter.
As its name implies, the over-the-needle catheter may be mounted over an introducer needle
having a sharp distal tip. The catheter and the introducer needle may be assembled so that the distal
tip of the introducer needle extends beyond the distal tip of the catheter with the bevel of the needle
facing up away from skin of the patient. The catheter and introducer needle are generally inserted
at a shallow angle through the skin into vasculature of the patient.

[0003] In order to verify proper placement of the introducer needle and/or the catheter in the
blood vessel, a clinician generally confirms that there is “flashback™ of blood in a flashback
chamber of the catheter assembly. Once placement of the needle has been confirmed, the clinician
may temporarily occlude flow in the vasculature and remove the needle, leaving the catheter in
place for future blood withdrawal, fluid infusion, or probe access.

[0004] Catheter functionality, however, may be impeded for several reasons, particularly when
there is a prolonged dwelling time of the catheter within the vasculature. More generally, over
time, catheters may become susceptible to complications and obstructions that impede fluid flow.
For example, a catheter may become occluded at its tip due to the presence of fibrin sheath,

thrombus, vein walls, or valves. As a result, while catheters are commonly used for acquiring a
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blood sample at a time of catheter placement, they are less commonly used for acquiring a blood
sample during the catheter dwell period. When a blood sample is desired during the catheter dwell
period, an additional needle stick is typically used to provide vein access for blood collection,
causing additional pain for the patient as well as increased material costs. It has been shown,
however, that applying traction to move or re-position the catheter tip within the vein may improve
blood draw success and catheter functionality significantly by avoiding occlusions and obstacles.
[0005] The subject matter claimed herein is not limited to embodiments that solve any
disadvantages or that operate only in environments such as those described above. Rather, this
background is only provided to illustrate one example technology area where some

implementations described herein may be practiced.

SUMMARY

[0006] The present disclosure relates generally to vascular access devices or intravenous
catheters to infuse fluids and/or collect blood from the vasculature of a patient. Various
complications and obstructions may impede fluid flow through the catheter, however, thus
compromising catheter functionality for infusion and/or aspiration. For example, the catheter may
become occluded at its tip due to the presence of fibrin sheath, thrombus, vein walls, or valves.
Re-positioning the catheter tip within the patient’s vasculature to open a fluid path may
significantly improve catheter functionality and blood draw success.

[0007] Some embodiments herein disclose a vascular access device that enables aspirations,
blood draws, and infusions by passively repositioning the tip of the catheter and opening a fluid
path. In some embodiments, a vascular access device to passively open a fluid path within a

vasculature may include a catheter and a guidewire. In some embodiments, the catheter may
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include a proximal end, a tip, and a length of tubing therebetween. In some embodiments, a
guidewire may extend along the length of tubing and may include a bent portion. In some
embodiments, at least a portion of the length of tubing may substantially conform to the bent
portion within the vasculature such that the tip of the catheter may avoid an obstruction therein.
[0008] In some embodiments, the guidewire may be coupled to at least a portion of a surface
of the catheter. Alternatively, in some embodiments, the guidewire may be embedded into at least
a portion of the catheter. Some embodiments of the catheter may include one or more fenestrations
disposed therein to provide additional fluid paths.

[0009] Insome embodiments, the gunidewire may include a temperature-activated material, such
as nitinol or scandium trifluoride (ScF3). In some embodiments, the catheter and the guidewire
may include unique thermal expansion characteristics. In some embodiments, the guidewire may
be oriented along the length of tubing such that the tip of the catheter is directed upwards,
downwards, or laterally with respect to a horizontal axis of the vasculature.

[0010] Some embodiments may include a catheter assembly to passively open a fluid path. In
some embodiments, the catheter assembly may include a catheter adapter having a proximal end,
adistal end, and a lumen extending therebetween. In some embodiments, the catheter may extend
from the distal end of the catheter adapter. In some embodiments, the catheter may include the tip
and the length of tubing. In some embodiments, the length of tubing may include the resilient bent
portion. Some embodiments of the resilient bent portion may include an initial shape where a first
portion of the length of tubing is misaligned with respect to a second portion of the length of
tubing.

[0011] Some embodiments of the catheter assembly may further include a needle configured to

extend through the length of tubing. In some embodiments, the resilient bent portion and the tip
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of the catheter may conform to the needle in response to the needle extending therethrough. In
some embodiments, in response to the needle being withdrawn in a proximal direction, the resilient
bent portion may return to the initial shape such that the tip of the catheter misaligns with the
length of the tubing within the vasculature.

[0012] In some embodiments, the resilient bent portion may include an asymmetrical cross-
section, an extended length, and/or one or more joints. In some embodiments, the catheter may
include a guidewire extending along the length of tubing. In some embodiments, the guidewire
may be coupled to at least a portion of the surface of the catheter. In some embodiments, the
guidewire may be embedded into at least a portion of a wall of the catheter.

[0013] Insome embodiments, the resilient bent portion may direct the tip of the catheter upward
relative to a horizontal axis of the vasculature. In some embodiments, the resilient bent portion
may direct the tip of the catheter downward relative to the horizontal axis. In some embodiments,
the resilient bent portion may direct the tip of the catheter laterally relative to the horizontal axis.
[0014] In some embodiments, the catheter assembly to passively open a fluid path may include
the catheter and a thermal element. In some embodiments, the catheter may include a proximal
end, a tip, and a length of tubing therebetween. In some embodiments, the thermal element may
be coupled to the length of tubing. Some embodiments of the thermal element may be temperature-
activated to change shape in response to being disposed within the vasculature. In some
embodiments, the catheter and the thermal element may be monolithically formed as a single unit.
[0015] It is to be understood that both the foregoing general description and the following
detailed description are examples 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 illustrated in the drawings. It should also be understood that the embodiments
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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

[0016] Example embodiments will be described and explained with additional specificity and
detail through the use of the accompanying drawings in which:

[0017] Figure 1 is a cross-sectional view of an example vascular access device, illustrating an
example catheter having a pre-shaped guidewire according to some embodiments;

[0018] Figure 2 is a cross-sectional view of another example vascular access device, illustrating
an example needle extending therethrough according to some embodiments;

[0019] Figure 3 is a cross-sectional view of the vascular access device of Figure 2, where the
cross-section is taken along the illustrated line;

[0020] Figure 4 is a side perspective view of an example vascular access device comprising an
example thermal element coupled to an example catheter according to some embodiments;
[0021] Figure 5 is a side perspective view of another example vascular access device
comprising a jointed catheter disposed within a vasculature according to some embodiments;
[0022] Figure 6 is a side perspective view of an example vascular access device comprising a
catheter having an extended length according to some embodiments;

[0023] Figure 7A is a cross-sectional view of an example catheter having an asymmetrical

cross-section according to some embodiments;



WO 2022/005730 PCT/US2021/037234

[0024] Figure 7B is a cross-sectional view of an example catheter embedded with an example
material having unique thermal properties according to some embodiments;

[0025] Figure 8 is an upper perspective view of an example catheter adapter, illustrating an
example guidewire extending along an example catheter according to some embodiments;

[0026] Figure 9A is a perspective view of an example guidewire having an example bent
portion according to some embodiments;

[0027]  Figure 9B is a perspective view of another example guidewire having another example
bent portion according to some embodiments;

[0028] Figure 9C is a perspective view of another example guidewire having another example
bent portion according to some embodiments;

[0029]  Figure 9D is a perspective view of another example guidewire having another example
bent portion according to some embodiments; and

[0030] Figure 9E is a perspective view of another example guidewire having another example

bent portion according to some embodiments.

DETAILED DESCRIPTION

[0031]  Asusedin this specification, the term “distal” refers to a direction away from a clinician
who would place the device into contact with a patient, and nearer to the patient. The term
“proximal” refers to a direction nearer to the clinician who would place the device into contact

with the patient, and farther away from the patient. Thus, for example, the end of a catheter first
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touching the body of the patient is the distal end, while the opposite end of the catheter is the
proximal end of the catheter.

[0032] As previously mentioned, catheter functionality may be impeded for several reasons,
particularly when a dwelling time of a catheter within a vasculature is prolonged. For example, the
catheter may become occluded at its tip due to the presence of fibrin sheath, thrombus, vein walls,
or valves. Particularly, the catheter tends to form an “S” shape when placed within a vein, causing
the tip of the catheter to rest against an opposite vein wall. Such close proximity between the vein
wall and the catheter may encourage relative motion between the two, leading to formation of
thrombus on the vein wall and/or catheter tip. In addition, the close proximity of the catheter tip to
the vein wall may lead to stasis near the catheter tip, thereby promoting thrombus formation.
[0033] Applying traction to move or re-position the catheter tip within the vein may
significantly improve blood draw success and catheter functionality by avoiding such occlusions
and obstacles. Embodiments described herein may enable aspirations, blood draws, and/or
infusions by passively repositioning the tip of the catheter within the vasculature away from the
vein wall to minimize the likelihood of thrombus formation near the catheter tip and thereby
extending the patency of a fluid path.

[0034] Referring now to Figure 1, in some embodiments, a vascular access device 100 may be
configured to passively control a location of a tip 106 of a catheter 102 within a patient’s
vasculature 122 to avoid obstructions and open a fluid path for blood collection or fluid delivery.
In some embodiments, the catheter 102 may include a peripheral IV catheter 102, a peripherally-
inserted central catheter 102, or a midline catheter 102. In some embodiments, the catheter 102
may have been previously inserted into the vasculature 122 of a patient and may be dwelling within

the vasculature 122. In such cases, the catheter 116 may be susceptible to blockage by debris (e.g.,
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fibrin or platelet clots), and/or adhering of the tip 106 of the catheter 102 to the vasculature 122.
Thus, blood withdrawal using the catheter 102 may be particularly difficult.

[0035] Some embodiments herein disclose a vascular access device 100 that facilitates
aspirations, blood draws, and/or infusions by passively repositioning the tip 106 of the catheter
102 within the vasculature 122 to open a fluid path. As shown in Figure 1, in some embodiments,
the vascular access device 100 to passively open the fluid path within the vasculature 122 may
include a catheter 102 and one or more guidewires 110. In some embodiments, the catheter 102
may include a proximal end 104, a tip 106, and a length of tubing 108 therebetween.

[0036] In some embodiments, the guidewire 110 may be embedded into at least a portion of the
catheter 102. Some embodiments of the guidewire 110 may be coextruded in the catheter 102
such that the guidewire 110 extends partially or fully along the length of tubing 108. In other
embodiments, the guidewire 110 may be coupled to at least a portion of an outer or inner surface
116, 124 of the catheter 102. In some embodiments, the guidewire 110 may prevent kinking of
the catheter 102 at the insertion site, for example.

[0037] In some embodiments, the catheter 102 may include one or more fenestrations 118 to
provide additional fluid paths. In some embodiments, the fenestrations 118 may be disposed along
the length of tubing 108 and/or at the tip 106 of the catheter 102.

[0038] In some embodiments, the guidewire 110 may include a bent portion 112. In some
embodiments, the guidewire 110 may include a resilient or shape memory wire or other suitable
material having a unique pre-formed shape. In some embodiments, the guidewire 110 may be pre-
formed into a curve or another suitable non-linear shape. In some embodiments, the guidewire
110 may be pre-formed via heat shaping, mechanical shaping, or another suitable shaping

technique.
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[0039] In some embodiments, the guidewire 110 may include a metal, metal alloy,
polycarbonate, plastic, or other suitable material. In some embodiments, at least a portion of the
length of tubing 108 may substantially conform to the bent portion 112 of the guidewire 110 within
the vasculature 122. In this manner, the tip 106 of the catheter 102 may be passively directed away
from any blockage or obstruction 114 within the vasculature 122.

[0040] Referring now to Figure 2, in some embodiments, the catheter 102 may be configured
to receive a needle 210 that may extend through the length of the catheter 102. In some
embodiments, the sharp distal tip 212 of the needle 210 may be exposed at the distal end 206 of
the catheter 102 to introduce the catheter 102 to the vasculature 122.

[0041] In some embodiments, the catheter 102 may conform to the shape of the guidewire 110,
including the bent portion 112. In some embodiments, at least a portion of the catheter 102,
including the bent portion 112, may conform to the shape of the needle 210 as the needle 210
extends therethrough. For example, in some embodiments, the bent portion 112 of the catheter
102 and/or guidewire 110 may be straightened as the needle 210 is inserted into the catheter 102
and advanced in a distal direction therethrough.

[0042] In some embodiments, upon removal of the needle 210 from the catheter 102, the bent
portion 112 may return to its initial shape. Some embodiments of the catheter 102 may then
conform to the pre-formed shape of the guidewire 110 and bent portion 112. In some embodiments,
the bent portion 112 of the guidewire 110 may include one or more bends. For example, in some
embodiments, the bent portion 112 may include a bend at or proximate the tip 106. In some
embodiments, the bent portion 112 may provide one or more bends more proximally along the
length of tubing 108. In one embodiment, for example, the bent portion 112 may include multiple

9%

bends to provide an “s” curve shape along the length of tubing 108.
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[0043] In this manner, some embodiments of the catheter 102 passively move the tip 106 of the
catheter 102 such that the tip 106 of the catheter 102 misaligns with the length of the tubing 108
within the vasculature 122. In some embodiments, the pre-formed shape of the guidewire 110 may
lift the tip 106 of the catheter 102 toward the center of the vasculature 122. In this manner, the tip
106 of the catheter 102 may be directed away from an obstruction 114 on the vein periphery such
as thrombus, for example.

[0044] In some embodiments, the guidewire 110 may include a strip of material coupled to an
exterior surface of the catheter 102. In other embodiments, the guidewire 110 may be extruded in
stripe with the catheter 102. Some embodiments of the guidewire 110 may be configured to bend
in response to being disposed within the vasculature 122. For example, as discussed in more detail
below, in some embodiments the guidewire 110 may be configured to bend in response to the
increased temperature of the vasculature 122. In some embodiments, such bending may lift the
tip 106 away from the wall, ceiling or floor of the vasculature 122 when the needle 210 is removed
from the catheter 102.

[0045] In some embodiments, the guidewire 110 may include a thermal element or any suitable
temperature-activated material. In some embodiments, the temperature-activated material may
include a strip of pre-formed or other shape-memory metal or plastic configured to return to its
pre-formed shape upon the needle 210 being removed from the catheter 102. In some
embodiments, the catheter 102 and the guidewire 110 may include unique thermal expansion
characteristics. For example, in some embodiments, the guidewire 110 may include scandium
trifluoride (ScF3) or another such material that may contract with increasing temperature. In some
embodiments, the scandium trifluoride or other suitable material may be located on the top section

of the catheter 102 tubing along its circumference. In this manner, in some embodiments,
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contraction of the material may lift the catheter tip 106 away from the vein wall. In other
embodiments, the guidewire 110 may include nitinol or other similar or suitable material.

[0046] In some embodiments, more than one guidewire 110 may be embedded into or coupled
to the catheter 102. As shown in Figures 2 and 3, in some embodiments, multiple guidewires 110a,
110b may be embedded into opposite sides of the outer surfacel16 of the catheter 102. In some
embodiments, the multiple guidewires 110 may be similarly shaped to increase a force applied to
re-configure a shape of the catheter 102 upon removing the needle 210.

[0047] In some embodiments, one or more guidewires 110 may be oriented along the length of
tubing 108 such that the tip 106 of the catheter 102 may be directed upwards, downwards, or
laterally with respect to a horizontal axis 120 of the vasculature 122. In some embodiments, one
or more guidewires 110 may be similarly or uniquely oriented with respect to one or more other
guidewires 110 along the length of tubing 108. Figure 3 illustrates a cross-section of the catheter
102 and guidewires 110 of Figure 2 taken along the line 300. As shown, multiple guidewires 110a,
110b may be evenly spaced with respect to the catheter wall. In other embodiments, the multiple
guidewires 110a, 110b may be grouped together or otherwise located or oriented as desired to
promote passive bending of the length of tubing 108 and/or creation of the bent portion 112.
[0048] Referring now to Figure 4, some embodiments may include a catheter assembly 200 to
passively open a fluid path. Some embodiments of the catheter assembly 200 may include a
catheter adapter 202 having a proximal end 204, a distal end 206, and a lumen extending
therebetween. In some embodiments, the catheter 102 may extend from the distal end 206 of the
catheter adapter 202.

[0049] In some embodiments, the catheter 102 may include a proximal end 104, the tip 106,

and a length of tubing 108 therebetween. In some embodiments, the length of tubing 108 may
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include one or more mechanical features to facilitate flexibility along the length of tubing 108. In
some embodiments, the mechanical features may promote flexibility to create the bent portion 112
when the length of tubing 108 is disposed within the vasculature 122.

[0050] For example, as shown in Figure 4, some embodiments of the catheter 102 may include
a catheter 102 having an extended length 400 to allow the tip 106 to rest in a substantially centered
position within the vasculature 122 during a dwell period. In some embodiments, the extended
length 400 may facilitate passive lifting of the tip 106 of the catheter 102 within the vasculature
122. In some embodiments, the extended length 400 may facilitate passive repositioning of the
tip 106 of the catheter 102 within the vasculature 122 to avoid an obstruction 202.

[0051] Referring now to Figure 5, some embodiments of the catheter 102 may include one or
more joints 500, hinges, bends, or other suitable mechanical junctures to create the bent portion
112 when the catheter 102 is disposed within the vasculature 122. In some embodiments, the one
or more joints 500 may be coupled to or integrated with the length of tubing 108. Some
embodiments of the joints 500 may disposed proximate the tip 106 of the catheter 102 to facilitate
movement of the tip 106 relative to the length of tubing 108. In other embodiments, the joints 500
may be disposed along the length of tubing 108. Some embodiments of the joints 500 may be bi-
directional or multi-directional. In some embodiments, the one or more joints 500 may urge the
tip 106 of the catheter 102 in a single direction.

[0052] Referring now to Figure 6, in some embodiments, the catheter 102 may include one or
more thermal elements 600 coupled to or integrated with the length of tubing 108. In some
embodiments, the catheter 102 and the thermal element 600 may be monolithically formed as a

single unit.
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[0053] Some embodiments of the thermal element 600 may be located proximate the tip 106 to
facilitate passively moving and/or re-directing the tip 106 with respect to the length of tubing 108.
For example, in some embodiments, the thermal element 600 may change shape in response to the
temperature within the vasculature 122. In some embodiments, this shape change may cause the
tip 106 of the catheter 102 to move relative to the length of tubing 108. Of course, in some
embodiments, one or more of the thermal elements 600 may be disposed along the length of tubing
108 at any location intermediate to the tip 106 and the proximal end 104.

[0054]  As discussed previously with reference to Figure 2, some embodiments of a thermal
element 600 may include a metal, plastic, or other suitable material having thermal properties that
react to a change in temperature by changing shape. In some embodiments, the thermal element
600 may expand or contract in response to the temperature of the surrounding environment. For
example, in some embodiments, the thermal element 600 may include nitinol, scandium trifluoride
(ScF3), or another suitable material.

[0055] Referring now to Figure 7A, in some embodiments, the catheter 102 may include a
catheter wall 700 having an asymmetrical cross-section 702, thereby resulting in the bent portion
112 along the length of tubing 108. In some embodiments, the bent portion 112 may result from
the catheter 102 including the asymmetrical cross-section 702 in addition to one or more other
mechanical features or thermal elements 600 coupled thereto or integrated therewith.

[0056] For example, in some embodiments, the catheter 102 may include the guidewire
extending along the length of tubing 108. In some embodiments, the length of tubing 108 may
include the asymmetrical 702 catheter wall 700 having the guidewire 110 embedded therein. In
this manner, the resilient bent portion 112 may result from both the shape and orientation of the

guidewire 110 as well as the asymmetrical cross-section 702 of the catheter wall 700.
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[0057] Referring now to Figure 7B, in other embodiments, the catheter 102 may include one or
more thermal elements 600 coupled to or embedded into the catheter wall 700. In some
embodiments, the catheter wall 700 may be asymmetrical 702 to further support movement of the
thermal elements 600 within the vasculature 122 to create the bent portion 112. In other
embodiments, the catheter wall 700 may include a substantially symmetric cross-sectional profile.
[0058]  As shown, in some embodiments, multiple thermal elements 600 may be embedded into
or co-extruded with the catheter wall 700. In some embodiments, multiple thermal elements 600
may be coupled to the catheter wall 700. In some embodiments, the multiple thermal elements
600 may be evenly spaced around the catheter wall 700. In other embodiments, the multiple
thermal elements 600 may be grouped together or otherwise located or oriented as desired to
promote passive bending of the length of tubing 108 and/or creation of the bent portion 112.
[0059] Referring now to Figure 8, in some embodiments, the vasculature 122 may include a
horizontal axis 120. Some embodiments of the bent portion 112 of the catheter 102 may direct the
tip 106 of the catheter 102 upward within the vasculature 122 in a substantially transverse direction
relative to the horizontal axis 120. In some embodiments, the bent portion 112 may direct the tip
106 of the catheter 102 downward within the vasculature 122 in a substantially transverse direction
relative to the horizontal axis 120. In some embodiments, the bent portion 112 may direct the tip
106 of the catheter 102 laterally within the vasculature 122 relative to the horizontal axis 120. In
any case, the bent portion 112 may be substantially resilient and/or may be temperature-activated
such that after the needle 210 has been withdrawn or otherwise removed, the tip 106 of the catheter
102 may be passively re-oriented within the vasculature 122 to clear a fluid path.

[0060] Referring now to Figures 9A-E, some embodiments of the resilient bent portion 112

may include an initial shape 900a, 900b, 900c, 900d, 900e. In some embodiments, the initial shape
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900a, 900b, 900c, 900d, 900e may include a length of tubing 108 having a first portion 902 that is
misaligned relative to a second portion 904 of the length of tubing 108, thereby forming the bent
portion 112. In some embodiments, the second portion 904 may extend from the first portion 902.
In some embodiments, the length of tubing 108 may further include a third portion 906 extending
from the second portion 904. Some embodiments of the third portion 906 may be misaligned with
respect to the second portion 904. In some embodiments, the third portion 906 may be aligned or
substantially aligned with the first portion 902. In other embodiments, the third portion 906 may
be misaligned with respect to the first portion 902.

[0061] In any case, the resilient bent portion 112 may include an initial shape 900a, 900b, 900c,
900d, 900e configured to urge the tip 106 of the catheter 102 upward in a substantially transverse
direction with respect to the horizontal axis 120 of the vasculature 122. In some embodiments, the
initial shape 602 900a, 900b, 900c, 900d, 900e may urge the tip 106 of the catheter 102 upward
with respect to the first portion 902 and/or second portion 904 of the catheter 102. In this manner,
some embodiments of the catheter 102 may enable the tip 106 of the catheter 102 to passively
avoid interference with an obstruction 202 located or disposed within the vasculature 122.

[0062] 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 examples and conditions. Although embodiments 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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CLAIMS

1. A vascular access device to passively reposition a catheter tip within a vasculature

comprising:

a catheter comprising a proximal end, a tip, and a length of tubing therebetween; and

a guidewire extending along the length of tubing, the guidewire comprising a bent portion,
wherein at least a portion of the length of tubing substantially conforms to the bent portion within
the vasculature such that the tip of the catheter avoids an obstruction therein.

2. The vascular access device of claim 1, wherein the guidewire is coupled to at least
a portion of a surface of the catheter.

3. The vascular access device of claim 1, wherein the guidewire is embedded into at
least a portion of the catheter.

4. The vascular access device of claim 1, wherein the catheter further comprises at
least one fenestration disposed therein to provide an additional fluid path.

5. The vascular access device of claim 1, wherein the guidewire comprises one of
nitinol and scandium trifluoride (ScF3).

6. The vascular access device of claim 1, wherein the guidewire comprises a
temperature-activated material.

7. The vascular access device of claim 1, wherein each of the catheter and the
guidewire comprise unique thermal expansion characteristics.

8. The vascular access device of claim 1, wherein the guidewire is oriented along the
length of tubing such that the tip of the catheter is directed at least one of upwards, downwards,
and laterally with respect to a horizontal axis of the vasculature.

9. A catheter assembly to passively open a fluid path, comprising:

-16-
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a catheter adapter comprising a proximal end, a distal end, and a lumen extending
therebetween;

a catheter extending from the distal end and comprising a tip and a length of tubing,
wherein the length of tubing comprises a resilient bent portion having an initial shape comprising
a first portion of the length of tubing that is misaligned relative to a second portion of the length
of tubing; and

a needle configured to extend through the length of tubing, the resilient bent portion and
the tip of the catheter conforming to the needle in response to the needle extending therethrough,
wherein in response to the needle being withdrawn in a proximal direction, the resilient bent
portion returns to the initial shape such that the tip of the catheter misaligns with the length of the
tubing within the vasculature.

10. The catheter assembly of claim 9, wherein the resilient bent portion comprises an

asymmetrical cross-section.

11. The catheter assembly of claim 9, wherein the resilient bent portion comprises an
extended length.
12. The catheter assembly of claim 9, wherein the resilient bent portion comprises at

least one joint.

13. The catheter assembly of claim 9, wherein catheter comprises a guidewire
extending along the length of tubing.

14. The catheter assembly of claim 13, wherein the guidewire is coupled to at least a
portion of the surface of the catheter.

15. The catheter assembly of claim 13, wherein the guidewire is embedded into at least

a portion of a wall of the catheter.
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16. The catheter assembly of claim 9, wherein the resilient bent portion directs the tip
of the catheter upward within the vasculature relative to a horizontal axis thereof.

17. The catheter assembly of claim 9, wherein the resilient bent portion directs the tip
of the catheter downward within the vasculature relative to a horizontal axis thereof.

18. The catheter assembly of claim 9, wherein the resilient bent portion directs the tip
of the catheter laterally within the vasculature relative to a horizontal axis thereof.

19. A catheter assembly to passively open a fluid path, comprising:

a catheter comprising a proximal end, a tip, and a length of tubing therebetween; and

a thermal element coupled to the length of tubing, wherein the thermal element is
temperature-activated to change shape in response to being disposed within the vasculature.

20. The catheter assembly of claim 19, wherein the catheter and the thermal element

are monolithically formed as a single unit.
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